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Introduction 
There are many kinds of sources of emission like industrial, vehicular and domestic sector in mega cities but 
vehicular sources are at ground level, so have severe effect. The Chembur region of the Mumbai city has been 

o oselected for study of vehicular pollution modelling. Its latitude and longitude are 19.05  N and 72.89  E 
respectively. The study area is 6.5 kilometres east-to-west and 8.45 kilometres north-to-south. There are 
many ways to model vehicular pollution. The most widely used are Gaussian based, viz. CALINE3 model 
(Benson, 1979) EPA's HIWAY-2 model (Peterson, 1980) and GM model (Chock, 1978). GM model over 
predicts the concentration by a considerable amount if the above constraint is not satisfied (Luhar and Patil, 
1989). A model was developed by Csanady (1972) for a finite line source which is applicable for any 
orientation of wind with roadways. In the present study, a new approach for vehicular pollution modelling of 

generating onsite meteorological data has been done.
                                  

Methodology 
Vehicle counting was done for six roads of Chembur and emission inventory data was assembled with the help 
of Air quality monitoring project-Indian clean air programme (ICAP, 2008), ARAI, Pune. Onsite 
meteorological data was generated using Weather Research and Forecasting (WRF) model, which saved time 
and resources. These meteorological data from output of WRF model was fed in AERMET with preprocessor 
of AERMOD. Finally AERMOD model was used for prediction of NO  and PM concentration from traffic x

emission for the six roads of Chembur. 
                                  

Results and Discussion
th

In the present study, NO  and PM emission has been modelled for 20  May, 2011. Vehicular emission varies x

with time of the day i.e. morning peak, evening peak, off peak and lean peak. So, vehicular emission 
modelling has been done for one day. The north part of study area has high density of vehicles so, vehicular 
pollution is dominated that part only. Figure 1. (a) shows NO  concentration by vehicles in the study area x

3 3 
where maximum concentration of NO  is 14.8 µg/m , in Chuna Bhatti. Around 12 to 13 µg/m NO  x x

concentration is in Shramjivi Nagar, Jyothi Nagar and Chedda Nagar which are in the north part of the study 
domain. Figure 1. (b) shows contour plot of PM concentration from vehicles in the study area. Maximum 
concentration of PM is 32.84 µg/m3 in Chuna Bhatti area. In Shramjivi Nagar, Jyothi Nagar and Chedda 

3Nagar, which are also in the north part of the study domain, almost 31to 32 µg/m  concentrations is seen. In the 
3

modelling of PM emission 30 µg/m  has been taken background concentration which includes resuspended 
particulate matter based on the work done earlier (Kumar, 2012). Comparison of AERMOD output has been 
done with observed data of Brihanmumbai Municipal Corporation (BMC) at Maravali location. The 

3 3simulated concentration of NO  is 7 µg/m  from vehicles while observed concentration by BMC was 34 µg/m  x

which includes all the sources. The contribution of NO  concentration is 20% to ambient air quality. The x

3 3simulated concentration of PM is 32 µg/m  while observed concentration of PM is 335 µg/m  by BMC at 
Maravali. This shows that around 10% contribution of PM is by vehicles to ambient air quality. PM emissions 
are mainly caused by background concentration and resuspended particulate matter, hence contribution by 
vehicle's emission is low.  
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Figure 1 : (a) NO  and (b) PM Concentration by Vehicles in Chembur x
                                  

Conclusions
The aim of the study was to generate onsite meteorological profiles for using in vehicular pollution modelling 
of Chembur area. The advance WRF model was used successfully in this study. It generated onsite and real 
time meteorological data which was fed in AERMET pre-processor of dispersion model AERMOD. The 
integrated model was applied for one day for all vehicular sources. The results show that contribution of NO  x

concentration in total NO  in ambient air is about 20% from vehicles. Contribution of PM concentration is x

very low as emission from vehicles is low. The PM result is not in good agreement with observed data because 
emission inventory was taken only for vehicles. In this study, WRF model has been used successfully for 
prediction of air quality. It shows that the use of WRF model can save considerable cost for processing the 
data as compared to collecting from meteorological station.
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Introduction
Rohtang Pass about 4111 meter above the mean sea level is a high mountain pass across at a distance of 51 km 
from the town of Manali. Traffic jams are common as military vehicles, trucks, and goods carriers try to 
navigate the narrow roads and rough terrain, compounded by snow and ice at certain points and the large 
number of tourist vehicles. This also leads to higher emissions. Therefore, there is a great concern about the 
vehicle management in this area. 
                                                                     

Himachal Pradesh Pollution Control Board (HPPCB) has been directed by Hon'ble High Court to submit an 
alternative proposal to reduce the pressure of tourist vehicles and to fix the permissible number of vehicles 
and visitors that should be allowed to ply in the region. Keeping in view the above, it was proposed to conduct 
a study on air, around Rohtang Pass area from Solang Nala to Khoksar. 
                                                                     

An attempt has been made to determine the concentration distribution patterns of the pollutants using 
AERMOD model for the three criteria pollutants viz., Nitrogen dioxide (NO ), suspended particulate matter 2

(SPM) and CO for the year 2012.
                                                                     

Meteorological Data
The hourly surface meteorological data viz. wind speed and direction and Surface temperature required as 
input to the model were collected at Manali. Meteorological data was collected using a continuous wind 
monitoring instrument round the clock during May 2012 (summer season). The prominent directions during 
May are South (S), South South east (SSE), and South east (SE) with a high calm percentage of 65%. 
                                                                     

Vehicular Sources
Vehicular emissions are considered to be one of the major source categories of air pollution in major 
highways. The quantity of air pollutants emitted by different categories of vehicles is directly proportional to 
the average distance traveled by each type of vehicle, number of vehicles plying on the road, quality of fuels 
being used, age and technology of vehicles in use etc. However, several other factors, such as inadequate and 
poorly maintained roads as well as practices of inspection and maintenance of vehicles etc. also contribute to 
the air pollution from vehicular sources.
                                                                     

 In order to prepare emission inventory of vehicular sources, primary data on traffic count were collected in 
the identified study zone. All types of vehicles moving on the Leh Manali Highway, were counted manually 
from 7 am to 7 pm at three monitoring sites viz. Palchen, Marhi, and Solang in May 2012 on two days. The 
vehicles were categorized into four major categories as heavy motor vehicles, car petrol, car diesel and two 
wheelers.Emissions from the tail pipes of the automobiles were estimated on the basis of vehicle kilometers 
traveled (VKT) by different types of vehicles and According to the NEERI study during May end of 2012, the 
total no of vehicles along the road between Manali and Palchen were 3180. The no of vehicles plying from 
Palchen to Marhi were 1836 whereas the no of vehicles plying from Palchen to Solang valley were 1344. 
Average percentage of cars, two wheelers and heavy motor vehicles observed were 86,12 and 2% of the total 
number of vehicles. Emission Factors for different types and makes of vehicles have been taken from ARAI, 
2007. 
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Paved Road Dust
The other source considered for modeling was paved road dust. As motor vehicles move over road surface, 
settled dust from the paved surface is emitted by the turbulent wake of the vehicles. Road dust emissions are 
estimated as a function of the silt loading of the paved surface and mean weight of the vehicles traveling over 
the surface taken from Asian Development  Bank, 2005. Data source included road length, vehicle km 
traveled (VKT), and vehicle counting at three locations. VKT is the 

                                                                     

According to Emission Factor Documentation for AP-42, 
0.65 1.5

annual /Long Term Avg. Emission Factor E is given by [{k (sL/2)  (W/3 ) }-C] (1-P/4N)            (1)
where E = particulate emission factor (having units matching the units of k); k = particle size multiplier for 

2
particle size range and units of interest ; sL = road surface silt loading (grams per square meter) (g/m ); W = 
average weight (tons) of the vehicles traveling on the road; P=No. of wet days with at least 0.254 mm of 
precipitation during avg. period; C= Break and tire wear correction (PM =0.1317); N = No. of days in 10

averaging period (365 /year, 30/monthly, 91/seasonal); Values of k (g/vkt) for PM  = 4.6. Value of road 10

surface silt loading was taken as 0.531 from Asian Development Bank, 2005. Substituting the above values in 
Eq (1) we get EF (PM ) = 0.354 g/VKT. So paved road emission load is found my multiplying Paved road 10

Emission Factor with VKT. Paved road emission load for the roads are given in Table 1.
                  

Table 1: Paved road Emission load

                                                                     

                                                                     

AERMOD is a state of the art dispersion model developed by the U.S. Environmental Protection Agency 
(EPA) for regulatory purposes. Brief description of model formulations is given in Cimorelli et al. (2005). 
AERMOD was used to predict spatial distribution of PM , NO and CO concentrations in ambient air. 10 2 
                                                                     

Modelling Results
Predicted concentration contours of NO  is shown in Figure 1. Observed and predicted concentrations at 5 2

 monitoring locations are shown in Figure 2.  The predicted NO  concentrations range between 0.0 to 10.00 2

3 3ìg/m  and the observed concentrations of NO  lies between 4.5 to14 ìg/m . Predicted PM  concentrations 2 10

3 3range between 0 to 90 ìg/m  while the observed concentrations of PM  range between 40 to 140 ìg/m . The 10

3 predicted CO concentrations range between 0 to 5 ìg/m while the observed concentrations of CO lie between 
30.2 to 2 ìg/m . 

total in kilometers travelled by motor 
vehicles on any particular road systems during a given period of time.
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Conclusions
Spatial distributions of Particulate matter (PM), Carbon monoxide (CO) and Nitrogen dioxide (NO ) 2

concentrations in Rohtang Region have been estimated using AERMOD model. The results obtained show 
that for NO  and CO there is good agreement with observed data at five sites in the study area. For PM , the 2 10

difference between the observed and predicted values ranged between 13 to 70%.
                                                                     

References
Cimorelli, A.J., Perry, S.G., Venkatram, A., Weil, J.C., Paine, R.J., Wilson, R.B., Lee, R.F., Peters, W.D., 

Brode, R.W., (2005). AERMOD: a dispersion model for industrial source applications. Part I: general 
model formulation and boundary layer characterization. J.of Appl Meteor., 44, 682-693.

Emission Factor development for Indian vehicles, as a part of Ambient Air Quality Monitoring and Emission 
Source Apportionment Studies, ARAI, Pune, CPCB, MOEF, August, 2007 

Strengthening Environmental Management at the State Level (Cluster) Component E-  Strengthening  
Environmental Management at West Bengal Pollution Control Board, TA No. 3423-IND, Asian 
Development  Bank, Nov. 2005

EPA, 2004. AERMOD: Description of Model Formulation. USEPAResearch Triangle Park, NC (Report 
EPA-454/R-03e004)

Emission Factor Documentation for AP-42, Paved Roads, Measurement Policy Group, Office of Air Quality 
Planning and Standards, U.S.EPA, Jan 2011

05

Pollutant Dispersion Studies for Rohtang Region (India)

IASTA , BHU, VARANASI-2014



06

To Examine the Association Between Variations in Middle Tropospheric Aerosol 
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Introduction
Twilight scattering method (TSM) is extensively used by varies workers in all over the world to study the 
vertical distribution of aerosol particles which is a strong function of their sources, sinks and their residence 
times. The tropospheric aerosols are least studied.  In the present work aerosol measurements have been 
carried out at Kolhapur (16°42'N, 74°14'E? ) by using newly designed Semiautomatic Twilight Photometer 
during the period 1 January 2009 to 30 December 2011 to study the vertical distribution of the middle 

3 tropospheric aerosol number density per cm (AND) and its association with weather changes. This is being a 
passive technique; clear sky conditions are preferable for obtaining the vertical profile of aerosols. The days 
on which low, middle and high level clouds, contrail, fog etc. were observed also noted down during the 
period of observations.
                                   

Instrumentation and Methodology
The instrument semiautomatic twilight photometer is simple and inexpensivebased on passive remote 
sensing technique and hence canbe operated continuously for monitoring the day-to-day variabilityof the 
aerosols. The more details regarding the instrument are givenelsewhere, (Mane et al., July-2012).
The twilight sounding method is analogous to the method of rocket sounding. The more details regarding the 
basic principle of twilight technique are givenelsewhere, (Mane et al., December-2013).
The values of the aerosol loading factor 'Q' have been computed using equation;

In this equation 'h ' and 'h ' represents the lower and upper limits of the shadow heights respectively. The 1 2

method for calculating the height of the earth shadow is given by Shah (1970).
                                                             

The aerosol number density was calculated by using an empirical formula 

                                                             

3Aerosol number density per dm  = Antilog  {10['-1/I (dI/dh)']-1}  …. (2)10

Where 'I' is the observed intensity, 'dI' and 'dh' are the differences in intensities and shadow heights, 
respectively observed at time't' and (t+dt).
                                                             

Results and Discussion
The aerosol-loading factor (Q), was determined for the heights between 6 to 12 km and its changes attributed 
to variations in the weather conditions were studied in the present work. The clouds are generally divided into 
three types, viz. High, medium and low level clouds.
                                                             

High-level clouds 
High-level clouds form above 6 km. Relation between AND vertical profiles at 6-7 km obtained at clear sky 
days preceding the high level cloudy sky days were studied for the observational period and got the results. 
The results acquired reveal that one peak was detected three days prior to the high level cloudy sky days. This 

3
peak was at ~6.8 to 6.9 km, having AND ~125 to 185 particles per cm . This peak was found to be moving 

derived by actual Lidar 
observations and Twilight Photometric observations as stated below:
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downward with an average speed of the order of ~0.2 to 0.3 km per day for the two subsequent days after 
3perceiving it. The AND at 6 km was increased up to ~1000 particles per cm  at prior to the high level cloudy 

sky conditions. Two such examples are given in the following Figure-1.
                                                             

From the curve it was expected that the aerosol layer would come down to a lower height to create favorable 
conditions for high level cloud development on the following day. The observational evidence supported this 
fact. On the other days following cloudy sky conditions, the values of AND at ~6 km was found lower (~260 

3to 300  particles/cm ) in most of the cases. Khemani et al. (1985) reported that at cloud heights, the cloud 
-3

condensation nuclei (CCN) concentration was around 478 cm  on cloudy sky days whereas it was around 265 
-3cm  on clear sky days. This shows an increase in aerosols at mean cloud height during cloudy conditions. The 

findings of the present paper corroborate these results.
                                                             

Contrails
Contrails usually occur between about 8 and 12 km altitude. Contrails form through the injection of water 
vapor into the atmosphere by exhaust fumes from a jet engine. If the surrounding air is cold enough (only if the 
temperature there is below - 40 ), a state of saturation is attained and ice crystals develop, producing a 
contrail. Relation between AND vertical profiles at 8 to 12 km obtained at clear sky days preceding the 
contrail happening  days were studied for the observational period and got the results. The results acquired 
reveal that one or two broad aerosol layers were detected at previous days to the contrail occurring days. For 
example- 1 February, 21 March, 1 April 2011 and 5 March 2010 were the contrail occurring days. The 
extensive aerosol layers noticed at previous days of the above mentioned days as shown in the figure-3.  It was 
expected that these aerosol layers were responsible to create favorable conditions for contrail development on 
the following day.  The observational evidence supported this fact.
                                                             

Middle and low level clouds
Middle and low level clouds were frequently observed following with high level clouds. It implies that the 
CCN particles perturb downwards. In very rare cases middle level cloudy days were noticed separately after 
any clear sky day. The bases of mid-level clouds typically appear between 2 to 6 km. Another one attempt was 
also made to study the variations in the aerosol loading, 'Q' at 6-7 km in terms of AND obtained at clear sky 
days preceding the middle level cloudy sky days. The results pointed out that the sudden increase(nearly 
double of the values at clear sky days) in the values of 'Q' at any day followed by sudden decrease(nearlysame 
as the values at clear sky days) at subsequent day was precursor of middle level cloudy days. For example, 25 
January, 13 April 2010, and 24 March, 16 November 2011 are middle level cloudy days. As shown in the 
figure-2, it was expected that the aerosol layer would come down to a lower height to create favorable 
conditions for middle level cloud development on the following day. The observational evidence supported 
this fact.
Invisible cirrus clouds
Invisible cirrus clouds, i.e. optically thin cirrus layers frequently observed just below the tropopause.  These 
clouds are invisible for normal eyes. Using twilight technique existence of thin invisible cirrus clouds in the 
field of view of the twilight photometer can be discovered (Mane et al., June-2012). One more attempt was 
also made to study the variations in the aerosol loading, 'Q' at 8 to11km in terms of AND obtained at clear sky 
days preceding the existence of the invisible cirrus cloud days. The results pointed out that the aerosol loading 
at this level increased considerably prior to existence of this type of cloudy days. It was expected that 
increased aerosol loading was responsible to create favorable conditions for invisible cirrus clouds 
development on the following day.  The observational evidence supported this fact.
                                                             

Many of the consequences of this paper are in good agreements with the conclusions reveal by Jadhav and 
Londhe (1992). They were unable to distinguish between different types of clouds and their association with 

°C
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aerosol loading. One of the main advantages of the semiautomatic twilight photometer is improvement in 
height resolution. This is achieved due to high rate of sampling, as data is stored for every 10secs, as compared 
to 30secs in earlier system. Due to this improvement in height resolution, the small fine-scale features, which 
are not visible in the profiles derived by earlier workers, are visible in the profiles derived in the present study.
                                                             

Summary and Conclusions
I. Detail study of AND vertical profiles in between 6 and 7 km gives pre-information about occurrences of 

high level cloudy days.
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II. The sudden increase in the values of 'Q' at any day followed by sudden decrease at subsequent day could 
be a precursor of middle level cloudy days.

III. One or two broad aerosol layers noticed in between 8 to 12 km on the AND vertical profiles at any day 
could be a forerunner of the contrail occurring at following day.

IV. The increased aerosol loading in between 8 to 11 km at any day is responsible to create favorable 
conditions for the invisible cirrus clouds development on the following day.  

                                                             

However, at present the definite relation between the variations in middle tropospheric aerosol number 
3

density per cm  (AND) and weather conditions could not be established with so few data events; however it is 
possible if a greater number of events are available.
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Introduction
The rapid growths in industrial activities due to globalization result in vast amounts of potentially harmful 
gases and particles being emitted into the atmosphere on a global scale. Prominent air pollutants are SO , NO , 2 2

CO, PM  and Surface O . These pollutants in the atmosphere produce other secondary pollutants via thermal, 2.5 3

chemical and photochemical pathways. Surface O  is identified as one of the air pollutants that e ffect human 3

health and the ecosystem. Around 10% of the increased global warming potential of the atmosphere 
consequences from increases in surface ozone, however this value is very uncertain (Tropospheric Ozone 
Research (TOR) - 2 final report, 2003). Surface ozone over the continents has a marked seasonal cycle 
(Zvyagintsev, 2004). The maximum can occur in winter/early spring (Oltmans et al., 2006), in spring, or in 
spring/summer Ahammed et al., 2006. Agra urban air has been affected by emissions from vehicle exhaust, 
energy production and domestic heating. High concentrations of surface ozone that predominantly arise 
during the summers have been shown to be detrimental to human health and destructive to vegetation (NRC, 
1991). Hence, the study of O  and its precursors is a key for understanding the pollution levels in this tropical 3

semi arid region due to the high sunlight intensity. With the aim to present the current status of ambient air in 
an urban area of Agra, real-time measurements of SO , NO , CO, PM  and O  were performed for the summer 2 2 2.5 3

season (April to June) of 2012.
                                          

Methodolgy
The study was performed in the summer period from April to June 2012 at a site located in an urban area of 
Agra near heavy traffic junction. Measurements were conducted on the roof of Agra Nagar Nigam building 
(78°00' E and 27°20' N), which is situated in the heart of Agra city. Hourly concentrations of SO , NO , CO, O  2 2 3

and PM  were measured simultaneously with the instruments obtained from Ecotech, New Delhi, India and 2.5

Met One Instruments, USA. SO concentration was monitored by EC 9850, based on the principle of 2 

ultraviolet radiant excitation (fluorescence), NO  was monitored with an analyzer (EC 9841), runs on the 2

principle of measurement of the chemiluminesence formed by the oxidation reaction of NO with O . The 3

concentration of CO was monitored using non-dispersive infrared (NDIR) gas filter correlation technique 
based on the IR absorption (at 4.67ìm) by carbon monoxide molecules within its rotation-vibration 
absorption band by EC 9830 monitor. The concentration of ozone was measured using Ecotech analyzer (EC 
9810), based on the principle of measurement of absorption of UV radiation at 254 nm by ozone present in the 
sample air. The fine particulate matter (PM ) concentrations were measured by Met one Instruments (USA) 2.5

Model: BAM-1020 based on beta attenuation principle.
                                          

Results and Discussions
Diurnal Variation
Unlike most studies we do include the diurnal cycle in our considerations, as this point is extremely 
significant as diurnal variations bear information on local pollution conditions. Diurnal variations in O3 

concentration show daytime photochemical production all through the study period. The diurnal average 
maximum is observed between 10:00 to 16:00 hours (51.7 ppb) whereas the minimum (20.5 ppb) appears at 
night. Both NO and CO start to build up from 16:00 hours (evening hours) and attains their maximum 2 

concentrations at 21:00 hours, which are different from the variation in ozone. Whereas the lowest values for 

a
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both the species (NO , 6.45 ppb at 10:00 hours and CO, 0.39 ppm at 4:00 hours) were observed during the 2

morning and afternoon hours. In order to sustain high levels of ozone during the noon period, large amounts of 
precursors (like NO , CO etc.) are needed. This leads to very low levels of these precursors during the noon 2

period. The SO concentration starts to increase in the morning hours (6:00 hours) and attains its maximum 2 

concentration at 12:00 hours than it decreases and again starts to rise up from 18:00 hours till 22:00 hours than 
there is a sink at 22:00 hours to morning 5:00 hours. The average PM  concentration had the lowest value in 2.5

3early morning (39.7 µg/m ) then, increased and remained almost unchanged from 9:00 hours till noon. After 
3

12:00 hours it starts decreasing till 18:00 hours and then again increased up to the maximum value (68.9 µg/m  
at 21:00 hours). The data for the site indicate that vehicular emissions have a clear influence on PM .2.5

Backward Trajectories Analysis
Using HYSPLIT model we have analyzed in detail episodes with maximum ozone concentration 48 hours 

thbackward trajectories has been drawn. The results of backward trajectories arriving in Agra for 24  April, 
th nd

(maximum hourly O  concentration 61 ppb), 19  May (maximum hourly O  concentration 93.3 ppb) and 22  3 3

June (maximum hourly O  concentration 116.5 ppb) are presented in Figure 1. 3

th th ndFigure 1: Backward trajectories originated from Agra starting at 0600 UTC 24  April, 0200 UTC 19  May and 2000 UTC 22  
June, 2012, respectively

                            

th th
The analysis of trajectories for 24  April and 19  May showed that the trajectories were placed from 
northwestern direction, originating from eastern Pakistan and crossing Indian states Punjab and Rajasthan. 

ndThe analysis of trajectories for 22  June showed that the trajectories were placed from western direction, 
coming from the Arabian Sea, crossing Indian states Gujarat and Rajasthan. The air masses probably bring 

nd
ozone and ozone precursors passing from the Arabian Sea during 22  June with a possible origin on the east 
coast of the Africa. This ozone and the ozone precursors, contribution from these source areas result in a fast 
ozone rise in the early morning on these days, reaching a daily maximum higher than 100 ppb. Thus, it can be 
summarized that maximum ozone concentrations were probably due to the consequence of the transport 
effect from these directions. Therefore, it is possible that during the episode days, the pollutant concentration 
in Agra was affected by the regional pollution as well.
                            
                                          

Principal Component and Cluster Analysis
Table 1 displays the PCA produced three factors that explained about 80% of the total variance and factor 
loadings for those three extracted components after rotation. The first factor was composed of O , 3

atmospheric temperature (AT), solar radiation (SR) and wind speed (WS) and this explains 38.5% of the data 
variance. The second factor, formed from NO CO and SO  explained 21.7% of the variance. This factor is 2, 2
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indicative of fossil fuel combustion. The third factor extracted explained 19.8% and it was made up of wind 
direction (WD) and barometric pressure (BP).
                   

The principal component analysis reveals that the ozone formation is governed equally by meteorological 
parameters (temperature, solar radiation, wind speed) and ozone precursors (NO  and CO). A cluster analysis 2

was applied using Ward's method with Euclidian distances as the criterion for clusters forming.

Figure 2 displays three clusters: (1) SO -WS-CO-NO ; (2) O -AT-PM -RH; (3) BP–SR. It is observed, 2 2 3 2.5

however, that clusters 1 and 2 group together at implying probably their common source. 

Table 1: Factor loading after Varimax rotation and Eigen values of PCA of the data sets

Figure 2: Dendrogram resulting from Ward's method of hierarchical cluster analysis
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Conclusions
The results indicate that maximum O concentration was observed during the daytime due to photo-oxidation 3 

of the precursor gases originated from anthropogenic sources. The average diurnal maximum of ozone varied 
from 44-51 ppb during 10:00 to 16:00 hours and the average diurnal minimum varies from 20-26 ppb during 
nighttime and early morning hours. For CO and NO , distinct diurnal variations are found with minimum 2

values during daytime and maximum values around midnight. The calculated and analyzed characteristic 
backward trajectories for the days with maximum O  concentration clearly pointed out the transport from the 3

NW and W directions. Statistical analysis showed that formation of O is equally dependent on ozone 3 

precursors and meteorological parameters what was also indicated by PCA and cluster analysis and also 
shows that the variation of pollutant at the site was strongly influenced by regional emission and chemical and 
transport processes. Finally, tropospheric study of ozone and related trace gases as well as aerosols are 
becoming increasingly important because deteriorating air quality may exert negative impacts on human 
health and vegetation. Therefore, control measures should be taken to avoid further exacerbation of air 
pollution.
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Introduction
Epidemiological studies have shown consistent increase in the morbidity and mortality due to particulate 
matter exposure (PM) (WHO, 2012). Most of the above mortality is associated with an increase of 
inflammatory diseases, increase of susceptibility of the host to lung infections and cardio-respiratory 
diseases. However, the pathway connecting PM exposure and inflammatory diseases or increased 
susceptibility to lung infections are poorly understood. The evidence of significant health effects of small but 
toxic biological substances in the particulate matrix and failure to explain completely the unfavorable health 
status with the non-biological fractions has shifted the attention to the biological components of the PM.
It is now estimated that 16% of total PM is of biological origin ( . Biological components 
present in the particulate matter could add extreme variability to the composition of PM and consequently on 
one's health. These consist of viable and nonviable microorganisms, allergic particles, plant and insect debris 
and microbial toxins such as endotoxin and mycotoxin. Adverse health effects of the cocktail of highly 
inflammatory components such as endotoxin and industrial and vehicular pollution is not clearly understood.
                                                       

Materials and Methods
The monitoring of airborne particulate matter (PM) and associated biological particles was carried out at six 
ambient air quality monitoring sites of Karnataka state pollution control board (KSPCB), Bangalore city 
during December 2013 – January 2014.  PM-10 (particles with aerodynamic diameter smaller than 10ìm) 
samples were collected using high volume sampler. A total of forty two 8 hr average samples were collected 
from the above sites, starting at 8 A.M on each sampling day. The samples were collected on Quartz fiber filter 
paper (Whatmann, India). All filter samples were extracted into endotoxin free water and methanol and stored 
at -20°C for further studies.
                                                       

The water extracted PM-10 samples were analyzed for airborne endotoxin using kinetic limulus ambeocyte 
lysate (KQCL) assay (Lonza, India). The results were expressed in terms of Endotoxin unit (EU) and have 
potency of 13 (EU/ng). The assay was carried out according to manufacturer recommendations. All 
standards, samples, field blanks and endotoxin free water were analyzed in duplicate.
                                                       

The water extracted PM-10 samples were subjected for measurement of the tumor necrosis factor (TNF-á), 
Interleukins (IL-6 and IL-8) induction in whole blood assay (WBA). Venous blood was collected in EDTA 
coated vacutainer (BD bioscience, India) from five healthy donors under no medication. The 100µl of fresh 
whole blood was incubated with 100 µl of samples and 350 µl of 0.9% saline at 37°C for 6 hrs. The TNF-á, IL-
6 and IL-8 concentrations in the supernatant were measured with sandwich enzyme linked sorbent assay 
(ELISA, BD bioscience, India) according to the manufacturer recommendation. 
                                                       

The cell viability was assessed at regular intervals during the experiment using trypan blue exclusion assay. In 
order to elucidate the role of endotoxin on TNF-á production, water extracted samples were pre treated with 
cardiolipin and polymyxin B sulphate to neutralize the endotoxin separately. The bioactivity of the 
supernatant was determined using WBA. All samples were analyzed in duplicate. All statistical analysis was 
carried out with

Jaenicke, 2005)

 'R' version 2.13.1(R, 2011).
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Results and Discussion
In the six ambient sites, the endotoxin concentration associated with PM-10 varied over the range of 7.77-
2813 EU/ml. The concentration variation in these sites is due to the source characteristics and due to the 
sampling conditions such as wind speed and sampling location. The concentration of endotoxin of field 
blanks was found to be below the detection limit of the assay. The average endotoxin concentration is found to 
be 179.5 EU/ml across all sampling sites. Endotoxin concentration in Bangalore city was found comparable 
with that of wastewater treatment facilities (Fig. 1) measured in our earlier studies at Mumbai city 
(Gangamma, 2012a, 2014). These observations show a high proportion of mixing of endotoxin and in general 
biological constituents with industrial and vehicular sources of PM.
                                                       

 The PM -10 induced TNF-á, IL-6 and IL-8 concentrations have shown significant positive correlation 
(p<0.01) with logarithmic transformed endotoxin concentration of the sample. Pre-treatment of water 
extracted PM samples with Cardiolipin have shown 50 % reduction of TNF-á induction. Similarly, 
pretreatment of samples with polymyxin B sulphate which neutralizes endotoxin showed 62 % reduction of 
TNF-á induction. These results identified endotoxin as an important constituent leading to pro- inflammatory 
response induced by PM in Bangalore city. Further the results may suggest the ability of PM to activate innate 
immune cells and proinflammatory responses (Gangamma 2012b, 2012c).  

Figure 1 : Airborne particulate matter (PM-10) associated endotoxin concentration measured at six ambient sites of Bangalore 
city and wastewater treatment plants. The concentrations of endotoxin in Bangalore city are comparable with WWTP samples

                                                 

Acknowledgment
The authors express sincere thanks to Department of Science and Technology, Govt. of India for providing 
financial support for carrying out this work (SR/S4/AS-96/2012, SR/FTP/ES-40/2012). Authors thank all 
officials of KSPCB, Bangalore for extending facilities and cooperation. 
                                                 

References
Gangamma S. (2012a) Characterization of airborne biological particles from wastewater treatment plants in 

Mumbai. IASTA. Vol. 20 (1-2), 523-525.
Gangamma S.(2012b) Airborne particulate matter and innate immunity activation. Environmental Science 

and Technology. Vol 46(20) 10879.
Gangamma S.(2012c) Airborne particulate matter associated endotoxin and proinflammatory responses. 

Journal of Allergy and Clinical Immunology. Vol 130(4), 1012.
Gangamma S.(2014) Characterization of airborne bacteria in Mumbai urban city. Science of the Total 

Environment. Vol.488-489,70.

R Development Core Team. R. (2011): A language and environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria.  ISBN 3-900051-07-0. Website; 

WHO (2012): Burden of diseases from household and outdoor air pollution:  World health organization-
Website;h

 [accessed 20 June 2014].

Jaenicke R. (2005): Abundance of Cellular Material and Proteins in the Atmosphere. Science 308 (5718): 73

http://www.R-
project.org/.

ttp://www.who.int/phe/health_topics/outdoorair/databases/FINAL_HAP_AAP_BoD_24M
arch2014.pdf?ua=1

15

Biological activities of ambient particulate matter and associated endotoxin at different .....

IASTA , BHU, VARANASI-2014



Exposure and Circulatory Inflammation among Waste Water Treatment Plant 
Workers in Mumbai City
                                                                                   

Gangamma S.
Department of Chemical Engineering, National Institute of Technology Karnataka, Surathkal-575 025

Keywords: Particulate Matter, Air Pollution, Cytokine, Endotoxin, Tolerance
                                                                                   

Introduction
Depending upon prevailing meteorology, the aerosolized droplets generated from wastewater treatment 
plants (WWTPs) operations could be transported through air and expose workers to the toxic and biological 
components (Gangamma et al.,2011). Studies in WWTPs have shown that exposure to biological 
components is associated with adverse health effects on plant workers (Mulloy, 2001, Thorn et al., 2002). 
Activation of innate immune cells and inflammation in the lung and circulatory system are known to be 
associated with exposure to particulate matter (Seaton et al., 1999, Gangamma, 2012, Gangamma, 2014). The 
persistent excessive inflammatory products can also be a casual factor for several diseases. On the contrary, 
studies have reported that exposure to microbial components confers desensitization and tolerance to 
allergens and asthma (Radon, 2006). Therefore, it is of interest to know the health effects of WWTPs 
exposure as well as the effect of exposure on tolerance development. In this preliminary study, we examine 
(1) the effect of exposure on circulatory inflammation and (2) the tolerance development of the exposed 
workers to endotoxin
                                                                                   

Materials and Methods
To assess the work place exposure, the air samples were collected from WWTPs in Mumbai, India during 
February to March 2011. PM-10 samples (particulate matter with aerodynamic diameter less than 10µm) 
were collected on glass fiber filter paper (Whatmann, India). The MiniVol samplers (Airmetrics, USA) were 
used to collect 24 h average PM samples. All filter samples were extracted into endotoxin free water and were 
analyzed for endotoxin with kinetic LAL (limulus ambeocyte lysate, Lonza, India) assay. Whole blood assay 
(WBA) was used to determine the in vitro pro-inflammatory response (tumor necrosis factor-TNF-) induced 
by the airborne samples. The supernatant TNF-á was measured with enzyme linked immunosorbent assay 
(ELISA, Invitrogen India, Gangamma et al., 2011).
                                                                                   

To understand the importance of endotoxin exposure in the WWTPs, the plasma endotoxin and TNF-á levels 
of the workers (n=83) from WWTPs in Mumbai, along with a control population (n=30) from Indian Institute 
of Technology Bombay (IIT) campus with similar ethnic and economic status were measured. The study was 
approved by IIT Bombay ethics committee and Municipal Corporation of Greater Mumbai (MCGM) 
Mumbai. Written informed consent was obtained from all the participants. To examine the tolerance 
development, the whole blood from the study participants was stimulated with endotoxin (5ng/ml, Sigma, 
India) and isotonic saline. The TNF-á and IFN-ã (interferon) was measured in the supernatant using ELISA. 
Endotoxin is recognized by immunocells through TLR4 (toll like receptor). Therefore, it was of interest to 
know the level of TLR4 gene expression among the study participants. Total mRNA was isolated from the 
blood cells of WWTP workers (n=25) and control population (n=18) stored in tri-reagent BD (Sigma, India) 
according to manufacturer instructions. The RT-PCR (real time polymerize chain reaction, Roche, 
Switzerland) was performed using SYBR Green assay kit with no ROX (Eurogentec, Belgium) according to 
manufactures instructions.
                                                                                   

Results and Discussion
-3 PM-10 associated endotoxin concentration varied over the range of 0.2-2880 EUm with an average and 

.
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-3
standard deviation respectively of 247 and 651 EUm . PM-10 induced TNF- concentration showed a 
significant positive correlation (p<0.01) with PM-10 associated endotoxin concentration. The result suggests 
that the WWTP workers are exposed to airborne endotoxin and the endotoxin present in the samples have 
significant effect on the proinflammatory response in WBA. 
                                                                                   

The average plasma endotoxin level of the workers (2.42 EU/ml) was significantly higher than the control 
(0.06 EU/ml, p<0.001). The plasma endotoxin levels were corrected for smoking and tobacco chewing habits 
and the analysis showed that these habits did not bias the above results. Average concentration of TNF-á in the 
controls and WWTP workers plasma were 4 and 11 pg/ml respectively. The TNF-á in plasma of the WWTP 
workers were significantly higher than the controls (p<0.001). The observed difference could also be due to 
the variability of blood cell counts between controls and the workers. To evaluate this, TNF-á concentration 
were normalized by white blood cells (WBC). The normalized TNF-á of the workers was also significantly 
higher than the controls (p<0.001). The high TNF-á concentration in the workers indicates the 
proinflammatory conditions in the circulatory system.
                                                                                   

To examine the tolerance development, the whole blood from the study participants was stimulated with 
endotoxin (5ng/ml) and isotonic saline. The TNF-á and IFN-ã was measured in the supernatant. The TNF-á 
induction in WWTP workers is significantly higher than the control (Figure 1, p<0.02). The higher TNF-á 
response suggests hypersensitive to endotoxin among the WWTP workers. Total mRNA was isolated from 
the blood cells of WWTP workers and control population shows that the TLR4 expression is higher in WWTP 
participants than in the controls (p<0.01). This up regulation of TLR4 expression corroborates with the 
hypersensitivity among WWTP workers. There is no significant difference in IFN-ã induced by endotoxin 
stimulation among the two groups. The results suggest that the workers did not develop tolerance against 
endotoxin. The whole blood of study participants was stimulated with IFN-ã (3ng/ml) and isotonic saline. 
TNF-á was measured in the supernatant. The TNF-á induced among the WWTP workers and control subjects 
was not significantly different (Figure 1). This result shows corroborates with previous observation of no 
tolerance development among the WWTP participants. The results show that the workers did not develop 
tolerance against endotoxin or inflammatory stimuli. Instead, the present study indicates that, apart from 
infections, continuous exposure to the WWTP environment may induce may increase the risk of 
inflammatory diseases in the workers.

                                                                                   

Figure 1 : The whole blood of WWTPs workers (n=27) and control subjects (n=20) were stimulated with standard endotoxin 
(5ng/ml), recombinant IFN-ã (3ng/ml) and isotonic saline separately. The supernatant was subjected to measure TNF-á and IFN-ã 

with ELISA. The TNF-á induced by endotoxin in WWTP workers is significantly higher than the control population. The 
endotoxin induced IFN-ã or IFN-ã induced TNF-á did not show difference among the groups. 
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Introduction
Diesel engines are becoming more efficient, durable, quieter and vibration-free. However, higher number of 
diesel engines in transportation sector has led to increased particulate emissions in urban areas. Diesel is 
derived from refining of fossil petroleum, which is continuously dwindling therefore searching for its 
replacement has become a priority in order to sustain present development of humanity. Biofuels, especially 
biodiesel has emerged as a promising alternate fuel for petro-diesel. Therefore there is a need to investigate 
the emission reduction performance of DOC with use of biodiesel in existing diesel engines used in 
transportation sector.
                                           

Methods
A comparative experimental study was performed on engine exhaust emanating out of a medium duty 
transportation diesel engine (1.4L, four cylinders, rotary type fuel injection diesel engine) fuelled with mineral 
diesel and biodiesel blend (B20), before and after it was fitted with a diesel oxidation catalyst (DOC). Engine 
tests were performed for regulated gaseous emissions; particle number-size distributions, elemental carbon 
(EC), organic carbon (OC), unregulated emissions and particle bound polyaromatic hydrocarbons (PAHs). 

                                           

Figure1: Schematic of the experimental setup.
                                           

Results  
It was observed that for both diesel and B20, the peak for OC appeared near medium engine load. However, 
for EC, it appeared at highest engine load. Total carbon (TC) reduction varied from 20-60% with DOC, 
depending on engine load. Particle bound PAHs were higher for medium engine load for both diesel and B20 
(Figure 2). Investigations revealed that there was no significant effect of DOC in reducing the EC whereas it 
was quite effective in reducing the OC content of particulates. Furthermore, the role of DOC in reducing 
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regulated gaseous emissions at different engine loads was investigated. Particle number-size distribution 
showed significantly higher concentration of nuclei mode particles for both the fuels. Particle sizes were 
observed to be bimodal in nature and two different size ranges; less than 10 nm and 25-250 nm, respectively 
were prominently observed with and without DOC. 

Figure 2: Particle bound PAHs in engine exhaust with and without DOC fuelled with mineral diesel and biodiesel blend (B20).
                                           

References
D. Kawano, H. Ishii, Y. Goto, A. Noda, Application of biodiesel fuel to modern diesel engine, Training, 2012 

(2006) 09-05.
Z. Zhang, C. Cheung, T. Chan, C. Yao, Experimental investigation on regulated and unregulated emissions of 

a diesel/methanol compound combustion engine with and without diesel oxidation catalyst, Science of 
the total environment, 408 (2010) 865-872.

H. Jung, D.B. Kittelson, M.R. Zachariah, Characteristics of SME biodiesel-fueled diesel particle emissions 
and the kinetics of oxidation, Environmental science & technology, 40 (2006) 4949-4955.

M.K. Khair, W.A. Majewski, Diesel emissions and their control, Warrendale, PA: Society of Automotive 
Engineers, 2006. 584, (2006).

R.M. Heck, R.J. Farrauto, S.T. Gulati, Catalytic air pollution control: commercial technology, John Wiley & 
Sons, 2012.

20

Control of Toxic Emissions from a Biodiesel Fuelled Engine retrofitted with a Diesel....

IASTA-2014, BHU, VARANASI



Design and Evaluation of a Variable Head PM /PM  Sampler 1 2.5
                                                    

1 1,2Anand Kumar , Tarun Gupta
1Environmental Engineering and Management Program, Indian Institute of Technology Kanpur, 208016, 

Kanpur, India 
2APTL at Center for Environmental Science and Engineering, Indian Institute of Technology Kanpur, 

208016, Kanpur, India

Keywords: Particulate Matter, Impactor, Sampler, Silicone Vacuum Grease. 
                                                    

Introduction
Fast growing population in cities, development of industries and intensification of transport system poses 
major challenges to the air quality in terms of particulate matter. Due to shortage of adequate natural 
resources, especially in the case of developing countries, people have limited availability of clean fuels and 
clean technologies leading to poor air quality in many of their cities (Holgate et al. 1999). Measurement and 
monitoring of fine particulate matter at such places becomes very important.
                                                    

Methods
This study presents the design and lab evaluation of a compact, mobile medium flow inertial impactor that 
operates at a flow rate of 175 l/min and consists of two different circular acceleration nozzles designed for 
PM  (particle aerodynamic diameter < 2.5 ìm) and PM  (particle aerodynamic diameter < 1ìm). Any of the 2.5 1

two could be used at a time as per the requirement. Various impactor nozzles were designed for PM /PM  1 2.5

using the design equations based on the empirical solution of Navier-Stokes equations for varying conditions 
of air flow around a flat or round impaction substrate. The impactor nozzles along with impaction substrate 
unit were tested individually using a laboratory testing rig setup with flow rates ranging between 100 to 200 
lpm using the dry aerosol generation system for different S/W (ratio of distance between nozzle exit to 
substrate surface and nozzle width) ratios. A dry aerosol generator was employed using dolomite powder 
(sieved through a 45 µm size mesh) to produce a stable flow of polydisperse aerosol (Figure 1). A portable 
aerosol spectrometer (PAS 1.108, Grimm GmbH) was used to test the performance of the impactor.
High vacuum grade silicone grease of depth 0.40 cm was used as an impaction substrate which allows 
particles to penetrate into it and soon their surface is wetted with silicone oil hence eliminating particle 
bounce off (Turner & Hering, 1987; Demokritou et al., 2001b; Hill et al., 2002).

Figure 1 : Experimental setup for impactor characterization in the lab.
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Results  
This study involved the design and development of an air sampler, which is capable of selectively removing 
the particles greater than 1.0 ìm/2.5 ìm on a greased impaction substrate at an operating flow rate of 175 
l/min and collects the finer particles onto an A4 size Quartz filter.
                                                    

Table 1 : Design parameters and experimentally calculated characteristics of the impactor. 

Figure 2 : Impactor efficiency curve.
                                                    

Owing to its medium flow rate, it allows lesser sampling time and collecting appreciable quantity of particles 
in a relatively smaller time frame. Figure 2 shows the impactor efficiency  curve. The average particle losses 
for the impactor nozzle and sampler body were well below 15%
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Introduction
The carbonaceous aerosols consist of organic carbon (OC), elemental carbon (EC) and inorganic carbon; 
however, inorganic fraction is usually negligible in the fine particles. EC is directly emitted into atmosphere 
from incomplete combustion of fossil fuel and biomass, while OC can either be released directly into 
atmosphere or formed through the process of gas to particle conversion in the atmosphere. EC is being 
considered a driver of global warming while OC offset the warming effect by scattering the incoming solar 
radiation. Due to their adverse effects on climate, there is a need for systematic monitoring of carbonaceous 
aerosols over their source regions. Present study focuses on the temporal characteristics of size segregated 
carbonaceous aerosols during October, 2012 – May, 2013 over Patiala (30.33ºN, 76.4ºE, 249 m above mean 
sea level), located in the source region of biomass burning in Indo-Gangetic Plain (IGP). The study region is 
largely influenced by the paddy residue burning (PRB) in the months of October–November and by wheat 
residue burning (WRB) in the months of April–May every year. Recent study over IGP shows that the 
emission budget of carbonaceous aerosol during PRB and WRB period is 477±70 Gg/y and 87±3.0 Gg/y, 
respectively (Rajput et al., 2014). During months of December–March, atmospheric layer is shallower and 
the emissions from bio- and fossil fuel burning (BFB) are dominating. 
                                            

Methods
The aerosol sampling has been carried out from October, 2012 – May, 2013 at Patiala by using four stage 

3 -1
(PM , PM , PM , PM  and PM ) Staplex high volume sampler at the flow rate of 1.1 m  min  with 1.0 0.95–1.5 1.5–3.0 3.0–7.2 >7.2

sampling time from 09:00–18:00 hrs (n = 42). After collection, filters were packed and stored in deep freezer 
until analysis. The mass of size segregated aerosols were determined gravimetrically. The concentration of 
EC and OC were measured on EC-OC analyzer (Sunset laboratory, USA) using National Institute of 
Occupational Health and Safety (NIOSH)-5040 protocol (Birch and carry, 1996). Details of analysis are 
reported elsewhere (Rastogi et al., 2014). Here, we have used PM , PM , PM  samples for OC analysis 1.0 0.95–1.5 1.5–3.0

and PM  samples for EC analysis due to constraint of filter substrate and instrument (EC-OC analyzer) 1.0

specification. Depending upon prevailing emission sources, the data was grouped into three periods: period-1 
(October–November) representing the dominance of emissions from large scale paddy-residue burning 
(PRB), period 2 (December–March) representing major emissions from fossil and bio-fuel burning (BFB), 
and period 3 (April–May) representing emissions from wheat-residue burning (WRB). More details of site 
description and prevailing emission sources have been provided in our earlier publication (Singh et al., 
2014).
                                            

Conclusion
During the study period, the mass concentration of total suspended particulates (TSP) varied significantly 

-3 -3
ranging between 88 – 387 µg m  and exhibited highest concentrations during PRB period (267 ± 69 µg m ) as 

-3 -3
compared to WRB period (207 ± 70 µg m ), however, relatively lower concentration (163 ± 58 µg m ) was 
observed during BFB period. Further, the contribution of size segregated aerosols to TSP (%) has been 
investigated (Figure 1b). It has been observed that mass concentration of PM  was maximum (~ 58%) during 1.0
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the entire study period, followed by PM  (~15%), PM  (~11%), PM (8%) and PM  (~8%). The 3-7.2 >7.2 0.95-1.5 1.5-3.0

temporal variability in the mass concentration of size segregated aerosols clearly indicates the dominance of 
submicron fraction (PM ) over the coarse fraction (PM ) suggesting that anthropogenic sources (usually 1.0 3.0-7.2

produce fine particles) dominate over natural sources (generate coarse particles) at the study region. The mass 
concentration of OC  (OC with aerodynamic diameter less than or equal to 3.0 micron) ranged from 9.5 – 69 3.0

-3 -3
µg m  with average value of 27 ± 14 µg m  (Figure 2a). The mass concentration of OC was found to be 
maximum during the months of October-November and the observation was attributed to large scale paddy 
residue burning. Further, the relative contribution of size segregated OC to total OC was also investigated 
(Figure 2b). The contribution of OC was maximum from PM  in comparison to other size ranges throughout 1.0

the study period, further suggesting the dominance of anthropogenic combustion sources for OC over the 
study region. The relative contribution of OC to PM  was maximum during the PRB period, decreased 1.0

during BFB period and then again increased during the WRB period. This is attributed to change in the source 
strength of OC. On the other hand, the mass concentration of EC in PM  shows high values during the PRB 1.0

-3and WRB period with average value of 5.3 ± 2.0 µg m  (Figure 3a). The relative contribution of EC to PM  1.0

has exhibited large variability (from ~0.02 to 0.10) with mean value of 0.05 ± 0.01 (Figure 3b). On the other 
hand, the ratio of OC to PM  was significantly higher (0.17 ± 0.07) in comparison to ratio of EC to PM  (0.05 1.0 1.0

± 0.01). Mass ratio of OC to EC (OC/EC) is often used to understand the relative dominance of biomass vis-à-
vis fossil fuel burning sources in producing ambient carbonaceous aerosols with higher ratio when biomass 
burning prevails and lower ratio when fossil fuel dominates. As far as the radiative effects are concerned, 
higher OC/EC ratio indicates more scattering type (brighter) aerosols whereas lower ratio suggests more 
absorbing type (darker) aerosols. During present study, the OC to EC ratio varied from 2.0 to 7.7 in PM  1.0

samples with average value of ~ 4.0 ± 1.0, suggesting the dominance from biomass burning emissions as 
compared to emissions from fossil fuel combustion. The present results show lower OC/EC ratio in PM1.0 

samples as compared to the earlier studies by Rastogi et al., 2014 (2.5–15) and Singh et al., 2014 (1.9-25.7) in 
PM  samples over Patiala. This difference in ratio may be due to the change in aerodynamic size of aerosols 2.5

sampled. These finding also suggest that ignoring the OC over EC aerosols in model simulations leads to over 
estimation of forcing calculation over the IGP.

Figure 1: Temporal variability of (a) total suspended particulates (TSP), and (b) percentage contribution of size segregated 
aerosol mass to the TSP.
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Figure 2: Temporal variability of (a) organic carbon (OC ), and (b) percentage contribution of size segregated OC to OC .3.0 3.0

                                            

Figure 3: Temporal variability of (a) elemental carbon (EC ), and (b) EC to PM  ratio.1.0 1.0
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Introduction
Deleterious effect of polluted air on respiratory and cardio-vascular health of humans is well established. 
Respiratory illnesses such as asthma, allergy and COPD are related to exposure of human beings to polluted 
ambient air. Traditionally, most of air pollution related studies focus on non-biological parameters such as 
particulate matter size and load, ozone concentration and toxic elements and species present in ambient air. 
               

Methods
The present study was conducted at IIT Kanpur campus which is a well planned residential estate having well 
established and maintained civic infrastructure, high literacy rate and vegetation cover. 

             

Figure1: Flow Chart 1: Study Design
             

IIT Kanpur campus has very low per capita vehicle number and no prominent source of air pollution. 
Moreover, according to conservative estimates, more than 80% of campus population falls under working age 
group. 
               

Results
Seasonal allergy may be attributed to bioaerosols present in the ambient environment. Furthermore, a 
majority of such studies have shown the health related issues to be more prevalent in unplanned human 
settlements having inferior civic infra-structure, low literacy among the population and lack of vegetation 
cover coupled with higher vehicular density and presence of other sources of air pollution. Questionnaire 
based health survey was carried out among residents to assess the respiratory problems and health quality at 
IIT Kanpur campus. Figure 2 shows the preliminary results from bioaerosol (bacterial and fungal colonies per 
cubic meter of air sampled) sampling carried out at the different microenvironments within the IITK campus. 
From the outcome of survey, different micro-environments were selected for air sampling to assess the 
bioaerosol load and ambient air quality and its relation with respiratory health. Interesting and relevant 
outcomes of the study will be presented. 
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Figure 2: Microbial load at IIT Kanpur (outdoor Western Laboratories)
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Introduction
The epidemiological studies have found an association between fine particle concentrations and increased 

 
human health effect (Pope and Dockery, 2006). A detailed chemical analysis of particulate matter samples 
provides data useful in pinpointing sources of pollution and in predicting potential health effects. The 
objectives of the present study is to determine the concentrations of PM  in ambient air representing different 2.5

land use pattern in Mumbai city, to carry out chemical speciation of PM (metals, ions, elemental carbon and 2.5 

organic carbon),  to do mass closure of speciated particles and  understand the sources.  
                                                               

Methods 
Air monitoring was carried out at four locations representing control (C) -Colaba, kerb (K)- Dadar, residential 
(R)- Khar  and industrial (I)- Mahul sites in Mumbai. The sampling was done in the year 2007-2008 
representing three different seasons viz. winter, summer and monsoon.  The analytical method used for 
physical and chemical speciation of PM  is given in (Abba et al., 2011).The atmospheric fine particles were 2.5

measured for a period of over 24 hours for 15 days in a season. A total of 174 samples of outdoor PM were 2.5 

collected at four monitoring sites in Mumbai city during the study period.
                                                               

A material balance is a preliminary source apportionment that allocates PM to geological material, OM, EC, 2.5 

sulphate, nitrate, ammonium and marine salt (Watson et al., 2002).
                                                               

In chemical mass closure method; the gravimetric mass is compared with the chemical mass obtained by 
summing up individual chemical components. The basis for mass closure is the analysis of particulate matter 
for a number of chemical components, which can then be used as tracers of major aerosol constituents 
(Harrison et al., 2003). Mass closure analysis in the present study is adopted from (Chow et al., 2002). 
                                                               

The Material Balance Equation is as follows:
Geological [(1.89 x Al) + (2.14 X Si) + (1.4 x Ca)] + (1.43 x Fe)] +Organic Matter = (1.4 x OC) + Elemental 

- 2 -
Carbon +Ammonium Nitrate = (1.29 x NO3 ) + Ammonium Sulfate = (1.375 x SO ) + Sea Salt = (1.65 x Cl ) + 4

Trace Elements (Excluding geological elements) +Unidentified
                                                               

The average attribution of PM  to each aerosol type is given in Fig. 1. The major components in PM  in 2.5 2.5

Mumbai city include organic matter (36, 42, 52, 43%) and secondary inorganic aerosols (27, 23, 21, 23 %), 
contribution by crustal (12, 11, 6, 10%), noncrustal (7, 5, 4, 8 %) and sea salt (10, 11, 6, 8 %). The 
contributions by crustal, non crustal and sea salt were low as compared to organic matter and SIA. The higher 

-percentages of NO  and EC at kerbsite indicate influence of diesel vehicles. The highest organic carbon 3

concentration and significant SOC formation at residential site indicates strong sources of organic carbon. 
Possible sources could be wood-burning activities in bakeries and crematoria, biomass burning, vehicles and 
photochemical activity.
                                                               

The secondary inorganic aerosol (ammonium nitrate and ammonium sulphate) were highest at the control 
site. The sulphate contribution is greater than 15% at all sites. The EC contribution was highest at the kerbsite. 
The gravimetric mass exceeded sum of the chemical components at residential site and industrial site by 6% 
and 1%, whereas at control and kerbsite the mass was less than the sum of the chemical components by 12%.
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Figure 1 : Average Attributions of PM  at Different Locations of Mumbai 2.5  
                                                               

Conclusions 
Determination of chemical composition of particulate matter facilitates the identification of major source 
categories in a given air shed. The present study highlights that particle mass along with chemical speciation 
to understand toxic components of fine particles need to be considered before PM  regulation. The sampling 2.5

and analysis of PM  will not only provide data w.r.t. compliance but also give information for future 2.5

epidemiological and toxicological studies. Modeling efforts require all major components of fine aerosol 
therefore “closure of mass” is a must. This will also help in understanding discrepancy in measurement 
methods also.
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Introduction 
Indo-Gangetic Plain (IGP) suffers from large amount of air pollutants due to emissions from vehicles, 
industries, power plants, large scale post harvest biomass burning, and bio-fuel burning. These pollutants are 
primary as well as secondary and the contribution of latter to total fine aerosol abundance could be very large. 
These pollutants cause deterioration of air quality, increase in vulnerability of people to cardiopulmonary 
diseases, reduce crop yield, degrade visibility, change Earth's radiation balance, and affect biogeochemistry 
of northern Indian Ocean. Further, severe fog with the visibility of less than a few tens of meters is a common 
phenomenon over IGP during wintertime and could predominantly be due to water-soluble secondary 
aerosols, as water-soluble aerosols are hydrophilic in nature. Understanding on secondary organic aerosols 
(SOA) formation over IGP is meager. Poor understanding on secondary aerosol formation in time and space is 
thought to be among major causes of large uncertainty in the assessment of aerosol effects ranging from air 
quality to climate change. This study reports the diurnal variability in SOA formation over IGP during winter 
using semi-continuous measurements of water-soluble organic carbon (WSOC) and other species.
                                                    

Methods
Semi-continuous measurements of WSOC, for the first time in India, were performed using particle-into-
liquid sampler (PILS) coupled to total organic carbon (TOC) analyzer with 4 min integration time during 

th th o o
January 9  to Feb 5  2014 at Patiala (30.2 N, 76.3 E; 250 m amsl) located in IGP. The measured WSOC was 
appropriately corrected for blank. In parallel to WSOC, mass concentrations of particulate matter smaller 
than 1, 2.5 and 10 µm aerodynamic diameter (PM , PM , and PM ) were measured with 5 min integration 1 2.5 10

time using aerosol spectrometer. Daytime and nighttime PM  samples were collected on large tissuquartz 2.5

filters using high volume air sampler. Filter samples were assayed for PM  mass, organic carbon (OC), 2.5

elemental carbon (EC), and water-soluble major anions and cations using standard techniques (Rastogi et al., 
2014). 
                                                    

Results & Conclusions
The WSOC in ambient aerosols can be considered as a measure of SOA (Weber et al., 2007; Ervens et al., 
2011). Although, it would be the lower limit of SOA because a part of water-insoluble OC can also be SOA. 

-3The concentration of WSOC ranged from 0.1 to 99 µg m  (median: 14.1, average: 15.6, sd: 9.4) during the 
study period with highest concentration during 'Lohiri' festival. Rain events brought WSOC concentration 
down to its lowest, however, it came back to seasonal average value within a couple of hours, indicating fast 

2
SOA formation over IGP. Further, a strong linear relationship between PM  and WSOC (R  = 0.83; slope = 1

0.113, intercept = 4.7), suggests significant fraction of fine particles are SOA (Figure 1). It is important to note 
that the SOA fraction of PM  mass would be larger than the slope of Figure 1 because it uses WSOC and not 1

water-soluble organic mass (WSOM), which would be certainly more than WSOC. The WSOC represents 
water-soluble organic carbon only and not associated species such as hydrogen, oxygen, nitrogen, sulphur 

+
etc. Filter based average OC/EC (3.5) and K /EC (0.28) ratios indicated that emissions from both biomass and 
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fossil fuel burning were significant with relatively more contribution from biomass burning during the study 
period. 

2Figure 1 : A strong linear relationship between PM  and WSOC concentrations (R  = 0.83; slope = 0.113, intercept = 4.7), 1

suggests significant fraction of fine particles were SOA during winter over IGP.
                                                    

The diurnal variability of WSOC in the atmosphere is expected to be driven by emission sources, physico-
chemical transformation, transport and deposition processes. Diurnal variability in WSOC concentration 

-3over the study site is depicted in Figure 2. WSOC concentrations were more or less uniform (~13 µg m ) 
during late night/early morning and afternoon hours whereas peaked with almost 1.5 times higher 

-3
concentrations (~18 µg m ) in the morning (08:00 to 12:00) and late evening (18:00 to 22:00) hours. These 
peak WSOC concentration hours corresponds to the time when variety of local/regional sources such as wood 
and bio-fuel burning for cooking and other daily routine work, vehicular emissions, etc are used at their 
maximum, suggesting them as major sources of WSOC.

              

Figure 2 : Whisker plot presenting diurnal variability in WSOC concentrations over Patiala during winter. Each bin corresponds 

to ≥380 samples.
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Semi-continuous Measurements of Water-Soluble Organic Carbon (WSOC): Implications....

However, type of SOA formed during 08:00 to 12:00 hours are expectedly different (could be associated with 
photochemical reactions) than that formed during 18:00 to 22:00 hours (possibly related to nighttime 
reactions).  The observations of this study indicate that filter-based studies for understanding SOA formation 
have limitations and they cannot provide actual source (s) and meteorological conditions responsible for SOA 
formation over a given site. Online speciation of WSOC provides greater insights in understanding the 
processes forming daytime and nighttime SOA.
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Introduction
A large fraction of uncertainty in the global aerosol radiative forcing is due to the carbonaceous aerosols. The 
warming effect of elemental or black carbon (EC or BC) depends on its age, mixing state, source, and size. 
Whereas, the organic carbon (OC) component is more difficult to characterize due to numerous constituents 
that form secondary organic carbon. Also, the same combustion activity could be the source for both EC and 
OC as well as for both primary and/or secondary OC. The OC/EC ratio is generally used in climate models for 
representation of absorbing or scattering property of the carbonaceous particles. However, due to the 
complexity in characterizing OC, there are limitations to the use of this ratio (Safai et al, 2014). Also, there is 
no direct method to quantify the both primary organic carbon (POC) and secondary organic carbon (SOC). 
The widely used EC tracer method is based on certain assumptions such as negligible amounts of SOC in 
samples used to calculate minimum OC/BC ratio, low contribution of semi-volatile organic compounds in 
comparison with non-volatile organics, low or constant contribution of non-combustion primary particulate 
OC (Castro et al, 1999). Therefore, it is imperative to use high resolution data on OC and EC to separate out 
samples that are highly affected by strong photochemical activity period from those affected by strong 
combustion activity and also, the use of denuders to remove interferences from organic vapors is essential for 
the computation of POC and SOC (Cabada et al, 2004). In the present study, we report the results on temporal 
variation of SOC and POC at Pune, an urban location in south west India. 
                                                                             

Methods
Continuous hourly observations of OC and EC were carried out during April 2012 to March 2013 at Pune 
using the Semi-continuous OCEC Analyzer of Sunset Laboratory, USA (Model 4G) by adopting NIOSH 
(National Institute for Occupational Safety and Health) protocol based on thermal optical transmittance 
(TOT) (Birch and Carry, 1996). Aerosols under 2.5 µm size were only sampled using an inlet fitted with PM  2.5

cut off cyclone. Also, the sample was passed through parallel plate organic denuder to reduce the effects of 
vapour phase organic adsorption to the cleaned quarts filter. 
                                                                             

Ozone is used as an indicator for photochemical activity and as a tracer for periods when SOC production is 
expected to be high. Using the season-wise mean hourly ozone concentration for Pune (Ali et al., 2012), OC 
and EC data were separated out and removed for strong photochemical activity periods for each season. Then, 
using the regression analysis for remaining data, primary OC/EC ratio (combustion period) and OC from 
non-combustion sources were determined and POC and SOC were computed using the following relation 
(Cabada et al, 2004):
                                                                             

[POC] =   [OC/EC]  * [EC] + [OC]  primary non-combustion
                                                                             

[SOC] = [OC] – [POC]
                                                                             

Results
A bimodal distribution featuring dominant morning peak at around 09.00 hr and a comparatively weak 
evening peak at around 20.00 hr was observed for OC, EC, SOC and POC during all the seasons with varying 
magnitudes. These are mainly related with local traffic density, domestic burning as well as with the changes 
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3
in local boundary layer (Fig.1). The order of mean concentration for SOC was winter (8.2 ± 4.2 µg/m ) > post-

3 3 3monsoon (7.4 ± 3.2 µg/m ) > summer (4.6 ± 1.8 µg/m ) > monsoon (2.2 ± 0.7 µg/m ). Whereas, that for POC 
3 3 3was winter (9.7 ± 2.9 µg/m ) > post-monsoon (6.1 ± 1.7 µg/m ) > summer (3.8 ± 1.1 µg/m ) > monsoon (0.1 ± 

3
0.09 µg/m ). Thus, SOC dominated over POC in all seasons except during winter.  This type of seasonal 
variation is mainly due to changes in prevailing meteorological conditions (low ventilation due to low wind 
speeds and low mixing heights) in each season as well as possible long range transport from other regions. 
During post-monsoon and winter due to prevailing easterly/north easterlies, transport from Indo-Gangetic 
Plains (IGP) could be an important source. The annual contribution of SOC to OC was 66 % with maximum in 
monsoon (98 %) and minimum in winter (44 %) (Fig.2). Thus, the overall contribution of secondary organic 
aerosols to total organic aerosols is more over Pune. However, the SOC to TC ratio which indicates scattering 
to absorbing potential of carbonaceous aerosols was 0.40, 0.61, 0.38 and 0.33 during summer, monsoon, post-
monsoon and winter, respectively; indicating more presence of absorbing type carbonaceous aerosols at 
Pune, except during monsoon. This feature also corroborates well with the observed maximum 
concentrations of BC in winter and minimum in monsoon over Pune.

                         

Conclusions
Combustion activities, both vehicular and domestic burning contributed significantly (> 60 %) towards 
abundance of absorbing carbonaceous aerosols such as EC and POC at Pune; though the contribution of 
secondary organic carbon was dominant towards organic carbon. Transport from distant source regions 
especially from IGP region during post-monsoon and winter could be an additional contributor for elevated 
EC and POC.
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Introduction
The atmosphere is increasingly being recognized as a significant source of nutrient (nitrogen and 
phosphorus), micronutrient (Fe) and pollutants to marine environment. Atmospheric dust, in the form of 
aerosols, mainly originates from continental regions, and is transported out over long distances before being 
deposited over the surface ocean (Tindale et al., 1999). The input of material to the ocean surface varies in 
space and time that at times is episodic. Inputs of nutrients and micronutrients from the atmosphere are 
believed to impact biological productivity and biogeochemical cycles in coastal and open oceans.
                                                    

The Bay of Bengal constitutes the eastern part of Northern Indian Ocean that is land locked on three sides. 
This region experiences high productivity during winter and spring-intermonsoon periods due to less 
stratification as compared to South West monsoon. Relatively large continental outflow occurs over the Bay 
of Bengal compared to that of the Arabian Sea. The Bay of Bengal is largely affected by the winds originating 
from north /north-eastern part of Indian subcontinent as well as from south-east Asian countries. The Bay of 
Bengal appears to receive relatively higher nitrogen and phosphate inputs than by the Arabian Sea (Srinivas et 
al., 2011). 
                                                    

Srinivas et al. (2011) estimated that ~13% of the primary production in the Bay of Bengal is supported by 
nitrate and phosphate deposited by the dust. However, no experimental evidence is available on the impact of 
atmospheric deposition on the phytoplankton composition in the Bay. The nutrient contents in atmospheric 
dust and in surface water vary with time. Hence, the combined impact on the phytoplankton biomass and 
composition might be variable in time. In order to test this hypothesis, we had conducted microcosm 
experiments to examine the impact of atmospheric N and P on coastal phytoplankton biomass and their 
composition, up to the group level, during September 2013, January 2014 and March 2014. 
                                                    

Method
2

Atmospheric dust samples were collected on 395.5 cm  pre-combusted quartz filters from the top of the 
National Institute of Oceanography building, which is located ~200 m away from the coast in Visakhapatnam. 
Sampling was done when the wind blew from land to sea. Simultaneous to the atmospheric sampling, 20 l of 
surface seawater from the coastal Bay of Bengal was collected each time in transparent Nalgene containers. 
Seawater samples were filtered through 200 m mesh to remove larger zooplankton. The dust collected on 
entire filter paper was extracted to the Milli Q water and filtered through GF/F filter. The extracts containing 
soluble substances were added to the processed surface waters. Control microcosm experiments were 
conducted without the addition of dust extracts. These experiments were conducted in duplicate under natural 
light conditions with frequent swirling of samples at regular intervals to avoid settling of plankton. Time-
series sub-sampling of seawater from microcosms was carried out on alternate days (September) and daily 
(January & March) for one week to find changes in nutrients and pigments.
                                                    

The concentrations of nutrients in the water and dust extract were measured using standard colorimetric 
techniques (Grashoff et al., 1992) and ion chromatography (Kumar et al., 2010).The phytoplankton 
composition in 1 litre sub sampled sea water was found through analysis of pigments, by High Pressure 

1 1
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Liquid Chromatography (Agilent 1200 HPLC, USA) (Thomas and Heukelem., 2001), retained on GF/F filter 
(0.7 mm pore size; Whatman).
                                                    

Results
The mean concentrations of nutrients found during sampling period were: 0.57±0.6 for nitrate, and 0.04±0.07 
for phosphate in dust and 1.8±0.13 for nitrate, 0.3±0.16 for phosphate, and 1.13±1.6 for silicate in water. The 
concentrations of nutrients in the dust and surface water from the coastal Bay of Bengal displayed 
seasonal/monthly variability (Table 1). For instance, the concentration of nitrate in the dust was higher during 
September and lower during March. Interestingly, measurable quantities of phosphate were noticed in the 
dust only during September and were non-detectable during other study periods. On the other hand, the nitrate 
concentrations in the water were nearly the same during the September, January and March. Phosphate seems 
to be limiting phytoplankton biomass during September and January whereas silicate during both January and 
March, respectively, in the coastal Bay of Bengal. 
                                                    

Table 1 : Concentrations of nutrients in coastal water and atmospheric dust, and the uptake rates obtained from the microcosm 
incubation experiments 

The experimental data revealed that relatively higher uptake rates of all nutrients were observed during 
September due to supply of phosphate along with nitrate from the dust and also higher concentrations of 
silicate (above the limiting level of 2mM) in the water. The uptake rates decreased during January when 
supply of nitrate was decreased nearly by 4 times and phosphate was nearly absent in the dust. Added to this, 
the concentrations of phosphate in the water during January were almost half compared to that of September 
and silicate concentrations were well below the limiting levels for phytoplankton growth. This resulting in 
significant decrease in uptake rates of nutrients during January and March.  Nevertheless, the additional 
nutrients from the dust were stripped off from the water within 1 to 2 days suggesting that phytoplankton in 
the coastal Bay of Bengal were starving for nutrients during study period. 
                                                    

The phytoplankton biomass in the coastal waters, off Visakhapatnam, was mainly dominated by 
bacillariophyceae (Bac; 50-70%) followed by cyanophyceae (Cya; 10-20%) during entire study period. 
However, their ratio (Bac/Cya) was significantly lower during September (3.8) compared to January (8.5) 
and March (12.0) in the coastal waters suggesting that contribution of cyanophyceae decreased from 
September to March. Due to addition of nutrients from the dust, phytoplankton biomass increased from 1 to 
1.5 times with decrease in magnitude from September to March and it is consistent with the amount of 
nutrients added from the dust. In addition to this, the contribution of different phytoplankton groups to the 
total biomass was also modified due to addition of nutrients from dust (Fig 1). For instance, the ratio of 
Bac/Cya was significantly lower at the end of the experiment than the initial value during September 
(2.2±0.4) that increased during January (9.2±0.3) and remained unchanged during March (12.2±0.4). This 
suggests that cyanophyceae responded significantly to the dust addition during September whereas 
bacillariophyceae responded during January while no compositional change was noticed during March when 
no nutrients were added from the atmospheric dust (Fig. 1).
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Summary and Future Direction
The coastal waters of Bay of Bengal incubated with the atmospheric dust from land revealed that atmospheric 
nutrients led to changes in the composition of phytoplankton. The response of total phytoplankton biomass, 
however, seems dependant mainly on the initial nutrients concentrations and the composition of 
phytoplankton in coastal waters. The impact of dust on phytoplankton compositional changes could be 
different between the near shores and offshore waters. Hence, more experiments have been planned to 
understand how atmospheric nutrients influence coastal biology along the Indian coast under varying 
ecosystem conditions.
                                                    

Figure 1 : Monthly variation of various pigments
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Introduction
It is observed that increase in aerosol emission in the atmosphere of large cities has resulted in the reduction of 
visibility which is a great concern to human health (Vincent J.H., 1989). The presence of aerosol can cause 
respiratory and cardiovascular diseases, enhance the formation of cloud precipitation and affect the earth's 
energy balance by scattering and absorption of radiations (Ramnathan V. et al; 2001,Finlayson- Pitts, J N; 
2000, Seinfield J.H and Pandis, S.N.; 1998).Therefore to give importance to aerosols in understanding the 
various environmental processes and public health, it is necessary to have accurate physical and chemical 
characterization of these aerosols .The chemical characterization includes the characterization of the gas 
phase as well as particulate matter.
                                                                                      

Detail knowledge of chemical composition is vital for understanding the kinetics of heterogeneous chemical 
characterization of particles and the gas molecules surrounding it. The need for chemical characterization of 
particles becomes even more obvious when considering the fact that, such heterogeneous processes are 
occurring in everyday life and are also involved in many energy conversion systems, manufacturing 
processes and health related areas.
                                                                                      

Various spectroscopic techniques have been applied for the chemical characterization of the matter, while 
most of these techniques can be adopted as routine analytical procedure for bulk samples. Each of these 
techniques has it advantages and disadvantages. However for in Situ characterization of aerosol particles,  
Raman scattering is the most promising technique currently available in the field of characterization. This 
technique is used for chemical characterization of aerosol samples collected from environment of sugar 
factory at Rahuri in Ahmednagar district of Maharashtra State. This region is dominated by low rainfall; dry 
weather and having relative humidity around 40%. It is surrounded by the agriculture land, where cultivation 
is major trend. In this paper we have emphasized on the chemical characterization of aerosols during  
sugarcane crushing period.
                                                                                      

Experimental Details 
We have undertaken the studies for exploring the use of laser Raman spectroscopy for the chemical 
characterization of aerosol particles to be collected from the  sugar factory environment  at Rahuri in 
Ahmednagar district of Maharashtra. Raman Spectroscopy is an ideal tool for the investigations of chemical 
composition (Escribano R.et al; 2001) of aerosol, since their spectra have been found to respond to the change 
in microscopic structure of aerosol. This technique especially has selectivity giving information not only 
about the identity of molecule but abut their immediate environment also. Recently, a very informative 
discussion of theory of Raman spectroscopy of aerosol has appeared (Schweiger G.T.1999)
                                                                                      

The aerosol samples are collected on pure quartz filters with high volume aerosol sampler and Raman spectra 
is obtained using Raman spectrometer. It uses double monochromator with diffraction grating having groove 
density 1800 grooves/mm and diode laser (532nm wavelength) with 25mW power. The spectra of aerosol are 
collected in the perpendicular direction to the incident laser beam from the surface of quartz filter containing 
aerosols. Thus, the identification of aerosol samples is carried out using the spectroscopic technique.
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Selection of substrate (filters) and aerosol sampling during 13.03.2008 to 16. 03.2008
                                                                                      

                                                                                      

Selection of filters
The most conventional method of sampling ambient aerosols involves their collection on the filters. Several 
types of plastic films are commonly used as filter media (e.g. Millipore, Nucleopore, etc.) for the collection of 
ambient aerosols. The filter materials, made with inorganic binders, Teflon, polycarbonate or other polymeric 
materials, however, give unacceptable levels of background fluorescence and therefore are unaccepted 
(Barthelmie R.J.and Pryor S.C.1997).
                                                                                      

Sampling of Aerosols
We have collected the aerosol samples from environment of sugar factory at Rahuri in Ahnednagar District of 
Maharashtra state (INDIA).The samples of ambient aerosol were obtained in five days which are collected by 
the use of standard high volume air sampler employing quartz filters. Before using  these filters they are baked 

0
at 300 C for at least 2 hours at constant relative humidity between 20% to 40% as followed by( Qin Y.and 

0 0Oduyemi K.2003)  and at constant temperature 150 C to300 C. This is achieved by placing a filter paper in 
desiccators at least 24 hours before investigation for chemical composition using Raman Spectrometer. With 
this procedure, lowest manipulation of the aerosol samples is expected.

Figure 1 : Raman Spectra of Atmospheric aerosol
                       

-1Table 1 : Raman Frequency (cm ) and Observed Chemical Species of Aerosol Samples Collected during the Period:-13- 03-2008 to 
16-03-2008

Sr. 
No. 

Raman Shift (cm-1) Raman Frequency (cm-1)  Chemical Species 

1 991 1000-980 CH2 = C 
2 1139 1140-1070 Cyclic alkyl ether 
3 1117 1180-1170 Mono subst. compounds  

4 1435 1470-1435 CH3 - C 

5 1506 1510-1435 Amine acid and hydrochloride  
6 1585 1600-1550 All carboxyl salt 

7 1645 1660-1645 CH2 = C- 
8 1754 1760-1730 Cyclic amides(4 membrane ring)  
9 2080 2125-2080 Mono subst. alkynes  
10 2136 2160-2130 thiocynates 
11 2172 2250-2110 Aryl di- subst. alkynes 
12 2191 2250-2110 Aryl di- subst. alkynes  
13 2517 3500-2500 NH,CH,SH  
14 2563 3500-2500 NH,CH,SH 
15 2727 3500-2500 NH,CH,SH 
16 2765 3500-2500 NH,CH,SH 
17 3314 3500-2500 Bonded NH 
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Result and Discussion
Raman shift have been observed for the aerosol sampling collected during the period of 13th March to 16th 
2008 the spectra present qualitative estimates of the chemical species present in the aerosol sample. The 
Raman frequencies of chemical species are obtained by comparing the frequency reported with literature 

-1 -
(Degan, I A.1997) All the Raman frequencies (TableNo-1) of the Raman peaks range for 991 cm  to 3314 cm
1
. The CH3-C is reappeared in the Raman spectra at three different frequencies 991 cm-1, 1435 cm-1and 1645 

-1 -1 -1. -1 -1cm . Similarly, monosubst, at 1117 cm  and 2080 cm  However, 2172cm  and 2191 cm  exhibit Aryl di-
-1 -1 -1subst Alkynes and NH,CH,SH are repeated at 2517 cm , 2563 cm-1 , 2727 cm and 2765 cm . In addition to 

-1 -1
these cyclic amides, thiocynates and bonded NH are appeared at frequencies 1754 cm , 2136 cm  and 3314 

-1
cm  are respectively.
                                                                                      

Conclusion
All chemical species which are found in the sample collected from the environment of sugar factory at Rahuri, 
as shown in the table No-1 are organic in nature and are due to emissions of various volatic compounds which 
are formed during decomposition processes of organic aerosols. These are injected from many sources 
including smoke particles from burning fuels and biomass. Alkyane (methyl), ethylene etc which are 
secondary organic aerosols are formed due to oxidation. Alkane compounds contain only carbon and 
hydrogen with single bonds. Oxidation of organic molecules present in the gas phase can be responsible for 
the formation of secondary organic aerosols in the atmosphere.
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Introduction
Number density-size distribution of atmospheric aerosols is crucial in quantifying the radiative properties of 
aerosols as well as in assessing the environmental/biological impacts. Number density exhibits large spatial 
and temporal heterogeneities in view of its diverse source characteristics and size dependent removal 
processes. In addition, meteorology also controls the production and distribution of aerosols at any location. 
They are also affected by local mixing and the boundary layer height (Nair et al., 2006). Aerosol size 
distributions show variations in diurnal, monthly and seasonal scales owing to mesoscale or synoptic scale 

5 -3 -3
meteorology. Aerosol number density varies from 10  cm over urban areas to < 10 cm    in pristine oceanic 
locations. Diurnal variation generally depends on the local meteorology, regional sources like traffic, other 
urban and agricultural activities. On global scales the natural aerosols dominate whereas the anthropogenic 
aerosols are dominant on regional scales, and human activities have increased the concentration of 
anthropogenic aerosols tremendously since the industrial revolution (Charlson and Wigley 1994). This paper 
presents the diurnal, monthly and seasonal variation of size resolved number density of aerosols over a 
tropical coastal region influenced by the local mesoscale circulations and the synoptic monsoonal circulation. 
                                        

Experimental Site, Instrumentation and data
Thumba in Thiruvananthapuram (8.5N, 77E), India is a flat coastal terrain located approximately 500m due 
east off the Arabian Sea. This location is devoid of significant anthropogenic/industrial activities. It is a flat 
sandy terrain with moderate vegetation. The city of Thiruvananthapuram lies 10 km due east/south-east of the 
experimental site. The local coastline is along 325-145 in azimuth. The site experiences strong mesoscale 
circulations namely land breeze (LB) and sea breeze (SB). The most important synoptic meteorological 
feature of this site is the Asiatic monsoon.  Well defined circulation pattern exists for the summer and winter 
seasons.
                                        

An Aerosol spectrometer/Optical Particle Counter (OPC) -model 1.108 from GRIMM Aerosol Technik 
GmbH & Co. KG, Germany is used for the measurement of aerosol number density at different size bins. 
Information on 15 channels of various sizes of aerodynamic diameter between 0.3µm and 20µm are obtained 
from the instrument. Air from a height 3m above ground is drawn through the inlet and sampled continuously. 
Along with the measurement of aerosol number density size distribution, aerosol mass loading is also 
estimated using a single-stage High Volume Sampler (Model GH2000 of Graseby Anderson, USA) on regular 

-3
basis. Aerosols are collected on pre-conditioned quartz substrates and the mass concentration (in ìg m ) of 
these aerosols is estimated by gravimetric analysis as discussed by Nair et al., 2004.
                                        

Results and Discussion
Diurnal variation of total aerosol number density
Measurements carried out during the 28 months period from September 2011 to December 2013 is used in 
this study. Aerosol total number density shows a well defined diurnal structure with night time high and day 
time low. Superposed on this is seen a fumigation peak (between 06:00 and 08:00) formed due to the breaking 
of low level stable layer and the resulting turbulence bringing the aerosols in the entrainment zone to surface, 
and a nocturnal peak formed due to the land breeze circulation bringing in the aerosols from the land to the 
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experimental site. Day to day variability for the diurnal patterns and size distributions are observed depending 
on the prevailing meteorological and synoptic conditions. Diurnal pattern shows a high nocturnal peak for 
almost all the months with high values during the December to February (DJF) months when it reaches to ~ 

9 3
1*10 particles per m . But for the months of June to September (JJAS) the particle density goes as low as ~ 

7 3 9*10  particles per m with a double hump morning peak  and a nocturnal low peak as compared to the other 
months. This may be due to the high agitation of ocean surface by the strong southwesterly winds. A typical 
diurnal pattern obtained on January 14, 2012 is given in the figure 1.

                                        

Figure1: a) A typical diurnal pattern and b) number size distribution for the coastal site of Trivandrum
                                        

Monthly and Seasonal Variations
Aerosol number density exhibits large day to day variabilities but on monthly basis it showed prominent 
features. The month-to-month variation of total aerosol number density (dia >0.3 µm) observed during the 
study period is shown in Fig: 2. Aerosol number density peaks during the winter months of DJF. Winter 
season is characterised by low temperature and shallow thermal internal boundary layer resulting in confining 
of aerosols to the surface to enhance the near surface concentration. Removal processes are also weak during 
the winter season increasing the lifetime of aerosols. The number density starts decreasing through the 
summer months of March-April-May (MAM) and reaches the lowest in JJAS due to monsoon rain favouring 

8 3
wet removal of aerosols. Number density for total aerosols shows value of ~ 4*10  particles per m  for the 

8 3 
winter season and it decreases to ~ 1*10  particles per m over monsoon.
                                        

Size resolved analysis is important in determining how the concentration of different size ranges changes 
with the prevailing conditions. Monthly variation of aerosols number density in different size ranges was 
studied to understand the size dependent seasonal pattern. Based on the sizes, the number densities are 
grouped into three:
 1) Particles size less than 1.0 µm (0.3-1.0 µm)
 2) Between size range1 and 5 µm and 
3) Above 5 µm
                                        

Particles of size ranges between 0.3-1.0 µm shows similar variations as the total number density but particles 
of size range between 1 and 5 µm  gives a different picture. Unlike the small particles, they show an increase 
for the months JJA. This is due to the wind induced sea-salt production and high relative humidity leading to 
hygroscopic growth. Large particles (>5 µm) are significantly less in number and reduces significantly during 
summer and monsoon months.

43

Size Characteristics of Aerosols at a Tropical Coastal Station and Association....

IASTA , BHU, VARANASI-2014



Size Characteristics of Aerosols at a Tropical Coastal Station and Association....

                                        

Figure 2: Monthly variation of Number concentration for total aerosols >0.3 µm size for the period September 2011-December 
2013     

                                        

Size distribution
Number density measurements at various size bins were utilised to estimate the aerosol size distribution. 
Examination of the individual size distribution reveals that over the location it follows a multi-modal 
distribution with two prominent modes and shows day to day variability. A typical size distribution obtained 
on January 14, 2012 is given in Fig: 1(b). The bimodal features a prominent mode in the fine particle range 

(<0.1 μm) and the other in the accumulation size range (around 1 μm). During the months of DJF or the winter 

season the small particle mode shows maximum value and the accumulation mode shows a minimum. The 

relative number density of giant particles (1μm) increases during summer/pre-monsoon due to intense 

monsoon activity and agitated ocean surface resulting in an increase in second peak. 
                                        

Effect of Land/sea breeze circulation
Being situated near to the seacoast, the study location experiences persistent LB/SB circulation throughout 
the year. In general, the SB sets in between 0930 IST and 1100 IST. The sudden onset of SB is often 
accompanied by a fall in temperature, rise in relative humidity, increase in wind speed and shift in wind 
direction [Moorthy et al., 1993]. By evening, SB weakens and LB sets in between 1930 IST and 2230 IST.
                                        

Averaged number density (N) for the sea/land breeze time was examined for the three different size regimes 
selected in previous section. It was found that almost for all months the number density during land breeze 
regime overshoots sea breeze for particles <1 µm. Particles between 1.0 and 5.0 µm  showed similar variation 
apart from  the transition period of  March-April and September-October  were the values are comparable. 
The particle density for the JJAS months increased for the particles between 1-5 µm due to the strong 
southwesterly winds. The mass concentration shows a sharp enhancement in the LB regime for the months of 
DJF and the values become comparable for March, April months. As the monsoon onsets the picture reverses 
and for the months of JJA the aerosol number density during SB becomes higher than that during LB.
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Introduction
Globally increasing concern over the climate change, global warming and health impacts has boosted region 
specific seasonal studies of aerosols. Because of its origin from different sources, removal mechanisms and 
effect of meteorology, the aerosol properties exhibit large variabilities with respect to space as well as time. 
Region specific and season specific studies are needed in a global scale to correctly interpret or estimate the 
aerosol interaction with solar radiation which will be used in climate/weather prediction models and remote 
sensing applications. Indian peninsula surrounded by the three great oceans of Bay of Bengal (BoB), Arabian 
sea (AS)  and Indian Ocean (IO) controls the weather phenomena of the Indian region. It has been shown that 
aerosol plays an important role in the local climate system of this region particularly, the rainfall associated 
with the Indian Monsoon (Vinoj et al., 2004) and thus altering the hydrological cycle.
                                                                 

Various cruise based measurements conducted over these oceans like ARMEX (Arabian Sea Monsoon 
Experiment),BOBMEX (Bay of Bengal Monsoon Experiment), INDOEX (Indian Ocean Experiment), 
ICARB (Integrated Campaign on Aerosols, gases and Radiation Budget) I and II, CTCZ (Continental 
Tropical Convergence Zone) conducted at different seasons had brought out various results on the chemical, 
physical and optical properties of aerosols(Nair et al., 2014; George et al., 2008; Moorthy et al., 2009; Nair et 
al., 2008) and apparently shown the increase of continental influence of aerosols over marine region. The 
present study focuses on the seasonal variation of aerosol chemical properties in the marine boundary layer of 
Bay of Bengal based on the three cruises conducted over three seasons; ICARB during the pre-monsoon 
season (March -April 2006), CTCZ for the monsoon season (June-July 2009), WICARB(Integrated 
Campaign on Aerosols, gases and Radiation Budget conducted in Winter) during   December 2008-January 
2009).
                                                                 

Instrumentation and Data
For all the three campaigns a high volume aerosol sampler model GH2000 of Graseby Anderson, USA was 
operated at the front deck of the ship for sampling the air. Quartz fibre filter of 4” diameter were used as 
collection substrate which ensures maximum collection efficiency. Precautions were taken to avoid 
contamination from ship exhaust while collecting the samples by monitoring the wind flow. Filters were 

ºpreconditioned in the laboratory by heating to 100 C for 2 hours and desiccating for 24 hours. These were 
weighed using a microbalance (Model AT20 of Metler with sensitivity 2 µg). The sampling period varied 
between 2-5 hours depending on the location and movement of ship. After sampling, the collection substrates 
were again air-sealed preserved in refrigerator and weighed again with the same laboratory conditions. The 
aerosol mass loading in each sample was estimated gravimetrically.
                                                                 

Chemical analyses of the weighed samples are done at the laboratory under clean conditions. Water soluble 
- - - - - 2- 2- + 2+ 2+ + +ions like F ,Cl  ,Br  ,NO ,NO ,PO ,SO ,Na ,Mg ,Ca ,K  and NH  were analyzed using  Ion 2 3 4 4 4

Chromatograph (IC) model DX-120  of DIONEX,USA and Metrohm, Switzerland 882 plus for cation and 
883 plus for anion, Comparison of measurements using both instruments were done for same samples which 
agreed well. The acid-soluble metallic ions like Al, Fe, Mn, Ca, Zn, Pb were quantified using Inductively 
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+ +
coupled Plasma Atomic Emission Spectroscopy (ICP-AES, model Perkin Elmer Optima 4300V), Na  and K  
was analyzed using Atomic Absorption Spectroscopy (AAS, Model – Varian SpectrAA 250 plus). The 
instruments were calibrated using calibration standards from Merck for ion chromatography and those from 
Perkin Elmer for ICP-AES and AAS with appropriate dilution. Three point calibration was done with the 
Metrohm IC with standards of 0.5ppm, 2ppm and 5ppm with correlation coefficient of >0.99 every time. 
Along with each set of sample, blank substrates were also subjected to chemical analysis which was 
subtracted from that of the sampled substrates to obtain the concentration of respective chemical species in 
aerosols. More details of the analysis are available in (George et al., 2008, Nair et al., 2005 ). Apart from this, 
measurements of BC also were carried out along the track, using  Aethalometer by another team for all the 
three cruises.
                                                                 

Results and Discussion
Cruise track and meteorology for the three seasons

Figure 1: Cruise track for the criuses of a)ICARB, b)WICARB and c) CTCZ
                                                                 

ICARB cruise SK-223A was conducted during the pre monsoon period, started on 18 March 2006 from 
Chennai (13N, 80.3E) and moved northward parallel to the coast reaching 20.7N by 20 March 2006. After 
this, the ship took several latitudinal and longitudinal transits with latitudinal tracks covering the entire BoB. 
Throughout BoB the meteorological conditions where calm and clear with prevailing northeasterly winds 
which changed to southeasterly in the later transition phase while the ship was moving through the South 
BoB/IO. WICARB cruise was conducted during the winter period from 27 December 2008 to 30 January 
2009. Starting on 27 December 2008 from Chennai port on the eastern coast of peninsular India, the cruise 
covered a latitude sector of 3°N to 21°N and longitude  sector of 76°E to 98°E. The prevailing air flow  was 
predominantly north-easterly/ northerly favouring advection of airmass to the oceanic environments of Bay 
of Bengal and consequently leading to an outflow of pollutants to these regions. CTCZ campaign was 
conducted during the monsoon period of 14 July to 19 August 2009 under the Indian Climate Research 
Program (ICRP) of Department of Science and Technology (DST), Government of India. One of the 
objectives with this campaign was to explore the role of aerosols in the variability of monsoon.  Ship started 
sailing from Chennai on July 16, 2009 moving towards south-east after taking  several longitudinal and 
latitudinal scans over BoB covering latitude sector 11.0 to 21.1°N and longitude sector 80.3 to 90.1°E cruise 
ended on August 17, 2009 at Chennai completing 32days of journey. The prevailing winds were very strong 
(10-14m/s) mainly westerlies/south-westerlies.  Fig1a to c: shows the track of  the Oceanic Research Vessel 
Sagar Kanya during the above three cruises with arrows showing the direction of ship movement. 
                                                                 

Mass loading for the three seasons
Mass loading increases from pre-monsoon to winter through monsoon season with highest mean value of 130 

-3
µg m  for winter season and lowest for pre-monsoon. Irrespective of the three seasons the Northern (21-18°N 
and 85-90°E) part of Bay of Bengal showed high loading as compared to the other regions (Figure 2). This 
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high value is attributed to the transport of aerosols from the heavily polluted Indo-Gangetic Plain (IGP) 
region. Mass loading during the monsoon period showed a relatively high loading over the southern part of 
BoB due to the sea salt production associated with high wind speed. For the pre-monsoon and winter season 
several hotspots were observed towards the coastal side of India including the Chennai and Paradip.

                                                                 

Figure 2 : Mass loading observed for the three seasons of a) pre-monsoon b) monsoon and c) winter.
                                                                 

Chemical characteristics
Chemical characterisation throws light into various source regions over the BoB for that first the spatial 

+ - 2+characteristics were analysed. Naturally occurring species like Na , Cl and Mg  mainly of sea salt origin 
showed high over regions were wind speeds was high. For the winter season the peak sea salt production was 
observed over the Southern BoB while for monsoon season it was over mid-South and Southern part of BoB. 
But in the case of pre monsoon season the sea salt aerosols peaks over the northern regions spreading towards 

2- + -the mid BoB. Anthropogenic species (SO , NH ,NO  etc.) showed a common high over the northern region 4 4 3

which were contributed by the transport from IGP. For pre monsoon the anthropogenic species peaked over 
North BoB spreading towards the mid BoB while for winter time the species spread towards the coastal side 
of India. For the monsoon season two hotspots were observed one near to the coast and the other over the mid 
region away from the coast. Anthropogenic contribution for the monsoon season was less compared to the 
other seasons because of wet deposition during the monsoon season while the sea salt contribution was high 
due to high wind speeds. The mass fraction (ratio of mass concentration of each species to mass loading) 
which is an important property in determining radiative properties were calculated for each species and 
studied for all seasons.
                                                                 

According to the spatial characteristics observed the entire BoB was divided into four regions; North BoB, 
South BoB, Coast BoB and Mid BoB. Inorder to find the source impacts aerosols were classified as natural 
and anthropogenic and there fractional contribution to the total mass loading was determined. It was found 
that the anthropogenic fraction was more over the north BoB and  coast BoB while the mid and South part 
were affected by the natural  aerosols. For assessing the climatic/environmental/biological impacts of 
aerosols broad classification of aerosol type is useful.   In the present study, aerosols are broadly grouped as 
(1) Water soluble (WS) (2) Mineral dust (MD) (3) POM (Particulate Organic Matter) and (4) Black Carbon 

2- - +(BC). The WS component is estimated as the sum of sea salt, nss-SO , NO  and NH , MD = 2.2M + 2.49M  4 3 4 Al Si

+1.63M  + 2.42M  +1.94M  ,POM=1.6*OC(Organic Carbon) and BC values were measured onboard. Ca Fe Ti

Using above method the chemical models for the four source regions of BoB were evolved for the three 
seasons.
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Introduction
Black carbon (BC) and Carbon monoxide (CO) are two by-products of incomplete combustion having 
significant impact on environment and climate. The Black carbon (BC) aerosols interact with the solar 
radiation, modify the cloud properties (semi-direct and glaciations effect) and reduce the snow albedo (IPCC, 
2013), thus affecting the climate on regional and global scales. Globally averaged direct radiative forcing due 

-2 -2 -2to BC is estimated as 0.9 Wm  (0.4-1.2 Wm ) by Ramanathan and Carmichael, (2008) and 0.60 Wm  with 
uncertainty of -61 to +70% (IPCC, 2013). This implies the significance of BC in the Earth's radiative balance 
and climate change and hence it is important to know its spatio-temporal distribution as well as source 
characteristics. Carbon monoxide (CO) is an indirect greenhouse gas whose indirect radiative forcing is 

-2estimated to be 0.23 (0.18 to 0.29) Wm  through the production of ozone, methane and carbon dioxide (IPCC 
2013). Moreover, CO is a precursor for tropospheric ozone, which is another greenhouse gas (Seinfield and 
Pandis, 2006).
                                                

Though BC and CO are the by-products of incomplete combustion, their emission ratio varies significantly 
from one source to other. Generally, BC/CO ratios were used to estimate the BC emission following a top-to-
bottom approach (Dickerson et al., 2002) and to differentiate the source characteristics. The measurements of 
BC/CO ratios are used for validating the emission inventories. Even though the spatial and temporal 
distribution of BC (Babu et al., 2004; Nair et al., 2008) and CO (Srivastava et al., 2012; Girach and Nair, 2010) 
over the Indian region and the surrounding oceanic regions were studied in detail, the studies on BC/CO ratios 
are limited (Dickerson et al., 2002; Badharinath et al., 2007). This paper presents the relationship between the 
BC and CO over the Bay of Bengal (BoB) lying in the downwind of the Indo-Gangetic Plain (IGP) and 
Southeast Asia during winter and pre-monsoon season using extensive ship-borne measurements. A 
comparison of this winter-time BC and CO measurements is also carried out with those made during pre 
monsoon period of 2006 reported by (Nair et al., 2008) and (Srivastava et al., 2012) respectively.
                                                

Experimental Details and Instruments
As part of the Integrated Campaign for Aerosols, gases and Radiation Budget (ICARB) experiment, 
conceived under ISRO-GBP, ship-based measurements were conducted over the oceanic region of BoB in 
two phases, one during the pre monsoon period of March-April, 2006 (hereafter ICARB) and other during 
winter period of December 2008 - January 2009 (named as W_ICARB). 
                                                

The measurements of BC mass concentrations were carried out using an Aethalometer (AE 31 of Magee 
Scientific) working on the principle of optical attenuation technique (Nair et al., 2008). The change in optical 
attenuation measured at every 5-minute interval was converted to BC mass concentration using a specific 

2 -1mass absorption cross section of 16.6 m  g . Simultaneously, CO measurements were done by an online, well-
calibrated, gas filter correlation CO analyzer (Model CO12 Module) from Environnement S.A, France. The 
analyzer works on the principle of non-dispersive infrared absorption of CO at the wavelength of 4.67 µm. 
The instrument has lower detection limit of 50 ppbv, linearity 1% and response time of 40 seconds.
                                                

In addition, the continuous onboard measurements of meteorological parameters (e.g., relative humidity) 
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were also carried out using an automatic weather station installed on the bow of the ship (NRG Systems, 
USA) (Subrahamanyam et al., 2011).
                                                

Analysis and Conclusions
Figure 1a-d shows simultaneous measurements of BC and CO were carried out over BoB along the cruise 
tracks of Sagar Kanya. The arrows in the Figure 1 show the mean synoptic wind flow pattern at 925 hPa as 
obtained from NCEP/NCAR reanalysis for the respective cruise periods (http://www.esrl.noaa.gov/psd).

-3Figure 1: Black carbon concentration (ng m ) and carbon monoxide mixing ratio (ppbv) along the cruise tracks over BoB during 
W_ICARB (a-b) and ICARB (c-d) along with synoptic wind at 925 hPa (black arrows) averaged over respective cruise periods. 

The co-located observations of CO during ICARB were adopted from Srivastava et al. (2012).
                                                

The spatial variations of CO and BC over BoB measured during W_ICARB are shown in Figure 1a-b. The CO 
-3mixing ratio and BC mass concentration varied in the range of 80 - 480 ppbv and 75-10000 ng m  respectively 

with high values over the northern and northwestern BoB. The mean value of BC over the northern BoB (3688 
-3 -3± 2110 ng m ), which lies in the downwind of IGP, was higher than that of eastern BoB (2161 ± 1018 ng m ), 

which is under the influence of southeast Asian outflow. In contrast, highest CO values were observed over 
the eastern BoB (288 ± 93 ppb), followed by northern (240 ± 83 ppb) and southern BoB (165 ± 36 ppb). Over 
the northern BoB, BC and CO showed similar pattern indicating the same/identical source. In contrast to 
northern BoB, CO mixing ratios were very high over eastern BoB reaching to its maximum value of 480 ppb 

-3and BC concentrations were relatively lower in the range of 900-5500 ng m . Over the southern BoB, BC 
-3 -3

decreased from 3000 ng m  to as low as 75 ng m  whereas CO remained almost steady around 165 ppb.
                                                

The variations of BC and CO over northern BoB were very similar with strong positive correlation for IGP 
-3 -1

airmass as high as 0.83 with the significance level p<0.0001. The BC/CO ratio estimated as 20.3 ng m  ppb  
-1

(or ~ 0.017 ng ng ) given by the slope of the linear fit to the data. On the contrary, for southeast-Asian airmass 
no positive correlation was observed between BC and CO. The possible reasons for distinct relationship 
between BC and CO over eastern BoB could be (1) the dominance of dilution and mixing process as the 
airmass reaching eastern BoB had travelled very large distance over southeast Asia, (2) the difference in 
scavenging of BC and CO due to rain as a few trajectories traversed through rainy region, and (3) the different 
sources of emissions (e.g., fossil fuel biomass burning) having distinct BC/CO emission factors over 
southeast Asia.
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Prior to W_ICARB, the extensive measurements of BC mass concentration (Nair et al., 2008) and 
simultaneous measurements of CO (Srivastava et al., 2012) were carried out over BoB as part of ICARB, 
during pre-monsoon period of March-April 2006. The spatial variations of CO [adopted from Srivastava et 
al., (2012)] and BC during ICARB are shown in the Figure 1c-d. The higher values of BC and CO over 
northern BoB as compared to that over central and southern BoB correspond to transport from IGP region. 
Similar to W_ICARB, northern BoB was under influence of IGP air mass during ICARB. But the air mass 
over southern BoB was of Indian Ocean origin during ICARB. In contrast to W_ICARB, BC and CO showed 
similar variability over the entire BoB. Based on these measurements, we have estimated the BC/CO ratio 

-3 -1
over the entire BoB as ~13.9 ngm  ppb  with correlation coefficient of 0.91 (level of significance P<0.0001) 

-3 -1
and ~16 ngm  ppb  with correlation coefficient of 0.83 (level of significance P=0.0004) over northern BoB 
during pre-monsoon period. Over northern BoB, BC/CO ratio found to be slightly lower during pre-monsoon 

-3 -1 -3 -1
(~16 ngm  ppb ) than winter (~20.3 ng m  ppb ), even though the airmasses were originated from the same 
region (IGP).
                                                

Based on the emission flux of CO from various inventories and observed BC/CO ratios during pre-monsoon 
-1

and winter, the BC emission was estimated for India as 0.78 to 1.23 Tg year . Table 1 shows the estimation of 
BC from India using CO emissions from various emission inventories. Our estimations are on the lower side 
of the true emission due to loss of BC during the transport over northern BoB.
                                                

Freshly emitted BC particles (hydrophobic) eventually become hydrophilic due to aging and grow by coating 
or mixing with sulfate and/or organics and would get removed from the atmosphere through gravitational 
settling or wet scavenging processes. In order to examine loss rate of BC aerosols due to humidity, the 
? BC/? CO ratios over BoB were averaged for RH bins of 5 % over northern, eastern and southern regions, 
where ? BC (or ? CO) is defined as BC – BC  (CO – CO ). The BC (CO ) is customarily background background background background

taken as 1.25th percentile of the data for a given type of airmass. The linear regression analysis showed the 
negative correlation of 0.91 with the level of significance P=0.0044 over northern BoB, which indicates 
significant scavenging of BC under high humidity conditions. The loss rate of BC due to RH is found to be 

-3 -1 -10.39 ± 0.08 ng m  ppb  RH(%)  over northern BoB. Since there was no rain event during measurement period 
over northern BoB, the loss rate estimated for northern BoB is purely due to humidity. It should be noted that 
over southern BoB and some part of the eastern BoB, measurements were influenced by the precipitation 
events. The association of ? BC/? CO with RH over eastern BoB is statistically insignificant. The higher slope 

-3 -1 -1
of ? BC/? CO with RH, i.e. 0.53 ± 0.04 ng m  ppb  RH(%)  over southern BoB is influenced by the significant 
amount of transit over the marine environment and local precipitation.
                     

Table 1: The estimation of BC emission from India based on various CO inventories and observed BC/CO ratio.
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Introduction
®

Presented is the Fidas  fine dust monitoring system. It has just passed the requirements of 
EN 15267-1 & -2 for use as equivalent test method for regulatory monitoring of PM-2.5 and PM-10 in 
Europe. It has therefore been tested according to EN 12341, EN 14907, and the equivalency guideline at four 
locations over all seasons. 
                                                        

Methods
In the course of 14 months 285 comparison data points with reference gravimetric samplers were collected 
and evaluated following the strict guidelines of the aforementioned standards. Data from this comparison will 
be presented and discussed.

®Figure 1 : Reference equivalency function for PM  of the Fidas  200 S in comparison to a reference sampler in the course of 10

®performance testing taken from Report on performance testing of the Fidas  200 S measuring system manufactured by PALAS GmbH 
for the components suspended particulate matter PM  and PM , TÜV report: 936/21218896/A10 2.5
                                                        

In the second part the technology and unique points will be presented in detail. While the technological basis 
stems from instrument development in 2000, five years of specific development regarding continuous 

®
ambient air quality monitoring preceded the equivalence and aptitude test. The Fidas  sensor technology 
makes use of the approved measurement technology of optical light scattering on single particles and is 
equipped with a LED polychromatic light source with stable output. The scattered light intensity is detected 
under 90° through a patented aperture technology, thus preventing border-zone error and enabling 
coincidence detection. This particular approach also enables in field calibration and verification of 
instrument performance.
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®
The Fidas  system operates with a volume flow of 5 l/min and is equipped with a Sigma-2 sampling head that 
allows representative sampling even at strong winds. It further uses an intelligent aerosol drying system 
(IADS) to prevent erroneous particle size classification due to moisture. It's modular design facilitates the use 
in measurement stations.
Conclusions
It's important to point out that simultaneously multiple PM-fractions (e.g. PM-1, PM-2.5, PM-4, PM-10, 
TSP) as well as particle number and concentration can be reported. The latter are valuable information when 
examining possible health implications due to inhaling aerosol particles. 
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Introduction
According to a recently published report by the European Environment Agency about one third of Europe's 
population in cities is exposed to excessive concentrations of particulate matter (PM). These people are also 
exposed to high concentrations of ultrafine particles caused for example by traffic and heating. Numerous 
other articles in the press recently underline that air pollution is one of the major dangers to human health 
worldwide. 
                                                              

We will present a new measurement system that can measure the number concentration and size distribution 
of airborne particles from 8 nm to 40 µm. In addition, it also reports simultaneously different PM-fractions 
such as PM-1, PM-2.5 and PM-10. With a time resolution of 5 minutes it can further capture dynamic changes 
in the aerosol distribution caused for example by rush hour traffic in the morning and afternoon.
                                                              

Methods
The measurement system combines a scanning mobility particle sizer in which the working fluid to condense 
the particles can be chosen to be water or butanol with a continuous ambient air quality monitoring system. In 
the latter a polychromatic light source is used to illuminate aerosol particles as they pass through the optical 
sensing volume. The scattered light of each individual particle is then detected with a photomultiplier. The 
system is operated through a touchscreen with intuitive graphical user interface and integrated data logger. 
Data can be easily viewed on the screen or later extensively evaluated through the included software.
                                                              

Figure 1 shows two particle size distributions directly on the touchscreen of the instrument. This example 
shows a marked difference in small and large size fractions between an empty production building and after 
people have arrived for work. It also shows how quickly measurements can be compared right on the 
instrument. 

                                                              

                                                              

Figure 1 : Particle size distributions from 8 nm to 23 µm. In blue before working hours, in red after people have appeared and 
started to work.
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Conclusions
We will show and discuss selected measurements in which the additional information of particle size 
distribution helps to interpret the PM-data and facilitates source apportionment.
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Introduction

The significance of large-scale biomass burning emissions on atmospheric chemistry, climate and bio-

geochemical cycles has been widely realized. Recent emission estimates suggest that biomass burning is the 

dominant source of organic aerosols and black carbon on a global scale (Bond et al., 2013). Earlier studies 

have documented the emission characteristics from savanna fires, Amazonian forest fires and fossil-fuel 

combustion sources, for example (Masclet et al., 1995, Khalili et al., 1995). Assessing the impact of biomass 

burning emissions in South Asia particularly in the Indo-Gangetic Plain (IGP) is gaining recently more 

importance due to its impact on regional climate and haze and fog-formation. The large-scale agricultural-

waste burning in fields is a common practice by farmers on annual and seasonal basis in the upwind IGP 

(north-west region) for crop rotation. The biomass burning emissions in the IGP addresses the issue of 

secondary organic aerosol (SOA) formation and potential loss of atmospheric chemical constituents (O , NO  3 X

and OH radical) via chemical reactions (Rajput et al., 2011; Rajput et al., 2014a). Assessing the emission 

budget of carbonaceous aerosols has revealed that nearly 500 Gg of OC and 60 Gg of EC are produced 

annually from the post-harvest paddy- and wheat-residue burning emissions (Rajput et al., 2014a). 

Furthermore, the diverging views on the emission sources of carbonaceous aerosols require a comprehensive 

data set for biomass burning emissions. Thus, it is, very important to assess the emission characteristics from 

two distinct large-scale post-harvest agricultural-wastes burning: paddy-residue burning during 

October–November and wheat-residue burning during April–May in the IGP.
                                                            

Methods

Sampling site at Patiala (30.2 °N; 76.3 °E; 250 m amsl) is surrounded by agricultural-fields and located 

upwind of major industrial polluting sources in the IGP. PM  samples have been collected onto tissuquartz 2.5

3 -1
filters (20 cm x 25 cm; PALLFLEX ™; 2500QAT-UP) using a high-volume sampler (flow rate: 1.2 m  min ) 

during massive emissions of particulate matter from post-harvest burning of paddy-residue in 

October–November (2008 and 2010) and wheat-residue burning in April–May (2009 and 2011). The 

meteorological parameters (temperature, relative humidity and wind) during the study period do not exhibit 

significant inter-annual variability. The PM  mass concentrations have been ascertained gravimetrically 2.5

after equilibrating the filters (T: 24 ± 2 °C; RH: 35–40%) for ~10 hours. The elemental carbon (EC) and 

organic carbon (OC) were measured on thermo-optical carbon analyzer (Sunset Laboratory) using the 

NIOSH (National Institute for Occupational Safety and Health) protocol, water-soluble organic carbon 
+ + + 2+(WSOC) on TOC analyzer (Shimadzu) and water-soluble inorganic constituents (WSIC: Na , NH , K , Mg , 4

2+ - - 2- ®Ca , Cl , NO  and SO ) on ion-chromatograph (Dionex ) (Rengarajan et al., 2007). The organic mass-to-3 4

organic carbon (OM/OC) average ratio of 1.9 ± 0.2 is determined for the paddy-residue burning emission and 

nearly identical ratio of 1.8 ± 0.2 for the wheat-residue burning (Rajput et al., 2014b).
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Results and Discussion
Carbonaceous aerosols
This study assesses the aerosol emission characteristics from the post-harvest paddy- (October–November) 
and wheat-residue burning (April–May) based on a 2-year seasonal cycle observation. The PM  mass varied 2.5

-3
from 60–391 (Av: 195) ìg m  during the paddy-residue burning emission (Figure 1a), whereas it varied from 

-318–123 (Av: 50) ìg m  during the wheat-residue burning emission (Figure 1b). The mass fraction of OM 
varies from 0.44–0.89 (Av ± sd: 0.63 ± 0.13; Figure 1c) for paddy-residue burning and from 0.12–0.65 (0.45 ± 
0.13; Figure 1d) for the wheat-residue burning emission. The contribution of EC is ~4% in PM  from paddy-2.5

residue burning emission in contrast to 7% from the wheat-residue burning emission. The total contribution 
of WSIC is 23% and 25% from paddy- and wheat-residue burning emissions, respectively. The contribution 

+
of K  in PM  looks quite similar (2%) from these two biomass burning emissions. Furthermore, the 2.5

2-contribution of OM is predominantly high (paddy-: 63% and wheat-: 45%) followed by SO  (paddy-: 10% 4

and wheat-: 14%) in PM . The total carbonaceous aerosols (TCA = OM + EC) accounts for 66.5% from 2.5

paddy-residue burning emission, whereas 52% from the wheat-residue burning emission. The unaccounted 
mass (UM) is 10.5% and 23% from paddy- and wheat-residue burning emissions, respectively.

                         

Figure 1 : Temporal variability of: (a, b) PM  concentration and, (c, d) mass fraction of organic mass (OM) from the paddy- and 2.5

wheat-residue burning emissions in the IGP.
                                                                   

Characteristics ratios
The OC/EC ratio of 10.6 from paddy-residue burning emission is significantly higher than that from the 

+ +
wheat-residue burning emission (3.0). The non-sea-salt-K -to-OC ratio (nss-K /OC) of 0.06 for the paddy-
residue burning emission is also significantly different as compared to that from the wheat-residue burning 
emission (0.14; lower by a factor of 2). The WSOC/OC ratio of 0.52 for paddy-residue is also statistically 
different than that from the wheat-residue burning emission (WSOC/OC: 0.60). Thus, the combustion of 
moist paddy-residue during October–November is considered responsible for relatively high contribution of 
OM to PM . In contrast, under dry weather conditions, the emissions from wheat-residue burning yields 2.5

relatively high contribution of EC to PM  (7%) as compared to that from the paddy-residue burning emission 2.5

(EC/PM : ~4%).2.5

                                                            

               

Figure 2 : Variability in mass absorption efficiency (MAE) of EC with increase in mass concentration of scattering aerosols 
(organic matter, sulphate and nitrate) during the: (a) paddy- and (b) wheat-residue burning emissions.
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Mass absorption efficiency (MAE) of EC
2 -1The MAE of EC (ó  at 678 nm) varied from 1.9–3.9 m  g  during the paddy-residue burning emission in abs

2 -1 2 -1
2008, whereas from 3.3–7.3 m  g  in 2010 (average: 3.8 ± 1.3 m  g ; Figure 2a). However, the MAE of EC 

2 -1 2 -1
varied from 2.4–7.8 m  g  during the wheat-residue burning emission in 2009, whereas from 2.1–11.7 m  g  in 

2 -12011 (average: 5.7 ± 2.5 m  g ; Figure 2b). A recent study also reports quite similar average MAE values 
2 -1

varying from 3.0–6.8 m  g  for different types of biomass burning emissions (at 632 nm), and relatively high 
2 -1MAE from the diesel exhaust (> 8 m  g ) (Cheng et al., 2011). An earlier study from a downwind location at 

2 -1
Kanpur (October 2008–April 2009) in the IGP (northern India) reported MAE of EC centering at 9.6 m  g , 
respectively (at 678 nm) and attributes to the contribution from mixed sources (Ram et al., 2012). Thus, the 

2 -1MAE of EC ≈ 4–6 m  g  in this study provides a firm evidence for lower values from paddy- and wheat-

residue burning emissions as compared to the MAE of EC from the mixed sources in downwind locations in 
the IGP. For mathematical calculations determining the MAE of EC reference is made to Singh (2014). We 
have assessed the variability in MAE of EC as a function of scattering species concentration (sum of OM, 
sulphate and nitrate) from the paddy- and wheat-residue burning emissions. A decreasing trend in MAE with 
the increase in scattering species concentration from biomass burning emissions indicates the impact of high 
abundance of organic aerosols (and inorganic species) on internal mixing. Our study highlights the relevance 
of assessing MAE of EC in composite aerosols (OM, sulphate and nitrate).
                                                            

Conclusions
Large-scale emissions from paddy-residue burning during October–November and wheat-residue burning in 

+
April–May are conspicuous features in the IGP. We assess the characteristic ratios of OC/EC, nss-K /OC, 
WSOC/OC and OM/OC for the two biomass burning sources. Relatively high emissions of OM and EC are 
associated with paddy-residue burning compared to that from wheat-residue burning emissions. Open 
agricultural-waste burning emission in the IGP is dominant source of atmospheric organic aerosols and black 
carbon in northern India and largely responsible for haze and fog formation during wintertime (December-
February). This also addresses the issue of over projecting the role of black carbon in atmospheric radiative 
forcing over Northern India. The large seasonal variability in aerosol chemical composition associated with 
varying biomass burning emissions vis-à-vis fossil-fuel combustion sources in the IGP have implications to 
secondary organic aerosol (SOA) formation and heterogeneous-phase chemistry of organic aerosols. The 
MAE of EC from paddy- and wheat-residue burning emissions exhibit anti-correlation with the mass 
concentration of scattering aerosols (organic matter, sulphate and nitrate). The high abundance of scattering 
chemical species from the post-harvest biomass burning emissions has implications to internal mixing of EC, 
and thus, influencing the atmospheric radiative forcing over northern India.
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Introduction
Gravimetric measurements have shown, that the entire part of the mass of fine dust below 0.5 µm makes not 
even 1 percent. But, if the particles are counted, 80 % of all particles are in the size range below 0.5 µm. It is 
not obvious if the particle number or the particle mass has a greater effect on the human health. Therefore, it 
has always been very desirable to measure particles over a wide size range. A measurement of particle size 
distributions for Nano particles and particles in the µ-meter size range generally requires a combination of 
separated devices as Scanning Mobility Particle Sizers (SMPS) and Optical Particle Counters (OPC) or 
aerodynamic particle sizers (APS). 
                                               

Methods
The GRIMM company developed a new compact and portable device that consists of an optical and electrical 
sensor in one device. The scattering light diameter of 0.20 to 25 micrometers and the diameter of the electrical 
mobility from 10 to 200 nanometers are combined in a wide size range over 40 size channels being measured 
continuously every minute. Thus, very short-lived as well as highly time-varying particle sources can be 
examined. Figure 1 shows the new device.

                                               

Figure 1 : GRIMM Mini-WRAS for broad particle size distributions
                                               

The measured values of the two sensors are combined internally by a special electronics and firmware, such 
that the user receives measurements, which do not differ from the output of a single sensor in the nature and 
structure. The calculation of the derived measures as particle surfaces and particle volumes is done online and 
the output as data telegram is sent via the interfaces Bluetooth or RS-232. Special control software was 
developed, which allows full operation with a small Netbook. 
                                               

The optical module is a newly designed particle spectrometer, which detects each individual particle and 
classifies its size accordingly (single particle counting). A powerful laser diode is used as a light source. An 
internal monitor diode monitors the power of the laser diode and keeps it constant. A pin diode generates the 
detection signal, which turned out to be the best compromise between reliability and performance. The 
number of particles is determined by the number of stray light pulses per period, the particle size determines 
the amplitude of the scattered light. These measurements require a precisely controlled flow rate which is 
determined continuously via aperture and pressure sensors. 
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The electrical module consists of three main components, the unipolar corona charger, a precipitation 
electrode and a Faraday Cup Electrometer (FCE). Once the aerosol particles (each single particle) are counted 
by the optical sensor and classified, they go through a short tube connected directly to the electrical sensor. 
Here all Nanoparticles can be reliably detected. Initially the particles are charged unipolar (negatively) in the 
electric sensor with a negative corona charge. Then the particles go into a collecting electrode, where they are 
separated according to their electrical mobility. A portion of the aerosol stream passes through the collecting 
electrode and is recorded in the Faraday Cup Electrometer (FCE). Based on the current measured at the FCE, 
the volume flow, the geometry of the sensor and the charge efficiency of the particles, the size of the particles 
can be determined. The electrical sensor offers the possibility to determine the number of particles of a size 
distribution of particles similar to the optical sensor: A change of the electrode voltage in 10 steps classifies 
the particle size between 10 nm to approximately 200 nm in 10 classes.
                                               

Conclusions
The new GRIMM Mini-WRAS (Mini Wide Range Aerosol Spectrometer) device combines two 
technologies:  (a) the optical aerosol spectrometer and (b) a stepping mode operated electrode with faraday 
cup electrometer. The calibration and validation is based on parallel SMPS measurements with NaCl and 
latex particles of different sizes. Figure 2 shows a measurement results example at workplace.
                                               

Figure 2 : Measurement example
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Introduction
Organic aerosols (OA) represent a large fraction (20 to 90%) of fine aerosols, are emitted from various 
primary sources and secondarily produced in the atmosphere by oxidation of volatile organic compounds 
(VOCs)  (gas to particle conversion). Water soluble organic compounds that are enriched in fine aerosol 
particles have recently received more attention because of their hygroscopic properties and the capability to 
act as cloud condensation nuclei. Dicarboxylic acids and related compounds account for a substantial fraction 
of the water soluble organic aerosols accounting for ~20% of the total organic acids analyzed. Dicarboxylic 
acids are organic compounds that contain two carboxylic acid functional groups. In molecular formulae for 
dicarboxylic acids, these groups are often written as HOOC-R-COOH, where R may be an alkyl, alkenyl, 
alkynyl, or aryl group. In the atmosphere these simple acids may evolve from a series of chemical reactions 
occurring in the gas phase, aerosols, and cloud water.
                                                                        

Methods
To better understand the atmospheric chemistry of organic aerosols in the tropical Indian region, we collected 
aerosol samples at coastal city Trivandrum (8.55N, 77E, 3m asl) using a single stage High-Volume Sampler 
and performed measurements of organic carbon (OC), elemental carbon (EC), water soluble organic carbon 
(WSOC), dicarboxylic acids and related compounds. The aerosol sampling was performed during 
postmonsoon (27 September to 30 November 2009, n = 7), winter (16 December 2009 to 19 February 2010, n 
= 8) and premonsoon seasons (9 to 31 March 2010, n = 5). The samples were collected on a precombusted 
(450°C, 4 h) quartz fiber filters (Whatman make). The sample filter was placed in a preheated glass jar with a 
Teflon lined screw cap and stored in darkness at - 20°C prior to chemical analysis. Samples were analyzed for 
diacids, ketoacids, and alpha-dicarbonyls using a capillary HP 6890 gas chromatograph (GC) equipped with 
flame ionization detector (FID). Peak identification was performed by GC retention times of authentic 
standards and confirmed by mass spectral examination using a GC-mass spectrometer (GC-MS) system. In 
order to better understand the atmospheric processes, the aerosol samples were also analysed for total carbon 
(TC), total nitrogen (TN), organic carbon (OC), elemental carbon (EC) and water soluble organic 
carbon/nitrogen (WSOC/N) by using standard analytical techniques. 
                                                                        

Results
The temporal variations in the concentrations of dicarboxylic acids and related compounds are shown in 
figure 1. Among the measured dicarboxylic acids, oxalic acid (C ) is the most abundant species. For the entire 2

-3
study period the oxalic acid concentration varied from 149 to 735 ng m . The predominance of oxalic acid in 
Trivandrum aerosols is consistent with previous studies from urban, coastal marine and remote marine 
aerosols, because this smallest diacid is a final product of the photochemical chain oxidations of aromatic 
hydrocarbons, isoprene, ethylene, and acetylene and may also be directly contributed from fossil fuel 
combustion and biomass burning (Aggarwal and Kawamura, 2008). Oxalic acid seasonal variation was very 

-3
prominent during the study period. Oxalic acid concentrations peaked during postmonsoon (593 ± 209 ng m ) 

-3 -3
lowest during winter (362 ± 128 ng m ) and moderate during premonsoon seasons (493 ± 191 ng m ). The 
difference observed in the concentrations is largely related to the production mechanisms and source strength.
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Figure 1 : Temporal variations in mass concentrations of dicarboxylic acids (a) Oxalic, (b) Malonic, (c) Succinic, (d) Azelaic, (e) 
Phthalic, (f) Terephthalic Acids for the Day (d) and Nighttime (n) in Aerosol Samples Collected at Trivandrum, India.

                                                                        

The higher concentration of oxalic acid during postmonsoon may be associated with the contribution of 
isoprene to C  formation. In recent studies it is shown that C  is produced through isoprene oxidation in which 2 2

glyoxal, methylglyoxal, pyruvic acid and glyoxylic acid are the intermediate compounds. It is important to 
note that oxalic acid is the ultimate diacid in the reaction scheme of oxidation of isoprene (without involving 

longer chain diacids i.e. ≥C ). Isoprene is ubiquitous in the troposphere at a mixing ratio of about 0.1 to 7.0 3

ppb depending on season and location. Measurements conducted over the Indian subcontinent by Padhy and 
-1 -1Varshney (2005) revealed significant annual average isoprene emission of 6.2 ± 3.2 ìg g  leaf dry weight h  

(average of six commonly grown tree species) with higher isoprene emission during September and October. 
Thus, formation of oxalic acid from isoprene may be enhanced during postmonsoon in the Trivandrum 

region. In support of the above hypothesis high correlations (R = ≥0.75) were observed between glyoxal, 

methylglyoxal, pyruvic acid and glyoxylic acid with oxalic acid. However, rest of the study period, the 
successive oxidation reactions of C  into shorter chain diacids are more effective. In our samples, high 5

correlation coefficients (R ≥ 0.7) were observed among C  to C  diacids only during winter and premonsoon 2 5

period, suggesting that they are either primarily emitted (or quickly secondarily produced) together with a 
dominant fraction as oxalic acid (i.e., direct production, vehicular emission, wood combustion, meat cooking 
operations) or strongly connected to each other in the chain reactions transforming glutaric acid into oxalic 
acid. This is well reflected in the observed similar trend in the figure 1 (e.g., C2 with C3, C4 and Ph).
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Malonic to succinic acid ratios (C /C ) have been extensively used to evaluate the secondary production of 3 4

dicarboxylic acids in the atmospheric aerosols. Malonic acid (C ) is derived from the incomplete combustion 3

of fossil fuels or from the secondary atmospheric production. In the literature is reported that C /C  ratios for 3 4

vehicular exhaust are lower (0.25 to 0.44, average 0.35) than those of atmospheric aerosols (0.56 to 2.9, 
average 1.6) because malonic acid is thermally less stable than succinic acid; the degradation of malonic acid 
in the combustion process is probably more significant than its production. In Trivandrum aerosols during 
postmonsoon and winter period C /C  ratios were 0.83 ± 0.21 and 0.75 ± 0.24, being lower to premonsoon 3 4

samples (1.14 ± 0.13). Relatively low C /C  diacid ratios have been found to be associated with the 3 4

overwhelming contributions from vehicular exhaust to these acids. On the other hand, the mass ratio of C /C  3 4

in secondary atmospheric particles is much larger than unity. For example, for urban metropolitan city Tokyo 
it is reported a maximum C /C  mass ratio of 3 during the summer (Kawamura and Ikushima, 1993). They 3 4

found that larger ratios are concurrent with elevated concentrations of oxidants and attributed the source of 
dicarboxylic acids to secondary atmospheric reactions. Recently it is also observed that the C /C  ratio of >3 in 3 4

the remote marine aerosols from the Pacific Ocean, where dicarboxylic acids are expected to originate from 
secondary reactions.
                                                                        

Phthalic (Ph) acid is one of the most abundant species throughout the observation. It is produced in the 
atmosphere by photochemical oxidation of naphthalene and its alkylated forms, which are derived from 
incomplete combustion of fossil fuels. The temporal variation of phthalic concentration is shown in Figure 

-1e. The annual average concentration of phthalic acid is relatively higher as compared to Chennai (18.5 ng m
3 -3 -3 -
) Delhi (42.5 ng m ) and Nainital (47.5 ng m ), however, comparable to mainland cities over China (89 ng m

3
). Phthalic (Ph) and Adipic (C ) acids are produced by the oxidation of anthropogenic cyclohexene and 6

aromatic hydrocarbons, whereas azelaic (C ) acid is from biogenic unsaturated fatty acids containing a double 9

bond at C-9 position. Therefore, C /C  and Ph/C  ratios can be used as markers to evaluate the source strength 6 9 9

of anthropogenic versus biogenic precursors to dicarboxylic acids. The mean value of the C /C  ratio (0.5 ± 6 9

0.4) in our study is comparable to that for urban Chinese cities (0.52 for winter) and Tokyo (0.70 one year 
average ratio) aerosols. Lowest ratios were observed during postmonsoon (0.3) and winter (0.39) and 
increased during premonsoon (0.91) months suggesting that adipic (C ) acid is mostly derived from biomass 6

burning. The mean value of the Ph/C  ratio in our study (5.1 ± 7.3) is higher to that of samples collected from 9

Chinese megacities (3.34) and comparable to Himalayan aerosols (Nainital; 5.12; Hegde and Kawamura, 
2012). In Trivandrum samples lower ratios were observed during postmonsoon (1.7) and winter (3.2) 
seasons. However, relatively higher ratios were observed during Premonsoon (13.02). This finding implies 
that the contribution of phthalic acid from other anthropogenic sources is more significant than that from 
biomass burning especially during latter part of the study period. 

                  

Figure 2 : A pie diagram showing the relative contribution of water soluble organic matter (WSOM), water insoluble organic 
matter (WIOM) along with other major inorganic ions during (A) postmonsoon (B) winter and (C) premonsoon seasons for 

aerosol samples collected at Trivandrum, India.
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The pie diagrams for relative contributions of water-soluble organic matter (WSOM), water insoluble organic 
matter (WIOM) along with other major inorganic ions in postmonsoon, winter and premonsoon seasons are 
shown in Figure 2. During postmonsoon WIOM contribution (18%) is lower than winter and premonsoon 
period (33%). In atmospheric aerosols WIOM and EC are significantly contributed by fossil fuel combustion. 

2-
Higher ratio of organic matter (OM) to SO  indicate a stronger biogenic influence and less photochemical 4

aging, small values are indicative of stronger anthropogenic influences and more photochemical aging. In 
2-

Trivandrum aerosol, OM/SO  ratio was several times higher in winter period (3.9) than premonsoon (2.8) 4

2-
and post monsoon (1.82). Studies from a rural site (Durham, New Hampshire) reported larger OM/SO  ratio 4

(6.4), which is attributed to a stronger biogenic emission and less photochemical aging. However, the same 
2-study revealed relatively smaller OM/SO  ratio (0.4) for the aerosols that are attributed to enhanced 4

anthropogenic influence and photochemical aging. All these observations indicate that, over the tropical 
coastal site Trivandrum during post-monsoon and winter period biogenic sources dominates, whereas, 
premonsoon period is taken over by the anthropogenic sources. 
                                                                        

Molecular distributions and backward air mass trajectories demonstrated that diacids and/or their precursor 
compounds are likely transported from Arabian Sea, North western India and the Bay of Bengal oceanic 
regions. Although local/regional emissions are important in controlling the diacid compositions of 
Trivandrum aerosols, ambient meteorology indicate that, their source strength seems to be weakened due to 
the dilution caused by a strong land/sea breeze developed on the coast of peninsular South India. The data sets 
reported from this study could serve as baseline observation of carbonaceous aerosols for southern part of the 
Indian subcontinent, which could contribute to regional climate and air quality models.
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Introduction 
In the atmosphere, aerosols can have different mixing states such as external mixing in which all aerosols are 
physically and chemically separated with each other, core-shell mixing in which one type of aerosol species 
can be coated by the other type of species. Mixing state of aerosols and its influence on size distribution and 
optical and radiative properties is one of key sources of forcing uncertainty (IPCC, 2013).  Aerosol 
depositions onto snow-surface in the cryosphere may reduce the surface albedo (e.g., Yasunari, 2010). 
Different mixing states of aerosols have significant impacts on radiative forcing and heating rate. The 
enhancement in the heating of the snow and ice surface can accelerate the melting and alter the mass balance 
which can cause the retreat of mountain glaciers (Yasunari, 2010). In the present study, aerosol mixing states 
are determined using the measured and modeled optical properties and their climatic implications over the 
central Himalayan region are discussed. 
                                                      

Study Location and Data 
o o

Aerosol mixing states are determined over Manora Peak (29.4  N, 79.5  E, 1950 m A.S.L) located in Shivalik 
mountain range along the central Himalayan region. Central Himalayan region is mainly affected by transport 
of different pollutant aerosols including biomass burning aerosol from the Indo-Gangetic Plain (IGP) during 
winter (December-January-February) (Ram et al., 2010). Aerosol optical properties viz.., spectral aerosol 
optical depth (AOD), single scattering albedo (SSA) and asymmetry parameter (g) are obtained over Manora 
Peak form Aerosol Robotic Network (AERONET) sun-sky radiometer. AOD data is available at seven 
wavelengths (0.34, 0.38, 0.44, 0.50, 0.675, 0.87 and 1.02 ìm), while inversion products (SSA and g) are 
available at four wavelengths (0.44, 0.675, 0.87 and 1.02 ìm).  
                                                      

Methodology 
The mixing states of aerosols over the central Himalayan location are determined for the external and 
different core-shell mixing scenarios. Aerosol extinction, scattering and absorbing efficiency are estimated 
using the coated Mie calculation. Aerosol extinction, scattering and absorption coefficients are estimated by 
integrating the corresponding efficiencies for log-normal size distribution (Srivastava and Ramachandran, 
2013). Several observations suggested that the total masses of two species need not be completely involved in 
core-shell mixing. In the present study, the mass fractions ranging from 20 to 100% of aerosol species are 
assumed to take part in core-shell mixing, while the remaining mass fraction of aerosol species used in core-
shell mixture, and other species which are not involved in core-shell mixing, are considered to be externally 
mixed with the core-shell composite particles (Srivastava and Ramachandran, 2013). The optical properties 
are estimated for different mass fractions in different core-shell mixing scenarios. The probable mixing state 
over the central Himalayan region is determined by constraining the model derived spectral optical properties 
(AOD. SSA and g) with the AERONET measured optical properties. The mixing scenarios, which have rms 
differences between measured and modeled AOD, SSA and g spectra are < 0.03, are designated as the 
probable mixing states, as 0.03 corresponds to the lowest uncertainty in the AERONET retrievals of AOD, 
SSA and g. 
                                                      

Results and Discussion 
Spectral variations of AOD and SSA obtained from AERONET and estimated for the external mixing and 
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probable core-shell mixing during winter are shown in Figure 1. The major aerosols reported over the central 
Himalayan region are black carbon (BC), water soluble (WS), insoluble (IS) and dust (DT) (Ram et al., 2010; 
references cited therein). 20% of BC coated by 20% WS, 20% of DT coated by 20% BC and  20% of BC 
covered by 20% of IS emerge as the probable mixing over the central Himalayan region during winter. The 
major carbonaceous aerosols (BC, organic carbon) are produced from the regional scale biomass burning and 
transported from the Indo-Gangetic plain (IGP) during winter (Ram et al., 2010).

Figure 1 : Aerosol optical depth and single scattering albedo spectra obtained from AERONET, estimated for external and 
probable core-shell mixing of black carbon (BC), water soluble (WS), dust (DT), and insoluble (IS) aerosols over Manora Peak 

during winter 2010-2012.
                                                      

External mixing is not found to be probable over the location as the rms difference in SSA was very high (> 
0.05). WS coating of BC is also found probable over the IGP during winter season (Srivastava and 
Ramachandran, 2013). Such changes in aerosol optical properties during different mixing states of black 
carbon aerosols will lead to significant change in the impact on the Earth's radiation budget and affect aerosol 
radiative forcing and heating rate. The changes in forcing and heating rate can influence the Himalayan 
glaciers. 
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Introduction
Diwali is celebrated with great interest and potency all over India. However crackers burning deteriorate 
ambient air quality during the festivals. Fireworks, emits huge amounts of smoke which, contain massive 
quantities of health affecting and dangerous air pollutants within a short period of time, are exclusive sources 
of atmospheric pollution. Short term variation of atmospheric air quality caused by firework and crackers 
smoke can result in serious and acute health effects, accidents, and lethal hazards to the population as well as a 
reduction in atmospheric visibility (Murty, 2000; Ravindra et al., 2003). Many studies have been conducted 
worldwide associated with festivities such as New Year's Eve celebrations (Drewnick et al., 2006), the 
Lantern Festival in China (Wang et al., 2007), and Diwali festival in India (Kulshrestha et al., 2004). These 
events involve extensive use of pyrotechnics on a regional and national scale, associated with elevated levels 
of gaseous pollutants such as O , SO  and NO  (Ravindra et al., 2003), high loadings of particulate matters 3 2 x

associated with metallic elements and organic compounds (Kulshrestha et al., 2004). But all reported studies 
of Indian context have not described the comprehensive assessment of inorganic markers of fireworks 
emissions in ambient PM . Accordingly, a systematic characterization of ambient fine particulate matter 2.5

(PM ) during the Diwali fireworks festival days and comparison with those measured in normal days is 2.5

planned to evaluate the enrichment of species markers of fireworks emissions including inorganic toxic 
species and ionic species in ambient PM .2.5
                                                       

Methods
A three-week long ambient air PM monitoring program during November 2012 in Bhilai, District Durg, 2.5 

Chhattisgarh, India has been carried out in  pure residential sites, free from any direct contamination from 
thtraffic and industrial emissions. In the year 2012, Diwali was celebrated on 13  November in India. Three 

th th th thsampling episodes designated as Pre-Diwali days (5 , 9  and 11  day of November 2012), Diwali days (13 , 
th th th th th

14  and 15  day of November 2012) and Post-Diwali days (18 , 20  and 25  day of November 2012) were 
identified for PM monitoring. Firework activities began in the evening (around 6:00 PM) and continued till 2.5 

late night (11:00 PM) with peak activities between 8:00 PM and 10:00 PM. 8-h sampling was started at 4:00 
PM in each of sampling day and continued till 12:00 AM mid night to maintain the uniformity in sampling 
period across the monitoring days. Ambient PM samples were collected at the rooftop of a residential 2.5 

property (18ft height) by installing and operating three sets of fine particulate samplers (Envirotech Model, 
APM550) simultaneously, with an average ?ow rate of 16.7 lpm. Samples were collected on quartz fiber 

o
? lters of 47 mm (QM/A, Whatman Make) (pre-fired at 450  C for 6 h). All sampled filters were placed in 
cassettes, sealed in polyethylene bags, transported to laboratory and desiccated for 48 h before and after 

o
sampling. After weighing measurements, filters were stored in a refrigerator (4 C) until chemical analysis. 21 
metallic elements (Al, As, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, Na, Ni, Pb, S, Sb, Se, V, and Zn) and 9 

2+ - + 2- 2+ - - + +
water soluble ionic species (Ca  ,Cl  ,K  ,SO  ,Mg , F , NO , Na  ,and NH  ) were analyzed by using 4 3 4

standard procedures and recommended conditions of operation (Thermo Fisher, 2008; DRI, 2011).
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Results and Discussion
The 8 h average (4:00PM-12:00 AM) concentrations of PM aerosols and associated metals and ionic species 2.5 

during pre-Diwali days, Diwali days and post-Diwali days have been illustrated in Figure 1-3.
                                                       

-3It was observed that maximum concentration of atmospheric PM was found on Diwali day (1501.20 µg.m ) 2.5 

nd -3 nd -3followed by 2  day of Diwali (831.98 µg.m ) and day after 2  day of Diwali (397.12 µg.m ); 2-8 folds higher 
compared to normal days and 7-25 times higher than NAAQS standards. Association of elemental component 
with PM  of Diwali Days has shown 2.1-37.6 times higher elemental concentrations for 11 species (Al, K, S, 2.5

Ca, Na, Mg, Mn, Zn, Cu, Pb, Fe) compared to those measured in pre-Diwali days. This group of elements 
exhibits a common temporal trend of increasing progressively from pre- to on-Diwali day and then showed a 
drop on post-Diwali days; represented the markers of emissions from crackers burning sources. The most 

2- + - 2+
abundant ionic species of PM were SO , K , Cl , and Ca  during Diwali firework days. The relative order of 2.5 4

ionic species abundance in PM  measurements during Diwali firework days compared to those of pre-Diwali 2.5

2+ - + 2-days (Diwali days/pre-Diwali days) were evaluated to be Ca  (18.5) >Cl  (16.9) > K  (15.6) >SO  (12.7) > 4

2+ - - + +Mg  (11.9) > F  (10.5) > NO  (9.1) >Na  (8.1) > NH  (4.5); clearly indicated the strong effect of emissions 3 4

- + 
resulting from firework activities on Diwali days. The molar ratio of Cl to Na was observed to be 1.85 on 

- 
normal day, but it was rose significantly up to 3.84 during firework periods; clearly indicated that Cl

2-enrichment in PM  due to chorine content of firework powders. Similarly, the reason behind high PM -SO2.5 2.5 4

2-is due to release of SO  during burning of crackers, which can easily get converted to particulate SO  by 2 4

photochemical oxidation in presence of higher solar radiative flux or by aqueous phase oxidation catalyzed 
by metal like Fe (Attri et al., 2001). On Diwali day the anion/cation ratio was found close to factor of two2 
(1.8); higher than those of normal days (1.1), described the acidic character of PM  aerosols on Diwali days.2.5

                       

Figure 1 : PM  concentration during Pre-Diwali Days, Diwali Day-1, Diwali Day-2, Diwali Day-3 and Post-Diwali Days2.5

            

Figure 2 : Elemental concentration and their Diwali/Normal day ratios during Pre-Diwali Days, Diwali Day-1, Diwali Day-2, 
Diwali Day-3 and Post-Diwali Days

 

70

Enrichment Study of Ionics and Heavy Metals in Atmospheric PM  During A Major....2.5

IASTA-2014, BHU, VARANASI



Enrichment Study of Ionics and Heavy Metals in Atmospheric PM  During A Major....2.5

- +Figure 3 : Water soluble ionic species concentration and Cl /Na  of PM during Pre-Diwali Days, Diwali Day-1, Diwali Day-2, 2.5 

Diwali Day-3 and Post-Diwali Days 
                                                       

Conclusions
This study explained that atmospheric PM  were highly influenced by the firework activities and had a strong 2.5

effect in increasing the concentrations of PM and associated elements. The concentrations of K, Mg, Zn, Ca, 2.5 

Cu, Na, Al, S increased  37, 19, 16, 13.5, 13.7, 12.5,  9.5, and 9.2 times respectively. Similarly ionic species 
concentrations on Diwali day were 4.5-18.5 times higher than pre- and post-Diwali days. The increase in 
elemental component in atmospheric PM  was mainly related to raw materials used in firework powders. 2.5

Thus, firework and crackers burning has shown short term variation in ambient PM  during Diwali day and 2.5

have great health effects on existing population.
                                                       

Acknowledgements
The Desert Research Institute, Reno, NV for provided financial assistance and instrumental support. 
Department of Science and Technology, New Delhi for providing junior research fellowship 
(DST/SR/S4/AS-61/2010). Pt. Ravishankar Shukla University, Raipur, India for provided laboratory and 
library facilities.
                                                       

References
Attri, A.K., Kumar, U. & Jain, V.K.. (2001).  Microclimate: Formation of ozone by fireworks. Nature, 411 

(6841), 1015.
Drewnick, F., Hings, S. S., Curtius, J., Eerdekens, G. & Williams, J. (2006). Measurement of fine particulate 

and gas-phase species during the New Year's fireworks 2005 in Mainz, Germany. Atmospheric 
Environment, 40, 4316-4327.

DRI. (2011). Laboratory Analysis Methods, Desert Research Institute, Reno, NV, USA.
Kulshrestha, U. C., Rao, T. N., Azhaguvel, S. & Kulshrestha, M. (2004). Emissions and accumulation of 

metals in the atmosphere due to crackers and sparkles during Diwali festival in India. Atmospheric 
Environment, 38, 4421-4425.
Murty, O. P. (2000). Diwali toxicity. Journal of Forensic Medicine and Toxicology, 17, 23-26.

Ravindra, K., Mor, S. & Kaushik, C. P. (2003). Short-term variation in air quality associated with firework 
events: a case study. Journal of Environmental Monitoring, 5, 260-264.

Thermo Fisher. (2008). Atomic Absorption Spectrometric Methods Manual, Thermo Fisher Corporation, 
Cambridge, UK.

Wang, Y., Zhuang, G. S., Xu, C. & An, Z. S. (2007). The air pollution caused by the burning of fireworks 
during the lantern festival in Beijing. Atmospheric Environment, 41, 417-431.

71IASTA , BHU, VARANASI-2014



Characteristics of Carbonaceous Species in Fine Particulate Matter (PM ) and 2.5

it's Morphology  
                                                                           

Atar Singh Pipal, Gayatri Gunjal, P. Gursumeeran Satsangi
Department of Chemistry, University of Pune, India-411007

Keywords: Carbonaceous Species, Morphology, SOC and POC
                                                                           

Introduction
Atmospheric organic carbon (OC) and elemental carbon (EC) have recently gained importance because of 
their influence on climate, visibility reduction and adverse health effects. They constitute a significant 
fraction in fine particles (PM ) and it could be accounted for up to 40%  PM  mass in an urban atmosphere 2.5 2.5

(Seinfeld and Pandis, 1998 . EC possess a strong capability of absorbing solar radiation and considered to 
play an important role in global climate change as it causes positive radiative forcing. Whereas OC can be 
either released directly into the atmosphere as primary organic carbon (POC) from anthropogenic and 
biogenic sources or formed within the atmosphere as secondary organic carbon (SOC) by gas-to particle 
conversion of volatile organic compounds through photochemical reactions (Cao et al., 2003; Pipal et al., 
2014). In recent years, physical (size and morphology) and chemical (composition) characterization of 
individual atmospheric particles received significant importance due to their effects on radiative and 
chemical properties. Therefore, the studies are necessary to perceive the physicochemical characteristics of 
particulate matter along with their climatic nature in atmosphere. Thus, present study has been carried out to 
characterize fine (PM ) particles in terms of morphology and elemental composition along with 2.5

carbonaceous species (OC and EC), determination of POC and SOC, group identification of particles and 
effective carbon ratio (ECR) values. 
                                                                           

Methods
PM  samples were collected with the help of medium volume air sampler (APM 550 Envirotech) for 24 h  2.5

during the period of May 2013- October 2013 on the roof of Chemistry Department, University of Pune. PM2.5 

samples were analyzed by computer controlled field emission scanning electron microscope (SEM) coupled 
with energy dispersive spectrometer (EDS: JEOL JSM-6330F, JEOL Ltd., Akishima, Tokyo, Japan) for 
determination of morphology and chemical composition. In addition to this OC-EC analysis was also done 
with the help of semi-continuous carbon aerosol analyzer (Sunset Lab, USA: Model-4L, F) by 
thermal/optical method. 
                                                                           

Results and Discussion
-3

Average mass concentration of PM  was 114.57±23.89 g m . This higher concentration of PM may be due to 2.5

vehicular activities, construction activities, biomass-fossil fuel combustion and industrial emissions. Figure 
1 shows the monthly trends of PM  concentration with carbonaceous species and their average values. 2.5

Monthly analysis of PM data indicates that higher concentration was in the month of May-June and lower in 
the month of Oct. The higher concentrations of PM  during these months (summer) are often associated with 2.5

intense sporadic peaks of mineral dust. 
                          

Figure 1 also shows monthly concentration of OC and EC along with their mean values. Average 
-3 -3 

concentration of carbonaceous species was found to be 31.25 µg m  for OC and 2.73 µg m for EC.  Higher 
concentration of OC was observed in month of July followed by Oct while EC was higher in Oct followed by 
Sept. The Higher concentration of OC and EC was due to more biomass burning and vehicular activities. The 
contribution of OC and EC was 28 and 3 % for PM  which indicates that OC is more contributed to PM. The 2.5

of

r

)
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monthly trend of organic matter (OM) and total carbon aerosols (TCA) along with OC-EC values are 
-3

presented in Table 1. Average of OM was found to be 54.96 µg m  while an average of TCA was 57.39 %. In 
present study higher (15.80) OC/EC ratios was observed due to abundance of organic carbon in study area 
which results the formation of secondary aerosols. 
Table 1 also shows the monthly levels of SOC, POC and SOA over Pune during the study period. Average 

-3concentrations of SOC and POC were 23.54 and 10.73 µg m . SOC and POC were higher in the month of July 
(SOC) and October (POC) whereas lower was observed during Sept (SOC) and July (POC). The average 

contribution of SOA was  20 % into PM fraction.
                                                                           

                                                                           

Figure 2 shows the SEM images of PM along with their elemental composition, it is inferred that Si is most 2.5 

abundant amongst the all elements (Fig 2) followed by O, P, Al, Ca and Fe. Apart from these elements, Na, 
Mg, and Cr were also present in little amount. Based on morphology and elemental composition, PM particles 
were classified into two categories such as Al-silicates and P/Ca rich particles. The group of Al-silicates 
particle was abundant which was characterized by high fractions and intensities of Al (3.88 %) and Si (75.3 
%). It is likely to be in the form of Al-silicates, along with other crustal elements including Mg, Ca, K, and Fe 
(Pipal et al., 2011)(Fig.2). Whereas P and Ca rich particles were also observed in which Ca is abundant than P 
of this group along with Na and Cl. 
              

Table 1: Level of OM, TCA, OC/EC, SOC, POC and SOA over Pune

a An OC-to OM conversion factor of 1.6 was used to evaluate the organic matter (OM) concentration. 
                                                                           

The mineral particles consist of Al, Si, O, C, Mg, K and Ca, indicating the presence CaCO which are most 3 

likely from geological sources (Lu et al., 2008). Effective carbon ratio is a new approach to see the role of PM 
and its associated carbonaceous species on incoming radiation in atmosphere. Average values of ECR were 
2.42 which is clearly indicate that the abundance of SOC and lower values of POC and EC. This could be lead 
to the reduction in atmospheric warming effect of combustion aerosols and increases the scattering properties 
of radiation. 
                                                                           

Figure 1 : Concentration of PM  and its associated carbonaceous species 2.5
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Conclusions
-3Average mass concentration of PM  was 114.57±23.89 g m in entire study which indicates that the observed 2.5  

values of PM are substantially higher than NAAQS and WHO standards respectively. Carbonaceous analysis 
-3

results showed that concentration of carbonaceous species were 31.25 µg m  for OC while 2.73 for EC. Due 
to abundance of organic carbon, higher OC/EC ratios were observed (15.80) which results the formation of 
SOA. Effective Carbon Ratio (ECR) was calculated and found to be an average value of 2.42 which clearly 
indicates that abundance of SOC and lower values of POC and EC. The statistical analysis of SEM–EDS 
results indicates Al-silicates and P/Ca rich particles group. These particles are originated from crustal and 
construction, fuel-oil, marine, vehicular activity and industrial emissions. 
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Introduction
Atmospheric aerosols influence the Earth's radiation balance through scattering and absorption of solar 
radiation, and also serve as cloud condensation nuclei (CCN), are a key element of the hydrological cycle and 
climate. Aerosols which serve as CCN is an important parameter in cloud physics (Fitzgerald, 1973) and its 
activation largely depends on chemical composition and size (Asmi et al., 2012). Not only the physical 
properties and chemical composition of aerosols has made them important in climate studies but also their 
large seasonal variability from region to region.  It is well known that the Indian summer monsoon and its 
variability plays a significant role not only as a major driver of agricultural productivity, and influence on the 
livelihood of a large share of population but also as  a major heat source in the tropical climate system (Kumar 
et al., 2013). There are many earlier studies describing the importance of Western Ghats (WG) in this region, 
which receives maximum heavy rainfall during monsoon and from where some rivers originate and the water 
flows up to southern parts of India. Apart from rainfall pattern this region has also gained importance because 
of the proportion of different types of clouds in this region (Rajeevan and Srinivasan .,2000; Kumar et al., 
2013 etc). It is well known that over this region monsoon clouds ascends and enter into the Indian 
subcontinent and move close to ground. Most recent study by Kumar et al. (2013) has shown how far the 
interaction of dynamics, thermodynamics and cloud microphysics play significant role in summer monsoon 
precipitating clouds over WG using satellite observations and reanalysis data products. 
                                                 

Hence it is clear that both earlier as well as recent studies have shown the importance of this location not only 
in terms of rainfall pattern but also the role played by cloud microphysics. Considering this in the present 
work for the first time aerosol and CCN relation and their seasonal variability has been studied using various 
ground observation from recently set up High Altitude Cloud Physics Laboratory (HACPL) at 

0 0Mahabaleshwar (17.56  N, 73.4  E) from June 2012- May 2013. This laboratory is situated on the top of 
mountain with an altitude of 1348 m AMSL. 
                                                 

Data Used
An Automatic Weather Station (AWS) was operational in the site to measure meteorological condition, with a 
sampling rate of one minute. The weather parameters monitored were air temperature (T), atmospheric 
pressure (P), relative humidity (RH), wind direction (WD) and wind speed (WS). 
                                                 

Aerosol particles that can form into cloud droplets were measured with a CCN counter. Concentrations of 
these particles were typically measured at 0.2, 0.4, 0.6, 0.8 and 1.0 % supersaturation (SS). Instrument was 
configured to sample the particles every second and to complete one SS cycle in half hour so in an hour, two 
times the CCN counter will operate at a particular SS. The data obtained has been averaged to one hour and 
hence utilised for the study of diurnal as well as seasonal study.
                                                 

Aerosol concentration and size distribution were measured using WRAS manufactured by GRIMM, 
Germany which is a combination of SMPS (Scanning Mobility Particle Sizer ) and APS (Aerosol Particle 
Sizer). This   instrument is capable of measuring the full size range (5 nm – 32 µm) of atmospheric particles in 
72 channels with a minimum scan time of 300sec. we have considered total concentration of particles in the 
size range 40-540 nm only as the larger particles can any way get activated as CCN. 
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The total aerosol scattering coefficients were measured using three wavelengths (ë= 450, 550, 700 nm) 
integrating Nephelometer. The Nephelometer data was collected every 5min interval and later averaged for 
one hour for the study.
                                                 

Conclusions
For the first time CCN and aerosol variation has been studied for one year period from June 2012 to May 
2013, over a high altitude site and analyzed with respect to air mass origin, aerosol size distribution and also 
local meteorology. 

Figure 1 : Box plot showing seasonal variation of CCN/CN ratio, k-value, Angstrom exponent and mean aerosol diameter. 
(Details of box plot given right side)

                                                 

Main conclusions and Summary
?Both aerosol and CCN showed distinct seasonal and diurnal variation. Diurnal variation of aerosol and 

CCN showed higher concentration in morning hours for JJA whereas late evening for other seasons.
?Analysis and comparing with earlier studies have suggested that the high altitude which is surrounded 

by tropical forests  may be a possible sources of isoprene or monoterpene which form aerosols that 
can serve as CCN and thus contribute high concentration during wet seasons.

?It is observed that for SS 0.2-0.4 % the ratio of CCN to total aerosol concentration is less (high) in 
monsoon (winter) and from SS 0.6 -1 % the condition reverses. 

?Analysis showed that during monsoon season CCN/CN ratio and k- value are higher whereas AE is 
lower which may be due to the presence of sea salt which is transported from Arabian Sea. 

?Higher value observed in k-value suggests that particles which are hygroscopic in nature are abundant 
during monsoon compared to other season.

?During winter season the anthropogenic aerosols are dominant and due to calm wind during the DJF 
and MAM the finer particles are less dispersive hence they will be mainly confined to smaller area 
covering study region.

?Apart from this there is a clear signature of washout of aerosols which is reflected in mean aerosol 
diameter.
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Introduction
The existing warm and humid climate favours fungal growth in the ambient air. Fungal growth has 
implications for public health because fungal cells, spores and their metabolites are allergenic and potential 
health hazards. In this regard, improved and faster alternatives than the available sampling and species 
identification methods are needed for quantifying fungal communities in atmospheric aerosols. In this study, 
the fungal metabolic product arabitol and mannitol were used as a molecular marker for assessing the 
abundance and mass loading of fungi in atmospheric aerosols. Recently, Bauer (2008) suggested that 
mannitol and arabitol concentrations are correlated with the fungal spore counts in atmospheric air born 
particulate matter (Bauer et al. 2008). Although, Bauer et al. suggestion that arabitol and mannitol can serve as 
fungi markers, with the advantage of the easier detection and quantification (Velez et al. 2007; Bauer et al. 
2008). This study mainly influence by the biomass burning activities, soil re-suspension and frequent 
agricultural activity that promoting the growth of microorganism like fungal spores. Therefore, the main goal 
of this study is to investigate the influence of fungal activity using mannitol and arabitol as molecular marker 
to size-differentiated aerosols collected from eastern central India during winter of 2011. The concern is that 
even a rural and religious area, which is believed to be environmentally clean, is under the influence of 
unfavourable response to humans due to fungal metabolic activities. This study will give some clues on how 
to manage the air quality issue and fill the gap in this research area.
                                                  

Methods

Ion chromatography was used for quantification of molecular marker in fine (PM ; diameter ≤2.5 µm) and 2.5

coarse (PM ; diameter 2.5-10 µm) particulates collected (during October and November 2011) by eight 2.5–10
-1stage cascade impactor sampler (flow rate 28.3±0.3 L min ; Modal TE 20-800, USA) in a rural area at Rajim 

Chhattisgarh India. The collection of size-differentiated PMs was done at the rooftop of a double-storied 
building at height of ~15 meters above the ground level using. The initial and final flow rate was checked by 
dry gas meter (Model 12393959, Invensys (TM) Purchased by Thermo Fisher Scientific). The cut-off 
diameter of differnt stage of eight-stage cascade sampler are; stage 0: 10-9.0 µm, stage 1: 9.0-5.8 µm, stage 2: 
5.8-4.4 µm, stage 3: 4.4-2.5 µm, stage 4: 2.5-2.1 µm, stage 5: 2.1-1.0 µm stage 6: 1.0-0.7 µm, stage 7: 0.7-0.4 
µm (backup filter) and stage 8: <0.4 µm. Aerosol samples were collected for twenty four hrs, incessantly in 
the month of October and November 2011. The ambient aerosol samples (n = 18) and field blanks (n = 3) were 
collected on pre-treated Whatmann glass fiber filters of 80 mm diameter. The mass concentration of size-
differentiated PMs was determined by the gravimetric analysis. The filters were placed in desiccators for 
twenty four hrs before and after the sampling to take out the absorbed water and weighed, after taking the 
filters out of the desiccators, using an analytical mass balance (Sartorius, Model CP225D) with a reading 
precision of 10 µg. Each of the filters including backup filter was analyzed gravimetrically by taking proper 
care in order to avoid minute divergence in mass measurements. Two of the most important factors to consider 
mass concentration measurement are variation of weight with temperature (T) and relative humidity (RH). 
Thus, the filters were first habituated for twenty four hrs at 20°C and 35% RH. All weight measurements were 
repeated three times to make sure consistency and readings were established when the difference was not 
beyond from 5 ìg. To ensure the quality of data, field blank samples were also collected during the study 
period. The gravimetric mass of aerosols (µg) was calculated by subtracting the weight of the filter after 

–3sampling from that of the previous sampling and the concentration (µg m ) was determined by dividing the 
3aerosol mass by total volume of air sampled (m ). After the gravimetric analysis, the sampled filters and field 
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blanks were placed in clean polyethylene (PE) bottles. All samples were kept at -20°C until chemical analysis 
in order to inhibit fungal growth. The mass concentration of the sampled filters obtained was corrected for 
field blank values. Two sugar alcohol frequently used as tracer for fungal metabolic activity in aerosols are 
chemically analyzed in PM  and PM  aerosols. Organic compounds were extracted from the filter using 2.5–10 2.5

–1
10.0 mL of deionized water (>18.2 MU cm , Analytical System Model D11901, Barnstead) and a cellulose 
acetate syringe membrane (C020A025A, 25 mmf, pore size 0.2 µm, Advantec) in a PE bottle continuously 
and agitated for 90 min on a shaker (TS-500, Yihder). Extraction was performed in an unlit refrigerator at 4 °C 
to prevent the decomposition of extracted organic compound (Tsai et al., 2008). Extracted samples were then 
stored at -20°C. Blank filters were treated in the same way for observe contamination to correct background 
concentrations. 100 mg of each compound was dissolved in deionized water and the final volume adjusted to 

–1
100 mL for a 100 mg L  stock solution. These solutions were stored at –18°C until used to make standard 
solutions and these, in turn, were stored at 4°C to prevent degradation during analysis. Sugar alcohols were 
determined using a Dionex ICS-2500 IC equipped with pulsed amperometric detection (PAD), a GP50 
gradient pump coupled to a Teflon injection valve with 400 mL sample loop, a CarboPac MA1 guard column 
(50 mm length × 4 mm I.D.) and anion-exchange analytical column (250 mm length × 4 mm I.D.), a Dionex 
ED50 electrochemical detector with a gold working electrode and a pH electrode as reference. Dissolution of 
carbonate into NaOH can hinder the separation and to reduce the potential for this, exposure of  NaOH 
solutions to atmospheric CO  was minimized. Method detection limit (MDLs) for mannitol and arabitol 2

–1 –1varied from 18.8 mg L  to 4.76 mg L . Arabitol and mannitol concentrations were below detection limits in 
the field blanks.
                                                  

Result, Discussion and Conclusions
The geometric mean of particulate matter (PM) and molecular marker, and percentage contribution of 
molecular marker to PM and Spearman correlation were given in Table 1. The means concentartions of 

- 3
arabitol and mannitol at the study site were 265.9 and 1682.2 ng m  in the PM  whereas 173.5 and 1622.8 2.5-10

- 3ng m  in the PM  particulates. The higher concentrations of arabitol and mannitol at the study site were 2.5

related to the fungal spores load in ambient atmosphere due to intense harvesting and biogenic activity 
at/around the sampling site. Approximately 0.23 and 1.4 % are associated with coarse particulates while 0.12 
and 1.08 % are associated with fine particulates, of arabitol and mannitol, respectively indicated that 
atmospheric fungi likely guide to chronic respiratory symptoms. Size distribution of arabitol and mannitol 
was found to be higher in coarse size fraction as compared to fine size fraction during the study period. 

-3Figure 1: Correlation between arabitol and mannitol concentration in PM  (ng m )2.5-10
                                                  

2
Good relationship between arabitol and mannitol (Figure 1; R =0.68) was obtained in coarse size fraction due 
to similar source of emission. Recent studies have found that the higher concentration of fungal tracer was 
found to be mainly due to fungal metabolic activity in the ambient atmosphere (Velez et al. 2007). Arabitol 
and mannitol are generally more abundant in coarse size (Diameter>2.5 µm) fraction of aerosol PM (Yttri et 
al. 2007), indicating that they are likely derived from primary biological particle (like fungal spores etc) 
(Burshtein et al. 2011).
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Table 1: Mass concentrations of molecular marker and percentage contribution to particulate matter during winter 2011 at Rajim 
Chhattisgarh India.
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Introduction
Aerosol distribution in the atmosphere is modulated by atmospheric dynamics as it can cart, accumulate and 
disperse particles through winds and its variability such as convergence, divergence and vorticity (Aloysius et 
al., 2008, Prijith et al., 2011). This may lead to high concentrations of aerosols (through convergence) over 
regions where aerosol production is not significant and low concentrations (through divergence) even in the 
vicinity of strong sources. In order to identify potential aerosol sources and their strengths, effects of 
atmospheric dynamics has to be eliminated from the observed aerosol distribution. It is achieved in the study 
using aerosol flux continuity equation by introducing multi-year, multi-satellite measurements of aerosol 
properties and reanalysed data of wind components (Aloysius et al., 2008, Prijith et al., 2013). The study 
estimates net aerosol production rates over the Indian region during summer season for a period of three 
years, 2007-2009.
                                        

Data and Methodology
Aerosol distribution over the Indian region is obtained using level 3 aerosol optical depth (AOD) 
measurements at 0.55µm from Moderate Resolution Imaging Spectroradiometer (MODIS) observations and 
aerosol extinction coefficient profiles at 0.532µm from Cloud Aerosol Lidar and Infrared Pathfinder Satellite 
Observations (CALIPSO). Using these two parameters aerosol loading in different layers of the atmosphere 
at different elevations is estimated for the summer season (June-August) in a period of three years, 2007-
2009. Along with the aerosol concentrations, wind components at different atmospheric levels from NCEP-
NCAR reanalysis are used in the aerosol flux continuity equation to estimate net aerosol production rates as

where S is the net source/sink strength representing net rate of aerosol generation/loss per unit volume per unit 
time, ñ is the aerosol extinction coefficient per unit volume and v is the three dimensional vector wind.
                                        

Results and Discussions
Aerosol distribution over the Indian region during summer season (June-August) is shown in figure 1, which 
depicts AOD at 0.55µm from MODIS observations, averaged for a period of three years 2007-2009. Since the 
aerosol distribution in atmosphere is modulated by atmospheric dynamics, regions of high aerosol 
concentration may not be the regions of high aerosol production and vice versa as well. In order to eliminate 
influence of atmospheric dynamics on aerosol distribution, aerosol flux continuity equation is used and net 
aerosol production rates are estimated as is shown in figure 2. Regions of net aerosol production are indicated 
by positive values of source strength and those of net aerosol deposition are by negative values in figure 2. 
Mismatch between the regions of high aerosol loading in figure 1 and those of high aerosol production rate in 
figure 2 indicates the potential of atmospheric dynamics in modulating the aerosol distribution in atmosphere 
through circulation parameters such as convergence and divergence.
                                        

During summer season, aerosol loading is significant over the Arabian Sea, north-western parts of Indian 
subcontinent and south-east Asia as it is indicated by high values of AOD over these regions in figure 1. 
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Aerosol concentration is observed higher over the north-western regions of Indian land mass compared to that 
over the Arabian Sea. But, the aerosol production rate is found larger over the Arabian 

Figure 1: Aerosol Optical Depth at 0.55µm from MODIS observations over the Indian region during summer (June-August), 
averaged for a period of three years (2007-2010).

Figure 2: Net aerosol source/sink strength estimated using aerosol flux continuity equation over the Indian region during summer 
(June-August), averaged for a period of three years (2007-2010).

                                        

Sea compared to that over the former region as it is seen in figure 2. Over the Arabian Sea, it can be seen that 
the aerosol concentration is higher over regions at north-east to the regions of high aerosol production. It is 
mainly because of the south-westerly winds prevailing over the Arabian Sea during summer season, which 
carry aerosols from the source regions to the regions at north east where atmospheric convergence leads to 
accumulation and high concentration of aerosols.
                                        

Conclusions
The study employs aerosol flux continuity equation, by introducing multi-satellite measurements of aerosol 
properties and reanalysed wind parameters, to estimate the aerosol source/sink strength over the Indian 
region. The methodology employed in the study eliminates influence of atmospheric dynamics, through 
transport, convergence and divergence, in aerosol distribution and estimates the net aerosol source/sink 
strength during summer season over the Indian region. Mismatch observed between the regions of high 
aerosol production and those of high aerosol concentration reveals the potential of atmospheric dynamics in 
modulating the aerosol distribution.
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Introduction
Aerosol size distribution is an important physical characteristic and can provide an insight into possible 
sources of pollution, their spatio-temporal distributions and their impact on climate and air quality. Remote 
sensing measurements based on the interaction of light with atmospheric aerosols provide an opportunity to 
infer size distributions. Over the past several decades there have been substantial improvement in the 
understanding of aerosol optical properties. The dependence of spectral extinction of light on aerosol particle 
size and optical properties is being utilized for determination of aerosol size distributions.
                                                       

Spectral measurements by AERONET (AErosol RObotic NETwork) (Holben et al., 1998) have been used to 
derive the refractive index and size distribution of aerosols. These retrievals are limited to the locations of 
measurement in this network. In the present study, an inversion technique has been proposed for retrieval of 
the aerosol size distribution from spectral extinction observations from simple sun photometer 
measurements.
                                                       

Description of the Algorithm
In the algorithm, the spectral extinction is computed for various ambient aerosol models as described in the 
OPAC (Optical Properties of Aerosol and Cloud) package (Hess et al., 1998) to generate Look-Up Tables 
(LUTs) at eight magnitudes of ambient relative humidity (0%, 50%, 70%, 80%, 90%, 95%, 98%, 99%). The 
OPAC model consists of 10 major aerosol components, namely, insoluble, water soluble (including sulfate), 
soot, mineral (coarse, accumulation and nucleation), mineral-transported, sea salts (coarse and 
accumulation) and sulfate droplets. Using different combinations of these aerosol components, ten different 
aerosol types/models are defined, namely, continental clean, continental average, continental polluted, urban, 
desert, maritime clean, maritime polluted, Arctic and Antarctic. Further, this model also allows the user to 
define new mixtures out of given aerosol components to best fit the observations and derive important optical 
parameters for this mixture, such as aerosol optical depth, scattering and extinction coefficients, single-
scattering albedo and asymmetry factor for the selected combination. The aerosol properties are based on 
Global Aerosol Data Set (GADS) (Koepke et al., 1997).
                                                       

The computed spectral extinction values for each model in appropriate Look-up Table (for known relative 
humidity) are compared with the observed spectral extinction values. Goodness of fit is determined by Mean 
Absolute Scaled Deviation (MASD) for each pair. The model that gives least deviation is selected as the best 
description of the aerosol size distribution. For the model that best fits the observed spectral extinction data, 
the concentrations/contributions of the individual components of the model are re-computed, to improve the 
quality of fit, using matrix inversion. Efforts are underway to develop windows and/or web-based application 
that shall allow for automation of the retrieval.
                                                       

Comparison with Aeronet Inversion Algorithm
For retrieval of Level 2 Inversion product, from AERONET measurements, aerosol particles are assumed to 
be partitioned into two components: spherical and non-spherical (Dubovik and Sinyuk, 2006).  However, 
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mineral dust properties in OPAC are based on Mie Scattering theory assuming spherical shape which can 
underestimate the scattering efficiency by dust particles. 
                                                       

The AERONET inversion code limits the distribution to fine and coarse mode, and  it may not be advisable to 
use these retrieved parameters for the physical interpretation because the  retrieval is implemented under 
assumption that complex refractive index is the same for all particle sizes (URL 01).  The current algorithm 
uses aerosol models that have been based on ambient observations (both bi-modal and tri-modal), allowing 
for better interpretation of aerosols for inference of possible sources and their spatio-temporal variation, with 
implementation in the domain of climate studies and air quality management. 
                                                       

Further Work
Efforts are underway to develop windows and/or web-based application that shall allow for automation of the 
retrieval.
                                                       

References
Dubovik, O.A. and Sinyuk, et al., (2006). Enhanced retrieval of aerosol properties from atmospheric 

radiation measured by AERONET Sun/sky-radiometers. In preparation.
Hess M., Koepke P. and Schult I. (1998). Optical properties of aerosols and clouds: The software package 

OPAC, Bull. Am. Meteorol. Soc. 79, 831–844.
Holben B.N., Eck T.F., Slutsker I., Tanre D., Buis J.P., Setzer A., Vemote E., Reagan A., Kaukman Y.J., 

Nakajima T., Lavenu F., Jankowiak I. and Smirnov A. (1998). AERONET-A Federated Instrument 
Network and Data Archive for Aerosol Characterization, Remote Sensing of Environment 66, 1-16.

Koepke, P., Hess, M., Schult, I. and E. P. Shettle (1997). Global Aerosol Data Set. MPI Meteorologie 
Hamburg Report No. 243, 44.

URL 01: http://aeronet.gsfc.nasa.gov/new_web/Documents/inversions.pdf

85

Inversion Algorithm for Retrieval of Aerosol Size Distributions at Various Relative....

IASTA , BHU, VARANASI-2014



Seasonal Variability of Aerosol Characteristics Over Patiala, Western Part of 
Indo-Gangetic Plain
                                                           

Navdeep Kaur, Atinderpal Singh, Darshan Singh
Department of Physics, Punjabi University, Patiala-147002, India 

Keywords: Particulates, BC, AOD, SSA
                                                           

Introduction
Aerosol contributing in very minute quantities by volume to Earth's atmosphere but they could play a vital 
role in the climate forcing by perturbing the Earth's radiative balance directly by extinction of the Solar 
radiation and indirectly, by acting as cloud condensation nuclei (CCN) which in turn affecting the cloud 
albedo, cloud lifetime, precipitation rate and hydrological cycle (Hansen et al., 1997). Aerosols are of 
complex nature over the Indo-Gangetic Plain because natural and anthropogenic sources show seasonal 

0 0characteristics over the region. The present study is carried over Patiala (lat; 30.33 N, long. 76.4  E, 249m 
a.s.l), western part of Indo-Gangetic plain during October 2013 to June 2014. The significant seasonal 
variability of aerosol mass concentration and their optical properties are expected due to adverse sources of 
aerosols. The study site is largely influenced by paddy-residue burning during the post-monsoon season 
(PoM) and by wheat residue burning during the months of April–May. During the pre-monsoon season 
(PrM), the study site is experienced by dust storm which is mainly originated from Thar Desert (Sikka, 1997).  
The present work emphasizes on examining the aerosol optical properties and highlights their monthly and 
seasonal variability. 
                                                           

Methods
The mass of particulates were monitored with the help of high volume sampler (Envirotech, APM460 DXm) 
that separates the PM  (particulates with aerodynamic diameter less than 10 micron) and particulates with 10

aerodynamic diameter greater than 10 micron. The mass concentration of BC was determined by an 
Aethalometer (Model: AE-31, Magee scientific US). It monitors the optical attenuation (absorbance) of light 
at seven wavelengths (370, 470, 520, 590, 660, 880 and 950 nm) with a typical half-width of 20 nm. However, 
the BC mass concentration is determined utilizing the wavelength at 880 nm. Columnar aerosol optical depth 
(AOD) measurements are made by using portable multichannel MICROTOPS II sun photometer of Solar 
Light Company, USA (Morys et al., 2001). Simultaneously, it measures AOD at five wavelengths viz. 380, 
440, 500, 675, 870 nm with each filter having narrow bandwidth of around 10 nm. The spectral information of 
AOD has been used to derive the Ångström coefficient. Single Scattering Albedo (SSA) has been simulated 
with Optical Properties of Aerosol and Cloud (OPAC) model (Hess et al., 1998). The model simulated values 
have been considered where the measured spectral AOD and model derived AOD match with the uncertainty 
of 3.0%. Depending upon the meteorological condition of study region, the whole study period is divided into 
three seasons viz. post-monsoon (PoM; October-November), winter (December-March) and pre-monsoon 
(PrM; April-June). 
                                                           

Conclusions
During study period, the seasonal variability of total suspended particulates (TSP), respirable suspended 
particulates (RSP; PM ) and non respirable suspended particulates (NRSP;>PM ) are shown in Fig. 1. The 10 10

-3Mass concentration of TSP is varied from 186 to 235 µg m  with highest concentration during the PrM and 
minimum during the winter season. The contribution of RSP to TSP is high during the PoM and winter 
seasons whereas the contribution of NRSP is high during PrM. During PoM season, the large scale paddy 
residue burning is responsible for the high percentage of RSP to TSP whereas during the winter, it is due to the 
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remnant of biomass burning, anthropogenic activity and shallower boundary layer over the region. On the 
other hand during PrM season, dry and hot weather with strong wind helps to increase the loading of coarse 

-3mode particles in the atmosphere. The mass concentration of BC is 6.6±1.0, 6.0±1.0 and 1.7±0.5 µg m during 
PoM, winter and PrM, respectively. The high concentration of BC during PoM is attributed to paddy residue 
burning in the open fields and during winter, it is due to the combustion of bio- and fossil fuel along with 
shallower boundary layer. The low value of BC during PrM is due to decrease of anthropogenic activities and 
strong convection present over the study region. The variation of seasonal spectral AOD is shown in Fig. 2. 
The AOD  shows the highest value of 0.687 during PoM season and minimum of 0.434 during PrM. The 500nm

value of AOD is high at the longer wavelengths during the PrM season as compared to winter seasons and it is 
attributed to relative dominance of coarse mode particles. Further, the spectral in formation of AOD has been 
used to derive the Ångström coefficients. Ångström exponent (á) is useful to compare and characterize the 
wavelength dependence of AOD and columnar aerosol size distribution (Eck et al., 1999). The relative 
increase in number of large sized particles with respect to the smaller ones results in decreasing the value of á 
and vice versa. The Ångström exponent has high values during PoM (0.99) and winter (0.94) and low value 
(0.57) during the PrM season. High values of á during PoM and winter are attributed to emissions of fine 
mode particles due to biomass burning as well as fossil fuel combustion. But on the other hand, loading of 
coarse mode particles during PrM is due to hot and dry weather with strong winds. The seasonal OPAC 
derived spectral SSA (Single Scattering Albedo) is shown in Fig. 3. The magnitude of SSA (500nm) shows the 
highest value (0.929) during PrM and lowest values (~0.884) during PoM, suggesting the abundance of 
absorbing type aerosol during PoM than PrM over the study region. 

Figure 1: The seasonal variability of total suspended particulates (TSP), respirable suspended particulates (RSP; PM ) and non 10

respirable suspended particulates (NRSP; >Pm ).10

Figure 2 : Seasonal variation of spectral AOD.
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Figure 3. Seasonal variation of OPAC derived spectral SSA
                                                           

Acknowledement
The author would like to thank the ISRO for providing the financial support to carry out this work under 
ISRO-GBP (ARFI) project. 
                                                           

References
Hansen, J., M. Sato and R. Ruedy (1997).Radiative forcing and climate response,  Journal of Geophysical 

Research, 102, 6831–6864. 
Morys, M., F.M. Mims III, S. Hagerup, et al (2001). Design, calibration, and performance of MICROTOPS II 

handheld ozone monitor and Sun photometer.Journal of GeophysicalResearch.106, 14573–14582.
Sikka, D.R. (1997). Desert climate and its dynamics.Current Science.72, 35–46.
Hess,M., P.Koepke, and I. Schult (1998).Optical properties of aerosols and clouds: the software package 

OPAC. Bulletin ofthe American Meteorological Society, 79, 831–844.
Eck, T.F., B.N. Holben, J.S. Reid, O. Dubovic, A. Smirnov, N.T. O'Neil, I. SlutskerandS. Kinne (1999). 

Wavelength dependence of the optical depth of biomass burning, urban, and desert dust 
aerosols.Journal of Geophysical Research.104, 31333–31349.

88 IASTA-2014, BHU, VARANASI









Aerosol Optical Depth and PM  Study Over Kannur, Kerala.10
                                                                                     

1 2 3K. M. Praseed , T. Nishanth , M. K. Satheeshkumar
1
Sir Syed College, Taliparamba, Kannur, Kerala, 670142, India.

2Sree Krishna College, Guruvayoor, Kerala, 680102, India.
3
Govt. Brennan College, Dharmadam, Kerala, 670106, India.

Keywords: Aerosols, PM , Air Quality.10
                                                                                     

Introduction
Atmospheric aerosols are broadly defined as particles either in the solid or liquid form suspended in the 
atmosphere. The study of aerosols has two main objectives; (1) Direct impact on public health  and (2) their 
role in modulating weather and climate over a region (Ravikrishna, 2012, Pandithurai et al., 2008) . To 
monitor and quantify the physical and chemical properties of aerosols, techniques like in situ or remote 
sensing are used. In an in situ method aerosol mass concentration on the surface is estimated by weighing 
dried aerosol mass after being collected on filters, which provide PM where n=2.5 or 10 µm depending on the n 

biggest particles collected. In remote sensing techniques radiation field is observed as it interacts with the 
aerosol. Active remote sensors like LIDAR utilizes its own light where as passive remote sensors like Sun 
photometers use sun light as source. In the present work the relationship between the AOD values measured 
with a hand held Sunphotometer MICROTOPS II and the PM  measured using a high volume sampler, over 10

Kannur is studied. The increase in particulate matter associated with the Vishu festival and its impact on air 
quality are also discussed.
                                                                                     

Data Set and Method
o o

The measurements for the study were carried out at the Kannur University campus (11.9  N, 75.4  E) a 
location lying along the coastal belt of Arabian Sea in the West coast region of Indian subcontinent. The 
observation site is close to the National Highway (NH 17) and is a semi urban area. Aerosol optical depth at 
five discrete wavelength regions (340 nm,440nm,675nm, 870 nm and 1020 nm)were collected using a hand 
held Sun photometer  (MICROTOPS II) on all clear sky days from 9.00 – 17.00 hrs at 30 minute intervals. 
Aerosol samples (PM ) on a pre weighted filter paper attached with a high volume sampler (Envirotech, New 10

Delhi, model APM-640 NL) were collected. The particle concentrations were determined gravimetrically 
through the difference in the masses before and after sampling using a quartz crystal microbalance. 23 clear 
sky days' data were used for the analysis. The relationship between AOD at different wavelengths and 12 h 
PM  mass concentration was investigated with statistical tools. 10
                                                                                     

Results and Discussion
2

The Karl Pearson's coefficient (r), adjusted R  and standard error for each case are shown in table 1.The linear 
regression of AOD – PM  data is depicted in figure 1. It is found that there exists a strong positive correlation 10

between AOD at 340 nm, 440 nm and 675 nm with PM  and is statistically significant at 95% confidence 10

level. The correlation is positive but moderate in the case of other two wave lengths. Since the observation site 
is near to the Arabian Sea the influence of marine aerosols are significant (Praseed et al., 2012). The 
hygroscopic aerosols which are coarse in nature cause an uncertainty in the AOD values, as the relative 
humidity and temperature changes (Moorthy et al., 1988). This change is more prominent at higher 
wavelengths. More over the PM  values at the ground level do not represent the entire mass concentration 10

from the air column over the location.
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Table 1. Regression analysis results between AOD at different wavelength with Pm10

                                                                                     

                  

Figure 1: Linear regression of the AOD-PM  data at four wave lengths.10
                                                                                     

From the regression analysis results we can conclude that he values of the obtained slopes and intercepts of 
the regression lines can be used with a fairly high degree of confidence to estimate near ground concentration 
of PM  during the days when such measurements have not been performed.10

Analysis of three years' data indicates a consistent increase in AOD values in the second week of April 
th thassociated with Vishu festival. Vishu a major festival in Kerala falls on 14  or 15  of April every year. Vishu is 

associated with coordinated fireworks starting from the eve of the Vishu to two- three days after it. It is 
identified that the organic and inorganic particulate matter is considerably enhanced as a result of this 
fireworks festival (Nishanth et al., 2012). The variations of AOD values are shown in figure 2. The variation is 
more at the lower wavelength region, which indicates the domination of fine mode aerosols over coarse mode 

3during firework festivals. 24 h PM  concentration for the Vishu day was found to be (120 ± 8) µg/m  which is 10

greater than the regulatory standard for PM  in ambient air. The variations of PM  concentrations during the 10 10

Vishu episode during the year 2012 and 2013 are depicted in figure 3.
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Figure 2 : Variations of aerosol optical depth in the Vishu episode.    

                                                                                     

Figure 3 : Variations of PM  concentration during the Vishu episode10
                                                                                     

Conclusions
The MICROTOPS retrieved AOD data have a good positive correlation with the PM  concentrations which 10

is an air quality parameter. This indicates that air quality can be well studied from the AOD values. The smoke 
from fireworks comprising mainly of fine particles can cause respiratory problems and health issues.                                                          
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Introduction 
Natural dust is considered as one of the major aerosol contributor in the global atmosphere which affects the 
Earth's climate through interaction with both solar and thermal infrared radiation (Kim et al., 2011). It also 
affects atmospheric dynamics, soil characteristics, nutrient dynamics, atmospheric chemistry, ambient air 
quality, and ocean biogeochemistry over wide ranges of spatial and temporal scales (Haywood et al., 2005). 
On a global scale, dust contributes to about one quarter of aerosol optical depth (AOD) in the mid-visible 
wavelengths (Kinne et al., 2006). The evaluation of the dust - radiation interaction is of prime importance for 
climate forcing assessment at both local and regional scales due to large uncertainties in assessing the dust 
climate impacts. One of the major sources of uncertainty in dust radiative forcing is associated with dust 
optical and physical properties on account of complexities in dust size distribution, morphology and mineral 
composition. In order to assess the impact of March 2012 dust event on aerosol radiative forcing and the 
associated heating rates, in the present study, we chose seven Asian AERONET stations viz., 
KAUST_Campus (KAUST) in Saudi Arabia (SA), Mezaira (MEZ)  in United Arab Emirates (UAE), Lahore 
(LAH) and Karachi (KAR) in Pakistan and  Kanpur(KAN), Jaipur (JAI), Gandhi College, New Delhi and 
Pune (PUN) in India.
                                             

Method 
Aerosol radiative forcing and atmospheric heating rate
The aerosol radiative forcing is defined as the change (ÄF) in the net flux (F), either at the top of the 
atmosphere (TOA) or at the bottom of the atmosphere (BOA, i. e. at the surface) produced due to the change in 
the environment. This change is ascribed to the natural and anthropogenic perturbation in the atmospheric 
composition, nature of the constituent species, cloudiness, or surface properties. In case of aerosol radiative 
forcing (ARF),
                                             

                           

Where, F  and F  are respectively the net fluxes with and without aerosols.  As a result of both BOA and A NA

TOA, the net atmospheric forcing is defined as:

(ÄF)  represents the amount of energy trapped within the atmosphere due to presence of aerosols. For ATM

positive (ÄF)  aerosols produce net gain of radiative flux to the atmosphere leading to a heating, while a ATM

negative (ÄF)  indicates a net loss and thereby cooling. Radiative and hence the climate implications of ATM

-2
aerosols are assessed in terms of the atmospheric heating rates. Atmospheric forcing in Wm , in equation (2), 
is used to estimate  heating rate in K/d following equation (3).
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Results And Dicussion
Fig. 1 shows the AERONET retrieved aerosol radiative forcing (ARF) at the seven stations on non-dusty and 
dusty days. From the figure, it is seen that the daily average surface aerosol radiative forcing is found to be 

-2 -2
maximum at Lahore (- 137 Wm ) and minimum at Jaipur (- 76 Wm ) while the top of the atmosphere (TOA) 

-2 -2forcing showed maximum at KAUST_Campus (- 68 Wm ) and minimum at Mezaira (- 22 Wm ).  As a result 
-2 -2of this, the average atmospheric forcing is found to be in the range 41 Wm (Jaipur) to 111 Wm  (Mezaira). 

Large differences between TOA and BOA  forcing demonstrate that the solar radiation is being absorbed 
within the atmosphere corresponding to the heating of the atmosphere while at same time the earths' surface 
becomes cooler (Alam et al., 2011). This can substantially alter the atmospheric stability and influence the 
dynamic system of the atmosphere.

-2Figure1: Variation of the daily averaged AERONET retrieved aerosol radiative forcing (W m ) at the TOA, BOA and in 
atmosphere at the seven AERONET station during March 2012. 

                                             

The ratio of BOA to TOA forcing is a very good indicator of the implication of absorbing aerosols. Absorbing 
aerosols increase surface forcing and decrease TOA forcing resulting in an increase in the ratio. Thus, higher 
ratio implies greater absorption and hence large atmospheric heating. Table 1 gives the ratio of BOA to TOA 
forcing and corresponding heating rates at the seven AERONET stations for the month of March 2012 which 
includes dusty as well as non-dusty days. In the table, ratio of BOA to TOA forcing and heating rates for two 
more AERONET stations located in IGP region viz., Gandhi College and New Delhi are also given.  From the 
table, it is seen that the ratio of BOA to TOA forcing is maximum (~ 6.76) at Mezaira while it is minimum (~ 
1.89) at KAUST_Campus associated with high (1.888±1.15) and moderate (0.890±0.40) heating rate. 
Heating at Gandhi College and New Delhi are low as compared to the other sites. The heating rates are also 
moderate over the remaining sites indicating higher atmospheric absorption. 
                                             

At the mega city, New Delhi Singh et al., (2010) have reported  monthly average clear-sky direct aerosol 
radiative forcing at BOA in the range - 46±8Wm- 2 to - 110±20Wm- 2, at TOA in the range - 1.4±0.4 to 
21±2Wm- 2, and in the atmosphere it was in the range 46±9Wm- 2 to 115±19Wm- 2 throughout the year. 
                  

Table 1: Estimated heating rates and ratio of radiative forcing at bottom and at top of atmosphere at different locations during 
March 2012. (* New Delhi during March 2009).
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Similarly, at the same observing site Pandithurai et al., (2008) have also reported consistent surface cooling  
ranging from - 39 Wm- 2 (March) to - 99 Wm- 2 (June) and an increase in heating of the atmosphere from 27 

2Wm- 2 (March) to 123 W/m  (June). Heating rates in the lower atmosphere (i. e. up to 5 km) are 0.6, 1.3, 2.1, 
and 2.5K/day from March, April, May, and June 2006, respectively. Five year (2001-2005) monthly mean 
estimates of aerosol induced direct radiative effects over Kanpur reveal that the anthropogenic aerosols 
contribute 65.4% to the mean annul heating rate of 0.84 K/day( Dey and Tripathi, 2008). From the table, is 
seen that radiative forcing effects over seven AERONET sites including Kanpur appears to be considerably 
higher highlighting the influence of dust episode event of March 2012.
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The aerosol effect on climate is very complex, and it depends on several 
microphysical properties, such as composition, size distribution, hygroscopic behaviour and other properties 
(Jacobson, 2001). Aerosols act as Cloud Condensation Nuclei (CCN) there by affecting the droplet 
concentration, optical properties, precipitation rate and life time of clouds (Rosefield, 2000) and semi-
directly by evaporating the clouds (Ackerman et al., 2000). The direct and indirect effects of atmospheric 
aerosols on radiative forcing and cloud physics are strongly dependent on particle size characteristics and 
chemical composition. To understand the effects of aerosols on our geo/biosphere systems, it is essential to 
characterize their optical, physical, and chemical properties at as many locations as possible because of the 
regional nature of their properties and their short lifetime (Moorthy et al., 1999; Satheesh et al., 2002). The 
spectral aerosol optical depth (AOD), which is an indicator of the aerosol loading in the vertical column of the 
atmosphere, constitutes the main parameter to assess the aerosol radiative forcing and its impact on climate. 

0Moreover, the analysis of AOD spectral dependence expressed by the ° Angstr¨om exponent (A ) and the 
0study of relationship between AOD and A  can be useful to distinguish different aerosol types. Eck et al. 

(1999) established a curvature in the ln AOD versus ln ë expression, which is very sensitive to the aerosol type 
and to the fine-to-coarse mode fraction. More specifically, they investigated the sensitivity of the Ångström 
exponent to both unimodal and bimodal aerosol-size distributions by using Multi-wavelength Mie 
computations, and they explored the information content in the curvature. They found that different values of 
the fine-mode fraction strongly modify the curvature changing its sign from negative to positive. (Kaskaoutis 
and Kambezidis, 2006). 
                                                                              

Results and Discussions
0

Scattering Angstrom exponent (A )
0 0The diurnal seasonal mean A  is illuminated in Fig. 1. A clear diurnal pattern is observed in all seasons for A  

with two local maxima occurring early in the morning (06:00-08:00 hrs) and late in the evening (18:00-20:00 
hrs). This diurnal pattern is mainly attributed to the diurnal evolution of local anthropogenic activities 
(biomass burning, solid waste burning and traffic emission) and atmospheric boundary layer. In winter during 
rush hours, vehicles emit fresh pollutants and carboneous aerosols emitted by burning activities, which are 

0small in size and conflict near earth surface due to shallow boundary layer. The A  shows greater than unity in 
winter and summer, indicates domination of fine mode particles at the study site. In contrast, monsoon has 
lower than the unity, suggested significant domination of coarse mode particles due to prevailing winds from 
Oceans.

2Space Physics Laboratory, Vikram Sarabhai Space Center, Thiruvanantapuram - 695 022, India.

Keywords: Aerosol optical depth (AOD), Angstrom Exponent , Aerosol optical properties

Introduction
Atmospheric aerosols in general and particulate matter (PM) in particular are a complex mixture of solid 
and/or liquid particles suspended in the atmosphere. These particles vary in diameter from a few nanometres 
to a few hundred micrometres, depending on the source, the formation mechanisms, and the geographical and 
meteorological conditions. 
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Figure 1: Seasonal variation of scattering angstrom exponent.
                                                                              

Curvature of the ln (AOD) versus ln (function)
The optical properties of aerosols alone cannot provide information about the aerosol types. Indeed, further 
investigation is required to coefficients of second order polynomial fit are more appropriate for the 
discrimination of aerosol size to the dominance of either of the aerosols size. The annual variability of 
coefficients a and a  (curvature in the polynomial fit) are plotted against AOD  and á (Fig.2). The 1 2 500nm 380-1020 

coefficients a and a are used to identify different modes of aerosols over the measured location. This study 2 1

confirmed that during study period large number of negative a  and a  values indicates that fine mode aerosols 2 1

are dominant. The large concentration of fine mode aerosol is attributed to anthropogenic aerosols released 
into the atmosphere by anthropogenic activities.

                                                                              

Figure 2: Variations of the coefficients a  against AOD  for the period of study at Anantapur.1 500
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Conclusions
?The spectral variation of AOD suggested dominance of fine-mode particles over the study area.

0
? The A  shows greater than unity in winter and summer, indicates domination of fine mode particles at 

the study site. In contrast, monsoon has lower than the unity, suggested significant domination of coarse 
mode particles due to prevailing winds from Oceans.  

? This diurnal pattern is mainly attributed to the diurnal evolution of local anthropogenic activities 
0

(biomass burning, solid waste burning and traffic emission) and atmospheric boundary layer. The A  
shows greater than unity in winter and summer, indicates domination of fine mode particles at the study 
site.

? The study of coefficients a and a are confirmed that during study period large number of negative a  and 2 1 2

a  values indicates that fine mode aerosols are dominant. All these analysis are strongly suggested that 1

fine mode particles are dominated over the study location during the study period.  
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Introduction
Aerosols can scatter and absorb solar radiation based on their physical, optical and chemical properties. It can 
modulate incoming solar radiation and thus altering direct radiative forcing. It can also indirectly modify the 
cloud micro-physics by acting as cloud condensation nuclei (CCN). Man is altering the aerosol environment 
through land cover change, combustion of fossil fuels and the introduction of particulate and gas species to 
the atmosphere, with a significant but uncertain amount. Each perturbation has some impact on the local 
aerosol environment. In addition to climate impact, epidemiological research has made it clear that aerosols 
have a large impact on human health also (heart and lung diseases including asthma and bronchitis). Ground 
based observations can provide a detailed quantitative and qualitative understanding of aerosol properties 
and composition but they are usually limited in temporal and spatial coverage. The use of satellite data in this 
aspect provides routine measurements of aerosol properties on a global scale with varied retrieval accuracies. 
In the present study, we have attempted to analyse optical properties of aerosols as well as their temporal 
heterogeneities over an urban area, Hyderabad using ground and satellite based observations. Different types 
of aerosols were identified and their seasonal percentage contributions analysed. A decadal satellite based 
AOD trend analysis was also attempted. 
                                                     

Methods
In-situ measurements were carried out at National Remote Sensing Centre (NRSC) located in the middle of 
urban area, over a period of 2009-2013. Spectral aerosol optical depth was measured by well calibrated 
Microtops-II at six wavelengths (380nm, 440nm, 500nm, 675nm, 870nm and 1020nm). It provides 
instantaneous AOD by measuring instantaneous solar flux in conjunction with a set of calibration constants 
and location information from an in-built GPS receiver. Ångström coefficients ('á' and 'â') were calculated 

-á 
using Ångström relation (Ångström, A., 1961) as AOD  = âë ,where, AOD  is the approximated aerosol ë ë

optical depth at the wavelength ë, â is the Ångström's turbidity coefficient, which equals AOD  at ë=1ìm, and ë

'á' is the Ångström exponent. The Ångström parameter 'á' is a measure of the ratio of accumulation mode to 
coarse mode concentrations of the columnar aerosols with higher values representing increased abundance of 
accumulation mode aerosols. The Ångström parameter 'á' calculated in the wavelength region of 380-870nm. 
The seasonal variation of AOD and its 'á' analysed for the study period 2009-2013. Following Kaskaouties et 
al., 2009 we tried to characterize the atmospheric aerosols during different seasons using a scatter plot 
between AOD and á. The dominant aerosol types over the region are classified into four types viz (1) Marine 
Influenced aerosols (MI), (2) Urban/industrial aerosols under high AOD (HUI), (3) Desert dust particles 
under high AOD (HDD) and (4) Mixed type (MT), includes those aerosol which do not belong to the above 
mentioned 3 classes.
                                                     

The Microtops-II observations have been compared with Multi Imaging Spectro Radiometer (MISR) derived 
AOD. MISR is the only space borne instrument on Terra platform that views the sunlit Earth simultaneously 
at nine widely spaced angles. Spectral AOD obtained from MISR have been used to analyse the long term 
trend of AOD variations over Hyderabad. Towards this time series data of monthly mean spectral AOD over 
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Hyderabad from January 2001 to December 2012 was analysed.
                                                     

Conclusions
In the present study we investigated the aerosol properties using Microtops measurement at the urban site, 
Hyderabad. MISR derived AOD has been used to analyse the decadal trend of AOD over Hyderabad. The 
results of the study suggests that
                                                     

· Monthly mean AOD gradually increases from January reaches a maximum in April and thereafter it 
decreases during monsoon months, a secondary peak was observed during the month of October and 
then it falls off to a minimum in December (Figure 1a). Occurrence of Premonsoon peak could be due to 
heating of land surface, transport of suspended dust and anthropogenic emissions along with emission 
from biomass burning. Observed secondary peak could be mainly associated with the agricultural 
residue burning in post harvest season.

· The values of á (380-870nm) during pre-monsoon, monsoon, post-monsoon and winter are 0.96, 0.52, 
1.13 and 1.07 respectively The variation in alpha values during different seasons clearly shows the 
transformation of AOD spectra from accumulation mode during post-monsoon and winter to coarse 
mode in pre-monsoon and monsoon.

· Study revealed that irrespective of seasonal variations, the study area is dominated by mixed type (MT) 
of aerosols. MT contributions during pre-monsoon, monsoon, post-monsoon and winter are ~60%, 
~85%, ~79% and ~76% respectively (Figure 1b)

· HUI contributions for different season vary from 18-28%, except monsoon where its contributions 
reduces to 2%, which could be due to washout of anthropogenic contributor.

· An existence of moderate correlation observed between MISR derived AOD and Microtops-II over 
Hyderabad. This could be due to comparison of point observations vs. model based grided 
observations. Other reason could be due to improper assumptions of ground reflectance and 
inconsistency in selection of aerosol model while deriving MISR AOD.

· The long term time series analysis of monthly mean spectral AOD retrieved from MISR over 
Hyderabad (2001- 2012) showed an incremental AOD trend of 0.07 per decade at 558nm.

Figure 1 : (a) Seasonal variation of AOD (500nm)            Figure 1: (b) Seasonal variations of aerosol types
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Introduction
Aerosols attenuate solar radiation that reaches the earth's surface and alter its radiation balance depending on 
their concentration and optical properties. The presence of aerosols controls the warming/cooling of the 
atmosphere (Seinfeld, 2008). The aerosol number concentration over land is dominated by anthropogenic 
activities and is maximum near the surface. Therefore, measurements on the surface at different locations are 
essential to understand aerosol sources, formation processes and radiative properties and to analyze their 
impacts on the environment.
                                                                               

Black carbon (BC) aerosols are formed by all kinds of incomplete combustion processes. BC are strong 
absorbers of radiation in visible and near-infrared parts of the spectrum, where most of the solar energy is 
concentrated. BC has warming effect on the atmosphere and on the global scale it is considered to be second 
largest rediative forcing agent after CO  (Ramanathan and Carmichael, 2008). Earlier studies affirm that BC 2

aerosols are predominant over the Indo-Gangetic Plain (IGP) (Venkatraman et al., 2005; Guazootti, 2003). 
The present study reports BC mass concentration measurements and aerosol optical depth (AOD) over 
Gorakhpur, which is in the IGP, during August 2013 to June 2014. During October 2013 cyclone 'Phailin' 
affected the aerosol washout and scavenging. Its effect on BC mass concentration over Gorakhpur is 
discussed.
                                                                               

Site Description
Gorakhpur, 26.75 °N, 83.38 °E and 85m amsl, is situated in the Terai belt of Eastern Uttar Pradesh, in the foot 
hills of the Himalayas. It is 270 Km due East of Lucknow, about 220 Km North of Varanasi and the Nepal 
border is in its North at about 100 Km. It has a potential and strategic location in the IGP for examining the 
long-range transport of aerosols. The temperature at Gorakhpur varies from a maximum of about 45°C to a 
minimum of about 3°C and average annual rainfall of about 1500 mm.
                                                                               

Instruments and Observations
Continuous measurement of BC mass concentration was carried out starting from August 2013 using a Magee 
Scientific Aethalometer, AE-33. The absorption, by aerosols from the ambient air accumulated on a quartz 
fibre tape, at seven wavelengths 370, 470, 520, 590, 660, 880 and 950 nm is used to estimate BC mass 
concentration. The instrument has a time base of 1 minute and the flow rate is set to 3 LPM. Measurements of 
spectral AODs have been carried out from October 2013 onwards using a multi-wavelength solar radiometer 
(MWR) that follows the principle of filter wheel radiometry at ten wavelength bands 380, 400, 450, 500, 600, 
650, 750, 850, 935 and 1025 nm (Moorthy et al., 2007).
                                                                               

BC Mass Concentration
During the period of observation the daily mean BC concentration at Gorakhpur varied between 1000 and 

-3 -356000 ng m  with a mean of 20000±15000 ng m . Figure 1 shows the monthly mean BC concentration, in 
blue dot, which is continuously increasing from August to December after that it decreases gradually with the 
approaching summer. The mean seasonal diurnal variation is also shown in Figure 1(b).
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Figure 1: BC mass concentration over Gorakhpur: (a) Daily, monthly and (b) Seasonal variation.
                                                                               

Increasing BC concentration from August to January is related to shortening of daytime and approaching 
winter. Local domestic anthropogenic activities such as outdoor fires for warming by using wood, dry animal-
dung etc. during winter nights along with confinement by the shallow atmospheric boundary layer (ABL) 
leads to the gradual increase in BC from autumn to winter. On clear days BC concentration exhibits a diurnal 
variation with a low point during daytime (1400 to 1600 LST) and a high during night-time (around 2200 
LST).

Wind transport for 2-days of Winter and Monsoon season using Hybrid Single-Particle Lagrangian Integrated 
Trajectory (HYSPLIT) model (Draxler et al., 2003) is shown in Figure 2. It is clearly seen that the wind 
transport in winter is predominantly from North West (NW) side due to western disturbances, which causes 
low temperature in IGP. In winter, BC concentration is high possibly due to cloudy and hazy condition and 
due to most pollutant sources are on the NW side of the station. During Monsoon season, most of the moist air 
masses travel from South and East sectors causing rainfall that reduces BC mass concentration due to 
washout. Study over a few more seasonal cycles and correlation with meteorological data will improve our 
understanding of these features in this region of the IGP.

            

Figure 3: Cyclone 'Phailin' effect on BC mass concentration at Gorakhpur.
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In October 2013 the super cyclone 'Phailin' hit the shores of Orissa and Andhra Pradesh, transporting large 
amount of cloud mass towards northern India. The eastern region of Uttar Pradesh experienced heavy rainfall 

th
and winds that began two days later in the morning of 13  October. Heavy rainfall, measuring 43 mm 

th(http://www.accuweather.com) on 14  October, continued throughout the day resulting in a temperature dip 
thand also reduced BC concentration drastically. The impact of cyclone continued until 15  October. Figure 3 

presents the BC data during this period. In this period the average BC concentration on normal days reaches 
-3 th th14408 ng m . While during the Phailin effect rainy days, between 13  and 15  October, BC reduces with 

-3average of about 1040 ng m . BC concentration significantly reduces after rainfall due to scavenging process. 
th -3 th

The peak value of BC concentration during the clear day on 17  October is 41608 ng m , while on 14  October 
-3it is only 3764.5 ng m .

Spectral AOD 
The AOD measurements are taken from October 2013 over Gorakhpur and the monthly average is shown in 
Figure 4(a). It is observed that at shorter wavelengths AOD are higher while at longer wavelength they are 
relatively lower, attributed to the presence of fine to coarse particle sizes. Minimum AOD is observed during 
the month of October, possibly due to weak gas-to-particle conversion process. While during May, high value 
of AOD is possibly due to coarse dust particles carried by south westerly winds from Thar Desert. Figure 4(b) 
shows monthly mean variation of angstrom and turbidity parameter. It shows that á is high during post 
monsoon and winter months, suggesting that small aerosol particles are dominated over the study region. 
Low value of á and high value of â during May and June can be attributed to the abundance of large sized 
particles in the atmosphere. It also suggests comparatively hazy and turbid atmosphere in these days while 
low value of â indicates a relatively cleaner atmosphere.

Figure 4: (a) Monthly Mean Variation In Spectral Aod And (b) The Scattering Á And Â Values.
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Introduction
Aerosols exert influence on the earth's environment, climate and human health. The complexity of aerosol-
related processes requires that information gathered to improve our understanding of climate change must 
originate from multiple sources, and that effective strategy for data integration need to be established. The 
Indian sub-continent exhibits a diverse topography with large variability in vegetation cover, ranging from 
the desert regions in the northwest to semi-arid areas in the central-south and to dense vegetated areas along 
the south-western coast and the north-eastern part. There is a great challenge in characterising the nature and 
occurrence of atmospheric aerosols for a vast country like India and to effectively computing its radiative 
forcing to reduce uncertainties in climate prediction. For decades, the concentration of aerosols in the lower 
atmosphere has increased steadily primarily owing to industrial activity and biomass burning, but also to 
secondary aerosol formation, changes in land-use, and volcanic activity. There is clear evidence of the effect 
of aerosols on radiation as measured at Earth's surface and at the top of the atmosphere and its link to aerosol 
size distribution and composition. Common examples of the adverse health effects of aerosols among humans 
are the higher incidence of bronchial infections during periods of high aerosol loading, and short- and long-
term adverse reactions to the toxicity of pollution particles. Their presence also affects photosynthesis and 
agricultural production. In rural areas bio-fuels such as fuel wood, dung cake and crop waste predominantly 
contribute to aerosol formation (Habib et al., 2006) while in the urban region it is dominated by vehicular and 
industrial emissions along with dust component. 
                                                                     

Satellite-based measurements of aerosols are one effective way to understand the role of aerosols in climate in 
terms of spatial and temporal variability. In the present study, we attempted to analyse spatial and temporal 
variations of satellite derived aerosol optical depth over India. 
                                                                     

Methods
For systematic investigation of the spatial heterogeneity of aerosol optical depth (AOD) within the Indian 
subcontinent, the whole area is gridded into five different zones, coded as  Indo Gangetic Plains (IGP), Indian 
Main Land (IML), Southern India1(SI-1), Southern India2(SI-2), Northeast India (NE). The regions have 
been divided taking into consideration the topography, population density and industrial activity as 

0 0
mentioned in literature. A grid with spatial resolution of 1  ×1  have been created using Arc info software over 
Indian region and five different zones viz. IGP ,IML,SI-1,SI-2 and NE were created as shown in Figure 1a.. 
The Terra-MODIS AOD data obtained from the Giovanni site (disc.sci.gsfc.nasa.gov/Giovanni/) have been 
assigned to corresponding grid location. Considering each grid daily data, monthly average of AOD for each 
year was calculated. Then daily average AODs for each grid over a period of 2000-2011 were calculated. The 
seasonal variations of each grid over the same period were analysed. Long term monthly variations of AOD  550

from Terra MODIS (2000-2011) over different region of India with respect to all India average AOD values 
are shown in the Figure 1b. For the present study four seasons are considered: winter (December, January, 
February,), pre-monsoon (March, April, May,), monsoon (June, July, August, September) and post -monsoon 
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(October, November). For all the five regions, grid wise AODs are regrouped in to three categories (<0.3, 0.3-
0.5,>0.5) representing low, medium and high aerosol loading and their frequency distribution of each 
category was analyzed. 
                                                                     

Figure 1: (a) Study area divided into 5 zones and (b) Long term monthly variations of AOD  from Terra MODIS (2000-2011) 550

over different regions of India

Conclusions
In the present study spatial and temporal variation of AOD over Indian region was investigated. The results of 
the study are as following
                                                                     

Long term monthly average AOD values 
· Maximum AOD observed in May for all five regions except North East where maximum AOD occurs in 

March, which is the post harvesting season in NE. 
· Among all the regions, IGP showed the highest peak AOD value (0.52±0.17). This is due to the fact that 
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IGP is highly polluted, populated, industrialized region in India. Heavy dust loading and biomass 
burning emissions (Wheat residue burning in April-May) results in maximum column AOD during pre-
monsoon period. There is a continuous increase in the aerosols observed during March to May.

· SI-2 shows lower AOD values compared to all India average values in all months. AOD peaks during 
April-May (0.26±0.06) months could be due to high biomass burning. South west monsoon is very 
prominent in Kerala and North east monsoon is prominent in Tamil Nadu. In November onwards heavy 
rainfall starts in Tamil Nadu & and Kerala, which lasts up to December. This could be the major cause 
for decreasing AOD levels during November – December.

                                                                     

Seasonal variation of AOD 
· It is observed that IGP shows highest AOD values in all seasons compared to other regions of India. IGP 

region shows almost similar AOD values in winter and post monsoon and a little higher AOD in pre-
monsoon. High average optical depths were found over the Gangetic basin compared to other regions of 
India during the winter season, which agrees with earlier studies that used different data sources (Di 
Girolamo et al. 2004). The higher AOD concentrations during pre-monsoon over this region are due to 
the transfer of dust particles from the Thar Desert and the dust originating from Gulf area compounded 
with local anthropogenic emissions. Release of aerosols in coal and other mining areas adjacent to the 
south eastern segment of the Gangetic basin is also contributes in the higher aerosol loading of IGP. 

· IGP and IML show slight decreasing trend in AOD values in pre-monsoon over the study period. This 
could be due to significant increase in crop-land areas and decrease in scrubland areas in these two 
regions.

· In NE AOD values are very high in pre-monsoon compared to other seasons as forest fires during this 
season cause high AOD values. Post-monsoon AOD shows the lowest value in NE compared to other 
regions as post-monsoon heavy rain causes wet removal of aerosol in this region.

· SI-1 shows higher values of AOD during pre-monsoon compared to other season and also show a sharp 
increasing trend during pre-monsoon while SI2 shows comparable AODs during pre-monsoon and 
post-monsoon. High AOD values in SI-1 could be due to drastic urbanization and industrialization 
occurs in two major cities viz. Mumbai and Hyderabad.

                                                                     

Frequency Distribution
· Frequency distribution of AOD (<0.2, 0.3-0.5,>0.5) shows a shift of distribution of AOD from <0.3 to 

0.3-0.5 during the study period in all regions except IGP. In IGP shift of frequency of AOD values 
occurs from 0.3-0.5 to >0.5.
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Results and Discussion
Diurnal and Monthly Variation in SSA and Absorption Coefficient
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Correlation Between Absorption and Visibility
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Introduction 
Ambient aerosols consist of organics, mineral dust, metals as well as sea salts and inorganic pollutants and 
relative abundance of these components is highly variable both temporally and spatially (Zhu et al., 2014; 
Sharma et al., 2014). Aerosols containing carbonaceous particles have important effects on climate as well as 
the Earth's atmospheric system. Ram and Sarin (2010) reported that carbonaceous aerosols may even 
contribute upto ~30-35% of the TSP mass over the Indo Gangetic Plain (IGP) during winter, although, water 
soluble inorganic components (WSIC) were of the order of 15-20%. Several researchers have reported 
chemical compositions of total suspended particulates (TSP) in the Indian region (Tare et al., 2006; Tiwari et 
al., 2009; Rengarajan et al., 2011), however very limited studies have been reported over the Himalayan 
region. The assessment of ambient air quality of the Himalayan region of India is one the major issues as it has 
been affected due to rapid urbanization and mass tourism activities (Banerjee et al., 2011). In this paper, we 
present the chemical characteristics of TSP over 4 locations (Palampur, Kullu, Shimla and Solan) of 
Himachal Pradesh, a northwestern Himalayan region of India. 
                                                             

Methodology 
TSP samples (n=8; collected for 8 h) were collected at 4 different locations (Palampur, Kullu, Shimla and 
Solan) of Himachal Pradesh (HP), India in campaign mode during 12-22 March 2013 (Figure 1). The 
descriptions of 4 locations are:

Figure 1: Map of observational sites.
                                                             

o o1) Institute of Himalayan Biotechnology, Palampur (32 6.65'N 76 32.18', 1300 m amsl);2) G.B. Pant Institute 
o oof Himalayan Environment and Development, Mohal, Kullu (31 54.85'N/77 7.22'E, 1155 m amsl);  3) 

o o
Himachal Pradesh University (31 6.86'N 77 8.70'E, 2206 m amsl), Shimla and 4) Dr. Y S Parmar University 

o o
of Horticulture and Forestry, Nauni (31 51.61'N 77 10.11'E, 1304 m amsl), Solan. TSP samples were 

ocollected at all the locations (8 h basis) on prebaked (550 C at least 6h) Whatman quartz microfiber (QM-A) 
filters by using High Volume Sampler. Analysis of OC, EC, WSIC and trace elements of TSP mass has been 
carried out by using OC/EC carbon analyzer; Ion Chromatograph and Rigaku ZSX Primus Wavelength 
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Dispersive X-ray Fluorescence Spectrometer (WD-XRF) respectively. The details of chemical analysis of 
TSP are discussed in Sharma et al. (2013).
                                                             

Results and Discussion
The average concentration of TSP mass was recorded as 75.5 ± 12.2, 80.1 ± 15.7, 75.25 ± 23.3, and 92.1 ± 16.7 

-3 
µg m at Palampur, Kullu, Shimla and Solan respectively of the northwestern Himalayan region of India. The 
chemical characteristics (OC, EC, WSIC and trace elements) of TSP mass at different locations of the 
northwestern Himalayan region were summarized in Table 1. The average mass concentration of TSP was 

-3
estimated as 80.7 ± 16.7 µg m  over the region whereas the maximum concentration of TSP was recorded 

-3 -3
(92.1 µg m ) at Solan and minimum (75.2 µg m ) at Shimla. 
                                                             

-3Table 1: Concentrations (µg m ) of TSP mass, OC, EC, WSIC and trace elements of TSP over northwestern Himalayan region of 
India.

± Standard deviation (n = 8)
                                                             

OC, EC, WSIC and trace elements (Al, S, Si, Cr, Ti, Fe, Zn, Ag, Sb, Ba and Cs etc.,) of TSP mass were also 
analyzed for their chemical characterization. It has been observed that the average of total carbon (TC = OC + 
EC) concentration contribute ~ 21% to the TSP mass, whereas, water soluble inorganic ionic species (WSIC: 
sum of the concentrations of the cations and anions) account for ~ 45% of TSP mass (Figure 2). In the present 
study, the trace elements (Al, S, Si, Cr, Ti, Fe, Zn, Ag, Sb, Ba and Cs etc.,) contribute to ~5% of TSP mass. The 
contribution of unidentified mass (UM), estimated as ~29% of TSP mass by subtracting TC, WSIC and trace 
elements concentrations from the TSP mass (Figure 2). The UM of TSP over the region could be from 
carbonate rich minerals, calcium sulphate and alumino-silicates etc. 
                                                             

+
For gas-to-particle conversion by NH , it is essential to have NH -rich environment and to capture this 4 3

process the constituents of aerosols must be analyzed in a meaningful manner by computing the equivalent 
+ 2- + - + 2- - -ratios of NH / SO , NH / NO  and NH /( SO + NO  + Cl ). In the present study, the significant positive 4 4 4 3 4 4 3

+ 2- - - + 2- 2 + - 2 +linear correlation of NH  with SO , NO  and Cl  (NH  vs. SO , r = 0.56; NH  vs. NO , r = 0.63; and NH  4 4 3 4 4 4 3 4

- 2 
vs. Cl , r = 0.53) of TSP indicating the presence of (NH ) SO , NH NO  and NH Cl aerosols over the region.4 2 4 4 3 4
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Figure 2: Percent distribution of chemical constituents of TSP at different locations of HP, India. 

The analysis of surface wind speeds and wind directions alongwith ratios of chemical composition (OC/EC, 
+ + - 2-K /OC, K /EC, Cl /EC and SO /EC) of TSP suggests the possible combined influences of local activities i.e., 4

+ 2+ -road side vehicles, agricultural activities and biomass burning, etc., over the region. K/K , Ca/Ca  and Cl/Cl  
ratios of TSP were also estimated as 1.31, 1.24 and 2.12 respectively, which indicate that the vehicular 
emission, biomass burning, crustal dust and road dust may be the sources of TSP at the observational sites 
(Sharma et al., 2014). 
                                                             

Conclusions 
The average concentration of TSP mass was recorded as 75.5 ± 12.2, 80.1 ± 15.7, 75.25 ± 23.3, and 92.1 ± 16.7 

-3 
µg m at Palampur, Kullu, Shimla and Solan respectively of the northwestern Himalayan region of India. This 
work shows the spatial variation of chemical constituents of TSP mass over the region with possible 

+ 2- - - +influences of local activities. Significant positive linear correlation of NH  with SO , NO  and Cl  (NH  vs. 4 4 3 4

2- 2 + - 2 + - 2 
SO , r = 0.56; NH  vs. NO , r = 0.63; and NH  vs. Cl , r = 0.53) of TSP indicates the presence of (NH ) SO , 4 4 3 4 4 2 4

NH NO  and NH Cl aerosols over the region. However, long-term measurements of these pollutants will lead 4 3 4

to seasonal variation and source apportionment of pollutants over the region. 
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Introduction
Indoor air pollution has been recognized as the second largest killer in South Asia. People spend greater than 
80% of the time in indoor environment, which makes it necessary to evaluate Indoor Air Quality (IAQ) in 
terms of contaminant concentrations and distributions for assessing total human exposure (Delgado-Saborit 
et al. 2011, Koistinen et al. 2001, Hoek et al. 2008). A study in Northern India (Masih et. al. 2012) used 
Principal Component Analysis (PCA) and revealed that indoors the most common sources of PAHs were 
cooking, smoking, and incense burning. Löfroth et al., (1991), suggest that incense and mosquito-coil 
burning can cause indoor air pollution akin to that from cigarette smoking. 
                                                                

Particulate matter (PM) or aerosol is a complex mixture of organic and inorganic substances present in the 
atmosphere. Particles are generally classified as coarse (aerodynamic diameter dp > 2.5 ìm), and respirable 
(RSPM, dp < 2.5 ìm). Among RSPM, of health concern are fine (dp < 1 ìm) and Ultrafine particles (UFP's dp 
< 0.1 ìm) since recent studies indicate that they may act as efficient carriers of toxic compounds (mutagenic 
in nature) into the pulmonary alveoli (Kawanaka et al. 2009). This may result in accumulation of these 
compounds within the lung for a long period of time and cause health problems such as lung cancer 
(Dennekamp et al. 2001). 
                                                                

In Asian countries, burning of candles and incense is one of the common practices for religious purposes. In 
addition to its use for ceremonial purposes it is also used as a fragrance for the environment. Incense smoke 
contains chemical substances that may cause health risks which include acute effects like irritation to the 
eyes, nose or throat. On long-term exposure, the effects could be contact dermatitis or worse (Eggert and 
Hansen, 2004). Fine and ultrafine particles, because of their small size, can penetrate deep into the respiratory 
tract and even cross biological barriers, leading to adverse health effects (Brauer et al., 2001; Daigle et al., 
2003; Ibald-Mulli et al., 2002; Nemmar et al., 2002). In fact, its genotoxicity could be comparable to, if not 
higher than, that of tobacco smoke (See et al., 2007). Increased risk of childhood brain tumours was also 
observed to be associated with maternal contact with incense burning (Preston- Martin et al., 1982). 
Preliminary studies on general and genetic toxicity of incense smoke on mice (Qureshi, 2013) revealed that 
although there was no mortality and effect on body weight, but the weight of the lungs altered significantly.
                                                                

Methods
Three temples in Kanpur were selected for active air sampling during pre-winter (November and early 
December 2013) and winter (January and early February 2014) seasons. These were Panki Temple (PA), Kali 
Mathia Temple (KM) and Shani Temple (ST). Sampling was done in major and normal days. Major days are 
those that are considered special for worship of a specific deity. Any other day is regarded as a 'normal' day. 
On major days, more worshippers visit the temple as compared to normal days. Air samples were collected 
near the worshipping area of the three temples by using 2 instruments running concurrently. This included the 
Optical Particle Counter (OPC 1.108, GRIMM Aerosol Technik GmbH, Ainring, Germany) for real time size 
segregated particle count (dp>0.3µm, Ät=1 min) and the Micro-Orifice Uniform Deposition Impactor™ 
(MOUDI™ Model 110 MSP Corporation, U.S.A.) for size segregated PM samples. A 6 stage MOUDI was 
used with 47mm Aluminium foil substrates to collect size resolved aerosol samples. The operating flow rate 
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of the MOUDI was 30 lpm. The nominal cut-sizes of the 6 MOUDI stage filters were: 0.056, 0.1, 0.32, 1.0, 
3.2, and 10µm. The sampling details including schedule is provided in Table 1. 
                          

Table 1: Sampling details in Temples

            

                                                                

PM mass collected in each stage was determined by taking the difference of the filter weight pre- and post-
sampling. Filters were weighed post desiccation in both cases.
                                                                

Lung Cancer Risk Assessment
Cancer risk caused by exposure to PM  produced due to incense burning in temples was assessed. Method 2.5

used by Greene and Morris, 2006 for Public Health Risks Associated with exposure to PM  has been utilized 2.5

in this study. A person is assumed to visit PA, KM or ST and spends at least 30 minutes in the worshipping 
room every day for 40 years. Duration over which the exposure is averaged for calculation of cancer risk is 70 
years. The probability of individual risk (Ri) is given by: 
                                                                

Ri = Dose x Toxicity 
                                                                

where dose here represents potential dose that is the amount inhaled. When exposure is via inhalation, values 
of the toxicity factor for health effects in the equation may be evaluated in terms of inhalation slope factor 
(SFI) which can be interpreted from the unit risk (UR). The mass concentration values required for risk 
calculation are taken from the MOUDI results obtained during sampling in Temples by dividing the mass of 
PM collected with the volume of air sucked by the instrument. 
                                                                

Conclusions
Figure 1 shows the mass concentration obtained by the MOUDI for all nine sampling sets. Figure 2 shows the 
average number concentration recorded by the OPC for all the sampling sets. 

            

                                                                

The OPC measured real-time number concentration levels of PM . Particle Number Concentrations (PNC) 0.3-20

6
at all temples (averaged values) exceeded the instrument limit of 2x10  #/L out of which PM contributed an 2.5 

average of 99.9% of the total particle count. PM  mass concentration was found to be alarmingly high. All the 10

Figure 1: Mass concentration of Pm10

inside Temples - MOUDI
Figure 2: Number concentration of PM0.3-20

inside Temples - OPC
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mass concentration values exceeded the USEPA National Ambient Air Quality Standard (NAAQS) average 
3 3

of 150 µg/m for PM . Highest levels were in PA where the concentration reached up to 2336 µg/m inside the  10  

temples.  In addition, it is alarming to note that RSPM (PM ) contributed an average of 92, 75 and 80 % of the  2.5

PM  collected by the MOUDI in PA, KM and ST respectively10
                

Table 2: Lung Cancer Risk due to PM exposure in Temples

                                                                

-6
Risk levels for all sets presented in Table 2 are well above the prescribed US EPA limit of 10 . The risk on a 
major day at PA (PA1 to PA4) is at least 6 times that of risk values at other locations. Although for KM and ST 
risk is comparatively lower, it is still very high as compared to the US EPA limit. This suggests that an 
exposure for a mere 30 minutes under conditions of high levels of incense smoke such as seen at PA, could be 
very harmful for human health. It may be mentioned here that the daily exposure time of 30 minutes, chosen to 
permit realistic comparison of impact of amount of incense smoke in air, is on the higher side for KM and ST 
and represents an upper bound. 
                                                                

The above results suggest that excessively large amount of PM  are generated due to burning of incense in 2.5

temples.  Long term exposure to PM  is known to be associated with increased rates of chronic bronchitis, 2.5

reduced lung function and increased mortality from lung cancer and heart disease. A regular worshipper who 
spends long periods of time in temples and is exposed to incense fumes during this time, is expected to be in 
serious risk of chronic disorders. Thus, a plan of action is required to reduce the exposure. The two most 
effective ways to approach the problem is by reducing amount of incense burning and improving on the 
ventilation conditions.
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Introduction
The light scattering and absorption by atmospheric aerosols cause reduction in the solar radiation reaching the 
ground, deterioration of visibility and air quality and modifications to earth's radiation balance. The light 
scattering strongly depends on the hygroscopicity of aerosols and determines the aerosols ability to act as 
cloud condensation nuclei. The hygroscopic aerosols are able to take up water and increase in size with 
increasing relative humidity (RH), and hence scatter more light. The effect of RH on light scattering can be 
determined by means of two Nephelometer systems. Typically, one Nephelometer measures at a reference 
RH (<40%) while the other measures at a higher RH. A simplified diagram of humidified Nephelometer 
instrumentation that was used in this work is shown in Figure 1 (left panel). The combination of these two 
measurements allow to determine the scattering enhancement factor f(RH), which is defined as the ratio 
between scattering coefficients at high RH and low RH. In this work, we present some preliminary results of 
aerosol optical, physical and hygroscopic properties in two size ranges (D <1µm and D <10µm) measured by P P

DoE/ARM (US Department of Energy Atmospheric Radiation Measurements) Program Mobile Facility in 
the framework of Ganges Valley Aerosol Experiment (GVAX; Manoharan et al., 2014; Dumka and 
Kaskaoutis 2014) deployed at ARIES, Nainital in the Gangetic Himalayan region during the period from June 
2011 to March 2012.

Figure 1:- The simplified diagram of humidified Nephelometer instrumentation (left panel) and temporal evolutions of light 
scattering enhance factor f(RH) for D  and D  at 0.55µm. The average value with standard deviation is given in the same plots 10µm 1µm

(right panel).
                    

Measurement Site And Data Analysis
The observational site (ARIES, Nainital), located in the central Himalayan region at an altitude of ~1958 m 

Manoj Kr. Srivastava
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above the mean sea level, is far from any major pollution source and is under the influence of transported air 
masses from the heavily polluted Ganges valley plains lie approximately 50 km to south. More details about 
topography, meteorology and aerosol sources around the observational site are discussed elsewhere (Dumka 
et al., 2014; Dumka and Kaskaoutis, 2014).
                          

The DoE/ARM program deployed the ARM Mobile Facility (AMF) at ARIES, Nainital as a part of the Indo-
US joint collaborative project, viz., GVAX. The AMF, composed of state-of-the-art instruments (e.g., Aerosol 
Observing System [AOS]), has been installed at the observational site in order to perform measurements of 
atmospheric aerosols and clouds and their individual and combined effects on regional monsoon and climate   
June 2011 - March 2012. Details of the AOS system, measurement and data analysis techniques have been 
discussed in the literature (Manoharan et al., 2014; Dumka and Kaskaoutis, 2014).
                        

Results And Discussion
The measured f(RH) dependency with RH during the GVAX campaign can be well described with an 
empirical two-parameter fit equation for both size fractions (D  and D ). Figure 2 (right panel) shows the 10µm 1µm

aerosol light scattering enhancement factor f(RH) calculated for the D  and D  at 0.55µm (hereafter the 10µm 1µm

wavelength will be omitted in the notation for simplicity). During the whole campaign the mean (± standard 
deviation) values of f(RH) are found to be 1.33 (± 0.17) and 1.38 (± 0.35), respectively, for D  and D  10µm 1µm

(black and red horizontal lines, respectively, shown in the figure), while the mean (± standard deviation) for 
fit parameters are 0.212 (± 0.084) and 0.275 (± 0.119), respectively, for D  and D  size fractions. The 10µm 1µm

temporal evolution of f(RH) for D  and D  is similar, exhibiting higher values for D . The significant 10µm 1µm 1µm

daily variability could be explained by the long-range transport of aerosols and pollutants of different optical-
physical-chemical characteristics and hygroscopicity. Large variation in the f(RH) values is observed during 
the monsoon and post-monsoon seasons; while during winter, more homogeneous aerosol field is seen. 
Upslope transport from the Ganges valley, changes in the boundary-layer height, local emissions and changes 
in the seasonal meteorological field strongly affect the f(RH) values and temporal evolution. 
                        

Conclusions
The measured f(RH) dependency with RH during the GVAX campaign can be well described with an 
empirical two-parameter fit equation for both size fractions (D  and D ). During the study period, f(RH) 10µm 1µm

and the fit parameter  in D  and D  had a mean value of 1.33 (± 0.17), 1.38 (± 0.35),  and 0.212 (± 0.084), 10µm 1µm

0.275 (± 0.119), respectively.
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Introduction
Airborne particulate matter (PM) is composed of an extensive class of chemically and physically diverse 
substances, which may include a wide range of chemical species, ranging from metals to organic and 
inorganic compounds (Park and Kim 2005). Among the inorganic compounds, most important are the trace 
metals which are emitted by various natural and anthropogenic sources, such as, crustal materials, road dust, 
construction activities, motor vehicle emissions, coal and oil combustion, incineration and other industrial 
emissions (Shah et al., 2006). In addition, several other processes including smoking, cooking, space heaters, 
and resuspension may also contribute to the indoor particulates. These particulates and its associated trace 
metals have been linked with both short and long-term adverse health effects which mostly include chronic 
respiratory diseases such as lung cancer, heart diseases and spoil other organs (Wild et al., 2009). Thus, there 
are great needs for better characterization of indoor air quality in terms of particulate matter and its trace 
metals characterization to perceive the current scenario and its effects on human health.
                                                               

Experimental Details
The PM and PM  samples were collected with the help of low volume air sampler (Mini Vol TAS) during the 2.5 10

period of Jan 2013 - May 2013 from urban environment of Pune. PM  and PM  samples were collected on 47 2.5 10

mm diameter PTFE and quartz fiber filters, respectively, for 24 h thrice in a week. Exposed filter was digested 
with an acid (HNO ) and diluted with Milli-Q water and stored in clean polypropylene bottles. Analysis for 3

metals was done on Inductively Coupled Plasma (ICP-AES) (ARCOS, Spectro, Germany) regularly within 
two months of extraction.
                                                               

In-silico Analysis
In-silico study was performed to understand the structural consequences of Ni metal in context of 
nucleosomal histone proteins (H3 and H4) and demethylase JMJD2A enzyme. The starting coordinates for 
H3 and H4 histone proteins and for demethylase JMJD2A were adopted from crystal structures (Mohideen et 
al., 2010). The extracted crystal structures were subjected for 10,000 steps of steepest descent minimizations 
using Spdbviewer software. Minimized structures were analyzed for hydrogen bonding interactions and 
pictorial presentation of H3-Ni, H4-Ni and JMJD2A-Ni complexes were made using Chimera software. 
                                                               

Results and Discussion 
-3 -3

The average concentration of PM and PM  were 896.3 ±41.6 µg m  and 161.1 ± 66.2 µg m , respectively. 2.5 10

The concentrations of PM observed in this study are considerably higher than the annual averages standards 
-3 -3

stipulated by the National Ambient Air Quality (PM  = 40 µg m  and PM  = 100 µg m ) and WHO standards 2.5 10

-3 -3
(PM  =10 µg m  and PM  = 20 µg m ).The results for the total mean concentrations of individual metals 2.5 10

specify Fe as the most abundant metallic element followed by Zn > Mn > Cu > Cr > Ni > Cd.
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Table1:  Excess Cancer Risk (ECR) assessment of carcinogenic metals

Excess cancer risks (ECRs) were calculated in order to demonstrate the risks of the PM  and PM  due to 10 2.5

bound metals (i.e. Cd, Cr and Ni) (Hieu and Lee, 2010) and found to be highest for Ni followed by Cr and Cd 
-6

than usual goal (1x10 ) suggesting potential health risks for the human (Table 1). 
                                                               

Among the carcinogenic metals, Ni has shown higher cancer risk in indoor PM. Therefore, In-silico study has 
been performed only for Ni metal with nucleosomal histone proteins such as H3 and H4. In the cell, Ni-bound 
PM's are free to interact with target nucleosomal proteins, which prone epigenetic changes such as DNA 
methylation, deacetylation of histone H3/H4 proteins and increase in dimethylation of H3K9.

Figure 1: Depicted the energy minimized conformation of (a) Ni-H3 and (b) Ni-H4 (metal-histone) nucleosomal protein complex.
                                                               

These epigenetic changes engender adverse effect on chromatin folding as a result leads to gene silencing in 
normal cells (Peana et al., 2013). Fig. 1(a) depicts the energetically minimized conformation of Ni in complex 
with histone (H3) protein. The Ni forms strong intermolecular hydrogen bonding interactions with carboxyl 
oxygen of glutamic (Glu73) and aspartic acids (Asp77) residues of H3 protein. Additionally, Ni is also 
involved in weak interaction with Gln76 of H3 protein in order to stabilize H3-Ni complex (Fig.1(a)). Next 
energy minimized structure of histone H4-Ni complex is depicted in Fig. 1(b), which is stabilized by 
hydrogen bonding interactions between Asp90 OD1...Ni and Glu92 OE1...Ni (Fig.1 (b)). These interactions 
may inhibit the activity of nucleosomal protein by stabilizing H3-Ni/H4-Ni complexes. Hence, present In-
silico study of Ni-histone complexes would be helpful to emphasize the possible role of Asp and Glu residues 
in proper functioning of nucleosomal proteins and its impact on normal gene regulations.
                                                               

Similarly, energy minimization was also performed over JMJD2A-Ni complex to explore the inhibition 
mechanism of H3K9 demethylase (JMJD2A) enzyme by Ni metal (Fig. 2). Imidazole nitrogen of two 
histidine residues (His188 and His276) and carboxylic oxygen of glutamate (Glu90) of JMJDA were 
involved in co-ordination interaction with Ni metal in order to provide structural stability to JMJD2A-Ni 
complex. Thereby forming co-ordination interactions with histone proteins and cofactors, Ni metal ion can 
efficiently inhibit demethylase activity of JMJD2A enzyme which is essential for normal gene expressions.

(a) (b)
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Figure 2: Energy minimized structure of Ni-JMJD2A enzyme complex showing various hydrogen bonding interactions
                                                               

Conclusions
Present In-silico study of nucleosomal protein in complex with Ni metal suggests that Ni is actively involved 
in co-ordination interactions with Glu and Asp residues of histone proteins. These interactions may inhibit 
their activity by stabilizing H3-Ni/H4-Ni complexes which ultimately prone to human lung and nasal cancer. 
Moreover, excess cancer risk was also found higher for PM bound Ni. Therefore present structural study may 
help understand structural consequences of Ni in human diseases. 
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Introduction
Solar radiation reaching the earth's surface (direct + diffuse radiation) is the most important part of Earth-Sun 
relationship, also known as global radiation or isolation which is initial energy to sustain life on earth. The 
availability of solar radiation at a given point of series is important for parameterization of clouds (Hansen, 
1999), to estimate the solar energy potential (Coppolino, 1994, Ali et al., 2003), to study the land-surface 
processes or crop growth (Thornton and Running, 1994), to develop the hydrology, ecology and energy 
development programs. 
                                                            

In India, having geographical position within the Sun Belt and especially because of large number of 
cloudless day in most part of country as well as industrialization, vehicular pollution, biomass burning and 
dust storm, the emission of aerosol and aerosol precursors have drastically changed which cause strong 
negative influence on the solar resource potential (Polo et al. 2011, Padma Kumari et al., 2007). 
                                                            

In the present study, we have studied clearness index (K ) for Varanasi, India (25° 20' N, 83° 00' E) using T

2Pyranometer's solar global radiation (MJ/m ). The location is a representative urban location in one of the 
most polluted, densely populated and highly agrarian region of the Indo Gangetic Plains (IGP). The main 
objective of this study is to investigate variability of K  for three consecutive years of 2010, 2011 and 2012 for T

a polluted location. Other objective is to find the variability of K  in the presence of aerosols presence in the T

atmosphere and under the conditions of transported pollutants.
                                                            

Methods
The daily (or monthly) K  may be calculated using daily (or monthly) averaged global solar radiation T

calculated on the horizontal surface (H) and daily (or monthly) averaged extraterrestrial radiation (H ), as K  0 T

= H/H  ( Duffie and Beckman, 1991,). The extraterrestrial H  radiation can be computed following Iqbal 0 0

(1983) and Ulgen and Hepbasli (2010) as:

where

                   

2
In equations (1) and (2), G  is solar constant (equal to 1367 W/m ), ö is the latitude of the site, ä is the solar sc

declination angle, ù is sunrise hour angle and n  is the Julian Day of the year. The solar declination and s day

sunshine hour angle can be computed using equations as suggested by Duffie and Beckman (1991):

                   

For study of aerosol properties, Aerosol optical depth (550 nm) and Angstrom Exponent (470-660 nm) data is 
obtained from MODIS (Moderate Resolution Imaging Spectroradiometer) level 3 data on the board of terra 

Manoj Kr. Srivastava
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(pass at 11 am) and aqua (pass 2 at pm) platform over region (83-84N, 25-26E) during 2010,2011 and 
2012.We have used one year (2011) MICROTOPS II sun - photometer data which has been taken from 
department of Physics, BHU, Varanasi for comparison of MODIS (Terra) data for Varanasi. For, supporting 
meteorological weather parameters (relative humidity, wind direction, wind speed temperature and monthly 
rainfall) has been taken from Automatic Weather Station, Department of Geophysics, BHU for the years 
2010, 2011 and 2012 to perform the clearness index analyses
                   

Results and Discussions
The transmission of radiation through the atmosphere is affected by aerosols, water vapour, gases and clouds. 
K  is a general indicator of all the extinction (scattering + absorption) happening in the atmosphere due to T

these factors (Hu et al., 2007).

Figure1: Diurnal and temporal seasonal variation of monthly average (composite 2010, 2011, 2012) clearness index (K ) and T

2solar global radiation (MJ/m ).
                   

In the diurnal cycle (Figure 1), K  show very low values during sunrise and sunset hours. The solar radiation T

received at the earth surface close to the sunrise and sunset hours is mainly of diffused-type. Clearness Index 
show the bell shaped distribution for a cloud-free day which show maximum values 

Figure 2: Comparison of MICROTOPS II (11 AM) and MODIS (Terra platform) AOD's during 2011 and daily seasonal variation of 
Clearness Index (K ) with AOD (550 nm) during 2010-2012 over Varanasi (Region: 83E-84E, 25N-26N). T
                   

around noon (maximum during summer while minimum during monsoon), when sun is around zenith and 
gradually decreases to lowest values during sunrise and sunset. During various seasons, K  is found to be T

highest for summer, followed by winter, post monsoon and monsoon (Figure 1). The average value of K  for T

summer was ~0.11±0.01, followed by winter (~0.10±0.02) and post monsoon (~0.09±0.01), and monsoon 
(~0.08±0.02).
                   

For validation of MODIS (Aqua and Terra) data, we averaged MICROTOPS II AOD values during 11am to 
12 pm, on daily basis and compared it with MODIS (Terra) AOD at 550 nm as Terra crosses Indian region at 
11 am. A significantly high correlation coefficient (R= 0.83) was observed between MODIS and 
MICROTOPOS II derived AOD. Further, we used mean values of Terra (11 am) and Aqua (2 pm) AOD (550 
nm) and AE (447-660 nm) obtained from MODIS to show interrelationship between clearness index and 
aerosol properties for 2010, 2011 and 2012.
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  In order to see the closer effect of clearness index on AOD, we have plotted the daily clearness index 
variation with respect to the corresponding daily average AOD (Terra and Aqua mean) in Figure 2 on seasonal 
basis. This figure shows that when AOD is high, K  is low, and the vice versa. Also there is an inverse relation T

between AODs and K . When AOD increases; it attenuates the solar radiation coming to the surface of the T

earth, hence the value of K  is found to be low due to increased molecule density. An anti-correlation with T

correlation coefficient of the order of - 0.50 for winter, -0.54 for summer, -0.43 for monsoon and -0.56 for post 
monsoon is observed between AOD at 550 nm and K  indicating a decrease in K  with increasing AOD. T T

Figure 3: Variation of clearness index with wind direction during 2010, 2011 and 2012.
                   

In order to understand the effect of winds, in terms of pollution transport, on K , a relationship between wind T

direction and K  for Varanasi is computed in Fig 3. It is found that when winds blow between northern and T

western sector K  value is higher whereas when winds blow between the southern and the eastern sector, the T

K  value is low. Easterly, north-easterly and south-easterly winds are mainly observed during monsoon (June T

to September). During this season, the winds carry huge moisture, natural as well as anthropogenic particles 
and contribute to the existence of clouds. During this period, relative humidity attains its maximum value 
(average ~ 73%). Hence, due to the presence of above mentioned sources along with the aerosols, the 
incoming solar radiation is attenuated and we get low value of K . Whereas westerly to north westerly winds T

are observed during remaining part of the year which are mainly dry with low relative humidity. Being in the 
NW azimuth, winds are comparatively cleaner originating from pristine Himalayas region. Also, the cloud 
cover is less during this period. Hence we get higher values of clearness index during this period.
                   

Conclusions
The study also comprises the relationship between clearness index and aerosol optical properties. The 
following conclusion can be drawn from this study:

· The annual monthly average value of K lies between 0.07 ≤ K ≤ 0.11. This value is found to be in T T 

agreement with the K  values determined at different polluted places of the world. Maximum value of T

K  was found in the month of March (0.11±0.06) and lowest in August (0.07±0.03).T

· Seasonal variation of K  is found to be higher for summer (0.11±0.01), followed by winter (0.10±0.03), T

post monsoon (0.09±0.01) and lowest for monsoon season (0.08±0.02). 
· The maximum value of AOD (550 nm) was observed in the month of June (0.98±0.19) and July 

(1±0.25) while lower value in the month of September (0.43) due to most of the days are cloudy.
· A negative correlation between K and AOD indicates decrease in K  with increasing AOD during T T

different seasons.
· Clearness index is found to be higher when wind is from west, northwest or north, however, when wind 

is from southern and eastern sector, clearness index value is lower.
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Introduction
Carbonaceous matter constituents a large fraction of atmospheric aerosols and plays crucial role in air 
pollution, adverse health, visibility reduction and climate effects. They constitute a significant fraction in fine 
particles (PM ) and could be accounted for up to 40% of mass of PM  in urban atmosphere 2.5 2.5

), however, in rural atmosphere, it may be accounted up to 77% ( ). 
Carbonaceous aerosols are mainly constituted with elemental carbon (EC) and organic carbon (OC). EC (also 
called black carbon: BC) is primary pollutants, emitted from incomplete combustion of carbon contained 
materials, while OC can be either released directly into the atmosphere (primary OC: POC) or produced from 
gas-to- particle reactions (secondary OC: SOC) ( ). EC is one of the 
important drivers of global warming, and show strong absorption of solar radiation ( ). 
They usually do not intervene in any important chemical reaction in the atmosphere. OC scatters the solar 
radiation and have significant contribution in visibility degradation, urban haze formation, and the direct 
aerosol climatic forcing ( ). In addition to this, carbonaceous aerosols have the potential to 
influence many heterogeneous reactions involving atmospheric particles and trace gases (

). Although, the EC and OC are important in atmospheric chemistry and physics, information 
concerning and their spatial and temporal variability is quite limited.
                                             

In order to enhance the current knowledge base regarding carbonaceous aerosols over Indo-Gangetic Plain, 
with one of its representative location, Delhi, with objectives to (i) present the updated knowledge on 
atmospheric carbonaceous aerosols (OC and EC/BC) on the basis of yearlong comprehensive monitoring of 

- - 2-
mass PM  concentrations and its dominant chemical constituents (F , NO  and SO ), (ii) quantify the 2.5 3 4

relative contribution of OC/EC in PM  and (iii) understand the seasonal behaviour of carbonaceous aerosols 2.5

and the relative importance of primary versus secondary OC aerosols sources. 
                                             

Sampling & Analysis
st thSamples of aerosols were collected during 1  December 2011 to 30  November 2012, in the premises of 

Indian Institute of Tropical Meteorology, New Delhi ( 28º 35' N; 77º 12' E; 217 m asl) on the rooftop of the 
building (15 m above the ground level). Sampling of aerosols (PM ) were carried out using single stage PM  2.5 2.5

aerosol sampler (d<2.5 ìm.), twice in a week on Quartz fiber filter paper (46.2 mm) using APM-550 sampler 
(Envirotech Pvt. Ltd., India). The sampling cycle was selected for 24hrs but it was varied from 21 to 24hrs 
with a flow rate of one cubic meter per hour. Then those exposed filter papers were analyzed for the 
concentrations of OC and EC by semi - continuous thermal/optical carbon analyzer (Sunset Laboratory Inc. 
Model 4L) using NIOSH 5040 (National Institute for Occupational Safety and Health) protocol (

). Apart from this, black carbon (BC) aerosols were also 
measured simultaneously. The mass BC concentrations were carried out by 7-wavelengths Aethalometer 
(Model AE-31, Magee Scientific Company, Berkley, CA, USA) with high temporal resolution (5 minute 
interval). It was estimated from the light attenuation at 880nm using a specific mass absorption cross-section 

2(MAC) of 16.6 m /g, as recommended by the manufacturer ( ). The analysis 

(Seinfeld and 

Pandis, 1998 Ancelet et al., 2013

Pandis et al., 1992; Pachauri et al., 2013
Hansen et al., 2005

Malm et al., 2000
Begum et al., 

2012

Birch and 
Cary 1986; Hsieh et al. 2012; Tiwari et al., 2013a
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- - 2-of Inorganic water soluble (WS) species such as F , NO  and SO  were measured by reagent free Ion 3 4

Chromatograph (IC: DIONEX- 2000, USA). During analysis for anions, the analytical column Ion Pac-AS15 
with micro-membrane suppressor ASRS ultra II 2mm, Sodium Hydroxide as eluent and triple distilled water 
as regenerator were used.
                                             

Result & Discussion
-3 Monthly mean mass concentration of fine particle (PM ) and itsstandard deviation was 153.57±60.15µg m2.5  

-3 st th
varied from 84.61 to 241.92µg m in metropolitan city “Delhi” of India during 1  Dec. 2011 to 30  Nov. 2012. 

-3The mean mass concentrations is substantially higher than the annual standard (40µg m ) stipulated by 
Central Pollution Control Board called national ambient air quality standard ( ) for PM . It 2.5

also, perceived average yearly mass PM concentration seems to be exceeding the limit values of standards of 
-3

United States Environmental Protection Agency (USEPA) (15µg m : ) 
-3and European Union (EU) (20µg m : ). On the 

-3
basis of monthly analysis, it was observed that the PM was higher in the month of November (241.94µg m ) 2.5 

-3and lower in August (84.61µg m ). The obtained mass concentrations of fine particles are similar and 
sometimes much higher than the earlier reported values of fine particles over IGP such as at Agra 

-3 -3  - 3
(90.16±7.21µg m : ); Delhi (148.4±67 µg m : , 122.3±90.7µg m : 

- 3  -3123 ± 87ìg m : Lucknow (101.05±22.5µg m : ); 
- 3

Kanpur (95µg m : ). The higher level of fine particles over Delhi may be attributed to 
the combined effect of climatic conditions and anthropogenic emissions such as vehicular exhaust, waste 
incineration, coal and biomass/bio-fuel combustion and re-suspended soil dust. A large variation was 
observed in seasonal analysis of mass PM concentration, where it was found to be higher during post-2.5 

-3 -3 -3 -3
monsoon (219.6µg m ) followed by winter (213.6µg m ), summer (135.9µg m ), and monsoon (97.8µg m ).  

reported that the large variability in PM in different seasons was due to climatic 
conditions, local emissions as well as long range transport pollutants

- - 2-Figure 1: Monthly mean variability of PM , carbonaceous species and sum of inorganic constituent (WS: F , NO  and SO ) 2.5 3 4

during study period
                                             

Carbonaceous aerosols such as organic carbon (OC) and elemental carbon (EC), in PM  were determined2.5

-3 -3  
Annual mean mass concentration of OC was 33.57±16µg m  varied from 12.07 to 69.83 µg m , whereas, the

-3  -3EC was 6.96±3.9µg m andvaried from 2.54 to 19.02µg m . In the monthly variability analysis of OC and EC 
-3 -3

indicates that higher OC concentrations were in January (59.57µg m ) and lower in August (19.25µg m ) 
-3 -3while in the case of EC, it was higher in November (14.17µg m ) and lower in August (3.87µg m ) (Fig.1). 

NAAQS, 2005

Pipal et al. 2011 Dey et al.  2012 Tiwari et 

al. 2013a Guttikunda and Calori 2013 Pandey et al.  2012

Sharma and Maloo 2005

Tiwari et al. (2014)

http://www.epa.gov/air/criteria.html

http://ec.europa.eu/environment/air/quality/standards.htm

; );

 

. 
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The higher concentrations of OC and EC in the month of November may be many reasons as impact of 
meteorological conditions, transportation of primary pollutants, local emissions due to burning of crackers 
during festivals "Deewali" and burning of fossil fuel and biofuel/biomass. Seasonal variations of OC and EC 

-3
were in the order of post-monsoon (OC = 50.95 and EC=12.69µg m ) > winter (OC=50.64 and EC=10.19µg 

-3 -3 -3m ) > summer (OC=24.17 and EC= 4.89µg m ) > monsoon (OC=23.37 and EC= 4.27µg m ). Both OC and 
EC exhibited a clear seasonal pattern with elevated concentrations during post-monsoon and followed by 
winter, summer and monsoon it may be due to the combined effect of changes in emission rates and different 
meteorological conditions in various seasons.
                                             

- -
Monthly mean and its standard deviation of measured water soluble inorganic constituents (WS: F , NO , and 3

2- - -SO ) in PM collected during the study period were plotted (Fig.4). The average concentration of F , NO  4 2.5 3

2- -3 2- and SO  during the study period was 1.28, 10.86 and 21.52µg m which follow the following trend: SO > 4 4

- > -
NO  F . The contribution of WS in PM was about 19% varied from 9 to 33% however the contribution of 3 2.5 

OC, EC and WS were 22, 5 and 19% respectively during the study period. In monthly analysis of WS, it was 
2- - -3observed that the highest concentrations of SO  and NO were in November (39.4 and 29.6µg m ) whereas 4 3

2- -3 - -3
the lowest was in May (SO : 9.7µg m ) and July (NO : 2.5µg m ) respectively. In day to day variability 4 3

-3 analysis of acidic species especially in case of sulphate, it was highest (45.76µg m ) in the month of June on 
2-

21.06.2012. This highest value of SO  may be due to transportation from distance sources in addition to local 4

- -3 -3sources. Fluoride (F ) was higher in the month of February (2.63µg m ) and lowest in March (0.44 µg m ).
                                             

Conclusion
-

A yearlong measurement of carbonaceous aerosols along with its water soluble inorganic constituents (F , 
- 2-NO , and SO ) in PM  over Delhi located between the Indo-Gangetic Plain and semi-arid tract was studied 3 4 2.5

st th
during 1  Dec. 2011 to 30  Nov.2012. Simultaneously black carbon (BC) was also monitored during the same 
period. Annual mean mass concentrations were PM : 153.6±61.2, OC: 33.0 ±16, EC: 6.9±3.9 and BC: 2.5

-3 -3
9.1±6.9µg m , however, the sum of IC was 29.7±20.6µg m . The mass concentration of PM  is much higher 2.5

than NAAQS and also substantially higher than the standards of USEPA and EU. The contributions of OC, EC 
and WS in PM  were 22, 5 and 19% respectively. Seasonally, OC, EC and IC concentrations follow the trend: 2.5

Post-monsoon >Winter > Summer > Monsoon. During the post-monsoon and winter seasons, due to impact 
of boundary layer conditions and large scale biomass and biofuel burning along with very frequent and 
persistent thermal inversion and foggy conditions at ground level cause a considerable amount of aerosols to 
accumulate in the lower layer of the atmosphere. The carbonaceous aerosols accounted for ~ 40% of PM2.5 

2- - 
mass concentrations in Delhi. The highest concentrations of SO  and NO were observed in the month of 4 3

-3 -3 -3
November (39.4 and 29.6µg m ) whereas lowest was in May (9.7µg m ) and July (2.5 µg m ) respectively. In 
this study, the ratio between OC and EC was 5.52 varied from 2.45 to 9.26 indicates the sources of 
carbonaceous species in metropolitan are from mixed sources such as diesel and gasoline used in vehicles, 
residential coal smoke and biomass burning and coal combustion. The concentrations of secondary organic 
aerosols were ranged 6.4 to 70.2% with a mean 40.1%. The contribution of carbonaceous aerosols from motor 
vehicle and coal combustion were accounted for 91 and 9%, respectively which shows that the motor vehicle 
are the dominant source of carbonaceous aerosols over Delhi.
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Introduction
India is tapping various energy sources and coal-based power plants are being installed at many locations to 
cater to the growing energy needs of our nation. In the coal-based power plants, the problem is to make a 
realistic assessment of the air pollution level caused by the gaseous and the solid pollutants emitted from the 
chimneys. This requires remote sensing measurements of the planetary boundary layer dynamics so that the 
various parameters of the surface based and elevated inversions, thermal convection, homogeneous 
atmosphere, cold and hot fronts etc., are measured close to the power plant on round the clock basis.  This 
requirement can be fulfilled by an acoustic sounder, which depending upon the noise level at the site, operates 
in a sound frequency range of 1500-2000 Hz. The present paper highlights design of a modern acoustic 
sounder, which is capable of probing the planetary boundary layer up to a height of 1 km and its round-the-
clock data is available on a mobile phone /tablet. 
                                                         

Instrumentation
The basic hardware utilises a parabolic antenna to illuminate the atmosphere with a powerful flux of sound, 
which is received as the backscattered signal on the ground to map the lower 1 km region of the atmosphere 
after every 6 seconds. The line by line scanning of the atmosphere generates a 3-D picture, which is scaled to 
measure thickness of the ground based inversion, height and thickness of elevated layers, vertical mixing 
height during thermal convection, duration of homogeneous conditions, stability classes etc.  We have also 
addressed an important issue of data capturing and storing, as in this system, a huge amount of data gets 
generated and saving the data after every desired time interval (say 5 minutes or so), results in frequent 
accessing the local hard disk, which at times may lead to a crash. Thus, to avoid such a situation, data 
automatically gets transferred to a remote computer, which has much larger capacity and the reliability at 
internationally accepted norms. The equipment has been developed at the ISI, Kolkata (which is situated in a 
noisy environment), so that advanced signal processing techniques are tested to enhance S/N ration. A recent 
example of passage of a low level cloud over Kolkata is seen in Figure 1. 

                                                         

Figure 1: Signal processing techniques and the data interlinking with mobile platform technology and international data websites 
is the key for the success of the acoustic sounding technology. The acoustic sounder installed in the ISI, Kolkata campus mainly

focuses on software development to enhance S/N ratio in a noisy environment.
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 Air Pollution Dispersion
An acoustic sounder provides photographic display of almost all atmospheric phenomena which are 
responsible for dispersion and accumulation of pollutants, the height up to which the vertical mixing takes 
place (mixing height) or the extent up to which atmosphere suppresses the vertical mixing (stability classes).  
The data on stability classes and the mixing height is provided continuously and this data has to be utilized for 
air pollution dispersion studies (Gera et al., 2013). 
                                                         

Almost all the manmade activities are confined near the surface of earth; the pollutants emitted on the surface 
of earth get vertically mixed under thermal convection as seen on an acoustic sounder. Similarly, the surface 
based inversion acts as a lid and suppresses the vertical mixing, leading to the accumulation of pollutants on 
the ground.  These conditions are photographically recorded by an acoustic sounder which need to be 
integrated in the dispersion modelling. Similarly, in the case of super thermal plants, chimney heights are 
chosen above the surface based or elevated inversion heights so that the emitted pollutants do not remain 
trapped by the prevailing inversions.  In a super thermal plant like the one installed at Mundra, the chimney 
height is chosen in such a way so that it normally remains about the surface based inversion so that the 
pollutants are emitted in a dispersive medium. However, close to the sea, the land-sea interactions become 
extremely important and a realistic assessment of the sea breeze and land breeze parameters becomes an 
important issue. 
                                                         

Conclusions
The acoustic sounder development at ISI, Kolkata has many new features, which makes it really versatile to 
use it for realistic air pollution modelling in the planetary boundary layer. The equipment can be installed 
anywhere and has power backup for 24 hours, which is charged with a solar power panel.
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Introduction
Black carbon (BC) aerosols are known for their potential to perturb the radiative balance of the 
Earth–Atmosphere system and thus forcing the regional climate in different ways (Lau et al., 2006; Flanner et 
al., 2009). BC is the second most powerful climate forcing agent, ahead of methane, and second only to 
carbon dioxide, formed through the incomplete combustion of fossil fuels, bio-fuel, and biomass, and is 
emitted in both anthropogenic and naturally occurring soot (Bond et al., 2013). Approximately 20% of black 
carbon is emitted from burning bio-fuels, 40% from fossil fuels, and 40% from open biomass burning 
(Ramanathan and Carmichael, 2008). In addition to the direct radiative interaction with solar and terrestrial 
radiation via scattering and absorption, BC aerosols modify the cloud micro-physical properties (indirect and 
semi-direct effect) and reduce the albedo of the snow due to BC deposition (IPCC, 2007). BC aerosols have 
been found to be contributing significantly to the atmospheric warming both globally and regionally 
(Ramanathan and Carmichael, 2008). The characteristic variations of BC over Sinhagad have been already 
reported in Raju et al., 2011. The extent of radiative forcing due to BC-only to the composite aerosol radiative 
forcing has not been examined so far over this region. In the present work, this feature is studied and results 
are reported. 

                                              

Sampling Location and Methodology
o o

Sinhagad (18.36  N, 73.75  E, 1450 m AMSL) is located at about 45 km to the south-west of Pune city. 
2

Sampling site is situated on top of the hill, which is a flat terrain with an area of about 0.5 km . The sampling 
area is surrounded by hills from three sides where some small villages are situated with a population of about 
100 to 200 and to the north-east Pune city  is situated at an altitude of about 559 m amsl. Winds are generally 
from the west/south-west during pre-monsoon and monsoon, whereas, in the post-monsoon and winter 
seasons; easterlies prevail over this region. The Arabian Sea is about 100 km west of this site. Due to these 
typical conditions and far distance from urban activity, Sinhagad is considered as a rural background location.
                                              

The observational field campaign for monitoring surface BC mass concentrations was conducted during 
summer and winter 2009, using seven channels Aethalometer (Magee Sci., Inc., USA, Model AE-42) with 
sampling flow rate of 3 LPM and the time base for observations at 5 min interval. The operating principle of 
Aethalometer is the measure of attenuated beam of light transmitted at seven wavelengths through its filter 
tape, while the filter is continuously collecting aerosol sample. Detailed description of the instrument and its 
operating principle has been discussed (http://www.mageesci.com/Aethalometer_book_2009.pdf). In order 
to calculate composite and BC-only radiative forcing; the water soluble, water insoluble, BC and Sea salt 
accumulation fractions have been introduced as an input parameter to the Optical Properties of Aerosol and 
Clouds (OPAC) (Hess et al., 1998) and Santa Barbara DISORT Atmospheric Radiative Transfer (SBDART) 
model (Ricchiazzi et al. 1998). The aerosol optical depth (AOD) and single scattering albedo (SSA) are 
reconstructed in OPAC in a way until the modeled and satellite derived values match within ±5% deviation. 
For validating the modeled AOD and SSA obtained from OPAC model, satellite derived AOD at 550nm from 
MODIS-aqua satellite and SSA at 500nm from AURA-OMI satellite were used. Thus the important optical 
parameters such as AOD, SSA and asymmetry parameter were estimated at different wavelengths in short 

144 IASTA-2014, BHU, VARANASI



wave region. The optical parameters for composite and BC-only deduced from the OPAC model were then 
fed into the SBDART model for composite and BC-only forcing estimations.

                                              

Results
As seen from Fig.1, aerosol radiative forcing calculations were performed in the shortwave range (0.2-4.0 
ìm) separately at Surface (SUF), top of atmosphere (TOA) and within the atmosphere (ATM). During 

-2
summer 2009, TOA forcing was found to be negative in both the cases viz. composite aerosols (-13 Wm ) and 

-2 -BC-only (-21 Wm ). Similar results have been observed for the SUF forcing for composite aerosols (-50 Wm
2 -2) and BC-only (-31 Wm ). This implies cooling effect at TOA as well as at SUF whereas; ATM forcing was 

-2 -2
positive for both composite aerosols (+ 37 Wm ) and BC-only (+ 9 Wm ) which indicate towards warming of 
the atmosphere. 

Figure 1: Forcing due to Composite aerosol and BC-only during Summer and Winter at Sinhagad
                                              

-  2During winter 2009, the estimated forcing for composite aerosols and BC-only at TOA was   -  9 W m , and -  
-  2 -  2 -  26 W m , respectively. The composite aerosols and BC-only forcing at SUF was - 19 W m and -  9 W m . The 

-  2 -  2
ATM forcing for composite aerosols and BC-only was + 10 W m and + 3 W m , respectively. 
The percentage contribution of BC aerosols alone to the total composite aerosol forcing over Sinhagad was 
computed for both summer and winter seasons. During summer season the atmospheric forcing due to BC-
only contributed 24 % to the composite aerosol forcing whereas in winter, it contributed 30 %. This infers to 
the majority of scattering type particles. The single scattering albedo (SSA) values were 0.91 and 0.97 during 
summer and winter, respectively. The cooling effect at TOA and SUF during both summer and winter seasons 
could be attributed to the abundance of scattering particles like sea-salt, sulphate and dust at the hill station, 
Sinhagad.
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Introduction
In the normal operating condition of sodium cooled fast reactor (SFR), the temperature difference between 
the sodium pool and the bulk gas temperature leads to considerable evaporation from the sodium pool surface 
and subsequent condensation results in the formation of sodium aerosol within the cover gas space either by 
heterogeneous nucleation or self-nucleation (homogeneous nucleation) (Ford et  al., 1993).These aerosols 
will participate in the radiative exchange within the cover gas space and modify the total heat transfer to the 
cooled roof structure by radiation absorption and scattering mechanisms when they have sufficient 
concentration. Further, the mass transfer occurs due to condensation of sodium vapour on the cooler surfaces 
like annular gaps, roof top, control plug, rotating plug and fuel handling machine resulting deposition of 
aerosols, which hinders the rotational movement of rotating plug, and operation of fuel handling machine 
(Robert etal., 1995). 
                                                     

The designer of the roof structure need to know global and local heat and mass transfer rate to the roof in order 
to asses cooling requirements, thermal stress within the structure, the possible influence of sodium aerosol 
deposition, and effectiveness of various features and structures mechanics (Sinai et. al., 1993). In this context, 
it is important to know the aerosol mass concentration and size distribution in order to predict effectively the 
heat and mass transfer phenomena. It is to be noted here that the sodium aerosol properties would get 
modified due to (i) temperature difference between the sodium pool surface and the bottom of the roof top 
plug, (ii) geometric dimension (diameter of the sodium pool surface, height of the argon cover gas and shape 
of roof top) of the cover gas system, and (iii) possible enhanced coagulation of sodium aerosols upon 
interaction with gamma radiation, resulting increase in sizes (Subramanian et al., 2008).
                                                     

Several experimental work on sodium aerosol in cover gas region  have been carried out(Robert et al, 1995, 
Ford et  al, 1993, Minges et al., 1991 and 1993 and Glockling et  al., 1991) The  mass concentration for 
sodium aerosol has been determined and empirical relation for predicting mass concentration with 
experimental parameters has been determined.  In this context, we have formulated a theoretical simulation 
for the estimation ofsteady state sodium aerosol mass concentration based on rate equations of mass and 
number concentrations. The model is validated using the inputs from the experimental work of Minges and 
Glockling. In this paper, a brief description of the model and theresults on comparison between theoretically 
simulated sodium aerosol mass concentration and experimental values for various pool temperatures are 
presented. 
                                                     

Theoretical Formulation
A schematic diagram of cover gas region, sodium pool and roof top along with pool & roof boundary layer is 
shown in Fig.1. The temperature profile in the cover gas region is shown in Fig.2 (Fig.2 is the temperature 
profile measured in cover gas region of sodium loop facility called SILVERINA Loop, FRTG, IGCAR). The 
thickness of the pool and roof boundary layer varies with temperature of the pool (region A and region C in 
Fig.2). The temperature gradient exits only in pool boundary layer and roof boundary layer, the temperature 
profile remain almost constant (region B) in the middle level of cover gas. Evaporation of sodium vapour 
from the pool surface and subsequent condensation above the pool boundary layer results in the 
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formation of aerosols. Sodium vapour are generated continuously from sodium pool due to evaporation 
(source term) and also removed continuously by several mechanisms (gravitational settling, wall plating, and 
ventilation) which are functions of particle size. 
Due to evaporation, the mass concentration of sodium vapour is more near the pool boundary than bulk cover 
gas region. The flux of sodium vapour across the cover gas region is written as:

Fig. 1 schematic diagramof cover gas region, sodium
pool and roof top along with pool & roof boundary layer

Fig.2 temperature profile in
the cover gas region
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As the time progresses, the particle size grows and reaches equilibrium size, simultaneously the concentration 
of the aerosols in the cover gas region increases and reaches steady state value.  Fig. 3 is the Mass Median 
Diameter (MMD) in the middle of the cover gas region measuredin cover gas region of sodium loop facility 
called SILVERINA Loop, FRTG, IGCAR. The aerosol size is found to be in the range from 1.5 - 11.5 µm. In 
order to predict the aerosol concentration, a theoretical simulation is formulated by combining all the effects 
of a continuous source term, coagulation and various removal mechanisms. 

                                    

In this model, the input parameters are temperature of sodium pool surface, bottom surface of roof top, bulk 
cover gas, geometry of the vessel (diameter of the pool surface and height of the cover gas region) and the 
initial radius of sodium aerosol. Using these input parameters, the mass concentration is estimated by solving 
the rate equations of mass and number concentration numerically. The equations of mass and number 
concentration and their inter-relation are given below:

3
Where C – Mass concentration (g/cm )
ë – Decay rate (gravitational, wall plating and ventilation) (1/s)
ä – Convective source rate (1/s)

3S  – Evaporative source term (g/cm sec)e

3N – Number concentration (1/cm )
3

S  - Source term for number concentration (no. of particles/cm  sec)n

K – Coagulation rate (1/s)
3

ñ – Particle density (g/cm )
r – Radius of particle (cm)
t – Time (sec.)

                                    

The Approximations taken into the calculations are                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
· The aerosol particles are always spherical and the collision efficiency is unity.
· The aerosol size is large compare with mean free path of cover gas.
· There is no hindrance in the cover gas space.
· The aerosol concentration is uniform in the cover gas region
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· The evaporation rate is constant for the fixed pool and roof temperature with respect to time
· The sodium vapour concentration is zero outside the pool boundary layer.
The mean free path of argon cover gas is 0.89 – 1.40 µm when pool temperature varied from 250°C -550°C at 
fixed cover gas pressure (1.35 bar). The Knudesn number (for the aerosol size) (Kn=2ë/d) is less than 1 for all 
pool temperature. Hence it is considered that, gravitational removal is dominated in the cover gas region and 
thermophoresis make only smaller contribution. Hence thermophoretic force on aerosols is not taken into 
account.
                                    

In our modeling, to begin with the concentrations C and N are set to zero.  The evaporation rate (taking 
geometry of the region into account) (Se) is calculated. The aerosols generated due to evaporation have got an 
initial particle radius and it is used as a next input. Based on the particle size and density, number source term 
(Sn) is calculated. In the next time step, for the initial particle radius, the convection source rate (ä) and for this 
particle radius the collision kernel rate K, the particle decay rate constant ë are calculated.  Then for these 
conditions the mass concentration C and the number concentration N are calculated.  In the next time step 
from the calculated value of C and N, the particle diameter is calculated and subsequently all parameters are 
calculated until the convergence of mass concentration value is reached.  At this time, the mass and number 
concentrations reached steady state value, while the particle diameter reaches equilibrium diameter.  Hence, 
the measured mass concentration and the theoretically calculated mass concentrations are steady state values.
                                    

Results and Discussion
In the present communication, we have compared the results of Glockling and Minges studies.  The 
experimental parameters for the Glockling and Minges studies are presented in Table 1.  In both studies,the 
sodium aerosol mass concentration was measured by varying sodium pool temperature whilekeeping roof top 
temperatures at a constant value. 
                  

Table1: Experimental parameters of Glockling and Minges studies

                  

                  

Fig.4 shows the experimental mass concentration values for various pool temperatures.The mass 
concentration of the sodium aerosol in the cover gas region is predicted by using the model andit is also 
included in Fig.4.

               
                  
                  

Figure 4 : Theoretical and experimental comparison of sodium aerosol mass concentration
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It is observed from Fig.4, that the sodium aerosol mass concentration (steady state value) increases 
exponentially with increase of sodium pool temperature and the theoretical simulation is found to have good 
agreement with the experimental values for the entire range of pool temperatures. Itis to be noted here that, the 
model begins with initial particle radius 1- 4 µm, based on the experimental value obtained from SILVERINA 
Loop and other geometric parameters mentioned in Table 1. The final equilibrium radius and steady state 
mass concentrations are evaluated for the cover gas region condition, and found have close matching with the 
experimental value.  It is to also to be noted here that our predicted value differ by maximum value of 20%.  
The study reveals that the sodium aerosol mass concentration also depends upon the geometry of cover gas 
region. The modelling is found useful in predicting the steady state sodium aerosol mass concentration for a 
given geometry and pool temperature. In continuation of this work, we are involved in characterisation 
sodium aerosols in the cover gas region of sodium loop facility in SILVERINA Loop, FRTG, IGCAR.
                  

Reference
Ford, I. J. (1993). Sodium aerosol formation and removal mechanisms in the fast reactor cover gas space. J. of 

Aerosol Sci.24 No. 2: 237-253.
Glockling, J. L. D. (1991). Heat and Mass transfer in specific aerosol system. PhD thesis, Department of 

chemical engineering. South bank University, London.
Minges, J. and Schutz, W. (1991). Experiments to characterize the sodium aerosol system in the cover gas of 

the European Fast Reactor EFR. J. of Aerosol Sci. 22 Suppl. 1: S761-S764.
Minges, J. and Schutz, W. (1993). Experiments on the enrichment of cesium in the cover gas aerosol of the 

European Fast Reactor (EFR). Nuclear Engineering and Design 147: 17-22.
Roberts, D. N. (1995).  Heat and Mass transfer studies in sodium – Argon filled enclosures. PhD thesis, South 

bank University, London.
Sinai Y. L., Ford I. J., Barrett J. C. and Clement C. F. (1993). Prediction of coupled heat and mass transfer in 

the fast reactor cover gas: the C-GAS code. Nuclear Engineering and Design, 140, 159-192.
Subramanian, V., Baskaran, R. and Indira, R., (2008) “Experimental study on enhanced Brownian 

Coagulation of Sodium Compound Aerosol in the presence of Gamma Field”, Journal of Aerosol 
Science, Vol. 39, p.814.

                  

151

Theoretical Simulation of Sodium Aerosol Mass Concentration in the Cover Gas Region

IASTA , BHU, VARANASI-2014



Development of Technique for Measurement of Sodium Aerosol Mass 
Concentration by Using Light Extinction
                         

V. Gopala Krishnan, V. Subramanian, R. Baskaran, B. Venkatraman
Radiological Impact Assessment Section, RSD, IGCAR, Kalpakkam – 603102, INDIA

                         
Keywords: Sodium Aerosol, Laser Power, Extinction
                         

Introduction
Aerosol Test Facility has been in service for the aerosol safety studies related to Sodium Cooled Fast Reactor 

3
(SFR).The facility includes (i) Aerosol generator, (ii) Aerosol chamber (volume 1m ) and (iii) Aerosol 
diagnostic equipments. Several studies have been conducted and reported elsewhere [Baskaran R et al. 2004] 
[Baskaran R et al. 2009]   . Of which, some of the important studies include the determination of physical and 
chemical characteristics of sodium combustion aerosols. The most significant parameter in defining aerosol 
characteristics is its mass concentration.  The measurement of mass concentration is accomplished by using 
both conventional Filter Paper Sampling method and on-line method, in which,Quartz Crystal Microbalance 
(QCM) is being used. Both these methods required certain volume of aerosols to be drawn from the chamber, 
which induceslocal turbulence in the chamber. It is noted that incase of QCM sampling, the turbulence is very 
minimum due to very low sampling flow rate. Further, sodium combustion aerosols are highly corrosive 
(presence of NaOH) and it tends to spoil the quartz crystal used in QCM.In view of this, an alternative, non- 
intercession on-linemethod has been considered by using laser light extinctionthrough aerosol cloud.  In this 
paper, the methodology used for determination of mass concentration by light extinction method and 
preliminary results with known concentration are presented.  
                         

Method
The schematic diagram of the experimental set up is shown in Fig 1.  The 
laser source used is He-Ne gas laser (Make: NEC corporation, Japan) 
and mounted outside of viewing port of the aerosol chamber. It is  having 
10mW power and produces 632nm monochromatic beam of light. A 
laser power meter (Make:M/s Genetec. E, Model: Solo2, Canada) is 
mounted diagonally opposite side of the chamber, focusing the laser 
light in such a way that the alignment gives maximum power.The optical 
path length consists of 8mm glass disc and 1600mm air. 
                         

Results and Discussion
To begin with, the initial power (P ) i.e. without any aerosol, is measured 0

after 30 minutes of warm up. Then, known quantity of sodium 
combustion aerosols were generated and made to fill in the aerosol 
chamber [Subramanian V et al. 2009 ].  Based on our experience, the 
quantity of sodium and duration of combustion were optimized in order 
to get the required mass concentration. The experiments are carried out 

3with initial mass concentration around 500 mg/m   The mass 
concentration of sodiumaerosols suspended inside the chamber is 
measured using Filter Paper Sampling method.The Filter paper 
sampling continued intermittently and the suspended mass 
concentration inside the chamber was measured with progress of time.  
Simultaneously, the laser power is also measured continuously with time 
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(P ). As soon as the aerosols were injected into the chamber, it undergoes t

bulk movement with turbulence and the laser power obscuration is found 
to be fluctuating.However, after certain period of time (in 20 minutes), 
the aerosols in the chamber is found uniformly distributed and regaining 
of laser power found to follow a uniform pattern. Fig. 2 shows a typical 
experimental run showing suspended mass concentration at various 
times and corresponding laser power measured across the optical path. It 
is observed from the experiments, the initial laser power measured 
before the injection of aerosol is found to vary from 8.15 to 9.2 mW.
The power reduced upto0.5 to 1.85 mW in the first minute as soon as the aerosols are fed in.  As time 
progresses, the laser power progressively increases with respect to settling of aerosol (Fig.2).The 
measurement was continued upto 180 minutes and the laser power regained to 80% of its original value.  Care 
has been taken to include the attenuation of laser power due to deposition of aerosols on the glass window. 
Four experiments have been conducted and the percentage of obscuration is determined as

It is observed that the laser obscuration pattern follows 2 parts (i) during first 20 minutes and (ii) after 20 
minutes to 180 minutes.On comparingthe obscuration % of laser power, a variation of 4% was observed 
among the four experiments during the time period 20-180 minutes.  It means that, after the initial period 
(after 20 minutes), the settling pattern is found to be similar and hence the laser obscuration by the aerosol 
shows less deviation.  A graph is plotted with average obscuration% of laser (of the 4 experiments) versus 
mass concentration measured between 20 and 180 minutes and it is shown in Fig.3. The region above 70% 
laser obscuration corresponds to initial phase of the experiment. The suspended mass concentration found to 

3
vary between 70-200 mg/m  when laser obscuration in the range of 35-70%. 
                           

Further experimentsare in progress to optimize the % laser obscuration in the initial time period as well as 
with increased mass concentration using high power solid state laser source. Hence, the light extinction 
method could be developed as handy and custom built technique, and permanently be fixed in ATF after 
establishing calibration graph, for measurement of average mass concentration of sodium aerosols in the 
aerosol chamber of ATF. 
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Introduction
Carbonation of sodium aerosol is a chemical reaction, in which, hydroxide form of sodium aerosols reacts 
with carbon dioxide in the atmosphere and forms sodium carbonate. Sodium aerosols are formed from a 
sodium fire due to the leakage of fluid sodium carrying pipes, more particularly, in the secondary loop of 
sodium cooled fast reactor (SFR). In the flame zone it is oxide, then, the oxide aerosol reacts with moisture in 
the atmosphere to form sodium hydroxide, the hydroxide aerosols further reacts with carbon dioxide in the 
atmosphere to form sodium carbonate. The hydroxide aerosols are highly corrosive and represent a potential 
inhalation hazard to human. This is why special regulation is defined for inhalation hazard with different 
threshold limit values, which are more stringent for sodium hydroxide than for sodium carbonate (TLV for the 

3
inhalation is 2 mg/m , stipulated by OSHA, AICGH, whereas,there is no such a stringent limit for carbonate 
aerosols). Hence studies on carbonation process of sodium aerosols assume great importance in the safety 
aspects of SFR.Experimental study on carbonation of aerosols has been carried in Aerosol Test Facility 
(ATF), (Baskaran R et al. 2004, Baskaran R et al. 2009) by simulating various atmospheric conditions and 
chemical species of sodium aerosols was determined with progress of time. At the same time, a 
phenomenological model has been developed in CEA, France, (Gilardi et al., 2013), based on shrinking core 
model. In this paper, a brief description of the model and the results of the experiments i.e. chemical 
speciation of aerosols, in particular, conversion of hydroxide with time is compared with conversion time 
predicted by the model are presented. 
            

Method
Experiments were carried out in Aerosol Test Facility, RSD, IGCARto determine the progress of carbonation 
process with time for various atmospheric conditions and they are (i) in three relative humidity 
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(RH) ranges viz. 20%, 50% and 90% ,(ii) in two CO  concentrations viz. ambient (390ppm) and reduced CO  2 2

3
concentration of 270ppm. Sodium aerosols were generated with initial mass concentration of about 4 g/m  
and sampled on filter paper at various time intervals. The filter papers were analyzed by using conductometric 
titration and various chemical species present in the filter papers were reported (Subramanian V. et al, 2014, 
Ananthanarayanan R et al., 2014).  Fig.1 shows the chemical speciation of sodium aerosols at various times 
for relative humidity in the range of 90 %.
         

Phenomenological Modeling
The kinetic model was developed to describe the carbonation of a single 
particle of sodium hydroxide  CO + 2 NaOH  Na CO  + H O2,(g) (s) or (l) 2 3, (s) or (l) 2 (g) 

A  + 2B  C +  D
This model is based on a shrinking core model, in which hydroxide core 
shrinks, as CO  diffuses from the outer surface and converting hydroxide 2

into carbonate. The model takes care of NaOH particle `state (liquid or 
solid, depending on the relative humidity) and the particle expansion 
(volume variation between the reactant NaOH and the product Na CO ) 2 3

The Figure 2 is a scheme representing shrinking core of one particle of 
aerosol.The input parameters in the model consist of  (i) RH%, (ii) CO  2

concentration, 
                    

-10 2(iii) Diffusion coefficient  of CO  which is taken as 1.5x10  m /s, (iv) 2

Porosity = 0.5.  With these values, the model calculates the hydrated 
particle density, particle radius and the conversion time for each step of 
conversion rate.

Results and Discussion
The present version of model includes (i) calculation of initial radius of particle, (ii) particle porosity and 
hence diffusivity of CO  into the particle and (iii) availability of CO  i.e. external transfer of CO  to the 2 2 2

particle. By using the model, a graph is plotted (Fig.3) for the conversion rate of NaOH verses time, which 
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indicates % mole fraction of NaOH at various times and complete conversion time. The experimental NaOH 
conversion rates determined from measurements is also presented in Fig.3. The results are compared for the 
experimental condition of higher RH (~90%). It is observed from Fig.1 (a) (CO =390ppm), in the first minute, 2

hydroxide formation is dominant; and carbonation is completed in 20-21 minutes (no hydroxide species).In 
Fig.1 (b) (CO =270ppm), similar trend is observed in the first minute and carbonation is completed in 30-31 2

minutes.  The formation of higher mole fraction of hydroxide in the first minute is due to the presence of high 
moisture content in the reacting atmosphere. It is confirmed that, carbonation is slow in the reacting 
atmosphere having lesser CO  content. It is observed in Fig.3,  the conversion rate of NaOH in the first minute 2

matches with experimental observation, the final conversion time predicted by the model and the 
experimental observation is almost same, but there exists certain deviation in the intermediate time values.
                        

Summary and Conclusion
The modeling found to have fairly good agreement with experimental results on conversion time for high 
relative humidity around 90%.  Further modeling improvements are in progress for a better agreement in the 
lower humidity conditions. In the case of 50% and 20% RH, the densities of the particle differ and 
CO solubility in NaOH droplets would be different and hence modeling requires special features to be 2

included.
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Introduction
Many studies  reveal that Particulate Matter (PM), a major component of ambient air, can act as carrier for 
toxic substances ranging from metals to organic compounds which increases its toxicity. These particles 
easily get deposited in alveolar region of the lungs  and cause several respiratory and cardiovascular diseases . 
Not surprisingly, PM in outdoor air has recently been certified carcinogenic to humans by World Health 
Organization.
        

This study was conducted at major intersections in the city of Kanpur, India in 2011. The objective was to 
investigate the degree of risk posed by metals present in PM inhaled. This was accomplished by collecting air 
samples and using metal levels on PM to conduct a Cancer risk assessment. Uncertainty and variability of 
parameters that contribute significantly to cancer risk estimates was also performed.
        

Methods
Sample collection and metal analysis
Air samples were collected at four locations, which include major traffic, and rail road intersections. Site 
abbreviations (used henceforth) and related details are given in Table 1. 
        

Table 1 Description of sampling locations

All samples in city were collected during the peak traffic hours in a day in summer 2011 by using Optical 
Particle Counter (OPC; Grimm Laser Aerosol Spectrometer model 1.108, Grimm Aerosol Technik GmbH, 
Ainring, Germany) (See Kumar et al. 2014 for more details). An integrated gravimetric Teflon filter (47 mm 
diameter, pore size: 1.2ìm) used in OPC was extracted for metals using Hot-plate acid digestion method. 
Filter paper was cut into several small pieces and placed into a 100 mL digestion flask. 15 mL of concentrated 
HNO  (65%, GR Merck Supra pure) was poured into the digestion flask and placed over a hot plate (180 °C) 3

for 2 hours. After the completion of digestion, the sample was cooled to room temperature and filtered 
through 0.22 ìm Whatmann filter paper to remove any solid residue. Volume of extract was made to 100 mL 
with MILI-Q water. Similar procedure was followed for blank preparation. 
             

Sample was injected into an Inductively Coupled Plasma with Optical Emission Spectroscopy (ICP-OES, 
ICAP 6300 Thermo Inc.) for analyzing metal elements mainly Chromium (Cr), Nickel (Ni) and Lead (Pb).
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Data analysis
Cancer Risk Assessment
Information provided by the Integrated Risk Information System (IRIS, U.S. Environmental Protection 
Agency) was used to conduct cancer risk assessment. Incremental Life Time Cancer Risk (ILCR) for exposed 
population was calculated using the following equation  (Yeh, 2011):

         

where CDI represents chronic dose intake, SF is cancer slope factor, C is pollutant concentration,  IR is 
inhalation rate, ET is the average exposure time, EF is the average exposure frequency, ED is the average 
exposure duration, BW is the average body weight, and AT is the average life span of a person. Exposure 
parameters used in this study are given in Table 2. From integrated risk information system of USEPA, the 

-1 -1
cancer slope factors for Ni and Cr through inhalation are 0.84 kg d mg  and 41 kg d mg , respectively, while 

-1 
the value of cancer slope factor for Pb is 0.0042 kg d mg (Lloyd, 2005).
             

Table 2 Exposure related parameters used to estimate ILCR in the current study. 

a 
Range: 1-45 year (assumed)

b Range: 1-24 hr
c -1 Range:1-365 dyear
e,d,f

 Yadav and Satsangi, 2013
         

Uncertainty analysis
A quantitative sensitivity analysis was performed to examine the uncertainty and variability of parameters 
that contribute significantly to cancer risk estimates namely, IR, ET, EF, ED, and BW. The software program 
Oracle Crystal Ball (Fusion Edition Version 11.1.1) was used to perform sensitivity analysis.
       

Results 
Estimation of Incremental Life time Cancer Risk (ILCR)

-04 -06
Among the three metals investigated, high ILCR values (range: 10 to 10 ) at all locations in this study 

-04
indicate a high potential health risk. Several regulatory programs  confirm that ILCR values between 10  to 

-06 -0210  suggest potential health risk. Among all sites sampled, ILCR observed at one site (1.60 x 10 ) for Cr is 
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-04 -06
highest, – 2 orders of magnitude higher than the upper limit in the risk range mentioned above (10  to 10 ).  

-05 -04 -06 -05The estimated cancer risk for both Ni (range: 2.63 x 10 to 3.18 x 10 ) and Pb (range: 5.60 x 10 to 5.65 x 10 ) also 
show potential health risk.
         

Uncertainty and sensitivity analysis
All parameters showed positive correlation with ILCR except BW, which is negatively correlated. As 
expected, most imperative parameter in risk assessment is ED, which contributes > 44% of variance in risk 
estimation for all 3 elements considered here (Ni, Cr and Pb). The second most influential parameter is ET 

th th
(~20%) followed by BW (~20%, negative correlation) and inhalation rate (IR). Table 3 lists 90  and 10  
percentile for people exposed to Ni, Cr and Pb in polluted environment. Levels observed suggest that cancer 
risk for the people exposed to Cr is much higher than other metals.
      

Table 3 Estimated range of ILCR for people exposed to Ni, Cr and Pb at all sampling locations

         

Conclusion
This study concludes that occurrence of metals in PM in ambient urban air, mainly at major traffic and rail 
road intersections, may cause significant health risk to people exposed on a daily basis. Sources of this 
pollution, mainly emissions from road traffic need scrupulous attention to achieve effective risk mitigation. 
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Introduction
Dust is considered to be one of the major sources of tropospheric aerosol loading, and constitutes an important 
key parameter in climate aerosol-forcing studies ( ; ).  Long-range 
transport of dust aerosols from Arabian Sea has been the subject of intense investigation due to potential 
impact of such pollutants on the global radiative budget (Badarinath et al., 2010). These aerosols transport 
over long distances from the source region and represent an important process of land-atmospheric 
interaction (Ginox et al., 2001). The optical properties of dust aerosols vary spatially and temporally due to 
regional variations of soil characteristics and mixing of dust with other aerosol species, such as black carbon 
(BC) (Seinfeld et al., 2004), making the dust aerosol radiative forcing more complicate.  In this paper, we 
report the results of the analysis of dust aerosol plume that originated over the Arabian Sea on 20 March 2012, 
transported and continuously persisted over Pune, India from 21 to 25 March 2012.  The forcing exerted by 
these aerosols at bottom of the atmosphere (BOA), atmosphere (ATM) and top of the atmosphere (TOA) 
during the period of the dust event is also presented.
      

oA Cimel Sun Photometer (Model CE-318, Cimel Electronique, France) was setup at IITM, Pune (18.53 N, 
o

73.8 E, 559 amsl), India in 2004, as a part of the AERONET global network, and was put into regular 
operation since end of 2004. The AERONET data are available at three levels, namely, level 1.0 (unscreened), 
level 1.5 (cloud screened), and level 2.0 (quality assured). In the present study, the retrieved Aerosol Optical 
Depth (AOD), Angstrom Exponent (á), Radiative Forcing (RF) from level 2.0, Fine mode AOD, Coarse 
mode AOD, and Fine mode fraction (FMF) from level 1.5 data have been used. Additionally, MODIS 
(MODerate-resolution Imaging Spectroradiometer) - Aqua satellite images of the dust storm across the 

th
Arabian Sea on 20  March 2012, and NCEP/NCAR reanalysis winds have been used to examine the dust 
aerosol dynamics. Thus the analysis provided an insight into the contribution of long-range transport of dust 
aerosols from Arabian Sea to the air pollution levels over Pune based on a combination of a ground-based and 
satellite remote sensing observations during 18-26, March 2012. 
      

Results and Discussion
Figure 1a shows the Aqua satellite image of the major dust plume on 20 March 2012 that stretched across the 
Arabian Sea from the coast of Oman to reach India. In order to understand the morphological characteristics 
of the dust event, particularly its dynamics, the synoptic meteorology over the Arabian Sea region has been 
examined. For this purpose, the NCEP/NCAR derived winds at 850 hPa level over the Arabian Sea region 
have been analyzed (Figure 1b). It is evident from the figure that the winds show persistent westerly flow with 
higher magnitude over the Oman and lower at south part of Arabian Sea and Indian Ocean. Once the dust is 
raised, its direction of transport depends on the prevailing wind ?ow. Hence, over the Arabian Sea, dust is 
normally transported southwest due to the northeast trade winds, which blow towards the ITCZ lying in the 
southern Hemisphere during Austral summer (Krishnamurti   et al., 1998; Nair et al., 2004). However, if a 

Huang et al., 2006 Slingo et al., 2006

Methodology
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low-pressure system develops over the Arabian Sea or Bay of Bengal, then the dust is preferentially 
transported towards it. In the present case, the easterly winds transport the dust from the Arabian Sea to 
western India.

 Figure 1. (a) The MODIS satellite image on 20March 2012, showing the transport of dust plume across the Arabian Sea to reach India and (b) 
Spatial distribution of wind speed and direction at 850 hPa on 21 March 2012 over south Asia derived from NCEP/NCAR reanalysis.
            

          

Figure 2. Daily variation of the AERONET AOD at 440nm (a), Fine mode and coarse mode AOD at 500nm (b),  Ångström exponent á 
in the spectral band 440–870 nm (c), and Fine mode fraction at 500nm (d) over the experimental site. The vertical bars show one 
standard deviation from the mean area-averaged value.
                                      

The AERONET products (AOD at 440nm, FM and CM AOD at 500nm, Angstrom exponent (440-870nm), 
and FMF at 500nm) before, during and after occurrence of the dust event are shown in Figure 2a, b, c, d, 
respectively. As shown in figure 2a, the AOD at 440nm values increase progressively from 18 to 20 March, 

exhibiting very highest value (∼0.8) on 21 to 23 March (major intensity of the dust event).Thereafter, the 

AOD progressively decreases, but at a lower rate, since the thick dust layer emitted in the middle and upper 
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atmosphere can stay over there for several days. The larger standard deviation on 21 March indicates the 
signi?cant spatial distribution in aerosol load over the area caused by the intense dust storm. The FM and CM 
AOD variation (Figure 2b) clearly shows during dust event period CM AODs are dominated compared to FM 
AODs due to abundance of coarse dust particles are transported from Arabian Sea. The Angstrom exponent 
and FMF (Figures 2c and d) values clearly indicate the dominance of coarse-mode aerosols during the study 
period.

Figure 3 depicts the day-to-day variation of percentage of dust aerosols calculated from AOD at 500nm and 
Angstrom exponent at 440-870nm.  It is interesting to note that maximum dust aerosols present on 22, 23 and 
24 March 2012 coincide with lower Angstrom exponent and fine mode fraction (Figure 2c & d), which 
implies dominance of coarse mode aerosols during the dust-rich period.
Figure 4 shows the variation of aerosol radiative forcing during dusty and less- or non-dusty days. The 
observed TOA and BOA were significantly low on the dust event day as compared to that with other days.   
During the same period, an opposite pattern with an enhancement in the forcing was observed for the ATM.  

-2On the event day, the observed BOA is as low as -118 Wm  (cooling), which is ~ 51 units less than that of non-
th -2 -2dusty day i.e. on 19  March 2012 (-67 Wm ).  An increase in the ATM, as high as ~+85 Wm  (warming) on 

st -2
21  March has been observed as compared to that of non-dusty day (~42 Wm ).  These results reveal that, by 
and large, the aerosol radiative forcing during the dust event period is contributed more by scattering aerosols, 
but the influence of internal and external mixing i.e. coating by external materials needs to be pursued.  Such 
studies have been planned in the future investigations.  More supporting results from the DREAM (Dust 
REgional Atmosphere Model) and concurrent CALIPSO (Cloud Aerosol Lidar Infrared Pathfinder Satellite 
Observations) will be discussed.  
                  

Conclusions
The transport characteristics of dust aerosols from Arabian Sea to Pune region have been investigated 
utilizing the ground-based sun-sky radiometer and MODIS satellite remote sensing measurements, 
supported by the NCEP/NCAR re-analysis wind field, during 18-26, March 2012. The results are 
summarized as under:
                  

·The dust intrusion caused an increase in AOD at 440nm from 0.46 to 0.78, and decrease in Angstrom 
exponent á from 1.10 to 0.94, suggesting dominance of coarse mode aerosols.    
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· Maximum percentage of dust aerosols present in the air-mass over the study region during 22-24 March 
2012.

-2 -2
· The TOA decreased by 23% (from -24 to -41 Wm ) and BOA by 22% (from -67 to -118 Wm ) while the 

-2ATM increased to about 50% (from 42 to 85 Wm ) during the study period.  This feature indicates more 
cooling at surface against warming in the atmosphere.  The radiative characteristics of dust aerosols due 
to coating by other organic / inorganic materials during their transport, and relative contributions of 
different types of scattering/absorbing aerosols, over the study region, need to be examined in future 
work.  

                  

Acknowledgements
This work was supported by a project under the ISRO-GBP-ARFI program of the Indian Space Research 
Organization (ISRO), Department of Space, Government of India. One of the authors (KV) acknowledges the 
financial support, in the form of Research Fellowship, from the ISRO-GBP-ARFI Project. The authors are 
grateful to the AERONET Group, NASA, USA for their valuable support. Thanks are also due to the Director 
IITM and Amity University Haryana (Manesar-Panchgaon) authorities, for infrastructure support.
                  

References
Badarinath, K.V.S. and Co-authors (2010). Long-range transport of dust aerosols over the Arabian Sea and 

Indian region – A case study using satellite data and ground-based measurements, Global and Planetary 
Change 72(3), 164-181.

Ginoux, P. and Co-authors (2001). Sources and distributions of dust aerosols simulated with the GOCART 
model, J. Geophys. Res. 106(D17), 20255–20273, doi:10.1029/2000JD000053.

Huang, J. and Co-authors (2006). Satellite-based assessment of possible dust aerosols semi-direct effect on 
cloud water path over East Asia, Geophys. Res. Lett. 33, L19802, doi:10.1029/2006GL026561.

Krishnamurti, T.N. and Co-authors (1998). Aerosol and pollutant transport and their impact on radiative 
forcing over the tropical Indian Ocean during the January–February 1996 pre-INDOEX cruise, Tellus 
50B, 521–542.

Nair, V.S., K.K. Moorthy and S.S. Babu (2008). Size segregated aerosol mass concentration measurements 
over the Arabian Sea during ICARB, J. Earth Sci. Syst. 117, 315–323.

Seinfeld, J.H. and Co-authors (2004). ACE-ASIA: Regional climatic and atmospheric chemical effects of 
Asian dust and pollution, Bull. Amer. Meteor. Soc. 85, 367–380. doi: http://dx.doi.org/10.1175/BAMS-
85-3-367.

Slingo, A. and Co-authors (2006). Observations of the impact of a major Saharan dust storm on the 
atmospheric radiation balance, Geophys. Res. Lett. 33, L24817, doi: 10.1029/2006GL027869.

Dust Aerosol Transport Characteristics over Pune, India Using Combined Photometer....

164 IASTA-2014, BHU, VARANASI



Slant Column Density Determination of Atmospheric Trace Gases using a 
High-Resolution Miniature Fiber Optic UV-VIS-NIR Spectrometer 

            
1   2

G. S. Meena , P. C. S. Devara
1Indian Institute of Tropical Meteorology, Pune–411 008, India

2Amity Institute of Laser Technology & Optoelectronics, Amity University Haryana, 
Gurgaon-122 413, India

Keywords: Differential Optical Density, Differential Slant Column Density, Solar Zenith Angle
           

Introduction
Spectrometers observe the zenith sky light to measure the column density of many atmospheric trace gases 
from the ground. In the troposphere, the photolysis of NO  results in the formation of O  (Bradshaw et al., 2 3

2000). NO  can react with O  to form the nitrate radical (NO ), which is strong oxidant that plays an important 2 3 3

role in NO  polluted areas at night (Wayne, 1991). Atmospheric aerosols may be responsible for ozone x

depletion and hence impact on the climate (Tzanis and Varotsos, 2008). Anthropogenic sulphate aerosols cool 
the climate by reflecting   sunlight. Water vapor (H O) in the lower stratosphere is a very effective greenhouse 2

gas that responds to changes in temperature, microphysical processes and atmospheric circulation. Water 
vapor concentration varies substantially in both the vertical and horizontal. Clouds are intimately connected 
to the water vapor pattern, as they occur in connection with high relative humidity, and cloud processes in turn 
affect the moisture distribution. In the atmospheric physics, O  is the absorber of solar radiation (e.g., Perner 4

and Platt, 1980; Pfeilsticker et al., 1997). Differential Optical Absorption Spectroscopy (DOAS) is a 
technique most popularly applied to determine trace gases in the atmosphere by utilizing zenith sky scattered 
radiation in the atmosphere as a light source (Platt, 1994; Chen et al., 2009). DOAS technique usually 
measures the difference between two spectra, viz., measurement and reference, which removes common 
spectral contributions to these two spectra such as solar Fraunhofer structure. 
The present paper describes the spectrometer used, observational method and analysis of the spectra to 
determine the concentrations of NO , O , H O and O  over a semi-urban site in Southern India, Mahabubnagar 2 3 2 4

(16°42' N, 77°58' E, 498 m AMSL) during CAIPEEX- IGOC experiment from 1 October 2011 to 11 
November 2011. The differential Slant Column Density (SCD , integrated concentration along the slant diff

absorption path) variations of NO , O , H O and O  between 65º and 95º Solar Zenith Angles (SZAs) during 2 3 2 4

morning and evening hours are evaluated and discussed for a selected period between 18 and 23 October 
2011. 
           

Measurements and Methodology
Ground-based observations of zenith-sky scattered sunlight are performed at Mahabubnagar during 
CAIPEEX- IGOC experiment from 1 October 2011 to 11 November 2011. The spectrometer used in the 
present study is a high-spectral resolution spectrometer Model HR2000, manufactured by Ocean Optics, 
Dunedin, Florida, USA.  It is the first model of a new line of modular optical bench spectrometers.  It is a 
modular spectrometer having high-optical resolution to 0.035 nm (FWHM) and focal length of 101.6 mm at 
f/4, works on symmetrical crossed Czerney-Turner optical design. The high-reflectivity AgPlus mirrors 
facilitates high-resolution measurements in low-light level situations.  Moreover, it is extremely low power 
(about 0.5 w) device. Further, this spectrometer is connected to a laptop computer through a fiber optic cable.  
When interfaced to computer via USB port, the spectrometer does not require an external power supply 
because it draws its power from the computer. The SpectraSuit software controls the entire function of the 
unit.  The detector is a linear CCD array with 2048 pixels (each 14µm × 200µm). The signal of dark current is 
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measured and subtracted from each spectrum according to the corresponding average exposure time. 
Depending on the intensity of the received scattered sunlight, the exposure time is adjusted automatically to 
maximize the total signal. The instrument has been mounted on the top roof stairs of a 20 m tall building. The 
scattered sunlight is received by a telescope with 46 mm diameter and 300 mm focal length, and lead to 
spectrometer through a quartz fiber. The spectra are recorded in the spectral range of 200 nm to 1100 nm 
between 65º and 95º SZAs. 
           

Figure 1 represents normalized zenith sky scattered light spectra taken at different solar zenith angles in the 
spectral region 462–498 nm. The spectrometer data are analyzed using differential optical absorption 
spectroscopy (DOAS) technique. Absorber (trace gas) concentration n is derived from Lambert–Beer's law as
           

 I = I  exp (–ó n l),                              (1)o
           

where I is the measured spectrum intensity (i.e., zenith sky scattered light intensity) at the ground, I  is the o

reference spectrum intensity outside the atmosphere, however, it is difficult to measure the spectrum outside 
the atmosphere. Therefore, noon-time spectrum is taken as a reference, l is the optical path length (cm), ó is 

2 - 1the absorption cross-section (cm  molecule ) of the molecule and n is the absorber concentration (molecules 
- 3

cm ).  For the atmospheric trace gases such as NO , O , H O and O , SCD  for each gas is calculated 2 3 2 4 diff

simultaneously using a least squares matrix inversion technique (Solomon et al., 1987; Meena et al., 2009). 

Figure 1. Normalized zenith sky scattered light spectra for different solar zenith angles in the spectral range of 462–498 nm.
              

Results and Discussion
Figure 2 depicts the observed SCD  of NO , O , H O and O  for selected days (i.e. 18–23 Oct 2011) during diff 2 3 2 4

morning and evening hours between 65° and 95° SZAs. The SCD  of NO , O  and O  are found to be higher in diff 2 3 4

the evening hours than in the morning hours at the same SZAs. The average SCD  of NO  in the morning and diff 2

16 - 2 16 - 2evening 85 SZA are observed to be 4.26×10  molecules cm and 6.85×10  molecules cm , respectively, 
during the study period. The SCD, diurnal variation and percentage deviation of each gas under study are 

16 - 2presented in Table 1. The SCD  of NO  at evening 85 SZA are higher by 2.6×10  molecules cm , which is diff 2
 

60% of morning SCD . Similarly, the SCD  of NO  at morning and evening 90 SZA are observed to be diff diff 2

16 - 2 16 - 2
6.4×10  molecules cm and 9.4×10  molecules cm , respectively. Likewise, the SCD  at morning and diff

16 - 2 17 - 2
evening 95 SZA are observed to be 7.18×10  molecules cm and 1.1×10  molecules cm , respectively. The 
diurnal variations of NO  in twilight period are found to vary from 46% to 60% during October 2011. 2

Similarly, the diurnal variations of NO  are observed to vary from 36% to 75% during November 2011. The 2

higher values of NO  in the evening SZAs greater than 85 compared to morning values may have occurred due 2
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to increased rate of NO-NO  conversion and reduction in the rate of photolysis of NO during evening twilight 2 2 

period.

Figure 2. Differential slant column densities (SCD ) of NO , O , H O and O  for the selected days (i.e. 18–23 October 2011) diff 2 3 2 4

during morning and evening hours between 65° and 95° SZAs.
          

19 - 2 
In case of O , an average SCD  at morning and evening 85 SZA are observed to be 7.45×10  molecules cm3 diff

19 - 2
and 9.23×10  molecules cm , respectively, during the days 18–23 October 2011. The SCD  of O  at morning diff 3

20 - 2 20 - 2
and evening 90 SZA are observed to be 1.03×10  molecules cm and 1.38×10  molecules cm , respectively. 

20 - 2 
Likewise, the SCD  at morning and evening 95 SZA are observed to be 1.15×10  molecules cm and diff

20 - 2
1.42×10  molecules cm , respectively. The diurnal variations of O  in twilight period are found to vary from 3

23% to 40% during October 2011 and 23% to 30% during November 2011 while that of H O from 2% to 10% 2

during October 2011 and 9% to 20% during November 2011. The diurnal variations of O  in twilight period 4

are found to vary from 23% to 27% during October 2011 and 29% to 53% during November 2011. 
                      

Table 1. Averaged SCDs of NO , O , H O and O  observed at morning and evening 85, 90 and 95 SZAs during the days 18–23 2 3 2 4

October 2011.
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Conclusions
The zenith sky scattered spectra (Ocean Optics Model HR2000) have been analyzed to determine the 
concentrations of NO , O , H O and O  over a tropical semi-urban site, Mahabubnagar during 2 3 2 4

CAIPEEX- IGOC experiment from 1 October 2011 to 11 November 2011.  The results reveal that the SCDs 
of NO , O , H O and O at 85, 90 and 95 SZAs during evening twilight period are found to be higher than those 2 3 2 4 

during morning twilight hours, but their diurnal variation and percentage of deviation are significantly 
different.
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Introduction
Carbonaceous aerosols have been the focus of extensive studies during the last decade due to its significant 
impacts on human health, air quality and climate change (Ramanathan and Carmichael, 2008; Janssen et al., 
2011). These aerosols constitute a major fraction of fine-mode particulates (i.e. PM ), with organic carbon 2.5

(OC) and elemental carbon (EC) being the key components. EC can also be referred as black carbon (BC), 
which can contribute to a positive forcing (i.e. warming effect) in the troposphere and negative forcing (i.e. 
cooling effect) at the earth surface due to their strong light absorbing nature (Jacobson, 2001; Kim et al., 2008; 
Ramanathan and Carmichael, 2008). Even though BC and EC are often used interchangeably, and are well 
correlated, they have different characteristics with each other (Jeong et al., 2004). Carbonaceous aerosols are 
gaining considerable importance in south-Asian region because of their potential impacts on regional 
climate, air-quality and their link with precipitation (Menon et al., 2002; Ramanathan and Carmichael, 2008; 
Ramana et al., 2010). However, emission sources and spatial distribution of these aerosols are poorly 
understood and such studies are relatively limited in India (Gustafsson et al., 2009). The present study aims to 
understand OC and EC characteristics based on thermal-optical technique and BC based on optical method, 
their variability on different time scales along with their possible emission sources at an urban mega city 
Delhi during January 2011 to May 2012. Further, the absorption coefficient and mass absorption efficiency of 
EC were estimated for the first time over the station.

            

Experimental Setup and Data Analysis
The carbonaceous aerosols (i.e. OC and EC) were measured on hourly time scale using semi-continuous OC-
EC analyzer (Sunset Lab, USA: Model-4), which is based upon thermal-optical transmittance technique 
during the period from January 2011 to May 2012 (except monsoon and post-monsoon periods). During the 

2sampling, a circular punch of quartz filter (area of 2.05 cm ) was inserted through a glass tube with a second 
backup filter, mostly to serve as support for the front filter, on which the particulate matter was collected. 
After collection of each sample, in situ analysis was conducted by using the modified NIOSH (National 
Institute for Occupational Safety and Health protocol) 5040 method, i.e. thermal-optical transmittance 
analysis, to quantify OC and EC on hourly basis. Additionally, BC mass concentrations were measured 
simultaneously with a seven-channel (ranging from 370 to 950 nm) Aethalometer (Model AE-31-ER, Magee 
Scientific, Berkeley USA) based on optical technique. A true value of BC was measured at 880 nm 

2 -1
wavelength (with an attenuation cross-section value of 16.6 m g ).
The absorption coefficient of BC (b ) can be estimated asabs

-1 -1 -6 -1Where b is the attenuation coefficient (in Mm  where 1 Mm = 10  m ), which can be calculated by ATN–Aeth 
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-3multiplying the measured BC mass concentration (ìg m ) at 880 nm and constant value of attenuation cross-
2 -1

section (i.e. ó  = 16.6 m g  at 880 nm). C is the multiple scattering effect (a value of 2.14 has been ATN-BC

considered for its correction), R is the shadowing effect, which is significant only in the case of freshly 

emitted soot particles whereas it is almost negligible (i.e. R≈1) for the aged particles (most probable case at 

Delhi). Further, a linear regression fit between b  and EC mass concentration provides a measure of the mass abs

absorbing efficiency of EC (ó ), which can be given as the ratio between b  and EC mass concentration asabs abs

Results and Discussion
Day-to-day variability in the measured OC, EC and BC mass concentrations is shown in Fig. 1. The OC 

-3 -3
concentration (Fig. 1a) was found vary from about 6 to 92 µg m (mean of ~23±16 µg m ) whereas EC and BC 

-3 -3 -3 -3(Fig. 1b) was about 3 to 38 µg m  (mean of ~11±7 µg m ) and from 1 to 24 µg m  (mean of ~7±5 µg m ), 
respectively during the entire measurement period. All the three components are well correlated with each 
other, suggesting identical sources of these components. On average, mass concentration of EC was found to 
be ~38% higher than BC during the study period, which could be due to the variability in composition, 
chemical and optical properties of emission sources and mixing states of both the species. OC/EC ratio was 
also studied to understand possible sources of carbonaceous aerosols. Relatively lower OC/EC ratio (range: 
1.0-3.6; mean: 2.2±0.5) was observed during the study period suggests fossil fuel emission as a major source 
of carbonaceous aerosols over the station, which was also confirmed by various others (Soni et al., 2010; 
Srivastava et al., 2012). The mass concentrations of OC, EC and BC also exhibit significant seasonal 

-3variability and their concentrations were ~2 times higher during winter (OC: 38.1±17.9 µg m ; EC: 15.8±7.3 
-3 -3 -3µg m  and BC: 10.1±5.3 µg m ) as compared to those observed during summer (OC: 14.1±4.3 µg m ; EC: 

-3 -3
7.5±1.5 µg m  and BC: 4.9±1.5 µg m ). The estimated b  and ó  (figure not shown here) was found to vary abs abs

-1 -1 2 -1 2 -1
from 7 to 184 Mm  (mean: 52±36 Mm ) and 1 to 22 m  g (mean: 5±2 m  g ) over Delhi during the entire study 

-1
period. The magnitude of b  was found to be about two times higher during winter (70±40 Mm ) as abs

-1compared to that in summer (37±24 Mm ) whereas the magnitude of ó  was nearly equal during both the abs

2 -1seasons (5.0 m  g ). Result suggests that the emission sources over the station are similar, though their 
emission strength might be varied.

                                      

Fig. 1. Day to day variability of (a) OC, (b) EC and BC and (c) OC/EC ratio at Delhi during January 2011-May2012.
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The estimated absorption coefficient (b ) was significantly correlated with EC, suggesting EC as a major abs

absorbing species in ambient aerosols at Delhi. Seasonally (Fig. 2), the correlation between b  and EC mass abs

concentration was found to be relatively higher during winter (R=0.85) as compared to that in summer 
-1

(R=0.60). A non-zero intercept of b  was ~10 Mm  during winter, which is about two time higher as abs

-1
compared to summer (~5 Mm ), suggesting contribution from the other absorbing species in both seasons. 

Fig. 2. Density plot of estimated absorption coefficient (b ) and measured EC mass concentration during winter and summer.abs

Conclusions
-3· The mass concentrations of OC, EC and BC varied from 6-92 (mean: 23±16 µg m ), 3-38 (mean: 11±7 

-3 -3 -3
µg m ) and 1-24 µg m  (mean: 7±5 µg m ), respectively during the entire measurement period (with ~2 
times higher concentration during winter compared to summer). Average EC concentration was ~38% 
higher than BC during the study period.

· Relatively lower OC/EC ratios (range: 1.0-3.6, with a mean of 2.2±0.5) suggest major contribution from 
fossil-fuel emissions during the measurement period at Delhi. 

-1 -1
· The estimated b  varied from 7 to 180 Mm  (mean: 52±35 Mm ) over Delhi, and found to be about two abs

-1 -1
times higher during winter (70±40 Mm ) as compared to that in summer (37±24 Mm ).

2 -1 2 -1· The estimated ó  was found to vary from 1 to 23 m  g  (mean: 5±2 m g ) during the entire study period, abs

with nearly similar values during winter (5.0±1.5) and summer (4.8±2.8), suggesting that the emission  

sources are similar, though their emission strength might be varied.
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Introduction
The impact of dust storms on environment and climate has received a considerable importance in the recent 
past (Haywood et al., 2011; Perrone et al., 2012). Dust constitutes a major fraction of atmospheric aerosols 
over the globe and have important role in regulating global climate system (Tanre et al., 2003). Major global 
sources of atmospheric dusts are arid and semi-arid desert regions contributing to the long-range transport of 
dust particles. The optical and radiative impacts of dust particles are rather complex since they are larger in 
size and exert a significant direct radiative forcing in both incoming (short-wave) and outgoing (long-wave) 
solar radiation (Perrone et al., 2012). As far India is concerned, influence of dust storms are common in north-
northwestern part of the Indian subcontinent mostly during pre-monsoon period (April to June), mainly 
influenced by the Thar and Margo Deserts as a primary source of dust storms in south Asia (Pandithurai et al., 
2008; Srivastava et al., 2011). Recently, there was an early dust storm observed during the third week of 
March 2012 over Middle East and Gulf regions. It is called 'unusual' as dust storms are generally observed to 
influence the Indian region during May and June. The present study focuses to understand the spatial changes 
in optical properties and associated radiative impacts of dust aerosols over South Asia region, mainly over 
India (Delhi and Jodhpur) and Pakistan (Lahore and Karachi). The impact was also traced up to the high 
altitude station at Manora Peak (Nainital) in the central Himalayan foothills.
                        

Instrumentations and Data Analysis
The sun/sky radiometers were used to measure aerosol optical properties at Indian stations (deployed by the 
India Meteorological Department, New Delhi, India) and at Pakistan stations (deployed by NASA, USA 
under the Aerosol Robotic Network (AERONET) program). It is capable for measuring direct solar and 
diffuse sky radiance at different spectral channels from visible to near-infrared regions. The sky radiance 
measurements are used to retrieve columnar aerosol optical depth (AOD), size distribution, single scattering 
albedo (SSA), asymmetry parameter (AP) and refractive indices of the aerosols.
                        

Results and Discussion
A dust storm was observed to be originated in the western part of the Middle East on 19 March 2012 and 
engulfed northwest part of India on 20-21 March 2012. However, to investigate the impact of these dust 
storm, aerosol data was analyzed during 19-23 March 2012 at four different locations: Delhi, Jodhpur, Lahore 
and Karachi. Figure 1a and b shows daily mean AOD (at 500nm) and AE (440-870 nm) at all the four stations 
during the study period, respectively. AOD was found to be highest at Lahore and lowest at Karachi during 
dust-impacted days (20-21 March). AOD reached at its peak value of 0.96 at Delhi on 21 March and 1.02, 2.17 
and 0.49 at Jodhpur, Lahore and Karachi, respectively on 20 March, while the corresponding AE dropped to 
0.009, -0.02, 0.0 and 0.12 at the respective stations. AOD values enhanced at Lahore and Jodhpur on 20 
March and decreased afterwards till 23 March, which are well associated with gradual increase in AE. 
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Further, at Delhi, although the average AOD was not increased significantly from the mean value 
(~0.93±0.03) ~0.93±0.03)during 19-21 March, a sharp decrease in AE (from 0.55 to 0.01) was clearly 
observed. The AE again increased gradually after 21 March, which was the dust storm day at Delhi along with 
a decrease in average AOD.  These results clearly demonstrate the influence of dust storm over Delhi on 21 
March. It is also noticed that SSA (at 675 nm) was relatively lower at Delhi (0.87) and Jodhpur (0.86) whereas 
a high value was observed at Lahore (0.98) and Karachi (0.93) on dust influenced day. The absorption 
Ångström exponent (AAE) was also estimated and found to be greater than 1.0 at Lahore and Karachi and less 
than 1.0 at Delhi and Jodhpur during dust influenced day, which could be due to the stations being situated in 
Ganga basin- one of the highly polluted regions in the world. At the same time, possibility of the presence of 
polluted dust is more at Delhi and Jodhpur as compared to Lahore and Karachi, which may reduce the AAE 
values as well.

Fig. 1. Daily variations in (a) AOD at 500 nm and (b) Ångström Exponent (AE) at all the stations.
                  

Radiative impacts of dust aerosols were also studied at all the stations using measured aerosol optical 
parameters discussed above in a radiative transfer model. Figure 2 shows estimated atmospheric radiative 
forcing over the stations during study period. Result revealed a significant warming in the atmosphere, with 

-2relatively higher values of about +72 Wm  at Jodhpur on 20 March (with corresponding atmospheric heating 
-1 -2

rate of 2.0 Kday ) and +68 Wm  at Delhi on 21 March (with corresponding atmospheric heating rate of 1.9 K 
-1day ).

To understand the impact of such unusual South Asian dust storm on climatically sensitive Himalayan region, 
aerosols measured simultaneously at Manora Peak (Nainital) - one of the sparsely inhibited high altitude 
stations in central Himalayas, have also been studied. An enhancement in AOD at 500nm (~28%) was 
observed over the station during the dust event day as compared to the normal day. The present study revealed 
that the transport of dust particles during such events can have severe climatic implications over the affected 
plains and the Himalayas.

An Early South Asian Dust Storm During March 2012: Spatial Distribution and its Impact....
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Fig. 2. Daily variations in atmospheric radiative forcing at all the stations during the study period.

Conclusions
· The peak AOD (500 nm) values were about 0.96, 1.02, 2.17 and 0.49 at Delhi, Jodhpur, Lahore and 

Karachi, respectively during dust event with a significant drop in respective AE (440-870 nm) values of 
0.009, -0.02, 0.0 and 0.12. 

· The measured SSA (at 675 nm) was relatively lower at Delhi (0.87) and Jodhpur (0.86), with the 
estimated value of AAE less than 1.0, whereas a large SSA was observed at Lahore (0.98) and Karachi 
(0.93), with corresponding AAE greater than 1.0 during the dust event.

· The estimated radiative forcing shows a significant warming in the atmosphere (with corresponding 
large heating rate) at all the stations during dust event.

· Significant impact of dust aerosols was observed at the high altitude station at Manora peak (Nainital), 
where AOD was found to be increased by ~28% on the dust affected day as compared to the normal day.

                             

Acknowledgements
Authors express their sincere gratitude to Director, IITM, Pune for providing infrastructure support and 
encouragements during the study period.
                             

References
Haywood, et al. (2011). Observations and modelling of the solar and terrestrial radiative effects of Saharan 

dust: a radiative closure case-study over oceans during the GERBILS campaign. Quarterly Journal of 
Royal Meteorological Society 137, 1211-1226.

Pandithurai, G., S. Dipu, K. K. Dani, S. Tiwari, D. S. Bisht, P. C. S. Devara and R. T. Pinker (2008) Aerosol 
radiative forcing during dust events over New Delhi, India.  Journal of Geophysical Research 113, 
D13209, doi:10.1029/2008JD009804.

Perrone, M. R., A. M., Tafuro, S. Kinne (2012). Dust layer effects on the atmospheric radiative budget and 
heating rate profiles. Atmospheric Environment 59, 344-354.

Srivastava, A. K., S. Tiwari, P. C. S. Devara, D. S. Bisht, M. K. Srivastava, S. N. Tripathi, P. Goloub and B. N. 
Holben (2011). Pre-monsoon aerosol characteristics over the Indo-Gangetic Basin: Implications to 
climatic impact. Annales Geophysicae 29, 789–804.

Tanre, D., et al. (2003). Measurement and modeling of the Saharan dust radiative impact: overview of the 
Saharan Dust Experiment (SHADE). Journal of Geophysical Research 108, D18, D8574.

175

An Early South Asian Dust Storm During March 2012: Spatial Distribution and its Impact....

IASTA , BHU, VARANASI-2014



Data Merging of Size Distribution from Electrical Mobility and Optical 
Measurements using Multiple Instrument Manager Software
                

1 2 3 1
T. R. Johnson , N. Mittal , T. Tritscher , H.S. Han
1
TSI Incorporated, Shoreview, MN, 55116, USA

2TSI Instruments India Pvt. Ltd., Bangalore, 560034, India
3
TSI GMBH, Particle Instruments, Aachen, 52068, Germany

Keywords:   Size Distribution, Optical Diameter, SMPS, Electrical Mobility.
                

Introduction
The number size distribution of particles is a key parameter for their characterization and can be accessed by 
different measurement techniques. These different techniques measure different parameters of the particles. 
It is often necessary to combine size distribution from these different techniques and because of these 
differences the size distributions cannot simply be averaged together. We present here a data merging tool for 
size distributions based on optical diameter and electrical mobility diameter. This software module is an 
approach to merge the data from the two different sizers to compile a single data set describing the particle 

TMsize distribution from few nanometers e.g. 10 nm up to 10 µm. This software tool is called MIM  (Multi-
Instrument Manager) and is user friendly and easy to use. It also allows reviewing and averaging data from a 
Scanning Mobility Particle Sizer (SMPS) spectrometer, NanoScan SMPS and/or an Optical Particle Sizer 
(OPS). When merging the OPS and SMPS/NanoScan distributions, the software can take the aerosol optical 
properties into account by automatically determining the aerosol effective refractive index.
                

Methods
The use of an electrical mobility technique to measure measurement of submicrometer particles is 

TM
TSI Scanning Mobility Particle Sizer (SMPS ) is well established, also used as a reference and is able to 
cover the range from 2.5 nm to 1 ìm. For field measurements the recently introduced, portable NanoScan 
SMPS TSI model 3910, (Tritscher et al., 2013) , makes possible battery operated measurement in the size 
range from 10 to 420 nm.  The size range of both SMPS systems can be extended by combining data from an 
Optical Particle Sizer (OPS, TSI model 3330)  that covers larger sizes from 300 nm to 10 µm. This optical 
sizing method reports an optical equivalent diameter, which is often different from the electrical mobility 
diameter measured by the standard SMPS technique.
                

Here we present the Multi Instrument Manager (MIM 2.0) software, the next-generation of the data merging 
tool that offers many advanced features for data merging. The MIM software tool is MATLAB-based, user 
friendly and easy to use .This MIM software was introduced by TSI after development of algorithms (Han et 
al., 2011) that facilitate merging SMPS data based on electrical mobility diameter with data based on optical 
equivalent diameter to compile a single, wide-range data set. It also allows reviewing and averaging data from 
SMPS systems equipped with the previous 3080 and the new 3082 Classifier generations, NanoScan SMPS 
and/or OPS. MIM 2.0 features increased channel resolution up to 128 size channels per decade of recorded 
SMPS raw data files (S80, S82 format), comparison of SMPS correction steps and combination of multiple 
units. Importantly it allows direct data acquisition with OPS and NanoScan SMPS instruments to retrieve 
real-time particle size distributions from 10 nm to 10 µm. One of the key features when merging OPS with 
Electrical Mobility Sizer distributions is that the software takes aerosol optical properties into account by 
automatically determining an overall aerosol effective refractive index.
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Figure 1 : Schematic of NanoScan SMPS
                                

Three modes of lognormal distribution function are used by the curve fitting algorithm to curve fit the data. 
An example for ambient measurements from NanoScan SMPS and OPS with the resulting composite fit is 
shown in In . In this example we determined the effective refractive index (real part) to be 1.99 and the 
effective shape factor to be 0.82 through the fitting procedure. MIM allows several pre-settings, data 
averaging and adjustments. Composite fit data can be easily exported as both data set and fitted graphs. The 
merging procedure is heavily depending on the particle type, concentration and distribution.

Figure 2 : Schematic of Optical Particle Counter (OPS)
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Figure 3 Number size distribution of ambient air from NanoScan SMPS (blue) and OPS (green) were merged. The resulting size 
distribution from 10 nm to 10 µm is the red curve in the figure.

Conclusions
TM

The Multi-Instrument Manager (MIM ) is an easy to use tool to merge data from instruments based on 
different diameter concepts due to their technology. Case studies with NanoScan SMPS and OPS show that 
curve fit distribution(s) from nanometer and micrometer size rages with up to three lognormal modes of can 
be merged.
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Introduction
With engine emissions standards transition from a mass basis to a number basis, a need has arisen for a 
portable instrument capable of measuring the total number concentration of solid particles resulting from 
combustion sources. In Switzerland a new regulation (SR 941.242) has been created that requires 
performance testing of diesel particulate filter (DPF) for non-road mobile machinery (NRMM).  Candidate 
instruments must be tested & approved by Federal Office of Metrology (METAS). Measurement procedure 
refinement is underway and enforcement expected to start in January 2015.  Requirements include bi-annual 
tests to certify machinery for use by determining if a DPF is functioning properly or is damaged (e.g. cracked) 
and needs to be replaced.  To meet this new regulation TSI has created the model 3795 Nanoparticle Emission 
Tester (NPET). The NPET consists of a sample conditioning and measurement system combined in a 
compact, portable package capable of operating in a wide range of ambient conditions. 
                            

Switzerland's New Regulation (SR 941.242)
As per Switzerland's new regulation (SR 941.242), technical requirements are as follow:

4 -3 6 -3
1. Number Concentration Range: 5x10  cm  to 5x10  cm
2. Detection Efficiency of Solid Soot Particles:  23 nm:  <50%, 41 nm: >50%, 80 nm:  >70% and <130%, 

200 nm: <200%
5 -3

3. Volatile Particle Removal: >95% removal of 30 nm tetracontane (C40 alkane) up to 10  cm
4. Response Time: T <5.5 seconds, T <10 seconds10-90 0-90

5. Environmental Conditions: -10°C to +40°C, 86.0 to 106.0 kPa, 10 to 85% RH
6. Mechanical and Electrical Environment: E2 and M2
7. Official test conducted through user interface without interruption
                            

This new regulation is, in addition to the European Union particle number standard (Euro 5 -Regulation 83 
and Euro 6 - Regulation 49).  Those regulations (often described as the Particle Measurement Program or 
PMP regulations) are type approval tests for testing vehicles and engines on either chassis or engine 
dynamometers.  This new Swiss regulation is instead an exhaust system verification test that confirms that the 
aftertreatment system (usually a particulate filter) is operational and not broken or defective.  The 
instrumentation calibration requirements are significantly different than what is required the PMP 
regulations.  The detection efficiency of the device must be verified with solid soot particles and includes the 
additional requirements of portability and wide environmental operating range so that the instrumentation is 
appropriate for field testing of off road vehicles.
                            

Instrument Design
The instrument developed by TSI incorporates a number of components that help to achieve the goal of a 
portable particle number instrument.  A sample probe includes a built in diluter (10:1 dilution) that allows for 
easy measurement of high concentration aerosol.  A pre-conditioner consisting of a 1 µm cyclone and water 
trap removes larger particles and moisture from the particle stream.  A recirculating dilution air system 
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conditions the dilution air by drying and filtering out particles.  A catalytic stripper (CS) (Swanson, et al. 
2013) is used to remove the volatile components in the sample stream and an isopropanol based condensation 
particle counter (CPC) is used as the detector.  Software optimized for a Windows 8 tablet PC is used for 
remote instrument control and for data collection.  Figure 1 shows the schematic for this new instrument.

Figure 1 : Flow schematic of Nanoparticle Emission Tester (NPET)
                       

Instrument Verification
A number of verification tests were required to confirm that the instrument met the requirements of the 
regulation.  Figure 2 shows a CS warm up cycle from 30°C to 400°C and corresponding Tetracontane particle 
concentration upstream of the CS as measured by a TSI 3025A CPC and downstream of the CS using the 
NPET CPC.  It was determined that the NPET has a volatile particle removal efficiency of greater than 99%.

Figure 2 : Catalytic stripper removal efficiency of 30nm GMD polydisperse tetracontane particles from 30°C to 400°C
              

Detection efficiency curves of the CPCs from three individual NPET units are shown in Figure 3. Detection 
efficiency was determined by comparing the concentration of soot particles as measured by the NPET to the 
concentration as measured by a reference TSI 3788 CPC. Particle distributions of various geometric mean 
diameters (GMD) were generated with a Jing 6203 miniCAST soot generator. 
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Figure 3 : NPET isopropyl alcohol CPC detection efficiency when compared to a TSI 3788 CPC
                     

The instrument software contains two operation modes; the first allows for basic CPC control and data 
collection.  The second is a legal certification testing mode with a prescribed measurement protocol meeting 
the Swiss Regulation 941.242 for the periodic testing of diesel engine exhaust after treatment system 
performance.
                                       

Conclusions
A new instrument has been developed to meet the testing requirements for a new Swiss standard for solid 
particle number emissions measurements from non-road mobile machinery.  That standard requires the 
periodic testing of machinery in the field to test the efficacy of installing DPFs. The NPET instrument 
conditions the exhaust so that only the solid particles are measured and uses an isopropanol CPC to count the 
particles.
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Introduction
The need for improvement in the therapeutic properties of drugs gives impetus to the development of novel 
and effective drug delivery systems. Nanoparticles with controlled surface properties (charge, coating, and 
preserved size) are promising vehicles for the delivery of drugs to the target site (Bamrungsap et al., 2012). 
Layering in composite nanoparticles (containing one or more matrix materials with one drug or multiple 
drugs) could have several uses. These include altering surface properties, like charge or roughness to reduce 
agglomeration, or encapsulation in a matrix material to facilitate controlled drug release (Sounderyal et al., 
2008; Jiang et al., 2013). Aerosol synthesis using air-jet or electrospray atomization of solution drops, 
followed by droplet drying of submicron aerosols, has been recently applied to make drug-containing 
nanoparticles (Eerikainen et al., 2004; Xie et al., 2008; Wu et al., 2009) for controlled release and protection 
of therapeutic agents. 
                                        

Recently, aerosol synthesis has been used to make nanoparticles of thermolabile material (lipid-stearic acid) 
at low gas temperatures (Tg = 25-110°C), using a pulse heat aerosol reactor. These particles having controlled 
size, structure, crystallinity and drug release properties were collected directly as a liquid suspension using 
wet electrostatic precipitator (Pawar et al., 2013). Lipid nanoparticles tend to swiftly aggregate when 
dispersed in aqueous buffer suspensions for intravenous drug delivery, degrading their target properties. 
Modifying their surface properties using polymers and surface active molecules could enhance their stability 
in aqueous suspension by suppressing aggregation through electrostatic or steric stabilization mechanisms 
(Ijima et al., 2009). Surface modification to improve the powder properties of drug containing polymeric 
nanoparticles has been achieved by evaporation and condensation of sublimed L-leucine at high gas 
temperatures (Tg = 150°C) (Lahde et al., 2008; Torvella et al., 2011). Whereas, layered polymeric 
nanoparticles encapsulating multiple drugs have been synthesized using emulsion evaporation, emulsion 
polymerization, freeze drying, sol-gel method, spray drying and coaxial electrospray (Ekambaram et al., 
2012; Lee et al., 2010). These methods either involve high temperatures for synthesis or are multistep. As 
such techniques may not be applicable to materials that are thermolabile or non-sublimable, it is necessary to 
explore layer formation during a single droplet drying operation, using a pulse heat aerosol reactor technique. 
                                        

This work explores the preparation of layered nanoparticles during a single droplet drying step in a pulse heat 
aerosol reactor at low gas temperatures. Two applications were investigated: (i) suspension stabilization was 
attempted with stearic acid and surface active agents and (ii) controlled release properties were examined 
using anti-tubercular drug isoniazid and stearic acid matrix. Parameter combinations were explored to obtain 
the surface active agent on the outer surface and the drug inside the core, during the single-step process of 
droplet drying.
                                        

Methods
The pulse heat aerosol reactor used for synthesis of layered nanoparticles has been described by Pawar et. al., 
2013. Briefly, it consists of a collision type air jet atomizer which atomizes the precursor solution to droplets, 
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followed by a reactor tube where droplet drying takes place under a uniform gas flow at a temperature of 
25°C. The dried particles are then characterized in-situ using scanning mobility particle sizer (SMPS) and 
collected using wet electrostatic precipitator (WESP) (Dey et al., 2012).

                                        

Synthesis for suspension stabilization
Precursor solutions containing stearic acid in chloroform (1mg/ml) with 4% w/w of either 1,2- Dipalmitoyl-
sn-Glycero-3-Phosphocholine (DPPC-control) or 1,2-Dipalmitoyl-sn-Glycero-3-[Phospho-rac-(1-
glycerol)]-Sodium salt (DPPG-electrostatic stabilizer) or 1,2- Dipalmitoyl-sn-Glycero-3-Phosphoethanol-
amine-N-[methoxy (polyethylene glycol) 2000]-ammonium salt (DPPE-PEG- steric stabilizer) as surface 
active agent were atomized and further characterization was done by collecting the particles using WESP in 
fresh de-ionized (DI) water.

                                        

Synthesis for controlled release
Initial attempts to encapsulate the drug inside were made by increasing the lipid to drug ratio [lipid (stearic 
acid-SA): drug (isoniazid): 1:1/2:1/4:1] in a pure ethanol solvent. However, layering of nanoparticles is a 
consequence of two important factors: solubility and diffusivity. Solute reaching its critical supersaturation 
earlier crystallizes first and forms the outer layer. Thus, the solute that needs to be present in the outer layer 
should have low solubility and diffusivity in the selected solvent. So, ethanol-water system was chosen as the 
solvent to create a difference in the solubility of the drug and lipid to ensure presence of drug in the inner core 
(80% aqueous solution of ethanol can dissolve 85mg/ml of drug, isoniazid but only 5mg/ml stearic acid). 
Evaporation of solvent from the droplets in the reactor was followed by collection of the soft nanoparticles 
into liquid media (DI water) using WESP. Drug release studies were carried out by collection of nanoparticles 
in powder form on a filter paper. 
                                        

Characterization of nanoparticles
In-situ number-size distributions of synthesized nanoparticles were obtained using scanning mobility particle 
sizer (SMPS). Morphology of the synthesized nanoparticles was studied using transmission electron 
microscopy (TEM) in bright field mode. The surface composition of layered nanoparticles was analyzed 
using a molecular finger printing technique Fourier transform infra-red spectroscopy (FTIR) in specular 
reflection mode (incident angle 60°- 85°) to limit penetration of IR radiations to monomolecular depth 
(Kurtz, 2012). Suspension stability of nanoparticles collected in aqueous suspension was measured as a 
means of change in suspension properties such as hydrodynamic diameter, polydispersity index and zeta 
potential over a period of a month using a zetasizer. Drug release studies were carried out by measuring the 
drug concentration using UV-Vis spectroscopy.
                                        

Results and Discussion
Layered nanoparticles for suspension stabilization
Synthesized nanoparticles were polydisperse with GSD ranging between 1.6-1.8 and median mobility 
diameters in the range 110-150 nm. The polydispersity discussed is related to the spread of the particle size 
distribution (lognormal distribution) , represented as the geometric standard deviation (GSD). Aqueous 
suspensions of stearic acid nanoparticles exhibited aggregation within half an hour of collection whereas 
suspensions of surface modified nanoparticles showed only a marginal increase in size over a period of 
several days, thereby demonstrating better stability (Figure 1). Of these, DPPE-PEG modified nanoparticles 
retained their stability for longer periods than those containing DPPC and DPPG, thereby suggesting DPPE-
PEG as a better stabilizing agent. While it is well-known that DPPE-PEG is basically a steric stabilizer, in 
aqueous suspensions this is further strengthened by electrical stabilization arising out of the hydroxyl groups 

+
on the PEG chains, attracting H  from water medium. This is supported by the large zeta potential values 
(measure of surface charge) of the synthesized particles (Figure 1).  
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The presence of layers in surface modified nanoparticles and its absence in stearic acid nanoparticles was 
observed through TEM imaging in bright field mode (Figure 2). Contrast in TEM images is a function of 
molecular mass and density of material, with darker regions corresponding to higher density and molecular 
mass (Cowley, 1995) which corresponds to the surface active agents in this case being present on the outer 
layer. The surface layer composition of nanoparticles was probed using FTIR spectroscopy. The presence of a 
surface coating was confirmed by the presence of characteristic peaks and changes in the intensities of 
transmission frequencies corresponding to functional groups present in surface-modified nanoparticles, 
compared to pure stearic acid. Evaporation induced self-assembly (EISA) is suggested to be the possible 
mechanism for the formation of these layered nanoparticles (Brinker et al., 1999), but a definite affirmation 
requires further studies. 

Layered nanoparticles for controlled drug release
Synthesized drug containing nanoparticles had a unimodal size distribution with GSD ranging between 1.6-
1.8 and median mobility diameters in the range 90-110 nm. The polydispersity discussed is related to the 
spread of the particle size distribution (lognormal distribution) , represented as the geometric standard 
deviation (GSD). Two contrasting solvents were used, with 80:20 ethanol:water having a much higher drug 
solubility. TEM imaging showed different intensities for the core and the outer layer indicating the formation 
of layered nanoparticles (Figure 3). An examination of surface composition through FTIR (spectra to be 
presented), indicated particles synthesized in 80:20 ethanol:water solution resembled that of pure stearic acid 
nanoparticles strongly pointing to a crustal layer of stearic acid, encapsulating the drug within. 

These variations can only be established by a large number of TEM images and this will be 
addressed in the future In contrast, FTIR spectra of nanoparticles synthesized in pure ethanol corresponded 
to that of pure isoniazid nanoparticles indicating that the drug was present in the outermost layer. 

During droplet drying a solute gradient is formed in the droplet, with high concentrations in the surface layer, 
because of higher evaporation rates compared to solute diffusion to the interior of the drop. When the surface 
concentration of any solute reaches critical supersaturation, it forms a solid phase (Jayanthi et al.,1993). The 
observations here can be explained as follows: in pure ethanol, the drug, isoniazid, is less soluble than stearic 
acid, which is consistent with reaching its critical supersaturation first, leading to the presence of drug in the 
outermost layer. On the other hand, in the 80% ethanol solution, the solubility of stearic acid is almost 17 

 

 

It is expected 
that thickness of layers in drug containing nanoparticles would depend upon the initial solute concentration, 
the drug to lipid ratio and the density of the solid phases formed, being explored through concurrent 
modelling studies. 

. 

Figure 2- TEM images of surface modified nanoparticlesFigure 1- Suspension properties of surface modified nanoparticles   
(bars represent the hydrodynamic diameter and symbols represent 
the zeta potential values read from the right scale)
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times lower than the drug, consistent with its formation of a crust first, leading to its presence, along with the 
absence of the drug in the outer layer.

Drug release studies indicated higher percentage of loaded drug release with increasing lipid to drug ratio. 
Approximately 50% of the loaded drug was released for lipid to drug ratio of 1:1 in comparison to 80% for a 
ratio of 4:1. Although this is not a conclusive indication of controlled release it demonstrates that choice of 
solvent with appropriate relative solubilities of the drug and the lipid coupled with their varying initial 
concentration ratios, has the potential to engineer layered particles to meet the desired drug release rates. 
However, further systematic studies are required to ensure that the presence of drug in the inner core would 
assist controlled release.

Figure 3- TEM images of nanoparticles with lipid to drug ratio 1:1 synthesized in a) pure ethanol b) 80% aqueous solution of 
ethanol.

Conclusions
This work demonstrates that layered nanoparticles for suspension stabilization and controlled drug release 
can be synthesized using droplet drying of submicron aerosols generated by air jet atomization. Layered 
structures in the nanoparticles can be obtained by employing two or more solutes. The composition of the 
layers depends on certain key solute properties of surface activity, diffusivity and solubility. By a suitable 
choice of these parameters in conjunction with theoretical model, it should be possible to develop layered 
particles of different drug-lipid combination for different clinical applications. 
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Introduction 
The higher altitude regions of Himalaya and Tibetan Plateau are influenced by the dust and black carbon (BC) 
aerosols from the emissions and long-range transport from the adjoining areas. Ambient aerosols in these 
regions are mainly derived from natural (from dust storms) and anthropogenic (from biomass/fossil burning 
and industrial emissions) sources via the long-range transport processes from the adjoining areas , 
particularly during the summer season (March-June). Even though there are clear indications of the presence 
of absorbing aerosols over Himalayas and their foothills (e.g. , not much emphasis has been given to study the 
optical properties of aerosols and subsequently, their radiative and climatic effects over the region. Enhanced 
loading of dust and black carbon (BC) aerosols in the higher altitude regions of Himalayas and Tibetan 
Plateau may affect rainfall patterns in the Himalayan foothills  and their deposition onto the glaciers may 
significantly enhance the melting process . In addition, the feedback mechanisms in closed links between the 
pollutants of IGP and the Himalayan climate are found to affect the dynamics and hydrology of the two 
regions . In this study, we present impacts of advection of polluted air masses of natural and anthropogenic 
emissions, on aerosol optical and radiative properties at Manora Peak (~2000 m amsl) in central Himalaya 
over a period of more than two years (February 2006 - May 2008). We used the most updated and 
comprehensive data of chemical and optical properties available in one of the most climatically sensitive 
region, the Himalaya, to estimate atmospheric radiative forcing and heating rate
                                        

Methods 
A total of 86 bulk aerosol samples, using a high-volume sampler (Environtech India Ltd, New Delhi), were 
collected over a span of about three and half years (February 2005-July 2008) and analyzed for water-soluble 

2- - + + 2+ 2+ 
species (water-soluble organic carbon; WSOC, SO , NO , NH , K , Ca , Mg etc) along with carbonaceous 4 3 4

species (OC and EC) and water-insoluble OC (WIOC) . Collocated mmeasurements of columnar spectral 
aerosol optical depth (AOD) were carried out using a five-channel Microtops II Sun photometer (Solar Light 
Co., USA) at the wavelengths ranging from the ultra violet (380 nm) to near infrared (870 nm). As the AOD 
measurements were performed only during clear-sky conditions, only 66 days (out of total 86 days aerosol 
sampling) of common data is available which has all the required measurements of chemical composition 
including carbonaceous species and were used to constrain model derived other aerosol optical properties 
(AOD, single scattering albedo; SSA, and asymmetry parameter; AP) using OPAC (Optical Properties of 
Aerosols and Clouds) model  in a wide spectral range 0.3-40 µm and for up to eight relative humidity (RH) 
values with the assumptions of spherical and externally mixed aerosols. A standard continental average 
aerosol model consisting of an increased water-soluble, insoluble and soot aerosol components was chosen in 
the OPAC model. The measured mass concentrations of these chemical species (mainly water-soluble and 
insoluble) and EC were used in the OPAC to estimate the number concentrations of each of these species at the 
nearest measured ambient RH values. Based on the observed input parameters, the model was iterated to 
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estimate the AOD values and when the estimated AODs were found in close association (within 5% or less) 
with the measured AODs, the model-estimated other parameters (e.g. SSA and AP) are assumed to be the 
representative of the aerosol structure over the station. To estimate the short-wave (0.3–3.0 µm) direct 
radiative forcing due to aerosols under clear-sky conditions at the surface and top of the atmosphere (TOA), 
the estimated spectral values of AOD, SSA and AP from OPAC were used as inputs into the Santa Barbara 
DISORT Atmospheric Radiative Transfer (SBDART) model . Based on the prevailing meteorological 
conditions at Manora Peak, the mid-latitude summer model atmospheric profile was considered in SBDART 
for the present study. Finally, atmospheric heating rate due to aerosol absorption into the atmosphere (i.e. ÄF) 
is calculated from the first law of thermodynamics and hydrostatic equilibrium .
                                        

Results 
Aerosol optical depth (AOD at 500 nm) was found to vary from 0.04 to 0.45 with significantly higher AOD 
values in summer mainly due to an increase in mineral dust contribution (Figure 1). The relatively higher 
AOD values during summer are mainly associated with the transport of mineral aerosols from south Asian 
Desert regions to the station . The influence of mineral dust aerosols during summer is also supported by an 

2+increase in mass concentration of Ca , an indicator of mineral dust (Figure 1). Monthly average Angstrom 
Exponent (AE) values were found to vary from 0.1 to 1.4 over the station. Furthermore, lower AE values in 
summer months confirm the dominance of coarse-mode dust particles towards a simultaneous increase in 
AOD values whereas higher AE values in the winter can be attributed to the dominance of fine-mode aerosols.

-1 -
Scattering (b ) and absorption (b ) coefficients at 500 nm vary from about 18 to 198 and 5 to 34 Mm  (1 Mmscat abs

1 -6 -1
=10  m ), respectively. The estimated absorption coefficient values are in good agreement with the measured 

- 1
one, which ranged from 0.9 to 33.9 Mm  . In general, the temporal behavior of scattering coefficient 
resembled that of absorption coefficient. Both scattering and absorption coefficients were found to be higher 
during winter months and lower during the summer/monsoon months. Single scattering albedo varied from 
0.74 to 0.88 with relatively lower SSA values during summer, suggesting an increase in absorbing BC and 
mineral dust aerosols (Figure 1). During the entire observation period, radiative forcing at the top of the 

-2 -2
atmosphere varied from -2 to +14 Wm and from -3 to -50 Wm  at the surface whereas atmospheric forcing 

-2 -1was in the range of 3 to 65 Wm resulting in a heating rate of 0.1 to 1.8 Kday . The effect of aerosol radiative 
forcing is generally more pronounced during summer months (March to June) and a large positive 

-2atmospheric radiative forcing (about +28 ± 5 Wm ) and high values of corresponding heating rate (0.80±0.14 
-1Kday ) has been found during summer. The present study provides an additional evidence for the presence of 

absorbing aerosols in summer in central Himalayan region which may influence the local atmospheric 
circulation and monsoon activities.
                                        

Conclusions 
The monthly and seasonal variability in aerosol optical properties, derived from an aerosol optical model 
using surface-based measurement of aerosol chemical composition at Manora Peak, and their impact on 
radiative forcing and heating rate were studied during the period of February 2006–May 2008. The AOD 
values over the station varied from 0.04 to 0.45 (with a mean of 0.17±0.11) during the course of the 
measurement which showed a small increase during the summers of 2006 to 2008. Single scattering albedo 
was found to vary from 0.74 to 0.88 (with a mean of 0.81±0.03). A marginally lower value of SSA during the 
summer season suggests an enhancement in the concentration of absorbing aerosols over the location. The 

-2 -2
monthly radiative forcing at this location varies in the range -2 to +14 Wm  at the TOA, -3 to -50 Wm  at the 

-2surface and +3 to +65 Wm  within the atmosphere leading to a variation in atmospheric heating rate from 0.1 
-1to 1.8 Kday . Comparatively large atmospheric forcing (+28.4±4.9) along with a large atmospheric heating 

rate (0.80±0.14) observed during the summer suggests significant influence of absorbing aerosols from the 

Impact of Mineral Dust on Optical Properties and Radiative Effects of Aerosol over....

188 IASTA-2014, BHU, VARANASI



potential emission sources in this region.

2+Figure 1. Monthly variability of optical properties in atmospheric aerosols, along with Ca  concentration, at Manora Peak during 
the period February 2006 to May 2008 based on the measure chemical composition at the surface.
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Introduction
Atmospheric pollution studies in urban industrialized areas are of increasing interest as it has been established 
that in addition to the significant effect on Earth's climate, the fine aerosol particles (< 2.5 ìm, mainly 
originated from urban industrialized sources) are directly related to adverse human health impact. Estimating 
aerosol effects on Earth's climate is a complex task because of the diversity in sources, and differences in their 
physical and chemical properties alongwith the production mechanisms. The problem becomes further 
complicated due to significant variations in aerosol concentration with space and time. In order to accurately 
estimate the aerosol concentration, mapping of aerosol optical properties in the atmosphere, both in 
horizontal and vertical direction, is required. In this context, light detection and ranging (lidar) can be useful a 
tool. It has the capability to detect the emission of any plume and its structure as a function of time. Along with 
this, greater manoeuvrability and ease in handling makes lidar a useful tool to identify the aerosol distribution 
and backscatter extinction coefficient in the atmosphere.
                                 

Usually for scientific studies the Particulate Matter (PM) concentration of various species in the atmosphere 
is required instead of collective aerosol distribution (Rocadenbosh, 2003). The connection between 
backscatter coefficient and PM concentration is not direct and depends on various factors such as particle size 
distribution, refractive index etc. Therefore, lidar's are only suitable for determining the spatial distribution of 
aerosol concentration and its temporal variation than for quantifying mass concentration (Watson et al., 
1998). 
                                 

Some studies have been conducted to relate PM concentration in the atmosphere with lidar data using 
statistical approaches, such as correlation analysis (Lagrosas et al., 2005), measurement theory (Mazzoleni et 
al., 2010) etc. However a concerted effort has been lacking in this regard. Considering this, the focus of the 
current study is to develop data-driven models that can be used to predict PM concentration from lidar signals 
in the vicinity of intense source regions. The accuracy of such models can be improved by utilizing 
measurements of other variables in conjunction with the lidar signal. This will also lead to improved 
understanding of variables influencing the conversion of lidar signal to aerosol mass concentration. The first 
step in our approach is to examine the relationship between temporal variations in the lidar derived extinction 
and aerosol mass measured from ground based collocated measurements from instruments including 
Nephelometer, Aethelometer and TEOM. A conversion factor can then be established which can further be 
used for all lidar profiles to get particulate mass (PM) over the entire scan range.
                                 

From our preliminary analysis it has been found that the predictive ability of the data-driven regression model 
increases if measurements from other sensor packages are included in building the regression model. But 
inclusion of other measurements also increases the cost of overall package. So it is desired to have an overall 
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sensor package that has acceptable level of accuracy at a reasonable cost. Some specific questions that are 
thus addressed in this work are:
· How can mass concentration prediction be improved using lidar signal in combination with other 

variables (optical and meteorological)? 
· What combination of different instrument package can be used to obtain accurate PM prediction while 

minimizing the cost of the instrument package?
                                 

Towards answering these specific questions, we develop a Pareto optimal curve that shows the best possible 
trade-offs between prediction errors and cost of instrument packages. Such an analysis allows the end-user to 
select an optimal package based on his/her needs and also analyse the effect of various variables that influence 
the conversion of lidar signal to PM mass conversion. It is expected that these trade-offs would vary 
depending on the dominant aerosol sources. We envisage that eventually a set of trade-offs could be generated 
for a variety of aerosol sources such as vehicle emission, crop waste burning, etc. The lidar signal can then be 
combined with the optimal instrument package depending on the dominant source in the vicinity.
                                 

Methodology and Results
Data description
The dataset obtained from the Dankerque, France field campaign was used for the development of the model. 
In all we had 211 observations, made at 15 minutes interval, of 21 variables. The instruments and the 
corresponding variables used in this study are:

-1
?EZ-Lidar: Lidar extinction coefficient@355nm (km )

3 -1
?Aethalometer: BC mass concentration (ìg/m ), Absorption coefficient @ 355 nm (km ), Extinction 

-1
coefficient @ 355 nm (km )

o
?Meteorological: Ambient Air Temperature ( C), Relative Humidity (%), Wind Speed (m/s), Wind 

Direction (degrees)
-1 -1

?Nephelometer:  Scattering coefficient @ 355 nm (km ), Scattering coefficient @ 450 nm (km ), 
-1 -1Scattering coefficient @ 550 nm (km ),  Scattering coefficient @ 700 nm (km ), Scattering 

Angstrom coefficient (á ), Scattering Angstrom coefficient (á ), Single scattering albedo @ 450-550 450-700

355 nm
3 3

?GRIMM (aerosol spectrometer): PM1 concentration (ìg/m ), PM2.5 concentration (ìg/m ), PM10 
3

concentration (ìg/m ), PM2.5/PM10 ratio, PM1/PM2.5 ratio.
3

?TEOM: Mass concentration (ìg/m )
                                 

Model Development
A linear regression model was developed. Towards this end, the following steps were followed (Johanson et 
al., 1996; William et al., 2007):
?Dependent variable was regressed upon the independent variables. 
?The regression coefficients were estimated using least square analysis.
?The statistical significance of the estimated regression coefficient was determined using t-test.
?Data set was split into training and testing data sets using duplex algorithm.
?Testing data was then used for validating the model.
                                 

The model aims to develop predictability of PM1 concentration using lidar, therefore GRIMM measured 
3PM1 (ìg/m ) is designated the dependent variable for statistical analysis. In the regression analysis the 

primary independent variables include lidar signal, nephelometer scattering coefficient, aethalometer, BC 
concentration, meteorological variables, while secondary independent variables are scattering angstrom 
coefficient, single scattering albedo and extinction coefficient at 355 nm, derived from primary variables. 
Both the primary and secondary variables give more insight of the model and increase the predictability of the 
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model. Hence the PM1 concentration measured by GRIMM (dependent variable Y) is regressed on a linear 
combination of the measurements of variable-X (independent variables: primary as well as secondary).

                                 

Out of the 211 data points, 147 points were chosen using duplex algorithm for training (obtaining the 
regression coefficients) and remaining were used for testing purposes.
                                 

When only the lidar extinction coefficient was used as independent variable the regression model for mass 
2

concentration fits poorly (R  = 0.493), to increase the model fit, various combination of variables from other 
sensor packages were included in the model and the resulting trade-offs  for  decrease in prediction error and 
increase in package cost were analysed.

                                

Figure 1 : Estimation of PM1 using all variables
                                          

Cost Benefit Analysis
Best estimation of PM1 was achieved only when all the sensor packages were used along with EZ-Lidar. The 

2
inclusion of all other variables increased the model R  value from 0.493 to 0.872. The measured and the 
predicted PM1 concentrations when all variables were used are shown in Figure 1. While use of all the sensor 
packages improved predictive ability of the model, it also increased the package cost. Thus different 
combinations of instrument packages were tried to obtain trade-offs between prediction error and cost. The 
results are tabulated in Table 1. In this table, the relative cost is the relative price index (RPI) that lists the 
prices of various packages relative to the LIDAR cost. 
                          

Table 1- Combination of instrument packages and their predictive power to estimate PM1concentration

193

Accurate and Robust Estimation of Aerosol Mass Concentration Based on Lidar Signal....

IASTA , BHU, VARANASI-2014



2
It can be seen from Table 1 that as expected, using lidar stand alone forms the base case with worst R . The 
prediction error versus cost data listed in Table 1 is plotted in Figure 2 to facilitate better analysis. In the figure, 
a triangle represents a particular combination of the sensor package from Table 1. As expected, higher cost 
packages have to be used to reduce the prediction error with lowest error (highest cost) obtained for package A 
(all sensors) and highest error (lowest cost) obtained with lidar alone (package P). The blue triangles in Figure 
1 capture the best trade-off between cost and prediction error and form the pareto-optimal curve. Thus for a 
given instrument package in blue color, it is not possible to select another package that has both lower cost and 
lower prediction error. However, the packages depicted as red colored triangles are suboptimal. Thus for 
example, packages K and G are suboptimal as package I has both lower cost and errors compared to these two 
packages. The pareto-optimal curve in Figure 2 thus effectively depicts various choices that the end-user has 
in selecting a desired package. For example, if both error minimization and cost reduction are important than 
package I can be selected. 

                
Figure 2 : Pareto Optimality Chart

Conclusions
In this study regression analysis was performed to establish relationship between PM1 concentrations and 
lidar signals. It was found that the PM1 prediction increases significantly if measurements from other sensor 
packages are used in the regression model along with the lidar signal.  However with addition of each new 
sensor the cost also increases. To help in selecting the optimum sensor package, cost benefit analysis was 
performed. This analysis facilitates the end-user to select the instrument package with acceptable error at 
minimum cost. 
                                                 

It is expected that PM signature and thus the optimal package will vary from one location to another. Thus, as 
part of the future work, this methodology will be implemented at different locations to get the location 
specific regression model and optimum set of sensor packages for that particular location. 
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Introduction 
Black carbon (BC) is generated by combustion of carbon containing materials, is ultrafine in nature and 
known to fall primarily within PM ((Hansen et al., 1988; Hansen, 2005). Firecrackers emit BC and thus play a 1 

positive role in elevating its concentrations in atmosphere (Suresh Babu and Moorthy, 2001). Firecrackers are 
also known to be a major source of particulates (Barman et al., 2008) and such emissions are known to cause 
substantial air pollution during popular festivals involving firework, namely 'Festival of Lights', popularly 
known as 'Diwali' in India (Barman et al., 2008). 
                                                      

We report the results of a study on temporal variation of ambient concentration of particulates (PM , PM  and 1 2.5

PM ) and BC and also the proportion of BC in PM  in ambient air in a residential area in Nagpur before, 10 1

during and after firecracker bursting event during Diwali. The results of Diwali day with the preceding and 
succeeding days are presented in this paper. This study could help to develop representative BC/PM  1

proportions for perturbed atmospheric conditions during firecracker bursting episodes. 
                                                      

Methods
Particulate (PM , PM  and PM ) mass concentration in ambient air was monitored at a site inside a 1 2.5 10

residential colony in Nagpur City in India for three weeks, starting from two weeks prior to Diwali night 
continuing up to the next week after Diwali night to trace the temporal variation of ambient particulate matter 
and BC concentration in the locality. In this paper though, results of Diwali day with the preceding and 
succeeding days are presented. The entire monitoring duration was divided into various sampling periods 
termed as 'Background' (before firecracker bursting started), 'Pre Diwali Night' (sporadic firecracker bursting 
activity the night before Diwali), 'Interim  Background' (period after sporadic firecracker activities), 'Diwali 
Night' (firecracker bursting period during Diwali night) and 'Post Diwali Background' (after firecracker 
bursting ended on Diwali night) to track short-term perturbations in ambient particulate and BC 
concentrations. Particulates were monitored by a portable aerosol spectrometer (Model 1.109, Grimm 
Aerosol Technik GMBH & Co., Germany), installed on a raised platform of approx. 4.7 m height. Particle 

-3mass concentration (µg m ) in ambient air in 3 different size channels viz. 0.25-1.0, 0.25-2.5 and 0.25-10 µm 
was measured real time at 1-minute time interval by the spectrometer. 
                                                      

Real-time measurement of ambient particulate BC mass concentration was carried out by a dual beam 
Aethalometer (Model AE-42, Magee Scientific Inc., USA), configured for a measurement cycle (time base) 
of 1 minute and fitted with a cyclone with 1 µm cut off diameter (BGI Inc.) to measure BC in PM fraction1  

only. The Aethalometer was installed on the same platform along with the spectrometer to simultaneously 
sample ambient air. The proportion of BC in PM  was calculated from the mass of BC reported by the 1

Aethalometer fitted with 1 µm size selective inlet and simultaneous mass of PM  reported by the 1

spectrometer.
                                                      

Results and Discussions
There was a sharp elevation in particulate matter concentration in ambient air during firecracker bursting 
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activity in the locality, both on the pre Diwali day and Diwali night (Fig. 1). Interestingly, there was marginal 
difference between PM  and PM  concentration with time, indicating predominance of PM  particles in the 1 2.5 1

fine particulate fraction. The Diwali night was marked by the buildup of particulate concentration in air, albeit 
with fluctuations for about a few hours. Small perturbations ware also observed on the day before Diwali due 
to sporadic firecracker bursting activities. On the Diwali night, there were huge surges in ambient PM , PM  1 2.5

and PM  concentration over the immediately preceding period (i.e. interim background) and the escalation 10

ranged from 353 to 658%, which was higher in lower particulate size groups, indicating entry of 
predominantly fine particulates in air from firecracker bursting  (Table 1). The increase was less pronounced 
(133-221%) when the night-time concentration elevation on Diwali night over Pre-Diwali night was 
calculated. The particulate concentration in air declined quickly within a few hours after the firecrackers 
stopped burning and by early next morning particulate concentrations converged towards the background 
levels. When the 24-hourly average concentrations of PM , PM  and PM  were calculated by taking into 1 2.5 10

account particulate concentrations over the entire pre Diwali and Diwali day, it was observed that the daily 
average PM  and PM  concentration on the Diwali day exceeded Indian National Ambient Air Quality 2.5 10

Standards (http://cpcb.nic.in/National_Ambient_Air_Quality_Standards.php) by over 1.8 and 1.5 times, 
respectively. However, the escalation in 24-hourly PM , PM  and PM  concentrations on Diwali day over 1 2.5 10

pre-Diwali day were much lower, ranging from 113-194%.

Figure 1 : Temporal variation in particulate matter (PM , PM  and PM ) concentration in ambient air during Diwali celebrations 1 2.5 10

                                

The elevation in BC concentration on Diwali night over interim background and pre-Diwali night 
concentrations were by 232% and 9%, respectively, which were much less pronounced than the increase in 
ambient PM , PM  and PM  concentration under similar circumstances (Fig. 2). On the other hand, the 24-1 2.5 10

hourly average BC concentration on Diwali day was only 70% higher than the pre-Diwali day, which was 
again much less pronounced than particulates. Interestingly, share of BC in PM  started to decline as the 1

sporadic firecracker bursting activity started and thereafter reduced remarkably during the firecracker 
bursting event on Diwali night. The BC/PM  in general was lower on Diwali day than the preceding day in 1

spite of increase in actual ambient BC concentrations during Diwali day (Table 2). This was a result of much 
higher increase in PM  concentration than BC concentration in ambient air triggered by firecrackers on 1

Diwali night. 
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Figure 2 : Temporal variation in black carbon concentration in ambient air during Diwali celebrations

Table 1: Summary of average particulate, BC and ion concentrations during various time periods during  Diwali celebrations 
[values in parentheses represent increase (+) or decrease (-) over the immediately preceding value]

                    

a   Increase in bold letters indicate increase over Pre Diwali night
b Daily averages were calculated by from the minute-wise BC and PM concentrations reported by the instruments within each 24-

h period 
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Table 2 : Percent share of BC in particulate matter

a -3 [(Average BC conc. in g m  reported by Aethalometer fitted with a cyclone with 1 µm cut off diameter) / (Average PM  conc. in 1

-3g m  reported by Spectrometer)] *100 

Conclusions
This study highlighted the perturbation in the proportion of BC in ambient particulates during firecracker 
bursting activity. The following important observations emerged out of this study: (i) The elevation in 
ambient PM , PM  and PM  during Diwali celebrations was substantial (ii) The proportion of BC in PM  1 2.5 10 1

declined below the background levels during firecracker bursting episodes (ii) BC proportions started to 
converge near background level within a few hours after firecracker episode was over. This study indicated 
that there might be a scope of developing regional signature BC/PM  proportions to represent unperturbed or 1

perturbed atmospheric conditions in relation to combustion related activities. Authors intend to stress that 
BC/PM  could change during perturbed atmospheric conditions like during firecracker bursting in Diwali. 1

The perturbations could be short-lived based on activity and hence the altered BC/PM  may also be 1

temporary. The BC/PM  perturbation for about 5-6 hours during Diwali night was reflected in 24-h average 1

BC/PM  of the entire Diwali day. It may be noticed, that when firecracker related activity was not there or was 1

subdued, the BC/PM  ratios were similar.1
                                                   

Similar regional studies under different activities (e.g. firecracker bursting, traffic pollution, biomass and 
coal burning etc.) could lead to the streamlining of various BC/PM  signatures to understand if generating 1

such signature BC/PM  proportions could possibly be used to represent specific activity related atmospheric 1

pollution or not. 
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Introduction
The Sistan region in southeastern Iran has been recognized as one of the most intense and active dust-storm 
regions in southwest Asia. Every year, during the summer season (June-September), the area is under the 

-1
influence of the intense “Levar” wind, which blows from northern directions with high violence (~20 ms ) 
resulting in massive sand and dust storms that influence SE Iran, southern Afghanistan and Pakistan, the 
northern part of the Arabian Sea and, in certain circumstances the northwestern part of India, thus 
contributing to the dust-aerosol loading from the Thar desert (Kaskaoutis et al., 2014a). Although its 
recognition as the most active dust source in SW Asia, it remains nearly unknown to the broad dust aerosol 
community in India and the meteorological aspects that favour the dust outbreaks, the dust plumes pathways, 
the affected areas and the specific role of the Hamoun ephemeral lakes in dust activity need to be better 
examined and clarified. The present work shed light on the synoptic and dynamic meteorological conditions 
associated with dust-storm outbreaks in the Sistan region, examines the dust transport pathways and the role 
of Sistan in dust loading over northernmost Arabian Sea. Sistan is a topographic low basin, located in 
southeastern Iran along the borders with Pakistan and Afghanistan. The northern part of the basin is covered 
by shallow (< 4m in depth) ephemeral lakes that are fed from the discharge of the Helmand river. During the 
hot dry summer season, the lakes get dried forming a saline surface and leaving an alluvial silt material that is 
very easily eroded by the strong northerly Levar winds (Rashki et al., 2013). The combination of the saline 
dried soil with the intense surface winds favours massive dust storms over the region, where PM 

-3concentrations of above 1000 µgm  have been recorded (Rashki et al., 2012). 
                                                                

The analysis also reveals that the severe high aerosol loading over Arabian Sea in June 2008 is mostly 
attributed to enhanced dust activity and several (18) dust outbreaks from Sistan over the marine environment 
as well as to favourable meteorological conditions that allowed the influence of the Sistan dust storms over 
central part of the Arabian Sea (Kaskaoutis et al., 2014b). 
                                                                

Methods
The meteorological observations (surface wind at 10 m, air temperature, relative humidity (RH), atmospheric 
pressure and visibility (vis)) were obtained from the Zabol meteorological station located ~10 km away from 
the Hamoun lakes (Rashki et al., 2012). The threshold of vis<1 km (daily mean values) was considered to 
identify the dust-storm events over the region, which were found to be 356 during the summer months (June-
September) of 2001-2012. The Regional Climate Model (RegCM4) was used over south Asia to simulate 
meteorology parameters (surface temperature, relative vorticity, atmospheric pressure, wind speed and 
direction) mostly related to dust uplift and transport with emphasis over Sistan region. Furthermore, the 
NCEP/NCAR database was used, consisted of Mean Sea Level Pressure (MSLP) and geopotential height at 
700 hPa (Z700) daily values on the dust storm days during the period 2001 – 2012. The 356 dust-storm days 
over Sistan, were classified into the four summer months and then the corresponding composite maps for the 
MSPL and Z700 were constructed for the dust-storm days of each month. Furthermore, the anomalies of the 
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meteorological fields during the dusty days from the mean 30-year (1981-2010) NCEP/NCAR summer 
month climatology were studied aiming to reveal the meteorological patterns that favour the dust outflows 
from Sistan. 5-days forward trajectories via HYSPLIT model originated from Sistan basin were also used for 
studying the favourable transport pathways, altitudinal variation and affected areas of the Sistan dust storms.  
                                                                

Results and Discussion
The RegCM4 simulations showed that the mountainous topography around Sistan creates a canal 
strengthening the northern winds, since sheltering and channelling are known to enhance the wind flow. The 
wind profile shifts to larger vertical gradient, with much higher values near the surface (950-900 hPa) and 
lower above 750 hPa. At surface level, the cyclonic circulation over central Pakistan and northwestern India 
along with the high pressure gradient between the Pakistan low-pressure center and the high-pressure regime 
over west-central Asia induce the strong northerly Levar wind, which is responsible for dust storms in the 
Sistan region. At 700 hPa, the ridge over Africa and Middle East combined with the trough over the Indian 
sub-continent induce a strong northerly flow (associated with the flow of the low-level jet) over Iran-
Afghanistan-Pakistan borders. 
                                                                

Figure 1 provides the synoptic maps of the MSLP anomalies of the period 2001-2012 and of the dust-storm 
days during this period from the climatology 1981-2010. The anomaly patterns are characterized by positive 
anomalies (enhancement) in the high-pressure system centered over Caspian Sea and central Asia and 
negative ones over Hindu Kush. Similar pattern was observed for the 700 hPa pressure level. This suggests 
that during the dust-storm days the west-to-east pressure gradient, which is the inaugural force for the Levar 
wind and the low-level jet, is further enhanced.  

                                                                

Figure 1: Anomalies of MSLP from the mean climatological situation (1981-2010) for the whole period 2001-2012 (upper 
panels) and for the dusty days in the period 2001-2012 (lower panels).

         

Figure 2: 5-day forward air-mass trajectories originated from Sistan basin at 500 m agl on the dust-storm days for the June-July 
months during the period 2001-2012. The trajectory pathways are colour-scaled according to the altitude.
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Figure 2 shows the 5-days forward trajectories for dusty air masses originated from Sistan basin for the 
months of June and July. The results reveal that the most affected areas from the Sistan dust storms are the 
southeast Iran, SW Afghanistan and south-central Pakistan. The air masses are initially having a southward 
direction and when the reach the northernmost Arabian Sea they are progressively shifting to east-northeast, 
mostly affected the Indus basin. The northern Arabian Sea is strongly affected, while northwestern India and 
central Arabian Sea are affected in certain circumstances. Furthermore, the dusty air masses are progressively 
increasing in height up to 3-4 km over Arabian Sea and India.  
                                         

Conclusions
Sistan located in southeastern Iran constitutes a major dust-storm region in southwest Asia. On regional and 
meso-scale, the dust activity is strongly influenced by the intense northerly Levar wind, which is further 
enhanced over the region due to its valley-like characteristics. The water coverage in the Hamoun ephemeral 
lakes and the dryness of the basin also constitute important factors for the dust activity. On synoptic scale, the 
dust storms are associated with enhancement of the dipole of high pressure over Caspian Sea and low pressure 
over Hindu Kush, which favours the blowing of intense winds. The dust storms originated from Sistan follow 
a “U”-like shape, they are progressively increasing in altitude and mostly affect SW Asia, Indus basin, 
northern Arabian Sea and in certain circumstances the central Arabian Sea and India. 
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Introduction 
Nowadays, there is a lot of concern about air quality in large urban areas, and it has been the subject of many 
studies. The harmful effects of Polycyclic Aromatic Hydrocarbons (PAHs) on human health have been 
especially studied, since some of these are carcinogenic and mutagenic, and some are associated with acute 
and chronic health problems. PAHs are organic compounds of carbon and hydrogen arranged in combinations 
of aromatic rings. The contribution from natural sources of PAHs is limited, being restricted to spontaneous 
forest fires and volcanic emissions. They belong to the group - Persistent Organic Pollutants (POPs) known 
for their chemical carcinogenicity. In Agra, the most important source of PAHs is expected to be vehicular 
emission since motor vehicles contributed as much as 60% of pollution. There are also other important 
potential sources of PAHs such as smoke coming from diesel generators which are in use because of erratic 
power supply. The aim of this study is to investigate the concentration and distribution of particulate PAHs at 
this agricultural site in Agra. 
                                 

Methods and Materials
0 0Agra, the city of Taj (27 10'N 78 02'E) is situated on the West bank of river Yamuna in the north central part of 

India about 200 kilometers (km) south of Delhi in the Indian state of Uttar Pradesh.  As the home of the Taj 
Mahal, Agra is one of the most famous tourist spots in the world. Three national highways (NH 2, NH 3 and 
NH 11) cross the city. The atmospheric pollution load is high because pollutants are transported downwind, 
mainly from an oil refinery situated in Mathura, 50 km northwest from the center of Agra City. Agra has a 
population of 1,686,976. Over three million vehicles are registered and 53,169 generator sets are used to 
counter the erratic electricity supply. The station was monitored for ambient air quality twice a month in a 

2scheduled manner for a span of one year. Particulate Matter (PM ) in air were collected on 20.3 x 25.4 cm  10

glass fiber filter paper (EPM-2000) using respirable dust samplers (RSPM Envirotech Sampler RDS, 460 
3

DX, New Delhi, India) at the rate of 1.0 cubic meter per minute (m /min). The air suction rate was verified 
every week using calibrated rotameters with an accuracy of ±1%. Samples were stored in a cool, dark place 
until analysis. Samples and blanks were extracted with 4 milliliters (mL) methylene chloride by Soxtherm®. 
Blank spike/blank spike duplicate (BS/BSD) samples (spiked with PAH spiking solution) were extracted 
using clean fibreglass thimbles. The gas chromatograph (GC) oven was temperature programmed to separate 
the method analytes on a fused silica column, which were then detected with a mass spectrometer (MS). 
                                 

Results and Discussion
-3 -3

Total PAH (TPAH) concentration ranged from 09.57 ng m to 63.64 ng m . The average concentration with 
-3standard deviation of TPAH for the entire sample collected in ambient air was 28.19   6.31ng m , and the 

-3
median was 15.59 ng m . Figure 1 illustrates the average TPAH concentrations during winter, summer and 
monsoon. Benzo(b)fluoranthene, Benzo(g,h,i)perylene, Benzo(k)fluoranthene and Indeno(1,2,3-cd)pyrene 
were the  predominant compounds at this particular urban site. 

1 1  2
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Figure 1: Average TPAH concentrations during winter, summer and monsoon
             

Figure 2 shows the trends of individual PAHs throughout the year.  The major contributors to TPAH in the 
aerosol of urban site were 4-rings followed by 5-ring and 6-ring PAHs in all the seasons.

Figure 2: Pattern of individual PAHs throughout the year
          

Figure 3 illustrates the seasonal pattern of PAHs. During winter season, people use to make fires using wood 
and coal (Briquettes) in order to make themselves and their surroundings cozy, enhancing the levels of 
persistent organic pollutants very high. In summers, the supply of electricity is very much erratic due to high 
electric loads as the people use air conditioners. During the months of monsoon season the region is generally 
experienced with the recurrent intense rain showers and washout effects of pollutants. Thus, in addition to dry 
deposition, wet deposition (rain) of PAHs may be accredited to the lowest particulate PAH levels during 
monsoon season (Masih & Taneja, 2006).  

Figure 3: Seasonal trend of PAHs at urban site of Agra 
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Figure 4 shows the relative contribution of 2-, 3-, 4-, 5-, and 6-ring PAHs in aerosols, investigated in this 
study. The average TPAH percentage based on the number of rings were 1% (2-ring), 2% (3-ring), 24% (4-
ring), 48% (5- ring), and 25% (6-ring). Due to the volatile nature of these persistent pollutants, temperature is 
a very important factor in determining their concentrations. The concentration of PAH at present site 
increases with increasing temperature as photo degradation and volatility accompanied by rising temperature 
(Park et al, 2002), resulting the lower PAH in the summer than in winter season. In contrast, in the winter 
season at low temperature photo degradation of PAH is decreased, resulting the higher concentration of PAH 
at this season. While during the months of monsoon season the region is generally experienced with the 
frequent rain showers and washout effects of pollutants. (Masih & Taneja, 2006). 

Figure 4: Relative contribution (%) of 2, 3, 4, 5 and 6-ring PAHs
           

Toxic equivalency factors (TEFs) can be used as a practical tool for regulatory purposes for large groups of 
-3

compounds. The mean concentration of TPAHs in the urban area of Agra to be 28.19 ng m , which 
-3 -3 corresponds to a B(a)P equivalent exposure  of 5.32 ng m and 4.95 ng m with respect to carcinogenicity, 

using TEFs according to [A] and  [B], respectively. Regardless of the TEF source, similar B(a)P exposure 
estimates  were generated by the two sets of TEF values. Benzo(a)pyrene contributed the highest 

-3 -3carcinogenic exposure equivalent (2.80 ng m ) followed by Dibenz(a,h)anthracene (1.14 ng m ), 
-3 -3Benzo(b)fluoranthene (0.453 ng m ), Indeno(123cd)pyrene (0.409 ng m  ), Benzo(k)fluoranthene (0.338 ng 

-3 -3
m ) and Benzo(a)anthracene (0.121 ng m  ), accounting for approximately 54%, 22%, 8%, 7%, 6% and 2% 
of the total carcinogenicity of particulate PAH in this urban region, respectively. 
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Introduction
A study over North India shows that the increase in absorbing aerosol loading may possibly amplify the 
seasonal warming (Gautam et al. 2009). It has been found that there is a variation in the sources of aerosols 
and their transport in Indian region (Habib et al. 2006). Trends across different regions of India have been 
found during a decadal period 2000-2009 using MODIS level 2 data (Ramachandran et al. 2012). A similar 
trend analysis has been done for a decade over with MISR level 2 data (Dey et al. 2011). A comparative study 
over MISR and MODIS level 3 AOD data has been carried out over the Indo-Gangatic basin during the winter 
and summer seasons for 2000-2005 period where it was found that MISR performs better when compared 
with AERONET data (Prasad et al. 2007). Efforts have been made to study the potential causes and impact 
indicators for the trend of AOD over different parts of India using data from ARFINET locations (Babu et al. 
2014). The present paper presents a temporal study of variation of aerosols using MODIS and MISR Level 3 
data for twelve years (2001-212) over Dehradun. 
                                   

Methods
Dehradun is located at 30.3°N, 78°E at an average elevation of 695m a.m.s.l. is the capital of Uttarakhand. It is 
located in a valley surrounded by hills with an undulating topography accompanied by high altitude hills to its 
North and East. There are some small scale industries located in the city. The site receives heavy rainfall 
during monsoon with a climate which is hot in summers and becomes very cold in winters. The aerosol data 
(at 550 nm) under study is taken from MODIS and MISR sensors for the twelve year period 2001-2012. 
MODIS has 36 spectral channels with the wavelength range spanning over 0.41 to 15 µm. We have used 
MODIS (MOD08_M3) Level 3 monthly aerosol data at global 1°x 1° grid with the uncertainty over land, 

2? AOD  =± (0.17AOD +0.03AOD + 0.05) for Indian region (Remer et al. 2005, Levy et al. 2010). MODIS MODIS MODIS 

MISR (MIL3MAE) level 3 monthly aerosol data product at 0.5°x0.5° global grid is resampled to 1°x 1° grid, 
with the uncertainty ? AOD  =± (0.18AOD +0.04) (Liu et al. 2004). Trend analysis is done using the MERIS MERIS 

weighted least square regression approach where the weights are assigned corresponding to the uncertainty in 
the data. Student's t-test is performed and statistically significant trends are defined at 99% confidence level 
(p-value <0.01).
                                   

Discussion and Conclusions
The correlation between both the sensor derived AOD for the twelve year time period over the study area is 
found to be 0.55 (Fig. 1). A decreasing trend of AOD is found in Dehradun from the analysis of twelve year 
period using both MODIS and MISR datasets with statistical significance (p value <0.01). The annual trend 
using MODIS data comes out to be -2.73% whereas that using MISR data is -1.07% (Fig. 2)
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Figure 1 : Correlation between AOD from MODIS and MISR Level 3 products

           
Figure 2 : Weighted least square trend analysis using MODIS data (decreasing trend -0.00273, p-value <0.01) and MISR data 

(decreasing trend -0.00107, p-value <0.01)
                      

Acknowledgements
Author is extremely thankful to the entire MODIS and MISR team for providing the data used for the analysis.
                               

Temporal Variation of Aerosol Optical Depth in Dehradun - A Study using MODIS....

208 IASTA-2014, BHU, VARANASI



References
Babu, S. S., et al. (2013), Trends in aerosol optical depth over Indian region: Potential causes and impact 

indicators,  J. Geophys. Res. Atmos., 118, 11,794–11,806, doi:10.1002/2013JD020507.
Dey, S. and Girolamo, L. D. (2011) A decade of change in aerosol properties over the Indian subcontinent, 

Geophysical Research Letters, 38, L14811, doi:10.1029/2011GL048153, 2011.
Gautam, R., Hsu, N. C., Lau, K.M., Tsay, S.-C. and Kafatos M. (2009) Enhanced pre-monsoon warming over 

the Himalayan- Gangetic region from 1979 to 2007, Geophysical Research Letters, 36, L07704, 
doi:10.1029/2009GL037641, 2009.

Habib, G., Venkataraman, C., Chiapello, I., Ramachandran, S., Boucher, O., Reddy, M.S. (2006) Seasonal 
and interannual variability in absorbing aerosols over India derived from TOMS: relationship to 
regional meteorology and emissions. Atmospheric Environment 40, 1909e1921.

Levy, R.C., Remer, L.A., Kleidman, R.G., Mattoo, S., Ichoku, C., Kahn, R. and Eck, T.E. (2010), Global 

evaluation of the Collection 5 MODIS dark-target aerosol products over land, Atmospheric Chemistry 

and Physics, 10, 10399–10420, doi: 10.5194/acp-10-10399-2010.

Liu, Y., Sarnat, J.A., Coull, B.A., Koutrakis P. and Jacob, D.J. (2004) Validation of Multiangle Imaging 

Spectroradiometer (MISR) aerosol optical thickness measurements using Aerosol Robotic Network 
(AERONET) observations over the contiguous United States, Journal of Geophysical Research, 109, 
D06205. doi:10. 1029/2003JD003981.

Prasad, A. K., Singh, R. P. (2007) Comparison of MISR-MODIS aerosol optical depth over the Indo-Gangetic 
basin during the winter and summer  seasons (2000–2005) Remote Sensing of Environment 107, 
109–119, doi:10.1016/j.rse.2006.09.026.

Ramachandran, S., Kedia, Srivastava, R. (2012) Aerosol optical depth trends over different regions of India 
Atmospheric Environment 49, 338e347 doi:10.1016/j.atmosenv.2011.11.017.

Remer, L. A., Kaufman, Y. J., Tanre, D., Mattoo, S., Chu, D. A., Martins, J. V.,  Li, R., Ichoku, R. C., Levy, R. 

C.,Kleidman, R.G.,  Eck, T. F., Vermote, E. and Holben, B. N. (2005) The MODIS aerosol algorithm, 

products and validation, Journal of the Atmospheric Sciences, 62, 947–973.

209

Temporal Variation of Aerosol Optical Depth in Dehradun - A Study using MODIS....

IASTA , BHU, VARANASI-2014



Characterization of Organic Fractions Associated with Coarser Particulates in 
Varanasi during Winter-2014
                                   

1 1 2 1
V. Murari , Poonam , Yogesh Kant , T. Banerjee
1 
Institute of Environment and Sustainable Development, Banaras Hindu University, Varanasi, India

2Marine and Atmospheric Science Department, Indian Institute of Remote Sensing, Indian Space Research 
Organization, Dehradun, India 

Keywords:  Aerosol, Organic Fraction, Poly Aromatic Hydrocarbon
                                   

Introduction
Urban areas in India experiences very high concentrations of airborne coarse particulate matter (PM ). 10

Airborne particulates are melange of different chemical components originate from various type of sources 
(primary emission) and phenomena (secondary conversion) which affects adversely to environment. 
Airborne particle carries toxic air pollutants including heavy metals and organic compounds. Associated 
studies concludes that exposed population to elevated PM concentration are likely to vulnerable for 
respiratory and cardiopulmonary diseases as well these particulates can also shows carcinogenic and 
mutagenic effects. The carbonaceous share of ambient PM comprises both the elemental and organic carbon. 
The major organic carbonaceous compounds recognised in ambient PM comprises of alkanes, alkenes, acids, 
alcohols and poly aromatics. Biomass, refuse, solid waste, crop residue burning is the main precursors of the 
toxic organic chemicals combined with particulate matter (Murari et al., 2013). To assess the toxicity 
associated with PM much effort has been expended on the chemical and physical characterization of air 10 

particulate matter.
                                   

Industrialization and urbanization are the two foremost factors behind the deteriorating air quality at 
Varanasi, the religious capital of India. Additionally, high vehicular pollution and voluminous floating 
population adds significant amount of pollutants into ambient air of Varanasi. To assess the existing air 
quality, fine particulate matter (PM ) was collected during winter months (December, 2013 to February, 10

2014) by high-volume dust sampler and particulate concentrations were gravimetrically analyzed. It is 
observed that significant proportion of ambient aerosol is composed of organic materials which need to be 
characterized to assess level of carcinogenicity. Ambient aerosol was further ultrasonicated and solubilize in 
non-polar solvents like benzene to assess benzene-soluble organic fraction (BSOF), which is an indicator of 
aromatic and neutral organic compounds associated with aerosol. Organic species in the form of BSOF 
associated with PM  is result of various activities like fuel oil burning, coal burning and other biomass 10

burning activities. Conclusively, a Fourier Transform Infrared (FTIR) spectrometer was used to measure the 
functionalities of the aerosol samples.
                                   

Methods
Three months winter time air quality has been assessed with respect to airborne particulates (PM ). Sampling 10

was carried out from December, 2013 to February, 2014 at Varanasi, situated in at the bank of river Ganga. 
2Varanasi with a geographical sprawl of about 225 km  is located at 82.20 m above sea level. Sampling was 

performed on the roof top of Institute of Environment and Sustainable Development situated in Banaras 
Hindu University. The sampling location itself devoid of any industrial activities and significant pollution 
sources except road dust, vehicular and commercial activities. Sampling was performed twice in a week for 

3 -1
24 hours with the help of high volume sampler ( ) at a constant flow rate of 1m min . 

” ” 0Filter papers (8 X 10 ) were desiccated for 24 hr. before and after the sampling and stores at 4 C till chemical 
analysis. All the precautions were taken to prevent the filter paper from contamination. One fourth of the 

APM-460BL, Envirotech
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exposed filter paper were carefully cut into smaller parts in a cleaned beaker and 30 mL of HPLC grade 
benzene were added to it. Mouth of the beaker was immediately sealed with the help of Al-foil to minimize the 
loss from evaporation during ultra-sonication. After the ultra-sonication the extract were left for complete 
dissolution and further filtered into a pre-weighted clean beaker. These extracts were taken to oven and 

0
evaporate to dryness at 40 C. After the complete drying beaker were conditioned at room temperature and 
reweighted. The difference of initial and final weight of the beaker represented as toxic fraction or more 
precisely BSOF associated with PM . Entire organic fractions were subsequently analysed through Gas 10

chromatography–mass spectrometry and Fourier transform infrared spectroscopy to identify specific 
constituents of organic fractions. A Fourier Transform Infrared (FTIR) spectrometer, equipped with a 
deuterated triglycine sulfate (DTGS) detector, was used to measure the functionalities of the aerosol samples.
                                   

Discussion and Conclusions
Winter time variations of ambient PM  concentration along with BSOF are shown in Fig. 1. The minimum 10

3
and maximum observed PM concentration varies from 105.00 to 409.29 ìg/m . Monthly average PM  10 10

3
concentration were varies from 209.25 to 318.54 ìg/m  while the Mean concentration of the PM for the 10 

3sampling period was 286.05 ± 90.34 ìg/m  (mean ± sd). Outliers of PM  and BSOF sampling data were 10

represented with the help of Box-whisker plot technique (Tukey, 1977). 

Figure 1: Relative comparison of variation of PM  and toxic organic fractions 10

                    

Prevailing meteorological conditions and biomass burning for the heating purposes in winter season probably 
behind the certain sampling period that marked with highest (Fig. 2) observed concentration of the BSOF. 

3Mean concentration of the BSOF was 43.3 ± 12.35 ìg/m  (mean ± sd), while second and third week shows the 
3 3 

BSOF concentration as 57.4 ìg/m  and 60.2 ìg/m respectively. Total eight weeks of different time period 
shows higher value than mean concentration of BSOF. Daily average concentration found to exceed from 

3accepted level (20µg/m ) during the entire sampling period (Murari et al., 2014). Temporal variation of toxic 
organic fraction associated with PM  was also plotted (Fig. 3). 10

Figure 2: Variation in concentration of BSOF at receptor site
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This toxic group of the carbonaceous compound indicates the presence of both aliphatic and aromatic 
compounds. Ratio of BSOF/PM  (Fig. 4) supposed to be a good indicator of relative contribution of BSOF to 10

PM For the present experiment BSOF/PM  ratio mostly persist within a range of 0.08-0.20 which describes 10. 10

that for the most of sampling period BSOF constitutes 8-20% of contribution to total particulate loading. 
However, single exceptional value was observed (BSOF/PM =0.35) on last week of sampling which may be 10

attributed through local effects of biomass and waste incineration. 

Figure 3: Temporal Variation of BSOF and PM10

                    

Entire organic fractions were subsequently analysed through Gas chromatography–mass spectrometry and 
Fourier transform infrared spectroscopy. A Fourier Transform Infrared (FTIR) spectrometer, equipped with a 
deuterated triglycine sulfate (DTGS) detector helps to identify higher levels of poly aromatic hydrocarbons in 
the coarser particulates.

Figure 4: Temporal variation of BSOF/PM10
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Introduction
The earth's climate is controlled by the amount of solar radiation intercepted by the planet and the part of the 
energy that is absorbed. Among different climate forcing agents similar to atmospheric Ozone, Green House 
Gases, etc. atmospheric aerosols are one of the vital constituents of the earth's atmosphere which contributes 
to global climate change, but with utmost uncertainty. Aerosols can influence climate directly by scattering 
and absorbing a fraction of incoming solar radiation and indirectly by modulating the earth's radiation budget 
through their impact on cloud life cycle, cloud droplet size distribution and cloud liquid/ice water content and 
semi directly by evaporating the clouds. Most aerosols such as sea salt particles, sulfates, nitrates, organic 
carbons (OC) etc can directly reflect sunlight back into space and hence enhancing planetary albedo 
(reflectance) and leading to a negative surface forcing (cooling) but the attendance of some absorbing 
aerosols such as Elemental Carbon (EC) or Black Carbon (BC) can alter the sign of forcing from negative to 
positive (heating). BC is the largest absorber of solar radiation in the atmosphere both in shortwave and long 
wave region and is recognized to be the second most powerful contributor to climate change next to carbon 
dioxide which is produced mostly as a result of partial combustion of fossil fuels such as coal, diesel, petrol 
etc. as well as because of usage of bio fuel and biomass burning. Study of BC aerosols are gaining 
considerable significance due to its ability to absorb solar radiation, heat the atmosphere and Influence the air 
quality and climate on local, regional and global scales. BC emission from NE-India has significant effect on 
BC contamination over South-east Tibetan Plateau (Cao et al., 2010).
               

The contribution of aerosols in affecting the surface temperature by modifying the balance between incoming 
and outgoing radiative energy fluxes which causes climate change is evaluated by radiative forcing of the 
atmosphere. Tropospheric BC aerosol which mainly absorbs incident solar radiation leads to positive 
radiative forcing. The present study aims at the temporal characterization of BC aerosols and their 
contribution to radiative forcing over Dibrugarh (27.3ºN, 94.6ºE, 111 m amsl) for the period March, 2008-
March, 2012. The study location is scattered all over with tropical vegetation and surrounded by some oil and 
natural gas fields. The unique peculiarity of the study location is such that it is surrounded by the vast 
Himalayan range and Tibetan Plateau to the north, Garo-Khasi-Jayantia and Naga hills to the south and 
mountains of Yanan to the east, but is open to the west side towards the Indo-Gangetic plains (IGP) which 
allows transport of aerosols to the study location from pollutant regions of IGP (Gogoi et al., 2009; Pathak et 
al., 2012). Some more details of the study location and meteorology have been described by Pathak et al. 
(2013) and references therein. 
               

Methodology
Intrumentations 
The near-surface aerosol mass concentration of composite aerosols, BC mass concentration and spectral 
aerosol optical depths (AODs) are measured by Quartz Crystal Microbalance (QCM) Impactor (model PC-2, 
California Measurements Inc., USA), Aethalometer (model AE 31-ER, Magee Scientific, USA) and a 10 
channel Multiwavelength solar radiometer (MWR) respectively for the period March, 2008-March, 2012 
over Dibrugarh. The QCM provides aerosols mass concentration collected at 10 different stage as a function 
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3 
of particle diameter with size ranges from 0.05 µm to >12.5 µm assuming a density of 2 g/cm at samples flow 
rate of 240 mL per minute. QCM measurements are made at hourly intervals with sampling time duration of 5 
minutes and it is restricted to relative humidity less than 75% as quartz crystals are sensitive to high relative 
humidity. In the QCM instrument the aerosols particles are made to impact on sensing quartz crystals which 
are stacked one below the other and by monitoring the change in frequency difference between the reference 
crystal and the sensing crystal, the mass concentration of aerosols deposited in each stage is obtained. A seven 
channel Aethalometer has been used for continuous measurements of near-real-time BC mass concentration 
operated at a flow rate of 3-4 litres per minute (LPM) and temporal resolution of 5 minutes. The principle of 
operation of Aethalometer is optical attenuation, where measurement of the reduction of a beam of light 
transmitted through the sample collected on the quartz fiber filter tape is made. Among the seven channels, the 
880 nm channel is considered as the standard channel for BC measurement as at this wavelength BC is the 
principal absorber of light and other aerosol components has negligible absorption (Hansen et al., 1984). 
Measurements of AOD at 380, 400, 450, 500, 600, 650, 750, 850, 935, and 1025 nm are done by using MWR 
which is operated from the rooftop of the building of the Centre for Atmospheric Studies, Dibrugarh 
University (~8 m above ground level). The details of the instrument, method of analysis, and error budget are 
discussed earlier by several investigators (Moorthy et al., 2007; Gogoi et al., 2008, 2009).
               

Model Approach
The Optical Properties of Aerosols and Clouds (OPAC) model (Hess et al., 1998) is used to estimate the 
optical properties (AOD, SSA, Asymmetry parameter) of composite aerosols over Dibrugarh. The water 
soluble, insoluble, soot, sea salt and mineral transported are considered as different combinations of aerosol 
components in OPAC to best fit the measured AOD spectra. Optical properties of aerosols are derived from 
OPAC model by reconstructing the measured AOD spectra within measurement error. The number densities 
of each aerosol component are varied keeping BC mass fraction fixed following the work by Pathak et al. 
(2010) and references therein. To minimize the uncertainties some criteria are chosen such as the AOD spectra 

for which the root mean-square deviation between the measured (over wavelength range, 380–935 nm) and 

the fitted aerosol optical depths should be less than 0.05 and the Ångström wavelength exponent estimated 
using the model must be agreed with those from the measurements within 5% (Moorthy et al., 2005; Babu et 
al., 2007). BC number density as resulting from the BC mass concentration was used in OPAC to calculate the 
optical properties solely only due to BC. Modeled spectral aerosol optical properties for composite aerosol 
(water soluble, insoluble, soot, sea salt and mineral transported) in the shortwave (SW) range 0.25 - 0.4 ìm 
were used as inputs in Santa Barbara Discrete Ordinate Atmospheric Radiative Transfer (SBDART) model 
developed by Ricchiazzi et al. (1998) for the estimation of radiative forcing.
               

The optical properties obtained as OPAC outputs, namely, aerosol optical depth, SSA, asymmetry parameter 
(g) and Ångström wavelength exponent are further used to compute the top of the atmosphere (TOA) and 
surface (SUR) forcing. Calculations on ARF are performed separately with and without BC aerosols at hourly 
intervals, and 24 h averages are taken to estimate the direct radiative forcing. The difference between the SW 
aerosol radiative forcing at TOA and that at surface is the net amount of radiation trapped in the atmosphere 
due to aerosols, which is exhausted in heating of the atmosphere and is called the SW aerosol radiative forcing 
in the atmosphere (ATM). It is expressed by 

                     (? F) = (? F)  -  (? F)                        (1)ATM TOA SUR

Here (? F) represents the amount of energy trapped within the atmosphere due to the presence of aerosols. ATM  

Positive value of (? F)  is indicative of the fact that aerosol particles present in the atmosphere results in net ATM
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gain of radiative flux in the atmosphere, which is finished in heating of the atmosphere where as a negative 
(? F)   means net loss of radiative flux and hence cooling of the atmosphere. This atmospheric heating rate ATM

can be calculated (Liou, 1980; Quijano et al., 2000) as
                    
                                                                                         (2)
                  

-1
Where ∂T/∂t is the heating rate (Kd ), g is the acceleration due to gravity, C  is the specific heat capacity of air P

- 1 - 1
at constant pressure (1006 J kg  K ), ? P (=300hPa) is the change in the atmospheric pressure, and F  is the A

atmospheric forcing.
                      

Results and Discussion
The seasonal variation of BC concentration over Dibrugarh for the period pre-monsoon (PM1, March-May)
2008 to pre-monsoon 2012 is shown in Figure1. 

Figure1: Seasonal variation of black carbon aerosol over Dibrugarh

Figure 2 : Seasonal variation of ARF (a) With and without BC (b) Due to BC only over Dibrugarh 
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From this figure it has been seen that diurnally BC concentration peaks in mid-night hours and gradually 
decreases towards noon. There is a high concentration of BC during night time due to suppression of mixing 
and shallow boundary layer. During day time due to increased solar insolation the height of the boundary 
layer increases, which results in dilution of the BC and hence minimum BC value is obtained. Details have 
been discussed by Pathak et al. (2010) and Pathak and Bhuyan (2014). Seasonally BC concentration is highest 
in winter (Dec-Feb) followed by post-monsoon (PM2, Oct-Nov) and lowest in monsoon (M) season. The 
details of diurnal and seasonal variations of BC concentration over the study location have been reported 
earlier by Pathak et al. (2010). 

 Figure 3 : Seasonal variation of atmospheric heating rate over Dibrugarh
                 

Seasonally, the average atmospheric heating rate is maximum in pre-monsoon for both with and without BC 
except in 2008 where it is maximum in winter season. Apart from the year 2008, heating rate due to BC only is 
maximum in PM1 season with highest value in 2009 which is attributed to maximum loading of BC aerosols. 
By comparing year to year seasonal variation we can say that it has least value in post-monsoon and monsoon 
season for the period 2008-2009 and 2010-2011 respectively. 
                                     

Conclusions
TOA ARF is more negative in absence of BC while surface forcing is more negative in presence of BC. ARF 
in the atmosphere is mainly attributed to BC over the location. ATM forcing without BC is very less in 
comparison to ATM forcing for both with BC and only BC. BC alone contributes ~60-80% to atmospheric 
forcing. Atmospheric heating rate due to BC varies from 0.13 K/day in post-monsoon 2008 to 0.92 K/day in 
pre-monsoon 2009.
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Introduction
The valuation of aerosols direct effect on climate requires extensive study on the optical properties of 
atmospheric aerosols owing to their temporal and spatial variation. The measurements of aerosol optical 
properties such as total scattering ó (ë), hemispherical backscattering ó (ë), absorption ó (ë) and total tsc bsc abs

extinction coefficient ó (ë) are important for aerosol characterization and model validation and ext

consequently for a better understanding of the role of aerosols in the Earth-atmosphere system (IPCC,2013). 
Explicit aerosol optical parameters such as single scattering albedo (SSA) ,backscatter-to-scatter ratio 
(B/S)(b), asymmetry parameter (g), scattering Ångström exponent (SAE),can be derived  from these aerosol 
optical parameters. The aim of this study is to present a systematic analysis of aerosol particle optical 
properties emphasizing on its scattering properties over Dibrugarh, North East, India, its annual, seasonal and 
temporal variability, which would be valuable in improving our understanding of aerosol effects on climate in 
this region.
                   

Experiment Details
Measurement Site
For this study, aerosol particle optical properties were measured using a Nephelometer from March 2012-

o o
February 2014 at Dibrugarh (27.3 N, 94.6 E, 111 m amsl) which is situated on the southern bank of river 
Brahmaputra, close to the north-eastern boundary of the Indian subcontinent. The area is rich in mineral 
deposits and has large deposits of crude oil and coal. The peculiar topography of the area allows unhindered 
advection from the Indo-Gangetic plains in the west of Bay of Bengal in southwest and upper level 
transportation from other regions across the hills (Pathak et al., 2014).Dibrugarh experiences subtropical 
monsoon climate with mild winter, warm and humid summer. The climatological mean rainfall at Dibrugarh 
peaks in July as reported by the previous studies. On the basis of the distribution of temperature, rainfall, rainy 
days, humidity, presence of fogs and thunderstorms, the climate of the area is classified into four seasons; 
winter(December-February), pre-monsoon (March-May), monsoon (June-September) and post- monsoon 
(October-November).The detailed description of meteorological conditions can be found in Gogoi et al., 
(2011), Pathak et al., (2012).
                   

Instrument Used
The TSI 3563 Nephelometer provides simultaneous measurement of six important parameters. These 
parameters are the total scattering coefficient and the back scattering coefficient at 450 nm, 550 nm and 700 
nm. The instrument was calibrated using filtered air and CO  every six months. The instrument was 2

continuously operated with a data averaging time of 5 min. The aerosol absorption coefficient was obtained 
using a seven channel Aethalometer (Model AE 31- ER, Magee Scientific, USA), operating simultaneously 
with the Nephelometer. Nephelometer data were not available for the month of December due to technical 
reasons.
                   

Derived Parameters of Aerosol Optical Properties
From scattering and absorption measurements the aerosol particle extinction coefficient can be derived as:
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ó (ë) =  ó (ë) + ó (ë)                                                                                                       (1)ext tsc abs

                     

In order to compute the aerosol SSA in the visible band, the Aethalometer derived ó values are estimated at abs 

550 nm assuming power law dependence of ó with ë following S. Suresh Babu et al.,(2010). The parameters abs 

ó  andó are used to estimate the aerosol SSA which is the measure of the aerosol particle scattering strength abs  tsc 

relative to extinction (L.V.Rizzo et al., 2013).
                     

High absorbing particles such as BC particles have lower SSA of about 0.2, in contrast the higher SSA of 
about 1which indicates presence of more non-absorbing particles. The Hemispherical backscatter ratio B/S 
(b ) provides an indication of the angular distribution of the light scattered by aerosol particles, a key property ë

to determine the aerosol direct radiative forcing (Andrews et al., 2006)
                                    

The B/S parameter is used to estimate the asymmetry parameter (g ) of airborne particles used in radiative ë

transfer calculations (Andrews et al., 2006). Following Delene and Ogren (2002) and S. Suresh Babu et 
al.,(2010), g  can be calculated for the three nephelometer wavelengths as follows:ë

                                                     
3 2g = -7.173889b +7.464439b  – 3.96356b  +0.9893                                                                                     (4)ë ë ë ë

                                                     

In this work b, g and SSA was estimated at 550 nm. An Ångström exponent, SAE was calculated from multi-
wavelength Nephelometer data as:
                               

The SAE describes the ë-dependence of particle scattering coefficient. An Ångström exponent of 4 represents 
the scattering from molecules (Rayleigh's regime). SAE  higher than 2 implies scattering dominated by 
submicron particles, while SAE values lower than 1 represent an aerosol distribution dominated by coarse 
particles. The 450 and 550 nm wavelengths were used for the calculation of SAE.
                                              

Results and Discussions
The ó (ë)  at Dibrugarh has a distinctive seasonal cycle with maximum scattering values in winter(dry) and tsc

minimum in the monsoon (wet)season as shown in Figure 1. This is due to the enhanced concentration of fine 
mode particles in the dry season in North East, India due to biomass burning, forest fires. As earlier reported 
by Pathak et al.(2014) the scattering coefficients show a primary peak during 1800-2200 LT and a secondary 
peak in the morning between 0600-0800 LT occasionally.  During the measurements, a typical episode 
(Figure.2), i.e., a sharp peak was observed during the month of January 2014. 
                                              

The high value in winter is correlated to the lowering of boundary layer height causing low ventilation for 
mixing the emission from vehicular traffic, biomass burning and other sources (Pathak et al., 2014). Also the 
weakening of convection due to cloudy skies and mechanical turbulence due to wind shear, results in highly 
reduced concentrations in the residual layer during monsoon season (Babu et al., 2002).  Both  seasonal and 
temporal variation of ó (ë) , ó (ë) and ó (ë)  is very much similar, as shown in Figure 2. and Figure 3.tsc abs ext

 

Extensive Study of Scattering Properties of Aerosols at a Location in Brahmaputra....

220 IASTA-2014, BHU, VARANASI



Figure 1 : Monthly variation of ó averaged over a period of  2years from  March 2012 to February 2014.  tsc  

            

Figure 2 : Temporal series of total scattering (ó ), absorption (ó ), total extinction coefficient (ó ), backscatter-to-scatter ratio tsc abs ext

(b) and asymmetry parameter (g) at 550 nm , scattering Angstrom exponent (SAE) between 450 and 550nm for the period of 
March 2012-February 2014.  
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                          Figure  3 : Monthly variation                                  Figure  4 : Seasonal variation
        

Contrary to the particle scattering and absorption coefficients, SAE calculated for 450 and 550 nm and 
backscatter-to scatter ratio (B/S) (b) and asymmetry parameter at 550 nm did not show a clear seasonal and 
temporal pattern (Figure 2 and Figure 4b).The average value of SAE, B/S and g(ë) calculated for the study 
period of two years were 1.50±0.07, 1.79±0.20 and 0.50±0.02 respectively. Similar work and range of values 
have been reported for a location in Amazonia by L.V.Rizzo et al., (2013).   
                         

The seasonal variation of SSA at 550 nm obtained in this study was highest with the value of 0.939 during 
winter and second highest of 0.937 during post monsoon and minimum of 0.851 (25 months averaged) during 
monsoon (Figure 4a). Similar variation was reported earlier (Pathak et al.,2014) that the seasonal variation of 
SSA at 550 nm for the period January -November, 2012 showed maximum value (~0.93) during winter and 
post monsoon and minimum (~0.89) during monsoon. The large value of SSA indicates presence of abundant 
scattering type of aerosols over the location. The SSA over Dibrugarh is comparable with other locations 
except Ahmadabad in Pre-monsoon as reported by Pathak et al., (2014), with references therein. According to 
Figure 4b SAE showed maximum value of 1.90±0.16 during winter and remained almost constant 
~1.37±0.04 during the rest of the seasons.SAE represents the wavelength dependence of ó (ë)  and can be tsc

related to a mean size of the particles. This parameter is expected to decrease as the aerosol particle increases 
(L.V.Rizzo et al. 2013). Consequently the measured high value (~2.0) of SAE during winter was likely due to 
the presence of smaller particles which are more efficient to scatter light in comparison to the coarse mode 
particles.
                         

Conclusions
Aerosol scattering properties near the surface were measured over a period of two years (March 2012-
February 2014) at Dibrugarh, North-East India. Total scattering and extinction coefficient exhibit similar 
monthly variability with maximum in winter and minimum in monsoon. The backscatter-to-scatter ratio, 
asymmetry parameter did not show monthly and seasonal variation as such. The effect of aerosols in terms of 
cooling or warming of the atmosphere depends on the single-scattering albedo SSA .Based on the measured 
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scattering and absorption coefficients, SSA calculated for the study period showed high dominance of 
scattering type of aerosols and high value of Ångström exponent SAE during winter was obtained which 
represents the loading of fine particles from anthropogenic origin and biomass burning, besides the boundary 
layer dynamics. The influence of different air masses on the loading of aerosols in Dibrugarh has been 
reported earlier, still the dependence of the measured optical properties upon them has to be studied in broader 
dimension.
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Introduction
Because of the evidence of their role in weather, Earth-near-environment and climate change, the study of 
aerosols and pre-cursor gases has generated enormous interest in recent years, with the development of a wide 
range of experimental and modeling techniques (Lau et al., 2008). Still, there are significant uncertainties due 
to lack of adequate knowledge on the temporal and spatial variability of atmospheric constituents, 
particularly of aerosols and their associated properties across the globe.  Monitoring of aerosols over different 
locations is one of the most essential requirements to minimize uncertainty in the estimation of aerosol 
impacts (both natural and anthropogenic or human-induced) on local, regional, hemispheric and global 
climate (Holben et al., 1998). In this context, such measurements over remote locations (but influenced by 
surrounding pollution sources depending on terrain-induced atmospheric boundary layer and associated 
circulation patterns) such as Gurgaon-Manesar-Panchgaon region play a vital role in understanding the 
regional climate scenarios which are difficult to model as opposed to the mean climate change on global scale. 
Doubtlessly, such observations would also help in delineating the environmental pollution/air quality, 
hydrological cycle and Earth-atmosphere radiation balance. The sections that follow in the present paper 
provide a brief description of the experimental facilities used for investigating aerosol optical and 
microphysical properties, and their relationship with surface meteorological parameters.  To the best of our 
knowledge, the results reported here are available for the first time over the above-mentioned study region. 
Moreover, synergy between the on-going ground-based and concomitant satellite measurements and 
embedded transport characteristics will also be highlighted. 
                  

Experimental Location, Data and Methodology
Experiments have been performed on the roof-top of the Academic Block-A of the Amity University 

o o Haryana, situated in the Panchgaon (28.31 N, 76.90 E, 285 m above mean sea level) village (with highly 
sparse population), which is about 50 km away from Delhi.  Moreover, this site is surrounded, in the north-
east direction, by two cities, namely, Gurgaon (~ 24 km away) and Manesar (~ 9.5 km) of Haryana State.  
Because Gurgaon and Manesar cities have several small- and large-scale industries, the observation site 
(Panchgaon) receives pollution whenever the wind blows in the north-east sector; otherwise, the site is 
influenced by local pollution due to sporadic constructional and cooking activities. 
                  

Solar radiation traversing through the terrestrial atmosphere undergoes extinction due to several reasons.  
Sunphotometry has been recognized to be a powerful technique for inferring spectral distribution of 
atmospheric extinction due to constituents including aerosols.  A 5-chanel (340, 440, 500, 870 and     1020 
nm) MICROprocessor-controlled Total Ozone Portable Spectrometer (MICROTOPS-II)-solar radiometer 
(Solar Light Company, USA) in conjunction with a portable Weather & Environmental Meter (Kestrel 
4500NV, USA) has been used in the present study of aerosol characterization and its association with surface-
level meteorological parameters (wind speed, temperature and relative humidity) over the site.  Both the 
instruments were operated simultaneously for every 10 min interval during daytime on all clear days between 
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09 May and 12 June 2014. The radiometer basically measures the spectral variation of solar irradiance at 
different solar zenith angles (air mass).   From this basic data, the total optical depth due to Rayleigh 
scattering by air molecules, Mie scattering by aerosols and molecular absorption, has been obtained by 
following the Langley method in which a linear regression line is fitted to the plot between the values of solar 
flux versus air mass for a particular wavelength (Kasten and Young, 1989; Devara et al., 1996).  From the total 
optical depth (TOD), the aerosol optical depth (AOD) is obtained by subtracting the Rayleigh and gaseous 
optical depths.  The zero air mass will serve as calibration constant  
                  

                                               (TOD) = (OD) + (OD) (OD)                                     (1)Mie Rayleigh + Gases   
                  

to ensure the reliability of AOD estimation.  In order to achieve the long-term stability, the radiometer is 
calibrated once every 1-2 years by the Manufacturer.  The uncertainty in columnar AOD determination due to 
all possible errors like filter band-width, sun-targeting angle etc. could be ± 0.03.  The spectral dependence of 
AOD was used to compute the Angstrom exponent (), using the Angstrom's formula as
                  

-AOD =                                                                           (2)
                  

where AOD is the estimated AOD at wavelength ,  is the Angstrom's turbidity coefficient which equals AOD   

at =1 m, and the wavelength exponent  is a good indicator of the fraction of accumulation- to fine-mode 
particles.  By taking logarithm (ln) both sides, the Eqn. (2) becomes
                  

lnAOD = -  ln+ ln                                                            (3)
                  

The  values were computed in the wavelength interval of 340-1020 nm, applying the least squares method to 
Eqn. (3).  The linear fit to the logarithmic function is the most precise method, although the results may also 
depend on the spectral interval considered (for example, Pedros et al., 2003).         
                  

Results and Discussion
Figure 1[A] depicts the satellite view of experimental location and its neighborhood regions and Figure 1 [B] 
portrays the mean spectral variation of AOD during the months of May and June 2014.  The urban areas of 
Gurgaon and Manesar (not shown) in the north-east direction to the study region may be noted.  A clear 
wavelength dependence of AOD is evident from Fig. 1 [B], indicating decrease of AOD with 

Figure 1 :  Experimental location (indicated with dual concentric circles) and its surroundings [A] and mean spectral variation of 
columnar AOD [B] during May and June months of 2014.  

                

increase of wavelength implying larger AODs at smaller wavelengths, which are more sensitive to fine- mode 
aerosol particles.  By and large, the AODs are greater (~0.67) over the observing station which may be due to 
combined effects of local sources and transport of pollutants from surrounding regions.  It is also clear from 
the figure that AODs, during June are higher as compared to those during May except at 340 and 440 nm 
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where the AODs are almost similar.  This is partly could be due to more convection (thereby more lifting of 
aerosol particles from ground surface) during June compared to that during May.
                                           

The day-to-day variations in AOD and the derived  and  for the months of May and June are shown plotted in 
Fig. 2.  The AOD at 500 nm showed minimum of 0.5 and maximum of 1.2 in May while they varied between 
0.5 and 0.85 in June 2014.  These higher AOD values are considered to be due to local anthropogenic 
activities and meteorological situation over the site; the highest value of 1.2 observed on 30 May was 
attributed to the dust storm over the experimental area.  The one-to-one correspondence 

Figure 2. Daily variation of aerosol optical depth, AOD; Angstrom exponent, AE (alpha) and turbidity coefficient () observed 
over Panchgaon during May [A] and June [B] 2014.  The vertical bars at each data point indicate standard deviation from mean.

Figure 3 : Daily mean meteorological elements (temperature, relative humidity and wind speed) variations in May [A] and June 
[B] 2014 over the study region. 

                   

between AOD and , and almost an inverse relationship between AOD and   reveals the overall aerosol loading 
and relative contribution of fine (< 1m) and coarse-mode ( >1m) to the total aerosol load over 
the place.  The  results  also  indicate  that higher values of  (more loading) are associated with smaller values 
of   (bigger size particles) in both the months, which is consistent due to intense dust associated with higher 
temperatures leading to large-scale circulation during pre-monsoon season (March-June).
As maximum contribution to the AOD comes from the aerosol sources confined to the air layers close to the 
ground, the surface-level meteorological parameters play an important role (Nilsson, 1979; Devara    et al., 
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1994) on aerosol formation, growth and transport mechanisms.  In order to examine this aspect, surface-level 
meteorological parameters of temperature, humidity and wind have been recorded in parallel to those of AOD 
observations.  The day-to-day mean values of these parameters during May [A] and June [B] are shown in 
Fig. 3.  A close correspondence can be seen on comparison of these variations with those of concurrent AOD 
variations (shown in Figure 2).   
                                                  

Conclusions
For the first time, the atmospheric extinction or attenuation due to aerosol particles, using a Multi-spectral 
Solar Radiometer in conjunction with a Weather and Environmental Meter, have been studied over 
Panchgaon, a remote experimental site but influenced by air pollution/quality (and hence the local climate), 
depending on regional circulation patterns.  The present study reveals moderate to greater AODs, implying 
more attenuation of solar radiation reaching the ground (solar dimming). These features will have 
implications on cloud and rain formation and development.  Dense observations of AOD and in-situ 
measurements including satellites and models are planned to arriving at more meaningful conclusions.
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Introduction
The Indian Summer Monsoon Rainfall (ISMR) during a four-month period (June-September) shows large 
variations in the interannual and intraseasonal time scale owing to embedded active and break spells.    These 
variations greatly affect the farming activity which in turn impacts the economy of the country.  Irrigation  in  
India  is  predominantly   rain-fed and any drought like situation leads to major loss of agricultural 
productivity and livelihood of a large population (Swaminathan, 1987). Active and break monsoon can be 
defined as periods of high rainfall over the Indian subcontinent and periods of deficient or no rainfall over the 
Indian subcontinent during summer months (Ramamurthy 1969).  For example, the duration of extended 
break spells caused severe drought conditions during ISMR 2002 (31 days) and 2009 (13 days) which caused 
enormous human hardship and economic losses. 
                                            

Significance of aerosols cloud interaction
Clouds in the tropical atmosphere occur over a wide range of sizes ranging from isolated cumulus to large 
cloud clusters during summer monsoon season. The latter exhibits mesoscale organization due to vertical 
transport of energy, from the atmospheric boundary layer to the upper troposphere and account for most of the 
rainfall over the Indian subcontinent (Williams and House, 1987).  The precipitable water on any day at any 
place is about 5 cm and average daily rainfall is about 0.7 cm which indicates that only 10% of available 
moisture is converted into rainfall (Gambheer and Bhat, 2000).   In general, the range of rain-bearing cloud 
height along the east and west coasts and peninsular India was reported to be 3-6 km  (Sarkar and Anil Kumar, 
2007).  Marine and continental clouds usually have different precipitation efficiencies. The different cloud 
condensation nuclei (CCN) size distributions and composition play a clear role in precipitation development, 
particularly in warm clouds (Leiming, 2006). The effect of aerosols on cloud microphysics using aerosol 
concentrations and cloud droplet radii derived from space borne measurements has been studied and it was 
found that cloud droplet size is largest over remote tropical oceans and smallest over highly polluted 
continental areas (Breon, 2002).       
                                            

Data and Methods
The  weekly mean MODIS and TRMM derived satellite data are extracted from modis and TRMM web site 
and maps are plotted in the domain 5°-30°N, 60-100°E for cloud microphysical parameters viz Cloud droplet 
effective radius (CDPRe),  Cloud water Path (CWP), Aerosol Optical Depth (AOD) and TRMM derived 
rainfall.
                                           

Table 1. Comparison between below normal and above normal rainfall spells and associated cloud parameters.
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Conclusions
The analysis of MODIS derived cloud microphysical parameters during below normal (2009) and above 
normal 2010 monsoon spells indicate that the cloud droplet effective radius is below 15 (µm) over India and 
increase over the adjoining sea and vice versa during above normal monsoon spells. It is inferred that above 
normal monsoon spells are more conducive for enhancement of rainfall during deficient monsoon spells.
                              

Acknowledgements
The authors wish to acknowledge the contribution of scientific and technical personals of MODIS and 
TRMM data sets for making available the satellite derived cloud microphysical parameters for research 
purpose.
                              

References
Breon, F.M., Tanre, D., Generoso. S., 2002. Aerosol effect on cloud droplet size monitored from satellite. 

Science 295,834-838.
Gambheer, A. V., Bhat. G. S., (2000) Life cycle characteristics of deep cloud systems over the Indian region 

using INSAT-1B pixel data. Monthly Weather Review 128, 4071-4083.
Leiming, et al., (2006) Influence of aerosol concentration on precipitation formation in low-level warm 

stratiform clouds. Journal of Aerosol Science 37, 203-217. 
Ramamurthy, K., (1969) Monsoon of India: Some aspects of the break in the India southwest monsoon during 

July and August, India Meteorological Department, Pune, India. Forecasting  Manual No. IV 18.3, 57.
Sarkar, S.K., Kumar, A., (2007) Recent studies on clouds and precipitation phenomena for propagation 

characteristics over India. Indian Journal of Radio and Space Physics 36,502-513.
Swaminathan, M. S.,   (1987) Abnormal monsoons and economic consequences: the Indian experience. In 

Monsoons (eds., Fein, J.S and Stephens, P.L) John Wiley, Washington, DC, 121-133. 
Williams, M., Houze Jr, R.  A., (1987) Satellite-observed characteristics of winter monsoon cloud clusters. 

Monthly Weather Review 115, 505–519. 

229

Cloud Microphysical Characteristics of Deficient and Excess Indian Summer Monsoons....

IASTA , BHU, VARANASI-2014



Assessment of the Impact of Aerosols on Shortwave Radiation, Cloud Optical 
Depth and Rainfall in North-East India
                            

Binita Pathak, Papori Dahutia, Geetashree Kakoti, Pradip Kumar Bhuyan
Centre for Atmospheric Studies, Dibrugarh University, Dibrugarh-786004, Assam

Keywords: AOD, AAI, COD, Rainfall, Shortwave Flux
                 

Introduction
The earth climate system is driven by the radiant energy balance between the incoming solar shortwave 
radiation absorbed by the atmosphere and the surface of earth and the thermal long-wave radiation emitted by 
the earth to space. So any variability in solar radiation can affect climate directly. This variability is due to 
multiple scattering and absorption of radiation by atmospheric molecules, clouds, aerosols. Since the middle 
of the twentieth century ground reaching solar radiation has undergone decadal variations in many parts of the 
world leading to global dimming up to 1990 (e.g., Stanhill and Cohen, 2001) and brightening after 1990 (e.g., 
Wild et al., 2005). However over India a significant continued dimming is observed under all sky conditions 
(Ramanathan et al., 2005; Padma Kumari et al., 2007), where aerosols and clouds together contributed to the 
annual trend.
                            

Recently Babu et al. (2013) and Moorthy et al. (2013) have reported significant increase in aerosol loading 
over India from study based on the observation of aerosol optical depth at about 33 ARFINET stations 
including Dibrugarh in North-East India. In order to examine the solar dimming associated with the increase 
in aerosols over the North-East India (22-30ºN, 88-98ºE), possibly we analysed the changes in few aerosol 
parameters and Net surface downward shortwave flux (NSDSF) for the period 1979-2012. An attempt has 
also been made to estimate the impact of aerosols, cloud and change in NSDSF on rainfall.
                            

Study Region and Data
The North Eastern Region (NER) stretches between 22°N and 30°N latitude and 88.5°E and 97.5°E 
longitude. The region comprises of the states of Arunachal Pradesh, Assam, Manipur, Nagaland, Mizoram, 
Sikkim and Tripura with about 72% area under hilly ecosystems. Rocky surface, alpine vegetation and snow 
capped high peaks dominate the physical landscape of this area. The North-East India receives highest 
rainfall every year during the monsoon (June-September) season. Due to high rainfall the NER is clothed with 
diverse and dense vegetation. 
                            

In the present study, various satellite retrievals and model simulations have been analyzed for nine selected 
locations in NER: Thimphu (THM) (27.5°N, 89.6°E, 2737 m amsl), Tawang (TWN) (27.6°N,91.9°E,2668 m 
amsl), Shillong (SHL) (25.6°N, 91.9°E, 1496 m amsl), Aizwal (AZL) (23.7°N, 92.8°E, 1001 m amsl), Imphal 
(IPH) (24.82°N, 93.95°E, 790 m amsl), Dibrugarh (DBR) (27.4°N, 94.9°E, 111 m amsl), Guwahati (GHY) 
(26.1°N, 91.6°E, 55 m amsl), Dhubri (DHB) (26.1°N, 89.97°E, 28 m amsl) and Agartala (AGA) (23.9°N, 
91.2°E, 14.9 m amsl).
                            

Data used are Aerosol Optical Depth (AOD) for the period 2000-2012 from Moderate Resolution Imaging 
Spectroradiometer (MODIS), Absorbing Aerosol Index (AAI) for the period 1979-2012 from Total Ozone 
Mapping Spectrometer (TOMS) and Ozone Monitoring Instrument (OMI). Global Precipitation Climatology 
Project (GPCP) provides the Daily Rainfall data which is considered for the period 1979-2012 and net surface 
downward shortwave flux (NSDSF) and Cloud Optical Depth (COD) are obtained from Modern Era 
Retrospective-Analysis for Research and Application (MERRA): 2D monthly for the period of (1979-2012).
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Results and Discussions 
Satellite retrieved AOD and AAI show significant spatio-temporal variability in NER and is shown in Figure1 
(a,b). Temporally both AOD and AAI are overriding during summer season (March

Figure 1: Spatio-temporal variation of (a) AOD and (b) AAI at nine different locations of NER.

Figure 2 : (a) AI anomaly for the period 1979-2012.

Figure 2 : (b) Monthly rainfall for the period 1979-2012.
  

-May). AOD then gradually decreases through monsoon (June-September) due to wet removal process and it 
reaches to its lowest level in post-monsoon (October-November) due to combined effect of meteorology and 
topography (Gogoi et al., 2011). AOD then start to build up in the winter (December-February) season again 
under favorable meteorological conditions. AOD shows appreciable spatial variability within the region, 
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with highest value in the metropolitan city of Guwahati, followed by Dhubri, a location is situated at the 
western corridor of NER and minimum values at the higher altitude locations of Thimphu and Tawang. The 
biomass burning activities peaking in the months of March-April in NER results in observed highest level of 
both AOD and is substantiated by the peak level of AAI too. Apart from biomass burning, the long range 
transported aerosols from the west Asia and northwest India across the Indo-Gangetic Plane contributes 
significantly to the total columnar AOD (Gogoi et al., 2009; Pathak et al., 2012).  Unlike AOD, AAI is around 
the same value (~0.7) at all the locations of NER throughout the year. This indicates presence of large amount 
of carbonaceous (organic carbon + black carbon) aerosols because dust is rare in this region and AAI>0.5 is an 
indicator of presence of dust and carbonaceous aerosols (Jones and Christopher, 2010). The large source of 
organic carbon is from VOCs, which are emitted from dense vegetation. Vegetation in this region is also a 
source of bioaerosols which may form a major portion of total aerosols in the column. It may be inferred that 
organic carbon level remains almost same in the region, but black carbon concentration level is high in the 
biomass burning period of summer season, especially in March-April. Again significant positive AAI 
anomaly (Figure 2(a)) implies the increasing amount of absorbing aerosol over the region. The anomaly is 
more intense during 1999-2012 compared to the earlier years.  The increasing trend in AAI varies from 

-1 -1 -1 -1~0.013 yr  at THM to ~0.002 yr  at TWN during 1979-2003 and ~0.007 yr  at GHY to ~0.001 yr  at THM 
during 2004-2012. 
  

The increasing amount of absorbing aerosols may have an impact on decreasing trend in rainfall over the NER 
as observed from Figure 2 (b). The North-East India is the wettest region in the world which experiences 
highest cumulative rainfall over the year compared to the other parts of the Indian subcontinent. Shillong 
receives the highest rainfall while it is the minimum at Tawang. The decreasing trend in rainfall is also 
associated with the increasing trend in COD for low level (<700 h Pa), midlevel (700<h<400 h Pa) and high 
level (>400 h Pa) clouds (Figure 3). The COD of midlevel cloud and low level clouds takes larger values 
compared to the high level COD. The low and mid level COD which are influenced by absorbing aerosols 
both are playing the major role in the variation of COD over the observed locations. The contribution of 
midlevel COD in the lower altitude region is greater in

Figure 3 : COD for low level (<700 h Pa), midlevel (700<h<400 h Pa) and high level (>400 h Pa) clouds at the 
observations locations in NER.
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comparison to the higher altitude region. The high level cloud contribution is less than the other two level 
COD contribution to all COD. For increasing COD the effective radius is less than the critical radius of cloud 
droplets (Kobayashi and Masuda, 2008). Thus it may be inferred that the increasing absorbing aerosols may 
have played a critical role in decreasing cloud droplets and hence reduced the precipitation. 
                                

Figure 4 shows the NSDSF computed from monthly mean values over different stations of North-East India 
using MERRA 2D data sets for the period 1979-2012. The NSDSF is taken for all sky, clear sky and clean sky 
condition for all the observed locations. The clear sky net downward flux is highly variable in Tawang. The 
linear trends in NSDSF during the period of 1979-2012 over all the stations are found to be decreasing and 

-2 -1varying from ~-0.02 to ~-0.54Wm yr . The decrease in NSDSF is significant at some regions like AGA (~-
-2 -1 -2 -2 -1 -2 -2 -1

0.54Wm yr  or ~-17.91Wm ), AZL (~-0.52Wm yr  or ~-17.2Wm ) and SHL (~-0.17Wm yr  or ~-
-2

5.69Wm ) while a small declining trend is observed at all

Figure 4 : NSDSF for clean, clear and all sky conditions at the observations locations in NER.
           

other stations. The change in NSDSF means perturbations in the regional radiation budget and evaporation 
from ocean surface, which further suppress convection from Ocean to land and thereby weakens monsoon. 
This decreasing trend in NSDSF is highly associated with increasing trend of absorbing aerosols as discussed 
above. Total aerosol loading is also increasing over DBR, one of the study location as reported by Babu et al. 
(2013). Thus total as well as absorbing aerosol loading due to increasing population demand has caused a 
decreasing trend in rainfall in one of the wettest region of the world. Even world's highest rainfall receiving 
location Mawsynram, a location close to Shillong is now receiving lesser rainfall than its adjacent locations 
(public sources), which may be attributes to increase in absorbing aerosol loading. Padma Kumari et al. 

-2 -1 (2007) have reported average solar dimming of ~-0.86 Wm yr over India for the period 1981–2004, while 
-2 -1 

during winter, pre-monsoon and monsoon seasons it was ~-0.94, ~-1.04 and ~-0.74 Wm yr respectively. 
According to them AODs and clouds together contribute to the annual trend. Badarinath et al. (2010) have 

-2 -1shown a pronounced decrease of net downward shortwave radiation (NDSWR) (~0.69 Wm yr ) over the 
-2 -1

urban region of Hyderabad for the period 1979–2005. The decreasing trend is steeper (~- 1.56 Wm yr ) from 
1993 to 2005. They have attributed this change to significant increase in aerosol and cloud optical depth, 
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anthropogenic emissions of aerosols and their precursors. According to them the influence of clouds was the 
most important factor driving the decadal changes in NDSWR over Hyderabad while the role of aerosols was 
significant, especially in the recent years (1993–2005). Kumari and Goswami (2010) have also reported ~ 6 

-2 -2
Wm /decade solar dimming under clear sky condition and almost double i.e., ~12 Wm /decade solar 
dimming under cloudy sky condition over India (averaged over 12 stations) from monthly mean surface 
reaching solar radiation data.
                            

Conclusions
The present study shows that the amount of absorbing type of aerosols over NER increases. Also the overall 
COD shows an increasing trend which result the declination of NSDSF over all observed locations. The 
increasing COD may also reduce the cloud droplet size which reduces the precipitation rate. The increasing 
AAI and COD may be the reason for the declination of precipitation rate in the NER. 
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Introduction
Industrial areas air pollution has normally been limited to PM, NOx and SO , whereas in recent times, new 2

emerging pollutants have caught attention of regulators and also stakeholders. Highly volatile compounds 
presence in air along with PM and other pollutants pose serious threats to not only the industrial workers but 
also the population staying nearby. Devising an appropriate air quality compliance strategy for volatile 
organic compounds (VOCs) requires prior knowledge of the sources of VOCs and their concentrations. 
VOCs are a collective group of more than 500 compounds including alkanes, alkenes, aromatic 
hydrocarbons, chlorinated aromatic hydrocarbons, saturated and unsaturated aldehydes, ketones, esters, 
alkyl halides, alcohols, sulphurous and nitrogenous compounds (Hoshi et al, 2008). WHO defines volatile 
organic compounds (VOCs) as compounds adsorbed on solid sorbent and with boiling points in the range of 
50-260°C (Kro S. et al, 2010). Odor pollution from VOCs is a major source of concern in urban air quality 
owing to its unpleasantness, environmental nuisance and associated potential health risks (Bundy S, 1992, 
WEF, 1995; Stuetz et al, 2001). Odorants are chemical compounds with diverse source processes and 
chemical characteristics (Nahm, 2002). 
                                     

USEPA defines VOCs as polar and non-polar C –C  compounds, whose vapor pressure at 25 °C exceeds 2 10

13.33 Pa (Wang D. et al, 2006).  They are sub-classified according to their properties of degrees of volatility, 
ozone-forming potential, polarity, effect on ecosystem (Ras M. et al, 2009). The major sources of VOCs can 
be attributed to solvents usage from industries and addition of disinfectants. Textiles, pharmaceuticals, 
petrochemicals, dyes, plastics, rubber, paint, pigment, pesticides and chemical manufacturing units use a 
variety of VOCs. The nature and concentrations of VOCs found in ambient air of industrial areas and their 
treatment plants are likely to vary because of the high variability associated with industrial types and 
discharges. Variations in terms of daily, weekly and seasonal variations are also likely to occur (Tata P. et al, 
2003). 
                                     

VOCs have been classified as potential odorants due to their nature of being air-borne (Kabir E. et al, 2010). A 
number of VOCs (styrene, toluene, xylene, benzene, etc) cause major health problems accompanied with 
odor problems and hence have been commonly selected as target compounds for odor research (Kuran P et al, 
1996). 
                                     

The odor assessment has been a major challenge particularly in terms of measurement and related threshold. 
The study aims to describe and discuss the methodologies pertaining to detection of VOCs from industrial 
areas and estimate of their potential as malodorants. 
                                     

Volatile Organic Compounds: Sources and Odor Potential
VOCs have been of great interest to researchers as they have been widely found in ambient air of industrial 
areas (Kabir el al, 2010; Cetin el al, 2003; Atkinson et al, 1994; Parra et al, 2008) as well as in industrial 
effluent (Cheng X et al, 2005; Muezzinoglu , 2003) due to their wide usage as solvents or raw material for 
product synthesis.  Petroleum and petrochemical industries, fabricated metals, electronics, basic metals, 
printing industries, oil refineries, rendering plants, sanitary landfills, chemical industries (Kabir E et al, 2010; 
Cetin el al, 2003; Faruk D et al, 2005) have been widely studied as sources of VOCs and VSCs. Benzene, 
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toluene, xylene, styrene, methyl ethyl ketone, butyl and isobutyl alcohol, methyl isobutyl ketone, acetone, 
cumene, chlorobenzene, trichloroethylene, hexanal, propanal, acetone, acrylonitrile, methylene chloride, 
chloroform, chlorinated, aromatic and halogenated hydrocarbons (Cetin el al, 2003; Faruk D et al, 2006) have 
been studied in literature owing to their wide usage as solvents. Reduced sulphurous compounds like 
dimethyl sulphide, methanethiol, dimethyl disulfide, 2-propane thiol, 2-butane thiol, thiophene, diphenyl 
sulphide, methyl mercaptan (; Faruk D et al, 2005; Faruk D et al, 2006; Cheng et al, 2008) have been widely 
studied owing to their odor potential. 
                    

Table 1: Commonly studied VOCs and their chemical characteristics

          

                     

Estimation Techniques in Use Till Date
Odor measurements from VOCs are highly subjective and many odorous emissions from a single source may 
contain different odorous compounds at different concentrations. The overall odor of the mixture cannot be 
predicted. As a result there is no universally accepted method for quantification of odors (Koe, 1989; Jiang, 
1996). Odor measurement techniques that have been used are either direct (sensory) or indirect (analytical) 
measurement methods.
                     

Sensory measurement techniques of both the direct and indirect types have been used to estimate odor 
concentration of a given sample. Dynamic olfactometry (Bokowa A et al, 2008; Kosmider et al, 2007) and 
triangular bag method (Nagata Y et al, 1990) have been the most preferred standard techniques for sensory 
odor estimation through direct measurements. Odor concentration can be estimated indirectly through odor 
intensity assessment using n-butanol scale and Weber-Fechner co-efficient as has been used by researchers 
(Kosmider et al, 2007).
                     

Indirect /analytical measurement techniques include use of instrumentation for the quantitative estimation of 
components in an odorous gas sample. The most common sampling methods used for estimation of VOCs 
from air include using standard USEPA methods, TO-15 and TO-17. TO-15 method uses canisters for air 
sampling and analysis using gas chromatography (GC) coupled with FID detector or mass spectroscopy 
(MS). 
                     

Flux chambers have been commonly used by numerous researchers as direct techniques for odor 
measurement from area sources (Bokowa A et al, 2008; Eklund et al, 1998). This method has been 
recommended by USEPA although the method is not classified as standard. Wind tunnels have also been used 
for assessing odorous emissions from area sources (Bokowa A et al, 2008).
                     

Limitations in Past Research
Sensory measurement techniques have a certain number of limitations which make their use in odor study 
incomplete. Apart from difficulties in quantification of individual compounds, till date no specific sampling 
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methodology has been described for sample collection for odor from point and fugitive sources (Bokowa et 
al, 2008). The present method for collection of grab samples is highly biased depending on the temperature, 
potential for condensation, chemical interactions and loss of odor and has limited applicability for use on 
point sources. It cannot be used for area and fugitive sources of odor.
                     

Flux chambers can be used for area and fugitive sources but they underestimate odor emissions from area 
sources by factor of 12-16 times and can only be applied during stable wind conditions. Wind tunnels 
although in use are more complicated than flux chambers and hence are not popular (Bokowa et al, 2008).
Analytical techniques give a fairly good idea of the concentration of individual VOCs in the odorous gas but 
they do not provide information on the contribution of the VOCs on the actual odor. The actual significance of 
VOCs as odorants cannot be assessed via either qualitative or quantitative techniques alone (Hobbs et al, 
1999). Till date no odor sampling and analysis protocol has been devised to study the synergistic and 
antagonistic effects of individual VOCs on the overall odor value (Blames et al, 2009). 
                     

Sources of Odor from Industrial Effluent Treatment Plants
In effluent treatment plants, the primary treatment stages show highest concentrations of VOCs, especially 
solvents (Cheng et al, 2008). VOC emission rates are higher in earlier stages of treatment like neutralization 
tank with aerators as compared to clarifiers. Sludge handling activities have also been identified as the major 
contributors of odorous emissions (Gostelow P, 2001). As the characteristics of each unit in treatment plants 
vary, their sampling protocol for determination of odor will also vary. The sources of odor in effluent 
treatment plants and their sampling points are given in brief in Table 2.
                 

Table 2: VOC emission from treatment units and their sampling procedures

                                           
                                           

VOCS Estimation from Air and Effluent
USEPA TO-17 method is the most recent method of sampling and estimation of VOCs from air. This method 
involves usage of sorbent tubes for VOC collection, thermal desorption to release the VOCs and analysis 
using GC-FID/MS. This technique for VOC estimation was used in present research to study the VOC 
components in air (Ramirez N el al, 2011). This technique was used specifically for point source and ambient 
air estimation of VOCs. Flux chambers were used to study the VOC emission fluxes from water surfaces. 
VOCs from effluent were estimated by collecting effluent samples and purging the sample to release the 
VOCs to sorbent tubes which were further analysed by TO-17 method.  The VOC emission areas from 
treatment units and their sampling procedure have been described in Table 2.  
                                           

Coupling Quantitative VOC Results with Odor Values
Establishing a relationship between direct and indirect methods for odor determination from VOCs has been a 
challenge in the area of odor study. A basic knowledge of the odor contribution of individual VOCs to the 
overall odor strength is essential to describe the nature of odor problem. Several researchers have attempted to 
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device certain techniques for coupling the sensory and analytical techniques to address this issue. 
                                           

Quantitative conversion formulae were derived by converting the actual concentrations of individual VOCs 
to their odor intensity (OI) and sum of odor intensities (SOI). Odor intensity (OI) was used to calculate the 
overall odor strength of perceived odorants as strength of odor cannot be perceived directly from VOC 
concentration data (ASTM, 2004). Concentration data of measured VOCs was converted to OI with varying 
index numbers through equations developed by Nagata (2003). The approach was used by Kabir et al (2010), 
Susaya et al (2011) and Kim et al (2008) to study the odor impact of causative compounds through their actual 
concentrations.  
                                           

Conclusion
A very limited number of VOCs have been studied for their contribution to odor. There is a need to study more 
compounds and to establish their odor potential in different environmental conditions. A unique sampling 
protocol was established for assessing odors from the sources. Some VOCs with low odor threshold may play 
a big role in the overall odor formation. The area of quantitative measurements of VOCs was expanded to 
assess their qualitative characteristics.
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Introduction 
Indian subcontinent especially its sprawling megacities witnessed unprecedented rise in population in the last 
century. Human activities in these areas increased in tandem resulting in equivalent rise in ambient air 
pollutant loading. Aerosols or particulate matters influences earth climate system and even modifies cloud 
properties. Many studies in the past years have shown its pernicious effects on human health(Pope et al., 
2009; Samoli et al., 2005). Continuous evaluation of ambient air is necessary to feedback policymakers in 
order to take precautionary measure to protect public health as well as our environment. Assessment of 
pollution data for a long time over larger area to evaluate time trends should be a handy tool in this regard. But 
one problem in such studies is that ground based measurement stations are sparse over earth moreover long 
time data are unavailable in most cases. To overcome this problem sometimes Aerosol Optical Properties 
AOD and Angstrom exponent are used(Pinhas et al., 2012).  AOD or Aerosol Optical Depth gives an indirect 
measurement of atmospheric pollutant loading in terms of total extinction of incoming solar radiation 
whereas Angstrom exponent gives an qualitative assessment of particle size of aerosols. Satellite measured 
optical properties have been routinely used to evaluate time trend of aerosols in the past few years 
(Ramchandran et al., 2012). Satellite measures reflected solar radiation at the top of the atmosphere. Column 
integrated value of aerosol are routinely estimated from those measurements using suitable inversion 
algorithms[remer]. Earth Observing System satellites Aqua and Terra take daily nearly global measurements 
in wide spectral range. Some studies have already used those data to estimate long term trend of aerosols over 
megacities worldwide. In this study we have used AOD data sensed by Terra satellite in different spatial grids 
over four most populous Indian urban agglomeration to show how city centres compares to adjacent areas as 
far as AOD trend in concerned. 
                                                  

Data and Methodology 
In our study we have used MODIS level 2 high resolution 10 km x 10 km (collection 5.1) aerosol retrieval 
(product id MOD04L2, Downloaded from LADSWeb website http://ladsweb.nascom.nasa.gov/). In our 
study quality controlled 'joint land and ocean' product ``Optical_Depth_Land_And_Ocean'' (0.55 µm) has 
been used to study time trend of aerosol optical depth in four Indian megacities. MODIS data have been 
collected over a area of 1 x 1 degree centered at each city of our interest and spatial averages taken for 4 
different grid sizes for further analysis. Four different grid sizes of 0.25,0.50.0.75,1 degree squares have been 
taken to estimate how city center differs with respect to trends in aerosol loading. In this paper all AOD data 
presented is at 0.55µm.

Here, we have used well known Mann-Kendall statistics(Gilbert et al., 1987; Mann et al.,1945)  to estimate 
seasonal trend of AOD. In this test Mann-Kendall statistic S is computed by 
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Result and Discussion 
In our study we have averaged the data by four prominent seasons witnessed in Indian subcontinent (Table 1). 
To understand spatial variation of AOD, we have taken four grid sizes i.e., 1 x 1 degree square (OD or One 
Degree), 0.75 x 0.75 degree square (TQD or Third Quarter Degree), 0.50 x 0.50 degree square (HD or Half 
Degree) and 0.25 x 0.25 degree square (QD or Quarter Degree). Figure 1(a) shows variation of AOD over 
delhi. AOD data of last 13 years (2000-2013), averaged season wise, has been presented. This figure clearly 
shows seasonal bias. Figure 1 (b) shows variation of averaged AOD for a particular season (premonsoon here) 
against different grid sizes for Delhi. Averaged AOD increases monotonically as we approach city center 
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from outskirts. Grid size for both these figure is 1 x 1 degree square. In Table 2 we present result of our 
analysis. In table 3 overall median slopes of AOD for last 13 year for four megacities have been presented.   
                                             

The study clearly shows AOD is increasing in three of the four Indian megacities even when seasonal effects 
are considered. Only Delhi registered no significant overall increase corroborating earlier
Studies(Pinhas et al., 2012) but AOD over Delhi is already very high compared to other cities. However
                                             

Table 2 : Seasonal Median Slopes (derived by Sen's method ) of aerosol optical depth ( AOD) over four megacities ) for last 13 
years (at p=0.05 level) 

Figure 1: Overall Median Slopes of Trend for AOD of megacities in various spatial resolutions (error bars represents lower and 
upper limits of 80 % confidence interval) 
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Delhi registered significant increasing trend in winter and postmonsoon seasons in some spatial grids [Table 
2]. Although ground based measurements are best to reach any concrete conclusion, satellite
                          

Table 3 : Comparison of Median slopes (Overall) of aerosol optical depth (AOD) for 13 years for four megacities in four spatial 
resolutions (at p=0.05 level)

Figure 2: Overall Median Slopes of Trend for AOD of megacities in various spatial resolutions (error bars represents lower and 
upper limits of 80 % confidence interval)

          

sensed data averaged by seasons and compared for long time undoubtedly gives an overview how and at 
which rate our cities are getting polluted with time. We hope this study will be useful to policymakers and also 
to researcher for further studies. 
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Introduction
Measurement of black carbon (BC) is important as it is one of the major anthropogenic components of 
atmospheric aerosol system, which has been found to be one of the important contributors to current global 
warming (Ramanathan and Carmichael, 2008). Long term measurements are of key interest in the evaluation 
of emission control measures and to assess impacts on health and climate. In this study, BC was continuously 
measured using an Aethalometer at 370nm, 470nm, 520nm, , 660nm, 880nm and 950nm wavelengths 
at National Physical Laboratory, New Delhi from September 2010 to September 2011. We compare the mass 
concentrations of BC at two different wavelengths 370 and 880 and calculated the Delta C, the difference in 
concentration measured at two wavelengths. The enhanced Delta-C can serve as an indicator of wood 
combustion and biomass burning. We have also calculated the BC fraction for the entire study period in PM  2.5

measurements.
                                   

Methods
o o

The sampling site was NPL, New Delhi (28.38 N, 77.12  E, 300m a.s.l), the capital city of India. BC 
concentration was measured during the one year period from September 2010 to September 2011 with a 
Magee Scientific Model AE-42 Aethalometer. The BC concentration measured  at 880 and 370 wavelengths 
at time interval of 5 minutes have been used in the present study.  Supplementary data for the number 
concentrations of particles size in range PM on an hourly basis were obtained from the website of the 2.5 

Central Pollution Control Board (CPCB) of India.
                                   

Results
Figure 1 shows the daily averaged BC concentration at two different wavelengths 370 and 880nm as observed 
during the study period. The BC concentration is high during winter and low during the other seasons. Apart 
from local boundary layer, the effect of higher traffic density is also essential factor for variation in BC 
concentration because vehicular emissions are one of the major sources for BC aerosols. The highest BC 
concentration during winter was linked to the occurrence of fog. On 27th and 28th December 2010 there were 
severe fogs limiting the visibility less than 0.5 Km. However during first week of November also BC 
concentration at both the wavelengths 370 and 880 showed a sharp rise. It was attributed to firework 
emissions due to the Diwali festival falling on 5th Nov 2010 which enhances the BC concentration 

-3enormously. On 27th December BC concentration  was the highest , BC  was 65.03 µg m  and BC  was 370 880

-3 th -377.99  µg m  followed by on 5  November 2010 with BC concentration values at  370nm was 58.84 µg m  
-3 -3and at 880nm was 65.93  µg m . Annual concentration of BC at 370 and 880nm were 15.29 and 16.18 µg m  

respectively.

590nm
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-3Figure1 :  The daily average BC concentration at two wave lengths BC  and BC  (µg m ) at Delhi during September 2010-370 880

September 2011.

Figure 2 : The daily average Delta-C at Delhi during September 2010-September 2011.
                       

By simply subtracting the measured light absorbing particle concentration at  880nm (BC ) from BC 880

concentration at 370 nm (BC ),  Wang et al. (2011) got an indicator (Delta-C) of biomass burning:370
                                              

 Delta-C = BC  – BC                                                                                                     (1)370 880
                                              

Figure 2 explains the variation of Delta-C for the whole year. The positive Delta-C values suggest significant 
contribution from wood burning or biomass burning emissions to BC. The higher absorption at 370 nm 
relative to 880 nm by particle samples (Delta-C) has been suggested to be an indicator of wood burning 
particles (Wang et al., 2011). On the other hand, the negative Delta-C values suggest the dominant 
contribution from fossil-fuel combustion to BC (Herich et al., 2011).  As expected, Delta-C is strongly linked 
to the season, with highest variation in the colder, winter months and is found to be near and very close to zero 
during the warmer, summer months. The negative Delta-C during winter months is attributed to the 
abundance of mainly black carbon of fossil fuel origin in Delhi. In November, particularly high positive 
Delta-C values were observed on Diwali and were attributed to biomass burning and firework emissions.
In figure 3 the BC fraction as a % to particulate matter (PM ) has been shown. The BC constitutes the 2.5

259

Day to Day Variability of Black Carbon and Source Identification on the Basis of two....

IASTA , BHU, VARANASI-2014



significant fraction of the PM  particle size over Delhi. BC fraction is maximum during winter months and 2.5

gradually decreases during summer and monsoon months. It ranges between (2.67 -28.54%). In our study we 
found that the average mass fraction of BC to PM 2.5 is ~10.28 %. During monsoon months the PM value 2.5  

-3
was minimum while during Diwali ie on 5-6 November, its value crosses the 500 µg m  .The mean value of 

-3
PM during the study period was 151.11µg m .2.5  

                       

Figure 3 : Daily averaged RSPM and BC fraction from September 2010 to September 2011 over Delhi
                       

Conclusions
The average monthly BC concentration varies significantly according to different months, highest in winter 
months and Diwali period. The Delta-C value varies very much during post monsoon period and winter, 
which may be mainly due to biomass burning. The average mass fraction of BC to PM  was ~10.28 % during 2.5

our study period.
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Introduction
Atmospheric aerosols has significant effects on climate and human health. Large part of the total aerosol in 
the atmosphere comes from the natural sources and small but significant produced anthropologically near or 
in human habitats, which effects human in a great deal. Aerosol size spans five orders of magnitude which 

-3 2
varies from 10  to 10  ìm, a size more or less depends on the source. There are direct and indirect effects of 
aerosol on Earth's radiation budget (Ramanathan et al., 2001). In direct effects, radiation budget is disturbed 
by the aerosol ability to reflect, scatter, absorption and other optical phenomena. The indirect effect of aerosol 
come into play when the cloud albedo changes because of aerosol through cloud condensation nuclei (CCN) 
like process (Raga and Jonas, 1995).  Assessment of aerosol effects on climate, especially on radiative forcing 
is very crucial and but such study is very complex because of high spatial and temporal variability of short life 
aerosols (Moorthy et al., 2005, Satheesh et al., 2006). The Ganga basin or the Indo-Gangetic Plain hosts more 
that 40% of the total population of India. Ganga basin spans about 2000 km in length along North- West to 
South-East and has more and less 400 km wide which is bounded by the Himalaya. Through satellite data and 
ground base studies by many researchers (Tripathi et al., 2007, Srivastava et al., 2014) it is very well 
established fact that the Ganga basin comes under one of the highest aerosol load sites throughout the year. In 
Ganga basin (shown in Figure 1, a major part of Indian population experiencing the critical effect of aerosol 
on the environment and facing many health issues caused by aerosols. Sampling and characterizations of 

o oaerosol optical properties are carried out at Agra (27 10' N, 78 05' E). Agra's two third of boundaries are 
surrounded by Thar Desert of Rajasthan. The climate of Agra is extreme and tropical. Summers are extremely 

ohot and the maximum temperature goes as high as 47 C, winter remains cold and foggy and temperature goes 
o

down to -2 C while rains are confined to short monsoon period. Most of the days in monsoon are dry and the 
weather becomes hot and humid.
                                          

Results and Discussions
                                          

Aerosol Optical Depth Comparison
At investigation site aerosol optical depth (AOD) measurements were carried out using a multichannel Sun 
Photometer (Microtops II, Solar Light co., USA). On clear sky days, AOD are measured at five discrete 
wavelengths viz. 340 nm, 440 nm, 500 nm, 870 nm and 1020 nm. The absolute uncertainty in derived AOD is 
below 0.03 at all the wavelengths. The experimentally obtained AOD at 500 nm and that obtained from 
MODIS for 550nm are in good agreement. From figure 2 it is clear that AOD value from both sources are in 
good agreement with correlation coefficient R= 0.775, computed over 92 data points in the year 2013. Linear 
model with fit equation is also given in the figure 2.
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Figure 1: Indo- Gangetic Plain

Figure 2: Comparison of experimentally obtained AOD at 500 nm and AOD of MODIS at 550nm.
                         

Optical Properties of Aerosol for Different Seasons
The mass concentrations of five different components are measured using chemical analysis on samples 
collected on a filter paper using high volume sampler. Five aerosol components namely water-insoluble, 
water-soluble, soot, mineral dust in accumulation and coarse modes have been used to model aerosols over 
the site of investigation. The measured chemical composition is converted into number density as per the 
formulation given by Hess et al. (1998). Then the converted number densities corresponding to the five 
components with aerosol layer and scale height were used in OPAC as input to compute the optical properties 
of aerosols. The analysis has been done for one full year (2013). The year is divided into the four seasons, 
winter (DJF) combining Dec-Feb, summer (MAM)combining Mar-May, monsoon (JJA) combining Jun-
Aug and post monsoon (SON)combining Sep-Nov. Aerosol layer and scale height are estimated using 
CALIOP (Cloud-Aerosol Lidar with Orthogonal Polarization) onboard CALIPSO satellite data. Aerosol 

Radiative Forcing Estimation Over Agra:A Site in Ganga Basin
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optical properties at twenty different wavelengths in the entire solar spectra(or short wavelength) starting 
from wavelength 0.250ìm to 3.0 ìm with (70 2)% average relative humidity conditions has been computed 
using OPAC model. For estimating the effect of BC carbon on radiative forcing. First optical properties have 
been computed from OPAC independently. Five parameters are computed for four seasons and for all twenty 
wavelengths. The five parameters are extinction coefficient, single scattering albedo, asymmetry parameter, 
AOD and phase function.

Figure 3: ARF and BC radiative forcing at top of the atmosphere and the surface.

Figure 4: Net ARF and BC-RF for the different seasons

Radiative Forcing
Radiative forcing of aerosols are computed using The Santa Barbara Discrete Ordinate (DISORT) 
Atmospheric Radiative Transfer (SBDART). The model atmosphere is assumed to be tropical and the spectral 
albedo of the surface is assumed as a mixture of land (70 %) and vegetation (30%). The radiative transfer 
calculations are performed with eight radiative streams and the fluxes with and without aerosols has been 
computed for nineteen solar zenith angles, ranging from 0 to 90 degrees in steps of 5 degrees and in the place 
of 90 degrees last angle is set to 89 degrees to compute day-night variation. To incorporate the effect of night, 
the total radiative force of day time is divided by a factor of two. Direct ARF values at the surface and the top 
of the atmosphere (TOA) are then estimated as the difference of the fluxes calculated with and without 
aerosols. Three parameters - extinction coefficient, single scattering albedo and phase function from OPAC is 
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used in SBDART to compute the radiative forcing. Figure 3 shows radiative flux in Watt per meter square at 
the top of the atmosphere and at the surface. At the top of the atmosphere, BC gives positive forcing and its 

-2 -2maximum value is 10 Watt m  in JJA and SON and minimum 6.17Watt m  in MAM. At the top of atmosphere 
-2 -2maximum positive value due to total aerosols is 2.44 Watt m   in DJF and minimum is -10.9 Watt m   in JJA. 

-2
At the surface, forcing due to BC is maximum in negative is -24Watt m   in JJA and minimum negative is -

-2 -2
15.9Watt m   MAM. The total aerosol forcing at surface is maximum negative is -79.9 Watt m   in JJA and 

-2minimum negative is -42.6 Watt m   DJF. Figure 4 shows the total radiative forcing in the atmosphere because 
of total aerosols and BC. It is clear from Figure 4 that over Agra radiative forcing is very high because of high 

-2values of BC. Maximum value of radiative forcing because of total aerosols (including BC) is 68.9 Watt m   in 
-2JJA and minimum 42.66 Watt m   in MAM. Because of BC only, the maximum radiative forcing is 33.3 Watt 

-2 -2
m   in JJA and minimum is 22.05 Watt m   in MAM. The radiative forcing is somewhat higher in DJF than 
MAM. It may be due to an increase in the level of carbonaceous particles in the winter as consumption of 
fossil fuels - coal, etc., increases for heating purposes.
                         

Acknowledgements
We are grateful to Professor S.K. Satheesh, Centre for Atmospheric and Oceanic Sciences, Indian Institute of 
Science, Bangalore for scientific discussion. Authors are thankful to Dr. Suresh Tiwari, Indian Institute of 
Tropical Meteorology, Pune for his support. We gratefully acknowledge ISRO-GBP for financial assistance 
through ARFI project.
                         

References
Moorthy, K. K., Sunilkumar, S. V., et al.,. (2005). Wintertime spatial characteristics of boundary layer 

aerosols over peninsular india. Journal of Geophysical Research: Atmospheres, 110(D8):D08207.
Raga, G. B. and Jonas, P. R. (1995). Vertical distribution of aerosol particles and ccn in clear air around the 

british isles. Atmospheric Environment, 29(6):673–684.
Ramanathan, V., Crutzen, P. J., et al.,. (2001). Indian ocean experiment: An integrated analysis of the climate 

forcing and effects of the great indo-asian haze. Journal of Geophysical Research: Atmospheres, 
106(D22):28371–28398.

Satheesh, S. K., Vinoj, V., and Moorthy, K. K. (2006). Vertical distribution of aerosols over an urban 
continental site in india inferred using a micro pulse lidar. Geophysical Research Letters, 
33(20):L20816.

Srivastava, A. K., Yadav, V., Pathak, V., Singh, S., Tiwari, S., Bisht, D. S., and Goloub, P. (2014). Variability in 
radiative properties of major aerosol types: A year-long study over delhiˆaan urban station in indo-
gangetic basin. Science of The Total Environment, 473ˆa474(0):659–666.

Tripathi, S. N., Srivastava, A. K., Dey, S., Satheesh, S. K., and Krishnamoorthy, K. (2007). The vertical 
profile of atmospheric heating rate of black carbon aerosols at kanpur in northern india. Atmospheric 
Environment, 41(32):6909–6915.

Radiative Forcing Estimation Over Agra:A Site in Ganga Basin

264 IASTA-2014, BHU, VARANASI



Study of Wintertime Characteristics of Aerosols at Varanasi Using CALIPSO 
and MODIS Products
                                    

1 2 2  1
Manish Kumar , Raj Kumar Singh , Yogesh Kant ,Tirthankar Banerjee
1Institute of Environment and Sustainable Development, Banaras Hindu University, Varanasi, India
2Marine and Atmospheric Science Department, Indian Institute of Remote Sensing, Indian Space Research 
Organization, Dehradun, India

Keywords: Aerosols, Biomass Burning, IGP, CALIPSO, MODIS
                                    

Introduction
Anthropogenic aerosols through their different properties affect the physico-chemical processes of the 
atmosphere and climate ultimately perturbing the socio-economic conditions in one or another way. Aerosols 
of various size ranges are present in the atmosphere. They are the results of direct emission (primary aerosols: 
black carbon, organic carbon, sea salt, dust) into the atmosphere or as products of chemical reactions 
(secondary inorganic aerosols: sulphate, nitrate, ammonium; and secondary organic aerosols, SOA) 
occurring in the atmosphere. Once generated, the size and composition of aerosol particles get modified 
through different chemical reactions, condensation or evaporation of gaseous species and coagulation under 
prevailing meteorological conditions. Winters are crucial in terms of generation and distribution of aerosols 
of various types especially in Indo-Gangetic Plains (IGP) including Varanasi. High events of biomass burning 
during winters associated with calmer wind conditions, lower atmospheric boundary layer depths and lower 
convective conditions make the city more vulnerable to aerosol loadings. Sparse ground based monitoring 
networks for aerosol measurement results into some limitations and lack of information in column based 
properties of aerosols. Information retrieved from satellite based platforms i.e. CALISO and MODIS can be 
useful to study the vertical profiles and other column based properties of aerosols and can help in reducing the 
associated uncertainties.
                                    

Methods
The in situ measurements of finer mode aerosols (PM ) during January 1-31, 2014 were made at the Institute 2.5

of Environment and Sustainable Development, Banaras Hindu University (IESD-BHU). PM  samples were 2.5

collected on Polytetrafluroethylene (PTFE) filters on 24-h basis using Fine Dust Sampler (Make: 
Envirotech). The present study uses Aqua -MODIS data for retrieving aerosol optical depth (AOD). It was 

st
retrieved from MODIS Aqua (MYD04_3K; MODIS collection 6) from January, 1-31  2014 for assessing the 
winter time aerosol loading over Varanasi. For the current analysis, area between 25°10'37”-25°19'47”N and 
82°54'7”-83°4'30”E uniformly surrounding the study site was selected for retrieving AOD from AQUA 
MODIS. MODIS 3-km atmospheric products (MYD04_3K; MODIS collection 6) have been newly 
introduced (January, 2014) and can be retrieved through Atmosphere Archive and Distribution System 
(http://ladsweb.nascom.nasa.gov). The vertical profile of aerosols was studied using scenes from 
Cloud–Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) satellite for a selected 

ndtransect at Varanasi. CALIPSO data for the available transect on January 2 , 2014 for studying aerosol sub 
types, their size distribution and morphology was used. Total (â') and perpendicular (â') attenuated 
backscattering at 532 nm and Total (â') attenuated backscattering 1064nm were considered for the study with 
vertical resolution of 1/3km and 30m. Also Vertical Feature Mask (VFM) and aerosol subtypes were studied 
for assessing the complete aerosol profile.
                                    

Conclusions
The 24-h average mass concentration of finer aerosols (PM ) at Varanasi during the study period was 2.5

265IASTA , BHU, VARANASI-2014



-3 -3 -3
recorded as163±45 µgm . The mass concentration of PM  ranged from 70 µgm  to 244 µgm  which is much 2.5

-3
higher than the prescribed national ambient air quality standards (60 µgm ) given by the Central Pollution 
Control Board (CPCB), New Delhi. Higher wintertime aerosols at Varanasi were also reported earlier by 
Murari et al. (2014) and Sen et al. (2014). The possible sources of aerosols at the study site includes a variety 
of sources i.e. biomass burning, vehicular exhausts, road side dusts and from long range transport. It is 
reported that in IGP there is persistence of high aerosol optical depth (AOD) & large aerosol concentration 
near surface as well as vertical column during winter months. Daily variations in the mass concentrations of 
PM  for the study period are shown in Fig.1.2.5

Figure1: Wintertime daily variations of PM  in Varanasi2.5

Figure 2 : Daily variations of PM  and AOD for January 1-31, 20142.5
           

Higher AOD values were recorded during the study period. AOD varied from 0.397 to as high as 2.194 (mean: 
1.190±0.60). High AOD values at the study site during winter season signify the higher aerosol loadings 
probably due to higher events of biomass burning and associated activities. Higher AOD values might be 
contributed by the presence of finer aerosols which too were recorded higher during the study period. Fig.2 
shows the daily variations of PM  and AOD for January 1-31, 2014.2.5

Aerosol vertical profiles for Total (â') attenuated backscattering at 532 nm, perpendicular (â') attenuated 
backscattering at 532 nm, Total (â') attenuated backscattering 1064nm, Vertical Feature Mask (VFM) and 
aerosol subtypes are shown Fig.3a-e.
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Figure 3 : (a-e) (a) Total (â') attenuated backscattering at 532 nm, (b) perpendicular (â') attenuated backscattering at 532 nm (c) 
Total (â') attenuated backscattering 1064nm (d) Vertical Feature Mask (VFM) (e) aerosol subtypes.

                   

The selected CALIPSO transect for the given period is characterized by polluted continental dusts (0.3-
1.0km) whereas smoke constitute higher vertical range (0.6-2.0kms). The elevated signals in both â'  as well 532

as â in the vertical range of 0.2-2.8 kms might be due to the presence of non spherical particles or cirrus 532 

clouds in the area. Study region was dominated by finer aerosols based on more intense signals at â' than532  

â' Potential generation of aerosols due to biomass burning events in the winter throughout the Indo-1064. 

Gangetic Plain and their transport may hold well responsible for such findings. Data were eventually 
validated through vertical feature mask (level 2 CALIPSO products) and similar trends were obtained. Such 
approach was also used by other researchers (Rahul et al. 2014, Bridhikitti, 2013). 
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Introduction 
It has been now recognized well that rapid industrialization, increasing economic growth and emissions from 
biomass burning and fossil-fuel combustion have led to significant increase in number and mass 
concentrations of anthropogenic aerosols, including black carbon (BC), organic carbon (OC) and inorganics, 
over South-Asia . The increase has not only affected local air-quality, visibility but has significantly changed 
warming trend, hydrological cycle, precipitation pattern and efficiency over south-Asia . In addition, 
atmospheric chemical processes and coating of secondary aerosols (mainly water-soluble organic 

2- -
compounds, SO  and NO ) have  led to changes in morphological features, mixing state, optical and cloud 4 3

condensation nuclei (CCN) properties of aerosols . The entire Indo-Gangetic Plain (IGP) of northern India is 
characterized by high levels of carbonaceous aerosols and acidic species from secondary aerosol formation 

2– –(as affirmed by SO  and NO  concentrations) . However, very little information are available on changes in 4 3

optical and microphysical properties of aerosols due to changes in chemical composition over Indian regions . 
In this study, we have investigated variability and changes in CN and CCN concentrations and CCN/CN 
ratios during day and nighttime, along with absorption and mass absorption efficiency, in conjunction of 

° Iprimary emissions and secondary aerosol formation at Kanpur. The sampling site, Kanpur (longitude: 80 13  
° IE and latitude 26 30  N; 142 m above sea level), an urban location in the central part of IGP provides an ideal 

environment to study the changes in optical and microphysical properties due to changes in mixing state in a 
highly polluted environment of northern India. 
                                       

Methods 
-3

The number concentrations of CCN (cm ) were measured during  using a continuous flow 
stream wise thermal gradient CCN counter (Droplet Measurement Technologies, DMT) at three interspersed 
super-saturation (SS), namely 0.2, 0.5, and 1.0 %, each with 12 minute intervals. Due to significantly high 
number concentration of CCN observed at Kanpur, super-saturation depletion correction is applied  and thus, 
CCN concentrations (in this study) are reported at 0.38 and 0.84% SS for 0.5 and 1.0% SS, respectively. The 
details of operation, measurements of CCN and error analysis are described in our recent publication . For SS 
below 0.2%, analysis show a maximum error of 50% in count rate up to maximum concentration tested (i.e. 

-330,000 cm  in the present study) . At SS higher than 0.3% there were minimal losses (10%) and maximum 
error in CCN counts is less than 10%. Total aerosol number (CN) concentrations and sub-micron aerosol size-
distribution were measured by the Scanning Mobility Particle Sizer (SMPS, TSI Model 3936) between 0.014-
0.68 ìm sizes . The detailed measurement protocol and error budget of SMPS has been discussed in detail 
elsewhere . 
                                       

Simultaneous aerosol sampling of PM  and PM  (particulate matter with aerodynamic diameter ≤2.5 and 10 2.5 10

th
mm, respectively) were carried out during 19-30  October 2008 at IIT campus of Kanpur. Mass 
concentrations of organic and elemental carbon (OC and EC) were measured on a thermo-optical EC-OC 

October 2008
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analyzer using thermo-optical transmittance (TOT) protocol . The transmittance of a 678 nm laser source, 
primarily used for defining the split-point between OC and EC, was used to determine absorption coefficient 
(b ) and mass absorption efficiency (s ) . The details of measurement of b  and s  and associated abs abs abs abs

uncertainties are described in recent publications . The mass concentrations of water-soluble organic carbon 
(WSOC) were measured using a total organic carbon (TOC) analyzer (Shimadzu, model 5000A),  whereas 

+ + + 2+ 2+ - 2- -cations (Na , K , NH , Ca  and Mg ) and anions (Cl , SO  and NO ) were analyzed on an Ion-4 4 3

®chromatograph (DIONEX ) . 
                                       

Results 
The CCN and CN concentrations at 0.38% super-saturation (SS) are significantly higher compared to those 

over urban areas with similar condition 
-3 -3  

 varied from ~3900 to 15000 cm  and ~23000 to 99000 cm , respectively (Fig. 1). The 
–3 –3

average CCN and CN concentrations at 0.38% SS are 6646±2981 cm  and 44433±24865 cm , respectively 
–3 –3during daytime whereas those are 9537±2690 cm  and 65017±27465 cm , respectively during nighttime for 

measurement made during October 2008. 
The CCN/CN ratio, also called as activated fraction, varied from 0.10 to 0.33 (average: 

0.17 ± 0.05) during the sampling period (October 2008). The CCN/CN ratio provides an effective measure for 
the conversion of submicron aerosol concentrations into cloud condensation nuclei. The CCN/CN ratio is 
expected to be lower during nighttime due to an increase in primary aerosols for biomass burning activities 
and vehicular emissions, provided there is no significant change in the fractional contribution of water soluble 
species. However, it is observed that average CCN/CN ratios are similar during day and nighttime; although 
maximum value of CCN/CN ratio is relatively higher during the daytime (i.e. 0.33) compared to those during 
night time (i.e. 0.28). This advocates the importance of secondary aerosol formation via day- and nighttime 
chemistry for CCN activation in an urban environment of the IGP.
                                       

Chemical composition of PM  samples is dominated by carbonaceous aerosols followed by major inorganic 2.5

2- + -species (SO , NH  and NO ) during day as well as in the nighttime. On average, total carbonaceous aerosol 4 4 3

(TCA=1.6 × OC + EC) contribute ~50% of PM  mass whereas WSIS) 2.5

account for ~18% of PM  mass at Kanpur. The fractional contribution of TCA is ~5% higher during 2.5

nighttime when compared to that in the daytime. Although there is a significant change in the fractional 
+ - 2-

contribution of individual inorganic species (mainly NH , NO  and SO ), attributed to day- and nighttime 4 3 4

chemistry in an urban environment; fractional contribution of WSIS remains almost similar in day as well as 
-3

night-samples (~18% of PM  mass). The volume fraction of ammonium sulphate (density = 1760 kg m ) is 2.5

relatively higher during the day (average: 0.27±0.04) than that during night-time (average: 0.17±0.03). In 
-3

contrast, the most soluble species (i.e. ammonium  nitrate, density = 1720 kg m ) has greater volume fraction 
during nighttime (0.11±0.02) compared to that during daytime (0.04±0.01) which is in accordance with the 

-diurnal variation of NOx and higher NO  concentrations during nighttime . The volume fraction of organics, 3

-3 -3
using a density of 1400 kg m  for soluble organics and 1200 kg m  for insoluble organics, is ~1.5 times higher 
during daytime than that during nighttime (average: 0.30±0.04). This is also in agreement with higher 
fractional contribution of WSOC and enhanced WSOC/OC ratios arising due to SOA formation . Thus, even 
though volume fractions of soluble organics and ammonium sulfate are higher in the daytime, larger volume 
fraction of ammonium nitrate in nighttime is compensating and making less difference in activation fractions 
during two periods. The combination of changes in mass concentrations and volume fractions of chemical 
species are, thus, responsible for variation in CCN/CN ratios (at 0.36% SS) during day and nighttime for the 
measurement made at an urban Kanpur site.

-3 -3(e.g. Annual mean CCN concentrations of 4000 cm  to 8000 cm  at 

0.2-1.0% SS range; )

The average CCN concentration at 0.84% SS was ~20% higher 
than that at 0.34% SS. 

water-soluble inorganic species (
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1- -1 -6 -1
The average absorption coefficient (b ) value during daytime (72.1±16.9 Mm ; 1Mm =10  m ) is similar to abs

1-
those during nighttime (63.9±9.9 Mm ), however average mass absorption efficiency (s ) value during abs

2 -1 2 -1
daytime (11.7±2.5 m g ) is factor of two higher than that during nighttime (5.7±1.3 m g ). Furthermore,  abs

values in PM  and PM  are similar suggesting that  is independent of size, mainly due to association of EC 2.5 10 abs

and absorption coefficient with fine-mode fraction of aerosols. In addition, samples collected during 
nighttime have lower OC/EC and WSOC/OC ratios suggesting freshly emitted aerosols from vehicular 
emissions. On the contrary, relatively high OC/EC and WSOC/OC ratios were observed for the daytime 
samples and are attributed to higher photochemical production of secondary organic aerosols . Thus, higher 
s  values obtained during daytime can be attributed to formation of internal mixture produced by coating of abs

secondary aerosols . 
                                       

Conclusions 
In this study, we provided first field observational evidence on the impact of primary and secondary aerosols 
on CN, CCN and optical properties of aerosols at an urban site (Kanpur) in the Indo-Gangetic Plain. The CCN 

-3 -
(at 0.38% super-saturation) and CN concentrations varied from ~3900 to 15000 cm  and ~23000 to 99000 cm
3  , respectively during the study period. The CCN and CN concentrations are ~50% higher during nighttime, 
with simultaneous increase in OC and EC mass, suggesting an increase in emission of carbonaceous aerosols 
from vehicular emissions. The lower CCN/CN ratios (range: 0.11–0.33) at Kanpur represent less hygroscopic 
nature of both freshly emitted primary and secondary aerosols in a highly polluted region of the IGP. The 
coating of secondary aerosols leads to formation of internal mixture and higher mass absorption efficiency 
during daytime. The presence of significant amount of water soluble species in the IGP can convert 
hydrophobic EC into hygroscopic species during aging and transport. The understanding of the role of 
chemical composition (especially secondary aerosol formation), microphysical properties (e.g. aging and 
mixing with hygroscopic particles) and factors which control CCN activation and droplet growth is necessary 
to constrain their impact on hydrological cycle and uncertainties from the aerosol indirect effect over northern 
India.

                                  

Figure 1: Temporal variation of (a) ambient temperature and relative humidity (RH); (b) CCN and CN concentrations at 0.38% 
thsuper-saturation and (c) CCN/CN ratio during 19-30  October 2008.
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Introduction
Atmospheric aerosol consists of both natural and anthropogenic particles. It is now well established that the 
element from geological sources are generally found in coarse-mode whereas elements emitted from 
anthropogenic activities are fine particles (Seinfeld, 1986). Studies have shown that continuous exposure to 
these particles is associated with a high percentage of death from respiratory and cardiovascular disease 
(Pope and Dockery, 2006). These health effects lead to need for better understanding of physical and chemical 
characteristic of particles (chemical composition, shape, size and distribution), their types and origin.
                                         

Out of various techniques Scanning Electron Microscope (SEM) coupled with energy dispersive X-ray 
microanalyzer (EDX) is a powerful tool to understand aerosols morphology, elemental composition and their 
particle density to give us a better insight about the origin of particles (Srivastava et al., 2009; Pachauri et al., 
2013). However, in the context of urban experiments in India, the studies on characteristic of aerosols and 
associated metal concentrations are rather limited. To complete this gap the present study has been initiated 
first time at Varanasi city which is situated at eastern part of Indo-Gangetic Basin. In the present study, we 
have used SEM-EDX analysis to understand the differences in morphology and elemental composition of 
aerosols sample from a relatively clean suburban area of Banaras Hindu University campus and much 
polluted urban areas in the centre of Varanasi city.
                                         

Materials and Methods
0 0

Sampling was carried out in Varanasi (lat. 25.2  N, long. 82.9  E) located in the eastern part of Indo-Gangetic 
Basin (IGB). IGB is one of the largest basins in the world and highly polluted due to the various sources of the 
anthropogenic aerosol. The daily mean maximum and minimum temperature over Varanasi during sampling 

0 0 period of September-October, 2010 was 34.5 C and 25.2 C. To collect the samples for the present study we 
have chosen different sites: one a relatively clean suburban area of Banaras Hindu University (BHU) campus 
and the others at much polluted urban areas of Lahurabir, Samneghat and Shivpur situated in the main 
Varanasi city. The details about the sampling dates and concentrations of aerosols at different urban and 
suburban locations of Varanasi are shown in Table 1. A high volume sampler of Staplex Model TFIA was used 
at an average flow rate of 0.6 cubic meters per minute. To collect sufficient amount of aerosols the sampling 
was done for 6-10 h at the sites. It is observed from Table 1 that aerosols concentrations in urban area in 
Varanasi city are more than two-fold higher than at suburban area. The SEM - EDX analyses were carried out 
with the help of a computer controlled field emission equipped with an EVEX- EDX detection system at 
Germany.
                                         

Results and Discussion
To understand the morphology of aerosol particles and to have the better idea of pollutants at different 
locations of Varanasi city, electron micrographs of aerosols with EDX-spectra were analysed. Figure 1 shows 
the typical examples of different scanning electron micrographs of aerosols at urban area in Varanasi city. 
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Figures 1b and 1d are the zoomed version of the marked area of scanning electron micrographs of aerosols of 
corresponding 1a and 1c respectively. Figure 2 shows the typical examples of different scanning electron 
micrographs of aerosols at a relatively clean suburban location of BHU, Varanasi. The micrograph of particles 
are taken in bulk as well as zoomed in view of particles also. From Figures 1 and 2 it can be inferred that at 
urban and suburban areas of Varanasi, there are difference between particle morphology. At suburban area the 
particles are flaky in shape as it is highly vegetated, whereas, at urban area, the particles are mostly rounded in 
shape.
                  

Table 1: Concentrations of aerosols at Urban and Suburban different sampling locations of Varanasi.

                               

Figure 1: Typical examples of different scanning electron micrographs of aerosols at urban area of Varanasi city.
                                                          

The typical scanning electron micrographs with their corresponding EDX-spectra for urban area are shown in 
Figures 3a and for suburban area in Figure 3b. At the bottom of each micrograph is provided the EDX-spectra 
of the marked area. EDX spectra have further been analyzed for concentration of different metals at both the 
sites (Table 2). Carbon content was high at all the locations of urban as well as suburban areas of Varanasi city. 
Relatively high carbon content at urban area of Varanasi city was observed compared to that of suburban area. 
Urban specific samples was found to contain high carbonaceous materials which might be expected due to the 
high traffic level at the site chosen emitting spent and/or semi-burnt automobile fuels being exhausted by 
automobile vehicles. Samples of urban area were found to be rich in Si, Al, and Ca which predicts that the 
aerosol particles are rich in silica, alumina, and CaSO . Such compositions might prove to be detrimental to 4

health especially respiratory tract.
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Figure 2 : Typical examples of different scanning electron micrographs of aerosols at suburban area of Varanasi city.
                

A high Si content is observed in almost all samples, particularly in suburban area. Silicon (Si) can be 
transported through the atmosphere associated with airborne particles. Fly ash produced by industrial burning 
can contain Si, and those particles are abundant in heavily industrialized areas. The transport of soil-derived 
dust in the atmosphere is an effective means of redistributing Si in the environment.

                
                

Figure 3 : Scanning Electron micrograph and bulk EDX-spectrum of aerosols at (a) urban and (b) suburban area of Varanasi city.
                

Srivastava et al. (2009) used the SEM-EDX analysis to understand the differences in morphology, elemental 
composition and particle density of aerosols in different five size ranges to investigate the potential sources as 
well as transport of pollutants collected at a polluted area (ITO) and a clean area (JNU) of Delhi. They 
observed that at polluted area most of the particles irrespective of size are of anthropogenic origin, whereas at 
clean area, in coarse size fractions particles are of natural origin.
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Table 2 : Percentage contribution of each elemental composition obtained from EDX spectra of aerosols at both the sampling 
locations of Varanasi city.

                                        

Conclusions
There are differences between particle morphology at the urban areas and suburban area. At suburban area, 
the particles are flaky as BHU is highly vegetated, whereas, at urban areas, the particles are mostly rounded. 
The aerosol concentrations are found higher at urban areas than at suburban areas. The concentration for 
polluted urban area of city was about two-fold the pollution of green area. The concentrations of C, Ca, Na, S, 
Si, Al have dominated the sample at both the areas. This shows that the relatively more polluted urban area 
was dominated by soil-dust generated due to heavy traffic movement and construction industries.
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 To 
understand a better chemical composition and their morphology a complete analysis of the aerosols using 
SEM-EDX technique is needed for the routine basis for different months along the year.
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Introduction
Asia is one of the important regions of the world in the context of atmospheric aerosol loading because of the 
presence of growing economies like India, China and other Asian countries. There is an increased awareness 
in occupational and health community leading to possible health effects due to exposure of fine particles. 
Their size is such that they can be breathed more deeply in the lungs, which basically includes sulfates, 
nitrates, acids, metals, and carbon particles with various chemicals adsorbed onto their surfaces. Relative to 
coarse particles, they more readily penetrate indoors, are transported over longer distances, and are somewhat 
uniform within communities, resulting in a highly ubiquitous exposure. They tend to be dangerous when they 
are generated by the individual's close activity like activity pattern. Since most people spend approximately 
90% of their time inside a building, indoor air pollution is a significant concern. Each indoor micro-
environment is uniquely distinguished, as determined by the local outdoor air, specific building 
characteristics, and indoor activities. Consequently, each individual's personal exposure will be determined 
by a combination of the local outdoor pollutant levels and the different indoor micro-environments to which a 
person is exposed, and his residence time in each. This is important as per the rule of 1,000, which states that 
released indoor pollutants are one thousand times more likely to reach the lungs than related outdoor 
pollutants (WHO 2006). Moreover the most impressive and scientifically challenging is the latest evidence 
suggesting possible penetrating of particles of finer size to the brain and central nervous system. Indoor and 
outdoor particle levels are markedly different in mass, size-specific counts, and composition, influencing the 
relationship between indoor and outdoor air quality. Studies have indicated that children have a much higher 
absorption rate of heavy metals than adults (Habil et al., 2013). Therefore, to our knowledge, there are hardly 
any studies carried out to view the extent of poor IAQ which affect long term learning / achievement potential, 
in this area. Thus, there is a need to generate realistic information on the exposure pattern for compounds and 
size/mass fractions of concern in ambient air and also in close proximity of persons by personal monitoring. 
                       

Methods
Agra, the city of Taj (27°10'N, 78°02'E) is located in the central part of northern India, about 204 km of south 
of Delhi in the Indian state of Uttar Pradesh. The city, situated on the west bank of the river Yamuna, is known 
all over the world for one of the wonders the Taj Mahal. A part of the great northern Indian plains, Agra has a 
tropical climate. The climate during summer is hot and dry with the temperature ranging from 32°C to 48°C. 
In winter the temperature ranges from 3.5°C to 30.5°C. The downward wind is south-southeast 29% and 
northeast 6% of the time in summer, and it is west-northwest 9.4% and north-northwest 11.8% of the time in 
winter. Agra has about 14,00,000 total population and the population density is about 19,593 per sq. km with 
3,86,635 vehicles registered and 32,030 generator sets. Three highways NH-2, NH-3 and NH-11 cross the 

5city. Vehicular traffic on these highways is high (10  vehicles per day) which contributes to approximately 
60% of the total air pollution. In the present study data for mass and metal concentrations of PM  was 2.5

monitored in personal and ambient environment of three different locations (two homes, two schools and two 
offices) in different regions of Agra city (Figure 1). This study was conducted from December 2013 to 
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February 2014. During the sampling duration parameters like CO , temperature, relative humidity and air 2

exchange rate was also measured on sampling site by using (YES- 205 & 206) Falcon indoor air quality 
monitor from (Young Environment Systems, Inc. 140-8771Douglas St. Richmond, B.C. V6XV2 Canada). 
For chemical analysis twenty-four hour samples were collected of PM  on 47 mm diameter, 2 µm pore size 2.5

PTFE filter paper. Blank correction has been made to avoid the high background values in the analysis. PM  2.5

samples from ambient environment were collected with fine particulate medium volume dust sampler (APM 
550, Envirotech), which runs at a constant flow rate of 16.6 L/min. While, the personal monitoring was 
carried out by PEM (Personal Environmnetal Monitor, SKC Inc., USA) with Leland legacy sampling pump at 
10 L/min, fitted within a waist pack to each individual participating. PEM uses 37-mm diameter filter papers 
for the collection of PM . The obtained mean mass concentration from the PEM was regularly compared 2.5

with a medium-volume APM 550, filter-based sampler. A correlation of 0.856 was obtained by keeping them 
together at each sampling site. Filters were handled only with tweezers coated with teflon tape to reduce the 
possibility of contamination. After monitoring the exposed filters were refrigerated, at about 4°C, to limit the 
loss of semi volatile components. The total mass of filter paper was determined by weighing on a 
microbalance. Filters were conditioned for 48 h at a stable temperature (21 ± 0.5 °C) and relative humidity (35 
± 5%) before pre-sample and post-sample weighing. The collected filters were extracted by digesting in a 6-8 
ml analytical grade (Merck) HNO (APHA, 1997) and kept on a hot plate at the temperature of 40-60 °C for 90 3 

min. The solution was diluted up to 50 ml with distilled de-ionized water and stored in polypropylene sample 
bottles (these bottles were dipped in 2% HNO ) overnight before storing and then again dipped in deionized 3

distilled water overnight to remove any impurities on these bottles. Analysis for eight trace metals Zinc (Zn), 
Lead (Pb), Nickel (Ni), Iron (Fe), Chromium Cr), Cadmium (Cd), Manganese (Mn), and Copper (Cu) was 
done on Atomic Absorption Spectrophotometer (AAS) (Perkin Elmer, AAnalyst 100) regularly. 
                       

Result and Discussion
Particulate Matter (PM ) and its Chemical Constituents2.5

Table 1 lists the average concentrations of PM  personal and ambient concentrations at home, school and 2.5

office sites. During the study period, average concentration and standard deviations (SD) for PM  (personal 2.5

-3 -3
and ambient) at home sites were 135.28±44.86 µgm  and 123.79±35.32 µgm , at school sites 140.24±42.21 

-3 -3 -3 -3µgm  and 128.45±37.58 µgm  and at office sites 125.78±40.24 µgm  and 112.28±36.45 µgm  respectively. 
The trends of PM  concentration obtained was (Schools>homes>offices). This indicates that air quality at 2.5

home and school sites are affected by PM  and that office sites have relatively better air quality. On 2.5

-3comparing the annual average PM  concentration with National Ambient Air Quality Standard (40 ìgm  2.5

annual average, respectively) (NAAQS) (Central Pollution Control Board), It was found to be 2.5-4 times 
-3higher. We also compared our data with World Health Organization (WHO, 2005) standards (10µgm  annual 

mean respectively), our results exceeded 11.5-14 times for PM . Statistical summary of parameters like 2.5

temperature, relative humidity, CO  concentration and air exchange rate is shown in table 2 during the study 2

o o
period. The temperature ranged from 20.44 C to 27.68 C at all the sampling sites, whereas the relative 
humidity varied from 30.72 to 62.15%. The air exchange rate was recorded somewhat better at offices and 
homes in comparison to schools.
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Figure 1: Map of Agra showing sampling sites.
                 

Characterization of PM  components, including inorganic elements, is of central importance in proposing 2.5

mechanisms for health effects and in source apportionment studies (Butler et al., 2009; Massey et al., 2013). 
Data obtained by chemical analysis for the eight metals in PM particulate size collected from personal and 2.5 

ambient environments of home, school and office sites are also shown in Table 1 respectively. The sum of the 
 

eight parameters determined in PM personal and ambient environment at home sites ranged from 0.01-7.25 2.5 

-3 -3 -3
µgm  and 0.04-4.29 µgm  respectively  At school sites concentration ranged from 0.03-7.45 µgm  and 0.07-.

-3 -3 -3 
4.35 µgm , whereas at office sites, it ranged from 0.01-6.25 µgm  and 0.02-4.11 µgm respectively. Above 
discussion shows a higher contribution of analyzed parameters in a personal and ambient environment of 
home and school sites in comparison to office sites.
                                     

Table 1: Average concentrations (ugm-3) of analysed parameters in  PM2.5 personal and ambient environment of homes from 
December 2013 to February 2014.
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Table 2 : Statistical summary of, temperature, CO , humidity and air exchange rate during the sampling duration at sampling 2

sites.

            

      

            

Metal Concentration and Correlation Analysis
Correlation analysis was performed to determine the relationship between personal and ambient sources 
among ionic species. Table 3 shows the interrelation between ionic species at the homes, schools and offices, 
during the sampling duration. This data set includes a total of 36 samples and eight variables in each sample of 
PM . Fe presented the maximum concentration in indoor of at all the three sites followed by Cr, Pd, Zn, Ni, 2.5

Cu, Cd, and Mn. The coefficient of variance (Cv) was in order of Fe> Cr> Pb> Zn >Ni>Cu>Cd>Mn. Similar 
kind of trends found in trace metal concentrations in all the three micro environment, indicating one or more 
similar kind of sources contributing to these micro environment, being present in similar kind of city area. 
Correlation analysis was performed to determine the relationship between individual trace metals and to 
hypothesize probable sources on the assumption that two or more components may correlate either due to a 

2common origin (Table 5). Zn and Ni showed good to strong correlation with Cr (R  = 0.712 and 0.824) and Mn 
2 2 2 2(R = 0.758 and 0.792) at home sites, (R  = 0.876 and 0.996) and (R  = 0.501 and 0.697) at school sites and (R  

2
= 0.798 and 0.975) and (R  = 0.821 and 0.946) at office sites respectively. These correlations indicate smoking 
done by the occupants in the indoor working environment and incense burning could be the probable source 
of these trace metals (Estokova et al., 2010 and Horemans et al., 2010). Fe also showed strong correlation with 

2 2Cu at these three sites (R  = 0.913, 0.921 and 0.902), followed by Cr with Mn (R  = 0.736, 0.826 and 0.872) 
2

and Ni with Cr (R  = 0.824, 0.501, and 0.821) respectively at these sites. Anthropogenic activities and use of 
different mechanical and electrical apparatus like computers, printers and photocopiers etc. In the work 
environment can give rise emissions of such metals (Massey et al., 2011, 2006, Horesemans et al., 2010).  Ni 

2also showed a correlation with Cd (R  = 0.512, 0.501) at home and school sites which may be due to ambient 
sources.
                         

Table 3 : Correlation matrix at home, school and office sites.
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Conclusions
The characteristics of PM  were evaluated in a personal and ambient environment of three different indoor 2.5

environments (i.e. homes, schools and offices) in the city of Agra. We found that the air quality was greatly 
affected by particulate pollutant, in the schools followed by homes and offices. Our measurements on 
comparison with National Ambient Air Quality Standard PM  exceeded 2.5-4 times and 1 1.5-14 from WHO 2.5

standards at all the three sites. This indicates that air quality in the different indoor environment is greatly 
affected by particulate pollutant in the urban areas and there is an immediate need to find strategies to control 
this problem. Elemental concentration was determined in PM  personal and ambient concentrations in terms 2.5

of (Zn, Pb, Ni, Fe, Cr, Cd, Mn and Ni). Multivariate statistical analysis like correlation analysis was applied to 
know the possible sources responsible for PM  emissions. The sources like smoking, incense burning, 2.5

anthropogenic activities, use of mechanical and electrical apparatus especially in the offices contributed to 
the particulate pollutant. This kind of studies should be continued further, and more emphasis should be given 
on experimental work on how to control IAP in different indoor environments. 
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Introduction
Ranchi, situated in a varied mining region known as the mineral capital of India at the southeast end of the 
IGB and at the easternmost end of the monsoon trough, misses any detailed representation. Falling in the 
transition region [Gadgil and Joshi, 1983] and being the second highest region in terms of rainfall in IGB 
[Singh, 1986], the aerosol-induced weather/climate modifications at this place is tactically important for their 
effects on regional climate. Moreover, with the wind turning from the northwest through northeast or east to 
south west, through seasons, this station is expected to exhibit different characteristics depending on the 
source of aerosols transported as well as local emissions. Ranchi has mainly mines of coal, mica, graphite, 
limestone, and fireclay to the north; chromites to the east; iron, copper, gold asbestos, manganese, and steatite 
to the south; and bauxite to the west. Knowledge of trough region aerosol radiative forcing gains more 
importance as it influences the dynamics of monsoon circulation [Lau and Kim, 2006] as the summer 
monsoon rainfall determines India's economy and agricultural yield [Ramanathan et al., 2005]. Abundant 
coal and considerable graphite mining apart from fossil fuel (coal) and biomass (firewood) burning in the 
region are expected to increase BC concentration. However, there occurs equally rampant mining of 
limestone, dolomite, china clay, etc. that is more of scattering nature. The elevated position of the station also 
aids easy transport of aerosols to the valleys of IGB. Hence, it is worthwhile to assess the seasonal radiative 
forcing. We present seasonal variation of composite aerosol radiative forcing (RF) over Ranchi in this study. 
Instead of using standard aerosol profiles with exponential decrease, we have used CALIPSO-derived 
profiles to obtain realistic aerosol heating profiles.
                                   

Methods
The sun and sky radiances measured by the Prede's POM1-L sky radiometer during February 2011 to January 
2012 are used to obtain optical parameters using the inversion algorithm, SKYRAD.pack version 4.2 
[Nakajima et al., 1996]. One month data with the highest observed variability is further processed with the 
latest version, SKYRAD.pack version 5.0 to assure consistency of the result as the latest version promises 
better cloud screening and spectral dependencies [Hashimoto et al., 2012] and the output is found to have 
close comparison between the versions. The calibration constant is fixed using 1 month data at a time after an 
initial filtering of the raw data to avoid cloudy conditions. If cloudy conditions prevalent as in monsoon, 
carefully chosen limited clear sky days are used for fixing calibration constant. In addition, it is also made sure 
that there is only limited variation of calibration constant between consecutive months. Though generally 3ó 
variation is followed for AOD filtering, we opted to 1ó limit for stringent cloud removal as the station tends to 
be cloudy in the afternoon, probably being a per humid climate type plateau.
                                   

SBDART is a parallel plane discrete ordinate model [Ricchiazzi et al., 1998] used in this study to calculate 
radiative fluxes with and without aerosols and then aerosol radiative forcing at top (RFTOP or RFTOA), 
bottom/surface (RFBOT), and atmosphere (RF ATMOS). Observed aerosol properties (AOD, single 
scattering albedo, SSA, angstrom exponent, AE, and asymmetry parameter) at 500 nm and MODIS-Terra 
(Giovanni) measured daily columnar water vapor (1° × 1°) and ozone (Aura-OMI-0.5° × 0.5°) 
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( . gov/giovanni/overview/index.html) are used in SBDART to derive diurnal mean 
radiative forcing in the spectral band 0.3–3.0 ìm. The standard tropical profile is assumed. Monthly mean 
surface albedo from MODIS-Terra is used. Aerosol radiative forcing at top, bottom/surface, and atmosphere 
(top–bottom) are estimated from radiative fluxes at top and the surface. Monthly radiative forcing are 
calculated using monthly mean values of aerosol parameters in SBDART and choosing day 15 of each month 
for solar radiation. Seasonal means are calculated from monthly values. Aerosol radiative forcing (RF) is a 
measure of change in net solar radiative flux (in specificwavelength range; shortwave and longwave) caused 
by aerosols (net radiation with aerosols - net radiation without aerosols) under clear sky conditions at any 
level (including at surface/bottom and TOA) in the atmosphere. Radiative forcing of the atmosphere 
quantifies the solar radiation absorbed by aerosols in the atmosphere and is computed as the difference 
between RF at the top and RF at bottom.
                                   

Conclusions
Monthly RF is obtained using monthly mean aerosol optical properties in SBDART. In order to delineate 
month to month variation in RF, anomalies of RF from the annual mean are shown in Figure 1a. Annual mean 

-2
for RFbot, RFtoa, and atmosphere are -46.4, -12.7, and 33.7 Wm , respectively. Maximum negative 
(positive) anomaly for RFbot occurs in March (July) indicating maximum (minimum) cooling. Similarly for 
RFtoa, maximum negative (positive) anomaly occurs in April (March) indicating maximum (minimum) 
cooling. Atmospheric absorption shows maximum positive (negative) anomaly in March (July) indicating 
maximum (minimum) heating. The maximum surface cooling has direct relation to the maximum BC in 
reducing SSA to lower values in combination with considerable AOD resulting in higher radiation cutoff; 
July with lower BC and higher SSA result in more scattering and less absorption of radiation. During April, 
there is not only local dust lifted by wind but also considerable dust transport from northwest at higher levels 
as implied by trajectories; therefore, more scattering from TOA is possible and strengthening of convective 
activity transports dust to upper level easily. This results in maximum cooling at the TOA in April, while in 
March transport of BC from northeast forest fires [Venkataraman et al., 2006] significantly accumulates BC 
at the TOA increasing absorption there and this is the only month when ARFtoa is small positive. Atmospheric 
absorption, RFatm, quantified by (RFtoa) - (RFbot) is always positive. There is an increase in positive 
anomaly from February to May as this is the period of forest burning for the dense forests of central and NE 
India as reported by Venkataraman et al. [2006] increasing the long range transport of absorbing aerosol from 
NW/W/NE that in turn increases top or/and bottom RF at the station. Further, post monsoon festival season in 
November brings in more absorbing aerosols that reduce the negative anomaly by reducing the ARFtoa.

           

                     
Figure : 1 a) Anomalies of monthly Radiative forcing (RF) from annual mean at top, bottom and atmosphere b) seasonal variation 

of RF with error bars indicating monthly standard deviation from seasonal means for Winter (Dec-Feb), Pre-monsoon (Mar-
May), monsoon (June-Sep) and post-monsoon (Oct-Nov).

http://disc.sci.gsfc.nasa
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Considering the seasonal variation (Figure 1b), surface cooling and atmospheric absorption that is maximum 
in pre-monsoon have reduced to about half in monsoon. TOA cooling is the maximum in this season but that is 
about 40% of surface cooling and the rest is atmospheric absorption, an outcome of minimum BC or 
absorbing aerosols. Moving on to post-monsoon as the aerosol loading as well as BC increases, there is a 
slight reduction in TOA cooling and increase in RFbot and RFatm. Normally stable atmosphere reduces 
ventilation of aerosols to higher altitudes that results in accumulation in the layer near the surface and increase 
in AOD. Ranchi, as located on a plateau (650 m above mean sea level), aerosols seem to get trapped below the 
station altitude over the plains in winter as evidenced by low AOD. Stabilization of atmosphere and low wind 
speeds in winter appear to prohibit lifting up of aerosols (fine dust lifting from soil surface) that reduces 
columnar AOD, thus reducing “attenuation of incoming radiation” but causes a concurrent increase in 
absorption by absorbing aerosols. Presence of absorbing aerosols reduces scattered radiation escaping from 
the top of the atmosphere that leads to diminished cooling (RFtop) and enhanced atmospheric absorption 
(Rfabs).

Figure 2 : (a) Seasonal mean aerosol atmospheric heating rate profiles and (b) daily aerosol heating rate profiles using CALIOP 
aerosol profiles; inset shows smoothed curves of the same.

Aerosol heating rate profiles are estimated by subtracting atmospheric heating rate profile without aerosols 
from that with aerosols. Seasonal mean aerosol heating rate profile is obtained by averaging monthly profiles 
in each season assuming default exponential decrease of aerosol concentration with height in SBDART. As 
shown in Figure 2a, pre-monsoon profile has the maximum heating (~1.15°K/d), followed by that Post-
monsoon, while winter and monsoon experience the minimum (~0.45°K/d) heating. The seasonal aerosol 
heating rate follows AOD variation as expected. There are many reports of elevated aerosol layers from 
different observations [e.g., Niranjan et al., 2007] that imply alternate heating rate profile that varies 
depending on the aerosol vertical distribution in space and time. A ground-based lidar would have provided 
the most reliable aerosol profile for accurate calculation of heating rate. In the absence of this and aircraft 
observations, CALIOP-derived backscattering coefficient profiles provide the closest approximation. We 
used CALIOP level 2.0 version 3.01 backscattering coefficient image to deduce the aerosol profile over 
Ranchi region by selecting the days that have CALIOP passes over there under clear sky conditions. In 
SBDART, 'user defined aerosol profile' option is used to include CALIOP observed profile of backscattering 
coefficient. Modified SBDART-derived daily heating rate profiles, Figure 2b, indicate that elevated aerosol 
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layers cause differential heating and they cannot be termed as an exponential decrease with a maximum close 
to the ground. Since these profiles are based on daily approximate values, a monthly or seasonal nature cannot 
be concluded. 'May' has the highest heating rate with a aerosol layer getting denser in 0–5 km, thereafter 
decreasing until 13 km. Delayed rains in June retained multiple layers at 0–3 and 3–6 km, the latter being the 
thicker layer. March and April exhibit enhanced heating in 3–5 km and 4–6 km layers, respectively. Though 
the monsoon washout reduces aerosol heating to a minimum, break in monsoon may help buildup of aerosols 
and cause some heating as seen in July. During September, we could not get any data due to cloudy conditions, 
and following that early October, aerosol heating is minimum but almost constant up to 6 km. As expected, in 
winter month February, aerosols form thick layer close to surface in 0–3 km layer. A smoothed heating rate 
profile is given as inset in Figure 2b as an approximation of average profiles. Apparently, the inference that 
maximum heating occurs during pre-monsoon remains the same though heating rate close to ground is lesser 
than that earlier obtained (Figure 2a). During monsoon, a linear decrease of heating is observed rather than an 
exponential decrease. However, nature of heating rate profile for winter and prost-monsoon season is 
inconclusive.
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Introduction
Aerosols play an important role in visibility reduction, health-related pollution, acid rain, cloud droplet size 
distribution spectra (Broen et al., 2002) and precipitation as well as surface energy budget (Ramanathan et al., 
2001) through radiation forcing. The site Ranchi (85.3°E, 23.5°N, 650 m MSL), situated at the south east end 
of IGB on a plateau, does not have any significant representation in terms of aerosol characterization. It is also 
a varied mining region implying that aerosols present there can be expected to have quite unique physical and 
chemical properties and mixing states. In this study we present the seasonal variation of aerosol optical and 
chemical properties including volume size distribution. Chemical composition of aerosols is derived from 
aerosol optical model (OPAC) by using possible chemical components adjusted so that the model derived 
AOD and SSA match with those obtained from sun-sky radiometer.

Methods
The skyradiometer, model POM1-L (PREDE Inc, Japan make) that measures sky radiances directly and that 
of aureole to derive aerosol properties through inversion algorithm, SKYRAD.pack (used in SKYNET 
aerosol-radiation network; http://atmos.cr.chiba-u.ac.jp/aerosol/skynet), is used to make measurements of 
aerosols during daytime under clear sky conditions. It measures both direct solar irradiance (every 1 min) and 
diffuse sky radiation at either 10 min time interval or 0.25 step in air mass at 7 wavelengths (0.315, 0.4, 0.5, 
0.675, 0.87, 0.94, 1.02 ìm); we opted 10 min interval for this study. Quality control is done by screening out 
the data that is above one standard deviation of daily mean for stringent cloud screening. Since the 
observation station has a tendency to get partly cloudy on most of the days of the year, we checked AOD data 
for cloud affected hours, verified with the pyranometer data and decided to filter out all AOD data above 1.0 
(due to clouds) to avoid any cloud contamination as a further quality check. The chemical model OPAC 
(Optical Properties of Aerosols and Clouds; Hess et al., 1988) allows different types of chemical components 
with different number concentrations as input that can be adjusted to match with the observed AOD and SSA 

Table 1
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@ 500 nm. In the present study, we have used suitable combination of components based on back trajectories 
and possible potential sources for different seasons (Table 1). Number concentrations of components are fine 
tuned constraining the total number concentration to approximate the 'Urban' type in OPAC. The model 
output consists of number, mass, volume concentrations and mixing ratios of different components. The 
volume size distribution obtained from sky-radiometer observations is qualitatively verified with the volume 
concentration of OPAC components plotted against the modal-volume radii of respective components. 
Further sky-radiometer derived volume size distribution is converted to number size distribution to know 
approximate total number of PM1, PM2.5 and PM10 and compared the same with the mass concentration 
derived through OPAC in different bin sizes.
                               

Conclusions
Monthly averages are used to derive seasonal and annual optical properties (Fig. 1). Comparatively low 
AODs (–15% of annual mean) in winter associated with strongly absorbing (SSA is –4% of annual mean) 
nature changing over to larger AODs (+13% of annual mean) in pre-monsoon with higher scattering (SSA is 
–1% of annual mean), suggests that winter is characterized by relatively higher concentration of fine soot 
particles and reduced mixing height that gradually turns to increased influx of coarse dust particle along with 
higher mixing height in pre-monsoon which is consistent with the reports of other stations in the IGB north 
east (Chatterjee et al., 2012) and north west (e.g., Singh et al., 2004). Rainout in monsoon season certainly 
reduces aerosol concentration but high humidity aids the growth of aerosols and makes it more scattering 
irrespective of chemical composition thus resulting in enhanced AOD as well as SSA (Tang, 1996). The 
results show that SSA decreases seasonally from monsoon to winter thereafter increases a little during pre-
monsoon. RII exactly follows SSA variations while RIR variation is opposite to that of SSA. Winter aerosols 
here are the most absorbing, and maintains the same nature throughout the season as indicated by minimum 
standard deviation (Fig. 1) reiterating the local signature.
                               

Seasonal variation of number and volume size distributions are shown in Fig. 2. Number (Fig. 2(b)) and 
volume (Fig. 2(a)) size distributions indicate three peaks corresponding to radii of 0.02 ìm, 0.2 ìm and 7 ìm 
representing ultra fine, fine and coarse modes respectively. The 3 modes are shown individually with dashed 
curves. A noticeable feature of this station (Fig. 2(a)) is that peak radii in fine and coarse modes for pre-
monsoon are less than that for monsoon and post monsoon but the area under the curve for pre-monsoon is 
much higher in comparison. In pre-monsoon, coarse mode volume concentration dominates as compared to 
other seasons and is attributable to transport of mineral dust from IGB and north east regions as indicated by 
back trajectories. The increase in fine and ultrafine mode (peak radii 0.2 ìm and 0.02 ìm respectively) during 
post monsoon illustrates wind assisted fine dust loading of atmosphere after the rains. Increase of fine BC and 
ash due to re-start of biomass burning and other activities adds to it. Winter is the least in volume 
concentration for both fine and coarse modes. Number concentration is derived from volume concentration 
by dividing it by 4/3ðr3. They maintain an almost inverse relation as the aerosols in the ultrafine mode having 
maximum number contribute to the minimal volume and vice versa in the coarse mode; for the same reason 
peak radii corresponding to peaks in number concentration are less than those for volume concentration.
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Figure 3 : b) Monthly plot of AOD and SSA (measured) vs. AOD and SSA (OPAC-derived); c) Volume mixing ratio of the 
different components.

                 

OPAC is used in this study to determine possible chemical composition based on air mass source regions 
through back trajectories at surface, 1500 m and 3000 m altitudes as well as earlier reports from the nearby 
regions through in-situ observations. The main constituents are water soluble, insoluble, soot, sea salt (acc.), 
and mineral accumulation/coarse and mineral transported above mixed layer. Fig. 3(b) shows monthly 
variation of AOD and SSA derived from OPAC and skyradiometer, is in agreement within 2% @ 500 nm. 
Since AOD is mainly determined by aerosol volume, volume mixing ratios of different components are 
shown in Fig. 3(c). Soot, water-soluble and insoluble (Table 1) are the common components for all months. 
Mineral coarse mode is inducted during pre-monsoon and sea salt during monsoon. Volume mixing ratio plot 
(Fig. 3(c)) portraits June with a high content of insoluble component as this also includes coarse mineral dust 
and in March it is the high mineral accumulation compensating some of mineral coarse mode. Sea salt 

Figure 1 : Figure 2 :
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accumulation mode particles are significantly high in July when air mass flows from the southern Bay of 
Bengal as indicated by back trajectories. Post monsoon months October and November are associated with 
low winds (with short trajectories at the surface); hence aerosols are likely to have local origin. Winter and 
post monsoon have similar components and also have transport of minerals at higher level. The main 
difference between post- monsoon and winter is the humidity related growth of aerosols and lower fog 
scavenging at the surface in post monsoon.
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Introduction
Due to fast urban and industrial developmental activities during the past few decades have led to a substantial 
increase in atmospheric aerosols (Andreae and Crutzen, 1997; Ramanathan et al., 2001; IPCC, 2007; 
Kulshrestha et al., 2009; Kulshrestha, 2013). Such aerosols not only affect urban areas but also the remote 
areas. Himalayan region is also not the exception where, signatures of such anthropogenic perturbations are 
trapped in various forms of atmospheric depositions. This can easily be revealed by the chemical 
characterization of snowfall. Despite its great importance, with the increasing human perturbation, very 
limited studies have been reported so far on snow chemistry in Indian region. Therefore, the present study was 
carried out to examine the chemical composition of snowfall at Kothi in North-western Himalayan region of 
India during winter season of 2012-13 to quantify marine, crustal and anthropogenic fraction of chemical 
components contributed by airmasses coming from different sectors.  
             

Methods
0 0Kothi is a rural site located at 32.31  N and 77.20  E in north-western Himalayan ranges at ~ 2527m above sea 

level. It is situated at Kullu district in Himachal Pradesh state of India. The site is located ~12km away from 
Manali, ~65km from the Kullu district head quarter and ~40km from Rohtang pass. Snowfall occurs during 
November - April with a peak fall in the months of January and February. This village receives around 1-2 
inches to 8-9 feet snowfall during winter season. The scenic beauty of this area attracts tourists throughout the 
year except heavy snowfall period when roads are blocked. Samples of snowfall were collected on event basis 
using prewashed plastic trays (20 cm diameter). The pH and electrical conductivity of snowmelt samples 
were measured immediately after their receipt in the laboratory. The pH was measured by using EUTECH pH 
while electrical conductivity of samples was measured by using Thermo Orion 5Star conductivity meter with 

+ + + 2+ 2+ - -standard calibration standards. The major cations (Na , NH , K , Ca  and Mg ) and major anions (F , Cl , 4

- 2-NO and SO ) were analyzed by ion chromatograph (Metrohm 883 Basic IC Plus). ). In order to understand 3 4

the contribution of airmasses approaching from different directions, 5-days back trajectories were calculated 
by using the HYSPLIT model from NOAA (Draxler and Rolph, 2003). Snow chemistry data was subjected to 
ion balance and conductivity balance checks to ascertain the quality of data.
             

Conclusions
Backward air mass trajectories using the HYSPLIT model from NOAA revealed that Kothi was receiving 
snowfall through the airmasses originated from six major sectors i.e. 1- North Atlantic Ocean origin (NAO), 
2- African origin (Af), 3- Middle East origin (ME), 4- European origin (Eu), 5- Western India origin (InW), 6- 
Nepal origin (Np). Most of the distant clusters showed the dominance of sea salt followed by crustal and 

2-anthropogenic influence, except InW and Np clusters. The percent contribution of anthropogenic SO  (Fig. 4

- 1) and NO was found to be the highest during ME airmasses which also resulted in minimum pH (4.96) of 3

snowmelt. InW airmasses had the highest crustal influence which might be due to the suspended soil 
contributed by the Rajasthan along its contribution from road dust and construction activities. The highest 
crustal contribution and the lowest anthropogenic contribution might be responsible for the highest pH (6.73) 
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of snowmelt during InW airmasses.

2-Figure 1: Percent contribution of SO  among ME and InW airmasses.4
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Introduction
Atmospheric aerosols play a significant role in modulating the radiation budget and climate of the Earth-
atmosphere system by scattering and absorption of solar and terrestrial radiations (direct effect) and by 
altering cloud droplet size distribution and hence the albedo, residence time and radiative effects of clouds 
(indirect effect) (e.g., IPCC, 2007; Seinfeld and Pandis, 1998). Backscattering and absorption of the 
incoming solar radiation by aerosols reduce the shortwave (SW) radiative flux reaching the earth's surface 
(causing a surface cooling) while aerosol absorption of radiation enhances atmospheric warming (Thampi et 
al., 2009). Accurate measurements of surface-reaching SW flux during cloud-free conditions have the 
potential for making direct observations of shortwave aerosol direct radiative forcing (ADRF) at surface 
(Satheesh and Ramanathan, 2000; Bush and Valero, 2003). 
                 

Main objective of this study is to provide direct observations of the diurnal variation of instantaneous aerosol 
direct radiative forcing efficiency (IADRFE) as a function of solar zenith angle, diurnal mean aerosol direct 
radiative forcing efficiency (ADRFE) and aerosol direct radiative forcing (ADRF) at surface over Thumba 
(8.5°N, 77°E), Thiruvananthapuram, a coastal station located in the southwest coast of Peninsular India 
during the Asian dry season (December-March). This station is situated well within the continental aerosol 
plume that spread over the Arabian Sea during this season. 
                 

Data and Method of Analysis
This study is based on continuous observations of the down-welling shortwave radiative fluxes at surface 
observed under cloud-free conditions and aerosol optical depth (AOD) observed using sunphotometer. As the 
appearance of clouds (both convective and cirrus louds) significantly increases after March, the present study 
focuses on the aerosol radiative forcing at surface during December to March, when the region is manifested 
by sufficiently long cloud-free periods while the aerosol loading increases. The observed variations of 
IADRFE with solar-zenith angle (SZA) and the diurnal mean ADRFE are compared with the estimates 
obtained from SBDART radiation transfer model (Ricchiazzi, 1998) that incorporate modelled aerosol 
properties.
                 

Results and Conclusions
The Asian dry season is manifested by transport of continental aerosols into the otherwise pristine oceanic 
regions of the Arabian Sea, which results in an aerosol plume that spread from the western parts of the Indian 
Peninsula to the southeast Arabian Sea; the observation site is located well within this aerosol plume. The 
observed values of IADRFE, diurnal mean ADRFE and ADRF are compared with those estimated using 
radiation transfer model (SBDART) computations that incorporate the observed aerosol properties over the 
southeast Arabian Sea during this season. Uncertainties in the model-derived parameters are estimated based 
on sensitivity analysis carried out using the expected limits of aerosol asymmetry parameter and single 
scattering albedo. Observed and model values of IADRFE (Fig.1), ADRFE, and ADRF at surface are 
negative (indicating a net cooling effect due to aerosols) throughout the season and at all solar zenith angles. 
Absolute magnitude and SZA-dependence of IADRFE are almost similar during December to March period. 
Magnitude of the observed IADRFE increases significantly with cosine of the solar zenith angle from 
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-2 -2
<75Wm  at =0.1 to >150 Wm  at ~0.3 (SZA≈72°), followed by a weak increase to attain peak value of 

IADRFE in the range of 0.4<<0.6 (66°>SZA>53°). The IADRFE shows a very weak decrease for >0.6, 
-2though its magnitude continues to be above 150 Wm . Radiation transfer computations show that the 

dependence of IADRFE on solar zenith angle at >0.6 increases with aerosol single scattering albedo: this 
dependence is quite significant for non-absorbing aerosols ( ~0.99) and considerably weaker for <0.90. a a
                 

Absolute magnitudes and solar zenith angle dependence of the observed IADRFE during December to March 
compare well with the model estimates for the aerosol model with ~0.90±0.03.  This inference is further a

supported by the sensitivity analysis with different aerosol models which shows that the variations in 
IADRFE for the maximum expected changes in asymmetry factor over the study region is less than that for a 

-2variation of ±0.015 in the value of . Observed diurnal mean ADRFE varies between -70 and -74Wm  during a

-2
December to March, which is in agreement with the model estimates of -72 Wm  for the aerosol model with 
=0.90. The observed diurnal mean aerosol radiative forcing at surface during December to March varies from a

-2-25 to -35Wm , which is almost 10 to 14% of the diurnal mean downwelling SW flux at surface during the 
above period. This surface cooling might significantly modify the surface energy budget and the evolution of 
atmospheric boundary layer, which need to be examined.

Figure 1: Spatial distribution of aerosol optical depth obtained using MODIS to represent the aerosol plume (Top left panel); 
Variations of the observed and modelled instantaneous aerosol direct radiative forcing efficiency as a function of solar zenith 
angle (Bottom panel), Diurnal mean aerosol direct radiative forcing efficiency (ADRFE) and aerosol direct radiative forcing 

(ADRF) (Top Right panel) .
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Introduction
Clouds are the largest modulators of the spatio-temporal variations of radiation balance in the Earth-
atmosphere system. Role of clouds in influencing Earth's climate, especially through cloud feedback 
processes, is highly complex and least understood. Knowledge of the interaction between clouds and 
radiation and the associated changes in atmospheric thermo-dynamics and surface-air exchange processes 
are essential for improving the understanding on cloud feedback and climate. Reflection of the incoming solar 
radiation by clouds (shortwave cloud radiative forcing: SWCRF) lead to cooling of the planet, while trapping 
of the longwave radiation emitted from the Earth's surface (longwave cloud radiative forcing: LWCRF) 
causes a net warming. Balance between the shortwave and longwave cloud radiative forcing determines the 
net radiative effect of clouds (net cloud radiative forcing: NCRF) and is of paramount importance in 
regulating the balance of Earth's radiant energy. 
                    

While the SWCRF depends primarily on cloud optical depth (COD), the LWCRF is strongly dependent on the 
cloud top altitude also. Tropical clouds have the highest cloud top altitudes and hence larger values of 
LWCRF. Cloud radiative forcing (CRF) has been extensively investigated in the past using Earth Radiation 
Budget Experiment (ERBE) satellite data, which showed that the net global effect of clouds is to produce 
cooling, magnitude of which vary substantially over space and time [e.g., Ramanathan et al., 1989; Harrison 
et al.,1990]. Radiation data obtained from the Clouds and the Earth's Radiant Energy System (CERES) 
payload has several advantages over the ERBE data set: primarily, the two-mode scanning (one in fixed 
azimuth plane scanning mode and another one in rapid azimuth plane scanning mode) in CERES provides 
better accuracy of the observed radiance [Wielicki et al., 1996]. On the basis of the knowledge gained from 
the EBRE analysis, a better algorithm of Angular Distribution Model (ADM) has been used for conversion 
from radiance to flux in CERES, which has reduced the uncertainty level in the fluxes estimated from the 
observed radiance. However, this data has the disadvantage that the observations, carried out using CERES 
flown onboard polar sun-synchronous satellites, are for fixed time of the day (unlike Megha-Tropiques-
ScaRaB or TRMM-CERES) and cannot be used directly for estimating the diurnal mean cloud radiative 
forcing. However, the radiance observations are carried out at every point on earth on a daily basis, and 
produces much better sampling frequency to provide information on cloud radiative forcing even on a daily 
basis (though at fixed local time), which cannot be achieved through MT-ScaRaB or TRMM-CERES. 
Furthermore, the long-term data available from CERES observations since 2010 provide vital information to 
study the interannual variations and long-term variabilities of CRF. 
                    

Main objective of the present study is to investigate the monthly and seasonal mean global variations of cloud 
radiative forcing during the northern hemispheric summer season (June-August period), quantify the 
shortwave and long-wave radiative effects of clouds, and further understand the physical and dynamical 
processes which contribute to the spatial variations of clouds and CRF and vice versa. The LWCRF, SWCRF 
and Net Cloud Radiative Forcing (NCRF) are evaluated against a wide range of dynamical systems. This 
study also forms a basis to assess the capabilities of Megha-Tropiques - ScaRaB data in estimating the cloud 
radiative forcing (at noon and midnight) based on 51-day orbital precession cycle of the later.
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Data and Method of Analysis
Observations carried out using CERES instrument onboard the polar sun-synchronous satellite, Aqua, during 
the period of June - August 2012 are used in this study. CERES has three broadband channels: a shortwave 

(SW) channel (0.3 -5 μm), total channel (0.3 –200 μm), and an infrared window channel (8–12 μm). 

Broadband longwave radiances are calculated by subtracting the shortwave radiances from the total channel. 
The present study is based on the pixel level CERES-ES8 (cross-track scanning data) with a spatial resolution 
of 20 km at nadir [Wielicki et al., 1996]. Uncertainty in the CERES-ES8 derived shortwave and longwave 
fluxes is better than ERBE derived fluxes and is about 12% [Wielicki et al., 1998]. Recent studies have shown 
that CERES Edition-3 instrument products provides better than 2% accuracy for shortwave fluxes and 1% for 
the longwave fluxes [Priestley et al., 2005]. Uncertainty in the radiance measurements with respect to scene 
type is within 1% [Szewczyk   et al., 2005].
                    

Cloud Radiative Forcing at Top of Atmosphere (TOA) is defined as the difference between net flux at TOA 
under all-sky and clear-sky conditions [Ramanathan et al., 1989]. 
                    

SWCRF = - (SWF  – SWF )OBS CLEARSKY

LWCRF = - (LWF  – LWF )OBS CLEARSKY
                    

SWF and LWF in the above equations represent the shortwave and longwave fluxes respectively and the 
suffixes OBS and CLEARSKY represent the instantaneous observations and the corresponding cloudfree 
fluxes respectively for a given pixel. The negative sign represents the loss of radiation from the Earth-
atmosphere system. The net effect of clouds (cooling or warming the Earth-atmosphere system) is determined 
by the NCRF, which is the sum of SWCRF and LWCRF (NCRF = SWCRF + LWCRF). Values of SWF  CLEARSKY

and LWF  for each geographical region of 1°x1° have been obtained on a monthly/seasonal basis for CLEARSKY

fixed time of the day based on the CERES observations whenever cloudfree conditions prevailed within the 
given region; multiple observations of fluxes under clear-sky conditions within the geographical region 
during a given month/season are averaged. Due to the persistent occurrence of clouds over some regions in 
the globe, the reference cloudfree fluxes could not be determined over these regions; CRF could not be 
determined over such zones. The analysis has been performed during the northern hemispheric summer 
season (June–August) of 2012, for the both day and nighttime. 
                    

Results and Conclusions
Figure 1 depicts the seasonal mean day and nighttime spatial variations of LWCRF at TOA during June-
August 2012. The LWCRF is positive in all the regions, indicating the warming effect of clouds caused by 
long-wave trapping of terrestrial radiation. Larger values of LWCRF occur over the Indian subcontinent and 
the Bay of Bengal, the Equatorial Pacific, the Equatorial Atlantic and Equatorial Africa: the largest being over 

-2the north Bay of Bengal/eastern parts of India (>90 Wm ), followed by the west and east equatorial Pacific 
-2 -2

(80-90 Wm ), and equatorial Africa (70-90 Wm ). The east-west oriented bands of enhanced LWCRF 
represent the deep convective regions associated by the Inter Tropical Convergence Zone (ITCZ) while that 
over the Indian subcontinent and the Bay of Bengal are associated with Asian summer monsoon. The north-
south gradients of ITCZ are quite significant. Spatial distribution of LWCRF over the Indian subcontinent 
surrounding oceanic regions is remarkable: the deep convective regions over the Bay of Bengal, monsoon 
trough, and equatorial trough stand out with the largest values of LWCRF. The Inter Tropical Convergence 
Zone (ITCZ) over the equatorial Pacific and Atlantic have distinctly larger LWCRF, through their magnitudes 
are relatively smaller than that over the Bay of Bengal. The descending limbs of Hadley cell at south and north 
of the ITCZ are manifested by substantially small values of LWCRF. The east-west Walker cell is also well 

-2 omanifested in Fig.1. Moderate values of LWCRF (40 to 60 Wm ) occur over high latitudes poleward to ~40 S 
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and 40°N, which indicate the presence of vertically developing clouds: smaller vertical extent of these clouds 
(compared to the tropical clouds in the ITCZ and monsoon region) have resulted in the relatively smaller 
values of LWCRF. On average, the nigh time values of LWCRF are significantly larger, especially over the 
high latitudes.

Figure 1: Seasonal mean spatial variations of LWCRF during the summer season (June-August) of 2012: (a) daytime, and (b) 
nighttime.

Figure 2 : Same as Fig.1(a), but for SWCRF during the daytime.

Figure 3 : Same as Fig.1, but for Net Cloud Radiative Forcing (NCRF).

Global Distribution of Cloud Radiative Forcing During Northern Hemispheric Summer....
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Figure 2 shows that the values of SWCRF are negative in all the regions, indicating the cooling effect 
produced by reflection of the incoming solar radiation. Magnitude of the SWCRF is substantially larger over 

-2the ITCZ and Indian subcontinent (SWCRF<-250 Wm ) compared to that of the high-latitude cloud systems 
associated with the polar cell. However, highly reflecting clouds are found to occur over the northern Pacific. 
Net cloud radiative forcing during the day and nighttime of the summer monsoon season are shown in Fig.3. 

-2During the daytime, clouds produce large net cooling (typically -100 to -300 Wm ) over the deep convective 
regions of ITCZ and Asian monsoon regions as well as over the descending limbs of the Hadley cell over the 
oceanic regions which are manifested by the occurrence of shallow marine stratus clouds. In contrast, clouds 
produce substantial warming during the nighttime over the ITCZ as well as over the Indian subcontinent and 

-2
the Bay of Bengal (40 to 100 Wm ). This causes a net reduction in the diurnal variations in surface energetics 
and associated changes in atmospheric circulation. 
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Introduction: 
Detailed knowledge on atmospheric aerosols is necessary as they play a very important role in determining 
Earth's radiation budget by scattering and absorbing incoming solar radiation and by modifying cloud 
microphysical properties (Ramanathan et al., 2001). Their ability to influence Earth's radiation budget as well 
as their effects on health, air quality and clouds significantly depends on their size (Ruzer and Harley, 2004; 
Dusek et al., 2006). Aerosol size distribution in turn depends on their production mechanism, e.g. particles 
formed by gas-to-particle conversion are small particles whereas particles formed by mechanical actions such 
as wind lifting of dust, wave-breaking, etc. are bigger in size. Particles which are produced as a result of 
human activities are in-general smaller in size and the naturally produced particles are in general bigger in 
size. Hence the ability to differentiate particles with respect to their size can provide a mean to quantify the 
influence of human activities on the abundance of atmospheric aerosols. Separating contributions from 
smaller and bigger particles in aerosol optical depth (AOD) is a step forward in this direction and can serve as 
a proxy to study many of the effects discussed above (Kosmopoulos et al., 2008; Lee et al., 2010). 
                                

Separating contributions from smaller and bigger particles  to AOD requires knowledge on size distribution 
(number concentration as a function of particle radius) and bulk refractive index of particles. Methods exist 
that can derive these two parameters from spectral observation of AOD and sky-radiances from ground-based 
sky-radiometer (Nakajima et al., 1996; O'Neill et al., 2003). However, both the size distribution and the 
refractive index of aerosol are highly variable in space and time. Hence, spaceborne platforms are necessary 
to observe aerosol properties over global or continental scale. MODIS instrument on board Terra and Aqua 
platform is operational for the past one decade that gives valuable information of aerosol properties.  Besides, 
AOD, there are several other atmospheric parameters that are retrieved from MODIS, of which fine mode 
fraction of AOD is of particular interest in the present context. Fine mode Fraction stands-out as a variable 
that could be used to diagnose deficiencies in the algorithm and improve the AOD retrieval. The objective of 
the current study is to examine the dynamics of aerosol size-distribution in terms of fine mode fraction of 
AOD over a tropical continental and remote location (Gadanki; 13.45 N, 79.18 E) and to validate MODIS 
derived fine mode fraction with ground-truth data obtained using a sky-radiometer. Along with size resolved 
properties, present study also compares the MODIS total AOD against ground measurements.
                                

Instrumentation and Method of Retrieval:
The instrument used in the study is a sky-radiometer that measures direct solar radiation at one minute 
intervals and sky-radiances at fixed angles with respect to the sun at 10 min interval. While both direct and the 
sky-radiances can be used to retrieve AOD, in the present study, we have used AOD retrieved using sky-
radiances only as the AOD retrieval from sky-radiances does not depend on absolute radiation measurements 
and hence suitable for long-term studies (Nakajima et al., 1996). The AOD observations are made at 5 
wavelengths viz. 400, 500, 675, 870 and 1020 nm. SKYRAD.PACK (Henceforth referred as SKYRAD) 
software which is used to retrieve AOD and other aerosol optical properties is based on Nakajima et al. 
(1996). Correction for Rayleigh optical depth is done using daily mean pressure values and correction for 
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ozone optical depth at 400 nm channel is done using OMI columnar ozone values over Gadanki. Though the 
algorithm takes care of cloud contamination using in-built threshold checks, in the present study, all data 
points are also manually inspected for consistency using log-book entries on cloud conditions. Overall error 
in AOD retrieval is estimated to be 5.5% at 500 nm and 8.4% at 1020 nm based on estimates of errors in inputs 
and their forward propagation in the algorithm. Kim et al. (2004) using sensitivity analysis have shown that 
the SKYRAD algorithm is highly accurate for retrieving volume concentration of particles in size range 0.1 to 
10 µm. Estellés et al. (2012) have compared columnar volume size distribution by SKYRAD and AERONET 
and found that on an average they differ by about 13% for particle radius between 0.15 to 5 µm. Che et al. 
(2008) have compared AOD and single scattering albedo from Prede (SKYRAD) and CIMEL sun-
photometer (AERONET) over Beijing, China and found that AODs between two instruments differed by less 
than 1.3% and SSA differed by less than 4%. AOD observations over Gadanki are available from April 2008 
to March 2011. Same algorithm is used to retrieve columnar size distribution and refractive indices.  In order 
to retrieve the fine mode fraction from the sky-radiometer, the information of refractive index and size-
distribution is required and are available from the SKYRAD retrieval. The size distribution should be ideally 
split into two parts from centre of the dip. However, we have used a fixed radius of 0.6 ìm to separate fine 
mode and coarse mode AOD as 0.6 ìm is the closest to the dip for most seasons and also it is the convention 
followed for AERONET data (O'Neill et al., 2003). AODs are recalculated for each part separately using the 
Mie algorithm (Bohren and Huffman, 1983). Fine mode fraction is calculated as ratio of fine mode AOD to 
total (fine + coarse) AOD.
                                

Results and Discussion
Time series of fine mode fraction by sky-radiometer and MODIS are shown in Fig. 1. A prominent seasonal 
cycle in fine mode fraction values is evident from the figure. Fine mode fraction from sky-radiometer is as 
high as 0.9 during winter and never goes less than 0.4. The minimum fine mode fraction is observed during 
July. High fine mode fraction values are linked to airmasses coming from Indian subcontinent and low values 
of fine mode fraction are linked to airmasses coming from the northern Indian Ocean. MODIS fine mode 
fraction also captures the seasonal cycle but systematically underestimates the values. MODIS fine mode 
fraction values are less than one-half of sky-radiometer based values. Seasonal changes in fine mode fraction 
can take place when anyone of the two AODs (fine mode AOD or coarse mode AOD) is changing, or both 
AODs are changing with two different seasonal patterns. The coarse mode AOD has well defined seasonal 
variation with low values around 0.05 during January and high values between 0.3 and 0.4 from May to July. 
There is a good match between skyradiometer and MODIS for coarse mode AODs, though the MODIS coarse 
mode AOD is high in most cases. A scatter plot of daily coarse mode AOD from sky-radiometer and MODIS-
Terra is shown in Fig. 2a. There is a good correlation (R = 0.74) but the slope of linear square fit is 1.3 with a 
positive bias of 0.1 which imply a significant overestimation of coarse mode AOD in MODIS data. The match 
between MODIS and sky-radiometer fine mode AOD is rather poor (R = 0.44; Fig. 2b). MODIS significantly 
underestimates the fine mode AOD and it is the main cause for overall underestimation of AOD.  The 
correlations between sky-radiometer and MODIS coarse mode and fine mode AODs are season dependent. 
Their seasonal correlations along with MODIS total AODs are shown in Table 1. The highest correlation for 
Terra in case of coarse mode AODs is found during summer with value 0.75 and lowest correlation is found 
during autumn with value 0.4. In case of fine mode AODs, the highest correlation is during winter and nearly 
zero correlation during summer for both the satellite sensors. Whereas in case of total (fine + coarse) AOD, 
the highest correlation is found during winter (0.9) for both the satellite sensors and the lowest during autumn 
(0.6) for Terra and during summer (0.7) for Aqua. In-spite of good correlation in winter for total (fine + 
coarse) AOD, relatively poor correlation in coarse mode and fine mode AODs imply that errors in coarse  and 
fine mode AODs are complementary to each other that is cancelling each other's effect on total AOD. 
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MODIS uses moderate absorbing type of aerosol model for fine mode and dust aerosol type for coarse mode 
over South Asia. They are kept the same for all seasons. MODIS SSA values for both coarse and fine mode are 
higher than sky-radiometer SSA values for all seasons. The difference of SSA values between sky-radiometer 
and MODIS is highest during summer and the lowest during winter. It is interesting to note that the correlation 
for total and fine mode AOD is highest when difference in SSA is lowest and vice-versa. This is also true for 
RMSD in case of total AOD (Table 1). Since, coarse mode AOD is overestimated and fine mode AOD is 
underestimated, both aerosol models that are moderately absorbing types for fine mode and dust type for 
coarse mode may not be appropriate models for southern India. MODIS algorithm uses the radiances 
measured from the top of the atmosphere to compare with calculated radiances which in turn rely on aerosol 
type. When a wrong aerosol type is assigned, for example, when real aerosols are absorbing type but the 
model uses moderate absorbing type of aerosol, then the calculated radiances will require less AOD in order 
to match with observed radiances. The reverse is also true, that is if the real aerosol are scattering type but the 
model uses absorbing type then the model will need higher values of AOD in order to match with observed 
radiances. Dust is an absorbing type of aerosol in comparison to sea-salt, whereas regions like southern India 
which are far away from the desert and having an ocean on three sides will have more sea-salt particles than 
dust particles. Seasonal mean SSA values over Gadanki vary from 0.85 to 0.91. Current aerosol models for 
South Asia in MODIS have SSA values 0.92 for fine mode and 0.95 for coarse mode. Hence, no combination 
of them will ever be able to fit observed SSA, however if optical properties for fine mode is taken more 
absorbing type and for the other mode, if it is taken more scattering type then the combination may provide a 
better match with observed SSA.
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Table 1 : Correlation coefficient (R), root mean square difference (RMSD) and least square fit parameters between sky-
radiometer and MODIS-Terra and Aqua
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Conclusions
In the present study, we have compared the MODIS derived AOD data with that obtained from operating a 
sky-radiometer from a remote rural location in southern India. The comparison reveals significant 
underestimation for total and fine mode AODs. While the comparison between MODIS-Terra and sky-
radiometer total AODs shows correlation coefficient value of about 0.71 if one separates the AOD into fine 
and coarse mode, the comparison becomes very poor, particularly for the fine mode, with correlation 
coefficient value of 0.44. The coarse mode AOD derived from MODIS-Terra and sky-radiometer compare 
better with a correlation coefficient value of 0.74 but values are over-estimated. Similar comparison is found 
for MODIS-Aqua. Seasonality of fine mode fraction is well captured in MODIS but values are less than one-
half of the skyradiometer values. A part of the underestimation problem is related to assumptions of absorbing 
properties of aerosol in MODIS algorithm. MODIS uses bi-modal aerosol size distribution for South Asia that 
has SSA values 0.92 for fine mode and 0.95 for coarse mode, whereas seasonal mean SSA values are observed 
in range 0.85 to 0.91 Based on this, we suggest that instead of selecting a moderately absorbing aerosol type 
(as being done currently in the MODIS retrieval) a more absorbing aerosol type is better suited for fine mode 
aerosols, while reverse is true for the coarse mode aerosols, where instead of using 'dust aerosols' which is 
relatively a more absorbing type, usage of coarse sea-salt particles which is less absorbing is more appropriate 
for southern India. 
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Introduction
The Indian monsoon region has been identified to have very large aerosol loading and surface cooling (e.g. 
Ramanathan et al., 2005; Dey and Di Girolamo, 2010). Numerous studies were carried out in the last decade 
to quantify the columnar aerosol burden (in terms of aerosol optical depth, AOD), major aerosol types, 
vertical distribution and radiative forcing at the top-of-the-atmosphere (TOA) and surface in campaign 
modes (Tripathi et al., 2006; Satheesh et al., 2008) as well as using ground-based continuous measurements 
(Singh et al., 2004; Dey and Tripathi., 2008). Several hypotheses were proposed to explain the possible 
impacts of this enormous aerosol load on the monsoon circulation at a longer time scale (Ramanathan et al., 
2005; Lau et al., 2006; Ganguly et al., 2012). However, the aerosol–monsoon connection is complex due to 
the combined effects of microphysical and dynamical impacts of aerosol radiative forcing intertwined with 
meteorological forcing. In-situ and satellite measurements of aerosol and cloud properties cannot fully 
separate these two impacts. The dynamic link can better be understood using climate models having 
capability of simulating the meteorological and aerosol fields. Here, we present the dynamic impacts of direct 
radiative forcing of aerosols on the atmospheric circulation over the Indian monsoon region using a regional 
climate model, RegCM. A regional climate model was used because of its ability to simulate at a finer 
resolution with respect to any global model. Analysis has been carried out during the monsoon (JJAS) seasons 
for the years 2009 (drought) and 2010 (above normal). These results may help in advancing our 
understanding of the dynamic feedback of the observed large surface dimming and atmospheric heating due 
to aerosols during monsoon.
                   

Methodology
For the present study, we used ICTP's regional climate model RegCM4.1 version. Simulations were carried 
out at 50 km resolution on 18 vertical sigma levels with the model top at 50 hPa for the South Asian domain of 
the Coordinated Regional Climate Downscaling Experiment (CORDEX) (Giorgi et al., 2009), but analysis 
was focused on the Indian monsoon region (60E-100E longitude and 5N-40N latitude). The initial and 
boundary conditions were considered from NCEP-NCAR reanalysis data. RegCM is coupled with an online 

aerosol module, which considers both natural dust and anthropogenic aerosols. The dust particles are 

represented by four size bins - 0.1-1.0 µm, 1.0-2.5 µm, 2.5-5.0 µm and 5.0-20 µm(Zakey et al., 2006). 
Anthropogenic aerosols include sulphate and hydrophilic and hydrophobic black carbon (BC) and organic 
carbon (OC) (Solmon et al., 2006). Considering four bins of dust, hydrophobic and hydrophilic components 
of BC and OC and aqueous conversions of sulphate, total 10 tracers were configured in the model 

experiments. The model was run from Nov 1, 2008 to Dec 31, 2010. We performed two simulations to 

understand the dynamic impacts of aerosols on the regional circulation during the monsoon season. First 
simulation was carried out without allowing the aerosols to interact with the meteorological field. In the 
second simulation, the interaction is allowed through the perturbation of the radiation field by aerosols, so 
that the dynamic effect of total aerosol loading on the atmospheric circulation can be examined. We analyzed 
the changes in temperature profiles, zonal and meridional circulation at lower (850 hPa), middle (500 hPa) 
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and upper (200 hPa) troposphere, vertical wind and cloud fraction due to inclusion of natural and 
anthropogenic aerosols.

Figure 1: (Top Panel) Spatial distribution of change in surface temperature (2m) in C due to the dynamic impacts of aerosols over 
the Indian monsoon region during the years (a) 2009 and (b) 2010 and (Bottom panel) spatial distributions of aerosol atmospheric 

-2radiative forcing (W m ) during the monsoon season of (c) 2009 and (d) 2010.
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The model-simulated changes in the near surface temperature at 2m (T ) during the monsoon season of 2009 2m

and 2010 are shown in the top panel of Fig. 1. T  varies within a wide range +2.0C to -2.0C over the study 2m

domain with a high (>+0.8C) over the Central India during 2009 that shifts further southward during 2010. 
The low T  (<-0.4C) over the Great Indian Desert during 2009 switches to positive value (>1C) during 2010. 2m

On the other hand, larger AOD over the IGB during 2010 is associated with negative T .  It should be also 2m

noted that the T  show a dipole pattern which do not match with the corresponding spatial distributions of the 2m

atmospheric aerosol radiative forcings shown in the bottom panel of Fig. 1. This indicates the complexity and 
non-linear mechanism in the dynamics due to aerosols. The spatial distribution of atmospheric radiative 
forcings also show high atmospheric warming over the Great Indian Desert and IGB region in 2010 as 
compared to 2009 monsoon season.
                   

We also looked into the changes in wind pattern at 850 hPa and 200 hPa (Figure not shown). In 2009, zonal 
wind at 850 hPa is strengthened due to aerosols over the core monsoon region (within 20-25N latitude), 
whereas the meridional wind shows negligible changes resulting in a stronger westerly flow. During 2010 
monsoon season, the increment in the zonal wind is seen to be lesser compared to 2009 which resulted a 
southward shifting of zonal circulation. The shifting of the circulation has led a space favoring vertical 
component of wind to rise and facilitate cloud formation over the core monsoon region during 2010 (Das et 
al., 2014).
                   

 Conclusions
In this work, the dynamic impact of aerosols on the atmospheric circulation over India during the monsoon 
season is examined using a regional climate model. Aerosol induced changes in near surface air temperature 
(at 2m) show a spatial dipole pattern with the value varying in the range +2.0C to -2.0C. Zonal wind at the 
lower troposphere is affected by aerosols resulting in a southward shift of the circulation, which in turn, 
increases the upward motion of the air facilitating cloud formation. The effect is prominent over the south of 
the core monsoon region in 2009 and shifted northward over the IGB in 2010.
                   

The conclusions are based keeping some of the modelling limitations. First the indirect effects (Albrecht, 
1989) of the aerosols are not considered into the model simulations. In other words, if microphysical effect of 
aerosols were considered, cloud fraction would have increased by a larger magnitude during 2010. Secondly, 
since RegCM is an atmospheric model, the results might have been biased to the fact that SST is prescribed in 
the model and does not react to the aerosol radiative forcing. Thirdly, the simulated aerosol concentrations 
may be underestimated primarily due to underestimation in carbonaceous aerosols owing to uncertainty in 
emission inventory (Nair et al., 2012). 
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Introduction
In-situ measurements, satellite remote sensing, and model simulations are the sources of data for studying 
aerosol properties. Model simulations have additional advantage in that they can be used to study future 
climate and also the variation in various parameters over a longer time scale in the past. However, the results 
of these model simulations need to be compared with other data to ascertain their accuracy. Any error in the 
assumed initial conditions would lead to higher uncertainties in the modeled results. In-situ measurements 
have higher accuracy, but being point measurements, they cannot be used to examine the model simulations. 
Satellites provide global view of aerosols and are the best option to evaluate the performance of models. 
However, inversion of satellite measured radiances to derive various products involves several assumptions; 
hence the retrieved products have limited accuracy as compared to ground based observations. Nevertheless, 
the accuracy of satellite products is known and understood based on validation with ground based 
observations under diverse environments.
                 

Methods
The comparison of model derived aerosol optical depth (AOD) with satellite aerosol products was done over 
the Indian subcontinent (5-30 N, 68-95 E). Total 17 models were examined with respect to the aerosol 
products from the Moderate Resolution Imaging Spectroradiometer (MODIS) and Multi-angle Imaging 
Spectroradiometer (MISR) for the duration 2000-2005. 
                 

Conclusions
Overall models had a better correlation with MISR derived AOD as compared to MODIS derived AOD. 
Among all the models examined, CISRO-Mk3.6.0 and IPSL-CM5A-MR had overall correlation greater than 

2 2 0.4. IPSL-CM5A-MR had the best performance with overall R greater than 0.4 for correlation with MISR (R
2 =0.47) as well as MODIS (R =0.40). The correlation between model and satellite derived AOD showed 

regional and seasonal dependence. Performance of models was observed to be poor over oceans and east 
coast of India; and better over land, particularly over Thar desert and western India. Seasonal variation in 
AOD was reproduced by all categories, whereas the magnitude of AOD was well reproduced by CISRO-
Mk3.6.0 and IPSL-CM5A-MR, though it was very low for other models. The variation in AOD with latitude 
was reproduced well by all three categories, though there were numerical differences, which got larger over 
the north of Indo-Gangetic Basin. 
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Introduction
Air pollution level over a given region is generally associated with various anthropogenic sources, regional 
meteorology, and topography of the region. However, the role of meteorology and topography is believed to 
limited in controlling or eradicating the air pollution mainly because they do not affect the source strength of 
the pollutants. And fundamental atmospheric physical and chemical processes which govern the 
transformation and dispersion mechanism of pollutants are not in the purview of policy making or control 
strategies. Such a scenario is even more important over the Indo-Gangetic Plain (IGP) in India, which is 
probably one of the most polluted regions in the world. The nature of pollution is even intense for particulate 
matter (PM) due to the unprecedented amount of solid bio-fuel burning for domestic cooking and heating. 
Thus the conclusive role of topography in pollution studies has been derelict over Indian region. 
                

In this study, we highlight the irrefutable role of topography in particulate matter less than 10 µm (PM ) and 10

carbon monoxide (CO) pollution over Indian region with focus on IGP. We have employed the Weather 
Research and Forecasting Chemistry Model (WRF/Chem) to simulate various meteorological parameters 
and pollutants with realistic and reference scenario. In a reference scenario the topography was flattened with 
certain restrictions as discussed below. Both the realistic and reference scenarios were run for two different 
months which represent contrasting seasons– July (monsoon), and December (winter).
                

Methods
Description of the model
The WRF model is a fully compressible Eulerian non-hydrostatic model (see description: 

). The WRF/Chem model is an “online” chemistry-
coupled next generation mesoscale regional climate model (Grell et al., 2005) which can be applied on 
synoptic scale to microscale very effectively. The version 3.4.1 of WRF/Chem has been used in this study. 
The model does online calculation of dynamical inputs (winds, temperature, boundary layer, clouds etc.), 
transport (advective, convective, and diffusive), dry deposition (Wesely et al., 1989), gas-phase chemistry, 
radiation and photolysis rates (Madronich and Flocke, 1999; Tie et al., 2003a), and surface emissions 
(including online calculation of biogenic emissions). 
                

Model Setup
The chemical mechanism used in this study is the RADM2 (Regional Acid Deposition Model, version 2) gas-
phase chemical mechanism (Chang et al., 1989) which includes 158 reactions among 36 species. The aerosol 
module used was the MADE-SORGAM i.e., Modal Aerosol Model for Europe (Ackermann et al., 1998) with 
Secondary Organic Aerosol Module (Schell et al., 2001). The model was run with a horizontal resolution of 
100Kms at a time-step of 5 minutes, with 110×100 grid points covering a domain roughly of the Asian region 
and with 51 vertical levels and the model top was set at 5 hPa. However, all the results discussed here refer to 
surface concentration (approximately at 73m from ground level). The physical schemes used in this study 

 

http://www2.mmm.ucar.edu/wrf/users/pub-doc.html
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include Purdue Lin microphysics scheme (Lin et al., 1983), the Rapid Radiative Transfer Model (RRTM) 
long wave radiation model (Mlawer et al., 1997), Goddard shortwave scheme (Kim and Wang, 2011), the 
Monin-Obukhov surface layer scheme (Monin and Obukhov, 1954) with the Yonsei University (YSU) 
Planetary Boundary Layer (PBL) scheme (Hong et al., 2006), and the Noah Land Surface Model (Chen and 

o o 
Dudhia, 2001). National Center for Environmental Protection (NCEP) 1 × 1 reanalysis data 
(rda.ucar.edu/datasets/ds083.2) for every 6h was used as meteorological initial and boundary conditions for 
year 2012. The default geographic dataset that comes along with WRF with 30 arc seconds topography and 
24-category USGS land-use was used for the study, however the final resolution of geographic dataset will be 
equal to the horizontal resolution at which the model was run. The Emissions Database for Global 
Atmospheric Research (EDGAR) version 4 dataset was used for anthropogenic emissions for the base year 
2005. All the physics and chemistry schemes were selected on the basis of past experience, literature survey 
and the level of sophistication of this study. Since this study mainly deals with the sensitivity of topography 
towards deciding the concentration levels of different pollutants and based on the assumption that synoptic 
scale meteorology and prevailing winds over region of study area do not exhibit considerable variation we 
believe that such a sensitivity analysis can be scientifically conclusive if no strong scientific interpretations in 
view of physical and chemical mechanisms of the pollutants are drawn. Biogenic emissions were calculated 
online based on land use using Guenther scheme, while the biomass burning emissions were provided from 
the FINN (Fire INventory from NCAR) dataset. A re-speciation mapping was carried from MOZART 
chemistry to RADM2 chemistry for the biomass burning fields. The meteorological initial and boundary 
conditions were prepared by the WRF pre-processing system (WPS), the anthropogenic emissions were 
mapped using the PREP-CHEM-SRC program (Frietas et al., 2011) and the biomass burning emissions were 
mapped using the fire emis pre-processor. For the flattened topography case, the terrain height was modified 
such that anything up to 200m was preserved while anything exceeding 200 m was made to 200m plus 1% of 
the height exceeding 200m.
                

To the best of our knowledge we believe this is a first attempt investigating the role of topography on 
variability of pollutant concentration over the Indian region. An attempt to carry out such a sensitivity study 
with the regional climate model (RCM) imposes serious technical limitations on running the model. 
However, the capability of a Global Climate Models (GCMs) to simulate without lateral boundary conditions 
(LBCs) opens up a possibility to run it with modified topography. Nevertheless, please note that such an 
option limits the spatial resolution of domain under study. 
Figure 1 shows the domain considered in the present study (a) actual topography of the region and (b) with 
flattened topography. 

                

Figure 1: The study domain used in the present case study (a) domain with real topography varying from approximately 20 
meters to 8000 meters over continental region and (b) with flattened topography varying between approximately 20 meters to 250 

meters. Please note that this domain was further cropped out to depict the simulations only over the Indian region.  
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Results and Discussion
Figure 2 shows the simulated concentration of carbon monoxide and PM  for the month of July, which 10

represents the monsoon season over Indian region with real topography (a and c respectively) and with 
flattened topography (b and d respectively). It is evident from Fig. 2 (a and c) that in the month of July, the 
concentration of CO is generally high in the IGP in both realistic and reference case. This may primarily be 
attributed to the considerable amount of biomass burning over the region during this time of year, which is 
occasionally associated with delayed arrival monsoonal precipitation. The prominent cities like New Delhi, 
Jamshedpur, etc. with strong anthropogenic sources of traffic and industries show a very high CO 
concentration exceeding 200 ppb. In a scenario when topography is flattened (including Himalayan range) an 
increased concentration of CO exceeding 100 ppb over the Tibetan plateau (Fig. 1b) due to the transport from 
IGP region is clearly noticed and the overall concentration over the larger part of IGP observed to be slightly 
higher when compared to real scenario, which may be attributed to the transport from cities like Jamshedpur, 
Kolkata, etc. with prevailing winds caused by Bay of Bengal branch of Indian summer monsoon. Contrary to 
the belief, the flattened topography did not exhibit a reduction in the CO concentration over the IGP. This may 
be resulting from reduction in precipitation due to removal of mountains and subsequent diminution in wet 
deposition and wash out of CO.
               

The PM  mass concentration, however, exhibited different scenario as compared to CO. As shown in Figure 10

1(c) PM  mass concentration is higher over western part of India extending through southern Indian 10

Peninsula up to Bay of Bengal for realistic topography. Such a high concentration of the order of 220 – 260 µg 
-3m  over this part of India could be attributed to the long range transport of dust from as far as West Asia and 

Arabian Peninsula (Vinoj et al.,2014) and lower concentration in IGP could be due to wet deposition and wash 
out due to strong monsoon in the region. As expected the dust from north-western part of India appeared to be 

-3
reaching up to Tibetan plateau reaching as high as 150 µg m  possibly due to strong south-westerly winds 
under flattened topography scenario. 

               

Figure 2: Concentration of carbon monoxide (upper panels) and Particulate Matter with size less than 10 µm (PM ; lower panels) 10

for the month of July 2012 simulated using WRF-Chem using 2005 EDGAR emissions and 2012 NCEP reanalysis 
meteorological data. The simulations further categorized as CO concentration in ppb for (a) realistic topography (b) flattened 

-3topography, and for PM  in µg m  (c) realistic topography and (d) flattened topography as mentioned in model setup. Please note 10

that color scale is not same for (c) and (d). 
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Figure 3 shows the simulations similar to Fig. 2 carried out using WRF/Chem over the Indian region but for 
the month of December 2012 which represents winter season over India when ITCZ extends up to equatorial 
Indian Ocean south of Indian Peninsula with strong north-easterly winds. These winds also called as returning 
monsoon, which causes rainfall in coastal Tamil Nadu area. 
                  

As seen from the Fig. 3(a) IGP region shows a very high concentration of CO for real topography reaching as 
high as 400 ppb in some areas. Such high concentrations can be ascribed by intense use of biofuel and biomass 
burning, which is further intensified by shallow boundary layer over this region due to drop in temperatures. A 
strong reduction up to 260 ppb was noticed in CO concentration when the simulations for the month of 
December were carried out with flattened topography. In our opinion this finding seems scientifically rational 
as the strong north-eastern trade winds arriving from north-eastern region (Russia and north-western China) 
are cleaner and can cause the strong dilution reducing the concentration of pollutants (Fig. 3b).  
                  

Unlike CO concentrations which are very much correlated with local emissions as seen in the figures 2(a), 
2(b), 3(a) and 3(b), the PM10 surface concentration is dictated by long-range transport (Fig. 3 c and d). In 
December, the wind direction changes and strong winds blow from east/north-east region of the domain 
towards west, which therefore most likely bring the particulates from China region towards Indian 
subcontinent, but probably due to obstruction from the tall Himalayas, there are high concentrations in the 
north-eastern parts of the domain. However, when topography is removed, these particulates easily cross the 
Himalayas and enter the Indian subcontinent slightly increasing the concentrations over central India and 
decreasing the accumulation in the north-east and eventually being transported out of the domain through the 
western boundary.

Figure 3: Similar as Figure 2 except simulations are carried out for December 2012. Please note the difference in scale for lower 
panel. 
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Conclusions
We have performed the WRF/Chem model simulations to investigate the role of topography in deciding the 
concentration level of CO and PM  over Indian region with special emphasis on IGP. Our simulations as 10

anticipated showed that under flattened topography scenario, prevailing south-westerly wind transport the 
pollutants up to the Tibetan plateau in July, which otherwise would be prevented from further transport due 
the Himalayan mountains. Contrary to the belief, such transport did not show any reduction in the CO 
concentration over the IGP in the month of July. While the spatial distribution of PM  mass concentration was 10

different than CO the underlying effects of flattened topography on PM  mass variability were consistent. 10

Our model simulations also showed higher concentration of CO over IGP during December 2012 for realistic 
topography. A strong reduction in CO concentration possibly due to the dilution resulting from influx of 
cleaner northerly winds was observed in the month of December. Thus topography plays a significant role in 
the distribution of pollutants mainly by modulating their transport. We believe the role of rainfall in pollutant 
wash out and wet deposition need to be further investigated under real and flattened topography scenarios 
during monsoon. As a future scope, further investigation can be done over the Indian region for different 
months to investigate a seasonal trend in the role of topography. Moreover, more sophisticated chemistry 
schemes could be used, like the sectional bin scheme MOSAIC, which throw more light upon the transport of 
various sizes of aerosols separately and also report the number concentration of various chemical species of 
aerosols. 
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Introduction
The present study is based on significant changes in the climate and weather patterns taken place in IGP, 
which comprises most of the Northern Indian region (21N-29N: 69E-89E). The station (Gandhi College 
Ballia) chosen is in the eastern part of IGP with moderate climate and in rural area. Most of the land is under 
cultivation, leading to variable land use in this region per season. This makes the retrieval of AOD from 
satellites more complex than for an urban site like Kanpur, New Delhi where land use is almost consistent. 
                            

Site Description and Data Set 
The site (Gandhi College) is located in Ballia (25N, 84E) in the eastern IGB region with moderate climate. 
The AERONET level 2.0 for quality assured data (Holben et al., 1998) from April 2006 to June 2013, in total 
926 days data has used for this study. We have done analysis for whole year as well as for various seasons 
which are defined as: Winter (Dec, Jan, Feb), Pre-Monsoon (Mar, Apr, May), Monsoon (Jun, July, Aug), Post-
Monsoon (Sep, Oct, Nov). 
                            

Results and Conclusion
Seasonal Variation of Aerosol Optical Depth
Fig.1. gives the variation of AOD at various wavelengths in various seasons as winter, monsoon, pre-
monsoon and post-monsoon. In pre-monsoon and post-monsoon period the AOD values are higher than 
monsoon but less than winter season. AOD values IR region shows a different behavior than AOD in visible 
range. Highest AOD in near IR region has been observed in the pre-monsoon season (~0.38) while in winter 
and post-monsoon season they are almost comparable (~0.26) with a low in monsoon (~0.2). Higher value of 
AOD in winter season in visible range indicate loading of high aerosols especially in sub-micron size range. 
At the same time AOD in near IR range has lower values than other season, which infer that during this time 
super micron size aerosol i.e. dust aerosols concentration must be low. In the pre-monsoon season, AOD in 
near IR region shows the highest values point toward presence of super-micron aerosol.

Figure 1: Different seasonal plot of AOD 
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Seasonal Variation of Angstrom exponent
The monthly variation of á gives the season pattern of á throughout the year (Fig.2). After Jan, á value start 
showing a decrease with lowest value in Apr and Jun months. This infers the dominance of large aerosols in 
aerosol concentration is increasing after winter months and reaching to highest concentration during pre-
monsoon and monsoon season. During the pre-monsoon season, dust activity, local activities (crop cutting 
and cultivation related activity) and dry conditions exist which support the high concentration of dust 
aerosols. In the winter season though the aerosol concentration increases but it dominates in the sub-micron 
size range and this could be clearly seen in the á-variation which also shows higher values in the winter 
season.

Figure 2 : Seasonal variation of Angstrom wavelength exponent at wavelength (440-870 nm)

Spectral Variation of SSA, AOD and á 
The Single Scattering Albedo (SSA) is an important parameter which gives the information about the relative 
contribution of absorption to extinction and plays important role in deciding the climatic effects of aerosols 
(Dubovik et al., 2002). To study the season variability specifically we plotted the wavelength dependence of 
season SSA (Fig.3). Highest SSA (~0.95) was reported for monsoon season at all wavelengths and there was 
an increase in SSA with higher wavelength. Higher values of SSA indicate more scattering type aerosols 
during this time which is expected as scattering aerosols i.e. sulfate aerosols are vital in monsoon season. In 
winter, SSA has similar values as in post- monsoon season but SSA decreases at higher wavelength region i.e. 
in near IR region. In the pre-monsoon season SSA reported lowest (~0.87) and showed an increase at higher 
wavelengths (~0.90). Except winter season other season show increase in the SSA value with wavelength. 
Decrease in SSA values with wavelength indicates dominance of absorbing aerosols during winter.

Figure 3 : Spectral variation of SSA in different season (1020 nm, 870 nm, 675 nm, 440 nm)
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Fig.4 (a) gives the spectral variation AOD on log-log scale. Spectra variation shows that AOD variation is 
steeped in winter than pre-monsoon season. á-value estimated from this plot is ~1.38 in the winter season and 
~0.75 in the pre-monsoon season. This indicates dominance of smaller aerosols in winter season while coarse 
mode dominates in pre-monsoon season. The frequency distribution for Angstrom exponent (440-870 nm) 
for winter and pre-monsoon season is shown in Fig.4(b). Pre-monsoon plots show bi-modal variation while 
winter month is mono-modal variation. Primary and secondary peak values for pre-monsoon season are 0.6 
and 0.9 respectively while peak value in winter month is report at 1.4. Bi-modal pattern of variation of á is a 
signature of dominance of fine as well as course mode aerosols.

Figure 4 : (a) Spectral variation of averaged AOD for winter and pre-monsoon season  (b) Frequency distribution of Angstrom 
Exponent for winter and pre-monsoon season

        

Conclusion
In this work we have discussed the variations in aerosol properties (AOD, SSA and ) in eastern part of IGP. 
The main conclusion of this work is that the aerosol physical and optical properties shows strong seasonal 
variation and we can list the major finding of this work as:
?Seasonality has been observed in AOD, AE and SSA. 
?Monthly mean AE variation shows the dominance of super-micron particles in pre-monsoon season as 

compared to other season. 
? SSA variation indicates that during pre-monsoon and winter season absorbing aerosol concentration is 

more. 
?Pre-monsoon plots show bi-modal variation while winter month is mono-modal variation. Bi-modal 

pattern of variation of á is a signature of dominance of fine as well as course mode aerosols.
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Introduction
Atmospheric aerosols, which are suspended solid or liquid particles in the atmosphere, are also of biological 
origin and ubiquitous in the environment. They constitute a wide range of dead or alive biological material 
and structures including microorganisms, bacteria, fungal spores, viruses, pollens, and animal and plant 
fragments (Després et al., 2012, Huffman et al., 2010; 2012; 2013, and references therein). Bioaerosols are 
crucial and play important roles in atmospheric physical, chemical and biological processes, and climate. 
They have also been identified to cause an increase in infectious diseases in natural and managed landscapes 
(Huffman et al., 2010; Fisher et al., 2012).
                   

Indian tropical region where large fraction of the world's total population is residing experiences a distinctive 
meteorological phenomenon by means of Indian Summer Monsoon (IMS). In general southern India, where 
these measurements have been carried out experiences two monsoon seasons, the south-west (SW) monsoon 
and the north-east (NE) monsoon, which are associated with the movement of the Inter-Tropical Convergence 
Zone, the ITCZ. The SW monsoon winds occur during June to September, bringing clean marine air influx 
over the continent and NE or retreating monsoon winds occur during October to December. One of the 
measurement sites, Munnar, receives majority of annual rainfall during the SW monsoon season (June to 
September), while the other sampling site, Chennai, receives major rainfall during NE monsoon (October to 
December) with scattered rainfall during SW monsoon. Thus, the properties and characteristics of biological 
aerosols expected to be very diverse depending upon the season at these contrasting locations. Despite of the 
progress in other part of the world in characterizing the properties of biological aerosols using online and 
offline techniques this part of the world has received very little attention. In an attempt to initiate studies 
related to biological aerosols we investigated the morphological characteristics of bioaerosols under 
contrasting environments of Chennai (urban marine) and Munnar (high altitude relatively pristine; Fig. 1) 
using scanning electron microscopy (SEM) supplemented with elemental analysis using Energy-dispersive 
X-ray spectroscopy. 
                   

Methods
The sampling of bioaerosols for SEM analysis was carried out in two contrasting locations in South India. The 
first site was in Chennai (12.990220 N, 80.230797 E) which is a coastal urban site with a tropical hot and 
humid climate located on the East coast of Southern peninsula .The other measurement site was in Munnar 
(10.092740 N, 77.068480 E)which is a high altitude continental region which is about 1600m  amsl with a wet 
temperate climate. In Chennai the sampling was carried out in IIT Madras campus on the top of Mechanical 
Sciences Block (MSB). The sampling was done on the roof top to have a well-mixed dynamics so that it gives 

1 1 3 4 5
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a better representation of the bioaerosols in the region with negligible local influences. In Munnar the 
bioaerosol sampling was carried out inside the campus of College of Engineering, Munnar which is located a 
few km away from the main town. One side of the college is a tea plantation and the other side is covered with 
dense forest. 

Figure 1: Location of two measurement sites in southern India. Chennai is classified as urban marine region whereas Munnar as 
high altitude relatively pristine site situated at approximately 1600 m amsl. The figure is color coded by altitude.

                      

The bioaerosol sampling in both the locations were carried out using a two stage filter sampler with a flow rate 
of 5 l/min. The samples were collected on a Nucleopore Polycarbonate filter paper of pore size 0.2 µm and 5 
µm. In Chennai the samples were collected on a filter paper which was pre-coated with gold. Whereas in 
Munnar the samples were first collected on the filter paper and then coated with gold prior to SEM analysis. 
The samples were then analyzed in SAIF (Sophisticated Analytical Instrument Facility) at IIT Madras using 
Quanta 200 FEG scanning electron microscope.
                      

Results and Discussion
The observed bioaerosols showed great variability in their size and morphological characteristics and were 
dominated by fungal spores in both the environments although with distinct morphological characteristics. In 
addition pollens, animal and plant fragments were distinctly noticed. We also observed large number of 
various types of spores where identification and assignment were not possible may be due to variety of 
sources they have originated from and lack of availability of the literature from this region. Additional 
classification indicates that urban marine region predominantly comprised of fungal spores of both 
Ascomycota and Basidiomycota whereas in Munnar Ascomycota mainly Cladosporium were seen in 
abundance.

Figure 2: SEM Images of bioaerosols observed in Chennai
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Fig. 2(a) shows the most abundant type of fungal spores observed in Chennai. The morphological 
characteristics suggest that these spores belong the Basidiomycota genus. They mostly appeared in ovoid, sub 
globuse or elongated shapes with a smooth surface and a small protruding opening (apiculus) at one end. 
Spores with specific surface ornamentation were also observed. Fig. 2(b) shows spores with distorted shape 
and unevenly distributed small proturbances on their surface.

Figure
               

In Munnar which is a high altitude continental region the Cladosporium spores were observed in abundance. 
Fig. 3(a) shows the image of Cladosporium spores with three conidia attached to each other in a chain format. 
Apart from spores plant fragments and pollens were also observed in abundance in Munnar. Fig. 3(b) is most 
likely to be plant pollen of unknown species. 
                       

In Chennai the abundance of Basidiospores was mostly related to high relative humidity rather than 
precipitation whereas the presences of other spores were closely associated with precipitation. It was also 
observed that human activities also contribute to the release of bioaerosols in to the atmosphere. The detailed 
results possibly with supplementary online measurements will be presented. 
                       

Conclusion
This study presents the diversity and morphological characteristics of biological aerosols at two contrasting 
locations in South India. In Chennai the biological aerosols were mostly dominated by fungal spores of 
Ascomycota and Basidiomycota genus, whereas in Munnar it is mostly dominated by Ascomycota genus. 
However in both locations within this broad classification, the fungal spores exhibited great diversity in their 
shape and morphological features. 
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Introduction
Role of aerosols in modulating the Indian summer monsoon (ISM) rainfall is well documented. Two 
important concepts have been proposed in this context. The first one “solar dimming effect” was proposed by 
Ramanathan et al., 2005, wherein it is mentioned that a cooling effect is induced due to the absorption and 
scattering of the radiation by aerosols, would result in the weakening of the land - ocean temperature gradient 
and resulting in a reduction of the Indian summer monsoon rainfall. The second is the “elevated heat pump 
(EHP)” hypothesis (Lau et al., 2006). According to this EHP theory, the thermal heating of the Tibetan plateau 
coupled with the presence of the absorbing aerosols strengthen the land ocean temperature contrast and 
advance and intensify the Indian summer monsoon. Using the GFDL–CM3 climate model simulations, 
Bollasina et al., (2011) reported that the decreasing trend of the monsoon rainfall over central India is 
attributed to the increasing trend of the anthropogenic aerosols. Ganguly et al., (2012a; 2012b) demonstrated 
the fast and slow responses of the monsoon system to anthropogenic aerosols. However, observational 
studies indicate that during monsoon season the maximum contribution to the aerosol loading over the 
Arabian Sea comes from the dust (Kuhlmann and Quaas, 2010, Gautam et al., 2009), but most of the studies 
are based on the association of the anthropogenic aerosols in modulating the summer monsoon rainfall, and a 
very limited studies (eg. Vinoj et al., 2014) have addressed the importance of the dust in the South Asian 
monsoon. 
             

In the present work, we attempted to examine the connotation of load of dust over and surrounding regions of 
the Indian subcontinent with the ISM rainfall, as it is represented by different climate models.  
             

Methods
Data sets from two fully coupled climate models viz. CESM1.0 and GFDL-CM3 from CMIP5 (coupled 
model intercomparison project 5) have been used to carry out the present analysis. Precipitation and load of 
dust from all the ensemble members of both of the models for all, aerosol and greenhouse gases forcing 
experiments for the period starting from 1951 to 2004 utilised to study the relationship between load of dust 
and precipitation.
             

Load of dust parameter is directly available from GFDL–CM3, whereas it is derived from the coarser mode 
and fine mode dust mixing ratios for the CESM1.0. Further to this, the ensemble mean for all the parameters 
for all the experiments has been estimated separately for MJJAS (May, June, July, August and September). 
The central Indian region as described by Goswami et al., (2006), which is sufficiently large and considerably 
homogenous to carry out the statistical analysis, has been chosen to perform the correlation analysis between 
precipitation and load of dust over each grid point across the globe.  
             

Results
The correlation between the precipitation averaged over central India and load of dust over each grid point 
across the globe has been estimated for JJAS (June, July, August and September) of the last 54 (1951-2004) 
years of period. The spatial distribution of the correlation coefficients is illustrated in the figure 1.
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Figure 1: Spatial distribution of the correlation coefficients estimated between area averaged JJAS precipitation over central 
Indian region and load of dust for JJAS over each grid point for the period 1951-2004.  (A1) CESM 1.0 all forcing experiment. 
(A2) Same as A1 but for GFDL-CM3. (B1) CESM 1.0 aerosol forcing experiment. (B2) Same as B1 but for GFDL-CM3. (C1) 
CESM 1.0 greenhouse gases forcing experiments. (C2) Same as C1 but for GFDLCM3. Rectangular box indicates the central 

Indian region and colorbar represents the correlation coefficients. 
                         

Results from all experiments using both these models show a positive correlation between area averaged 
central Indian rainfall and load of dust during the ISM season (i.e. JJAS) over the Arabian Sea region, except 
for the all forcing experiment using CESM1.0. Whereas, negative correlations are noted between the central 
Indian rainfall and the collocated load of dust in all experiments using both of these models. It is only in the 
case of all forcing experiment using the GFDL-CM3 model, this negative correlation between rainfall and 
collocated load of dust is found to be limited over the western part of the central Indian region. In fact, the 
results from aerosol forcing experiments for both the climate models exhibit a strong negative correlation 
between the seasonal mean precipitation and collocated load of dust over central India. Although, amongst 
these aerosol forcing experiments, the correlation coefficients are more significant for the CESM1.0. 
Likewise, for the greenhouse gases experiment, the CESM1.0 shows strong negative correlation, but the 
correlation is relatively weaker for GFDL–CM3 over central India. The precipitation over the central Indian 
region during JJAS is also negatively correlated with the load of dust over the Arabian Peninsula and Eastern 
part of the African continent in CESM1.0 all forcing experiment. Contrary to this, the dust load over these 
regions is found to be strong positively correlated with the area averaged JJAS rainfall over central Indian 
region in GFDL–CM3 all forcing experiment. Interestingly, the negative correlation between the central 
Indian rainfall during the ISM season and collocated load of dust flipped towards a positive side for both of 
these models in all the experiments (except for the CESM1.0 all forcing experiment), if load of dust only for 
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the month of May is considered (figure is not shown). More results with greater detail indicating the lead-
lagged relationship between load of dust and precipitation will be presented.
                   

Conclusions
The relationship between the dust load in and around the Indian subcontinent and the precipitation over the 
statistically homogenous central Indian region is studied. We find that the relationship between the load of 
dust over the Arabian Sea and the rainfall over the central Indian region is statistically differently represented 
by the all forcing experiments of two CMIP5 models namely, CESM1.0 and GFDL-CM3. However, a lag 
relationship between the collocated load of dust in the month of May and the rainfall in JJAS has also been 
noted in the results from both of these models in all the experiments, suggesting that the more load of dust in 
the month of May over the central Indian region may induce more rainfall during the summer monsoon 
season. The physics packages and the representation of aerosol life cycles in both these models are being 
examined to bring out the actual physical mechanism regarding the role of the dust in modulating the ISM 
rainfall. A detailed study of the evolution of the dust and rainfall association process using climate models has 
to be carried out to establish the robustness of the results.
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Introduction
Studies on evaluation of source origin of aerosols are important to examine the role of pollutant emissions on 
climate. In order to understand the effect of pollutant sources on pollutant concentration at a receptor location, 
knowledge of transport of air mass is required. In addition, it is also required to know the residence time of air 
parcel in a given source region during its transport.  
                   

Trajectory modelling is widely used to estimate the transport pathway of an air parcel and has successfully 
been used to analyse the transport pathways on regional and global level (Stohl, 1998). Classification of large 
number of trajectories according to transport sector was applied in many studies to identify source areas. 
Cluster analysis algorithm (such as average-link clustering, K-means clustering), a multivariate statistical 
tool is being used to overcome this difficulty (Falasconi et al, 2010). 
                   

Though cluster analysis provides a better identification of sources and their strength, but they are limited to be 
avail quantitative information of sources of aerosols. In order to resolve this receptor models like residence 
time analysis (RTA), concentration field (CF), and potential source contribution factor (PSCF) are used in 
previous studies (Hsu et al., 2003).  Main drawback of the PSCF method is that it could not distinguish high 
potential source fields on slightly medium or slightly lower potential fields, concentration weighted 
trajectory was used introduced by Hsu et al., (2003). In the present study we carry-out source-receptor 
analysis of emission flux potential and contribution efficiency to winter monsoon (Win-Mon) aerosols over 
eastern India.    
                   

Methods
Aerosol ground-truth measurements (aerosol optical depth, AOD and Angstrom exponent, AE) were carried 
out at two locations in eastern India such as an urban (Kolkata, 22.57º, 88.42º) and a semi-urban location 
(Kharagpur, 22.19ºN, 87.19ºE) using MICROTOPS-II sun-photometer during winter monsoon (Win-Mon). 
Seven-day back-trajectory calculations were carried out using NOAA (National Oceanic Atmospheric 
Administration)-HYSPLIT (Hybrid Single Particle Lagrangian Integrated Trajectory) version (4) taking into 
account the life time of aerosols of the order of seven days, at 1200h Indian Standard Time (+0530 h GMT) at 
heights of surface layer (SL: 10m, 100m, 500m) and elevated layer (EL: 1000m, and 5000m). Source 
evaluation using cluster analysis and concentration weighted trajectory was analyzed. 
                   

Fuzzy C-Mean Clustering (FCM)
These source-specific regions are enlisted as Indo-Gangatic Plain (IGP), Central north India (CNI), North 
west India (NWI), East region (ER), South east Asia (SEA), West Asia (WA), Africa (AFR), other oceanic 
(Arabian Sea (AS), Bay of Bengal (BoB), North Atlantic Ocean (NAO)) and world regions (North America 
(NAM)). Regions of interest were chosen based on the nature of emission composition from region tagged 
emissions. Region-tagged emissions of species were used including black carbon (BC), organic carbon (OC), 
sulfur dioxide (SO2), and dust (submicron) from biomass burning (BB) and fossil fuel combustion (FF) or 
industrial (IND, for SO2 only) sources, respectively. Emission data used in the present study is the same as 
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those implemented in LMDZT-GCM and as described in Verma et al. [2007]. Emission flux information for 
the tagged regions for  SO2, OC, and BC over India obtained from high resolution (0.25ºx0.25º) emission 
inventories of Reddy and Venkatraman [2002a, 2002b]. This information over Asia is from [Streets, 2003]. 
Global SO2 emissions are from EDGAR database [Olivier and Berdowski, 2001] and as that described in 
Boucher et al. [2002]. Global emissions for BC and OC are from Cooke et al., [1999]. Dust emission (split 
between submicron (used in this study as Dust) and supermicron size ranges (not used in this study)) fluxes 
are from Tegen and Fung [1995].
                   

An optimization technique called Fuzzy C-Mean clustering (FCM: Falasconi et al., 2010) was used to 
estimate the clusters of 7-day trajectory endpoints. The main principle behind this clustering technique is 
grouping the elements (endpoints) based on the similarity or Euclidean distance between centroids and the 
elements neighbouring to it. This method consisted of updating the membership matrix as well as cluster 
centroids. A probable membership values were given to each of the element (endpoint) of each cluster based 
on the distance from the respective cluster centroids. Endpoints are allotted to a cluster centroids for which the 
membership is higher. Subjective interpretation of the output of FCM clustering of back trajectory end points 
data is essential to obtain region-specific clusters.     
                   

Concentration Weighted Trajectory (CWT) 
                   

Since the trajectory analysis using this cluster analysis is limited to provide a quantitative information about 
the origin of aerosols, a receptor modeling approach such as concentration weighted trajectory (CWT: Hsu et 
al., 2003) was used to calculated probable potential source regions contributing towards aerosol loadings at 
the receptor. The concentrated weighted trajectory approach allows evaluation of the potential source areas 
based on integrating the 7-day back trajectories and measured aerosol concentration (e.g., AOD in present 
study) of the receptor station. In the CWT approach, concentrations associated with the trajectories are 
averaged to obtain weighted factors for each modeled grid cell represented as follows,

              

Figure 1: Spatial representation of (a: upper panel) frequency weighted-relative emission flux of cluster for each aerosol species 
including black carbon (BC), organic carbon (OC), sulfur dioxide (SO2), and dust (submicron) from biomass burning (BB) and 
fossil fuel (FF) sources, (b: lower panel) weighted concentration weighted trajectory (WCWT) at Kharagpur (at surface layer), 

during winter monsoon. 
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It was found from source-receptor analysis that IGP and ER clusters had a strong emission flux source (EFS) 
and contribution (EFC) potential for fossil fuel (FF) emissions of sulphur-dioxide, black carbon (BC), and 
organic carbon (OC) at both SL and EL and that for biomass combustion emissions of BC (BC-BB) and OC 
(OC-BB) at SL only. The AFR cluster had a strong emission flux source as well as contribution potential for 
BC-BB and OC-BB at Kol and Kgp EL. This cluster had also a strong source potential for dust at both SL and 
EL of Kol and Kgp; it had however a strong dust contribution potential at Kgp SL only. The NWI and WA 
clusters had a relatively medium to high EFS potential for dust but had a strong EFC potential respectively at 
Kol SL/EL and at KGP EL. Overall EFS potential was majorly from anthropogenic (dust) at SL (EL) of Kol  
and that from dust (anthropogenic) at SL (EL) of Kgp. The EFSP of FF emissions at  Kol SL was twice as 
strong as  at Kgp SL; EFSP of BB emissions was higher than FF at EL of Kgp and Kol. Method applied in this 
study to evaluate potential emission flux to Win-Mon aerosols over eastern India can further be extended to 
carry out optimisation of emissions over India focussed to improve model prediction for aerosols and their 
climate impacts over Indian subcontinent.
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Introduction
Sensitivity of absorbing aerosols in the atmosphere is of major concern over the Indian sub-continent. A 
transfer coefficient approach and thereby optimizing the emissions is a significant study to achieve optimal 
estimations of aerosols (Zhou et al., 2012). Presence of aerosols in the atmosphere causes the extinction 
(scattering and absorption) of sunlight and it leads to reducing the visibility of solar light and it offers the fog 
or haze climatic conditions. As a result, this phenomenal change in the atmosphere perturbs energy-balance 
equilibrium. The interaction of aerosols with the earth's radiation budget and climate affects both directly and 
indirectly on the atmosphere. As a direct effect, the scattering of sunlight by aerosols happens due to the direct 
intact of suns radiation with the earth owing to the reflection of light directly back into the space. As an 
indirect effect, principal amount of sunlight being absorbed or transmitted by the clouds happens, thereby 
affecting the earth's energy budget. In this study we present a brief analysis on sensitivity of absorbing aerosol 
(e.g., black carbon, BC) parameters by optimizing the emissions. 
                       

Methods
An emission optimization approach combining trajectory end-point clustering (Falasconi et al., 2010) and 
emission optimization model (Zhou et al., 2012) was used in this study to analyze the sensitivity of BC aerosol 
parameters.  This was done by optimizing the emissions of tagged regions. The objective function of present 
approach is to minimize the mean error between the measured (from Aethalometer) and predicted (from 
general circulation model (GCM) simulations) black carbon (BC) mass concentration in different receptor 
regions. In this approach, we integrated the mass concentration (M) at the receptor with the emission flux (E) 
and transfer coefficient (TC) at the source location, estimated uncertainty factor (UF) and cluster frequency 
(CF). 
                       

The aerosol mass concentration (M ) at the receptor (study) location was obtained from the continuous i

observations. We considered eight regions in this study, which are involved in the model as region-tagged 
emission sources include Indo-Gangatic plain (IGP), North-west India (NWI), Central-north India (CNI), 
North-east India (NEI), South India (SI), Africa-west Asia (AFWA), South-east Asia (SEA), and Rest of the 
world (ROW) as mentioned by Verma et al. (2007), as shown in Figure 1(a) for BC aerosol emissions. The 
annual average gridded emission inventory region was used to calculate the total emission flux (E) at each 
source region. The transfer coefficient represents the factor which is relating emissions from source regions 
and the mass concentration from receptor regions. It can be defined as the ratio of aerosol mass concentration 
(MC) to the total emission flux (E). Uncertainty factor using BC mass concentration from GCM and 
measurements and Cluster frequency using Fuzzy c-mean clustering method were estimated.  
                       

Conclusions
Source identification from FCM trajectory clustering (Kolkata) and optimization of BC aerosol mass 
concentration from the EOM approach at receptor location (in this study Kolkata) have been analyzed. 
Among two methods, one constitutes source tracking for each receptor using the trajectory end point 
information (Figure 1(c)); while the second method consists of transfer coefficient approach (Figure 1(b), 
which evaluates the source-receptor information. A transfer coefficient matrix used to represent the source-
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receptor relation was obtained through BC transport simulations in GCM. Transfer coefficient (TC) from 
south India and central-northwest India (CNI-NWI) was found to be ~57 and ~52 (> 20 i.e., mean TC) due to 
excess contribution of BC loading relative to emissions of these regions.
                       

Our analysis showed BC surface concentration estimates from GCM simulations were underestimated over 
India main-land by a factor of 3-4 (3 is taken in this study) during the winter season. Source information from 
FCM clustering revealed that Indo-Gangetic Plain (IGP) had a predominant contribution, followed by CNI 
and Africa-west Asia (AFWA), with the cluster frequency of trajectory endpoints being 80%, 10%, and 10%, 
respectively. However, this analysis indicated BC emissions over the IGP to be more sensitive in influencing 
BC loading over the study location in winter season. We could optimize the BC mass concentration at the 
receptor with a contribution from each source region (Figure 1(d). These analyses will further be used to 
optimize BC emissions over India which is expected to improve BC predictions in GCM.

Figure 1: Constraints of emission optimization approach (EOA) including (a) BC emission flux, (b) transfer coefficient, (c) 
cluster frequency, and (d) estimated BC mass concentration, for each source regions.  
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Introduction
In nuclear power plant, the heat generated in reactor core is removed by processed water called Primary Heat 
Transport system (PHT) and it transfers heat to Steam Generator for generating steam to run turbo-generator. 
The reactor core, associated piping and systems are housed in leak tight concrete building called Containment 
building. In case of severe accident, core melt occurs and this leads to release of radioactive fission products 
into containment building. Suspension of fine radioactive fission product particles in containment 
atmosphere forms nuclear aerosols. However in presence of steam, the containment is in pressurized 
conditions, which acts as a source of radioactivity release to environment by way of leakage and it poses 
major radiological hazard to the environment.
                         

Knowledge of the behaviour of the aerosol in containment is therefore necessary, in order to determine the 
source term (i.e. quantity of radioactivity release over a period of time) from containment building to the 
environment, to assess the impact of aerosol mitigation measures and to prevent/minimize radioactive fission 
product releases. The aerosol inventory in the containment atmosphere depends on aerosol released into the 
containment and aerosol removed due to deposition, gravitational sedimentation, leaks, deposition due to 
thermophoresis and diffusophoresis etc. over a period of time. In order to study the characteristic behaviour of 
aerosol, a small scale experimental chamber (1.25m x 1m x 1m), which represents a compartment of nuclear 
containment, has been designed and set up at IIT Kanpur for carrying out experiments. The dimension of this 
chamber (made up of plexiglass) is such that the time required for coagulation in dry experiments is smaller 

5 3 6 3than their settling time so that particles in the concentration range of 10 micro gm/cm  to 10  micro gm/cm  
will have sufficient time to coagulate as they settle down as the coagulation characteristic time in the particle 
range will be from 30 min to 5 hours.
                         

In this study, the aerosol behaviour characteristics such as time varying aerosol number and size distribution, 
bulk concentration and its variation along height and quantification of aerosol deposition have been studied 
for Cesium Iodide species. We have chosen Cesium Iodide as this species has similar characteristics to Cs-137 
and I-131 which pose major threat to environment in case of severe accident. 
                         

Methods
The experimental chamber is made up of plexiglass (125cm x 100cm x 100cm), however to study the 
adsorption behaviour of aerosols in different surfaces, one side of the chamber is fixed with a concrete wall 
(120cm x 40cm x 2cm) when required. Aerosol is injected through the top port with the help of an atomizer. 
Ports are given for taking sample at different locations of chamber.2 Scanning Mobility Particle Sizer (SMPS, 
TSI)and 2 Optical Particle Sizer (OPS, TSI) are connected, one set at the top port and the other at the bottom 
port. On the top of the chamber, probes of temperature and RH sensor Vaisala have been inserted.
                         

Dry aerosols were injected for a period of 1 hour (when the mass concentration reaches the typical value of 0.1 
3g/m  in case of nuclear accidents) after which initial size distribution was noted. Total sampling time was 5 

hours after which the final size distribution was noted. Figure 1 indicates the variation of bulk concentration 
of Cesium iodide particles with time. The bulk concentration increases till 60 minutes as the aerosols were 
being injected after which they are decaying due to the combined effect of coagulation and deposition. The 
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initial size distribution of the atomizer is from 14.3nm to 700nm. Around 95% of the particles are less than 1 
micron so settling has been neglected and almost 80% have size larger than 50nm, so we have neglected losses 
due to other processes like diffusion and are focusing only on coagulation.

Figure 1: Variation of bulk CsI aerosol concentration with time and height for control experiment

Figure 2: Evolution plots at the bottom port of chamber for both SMPS and OPS data
                             

Another set of experiments was done after inserting the concrete wall in order to compare the particle size 
distribution in the range 0.3 micron to 10 micron using only OPS. Aerosols were injected for a period of 15 
minutes after which they are found to decay mostly due to deposition (as coagulation is very less for these 
particle size ranging from 0.3 micron to 10 micron). Figure 3 shows the time series of particle concentration at 
both the top and bottom ports for both the experiments (using concrete wall and without using concrete 
wall).As particles coagulate, the number concentration decreases and bigger particles settle down. As a result, 
the concentration recorded at the bottom port will be lower than the concentration at the top port in both the 
cases with and w/o concrete wall. The difference between top and bottom ports is visible in Figure 3 and not in 
Figure 1 because of the different scale used for plotting data. It is observed that aerosol concentration both at 
the top and bottom ports is lower in the experiment using the concrete wall. The difference with and w/o 
concrete wall arises due to the surface properties of concrete. Concrete having higher surface roughness as 
compared to plexiglass will experience more aerosol deposition.

Effect of Wall Surface on Aerosol Characterization
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Figure 3 : Particle time series at both the top and bottom ports for experiments with and w/o concrete wall
                        

Conclusions
This study concludes that there is more aerosol adsorption on the concrete surface as compared to plexiglass 
surface. This result is important as it influences the aerosol removal in the containment in order to minimize 
the radioactive fission product release into the atmosphere.
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Introduction
The aerosols are known to play an important role in the terrestrial climate system through their direct and 
indirect influences on the radiation budget while the magnitude and sign of both effects remain highly 
uncertain (IPCC, 2007). Amongst various aerosol species, mineral aerosols are radiatively most important 
aerosol types in the atmosphere due to their widespread distribution and their relatively high optical depth 
(Sokolik and Toon, 1996). The magnitude and even the sign of the direct radiative forcing by mineral dust is 
highly uncertain (IPCC, 2007). Besides mineral dust, black carbon (BC) is another important aerosol 
component (mostly anthropogenic origin) which can act as the governing component for global warming and 
the climate forcing which is comparable to that of methane (Ramanathan et al., 2005).
                                        

In common modeling practice, radiative transfer simulations and remote sensing implementations, shape of 
aerosol is assumed to be homogenous sphere so that the classical Lorenz-Mie theory can be used. However, 
particles are found to be coated with some other chemical species during long range transport (Li and Shao, 
2009; Buseck and Posfai, 1999) where they undergo aging processes and form a hydrated shell around the 
particles. This makes the problem more complex. The coating acts like a lens and the fate of incoming 
radiation is solely governed by the refractive index of coating and core, coating thickness and core size 
(Jacobson, 2001; Bauer et al., 2007). Till date, our understanding of optical and radiative properties of core 
shell systems is limited due to certain assumptions pertaining to physico-chemical properties of core-shell 
systems. The observation of the core-shell systems and the simulation of their optical and radiative properties 
accounting for observed composition of core and shell and their sizes, is extremely limited. Optical properties 
of core-shell particle systems are found to vary based on composition of core and shell and their sizes, 
respectively (Dey et al., 2008). 
                                        

Therefore, to improve the current knowledge about such aerosol systems and their radiative characteristics in 
climate studies, to improve retrieval algorithms for aerosol for ground and satellite-based radiometric 
measurements, it is critical to use the proper scattering and absorption properties of such systems by 
accounting for their observed physico-chemical properties.   
                                        

Methods
The aerosol samples were collected on the Si-wafer from Jaiselmer (26° 55' 27" N, 70° 54' 14" E) from 16-21 
Dec, 2013. Collected individual particles were analysed for their thickness profile using Atomic Force 
Microscopy (AFM) which ensures the hydrated shell over the core. The chemical composition of core and 
shell was determined by Field Emission-Scanning Electron Microscope (FE-SEM) for various core-shell 
systems. The optics of such systems have been simulated based on observed physico-chemical properties 
using the optical code developed by Dr. W. Wiscombe, based on the work by Toon and Ackerman (1981). 
Thus modelled spectral optical properties are fed in the Santa Barbara Discrete Ordinate Radiative Transfer 
(SBDART) model (Ricchiazzi et al., 1998) to compute the dust DRF at the top-of-atmosphere (TOA), surface 
and atmosphere for shortwave (0.25–4 mm) and TIR (10.5–12.5 mm) regions. During these calculations, the 
surface albedo has been considered as that of 'desert' model in SBDART. The DRF estimations presented in 
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this work are for clear-sky condition and diurnally averaged.
Conclusions
The AFM analysis reveals the occurrence of hydrated water in shell for all the particles besides thickness 
profile of each particle. For all the particles, the core thickness was found to vary significantly. During the FE-
SEM analysis, we encountered various core-shell systems with varying shell thickness, core-shell chemical 
composition. We observed BC, mineral dust, Sodium Nitrate (NaNO3) and calcite (CaCO3) core particles 
coated with hydrated shell. Based on the aforesaid particle systems, the spectral optical properties (Single 
Scattering Albedo, SSA; Asymmetry parameter, g and Extinction efficiency, Q ) have been simulated from ext

UV to near infra-red. The modelled spectral optical properties were used to calculate their radiative impact 
using SBDART model. 
                                        

Figure 1 shows the observed core-shell system with calcite (CaCO ) core and hydrated shell (H O), 3 2

corresponding model shape (concentric core-shell system where non-spherical core has been replaced with 
volume equivalent sphere inclusion; spheroid and equivalent volume sphere inclusion with no hydrated shell) 
and modelled spectral optical properties for the considered model shapes. Here, to study the effect of coating, 
optical properties of core-shell model shape have been compared to that of non-spherical (spheroid shape) 
and equivalent sphere inclusion. It is noteworthy to mention that the equivalent sphere approximation is 
mostly used in current climatic models and in retrieval algorithms for ground and space-born observations, 
however, recent models consider spheroidal shape of particles to account for particle non-sphericity but 
consideration of core-shell system is limited. The SSA of all the considered cases is same except at 380 nm 
where effect of particle morphology is dominant for higher imaginary part of refractive index (k). The core-
shell model shape shows highest scattering because of its lowest effective “k”.  The “g” for the core-shell 
system is found to be higher due to size enhancement because of coating that diffracts more radiation in the 
forward direction and thus increasing “g” values compared to that of spheroid and equivalent sphere inclusion 
which show nearly same spectral pattern. The modelled spectral optical properties are fed in the SBDART 
model to study the radiative impacts of the considered shapes. Consideration of volume equivalent sphere (of 
non-spherical inclusion with no shell) in place of core-shell model may overestimate the surface cooling by 
40% and TOA cooling by 38% while the same is negligible compared to that of spheroid shape inclusion 
without shell. 
                                        

The optical and radiative properties of all the observed core-shell systems will be discussed in detail during 
presentation.      
                                        

Acknowledgements
The authors are thankful to Director NPL, Prof. R. C. Budhani for his consistent support for the ongoing work. 
Authors acknowledge CSIR Network Project AIM_IGPHim (PSC-0112) for the financial support. 
                                        

References
Bauer, S.E., M.I. Mishchenko, A.A. Lacis, S. Zhang, J.P. Perlwitz, and S.M. Metzger (2007). Do sulfate 

and nitrate coatings on mineral dust have important effects on radiative properties and climate 
modeling? J. Geophys. Res., 112, D06307, doi: 10.1029/2005JD006977.

Buseck, P. R. and M. Posfai (1999). Airborne minerals and related aerosol particles: effects on climate and 
the environment., Proceedings of the National Academy of Science, 96, 3372-3379.

Dey, S., S. N. Tripathi, and S. K. Mishra (2008). Probable mixing state of aerosols in the Indo-Gangetic 
Basin, northern India, Geophys. Res. Lett., 35, L03808, doi: 10.1029/2007GL032622.

Intergovernmental Panel on Climate Change (2007). The Physical Science Basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, 
(Cambridge Univ. Press, 825 Cambridge, New York).

333

Do Hydrated Lensing Play Crucial Role in Governing Optical and Radiative Properties....

IASTA , BHU, VARANASI-2014



Jacobson, M. Z. (2001). Strong radiative heating due to the mixing state of black carbon in atmospheric 
aerosols. Nature 409 (6821), 695-697.

Li, W. J. and L. Y. Shao (2009). Observation of nitrate coatings on atmospheric mineral dust particles, 
Atmos. Chem. Phys., 9, 1863–1871. 

Ramanathan, V., C. Chung, D. Kim, T. Bettge, J. T. Kiehl, W. M. Washington, Q. Fu, D. R. Sikka, and M. 
Wild (2005). Atmospheric brown clouds: Impacts on South Asian climate and hydrological cycle,  
Proceedings of the National Academy of Science, 102 (15), 5326-5333.

Ricchiazzi, P., S. Yang, C. Gautier, and D. Sowle (1998). SBDART: A research and teaching software 
tool for plane-parallel radiative transfer in the earth's atmosphere, Bull. Am. Meteorol. Soc., 79, 
2101–2114. 

Sokolik, I. N. and O. B. Toon (1999). Incorporation of mineralogical composition into models of the 
radiative properties of mineral aerosol from UV to IR wavelengths, J. Geophys. Res., 104, 9423-9444.

Toon, O. B., and T. P. Ackerman (1981). Algorithms for the calculation of scattering by stratified spheres, 
Appl. Opt., 20, 3657– 3660.

Do Hydrated Lensing Play Crucial Role in Governing Optical and Radiative Properties....

334 IASTA-2014, BHU, VARANASI



Understanding Global Aerosol Distribution Pattern Using Application of 
Aerosol Remote Sensors 
                                         

Jagdish Chandra Kuniyal, Raj Paul Guleria
G.B. Pant Institute of Himalayan Environment and Development, Himachal Unit, Mohal-Kullu, Himachal 
Pradesh, India

Keywords MODIS, AERONET, Aerosol Optical Properties
                                         

Introduction
The knowledge of spatial and temporal distributions of optical properties of atmospheric aerosols is 
important in prediction of climate ( ) and numerical weather modeling applications (

). Aerosols are the main contributors to control the energy flow within the earth-
atmosphere. As a result, aerosols potentially modify atmospheric temperature structure (

), hydrological cycle ( ), and ecosystems (
). In this context, there is an urgent need to get quantitative information on the long-term distribution 

trend in aerosol loadings. In recent years, the information about optical properties of aerosol database 
worldwide has progressed under the umbrella's of ground-based global aerosol measurement networks like 
AERONET, the space-based remote sensors namely MODIS on board of  Terra and Aqua satellites, etc. 
                                         

Data
To achieve the objectives of the present study, the information of aerosol optical depth (AOD) were collected 
from MODIS_L3 and AERONET_L2 aerosol products. MODIS is an aerosol remote sensor on board of 
polar-orbiting Earth Observing System Terra satellite launched in 1999. The monthly MODIS Collection 5.1 
(product name “MOD08_M3.051”, variable name “Optical Depth Land And Ocean Mean”) data were used 
for present scientific investigation. From the available documentation report, we found that the dataset was 
derived only from the best quality data (flagged as QA=3 in the MODIS quality assurance system) for both 
ocean and land data. The AOD data collected since its availability, i.e., February 2000 to 2007, covering the 
dataset spans 94 months. Only those AOD values are taken under present discussions which were in the range 
0-1 ( ). The AERONET program is a global network of ground-based 
aerosol remote sensors deployed for measurements of aerosol optical  properties
( ). AERONET provides globally distributed observations of aerosol optical 
properties in diverse aerosol regimes at high temporal resolution and three data quality levels: Level 1.0 
(unscreened), Level 1.5 (cloud-screened), and Level 2.0 (cloud screened and quality-assured) (

). In the present study, we used Level 2.0 daily average monthly aerosol products. In this study, we 
selected 141 AERONET stations which have data at least of minimum three years.
                                         

Results and Discussion
 shows the average distribution of global aerosol climatology during 2000-2007. The global 

AERONET AOD counted for the AERONET stations as shown in stood around 0.20±0.13. The 
MODIS AOD for entire period over land and ocean found 0.20±0.12 and 0.14±0.05, respectively. In general, 
MODIS observation has shown a large aerosol loading over land in comparison to oceanic regions. 
Interestingly, over land surface the MODIS AOD follows AERONET observations with nearly equal values. 
The pattern of aerosol climatology over oceanic regions found to be different than those of continental 
regions. The aerosol amount over the Atlantic Ocean is found high followed by Indian Ocean. The change rate 
of AOD indicates that aerosol concentrations over the Pacific and Indian Ocean are increasing slightly 
( ). The oceanic maps shows two different spatial patterns in the form of aerosol plumes emitted from 

IPCC, 2007 Kiehl and 
Ramanathan, 2006

Charlson et al., 
1992; Ramanathan et al., 2001 Ramanathan et al., 2001 Chameides et 
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continents, and aerosol patches detached from aerosol plumes. The influence of continental aerosol plumes 
found very high near the coastal region and thereafter gradually decreases with distance.

Figure 1: Distribution of mean AOD (2000-2007): (a) MODIS, (b) AERONET; change in AOD from 2000-2007, (c) MODIS and 
(d) AERONET

                                         

The deep intrusion of the Sahara aerosol into central Atlantic Ocean, which seems to extend up to the 
Caribbean, is highly documented by MODIS observations. In Asia, the most prominent aerosol plume is seen 
over the Northern Pacific, originating from northeast Asia. The most important feature of this aerosol plume is 
that it showed a rapid decrease adjacent to the China coast. The large aerosol loading can be seen over Arabian 
Sea which is one of the haziest oceanic region in the global haze map ( ) and well known for 
intense dust storm. The western Africa, Indian Peninsula, the Indo-Gangetic Basin, and East of China are 
found main hotspots in terms of the significant aerosol burden.  depicts that the concentrations of 
aerosols are decreasing in central part of North and South America, East and South Africa and Europe, while 
the concentrations of aerosols are increasing in the most parts, particularly in the Saharan region, Middle East 
Asia, North of Indian Ocean, and North-East China. The seasonal change trends of the global AOD also 
observed over some parts particularly East Asia during June-August. Consistent increases also are noticed in 
the northern hemisphere during March-May and southern hemisphere in September-November.
                                         

Conclusion
In summary, from AERONET and MODIS observations it is evident that the high amount of aerosols mainly 
found in the West Africa, East China, Middle East Asia, and the central regions of Africa, where developing 
countries are located. The decreasing amount of aerosol was found in the central and eastern North America, 
central part of the South America, and Europe. The seasonality in AOD also observed which is decreasing in 
the north hemisphere from March-May to December-February, while in the southern hemisphere it is 
increasing in the same period. Authors hope that this comprehensive study of aerosol distribution pattern will 
provide a holistic understanding of the global climate change. 
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Introduction
Atmospheric dry deposition is the process by which airborne dust particles and gases are deposited onto 
various surfaces such as vegetation (Grantz et al. 2003), water bodies and soils etc. through settling, 
impaction and adsorption. Study of such depositions and their impacts is possible by using plants as 
bioindicators which is a low cost and valuable method. 
                        

Methods
This work was focused upon biomonitoring of dustfall deposition on foliar surface of Arjun (Terminalia 
arjuna) to understand the changes in biochemical constituents of foliar at two sites in Delhi capital region. 
Dustfall deposition was collected on a 10 days exposure basis at foliar surfaces at a residential site (Jawaharlal 
Nehru University, JNU) and an industrial site (Sahibabad, SB). Atmospheric dustfall deposition was 

- - - -- + + + ++ ++
characterized for major ions (F , Cl , NO , SO  Na , NH4 , K , Mg  and Ca ). The morphology, size and 3 4

elemental composition of individual sample of foliar dust were characterized by using a scanning electron 
microscope (SEM) coupled with an energy dispersive x-ray system (EDX). The biochemical parameters viz. 
total chlorophyll, carotenoids, total soluble sugar, proline amino acid and ascorbic acid were also determined 
in foliar samples through the following method (Table 1). 
               

Table1: Biochemical parameters and their analytical method

             

Figure 1 : Dust deposition Fluxes (DDF) of major ions on Arjun (Terminalia arjuna) foliar surface at JNU and SB.
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Conclusions
-- 

The results of this study showed around 5 times higher fluxes of SO at an industrial site as compared to the 4

residential site (Fig. 1). Industrialization and high density of diesel driven vehicular traffic are the major 
sources of SO  at the industrial site. Particulate sulfate was formed as a result of the oxidation of sulfur dioxide 2

-- 
onto the foliar surface (Kulshrestha et al., 2003). It was observed that the higher fluxes of dust SO had 4

significant impact on the biochemical constituents of plants. Concentrations of proline and ascorbic acid were 
found to be higher while, lower values of chlrophyll and soluble sugar at industrial site as compared to 
residential site due to greater influence of industrial activities at SB. The study also suggested that the plants 
are effective means of pollution monitoring. 
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Introduction
Aerosols play a significant role in the Earth climate system directly by absorbing and scattering sunlight, and 
indirectly by acting as cloud condensation nuclei (CCN). Higher concentration of CCN in the air parcel 
results in small cloud droplets, thereby affecting the cloud radiative properties. This leads to reflection of 
incoming shortwave and cooling the Earth's surface (Twomey, 1974). Aerosols are the complex mixture of 
organics, inorganics, Black carbon and dust. The water uptake capacity of inorganics, single organic 
component is well understood while the properties of their mixtures need further studies (Petters and 
Kreidenweis, 2007). Understanding the activation properties of the ambient aerosols need the size and mixing 
state resolved chemical composition, which is not possible with the present level of instrumentation. Several 
studies examined the contribution of aerosol parameters like, size distribution and chemical composition or 
hygroscopicity, to CCN activity using K? hler theory. It has been found that performance of CCN closure 
study depends on how well the chemical composition mainly organics and mixing state of aerosols is treated. 
Various studies have tested different assumptions regarding mixing state of aerosols using chemical 
composition from aerosol mass spectrometer (AMS; both size resolved and bulk) either assuming all organics 
as soluble, all organics insoluble or a fixed fraction of organics is soluble (Cubsion et al., 2008). The aim of 
this study is to quantify the effect of real time soluble organic aerosol concentration and mixing state on CCN 
prediction. It appears that the closure ratio improves as the distance from the source region increases because 
the particles become more internally mixed and less size dependent.
                   

Methods
We conducted measurements of CCN, aerosol size distribution and chemical composition at SS = 0.2-1% at 
the Indian Institute of Technology Kanpur, India, in November, 2012. The main goal of this study is to 
investigate the effect of organics and their hygroscopicity on cloud condensation nuclei activity. CCN closure 
study was carried out on the basis of size distribution measured through Scanning Mobility Particle Sizer 
(SMPS) and chemical composition from Aerodyne HR-ToF-AMS, using simple K? hler theory at five 
different supersaturations (0.2, 0.4, 0.6, 0.8, 1%). The size dependence of the chemical composition and the 
mixing state (internal and external) are accounted in various ways. During the sampling period, CCN 
concentration ranged from 1500-5000 #/cc at lower SS (0.2%) while at medium SS (0.4-0.6%) it ranges from 
3000-15000 and at higher SS (0.8-1%) varies from 5000-20000. The total aerosol (CN) concentration varied 
from 7000 to 34000 #/cc (Fig.1). Diurnal variation in the activation fraction (CCN/CN) is observed with 
maxima in day time (1200-1800 hrs). In addition, both CCN and CN concentration decreased during day time 
due to expansion of boundary layer due to solar heating. Due to higher CCN loading, SS depletion correction 
has been applied throughout the sampling period (Lathem and Nenes, 2011). We have considered two cases: 
case 1 (low total aerosol loading and high O:C ratio) and case 2 (high total aerosol loading and low O:C ratio) 
for the sampling period.
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Figure 1: CCN and CN concentration (#/cc) at different supersaturations for the sampling period.
                      

In both the cases, the differences in CCN predicted and CCN measured decreases with the increase in SS. For 
example, closure ratio improved from 180 % to 50% as the SS increases from 0.2% to 1.0%, when aerosols 
were assumed to be internally mixed and composed of inorganics and insoluble organics. This can be 
attributed to less sensitivity of smaller sized particles to chemical composition. This over-prediction can be 
reduced by considering day time and night time aerosols separately during closure study. It has also been 
observed that O:C ratio increases from 0.3-0.6 during the day time due to photochemical activity and 
oxidation of organics, thus increasing the activation fraction. The effect of organics on CCN activity is 
examined using an effective hygroscopicity parameter through “ Khler theory” (Petters and Kreidenweis, 
2007). The dependence of total hygrosocpicity on O:C ratio showed that as the aerosols become more 
oxidized, their hygroscopiocity also increases. We have not observed any relation between hygroscopicity of 
organics and O:C ratio which suggests that the organic part of the chemical composition of aerosols is 
changing in a way which is not captured by oxidation of aerosols. 
                         

Conclusions
Periods with low total aerosol loading and high O:C ratio showed better closure results compared to case 2 
(high total aerosol loading and low O:C ratio) in all the scenarios considered in this study. Overall, over-
prediction is reduced in case 1 up to 81% at SS=0.18-0.60% compared to case 2. Further, incorporation of less 
volatile oxidized organic aerosols (LVOOA) as soluble organics reduced the over-prediction in case 1 and 2, 
respectively, suggesting knowledge of soluble organic fraction is important for improved closure results. 
CCN closure was found to be more sensitive to chemical composition and mixing state at lower depleted SS 
compared to higher SS. Aerosols were also found to be neutralized during the sampling period.
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Introduction
Aerosols are a subset of air pollution that refer to the tiny particles suspended everywhere in our atmosphere. 
Biogenic aerosols play important role in biosphere, climate and public health (Ariya and Amyot, 2004; Lee, 
2011). Although biological components contributes 20% load of aerosol but the biological fraction of 
ambient particulate matter can potentially influence the climate as they act as cloud condensation nuclei and 
can also cause significant health problems. Hence biological characterization of aerosols is needed and 
proposed for the study over Indo-Gangetic plain which hosts 40% of the total Indian population and common 
public are suffering from change in climatic pattern with extremely high temperature in summer, extremely 
cold in winter, reduced rain intensity and number of epidemic and endemic diseases. In present study, 
measurements and characterization of bio aerosols are carried out in ambient air of Agra over Indo-Gangetic 
plain.
                                 

Methods
The sampling of particulate matters in ambient air of Agra, the historical city of India, was carried out for the 
year 2012-2013 by using Polltech sampler using Glass fibre & Teflon filter paper. The sampling was 

-1performed for 24hours at a flow rate of about 16 L min . Biogenic components are characterized using SDA & 
NAM media. The concentration of fungal and bacterial concentrations in the air is expressed as no. of 

-3colonies forming unit per cubic meter in air (cfu m ). 
                                 

Results and Discussions
The microbial concentration is higher in PM  and lower in PM . Between microbial components,10 2.5

bacterial concentration is higher than fungal concentration. Seasonally, the highest Fungal and bacterial spore 
concentration was recorded in winter and lowest in summer. Biological concentration increased with increase 
in the level of particulate matter and there have been differences in types of species. Total Fifteen types of 
fungi are identified and three unknown species were obtaining in aerosols samples. Most observed fungal 
genera detected in the samples were of Aspergillus family. Specific identification of bacteria was conducted 
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by gram staining method, followed by microbial analysis helped to identify the different shapes of bacteria 
collected. Bacillus and Coccus were found maximally. Gram+ve bacteria contribute more than gram–ve 
bacteria. 
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Introduction
The characteristics of near-surface aerosols are very important from a geosphere-biosphere perspective due 
to a variety of reasons. These particles generally show polydispersive nature with three well-defined size 
regimes, namely, the aitken mode (diameter < 0.05 m), the accumulation mode (0.05 to 2.5 m), and the coarse 
mode (>2.5 m). Particles of different modes are significant for different phenomena (Whitby and Cantrell, 
1976; Kagawa, 1984). Aitken mode particles are important for atmospheric electricity related phenomena. 
Accumulation mode particles contribute significantly to visibility degradation and radiative interactions, 
while the coarse mode particles (as cloud condensation nuclei, CCN) are important for cloud formation. 
Higher number concentrations of submicron pollution aerosols, which are mostly anthropogenic, tend to 
decrease the cloud droplet size and may inhibit precipitation. Supermicron sea-salt particles have the 
potential to reintroduce precipitation and thereby counteract the effect of pollution aerosol. It is expected that 
the above mentioned processes may even caused changes to precipitation pattern for which the human 
civilization has been adapted from the last millennium or so. PM  and PM  are of special interest when air 10 2.5

quality and public health related issues are concerned (Berico et al. 1997). Thus, the near-surface aerosols 
have the most direct bearing on terrestrial life. Of all the three size regimes, accumulation mode particles are 
known to have the longest residence times. Their mass concentration, size distribution and chemical 
composition at any geographic location are strongly controlled by their sources, sinks, prevailing airmass 
types and meteorological conditions influence them.
                           

Every year during the winter and pre-monsoon periods Visakhapatnam (17.7N, 83.3E), a tropical coastal 
station in India, is largely affected by a regional transport of polluted airmasses from densely populated 
continent in the northern hemisphere. The lower tropospheric synoptic wind field sets up during winter 
transports the polluted haze from Indo-Gangetic Plains (IGP) up to Visakhapatnam and its environs (Rao, 
2009; Rao and Niranjan, 2012b). Aerosol component type and effective radius of this winter haze have been 
retrieved by coupling measured spectral optical depths with Mie theory, and are reported in another article 
(Rao, 2014). The present paper is concerned with near-surface aerosol mass concentration measurements 
obtained with a collocated 10-channel Quartz Crystal Microbalance (QCM) concurrent with the wintertime 
regional haze at Visakhapatnam.
                           

Experimental Data and Analysis
This work analyses near-surface and size-segregated aerosol mass concentration measurements obtained 
using a 10-stage QCM (Model PC-2 of California Measurements Inc., USA) concurrent with the wintertime 
regional haze at Visakhapatnam during the period 2002-2004. QCM is a cascade impactor that provides real-
time measurements of total as well as size-segregated mass concentration of aerosol particles in the size range 
of 0.05 to 25 m. For each stage the particle size is taken as the 50% lower cut-off diameter, which is derived 

3from the aerodynamic diameter for a typical mass density of 2000 kg/m . The lower and upper cut-off 
diameters are known for the stages 2 to 10 (nine stages), while the stage 1 has no upper cut-off; hence, mass 
concentrations obtained in those nine stages are only used for analysis. The instrument utilizes inertial 

344 IASTA-2014, BHU, VARANASI



impaction to segregate and collect particles by size and the oscillating quartz crystal mass sensor in each stage 
to report particle mass concentration. Each QCM impactor stage is equipped with two open-face quartz 
crystal mass sensors; one for particle collection and the other to nullify temperature or other common effects 
on both the crystals. A vacuum pump aspirates aerosol-laden ambient air into the system through a nozzle at a 
constant flow rate of 0.24 lit/min and it is sampled for a duration of 300 to 600 seconds depending on the 
particle load such that the frequency shift in the stages registering low mass concentration is about 5 Hz. With 
this measurement scheme, the maximum experimental error will range from 3% (for high loading stage) to 
20% (for low loading stage). The QCM is normally operated (at an altitude of about 12 m from ground surface 
and 50m above the mean sea level) to collect at least three samples per day. Considering various factors which 
contribute to the experimental error, More details of the instrument and error budget are available in literature 
(e.g., Rao, 2009; Moorthy et al. 2005)
                           

During each measurement QCM gives two direct parameters, viz., total mass concentration (M ) in the size T

range 0.05 to 25 m, and mass concentration in individual size bins (m ; i = 2 to 10). As both M  and m  are ci T ci

directly reported by the instrument, they can be directly used without any processing. A plot of the measured 
near-surface and size-segregated aerosol mass concentrations (m ) concurrent with the wintertime regional ci

haze at Visakhapatnam is shown in Figure 1. In order to carry out a quantitative study, a number of physically 
meaningful parameters are derived from the m . These derived parameters include mass concentrations of ci

submicron (or accumulated mode, M ), supermicron (or coarse mode, M ), PM  and PM ; percentage shares a c 10 2.5

of M , M , PM  and PM ; number concentrations of submicron (N ) and supermicron (N ); number-size a c 10 2.5 a c

distribution (dn/dr), and the effective radius (R ). Values of M , M , PM , PM , N , N , dn/dr and R  are eff a c 10 2.5 a c eff

estimated for each of the individual QCM measurements separately. Due to the observed large day-to-day 
variability associated with these datasets, frequency distribution histograms are plotted and analysed to find 
the scope and the most frequently occurring values of these parameters. Statistical mean percentages shares of 
M , M , PM , PM , to M  are also obtained. To bring out the mutual association between various particle a c 10 2.5 T

nd
sizes, the entire size range of QCM is divided into five typical size regimes: giant (d  = 25 to 12.5 m; 2  stage), pi

rd th th th th
large (12.5 to 3.2 m; 3  and 4  stages), coarse (3.2 to 0.8 m; 5  and 6  stages), accumulation (0.8 to 0.2 m; 7  

th th thand 8  stages) and fine (0.2 to 0.05 m; 9  and 10  stages). Due to the vastness of the content and constraints on 
article length, only significant results are depicted (Figures 2 to 4) and briefly discussed.
                           

Results and Discussion
Figure 1 shows a plot of the measured near-surface and size-segregated aerosol mass concentrations 
concurrent with the wintertime regional haze at Visakhapatnam. The data show a clear bimodal size 
distribution with a principal mode centred at 0.2 to 0.4 m, and a secondary mode centred at 1.5 to 3 m in 
particle diameter. It is also seen that the variability in mass concentration for the principal mode is high while 
that of the secondary mode is low. As the physical quantity of actual mass collected on the QCM crystal mass 
sensors is generally very low, it is not feasible to collect and preserve for the purpose of chemical analysis.

                           

Figure 1.
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A visual examination of the collected mass on different QCM stages has revealed that the mass collected on 
stages 7 to 10 (i.e., 0.05 to 0.8 m diameter) is usually dark black in colour, indicating the presence of a strongly 
light-absorbing aerosol. On the other hand, mass collected on the stages 4 and 5 (i.e., 1.6 to 3.2 m) is of pure 
white, indicating the presence of a scattering dominated aerosol. This scattering dominated secondary mode 
may be due to large sea-salt particles produced locally over the sea. This is an important aerosol component 
due vicinity of seacoast (500 m) to the measurements site. In contrast, the absorbing type principal mode 
aerosol might be due to the regional haze transported from IGP (Rao, 2009; Rao and Niranjan, 2012b).

Figure 2. Mean percentage share of aerosol mass concentrations
                           

The mean percentage share of near-surface aerosol mass at Visakhapatnam in submicron and supermicron 
size regimes (Figure 2) indicates that the share of submicron mass concentration is 71.5% while that of 
supermicron is 28.5% to the total mass concentration. Figure 3 shows the mean concentration of near-surface 
aerosol mass at Visakhapatnam in five different regimes. It is interesting to see that a major fraction ( 54%) of 
the total aerosol mass comes from the accumulation mode aerosol. The second and third larger fractions come 
from fine ( 20%) and coarse ( 15%) mode aerosol, while contributions from large ( 8%) and giant ( 3%) mode 
aerosol particles to the total mass are very less.

Figure 3.
                           

Figure 4 shows the frequency distribution histogram of R  estimated from the near-surface aerosol mass eff

concentration measurements concurrent with the wintertime regional haze at Visakhapatnam. The 
distribution appears to be symmetric with the frequently occurring values in the range 0.13 to 0.19 m, which 
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cumulatively account for 88% of the total samples. The values in the range 0.15 to 0.17 m have the highest 
frequency of occurrence ( 33% of the total samples). It is important to recall that work presented in our earlier 
paper (Rao, 2014a) for simultaneous retrieval of aerosol component type and effective radius of the 
wintertime regional haze at Visakhapatnam has yielded soot as the most predominant aerosol component type 
with an effective radius of 0.1688 m. This value of R  is in excellent agreement with the most frequently eff

occurred value of R  estimated from near-surface aerosol mass concentrations measured using a 10-channel eff

QCM for the same period of study as shown in this work.

Figure 4
Conclusions
The following conclusions may be drawn:
                           

?The QCM measured size segregated near surface aerosol mass concentration data for the wintertime 
airmasses at Visakhapatnam show a bimodal size distribution with a principal mode (absorbing type) 
centered at 0.2 to 0.4 m and a secondary mode (scattering type) centered at 1.5 to 3 m in particle 
diameter.

?Submicron aerosol mass (71.5%) has dominated over the supermicron mass (28.5%) for the wintertime 
airmasses at Visakhapatnam.

?The apportionment of QCM measured mass concentration into five standard size regimes averaged over 
the dataset indicate a major fraction ( 54%) of the total aerosol mass comes from the accumulation mode 
aerosol. The second and third larger fractions come from fine (20%) and coarse (15%) mode aerosol, 
while contributions from large (8%) and giant (3%) mode aerosol particles to the total mass are very 
less.

?R  estimated from the QCM measured near-surface aerosol mass concentration data clearly show a eff

value in the range 0.15 to 0.17 m as the most probable situation for the wintertime airmasses over 
Visakhapatnam. This value when compared with R  retrieved earlier, i.e., 0.1688 m, by us in this eff

work strongly confirms and validates the method followed for a simultaneous retrieval of effective 
radius and standard aerosol component type.
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Introduction
Being surrounded by heavily inhabited land masses, Bay-of-Bengal (BoB) experiences different types of air-
masses in different seasons of contrasting wind patterns, which makes it a region of large heterogeneity in the 
context of regional climate forcing due to atmospheric aerosols. Heterogeneity of aerosol system over the Bay 
of Bengal is mainly determined by three distinct source regions, which are east coast of India/central India, 
China/east Asia and Arabian region (Satheesh et al, JGR, 2006). Owing to its influence on Indian monsoon 
rainfall and regional climate, several attempts have been made to understand aerosol characteristics over the 
Bay of Bengal, using different means of observations including campaign mode ship borne measurements  
and regular observations from an island location at Port-Blair(Moorthy et al 2003, 2006,Sumanth et al 2004, 
Vinoj et al 2004, Satheesh 2001.). But the ship borne measurements were limited mostly to the western parts 
of BoB, the regions near to Indian landmass. Integrated Campaign for aerosols, Gases and Radiation Budget 
(ICARB) in spring of 2006 followed by its winter segment in 2008-2009, was the major attempt to examine 
the aerosol properties over BoB, inclusively with multi-instrument, multi-platform measurements including 
air-borne vertical measurements over regions in the proximity of Indian land mass. The results revealed 
presence of prominent elevated aerosol layers over BoB, off the Indian coast with 75 – 85% contribution to 
columnar AOD by aerosols above 1 km and maximum extinction between 2 km and 4 km during pre-
monsoon (Satheesh et al 2009). Combining the near surface as well as columnar aerosol measurements 
during Winter-ICARB with simultaneous CALIPSO extinction coefficient profiles, Moorthy et al (2010) 
reported significant heterogeneity in the vertical structure of aerosols over different parts of BoB. Continental 
aerosols transported through higher elevations over BoB lead to significant impacts in regional climate by 
modifying the vertical thermal structure of the atmosphere and associated circulation dynamics. In view of 
this, it is important to have a comprehensive understanding on the spatial and temporal heterogeneity of 
elevated aerosol over the BoB, and its impacts on the regional climate. 
                 

Methods
Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP) aboard Cloud-Aerosol Lidar and Infrared 
Pathfinder Satellite Observations (CALIPSO) (Winker et al., 2010) provides range resolved observations of 
global aerosol properties, which make it feasible to examine the aerosol vertical structure over large spatial 
extent with reasonable spatial resolution. The assumption of lidar ratio which demands a priori knowledge on 
aerosol type in the lidar inversion procedure, may lead to uncertainties in the retrieved parameters. In the 
present study, we use aerosol optical depth measurements at 550nm from Moderate Resolution Imaging 
Spectroradiometer (MODIS) observations, along with aerosol extinction coefficient profiles at 532nm from 
airborne Micro Pulse LIDAR (MPL) measurements and CALIPSO retrievals to examine the vertical 
structure of aerosol system over BoB in different seasons. Retrieval of aerosol extinction coefficient profiles 
from the air-borne MPL measurements is performed following the method described in Kovalev and 
Eichinger (2004).
                 

Results and Discussion
The present study examines three dimensional distribution of aerosols over the BoB and its spatial and 
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temporal heterogeneity by combining ship-borne, air-borne and satellite based measurements of aerosol 
properties. Aerosol vertical distribution is examined over different regions of BoB in different seasons using 
CALIPSO aerosol extinction coefficient profiles after normalizing them with AOD measurements from 
Aqua-MODIS observations. The methodology reduces uncertainties in absolute magnitudes of aerosol 
extinction coefficients from CALIPSO retrievals and is found agreeing better with the  profiles retrieved from 
aircraft based Micro Pulse Lidar measurements (normalized with sun-photometer AOD) when the 
normalization with MODIS AOD is performed. We consider four different regions over the BoB in the 
proximity of different source characteristics during three distinct seasons (summer monsoon season [June to 
September (JJAS)] when the winds are south westerly, pre-monsoon season [March to May (MAM)] and 
winter season [December, January and February (DJF)] when the winds are predominantly from the north-
east direction). 
                 

Fig1 shows the vertical profiles of aerosol extinction coefficient which is indicative of aerosol loading over 
four different regions (north (N), west (W), east (E), and central (C)) of Bay of Bengal during the three 
different seasons. High aerosol concentration is observed over the northern BoB at altitudes upto ~ 4 km 
during winter and pre-monsoon seasons. During summer monsoon season, no significant spatial variation is 
seen over BoB, except over eastern parts where the aerosol concentration was comparatively low. In order to 
examine the contribution of elevated aerosols to the total column loading in different seasons, fractional 
contribution from altitudes above 1km over the four regions are estimated using seasonally averaged aerosol 
extinction coefficient profiles from multiyear CALIOP observations. The results show that, over BoB, 
significant fraction of the total AOD is contributed by aerosols above the marine atmospheric boundary layer 
(MABL).Details of analysis and results will be presented.

                 

Figure 1: Aerosol extinction coefficient profiles during three different seasons over different parts of Bay of Bengal.
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Characterization and Implication of Roadside Leaf Dust Accumulated During 
the Fog Period in the Varanasi City, India
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The dust samples were collected from 50 representative locations. Locations are close to various roads within 
the Varanasi city (Fig.1). From the species of deciduous Ficusbengalensis and with sampling confined to 
branches facing the road and at a height of 5- 6.5ft above ground level. Each sample represents total mass of 
particulate matter collected from ten morphologically identical dust-loaded Ficusbengalensis leaves. The 
dust samples were stored in pre cleaned plastic dust collectors. The color, leaf area, leaf weight and length, 
mass of the dust were observed in each case. The sampling was carried out between february3 to february18. 

th thDuring this period a heavy rain were showered in 15  and 16  February .The dust samples were collected 2 
days after the rainfall assuming total washout of the pre-rain dust load.
                             

Keywords: Magnetic Susceptibility, Particulate Matter, Leaf Dust, Varanasi City

Introduction
Atmospheric dust is composite mixture of different components such as sea salt aerosol, soil-entrained dust, 
forest fire-generated smoke (from natural processes) and combustion of fossil fuels, industrial emissions and 
biomass-burning from anthropogenic activities. Fly ash, also known as flue-ash, is one of the residues 
generated in combustion, and comprises the fine particles that rise with the  (Goddu et al., 2004; Jordanova et 
al., 2006). Fly ash generated from industrial combustion processes (Hanesch et al., 2003; Yang et al., 2007) 
and vehicles generate Fe-rich particles (Gautam et al., 2005; Kim et al., 2007; Chakravorty etal., 2014) 
contains significant amount of magnetic components, being the cause of enhanced magnetization of dust and 
topsoil. 

These magnetic minerals often have a causal link with heavy metals, such as Cu, Pb, Zn, Cd and Cr (Gautam et 
al., 2005) and with organic compounds (Shilton et al., 2005). Such associations can not only be used for the 
identification of the spreading of pollutants derived from vehicular and/or industrial emissions (Davila et al., 
2006), but also facilitate magnetic measurements to serve as balancing tool for the routinely employed 
geochemical methods (Hoffmann et al., 1999; Gautam et al., 2005; Kim et al., 2007; Yang et al., 2009), which 
are known to be time-consuming, monotonous and pricey. 

In urban areas airborne Particulate matters (PM) seems to be a very serious problem. Vegetation is an 
important tool to remove particulates from the atmosphere. Several studies (Goddu et al., 2004; Shilton et al., 
2005; Kim et al., 2007; Chakravorty etal., 2014) ) also revealed that leaves are sensitive and highly exposed 
parts of a plant and may act as persistent absorbers of dust in a polluted environment. They act as pollution 
receptors and reduce dust concentration of the air. The capacity of leaves as dust receptors depends upon their 
surface geometry, phyllotaxy, epidermal and cuticular features, leaf Pubescence, and height and canopy of 
trees. However, many plants are very sensitive to air pollutants, and pollutants can damage their leaves, 
impair plant growth, and limit primary productivity.
The Varanasi city and its surrounding area are characterized by little industry but, due to more than 10 million 
inhabitants, a substantial volume of traffic exists. The present study reports the magnetic properties and their 
association with heavy metals of roadside leaf dusts collected from different parts in the Varanasi city and to 
examine the applicability of magnetic measurements for mapping urban environments within such a small 
quarter. 

Methodology
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· Measure the weight of the container up to 4 decibels as samples are very small in amount (w2).
· By subtracting with initial weight  calculate weight of the dust.(w2-w1)
· Calculate area and length of leaf from the graph paper.
· Calculate the weight percentage of leaf.
· Observed the color of dust by using Munshell color chart.
· Measure the magnetic susceptibility by help of Bartington magnetic susceptibility meter.
· Analysis of the dust by using XRD technique 

                  

Result and Discussion

The weight of accumulated leaf dust varies from place to place e.g. 
in the  Ramnagr industrial area (3mg), Kacheri (5mg), Bhikaripura (4mg) have higher amount of dust as 
compared to inside the BHU campus or Nagaon. Inside the BHU campus very less amount dust (1mg) of dust 
observed.

                             

The bulk weight of the accumulated dust loaded leaf is varied from 0.106 to 4.5 gm. The chosen 
biomonitoring sinks (F. bengalensis) show variable dust load (0.1473–4.5). In general, the leaf area is known 
to be directly. Proportional to the amount of accumulated dust .The measured leaf area of F. bengalensis 

2 2ranges between 207cm  and  92cm (Fig.2) 
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The Munshell Soil Color Charts are use for determination of color of samples. Color of road dust sample are 
mainly varies from Light olive grey 5y 6/1 to Yellowish gray 5y 7/2 to Pale olive 10y 6/2 while, leaf dust 
sample are varies from Olive gray 5y 4/1 to Moderate olive brown 5y 4/4. The magnetic susceptibility (MS) at 
low- (0.47 kHz;÷lf) and high- (4.7 kHz; ÷hf) frequencies was measured on a Bartington Susceptibility Meter 
(Model MS2B) with a dual-frequency sensor. The sensor was calibrated by using the Fe3O4 (1%) standard 
supplied by the instrument manufacturer. Percentage frequency dependent susceptibility (÷fd %) was 
calculated from the difference between the low- and high-frequency susceptibility values. Samples from the 
Chetganj area shows highest MS value while sample from the Sunderpur and other areas shows very little MS 
value.
                                         

dust samples show many minerals phases like quartz, dolomite, gypsum, kaolinite, 
plagioclse etc. Particle size analysis describes about the settling speed on the leaf.  In our sample size varies 
between10 micron to 100 micron. Particle size analysis is carried out by Malvern hydro 2000mu.
                                         

Conclusions

                                         

?These results suggest that magnetic measurements can serve as a proficient complementary means for 
the consistently employed geochemical methods to map the heavy metal pollution and trace the sources 
of pollutants in future.
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The mineralogy of the dust (non-oriented) was determined with X-ray diffractometer (Pan Analytical) with a 
Cu KÜ radiation. All samples scans were conducted from 5 to 60 at a rate of 2° min-1 divergence slit = 1°, anti 
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Introduction
Atmospheric particulate matter (PM) plays major role in cloud dynamics, climate change, health impact and 
visibility degradation (Tiwari et al. 2012). Good understanding of saptio-temporal variations of PM and their 
sink mechanisms is needed to assess their impact (Ali Kaushar et al. 2013). Continuous monitoring of PM 
both in fine (PM ) and coarse mode (PM ) is needed to understand their spatio-temporal variability. We 2.5 10

present here, the preliminary results of PM  and PM  mass concentration measurements made at a site in the 2.5 10

city of Bangalore (12°  58' N and 77°  38' E).
                                                 

Methods
An Air Quality Monitoring System (AQMS) is commissioned at a site (BMS College of Engineering), 
Bangalore under Modeling Air Pollution And Networking (MAPAN) project of Indian Institute of Tropical 
Meterology, Pune. Continuous monitoring of trace gases and PM along with meteorological parameters has 
started from the month of May 2014. The details of the instruments used in monitoring are described in Ali 
Kaushar et.al. 2013. Figure 1 shows daily variation of average mass concentration of PM  and PM  for the 2.5 10

month of June 2014.The daily average mass concentrations of PM  and PM  are found to be higher in the 2.5 10

second half of the month. This increase is much pronounced for PM . Figure 2 shows the diurnal variation in 10

the mass concentrations of PM  and PM  for the same month. Early morning and late evening peaks are 2.5 10

observed in both size categories. Latha & Badrinath, 2005 have also observed similar peaks in their PM 
observations for the city of Hyderabad.
                                                 

Conclusions
We have presented here the preliminary observations of PM  and PM  mass concentrations for the month of 2.5 10

June 2014 at the observational site in the city of Bangalore, Karnataka. Further monitoring of the mass 
concentrations along with meteorological parameters is needed to interpret the results.

Figure1: Daily variation of PM &PM  for June 2014                       Figure 2: Diurnal variation of PM &PM  for June 20142.5 10 2.5 10

1 1 1 2 2
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Introduction
Carbonaceous aerosol is a major component of atmospheric aerosol that substantially contributes to direct 
and indirect effect on global climate as well as causes adverse human health issues (Ramana et al., 2010; 
Knaapen et al., 2004). Though this important class of aerosol component has been a subject of intense 
research over the past decade, its sources, physico-chemical characteristics, distribution over spatial and 
temporal scales and formation processes remains poorly understood. This is due to large number of individual 
organic constituents, inadequate understanding of secondary aerosol formation and spatial and temporal 
heterogeneity in emission sources (Kanakidou et al 2005). Semi arid regions of western India is characterised 
with potential sources of mineral, anthropogenic and biogenic aerosol emissions. We have studied the 
chemical constituents of ambient aerosol in this region at two locations in order to characterize the 
heterogeneity in carbonaceous aerosol sources. 
                                     

Methods
Aerosol samples were collected from Ahmedabad and Jodhpur, two representative locations situated at an 
arial distance of ~360km apart in semi-arid region of western India. PM  and PM  samples were collected 10 2.5

simultaneously using high-volume samplers on quartz filters during May-June and August-September, 2011 
from Ahmedabad and Jodhpur respectively. Mass loading was ascertained gravimetrically by taking the filter 
weights before and after sampling. Elemental carbon and Organic carbon were measured using thermal 
optical method by EC-OC analyzer following NIOSH 5040 protocol. Water Soluble Organic Carbon 
(WSOC) was measured using TOC analyser (Shimadzu TOC 5000). Inorganic ionic constituents were 
measured with ion-chromatograph (Thermo Scientific, ICS-5000). An aliquot of the filter sample was 
subjected to dissolution with acids with microwave digestion system and measured for trace metal species 
using ICP-AES and ICP-MS. Overall precision of all the measurements were within ~10%
                                     

Results and Discussion
-3The average PM  mass concentration at Ahmedabad is 122 mg m , ~35% of which is PM . The 10 2.5

-3
corresponding mass concentrations at Jodhpur are 141 mg m  and 20%, suggesting a higher fraction of 
coarser mode particles at this location. Carbonaceous species at the two locations during the study period is 
depicted in Fig. 1. Carbonaceous aerosol constitutes 17% of PM  and 10% of PM  mass at Ahmedabad 2.5 10

whereas at Jodhpur these are 38% and 44 % respectively. A conspicuous difference is observed in 
contribution of coarser mode organic aerosol between Ahmedabad and Jodhpur. Dominant fraction of OC 
exists in particle size larger than 2.5 mm at Jodhpur and temporal trend is not similar to that of EC, indicating 
that there is a sustained non-combustion source for organic aerosol over this location. OC/EC ratios in PM  10

samples at Jodhpur are substantially high compared to that at Ahmedabad and reported values from Indo 
Gangetic Plain region. At Ahmedabad, predominant fraction of organic aerosol exists in PM . Water-soluble 2.5

+ +K  is typically considered as an indicator for biogenic emission of aerosol particles. The measured K  
concentrations in PM  at Jodhpur exhibit a significant correlation with OC suggesting a probable biogenic 10

source of organic aerosol at this location. WSOC is a major soluble aerosol constituent at Jodhpur. A strong 
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+association of WSOC with K  also support the possible biogenic emission of organic aerosol. Since the major 
fraction is present in coarse mode and not related to EC which is a proxy for combustion sources, the organic 
aerosol is likely to be from non-combustion sources. The temporal trend and inter-relationship of various 
chemical species indicate, bio-mass burning and fossil fuel emissions are the carbonaceous aerosol sources at 
Ahmedabad. Such contrast in size characteristics of organic aerosol between two sampling locations 
demonstrates the heterogeneity in their sources and/or formation processes that need further study for 
identification and quantification of possible unknown organic aerosol sources over this region.

Figure 1: EC and OC concentrations in PM  and PM  at Ahmedabad and Jodhpur locations during study 2.5 10

period, depicting substantially large fraction of OC in PM  at Jodhpur.10
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Introduction
Deposition of absorbing aerosols on highly reflecting surfaces (like snow or ice) significantly reduce the 
surface albedo at the visible wavelengths and result in positive radiative forcing (warming) at the top of the 
atmosphere and potential implications on the regional climate and hydrological cycle. Based on modeling 
studies, the surface darkening due to BC deposition is being increasingly projected as a major factor 
contributing to the increased snow melting over Himalayas. IPCC (2007) has reported a global mean radiative 

-2forcing of 0.1 ± 0.1 Wm  due to BC induced snow darkening with high forcing efficacy. Even though, several 
studies addressed the effect of BC on snow in Arctic and northern slopes of Himalaya, there are very little 
information on the southern slopes of Himalaya, which lies close to the Indo-Gangetic Plain (Nair et al., 
2013).

                               

Experimental Details and Data Analysis
In the backdrop of the projected climate implications of aerosol induced snow darkening, extensive 
measurements of atmospheric BC have been carried out using multi-wavelength Aethalometers from several 
Himalayan glaciers during the short expeditions and continuous long-term measurements from few selected 
high-altitude stations and a chain of observatories along the Himalayan foothill regions under the Aerosol 
Radiative Forcing over India (ARFI) project. Aethalometer works on the principle of filter based optical 
attenuation technique, which is widely accepted for measuring the BC mass concentration. Since continuous 
measurements of BC mass concentrations in the atmosphere and on the snow near the glaciers are highly 
challenging, we have used the aerosol fields and snow properties simulated by Regional Climate Model 
(RegCM), which is a limited area model developed and maintained by International Centre for Theoretical 
Physics (ICTP), Trieste, Italy.

                               

Results and Discussions
To understand the characteristics of BC aerosols near/over the glaciers, several pilot expeditions were carried 
out to western and central Himalayan glaciers during September-October period. In general, as we moved 
away from the valley and to higher altitudes, the magnitude of BC in the atmosphere decreased significantly. 
The mean background values measured at different glaciers are used to validate the RegCM simulated BC 
mass concentrations. In addition to these short period expeditions, continuous measurements of BC mass 
concentrations were carried out from three Himlayan foothill stations (Dehradun, Kullu and Nainital) and 
western Himalayan station (Hanle) and central Himalayan station (NCO-P). These observations provided the 
temporal and spatial characteristics of BC over southern slope of Himalaya. 
                               

The major challenge in assessing the impact of BC deposition on snow albedo is the lack of measurements of 
BC in snow. Due to this limitation, we have developed a size segregated deposition scheme for wet (Feng, 
2009) and dry (Yasunari et al., 2010) removal of BC aerosols. Using these aerosol scavenging schemes, we 
have assessed the mass concentration of BC aerosols on snow over different Himalayan glaciers using the 
atmospheric BC measurements and the values found to be consistent with the values reported from the 
northern slopes of Himalayas by Xu et al., (2009). The estimated amount of BC in the snow varied from 117 to 

-1 -1
1.7 µg kg  for wide range of dry deposition velocities (0.01-0.054 cm s ) of BC, snow depth (2-10 cm) and 
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-3
snow densities (195-512 kg m ).
Based on the optical and physical properties of composite aerosols measured at Hanle, clear sky direct 

-2radiative forcing (DRF) at the top of the atmosphere is estimated as 1.69 W m  over snow surface and -1.54W 
-2

m  over sandy surface during pre-monsoon season (Nair et al., 2013). Radiative implications of snow 
darkening due to BC deposition are investigated using the spectral albedo simulated by the two stream, multi-
layer Snow, Ice, and Aerosol Radiation (SNICAR, Flanner et al., 2007) model for different combinations of 
effective radius of snow grain, snow density and snow pack thickness and using a radiative transfer model 
(SBDART) for simulating the fluxes reaching the TOA and surface for pure and contaminated snow-albedo 
conditions. The diurnally averaged forcing due to snow darkening has been found to vary from 0.87 to 10.2 W 

-2 -2
m  for fresh snow and from 2.6 to 28.1 W m  for the aged snow, which is significantly higher than the direct 
radiative forcing due to atmospheric aerosols. The direct and surface albedo radiative forcing could lead to 
significant warming over the Himalayas during pre-monsoon. The warming at the top of the atmosphere due 
atmospheric BC over snow surface again reinforces the surface albedo forcing and traps more energy the in 
the earth atmosphere system. However, the large spatial and temporal heterogeneities in aerosols and snow 
properties question the representativeness of these estimates on complex and spatially wide entire Himalayas. 
                               

To address the spatial and temporal distribution of surface albedo forcing over Himalayas, we have used the 
aerosol, atmospheric and surface parameters simulated using RegCM to the SNICAR model in an offline 
mode. The amount of BC deposited to the snow surface via wet and dry deposition pathways were estimated 
for a pre-monsoon period and change in surface albedo were estimated. This output is further fed to the 
SBDART model for the estimation of diurnally averaged snow albedo radiative forcing over Himalaya. 

               

Figure 1: variation of snow-albedo radiative forcing (SARF) as a function of BC concentration in snow for different micro-
physical conditions of snow.
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Conclusions
Expeditions to Himalayan Glaciers revealed high BC concentrations in the atmosphere even during the 
summer season. Based on the measurements of atmospheric BC made at Hanle, the range of BC values 

-1
expected on snow due to dry deposition in the western trans-Himalayas would be 1.7-117 µg kg  during the 
pre-monsoon season. Over snow-covered regions, both direct radiative due to atmospheric aerosols and 
snow-albedo forcing due to BC tend to warm the TOA during pre-monsoon, while former heat the atmosphere 
and latter warm the surface, in turn adding more energy to the Earth-Atmosphere system and thus amplifying 
the snow-albedo feedback mechanism. There exist large uncertainties in the amount of BC deposited on 
snow, snow microphysical properties and BC removal through the melt water. Forthcoming campaigns under 
the ARFI project of ISRO-GBP would focus mainly on these gap areas, to gain a better picture of radiative 
implications of BC aerosols on Himalayan glacier melting.
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Introduction
Every year during the winter and pre-monsoon periods Visakhapatnam (17.7N, 83.3E), a tropical coastal 
station in India, is largely affected by regional transport of polluted aerosol from the regions of high 
population density in the northern continent. The lower tropospheric synoptic wind field sets up in winter 
transports the polluted haze from Indo-Gangetic Plains (IGP) southward up to Visakhapatnam and its 
environs (Rao, 2009, 2012b). In spite of the usual clear blue skies and clean maritime airmasses, hazy skies 
associated with higher spectral optical depths and near-surface aerosol mass concentrations have become a 
regular scenario at Visakhapatnam during wintertime. Spectral extinction measurements of ground reaching 
solar flux at a number of narrow wavelength bands in the visible to near IR spectrum were regularly obtained 
on clear and cloud-free days by a multi-wavelength solar radiometer (MWR), and spectral atmospheric 
optical depths were obtained by applying the Langley plot technique. Spectral aerosol optical depths (AODs) 
at Visakhapatnam were reported in many earlier works following the traditional method of subtracting optical 
depth contributions of coexisting gases from the atmospheric optical depth (e.g., Murthy et al. 1999). 
However, spectral optical depths obtained by these traditional works represent the entire atmospheric column 
which also includes contributions from aerosols of upper atmosphere. Thus, for a true assessment of possible 
direct and indirect effects with the lower atmospheric regional haze plumes, like the winter haze, it is essential 
to extract their spectral optical depths from the columnar values. This problem was addressed in our earlier 
article (Rao and Niranjan, 2012a), where spectral optical depths of the winter haze at Visakhapatnam were 
extracted by means of observed spectral variation of inter-channel optical depth slope. The work presented in 
this paper is anticipated at simultaneous retrieval of aerosol component type and effective radius of the 
wintertime regional haze at Visakhapatnam. Information on these two parameters is essential in (i) 
atmospheric correction of remotely sensed surface features, (ii) monitoring of aerosol sources, sinks and 
transportation processes, (iii) radiative transfer models, (iv) health and environment, (v) earth's radiation 
budget and (vi) climate change studies. The retrieval is achieved by incorporating AOD spectral curvature 
into Mie theory. The spectral ratio of extinction efficiency factors obtained for different aerosol component 
types as a function of effective radius is investigated and the results are discussed.
                                                             

Experimental Data, Computations and Analysis
A Multi-wavelength Solar Radiometer (MWSR) was installed at Andhra University (Visakhapatnam) as a 
part of ISRO-GBP project. The MWSR was designed and fabricated at Space Physics Laboratories of Vikram 
Sarabhai Space Centre (Thiruvanantapuram, India) following the principle of filter wheel radiometers. The 
instrument makes spectral extinction measurements of ground reaching direct solar radiation at 10 narrow 
wavelength bands (centered at 380, 400, 450, 500, 600, 650, 750, 850, 935 and 1025 nm) in the visible and 
near infrared spectrum. More details of measurements site, the instrument, data acquisition and analysis of 
errors are found elsewhere (Moorthy et al. 1999; Rao, 2009; Rao and Niranjan, 2012a). The spectral 
extinction data of MWSR has been analysed to obtain atmospheric columnar optical depth () at each 
wavelength following the Langley plot technique. Spectral curvature of SAWH AOD is obtained from the 
experimental data of MWSR for the wintertime of years 2002, 2003 and 2004 as described in Rao and 
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Niranjan (2012a). Here, the observed linear relation and thereby inter-channel optical depth slope (/ ) 1025

obtained for different wavelengths of MWSR interestingly establishes the spectral curvature of SAWH AOD. 
The present work utilizes these /  data as the basis, which is incorporated into Mie theory to retrieve the 1025

mentioned microphysical parameters of the SAWH at Visakhapatnam.
                                                             

Computation of Mie extinction efficiency factor for various aerosol component types requires wavelength-
dependent complex refractive indices, which are obtained from OPAC 3.1 software package (Hess et al. 
1998). These aerosol component types include water-soluble (WASO), insoluble (INSO), soot (SOOT), sea-
salt (accumulation mode, SSAM), sea-salt (coarse mode, SSCM), mineral-transported (MITR) and sulphate 
(SUSO). The real and imaginary parts of these indices are chosen for an RH of 70%, which is typical for most 
of the wintertime airmasses over Visakhapatnam. Mie extinction efficiency factor Q is computed following 
the basic algorithms and code available in literature (e.g., Van de Hulst, 1957; Bohren and Huffman, 1983) 
and the improvements suggested by Wiscombe (1996) are duly considered. The spectral profiles of Q as a 
function of R  are computed by code compiled and executed on a standard 32-bit (Windows) platform.eff
                                                             

The retrieval method relies on the fact that AOD spectral curvature is a manifestation of Mie extinction 
efficiency factor imposed by the aerosol particle to different wavelengths of incident light (see Heintzenberg 
et al., 1981; Jimenez et al., 1998). Theoretical profiles of spectral extinction efficiency factor ratios (Q/Q ) 1025

as a function of R  are obtained, and plotted as shown in Fig. 1, for the standard aerosol component types eff

reported in literature (Hess et al. 1998). The profiles of (Q/Q ) are further investigated by following 1025

constrained search in the R  range of 0.05 m to 5 m. From the spectral profile of (Q/Q ), for a selected eff 1025

aerosol component type (e.g., WASO) and a selected wavelength (e.g.,  = 400 nm), the R  corresponds to a eff

particular value of (/ ) is noted down from the plotted data. Similarly, for the same aerosol component type 1025

corresponding values of R  are noted for the remaining wavelengths, i.e.,  = 450, 500, 600, 650, 750 and 850 eff

nm also. Thus, for a single aerosol component type a set of seven different values of R , each corresponds to a eff

particular value of (/ ) and different , are obtained. This procedure is repeated for each of the aerosol 1025

component types described earlier and thus a total of seven different sets of R  values correspond to different eff

aerosol component types are obtained and listed. From this listed data, identification of the aerosol 
component type and the effective radius is done by statistical inference. The aerosol component type with a 
consolidated least spread in R  for the whole set of  values shall obviously be the closest possible match for eff

the winter haze at Visakhapatnam. Hence, statistical mean and standard deviation of R  for each of the eff

standard aerosol component types are obtained. The resulting data are plotted as shown in Figure 2.
                                                             

Results and Discussion
Figure 1 shows the computed spectral profiles of (Q/Q ) as a function 1025

of R  for the standard aerosol component types: (a) WASO, (b) INSO, eff

(c) SOOT, (d) SSAM, (e) MITR and (f) SUSO for an ambient RH of 
70%. It is clearly seen that the profiles of (Q/Q ) show significant 1025

deviations from one aerosol component type to the other. The 
deviations are prominent in number of modes, their peak amplitudes 
and the amount of smoothing due to typical refractive indices of the 
aerosol component types. Moreover, the deviations in peak amplitude 
for different sets of wavelength pairs are very prominent, particularly 
for the principal mode, which occurs for R  typically less than 1m.eff
                                                             

Figure 1. Spectral profiles of extinction efficiency factor ratios (Q/Q ) as a function of effective radius (R ) for an atmospheric 1025 eff

RH of 70% and for standard aerosol component types described in literature.
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The wintertime regional haze at Visakhapatnam under the effect of synoptic meteorology has produced a 
specific spectral signature of variable optical depths, as observed from the spectral characteristic of inter-
channel optical depth slope (/ ). Interestingly, the profile of (/ ) forms the spectral curvature of the winter 1025 1025

haze AOD (Rao and Niranjan, 2012a). For the purpose of retrieving the aerosol microphysical parameters 
which have produced the specific spectral signature of winter haze AOD, profiles of (Q/Q ) are analyzed for 1025

a close match with the profile of (/ ), which is justified theoretically. Spectral profiles of (Q/Q ) are 1025 1025

analyzed only within a constrained R  range of 0.05 to 5 m. This is due to the fact that particles of a subset to eff

this R  range (i.e., 0.1 to 1 m) are the most efficient extinction centres in the atmosphere for the range of eff

wavelengths used in this study. Further, particles of this size range are effectively removed from the lower 
atmosphere by cloud scavenging processes making spectral optical depths susceptible to large variations in 
the visible to near infrared solar spectrum.

Figure 2. The mean (spheres) and standard deviation (horizontal bars) of R  estimated for different aerosol component types.eff
                                                             

Figure 2 shows the estimated values of mean and standard deviation of effective radius (R ) for various eff

aerosol component types described in literature. It is seen from the figure that different aerosol component 
types have produced different values of mean R  and their standard deviations. Mean R  is the smallest for eff eff

the aerosol component type SOOT (0.1688 m) while is the largest for SSAM (0.5393 m). More strikingly, its 
standard deviation is the least for SOOT ( 0.0661) and is the greatest for SSAM ( 0.0934). Comparing the 
magnitudes of the standard deviation of mean R  for different aerosol component types have revealed that eff

inclusion of SOOT in this study yielded a 30% less standard deviation as compared to that of SSAM. Thus, an 
inference may be drawn from these results that the spectral curvature of winter haze AOD at Visakhapatnam is 
best represented by an aerosol made up of SOOT as the most predominant component with an effective radius 
of 0.1688 m.
                                                             

The first comprehensive study of the winter haze and its impacts on climate is based on the studies of Indian 
Ocean Experiment (INDOEX) science team of over 200 scientists from Europe, India, and USA. The team 
conducted a major field campaign during January to April of 1999 with ship, aircraft, satellite and surface 

4observations (UNEP and C , 2002). In fact, the most spectacular findings of INDOEX campaign was the 
extremely high soot content of the haze layer that extends out over the tropical Indian Ocean during the South 
Asian winter monsoon season (Ramanathan et al., 2001; Granat et al., 2002). Thus, the results obtained in this 
study are partly in absolute agreement with the findings of winter haze by INDOEX scientific team. It is also 
worth mentioning here that analysis of near-surface (12 m above the ground surface and 50 m above the sea 
level) aerosol mass-size distributions (e.g. Rao, 2009) obtained with a collocated in situ aerosol sampler for 
the same period of study has also strongly confirmed this result.
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Conclusions
The following conclusions may be drawn from the content of this paper:
                                                             

?The work presented in this paper is concerned with the retrieval of two important properties, such as the 
aerosol component type (in terms of complex refractive index) and the effective radius, of the regional 
winter haze at a tropical coastal site – Visakhapatnam – by incorporating ground-based solar radiometry 
into Mie scattering theory.

?The results indicate that the regional winter haze remotely sensed at Visakhapatnam is best represented by 
an aerosol made up of SOOT as the chief component with an effective radius of 0.1688 m, which are 
partly in good agreement with the findings of winter haze by INDOEX scientific team, and derivatives 
of collocated concurrent measurements of near-surface aerosol mass-size distributions.
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Introduction
Aerosol particles are known to take up water, altering their scattering coefficient and their direct impact on the 
Earth's radiative balance. Several studies using custom-made instruments (WetNeph; Fierz-Schmidhauser, 
2010) have highlighted the need for direct measurements of this light scattering enhancement (f(RH,ë)i) as a 
function of aerosol type (Zieger, 2013).
                                        

Method
We present the assessment of a commercially available instrument, the Aerosol Conditioning System 
(ACS1000, Ecotech). The ACS1000 provides simultaneous control of humid and dry sample channels, allowing 
comparison of the light scattering coefficients measured by two identical nephelometers (Aurora 3000, 
Ecotech). The system affords fully automatic and programmable control of sample relative humidity (RH) from  
~40% to 90%. We have compared the ACS1000 to the well characterised WetNeph system (Fierz-
Schmidhauser, 2010) over the period of one month using ambient aerosol at the SMEAR station, Hyytiälä, 
Finland as well as with laboratory derived ammonium sulphate particles. We have also determined particle 
penetration through the ACS1000 using laboratory generated particles and two optical particle size 
spectrometers (WELAS, PALAS) placed in series with the system. One WELAS was placed prior to the inlet to 
the ACS1000 and one was placed on the systems exhaust.  In addition we have tested the stability of the 
ACS1000 by continuously stepping through sample RH from 40% to 90% over a period of two months.
                                        

Results
The stability of the ACS1000 was tested over a two month period. Figure 1 shows the result of stepping RH 
through a series of set points in the humidified branch of the system whilst the dry side of the system was kept 
below 40%. As expected, the scattering coefficients increased consistently as the sample RH was raised. 

        

Figure 1: Top panel: RH measured in the Wet (green trace) and dry (purple) nephelometer. Bottom panels: Scattering coefficients 
measured in the Wet (black) and dry nephelometer (red) at the three available wavelengths.

          

Particle penetration through the system was determined by measuring the particle size distribution before and 
after the ACS1000 using two WELAS instruments. Particle loses were less than 10% for particles larger than 
600nm diameter (the smallest particles detectable using this method). Particles smaller than 600nm are less 

, ,
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susceptible to impaction so more of them are expected to penetrate the entire system. This is important given 
that it is these particles that are likely to be the most important for light scattering. 

                 

Figure 2 : Particle size distributions measured before and after the ACS1000.
                                    

The ACS1000 was also compared to the Wet-neph system (Fierz-Schmidhauser, 2010) whilst sampling 
ambient air at the SMEAR station, Hyytiälä, Finland. Each humidogram measured by both the Wet-neph and 
the ACS1000 was fitted using a gamma function (Clarke et al., 2002). Measurements of the aerosol 
hygroscopicity determined from the curvature of the humidograms (ã) agree well between the two systems 
(Figure 3). 

                 

                                    

Figure 3 : Histogram of the humidogram fitting coefficients for both the ACS1000 and the WetNeph
                                    

Both the ACS1000 and the Wet-neph system (Fierz-Schmidhauser, 2010) were setup to simultaneously 
sample laboratory generated ammonium sulphate particles and figure 4 presents the resulting humidograms 
measured by the two systems. Excellent agreement on the measured aerosol hygroscopicity was observed. 

Figure 4 : The scattering enhancement of ammonium sulfate measured by the ACS and the WetNeph.
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Introduction
In the winter season, more than half of the fine primary carbonaceous aerosol emissions are from local 
emission sources such as burning of, biomass, wood, coal, cow-dung etc. The environmental relevance of the 
carbonaceous aerosol comprises a number of important concerns, such as human health, direct and indirect 
climate forcing, and regional or National air-quality. Fine carbonaceous aerosols emitted from household 
solid fuel (Coal) combustion have been analyzed to determine the amounts of OC, EC and TC present in 
PM2.5. From these measurements, an inventory of the household solid fuel (Coal) carbon particle emissions 
to the ambient air has been created. Carbonaceous species can be characterized as elemental carbon (EC) and 
organic carbon (OC) (Lim et al., 2012). EC is exclusively of primary nature which is produced by incomplete 
combustion of fuels (biomass, fossil fuel etc). OC is directly emitted to the atmosphere mainly as primary 
organic carbon (POC) and secondary organic carbon (SOC) from various anthropogenic and biogenic 
sources and oxidation of low-volatility products produced by the oxidation of gas-phase precursors 
respectively (Alves and Pio, 2005; Moore et al., 2007).
                            

Methods
The samples were analyzed for OC and EC using a Desert Research Institute (DRI, USA) Model 2001 A 

2
Thermal/ Optical Carbon Analyzer. A 0.5 cm  punch from the filter was analyzed for eight carbon fractions 
following the IMPROVE (Interagency Monitoring of Protected Visual Environments) thermal/optical 
reflectance (TOR) protocol (Chow et al., 2004), (Chow et al., 2005). This produced four OC fractions (OC1, 
OC2, OC3, and OC4 at 120°C, 250°C, 450°C, and 550°C, respectively, in a helium atmosphere); a pyrolyzed 
carbon fraction (OP, determined when reflected laser light attained its original intensity after oxygen was 
added to the combustion atmosphere); and three EC fractions (EC1, EC2, and EC3 at 550°C, 700°C, and 
800°C, respectively, in a 2% oxygen/98% helium atmosphere).The characteristics of sampling site/study 
zone were disuse in Table.1.
                

Table 1: Characteristic of sampling site/zone of study area

452001
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Conclusions
Indoor fine particulate pollution (rural homes) has received more attentions in developing countries. This 
study presents a case study regarding the fine particulate matter (PM2.5) and its carbonaceous compositions 
(OC and EC) at residential-cum commercial area in Nagpur City, Central India. The characteristics and 
relationship of indoor fine particle and ambient fine particles containing organic and elemental carbon was 
discussed. The distribution of eight carbon fractions (OC1, OC2, OC3, OC4, OCPyro, EC1, EC2, and EC3) 
was reported in indoor and outdoor samples to interpret potential source specific carbonaceous particles. The 
thermogram of Indoor PM2.5 sample and its eight carbon fraction were shown in Fig.2. The data set can 
provide significant scientific basis for indoor air quality and epidemiology study in Nagpur City, Central 
India. In this study, indoor emissions of carbonaceous aerosol (EC and OC) in PM2.5 from household fuel 
burning (Coal) were investigated, which may be valuable in evaluating health risk and developing exposure 
assessment. The average 24 h indoor, outdoor1 and outdoor2 PM2.5, OC, EC, TC and OC/EC ratio of 
carbonaceous carbon during study period were given in Table.2. Based on these measurements, the indoor 
emission contribution to regional carbonaceous aerosol burden was roughly evaluated (Indoor penetration to 
Outdoor environment). This work provides basic information for epidemiological research for better 
assessing the relationship between indoor to outdoor exposures. It is suggested in this study that emission 
control of household fuel burning (close to source) is central to both indoor air quality benefit and climate 
change mitigation on a regional and global air quality scale.

Figure 1: The average 24 h concentration of PM , organic carbon (OC), elemental carbon (EC), (TC) at indoor, outdoor1 and 2.5

outdoor2.

Figure 2 : Thermogram showing eight fractions of Carbon in Indoor PM2.5 Sample
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Table 2: The average 24 h indoor, outdoor1 and outdoor2, PM2.5, OC, EC, TC and OC/EC ratio of carbonaceous carbon during 
study period.

3POC= Primary Organic carbon, SOC= Secondary Organic Carbon, *(µg/m )
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Introduction
While aerosol characterization over South and Southeast Asia has attracted considerable attention in the 
recent years because of the rapid development and increasing population in these regions; the Ganges Valley 
region in particular, commonly known as the Indo-Gangetic Plain (IGP), is identified as one of the hotspots in 
south Asia. A number of studies over the IGP have focused on the direct effect of aerosols. However, the 
indirect effects of aerosols are less studied and sparsely addressed over this region, which are the largest 
source of uncertainty in the forcing of Earth's climate system [Liu et al., 2014]. One of the main challenges is 
to reduce the large uncertainties involved in quantitatively connecting the chemical compositions of aerosol 
particles to their hygroscopic growth and the consequences for optical properties. From Köhler theory, it 
follows that saturation vapor pressure (SVP) decreases both with increasing size of a soluble particle (because 
of variations in the curved surface) and with increasing mass of solute [Lee et al., 2010]. Thus, aerosol size 
distribution, solubility, and hygroscopicity play major roles in complex aerosol-cloud interactions. Viewed 
against the above backdrop, collocated measurements of several aerosol parameters were made over a central 
Himalayan location, Nainital (29.2° N, 79.3° E, ~ 2 km ASL), from June 2011 to March 2012, using the 
Atmospheric Radiation measurement (ARM) mobile facility of the US Department of Energy (DOE). 
Nainital was considered the optimal experimental site in the northern part of the Indian subcontinent for 
studying the regional distribution of complex aerosol sources, their transport, and direct and indirect radiative 
forcing mechanisms [Kotamarthi and Satheesh, 2011].  The goal of this study is to gain further insight into the 
relationship between the CCN and aerosol optical properties. 
                            

Results And Discussion
Figure 1 shows the monthly variations of condensation nuclei (CN) and CCN (under all supersaturation 'SS' 
condition) concentrations in the high-altitude environment. Both CN and CCN concentrations are higher 
during the dry (RH < 65%) autumn and winter seasons compared to the highly humid (RH > 85%) monsoon. 

-3 -3
The monthly mean values are highest in March (CN ~ 3697 ± 2367 cm ; CCN ~ 1857 ± 975 cm ) and lowest 

-3 -3
in August (CN ~ 1579 ± 818 cm ; CCN ~ 684 ± 549 cm ). Interestingly, monthly mean values of CCN 
activation ratio (AR = CCN/CN) in Fig.1 also increase (> 0.54) during the dry seasons. To examine the 
activation efficiency of CN to CCN at different 'SS', we segregated the CCN concentrations in steps and 
monthly mean values are examined as a function of SS. In all the seasons, the CCN concentrations generally 
increase with increases in supersaturation, but the variation is less sharp in monsoon than during September to 
March. During monsoon, even with the gradual increase in CCN concentrations with respect to the increase in 
'SS', the variations become stable beyond SS ~ 0.4. On the other hand, CCN concentrations increase from 

-3roughly 400 to 2500 cm  during September-November as 'SS' increases from 0.1 to 0.7, while the variation lie 
-3

between 100 to 3000 cm  in December-March for the same range of 'SS'.

V. 
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Figure 1: Time series of half-hourly mean concentrations of CN and CCN, with their respective monthly variations, monthly 
mean values of the CCN activation ratio (AR) and standard deviations (vertical bars).

                           

The relationship between CCN and optical properties are examined under high (June-August), moderate 
(September-November), and low (December-March) humidity conditions. It is found that correlation 
between CCN and aerosol scattering and absorption coefficients are higher during dry autumn and winter 
season. The relationships between CCN and aerosol single scattering albedo (SSA) indicate that even 
absorbing type aerosols affect CCN significantly during dry autumn and winter. 
                           

Several earlier investigators reported that, because of their larger sizes and possible coating of organic 
compounds, biomass burning aerosols are more prone to act as CCN than the finer BC particles from urban 
activities involving fossil fuel combustion [Schwarz et al., 2008]. Although nascent BC aerosols are too small 
to contribute directly to CCN production, they eventually act as CCN after aging, when they are mixed with 
soluble components (through condensation and coagulation) and undergo photochemical oxidation in the 
atmosphere [Zhang et al., 2008]. Lammel and Novakov [1995] reported that in laboratory studies, 
condensation of water-soluble organic compounds on BC particles made them prone to activation as CCN. 
All the above factors appear to be reasons for the high AR during the dry autumn and winter. As the sources of 
absorbing aerosols at Nainital are mostly of distant origin, they would be aged and are likely to be mixed with 
other organic and/or inorganic materials originating from biomass burning, so that the mixture would 
contribute to cloud drop nuclei formation, as suggested by Lee et al. [2010]. On the other hand, mineral dust, 
which is a significant component of aerosols during spring and summer [Hegde et al., 2007], and other 
insoluble species at a given diameter would contribute less strongly to CCN activation [Pruppacher and Klett, 
1978]. However, as for BC, atmospheric processing in the presence of soluble nitrate or sulfate coatings could 
enhance the CCN activity of dust [Gibson et al., 2007]. However, these aspects remain to be fully established 
and need to be explored further.
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Introduction

Absorbing aerosols which includes black carbon (BC), organic carbon (OC) and dust play an important role

in the modification of the radiation balance of the earth atmosphere system. Of these, BC is the most efficient

light absorbing aerosol which is the strongest anthropogenic climate warming agent after CO due to its2

strong absorption along a wide spectrum of visible wavelengths. In addition to this, its inertness to chemical

reactions and fine size range extends the lifetime of BC in the atmosphere making them amenable for long-

range transport. Since most of the atmospheric BC is of anthropogenic origin, the black carbon mass

concentration (M ) is a good indicator of the impact of anthropogenic activities in a region. A systematicBC

monitoring of the aerosol absorption in the Indian region is carried out by a network of aerosol observatories

(ARFINET) making regular measurements of M from different locations of India. The present studyBC

addresses the regional differences in black carbon mass concentration and the sources responsible for the

observed differences.

Method

Near-real time measurements of spectral optical attenuation made at network of aerosol observatories

(ARFINET) using multi-wavelength Aethalometers (Magee Scientific, USA) at seven wavelengths 370(λ;

nm, 470 nm, 520 nm, 590 nm, 660 nm 880 nm and 950 nm) is used for the estimation of absorption

coefficients and black carbon mass concentration. The BC mass concentration is estimated as

WhereΔATN is the change in attenuation,Ais the spot area, Q is the flow rate, timeΔt is the interval. SGThe

(λ) From theis the mass specific absorption coefficient specified by the manufacturer as 16.6 at 880 nm.

spectral attenuation measurements, spectral values of absorption coefficients as well as absorbing Angstrom

exponent (αabs) were estimated based on Weingartner et al (2003) and Kirchstetter et al., (2004).

Results and Discussion

The scatter plot of daily mean values of M estimated for differentBC absand the corresponding values of α

regions of India from ARFINET data is shown in Fig.1. Generally, BC values are found to be high over IGP

and north eastern regions compared to central and peninsular India. did not show any significantHowever, αabs

regional variation and the magnitude generally vary between 0.9 and 1.4. The value of is a good indicatorαabs

of the sources responsible for the BC values. It is reported that the high values of α (> 1.2) is an indicator ofabs

biomass burning sources where as low values of α fuel sources. The typical values ofabs (< 1.2) indicates fossil

αabsreported in literature for different sources are given in Table-1.

Over IGP and north eastern region, BC concentrations varied from vary low values to as high as 30 µg m ,
-3

when varied between 0.8 and 1.2. Over the central and peninsular region, the BC concentrations reached asαabs

high as 20 µg m , for the same range of . This is indicative of the dominant contribution of fossil fuel
-3

αabs

combustions, in general, in most part of India. However, the higher values of BC (as high as 10 µg m ) over
-3

IGP and north east India is significant when the values of > 1.2. This is indicative of the contribution ofαabs

biomass burning aerosols over these regions, which is slightly prominent in comparison to the other regions
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of the country
Table 1 for different sources obtained during earlier studies: Values of αabs

The variation of M is thus indicative of contributions from different aerosol sources, the relativeB abswith α

abundance of which change seasonally either due to seasonal nature of the sources or due to change in the

advection pathways or both, in addition to the change in the local meteorology (e.g., wind speed,

Temperature,ABLheight etc.) at different seasons.

Figure 1: Scatter plot of M for four regions of India showing distinct aerosol properties.BC absagainst α

Conclusions

� The study of aerosol BC and their spectral absorption properties over distinct geographic regions of

India indicate that large increase in BC concentrations over distinct regions of India is mostly connected

to aerosols having -dependence, such as fossil fuel combustion aerosol sources.flatter λ

� Over the IGP and East Indian regions, contribution of biomass burning aerosols or dust is also

noticeable to the regional concentration of BC.
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Introduction

The impact of atmospheric aerosols on the earth's climate system is poorly understood, and is a subject of

considerable interest for the scientific community as well as policy makers (Kaufman et al., 2002). Studies

have shown that aerosols can also affect the atmospheric general circulation patterns (Lau et al., 2006) and

biochemical cycling (Xin et al., 2005). The Earth-atmosphere system is in a balance between the incoming

and the outgoing energy; a perturbation to which is likely to have significant implications to global climate.

Unlike well-mixed greenhouse gases, the radiative forcing due to aerosols has been difficult to define

accurately, partly because of the high spatial inhomogeneity and significant temporal variability of aerosols.

Aerosol concentration varies with geography because of different local meteorology and emission scenarios.

Since pre-industrial era, most of the anthropogenic aerosols in atmosphere have increased by more than a

factor of two due to increase in emissions from human activities , such as industrial, agricultural, commercial,

and residential. While aerosols arising from near-surface emissions exhibit large concentrations in the

atmospheric boundary layer, they can also be uplifted to upper atmospheric layers due to meteorological

phenomena such as convective activity. Further, aerosols arising from open burning activities, wild fires, and

volcanic eruptions can be injected above boundary layer. Aerosols present in elevated layers of atmosphere

have larger residence time and thereby could lead to a greater impact on climate. Aerosols generated from

different sources are distributed in the atmosphere over a wide spatial scale through their transport with air

masses. In addition, transport and stratosphere–troposphere exchange processes can result in change of

vertical variation of aerosol content. Thus, it is necessary to have information about horizontal spatial

variations as well as vertical altitude distribution variation of aerosols. Of the various factors that are

responsible for climate changes, the effect of atmospheric aerosols, both natural and anthropogenic, remains

most uncertain [Intergovernmental Panel on Climate Change, 2007].

Methods

In the current work Aerosol climatologically studies were carried out over two coastal urban locations

Kakinada (KKD) and Machilipatnam (MPTM). The locations were semi-arid coastal areas belongs toAndhra

Pradesh State located in southern part of peninsular India. Aerosol climatology over the above mentioned

stations were investigated using data retrieved by OMI satellite sensor. The results presented in this study

used available Aerosol Optical Depth (AOD), Absorbing Aerosol Optical Depth (AAOD), and Single

ScatteringAlbedo (SSA) retrieved from Level 3 0.25 x 0.25 daily gridded OMI at 388 nm for a period of nine
o o

years from 2005 to 2013. The data for this study has been down loaded from the web portal

http://disc.sci.gsfc.nasa.gov/giovanni. The daily time series of the OMI aerosol optical parameters were

obtained by spatially averaging the OMAEROe retrievals (Torres et al., 2007) over the study locations. It was

observed that stations selected for climatology studies were urban locations and hence 0.25 x 0.25 gridded

data was found suitable and selected for this study.As selected sites for this study were costal urban locations,

portion of ocean also become part of 0.25 x 0.25 satellite pixel along with urban land portion. The grid covers

area of 25 km radius area around the domain so data presented here was accountable for surface reflectivities
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of both land and ocean features. Sub pixel contamination caused by ocean water bodies modifies reflectance

reaching the sensor thereby perturb the aerosol retrievals and hence this study selected UV channel at 388 nm

for aerosol climatology.

Conclusions

During winter the occurrence of lower AOD values is high and found percentage of occurrence decreased

towards higher AOD values over KKD. Percentage of occurrence is ~14 for AODs having value 0.7 during

summer. The occurrence AOD values above 1.3 are almost negligible during summer over KKD. During

monsoon and post monsoon similar pattern observed over KKD for AOD values ranging 0.5-0.7. During

monsoon and post monsoon occurrence is ~10- 20% for AODs with values 0.4-1.0 over KKD .During winter

Bell structure with central maximum frequency distribution observed over MPTM. It is observed that AODs

with 0.5 values showed ~15 % occurrence during study period. During winter higher AODs showed

maximum occurrence while lower AODs limited to minimum occurrence over MPTM. Peak value of

occurrence shifted towards higherAODs during monsoon over KKD.

Figure 1 : Season wise Occurrence frequency distribution of the AOD's for the study period.

Figure 2 : Inter seasonal variation of mean AOD over Machilipatanam

The climatological mean values of AOD over VZM, KKD and MPTM showed an increasing trend during
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post monsoon. The mean AOD value for post monsoon observed as 0.595 ± 0.35 over VZM, 0.643 ± 0.321

over KKD and 0.710 ± 0.371 over MPTM.The climatological mean values of AOD for the study period

(2005-2013) 0.629 ± 0.3 over KKD and 0.680 ± 0.3. it is clear that mean AOD over KKD, and MPTM

exhibiting an increasing trend. From the linear least square fit the estimated increase inAOD value per year is

0.0012 over KKD and 0.016 over MPTM. Mean
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Introduction

Aerosol processes in the atmospheric system are highly complex and exhibit numerous feedback

mechanisms that vary for different aerosol constituents and even type of their mixing as internally or

externally mixed. The proper calculation of aerosol radiative feedback effects on climate requires

consideration of the location of aerosol in earth-atmosphere system as an important factor. This factor can

completely change the sign of change in planetary albedo which determines whether the net forcing is

negative (cooling effect) or positive (heating effect) (Seinfeld and Pandis, 1998). The sign of net radiative

forcing at the top-of-atmosphere (TOA) will thus depend upon the aerosol single scattering albedo (SSA) as

well as the albedo of underlying surface and the distribution of solar zenith angle, the balance between

absorption and scattering being the key. Whether aerosols are above clouds, below clouds, or within, and

furthermore are located over oceans (dark surface) or snow (bright surface) will often determine whether the

climate forcing exerts a cooling effect or a warming effect.

The Himalayan-Tibetan plateau glacier complex has significant consequences for India and many developing

nations in southeast Asia regarding water resources and security. Several recent investigations are being

carried out to examine the accelerated melting of the Himalayan-Tibetan plateau cryosphere. It is postulated

that increasing level of black carbon (BC) and other aerosols so called 'Short Lived Climate Forcers' (SLCFs)

– are the main drivers in the complex dynamics leading to the ice loss. It is required to investigate not only

surface darkening driven by light absorbing aerosols, but also the potentially greater impact of solar heating

by aerosols through the hypothesized 'elevated heat pump' (EHP) (Lau and Kim, 2006) and other mountain

processes. Atmospheric warming directly impacts regional monsoon variability, enhances glacial melt, and

alters hydrologic cycling. Recent studies have shown that aerosol interaction with the cryosphere can also

have a profound impact on the hydrologic sensitivity of the Tibetan region (Qian et al., 2011).

Furthermore, the Himalayan-Tibetan plateau is neighboring a region that includes the Indo-Gangetic plains in

south Asia; eastern China; and southeast Asia; regions known to be the largest sources for anthropogenic

black carbon. The vertical extent of the black carbon and its location above a higher albedo surface can lead to

enhanced absorption and change the sign of the forcing. Hence, it requires further investigation to determine

whether the deposition of anthropogenic aerosols exert influence on the system greater than that provided by

local and regional, or long-range transport of atmospheric aerosols. We carry out these investigations through

aerosol experiments in a general circulation model and a regional hydrologic model.

Methods

Aerosol transport simulations are carried out in a general circulation model (GCM) of the Laboratoire de

Météorologie Dynamique (LMD) at a horizontal resolution of about 0.9°x0.8°. Two sets of experiments were

carried out for the present work, where aerosols were either tagged by regions or sources. In the region-tagged

simulations, the aerosol transport and atmospheric processes are simulated for each geographical region with
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the emissions outside that region being switched off. The masked regions on the GCM zoom grid, which

include the Indo-Gangetic Plain (IGP), central India (CNI), south India (SI), northwest India (NWI),

southeastAsia (SEA), eastAsia (EA),Africa-westAsia (AFWA), and rest of the world (ROW). In the source-

tagged simulations, the aerosol transport and atmospheric processes are simulated for each of the sector

biofuel (BF), fossil fuel (FF), and natural source. The sectors for the biofuel source included wood and crop-

waste for residential cooking and heating. The sectors for the fossil fuel source are coal-fired electric utilities,

diesel transport, brick kilns, industrial, transportation, and domestic. The natural source included sulphur

from volcanic and biogenic sources, terpenes from the vegetation or natural organic matter (OM), dust from

arid regions, and sea-salt. Aerosol simulations are carried out for aerosol constituents including sulphur

dioxide (SO2), BC, OM, inorganic matter (IOM), dust, and sea salt.

Aerosol optical properties (mass extinction efficiency, single scattering albedo, and asymmetry factor) for all

aerosol species are computed using Mie theory with prescribed size distributions and refractive indices.

Aerosol optical properties for all aerosol species are computed assuming an external mixing. The radiative

code in the LMD-ZT GCM consists of improved versions of the parameterization of solar radiation and

terrestrial radiation. The model accounts for the diurnal cycle of solar radiation and allows fractional

cloudiness to form in a grid box. For each of the simulation of the region-tagged and source-tagged

experimental setup, the radiative fluxes in the shortwave spectrum (0.25 - 4.00 µm) are computed every 2 h, at

the top-of-atmosphere (TOA) and at the surface, with and without the presence of clouds, and with and

without the presence of aerosols using a double radiation call at each time-step of the model integration. The

all-sky direct aerosol radiative effects can then be estimated as the difference in radiative flux with and

without aerosols. The GCM is nudged with European Centre for Medium-Range Weather Forecast

(ECMWF) wind fields. The radiative transfer calculations are further used as an input to regional hydrologic

model.

Conclusions

Mean AOD during winter monsoon season (December-February) obtained from aerosol transport

simulations in GCM over Himalayan-Tibetan region was 0.04-0.12. About 75% of the simulated AOD was

from anthropogenic emissions and was mostly constituted of sulphate, followed by organic carbon, and black

carbon. A large gradient was seen in the spatial distribution of aerosol single scattering albedo (Fig. 1a to 1d)

between Himalayan-Tibetan region and the neighboring region of IGP; total SSA (Fig. 1a) was 0.94-0.98

over Himalayan-Tibetan region compared to 0.8-0.94 over the IGP. The lowest value of SSAover Himalayan-

Tibetan region was inferred due to emissions from biomass combustion; it was also found to be relatively

lower due to aerosol emissions originating in AFWA (0.92-0.96, Fig. 1c) and India (0.94-0.98, Fig. 1b) than

due to ROW (greater than 0.98, Fig. 1d).Aerosol all-sky radiative effects was found to be positive at the TOA

indicating the net warming effect. A strong influence of transport from far-off regions which contributed as

high as 60% of the total positive radiative effects was inferred. These radiative transfer calculations will be

used as input to hydrologic models. The sensitivity of melt rates of the frozen water storage to deposition and

potential subsequent changes in albedo, and that to radiative atmospheric heating, will be verified. Simulated

aerosol properties will be validated with those available from measurements data.
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Figure 1: Aerosol single scattering albedo simulated in GCM over Himalayan-Tibetan region due to emissions from (a) all

regions, (b) India, (c) Africa (AFWA), (d) rest of the world (ROW)
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Introduction

Atmospheric aerosol particles of biological origin are ubiquitous in the Earth's atmosphere, where they

influence the atmospheric chemistry and physics, the biosphere, the climate, and public health (Huffman et

al., 2010, 2012; Despres et al., 2012). The term 'primary biological aerosol particles (PBAPs)' is defined to

describe solid airborne particles derived from biological organisms, including microorganisms and fragments

of biological materials such as plant debris and animal dander. PBAPs can be released, both actively and

passively, from every region of the globe and they are mostly the bacteria, fungi, virus, plant fragments and

animal fragments. These microorganisms can be very numerous, contributing huge number concentrations

per unit surface area (10 - 10 cells cm ) in various natural environments (Després et al., 2012). Knowledge
4 8 -2

about the role of biological aerosols in climate and human health has substantially advanced during last

decade owing to the advancement and application of various novel techniques. However the available

information is mainly limited to the mid-latitudinal regions (Huffman et al., 2010 & 2012, Despre" s et al.,

2012, Pöschl 2010; Jaenicke et al., 2007, Frohlich-Nowoisky et al., 2009). The paucity of such studies over

the Indian region, which constitutes around 18% of the world's total population, is highly contradictory to its

importance for public health and climate especially under the light of continuously changing climate. Further,

the physical, chemical, and biological properties of PBAPs are poorly characterized over the Indian region

and that too with very traditional and limited techniques. Except that recently Aswathy et al., (2012) have

reported five months of number size distribution data of biological aerosols over the current site of study,

Indian Institute of Technology Madras (IITM). Their results have shown the strong monthly variations in the

concentration of biological aerosols and emphasized the presence of high amount of pollens in the month of

March and April. Hence, we decided to investigate if the presence of pollens on the current observational site

plays any role in causing the allergies to the residents and thus formed a basis to take up this study. In addition

the strong emphasis on the role of biological aerosols in human health has been under played in all the

reported studies. This could possibly be due to the scarcity of the systematic study about the spread of allergies

in the given set of population and the lack of an attempt to associate the allergies with presence of biological

aerosols under given environment.

In this study we present the data systematically collected over ten months from a hospital located on campus

of IITM for investigating the patterns of allergies amongst the residents.

Methods

The study was carried out at the IITM hospital located inside the Indian Institute of Technology Madras

campus (12.991 N, 80.233 E, 6m AMSL), Chennai, India. The campus is spread over 250 hectares of lush

green forest that continues to support a rich diversity of plants and animals. The basic structure and floristic

composition of the vegetation of IITM campus is similar to that of the 'Tropical Dry Evergreen Forest', a

biome that is spread across Sri Lanka, north-eastern Thailand, southwest China, Jamaica and the Bahamas.

The campus predominantly consists of nearly 432 species of plants and animals.
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Many groups of organisms such as bryophytes, fungi, spiders, insects and butterflies are likely to extend the

list of species on the campus by at the least another 500. The campus has got a human population of around

10,000 and on an average more than 40 patients visit the institute hospital daily for various ailments. The

epidemiological allergy study was performed for the patients visiting the institute hospital irrespective of any

illness over a period of 10 months starting fromAugust 2013 to June 2014 and still continuing. The study was

performed by the distribution and the collection of questionnaires, prepared specifically for this study. The

structured questionnaire requested the following information from the patients: demographic data (age,

gender, campus residence), clinical features of asthma and rhinitis (frequency and severity of the symptoms,

time of occurrence and duration of the allergies), the predominant and all the common occurrence of the

symptoms of allergy, information on the occurrence of seasonal allergies, information on the co-morbid

allergies and also on the campus specificity of the allergies. The data analysis was performed based on the

responses from the questionnaires filled-in by the patients and in certain cases by the doctors or nurses for

infants and old aged patients.

Results and Conclusions

Over the course of this study we surveyed more than 1000 patients made up of 63% male and 37% female. The

male patients were consistently more compared to female patients for the whole survey period as seen in Fig.

1. Month of April showed the maximum visits by male patients while month of March was marked by the

maximum visits for female patients.

Figure 1: Monthly statistics of male and female patients' visits to the hospital during Aug 2013 to June 2014, carried out to survey

the allergies amongst the residents of IIT Madras campus.

The normalized statistics of the male and female allergic patients out of total male and female patients is

shown in Fig. 2. It can also be seen from Fig. 2 that allergies amongst the males and females had strong

variations during the course of study. The highest percentage of allergic males and females was found in the

months of April (~60%) and March (~19%) respectively. In general the presence of allergies was found to be

less in the females. Since no separate data is available about the indoor and outdoor allergies it is difficult to

conclude if being indoor that prevents one from getting allergies; under the hypothesis that females are

spending more time indoor for this case study.

The observed data was further classified in to three different categories viz., children (1 – 10 years),

adolescent (11 – 20), and adult (>20). Nominally adults contributed on average around 60% of the total

patients visited the hospital with adolescents contributing around 38% and children with rest 2%. The number

of adults visiting hospital dropped down the average in the month ofApril which was marked by an increase in

above average visit by adolescents (Fig. 3).
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Figure 2: Monthly variations in the fraction (in percentage) of allergies and non-allergies observed amongst the male and female

patients.

As illustrated in Fig. 3 except for few months like Dec, Feb, and Mar the visits by children to the hospital could

not be recorded in our survey. This, however, does not mark the absence of allergies or visits to the hospital by

children for some other treatment.

Figure 3: Monthly variations showing the percentage of different age groups made visit to the hospital. The groups were

categorized as children (1 – 10 years), adolescent (11 – 20), and adult (>20).

Amongst the different groups surveyed for the possible allergies it was observed the percentage of the allergy

was high amongst the children (Fig. 4). 40% of the total children surveyed were found to be allergic, which

could be attributed to under development immune system or vulnerability to different pathogens causing

allergies. This statistics, however, could also be due to the poor statistics associated with the collection of the

data for this age group. We, intend to further strengthen our statistics for this age group in the coming days by

taking special measures.

The observations were further studied for three different seasons. Summer (Feb – May), Monsoon (Jun –

Sep), and winter (Nov – Jan). The allergy cases were seen to be the maximum during the winter season

followed by the summer and the monsoon season as seen in the Fig. 5. It was seen that the allergic people were

having the predominant allergic symptoms like itchy eyes (27.8%), running nose (26%), nasal congestion and

sneezing (22%) and skin rashes (16.2%) without the condition of 'cold'.Also 6% of the allergic population has

said that they have all the symptoms together during the winter season and to some extent in the summer

season. Patients have also reported that their symptoms lasted from hours (29%) to weeks (16%). Some have

also reported that their allergies have become a chronic problem (12%) after becoming long-term residents of

the IITM campus.
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Figure 4: Fraction of allergic patients surveyed and categorized as three different groups mentioned above.

The results obtained from this study and as reported by Aswathy et al., (2012) establishes a convincing link

between the allergies and the bioaerosol exposure as maximum of the allergy cases have been reported in the

seasons when the bioaerosol release and concentration is believed to be high. However, these results are of

very preliminary in nature and require further investigations. These investigations should include all

embracing study of bioaerosols investigating physical, chemical, and biological characteristics. We have

already undertaken the sampling of bioaerosols at this site to investigate and characterize the diversity and

seasonal variations of bioaerosols in the particulate matter by DNA extraction, SEM analysis, and online

measurements of number size distribution.

Figure 5: Seasonal variations in the total number of patients who visited hospital (blue), allergic (red), and non-allergic patients.
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Introduction

Aerosols are liquid or solid particles suspended in air. They are present every where and they manifest

themselves as dust, smoke, haze etc. Origin of aerosols can be anthropogenic as well as natural.

Anthropogenic aerosols are mainly from combustion process, agricultural burning and industrialization. Sea-

salt and dust are the major contributors to natural aerosols. The absorption and scattering of both solar as well

as terrestrial radiation by aerosols is known as direct radiative forcing. Radiative properties as well as the

formation of clouds are influenced by the chemical and micro-physical properties of aerosols. This is indirect

effect. To study the aerosol distribution, concentration and their nature, continuous long term observation

from satellites, ground based measurements and field campaigns are required. This is a very crucial input to

modelling of aerosols in climate models. In addition to climate modelling, nature of aerosol optical depth over

astronomical sites is also a very important parameter to be known, as aerosols are a major contributor to the

atmospheric transmission function. Aerosols affect astronomical observations by scattering the photons

(Mie scattering) emitted by the celestial sources. Thus, a precise characterization of aerosols over

astronomical sites is very important. In this study, we present the results on aerosol optical depth (AOD) over

two astronomical sites in India, namely Nainital and Hanle from CloudAerosol Lidar and Infrared Pathfinder

Satellite Observations (CALIPSO) data.

Methods

We have selected two astronomical sites that are located in the northern part of India for this study. They are

Hanle (longitude = +78º57.9', latitude = +32º46.8' and altitude = 4467 m above mean sea level) and Nainital

(longitude = +79º27.4', latitude +29º21.7' and altitude = 1927 m above mean sea level). A 2 m Himalayan

Chandra Telescope, an optical/IR observational facility is functional at Hanle and is operated by the Indian

Institute ofAstrophysics (IIA), Bangalore, whereas in Naintal a 1 m optical/IR telescope is being operated by

the Aryabhatta Research Institute of Observational Sciences (ARIES), Nainital. The data for this study is

taken from the satellite CALIPSO launched in April 2006 (Winker et al 2006, 2007) and acquired by it over a

150 km radius centred onto the location of the two sites selected for this study. This space experiment provides

information on dust aerosols their role on climate and radiative effects. The primary payload of this mission is

CALIOP, the IIR and wide field camera .CALIOP gives vertical profiles of elastic backscatter at two

wavelengths (532 nm and 1064nm) from a near nadir viewing geometry during both day and night phases of

the orbit. Further details regarding the CALIPSO satellite, measurements data and analysis and uncertainty

can be seen in Winker et al. (2007, 2009). For this work we have used data from CALIPSO covering over a

period of 8 years during 2006 – 2013. The data used covers data provided by the satellite for both day and

night.

Pre-processing of the acquired data was first carried out to screen the data for the presence of clouds. Using

the clean data set AOD is estimated month wise as well as for winter (October to April) and summer (May to

September) months. We present here the analysis carried out at 532 nm only.
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Results and Discussion

The monthly average AOD using all the data from 2006 to December 2013 for both Nainital and Hanle are

shown in Fig. 1 and 2 respectively. Low AOD is found in Hanle compared to Nainital, which is logical to

expect due to the high altitude of Hanle compared to Nainital. During summer months the average AOD at

Nainital can reach values as large as 0.20. At Nainital, night times have relatively low AOD compared to day

time. Again AOD at summer months is relatively larger than that during winter months at Nainital. This may

be due to the increased aerosol loading in the atmosphere during summer months (Sagar et al .2003). Hanle

has the lowest AOD with values ranging between 0.02 to around 0.10. Again at Hanle, the AOD during day

time are larger than that during night times. The annual seasonal variations of AOD for both Hanle and

Nainital are given in Table. 1

Figure 1: Average monthly variation of AOD over Nainital at 532 nm using the data acquired during 2006 – 2013. The top panel

is for night time and the bottom panel is for day time. This is based on the data acquired by CALIPSO within 150 km radius of

the location of Nainital.

Figure 2: Average monthly variation of AOD over Hanle at 532 nm using the data acquired during 2006 – 2013. The top panel is

for night time and the bottom panel is for day time. This is based on the data acquired by CALIPSO within 150 km radius of the

location of Hanle.
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Table 1:Year wise statistics of AOD over Hanle and Naintal for summer and winter months.
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Introduction

Radon and its daughters have been used as a natural tracer for studying transportation and diffusion of air

masses in the atmosphere, estimating equivalent mixing heights and dispersion characteristics of the

atmospheric pollutants. Radon is a radioactive Noble gas and formed during the decay of radium.Apart from

its gaseous nature, its progeny are particulates and also radioactive. In addition, the radon uses its physical

properties to spread like gases do and its progeny to spread or attach like aerosols or dust particles in the

atmosphere. It leads to the formation of natural radioactive aerosols as a result of the decay of radon isotopes

into the air. The composition of radioactive aerosols depends on their origin and on atmospheric conditions.

Since systematic studies on radioactive aerosols and associated meteorological parameters were limited and

there is a need for a detailed study aimed at establishing the baseline data on outdoor radioactive aerosol

concentrations, its relation with meteorological parameters and major application as tracer for atmospheric

turbulence in the atmosphere.

Methodology and StudyArea

TheAlphaGUARD PQ-2000 PRO gives the activity concentrations of Rn and dose rate. This is a portable,
222

battery operated, continuous monitoring unit and incorporates a pulse-counting ionization chamber viz., 3D -

alpha spectroscopy that can be operated in either diffusion or flow modes. In the present study, measurements

were made in diffusion mode with a sampling rate of 10 minutes at a height of 1m. The AlphaGUARD also

measures and records ambient temperature, relative humidity and atmospheric pressure, simultaneously.

However, radioactive aerosols were measured using Alpha Progeny Meter and it works on similar principles

as other active radon progeny monitors. Here, the aerosol-transported radon progenies were continuously

sucked by a small pump and intercepted on to a special glass micro-fiber filter paper (Whatman GF/A) with

retention efficiency more than 99%. The alpha particles emitted by the filter surface are counted by a detector

unit. Based on the flow rate and number of pulses registered during the each cycle, the radon progeny

concentration was estimated.

The observations were performed at the National Atmospheric Research Laboratory (NARL), Gadanki, a

rural place about 35 km from Tirupathi. The station is surrounded by hills with a maximum height of 400 m

and the station is at a height of 375m above MSL. Local topography is complex with a number of small

hillocks and an irregular mixing of agricultural area and small population centers.

Results and Discussions

Airborne concentration of radon and its progeny vary show both temporal and spatial variations, i.e., having

variations from time-to-time as well as from place-to-place. The atmospheric concentrations of Rn and its
222

progenies at the ground level are governed by its exhalation rate and atmospheric diffusion that depends on

prevailing meteorological conditions. As temperature inversion occurs in the atmosphere, radon and its

progeny concentration will vary accordingly and show diurnal variations (Nagaraja et al., 2003). Hence, the

diurnal variation of radon and its progeny in air are measured along with the ambient temperature, humidity,

pressure and dose rate and presented for typical days in Figs.
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Figure 1: Diurnal variation of activity of radioactive aerosols along with radon, ambient temperature, relative humidity,

pressure and dose rate for a typical days on a) 25 Feb 2012 and b) 4 Oct 2012. Solid line indicates running average and thin line

for the continuous data

From the figures 1(a) & (b), it can be observed that the activity concentration of radioactive aerosols and

radon concentration show maxima during the nighttime and early morning hours. The activity starts to

decrease after sunrise, reaches minimum during afternoon hours and thereafter it increases.

The diurnal variations in radioactive aerosols and radon concentration are universally ascribed to variations

in atmospheric stability (Hoppel et al., 1986 & Porstendorfer, 1994) and are due to changes in the eddy

diffusivity in the boundary layer. Early morning atmospheric temperature inversions lead to an extremely

stable atmosphere. This restricts the vertical turbulent mixing which leads to relatively higher near ground

level radon concentrations (Nagaraja Kamsali et al., 2011). After sunrise, solar radiations warm the lower

atmosphere, breaking up the inversion leading to a substantial decline in concentration. Concentrations

remain low until late afternoon when radiant cooling of the surface leads to increase in atmospheric stability

and a corresponding increase in radon concentration. It is also seen from the observations that there the

concentration of radon shows positive correlation with the humidity. However, there is an anti-correlation

between radon and ambient temperature indicating their incoherence. The accumulation of concentration is

usually associated with periods when wind speed is low and atmosphere is stable. The low winds and

atmospheric stability are probably the most important factors resulting in increased concentration of radon

(Nagaraja et al., 2006).

The behavior of activity concentration of radon and radioactive aerosols with meteorological parameters

during atmospheric instability is shown in Fig 2. The variation of radon, its progeny, dose rate and relevant

meteorological parameters are shown for December 2012. It is evident that the concentration and met

parameters have their usual trend during 1-2, Dec 2012 before the occurrence of event and reduced during the

event from 3-7, Dec 2012, and there after the regained its original behaviour during 8-9, Dec 2012. The

magnitude of correlation is more during normal days compared to the disturbed weather conditions. The

rainfall started by the later noon hours on 2 Dec 2012 and the concentration shows very significant signature
nd

by the decrement. From 8 Dec 2012, the parameters regained their variability. before, during and after the
th

event are plotted in Fig. 3.

Figure 2 : Variation of radon, progeny, meteorological parameters and dose rate for the period of occurrence of rainfall over the

site of observation. Solid line indicates running average and thin line for the continuous data
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Figure 3: Continuous variation of activity of radon, progeny and rainfall during 1-9, December 2012

From the Table -1, it is evident that before event the activity concentration and temperature have anti-

correlation and during the event it reduces by 1/3 of it and regains its value after the event. Similarly there
rd

correlation between radioactivity and relative humidity before and after the event, whereas no correlation

during the event. During precipitations, the relative humidity was saturated and of no considerable variations

in the concentration.

Table 1: Correlation coefficients of the activity concentration and met parameters

Hence, the trends in radioactivity act as a possible tool for the short-range (6-hours) prediction of weather

events such as rainfall and cyclones. The extent of prediction needs enough data base.

Conclusions

In the Earth's atmosphere, the activity concentrations of radon and its progeny were measured using

AlphaGuard PQ-2000PRO along with the meteorological parameters at a continental location, Gadanki,

India. The concentrations show maxima during nighttime and in the early morning hours when the turbulence

mixing is minima; whereas in the afternoon the turbulence mixing is maximum concentrations exhibit

minima. It is also evident that before and after the event, the radioactivity and temperature have anti-

correlation and during the event it reduces by 1/3 of its original value. Similarly there is positive correlation
rd

between radioactivity and relative humidity before and after the event, whereas no correlation during the

event. During precipitations, the relative humidity was saturated and of no considerable variations in the

concentration. It is summarized that the radioactivity measurements can be used as tracers to predict the

possible occurrence of any of such events in advance.
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Introduction

The atmospheric aerosols are of major concern for weather prediction and health, but records of global aerosol

distributions have only become available in the last decade from dedicated satellite observations such as

MODerate resolution Imaging Spectro-radiometer (MODIS) and the Multiangle Imaging Spectro Radiometer

(MISR). The radiance or reflectance data collected by currently operational passive remote sensing instruments for

aerosol retrieval are at the atmospheric window channels in the visible spectrum and they offer little information on

aerosol vertical distribution beyond the retrieval of columnar properties such as aerosol optical thickness. In the

near UV spectrum, the slope of the reflectance is regulated by height-dependent Rayleigh scattering and aerosol

absorption, and this relationship can be used to estimate the centroid height of absorbing aerosols. However, such

an algorithm requires a priori information on aerosol single scattering albedo to infer AOT, and it lacks sensitivity

to changes in lower tropospheric aerosol mass. With very few observational constraints on aerosol vertical

distribution, studies to date have had to use chemistry transport models to interpret the 2D satellite information of

either AOT into the 3D aerosol fields. A common practice so far has been that the simulated aerosol mass at each

vertical layer in a model grid box is updated by a scale factor that is the ratio of spatiotemporally-collocated AOT

values from the model and the satellite retrieval algorithm (Liu et al., 2007). Resultant surface aerosol

concentrations generally show better agreement with ground-based counterparts than those obtained without

applying the scale factor, highlighting the value of the satelliteAOT for the remote sensing of air quality.

Globally, the atmospheric aerosols have increased significantly in the last few decades due to population growth,

energy demand, forest fires, industrial growth, changes in land use/land cover and anthropogenic activities. The

effect of increasing atmospheric loading is being felt by people living in the region directly and indirectly locally

and also globally. The increasing pollution has found to affect the hydrological cycle, agricultural productivity,

climate and weather conditions and also the snow cover and glaciers of the Himalayan region. In this regard, an

effort is made to study the influence ofAOT on the atmosphere and on clouds. In this paper, focus will be mainly on

a comprehensive evaluation of Terra and Aqua MODIS spectral aerosol optical thickness, which is the most

important parameter from which others can be derived.Another major aspect of this study is to use the opportunity

afforded by the availability of aerosol data from Terra and Aqua to study the patterns of aerosol distribution in the

morning and afternoon. One has to think of why are these aerosols important? The reasons are as follows: aerosols

scatter and absorb sunlight, and thus can cool or warm the surface and atmosphere leading to the estimation of

energy budget, as nucleation centers, aerosols can change the drop size distribution within clouds, affecting cloud

reflectance and lifetime, thereby controlling the microphysics of clouds, fine particles penetrate lung tissue and

affect respiratory function lead to several health problems, even high altitude aerosol plumes affect aircraft which

has aviation hazards, also it acts as an index of air pollution, forecasting of weather, dynamics of the earth's

atmosphere.

Methodology

The Moderate Resolution Imaging Spectroradiometer (MODIS) instruments on board the Terra and Aqua

platforms provide nearly daily global coverage of key atmospheric and land surface parameters. Retrievals of

aerosol optical depth (AOD) by MODIS are 25 the most commonly used of any satellite AOD product. Although

MODIS is technically a research instrument, its use in operational applications is increasingly widespread. The

MODIS Collection 5 aerosol product at 10×10 km resolution from the Terra and Aqua satellites, which are polar-
2
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orbiting satellites, cross the equator during the daytime at approximately 1030 (morning) and 1330 (afternoon)

local time (LT), respectively. Radiance data are acquired by MODIS in 36 spectral bands, spanning 405–14,385 nm

wavelengths, which range from the visible (VIS) through the near-infrared (NIR) and midinfrared (MIR) up to the

thermal infrared (TIR) regions of the electromagnetic spectrum. They are acquired in one of three spatial

resolutions at nadir: 0.25 km (bands 1–2: VIS), 0.5 km (bands 3–7: VIS-MIR), and 1 km (bands 8–36: VIS-TIR).

MODIS data are being used operationally to generate a variety of geophysical parameters employed in monitoring

the Earth's lands, oceans, and atmosphere.

ResultsAnd Discussions

The effect of aerosols on weather and climate has an important role since they alter the radiation balance of the

earth-atmosphere system considerable and reduce amount of solar radiation reaching the ground

(Intergovernmental Panel on Climate Change, 2007). The spatial and vertical distribution of aerosols and their

absorptive and reflective properties also influence atmospheric circulation patterns, cloud formation and

hydrological processes. Therefore, monitoring the spatial distribution of aerosols and their properties is critical for

climate research, and for validating the performance of dust models in higher-resolution mesoscale models.

Although several hundred Aerosol Robotic Network (AERONET) measurements are available around the world

that routinely provide aerosol optical thickness data (Holben et al., 2001), satellite remote sensing provides far

more complete global coverage.

The quality ofAOT data retrieved operationally from the MODIS sensors aboard the Terra andAqua satellites from

2000 to 2013, 14-years data were evaluated thoroughly for the grid 6N to 22N and 68E to 90E covering Peninsular

India, Arabian Sea and Bay of Bengal. The subgrids were made for 2 x 2 degrees and scanned the information for

88-sub grids. The area-averaged time series of AOD from Terra/Aqua for the said region is observed and analyzed

and is found that AOTs were maxima in June and July months compared to other months of any of the year.

Maximum AOT is observed for the shorter wavelength than for the longer wavelengths. Higher concentrations

were observed during summer and monsoon seasons compared to winter and post-monsoon seasons.

Figure 1: Monthly variation of Aerosol optical depth at 555 nm from Aqua/Terra for the duration from January 2000 to December

2013 for the region 68E-90E and 6N-22N

Vinoj et al. (2004) observed large AOT variations in contrast with the summer monsoon over Bangalore and

reported that in monsoon season rainfall is widespread and consequently the entire region is depleted in aerosol

loading. This is in contrast to isolated rains where the wash out is only local and will be replenished soon by

transport of aerosols (mostly sub micron in size and are long-lived) from nearby regions, which are not affected by

rain. However, during monsoon, aerosols over a very large area are affected and hence AOD remains low for three

Aerosol Optical Thickness over Peninsular India
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to four months. Sub micron aerosols (which are several orders of magnitude larger in number compared to super

micron aerosols) are mostly affected by rain (and hence theAODs at shorter visible wavelengths). Thus if there is a

local rainfall deficiency, there will be a large increase in theAODs at shorter visible wavelengths. The super micron

aerosols (which influence the AODs at near IR wavelengths) are more localized and short-lived. The regional

meteorology of southern Asia is dominated by the Asian monsoon circulation is discussed in detail by Lawrence

and Lelieveld (2010). The monsoon meteorology can be broken down into three basic periods such as the summer

or southwest (SW) monsoon, the winter or northeast (NE) monsoon, and the Monsoon Transition Periods (MTP).

The torrential rains of the Asian summer monsoon are well known, for example, Cherrapunji in eastern India

receives almost 12m of rain per year. Every summer, steady onshore winds bring air from the ocean over the

continent, which has been heated by the tropical overhead sun. The moist, hot air in the surface layer rises, due to

buoyancy as well as orographic forcing over features such as the Western Ghats Mountains at the Indian coast. The

rising air cools, causing water to condense, forming cloud droplets and heating the air masses due to the enthalpy

(latent heating) of condensation, which reinforces the buoyant rising motion. This result in moist, deep convection,

in which the air parcel can ascend several kilometers in the cores of cumulus convective towers, often reaching and

sometimes even penetrating the tropopause. The lofted air then spreads out, forming massive cirrus anvil clouds

which can be clearly seen as a major feature of the region in satellite images. Deep convection can build up to

virtually explosive energies, with updraft speeds in this region often exceeding 1 m/s, and sometimes exceeding 10

m/s, and can transport largely intact air parcels from the surface to the Upper Troposphere (UT) in less than an hour.

Once the air reaches the UT, it typically encounters much faster winds than those which are found near the surface.

During the summer monsoon, the most frequent intense convection is found in the ITCZ, where air masses from

the northern and southern meteorological hemispheres converge. Throughout most of the world the ITCZ is

located within a few degrees of the equator. Over Asia in summer, in contrast, it is generally located between 5N

and 30N, directly over many of the highly populated and polluted regions of southern Asia. During the winter, the

ITCZ migrates south with the solar heating, and is typically found between about 5S and 15S. The wintertime

winds over much of southern Asia are generally from the NE to the SW, with some exceptions, especially the

easterlies over central India, and the northwesterlies near the Himalayas. This period is known by various terms,

including the “northeast monsoon”, the “winter monsoon”, or alternatively the “dry season”. There is little rain or

deep convection over southern Finally, during the MTP (around May and September), the ITCZ moves tens of

degrees to the north or south over a period of several weeks, the meridional monsoon winds weaken, and strong

zonal winds transport emissions fromAfrica and southeastAsia over the central Indian Ocean. More detailed study

is required and the results are discussed in detail.
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Introduction

Air pollution is of great concern in many countries globally due to its potential impact on health and

environmental quality. Amongst air pollutants, particulate matter (PM) is of great concern due to their

impacts on visibility, climate change and human health (Ghio and Devlin et al., 2001). The impact on human

health is mainly associated with inhalation of small sized particles of atmospheric aerosols. Specifically, a

number of epidemiological and toxicological studies revealed that PM mass of coarse particles with diameter

lower than 10 μm, (PM10) have a variety of adverse effects on human health, including both respiratory and

cardiac diseases (Kuo et al., 2002). Atmospheric particulate matter (PM) is made up of solid and/or liquid

particles (except pure water) of various sizes and compositions, including mineral dust, metals, metalloids,

sea salts, ammonium nitrate and sulfate, organic compounds, elemental carbon, etc. The relative abundances

of these atmospheric components in particulate matter are temporally and spatially highly variable. Some of

them are directly emitted into the atmosphere by both natural and anthropogenic sources (primary particles),

while some others are the result of homogeneous or heterogeneous nucleation and condensation of gaseous

precursors (secondary particles). The PM can have different sources according to their size, for fine particles

(particles with aerodynamic diameter 2.5 μm) they can be emitted primarily (such as diesel soot), or formed≤

secondarily from gaseous precursors by nucleation and/or condensation on existing particles

(Finlayson–Pitts and Pitts, 2000). The coarse fraction (particles with aerodynamic diameter 10 ) is also≤ μm

primarily emitted by mechanical processes (such as mineral dust and sea spray). Coarse secondary particles

may also be found due to chemical interaction of gases with primary particles of crustal or marine origin.

Several chemical components, including specific elements found in particulate matter, have been implicated

in a variety of cardio-respiratory illnesses associated with exposure to urban air pollution (Schwartz al.,

1996). It is therefore not surprising that research on particulate air pollution, on spatial distribution and

characterization and of source, has gain momentum in the last decade across Asia. For this purpose the

elemental characterization of PM particles is of great importance. Elements in the coarse particles (PM )2.5–10

are mainly associated with natural sources (Sahu et al., 2004). Chemical analysis of airborne particulate

matter can also assist in source identification, since a number of sources can be characterized by their ionic

composition.

Ajmer is the economic and cultural city with an Ajmer District has an area of 8,481 km² and a population of

2,584,913 (2011 census). During the past two decades, the increases in an industrial and agricultural

productivity have led to serious concerns about environmental pollution and utilization of natural resources.

Ajmer is a semi-arid site which is cut off from the Thar Desert since it is surrounded by the Aravalli

Mountains. Present study shows that PM10 frequently exceeded the National Ambient Air Quality Standard

(NAAQS, CPCB, 2009). Especially, Marble mining and huge traffic related air pollution is a major

environmental problem in Ajmer. In this study, a one year PM sampling campaign was conducted at three10

locations of Ajmer district namely Central University of Rajasthan (CURAJ), Bandarsindri a remote area;

Kishangarh (an Industrial area) and Ajmer (an urban area). The annual average PM mass concentration,10

Ionic composition and the aerosol elemental concentrations are presented. This is a first kind of study in this

region and no previous data are available forAjmer region. This study would be helpful for policy makers.
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Materials and Methods

For collection of particulate matter respirable dust sampler (RDS; APM 460NL, make Envirotech) is used.

The Respirable suspended particulate matter (Particulate matter 10μm) is collected on glass fibre filter≤

(GFA) paper. The average flow rate of sampler is 1.2 m /min.
3

The concentrations of 11 metals in collected samples were determined by Inductively Coupled Plasma

Atomic Emission Spectroscopy (ICP-AES). Small portion 25 cm (5cm x5cm) of exposed filter papers were
2

subjected to extraction using ultra pure distilled water in ultrasonic bath for 60 minutes followed by syringe

filtration. Samples were then analyzed on Ion Chromatograph. A one year monitoring program for PM and10

associated chemical species had been performed at three monitoring sites from July 2013 through July 2014

to investigate air pollutant levels, such as inorganic ions and trace elements in PM  . Our study aims to: (1)10

characterize the particulate concentrations and associated chemical species in urban atmosphere, (2) identify

the potential sources and estimate their apportionment. Twenty–four hour PM filter samples were collected,10

and about 30 samples were obtained. Along with PM  , Inorganic ionic (Cations and Anions) and heavy10

metals species were measured.

Results and Discussion

From three seasons average, the highest concentration of PM was (182 µg/m ) observed at Kishangarh site10

3

and lowest at Bandarsindri (50 µg/m ) (Table 1). The average values at Ajmer city and Bandarsindri is within
3

the permissible limit but at Kishangarh it exceeded the CPCB National Ambient Air Quality Standards.

During winter the exceedance was found to be 100% for Kishangarh. Whereas it was 60% forAjmer city.

Concentration of Ions also varied according to the season found higher at winter season as comparison to

summer and rainy season. Metals are also varied seasonally. Higher concentration of metals are found at

Kishangarh of all the metals it may be due to Mining, dust suspension from road and from the construction

site.

Table 1: Seasonal Average of PM   mass and its Chemical Composition at 3 sites of Ajmer region10

(Note: All Concentrations in (µg/m )
3
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Conclusions

Mass concentration of PM10 found higher in winter season at all site while at Kishangarh an industrial site the

concentration of PM10 and Trace metals are found higher due to mining and dust re-suspension. Findings

indicate that most of the sites were dominant by local sources based on activities in the vicinity of the

sampling locations. Overall action plan preparation will need to concentrate on local sources as priority, as

reduction of these source strengths, will give maximum benefit in terms of lower exposure from air pollution.
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Introduction

Coal is India's primary source of energy. About 80 coal power plants are continuously producing 93918.38 MW i.e.

59 % of total energy. Coal-burning power plants generate lots of black carbon and often loft it high into the

atmosphere as emissions from tall (275 m) smokestack. Tiny particles of or soot are a majorblack carbon

component of smoke produced. These power plants are not only releasing aerosols but also flue gases in huge

amounts .Aerosols are fine particles of 10 nm to 100 µm that remain suspended in the atmosphere.Aerosols(Fig.1)

are gases.Aerosols are usually tiny droplets. These are sufficiently small and light enough thatnot solids or liquid

they do not quickly fall out of the air under the influence of gravity. These are classified into 3 groups; (i) by their

source or method of formation, (ii) by their chemical properties and (iii) by the way they interact with sunlight.

Pollutant gases sulfur oxides nitrogen oxidessuch as and which are emitted by fossil fuel combustion and a variety

of industrial processes can generate secondary aerosols. Primary aerosol sources are directly emitted into the air

viz. black carbon from various types of burning. Secondary emissions are not aerosols when they are originally

emitted but later undergo some chemical reaction in the atmosphere that transforms them into aerosols. Sulfur

oxide and nitrogen oxide gases are the prevalent sources of secondary emissions of aerosols. Chemical reactions

convert these gases into solid aerosols or liquid droplets. During this process, sulfur dioxide combines with water

vapour and transform into sulfuric acid droplets, a liquid aerosol that cause acid rain. Sulfuric acid in turn

combines with gaseous (NH ) to form a solid ammonium salt, ammonium sulfate ([NH ] [SO ]).3 4 2 4ammonia

Exposure to solar radiation, often in the form of and sometimes at high altitudes, is frequentlyultraviolet photons

integral to the transformation of these gases into aerosols. The aerosols from various coal power plants might

influences climate in three key ways. Aerosols alter albedo, changing the amount of solar energy that reaches the

earth's surface and the amount that is absorbed at various levels within the atmosphere. Aerosols also play a large

role in the formation of clouds of various types and at various altitudes. It may enhance or suppress various types of

chemical reactions in the atmosphere. Altitude, temperature and humidity will determine the types of clouds form

in various locations. Less well known is the critical role aerosols play in cloud formation, serving as cloud

condensation nuclei or "cloud seeds". The abundance, shape, size and chemical properties of these aerosols

influence the types of clouds generated and the rates at which they form. Different types of clouds exist at different

heights. Some clouds have smaller droplets than others; clouds with smaller droplets have a higher albedo, while

clouds with larger droplets are more prone to producing precipitation. The specific objectives of this paper are to

qualitative and quantitative determination of aerosol/ gaseous pollutants released from a coal power plant and to

discuss the possible role of aerosols in climate change and cloud formation.

Figure1: Coal Thermal Power Plant Figure 2: Particle size distribution of coal fly ash
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Methods

We selected a coal power plant of M/s. NTPC Ltd. which is located at Singrauli area, 70 km away from Renukut in

Sonebhadra district of UP. At that time point, it had power generating capacity of 2000 MW from 4 units of 500

MW each. Particulate matter (aerosols) was monitored isokinetically using Stack Monitoring Kit in pre weighed

micro glass fiber thimble and quantified gravimetrically. Gaseous pollutants such as SO , NOx, O %, CO, CO %,2 2 2

CxHx and stack gas temperature were measured using automatic Flu GasAnalyzer. Chemical characterization and

morphological properties / visual images of coal fly ash (CFA) were carried out with the scanning electron

microscope-SEM equipped with an Energy dispersive x ray analysis-EDX. Particle size analyzer was used for

measurement of the size range of particle. The CFAwas analyzed for major and trace element namely Fe, Mg, Mn,

Zn, Cu, Pb, Ni, Cr, Cd, As Se and Hg. The oxides of major elements, SiO , Al O , Fe2 O3, TiO , CaO, MgO, Na O,2 2 3 2 2

K O and loss of ignition (LOI) of CFA were determined according to Indian Standard method for chemical2

composition of ash of coal and coke.

ResultsAnd Discussion

A testing was carried out to quantify the pollution parameters in 4 units of a NTPC coal power plant at a height of

110 m. The monitoring parameters and their emission data are presented in Table 1.

Table 1: Stack emission data and analytical results

Particle Size Distribution of FlyAsh

Particle SizeAnalyzer was used for measuring the particle size of CFA. It has the following diameter pattern: Dia10

% = 20.92 µm, Dia % = 64.01 µm and Dia % =119.27 µm and the arithmetic mean diameter of CFA is 67.66 µm50 90

(Fig.2). On the basis of particle length, coal fly ash has following distribution: 0.1 to 1 µm (0.21 %), 1.1 to 2.5 µm

(0.55 %), 2.5 to10 µm (2.19 %), 10 to 100 µm (77.76 %) and 100–242 µm (19.26 %). Out of total particles, about

3.01 % particles are fall in the category of inhalable particles (> PM µm) which are mainly responsible for health10

hazards.

Role of Coal Power Plant'sAerosols In Climate Change

From the Table 1, it is clear that tons and tons of aerosols are escaped from the power plant in the upper atmosphere

through stacks. These aerosols range from 0.1 nm to >100 µm in size and in varying shapes. These aerosols have a

Possible Role of Aerosols in Climate Change and Cloud Formation Released from....
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major impact in Earth's climate. Different aerosols interact with sunlight and other electromagnetic radiation in

various ways. All aerosols, including sulfate and nitrate aerosols, scatter light to some extent. Therefore, aerosols

of different types can influence climate in one or more ways. However, aerosols that also absorb sunlight especially

black carbon effectively increase albedo warming the atmosphere in their vicinity when they reradiate the

absorbed energy. Such absorption and heating may occur near Earth's surface or high above it in the stratosphere

and that the location of that heating can make a big difference in terms of the overall effect on climate. Aerosols

alter Earth's energy budget (some scatter or reflect light, while others are strong absorbers of solar energy) and

cause changes to the water cycle. The overall effects of aerosols are complex phenomena. There may be many

different factors that influence several aspects of climate in a variety of ways. They act as cloud condensation

nuclei, they alter albedo (both directly and indirectly via clouds) and hence Earth's radiation budget and they serve

as catalysts of or sites for atmospheric chemistry reactions. The chemical composition and properties of aerosols

can play a large role in their abilities to influence climate. Some are relatively inert, others are highly reactive and

some react strongly only with certain substances. Chemical reactions involving aerosols can generate new

substances that influence climate or they can diminish the amounts of certain other chemicals in the atmosphere,

again altering the existing balance. Reactions can cause aerosols to grow in size, altering their ability to absorb or

scatter light or other electromagnetic radiation.

Role of Coal Power PlantAerosols in Cloud Formation

Aerosols play a critical role in cloud and raindrop formation. Clouds form as parcels of air cool and the water vapor

in them condenses, forming small liquid droplets of water. The particles around which cloud droplets coalesce are

called (CCN) or sometimes "cloud seeds". Amazingly, in the absence of CCN, aircloud condensation nuclei

containing water vapor needs to be "supersaturated" to a humidity of about 400% before droplets spontaneously

form. So, in almost all circumstances, aerosols play a vital role in the formation of clouds. Sulfur dioxide reacts

with other substances to produce sulfate aerosol. In their role as condensation nuclei, aerosol particles are an

important trigger for the formation of clouds.As humidity accumulates on the particles droplets are formed, which

later develop into clouds. Within the clouds, however, the chemical composition of these aerosol particles changes.

Role of Coal Power Plant'sAerosols Global Cooling

Any disturbance to the normal mix of aerosols, whether from natural events or from anthropogenic ones like

emissions from fossil fuel burning, tends to alter the types and numbers of clouds that appear in that region or

downwind of it. Changes to clouds alter solar energy input via an altered albedo, alter precipitation patterns and

alter the strength of the greenhouse effect. These changes affect large areas but are not uniform on a global scale.

One area might see more clouds, another fewer and another changed abundance of high altitude clouds. Such

changes impact climate in important but complex, ways. Global dimming may also be interfering with the water

cycle. Less sunlight upon water (especially the oceans) leads to a diminished evaporation rate. This may be

responsible for droughts in some regions. The increase in incident radiation, in combination with a growing

greenhouse effect from the continuing emissions of greenhouse gases, may lead to an accelerated rate of global

warming It can also be stated that 'more aerosols mean more clouds and greater albedo and hence less light at the.

surface and thus cooling".

Conclusions

Our result shows that aerosols of coal power plant can directly hamper the light scattering and there by affect the

energy budget of the earth surface and can influence the climatic change. This aerosol also might play a great role in

cloud formation or diminishing the condition of cloud formation because of its chemical composition and reaction

in the upper atmosphere. Detail climatic research is envisaged to understand the mechanism of positive or negative

role of aerosols of coal power plant which are different from the natural aerosols. Though it's a multifarious

phenomenon but definitely the oxides of sulphur and nitrogen are two major players in climate change, global

warming and cloud formation. This mystery is yet to be solved!
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Introduction

Aerosols are responsible for lowering of land surface temperature i.e. cooling effect which restricts warming

effect of Greenhouse gases over Indian region. Its indirect negative effect also cannot be neglected. Higher

aerosol loading is causing substantial decrease in sunlight reaching to the surface thereby affecting vegetation

which depends on sunlight for their growth. Indo-Asian aerosols have impact on radiative forcing that cause

negative forcing (cooling) at surface and positive effect (warming) at top of atmosphere (Satheesh and

Ramanathan, 2000; Ramanathan et al. 2001b; Kaufman et al., 2002). Ramanathan et al. (2001a) have found

that this additional heating and cooling affect tropical rainfall patterns and disturb hydrological cycle. AOD

distribution during pre-monsoon affects cloud formation and hence rainfall distribution which is found to be

prominent in last 4 years. INDOEX experiments studied extensively the nature of aerosols, its

transcontinental transport and its effect on climate (Ramanathan et al.,2001b). Complex interaction between

aerosols, clouds, climate and vegetation needs to be addressed in the light of harmful effects observed in

several studies by different workers (Liao and Seinfeld, 1998; Rotstayn et al., 2000; Kaufman et al., 2002).

The seasonal variation of Aerosol Optical properties (AOD & FMF) were studied at Lat-lon grid of (30.5-

31.5 N) and (76.5, 77.5 E). This mainly covers the areas of Himachal Pradesh where recently huge
o o

construction works like Hydor-electric projects (HEPs) and various residential colonies are going on since

last decade. In the last few years the pattern of hydrological cycle has changed in this region affecting overall

atmosphere of the place and it was needed to be seen if it has something to do with aerosol concentration by

looking at aerosol optical, physical and radioactive properties.

Methods

Aerosol optical depth have been obtained using Level-3 MODIS gridded atmosphere monthly global product

'MOD08_M3' (ESDT Long Name: MODIS/Terra Aerosol Cloud Water Vapor Ozone Monthly L3 Global

1Deg CMG). Monthly average MOD08_M3 product files are available in Hierarchical Data Format (HDF-

EOS) at spatial resolution of 1 degree by 1 degree (MODIS, 2004). The monthly data was taken for the whole

of 2013 to see the monthly variation and seasonal variation of aerosol content over the region. The region

experiences four seasons viz. Winter (December, January, February), pre-monsoon (March, April, May and

June), monsoon (July, August and September) and post monsoon (October and November). Winds during

pre-monsoon season is westerly/south-westerly (Srivastava and Bhandari, 2012).

Conclusions

Monthly variations of mid-visibleAerosol Optical Depth (AOD) and Fine Mode Fraction (FMF) revealed:

· The aerosol concentration is the highest in the month of June (monsoon season) and it is lowest in the

month of February (winter). The Mid-visible AOD in the month of June is alarming (>0.7). Aerosols

produced by bio-mass burning of Himalayan Forest and transported from the Thar desert can give rise to such

highAOD. Higher values of FMF is also observed during most of the day. Similar increase was also observed
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during the biomass burning period (March-June) of Himalayan forest during 2012 (Srivastava and Bhandari,

2012).

· The monsoon season starts seeing a decline of aerosol concentration as a severe gradient is formed in this

duration because of high rainfall in the months ofAugust and September.

· Post monsoon the overall loading of the area with aerosol is low as the monsoon washes out the most of

the aerosol concentration which in this area is slightly higher than the rest of India.

· The overall scene is slightly better than the Indo-Gangetic and southern peninsular part.
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Method & Calculations

BC measurement by Aethalometer uses the differential absorption method. In this method the gas stream

(frequently ambient air) passes through a filter material which traps the suspended particulates, creating a

deposit of increasing density. A light beam projected through the deposit is attenuated by those particles

which are absorbing rather than scattering. Measurements are made at successive regular time intervals. The

increase in attenuation from one measurement to the next is proportional to the increase in the density of

optically absorbing material on the filter: which, in turn, is proportional to the concentration of the material in

the sampled air stream. By knowing the spot size, attenuation and the volume of air that passes through the

filter spot BC concentration is estimated. In order to correct the BC concentration we are using an empirical

correction formula derived byA. Virkkula for the PSAPdata (Virkkula , 2005; Park , 2010).et al et al

The obtained factor k is then used for correcting all data obtained for filter spot i according to eqn 1.i

Therefore, the k factors were calculated from eqn 2 using the BC of the last data of filter spot i and the first0

data of filter spot i+1 for the measurements that had a 2-minute time resolution. 2-minute time resolution data

is then converted in to hourly average value.

Mostly Aethalometer have observed that the apparent BC concentrations rise after the filter spot has been

changed. In this work it is assumed that the first values after the spot change are closest to the real

concentrations, i.e., the values measured when the filter is cleanest and ATN is close to 0. Eqn 1 used for

correcting Aethalometer data and a value for the factor k was calculated for each filter spot so that the data

became continuous over the spot change.

Results and Conclusions

Figure 1 represents the comparison of measured BC concentration byAE-42 andAE-33Aethalometers along

with the corrections on a typical day, 24 September 2013 for all the seven wavelengths. It shows that generally

theAE-33 BC concentration are quite high as compared with theAE-42 measurements at all the wavelengths.

This is in spite of the fact that both the aethalometers have the same flow rate of 3 lpm. The values are much

higher even when theAE-42 measurements are corrected for. The night time BC concentrations are extremely

high and need to be ascertained before using the same.

Figure 2 represent the daily averaged values of uncorrected and corrected BC concentrations at seven

wavelengths 370, 470, 520, 590, 660, 880, and 950 nm, measured byAE-42. The corrected BC concentrations

are slightly higher than the non corrected one, however, the general features generally remains the same.

It seems that for most of the purposes the corrections made in BC measurements byAethalometerAE-42 may

be quite reasonable.
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Figure1:  Comparison of measured BC concentration by AE-42 and AE-33 Aethalometers on 24 September 2013

Figure 2: BC concentration measured by AE-47 at all the 7 channels along with their corrected values during Aug-Sep 2013
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Introduction

In Delhi, most of the studies previously conducted were to estimate the PM concentration and its effects on

ambient air quality of rural, sub-urban and urban sites. However, source estimation of particulates (PM and10

PM ) using receptor model over Delhi region is very limited. Quantification of the contributions of different2.5

type of sources to the ambient concentration of pollutants is one of the major issues in the urban air quality

research. Hence, the development and application of improved tools are required for the identification and

apportionment of atmospheric aerosols (Hopke, 1991). In this paper, we present the source estimation of

PM and PM using Positive Matrix Factorization (PMF) and UNMIX receptor models. PMF is a2.5 10

multivariate factor analysis tool that decomposes a matrix of speciated sample data into two matrices—factor

contributions and factor profiles. PMF solves the problem arising in factor analysis by integrating non-

negativity constraints in the optimization process and utilizing the error estimates for each data value as point-

by-point weights. Recently, Callén . (2009) carried out source apportionment of PM in Zaragoza, Spainet al 10

by three multivariate receptor models based on factor analysis: PCA-APCS, UNMIX and PMF. Special

attention was paid to the models comparison in order to determine which were more adequate for the

apportionment. They concluded that greater requirements of measure of uncertainty in PMF permitted to

obtain better results than with the other two models: PCA-APCS and UNMIX. In the present study, we have

used PMF and UNMIX models to identify source profiles and apportionment of PM and PM masses at the10 2.5

observational site of Delhi. The study includes the concentrations of PM  , PM , OC, EC, WSIC and trace10 2.5

elements (Al, Fe, P, S, Mg, Cr, Zn, Sb, and Mn etc.,) at an urban location of Delhi for the period of January

2013 to May 2014.

Methodology

Particle Samplers were used to collect the PM and PM samples on pre-baked (at 550 C) QM-A filter10 2.5

o

papers at sampling site of the CSIR-National Physical Laboratory (CSIR-NPL), New Delhi (28°38 N, 77°10

E; 218 m amsl), India during January 2013 to May 2014. Analysis of OC and EC of PM and PM samples10 2.5

has been carried out by OC/EC carbon analyzer. WSIC of PM and PM have been analyzed by Ion10 2.5

Chromatograph whereas metals have been analyzed by Rigaku ZSX Primus Wavelength Dispersive X-ray

Fluorescence Spectrometer. The details of chemical analysis of PM and PM samples discussed in Sharma10 2.5

et al. (2013).

Results and Discussion

The average mass concentrations of PM and PM were recorded as 134.9 ± 100.1 µg m and 258.7 ± 118.72.5 10

-3

µg m respectively during study. The higher concentration of PM mass observed during winter (225.6 ±
-3

2.5

81.2 µg m ) as compared to summer (80.4 ± 22.7 µg m ) and monsoon seasons (62.9 ± 48.5 µg m ). The
-3 -3 -3

higher mass concentration of PM also observed during winter (252.1 ± 106.0 µg m ) followed by summer10

-3

(223.4 ± 65.8 µg m ) and monsoon seasons (100.1 ± 37.4 µg m ). Maximum concentrations of OC of PM
-3 -3

2.5

and PM masses have been recorded during winter season whereas the EC has followed a similar pattern with10
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maximum concentration during winter.

The PMF model requires two input files: one of the measured concentrations of the species and another for the

estimated uncertainty of the concentration, whereas UNMIX model requires one input file of measured

concentrations of the species of the particulates. In both of the models the type sources of PM and PM are2.5 10

estimated based on tracer/marker elements present in the particulates at the observational site. However, the

number of factors identified by PMF model based on Q (theoretical Q values) and Q (modeled Q values)true robust

values should be near to each other. The application of PMF model in detail has been described by Sharma et

al. (2013). Figure 1 shows the variations in the Q values (Q and Q ) of PM and PM as a function of thetrue robust 2.5 10

number of factors (PMF model).

Figure 1: Variations in the Q values (PM and PM  ) as a function of the number of factors (in PMF model)2.5 10

The chemical constituents (OC, EC, WSIC and trace elements) of PM and PM have been used as a model2.5 10

input and source apportionment study has been performed at Delhi. In case of PM , PMF identified six2.5

sources namely secondary aerosols (21.5%), biomass burning (19.7%), vehicular emissions (25.4%),

industrial emissions (6.3%), coal combustion (16.7%) and soil dust (11.4%), while UNMIX identified four

sources i.e., vehicular emissions (10.7%), soil dust (17.9%), biomass burning (22.3%), secondary aerosols

(42.3%) at Delhi (Figure 2). In case of PM  , PMF also identified six sources namely secondary aerosols10

(15.2%), biomass burning (21.5%), vehicular emissions (21.5%), industrial emissions (13.5%), coal

combustion (8.7%) and soil dust (18.7%), while UNMIX identified four sources i.e., vehicular emissions

(14.7%), soil dust (20.7%), biomass burning (14.6%), secondary aerosol (24.5%) at Delhi (Figure 3). Song et

al. (2006) used the PMF model and analyzed that the road dust (7.1%), vehicular emissions (5.6%), secondary

aerosols (31.4%) and industrial emissions (4.7%) are the major sources of PM mass at Beijing, China. More2.5

or less similar source types were also reported at Kanpur (CPCB, 2011) and other part of the world (Brisbane,

Australia, Chan et al, 1997; Shanghai, China). However, from the above study it is clear that the number and

type of source factors derived from the PMF analysis in this work are similar to those reported in other studies.

Figure 2: Percentage source apportionments of PM2.5 mass estimated by PMF and UNMIX models.

Source Apportionment of Particulate Matter (PM   and PM ) Using PMF and Unmix....10 2.5
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Figure 3: Percentage source apportionments of PM10 mass estimated by PMF and UNMIX models.

Conclusions

In the present study, we have demonstrated the source apportionment of PM and PM over Delhi using2.5 10

receptor models PMF and UNMIX. PMF model identified six sources in PM (i.e., secondary aerosols,2.5

biomass burning, vehicular emissions, industrial emissions, coal combustion and soil dust) whereas UNMIX

model identified four sources (i.e., vehicular emissions, soil dust, biomass burning, secondary aerosols).

Similarly, in case of PM  , PMF also identified six sources (i.e., secondary aerosols, biomass burning,10

vehicular emissions, industrial emissions, coal combustion and soil dust), while UNMIX identified four

sources (i.e., vehicular emissions, soil dust, biomass burning, secondary aerosol). Hybrid Single Particle

Lagrangian Integrated Trajectory (HYSPLIT) model indicates that during study the approaching air mass at

receptor site is mainly local or regional ie., Thar Desert, Indo Gangetic Plain (IGP), Arabian Sea, Bay of

Bengal and from its surrounding area etc.

References

Chan, Y.C., Simpson, R.W., Mctainsh, G.H., Vowels, P.D., Cohen, D.D., Bailey, G.M. 1997.Characterisation

of chemical species PM and PM aerosols in Brisbane, Australia. Atmospheric Environment 31,2.5 10

3773-3785.

Callén, M.S., Cruz, M.T. de la., Lopez, J.M., Navarro, M.V., Mastral, A.M., 2009. Comparison of receptor

models for source apportionment of the PM10 in Zaragoza (Spain). Chemosphere 76, 1120-1129.

Paatero, P., 1997. Least squares formulation of robust nonnegative factor analysis.Atmospheric Environment

37, 23–35.

Song, Y., Zhang, Y., Xie, S., Zeng, L., Zheng, M., Salmon, L.G., Shao, M., Slanina, S., 2006. Source

apportionment of PM in Beijing by positive matrix factorization. Atmospheric Environment 40 (1),2.5

526–1537.

Sharma, S.K., T.K. Mandal, M. Saxena, Rashmi, Rohtash, A. Sharma, and R. Gautam (2013). Source

apportionment of PM by using positive matrix factorization at an urban site of Delhi, India. Urban10

Climate, doi:10.1016/j.uclim.2013.11.002.

415

Source Apportionment of Particulate Matter (PM   and PM ) Using PMF and Unmix....10 2.5

IASTA -2014, BHU, VARANASI



Do Morphology and Mixing State of Aerosols Vary with Altitude? : A Balloon

Based Study over Urban Environment (New Delhi)

S. K. Mishra , D. Khosla , M. V. S. N. Prasad , C. Sharma , Sukhvir Singh , B. Gupta , Tulsi , D. Sethi ,
1 1 1 1 1 1 1 1

D. Kumar , G. Sehgal , S. G.Aggarwal , P. R. Sinha , D. K. Ojha
1 1 1 2 2,3

1
CSIR-National Physical Laboratory, New Delhi-110012, India.

2
Tata Institute of Fundamental Research, Balloon Facility, Hyderabad- 500 062, India.

3
Department of Astronomy and Astrophysics, Tata Institute of Fundamental Research, Mumbai- 400 005,

India.

Keywords: Morphology, Fractal,Aging, Mixing States

Introduction

Aerosols play a vital role in governing regional weather and climate. They not only influence the Earth's

radiation budget by scattering, absorption and emission of the solar radiation but also play an important role

as the cloud condensation nuclei based on their composition, morphology and complex mixing states. To

study the aforesaid properties, most of the observations have been carried out at the surface level; however,

the altitude variation of the same (balloon based) is extremely limited (Zhang et al., 2012; Hara et al., 2013).

The aircraft based observations are generally carried out in the elevated layers of the atmosphere that does not

give information of the boundary layer aerosols also the samples may not give regional representative

samples because of its high speed and probability of sample contaminations (due to its engine exhaust) in

turbulent atmosphere. In such conditions, a tethered balloon based observation is the robust tool to explore the

vertical variation of aerosol characteristics in the lower atmospheric layers.

The surface convective activities give rise to regional aerosols in the boundary layer from where they travel

within local, regional and large scales via turbulence and thermal eddies. The atmospheric aging processes

during convection/advection activities can lead the conversion of particles from hydrophobic to hydrophilic

in a timescale of hours. The aged aerosols show enhanced ability of serving as nuclei for droplet formation

and affect the radiative properties of clouds, which is referred as indirect effect of aerosols (Moteki et al.,

2007; Schwarz et al., 2008). Model simulations showed that absorbing aerosols within the atmospheric

boundary layer decrease the probability of boundary layer cloud formation by creating additional warming

(Yu et al., 2002). This emphasises the need of understanding of vertical distribution of particles morphology,

mineralogy and mixing states of aerosols (especially aerosols which absorb incoming solar radiation) in the

lower atmosphere. Absorbing aerosols above the boundary layer can lead to an increase in the strength of

capping inversion and reduction of radiative !ux at the surface. The vertical heterogeneity in the

aforementioned properties of aerosols presents a lot of challenges to develop a better understanding of the

thermodynamics of lower atmosphere.

To the best of our knowledge, there is no detailed study of vertical variation of particle morphology,

mineralogy and mixing state over India. In a typical urban environment like Delhi, aerosols of anthropogenic

origin (e.g. carbonaceous aerosols with varying morphologies and complex mixing states) are more probable

to be confined in the lower atmosphere due to low convective activities during winter. Here, it is noteworthy

to mention that our knowledge of Delhi urban aerosols is mostly limited to bulk analysis methods at the

surface level. Keeping this in mind, a tethered balloon based field campaign have been organized in National

Physical Laboratory campus (28° 38 10 N, 77° 10 17 E) in collaboration with Tata Institute of Fundamental
׳ ׳׳ ׳ ׳׳

Research (TIFR) balloon facility to explore vertical distribution of aerosol morphology, mineralogy and

mixing states in tandem with meteorological parameters from 21-27 Feb, 2014.

416 IASTA-2014, BHU, VARANASI



The present study is a unique observation in the world where various analytical techniques have been used to

characterize the ambient particles at bulk and individual particle level. HRTEM (High Resolution-

Transmission Electron Microscopy), SEM-EDS (Scanning Electron Microscope equipped with Energy

Dispersive X-ray Spectroscopy), TOF-SIMS (Time of Flight-Secondary Ion Mass Spectrometry), XRF (X-

ray Florescence), Raman Spectroscopy and FTIR (Fourier Transform Infra-Red Spectroscopy) have been

used for morphological, mineralogical and mixing state analysis for particles collected at various altitudes.

Methods

A tethered balloon (9.9 m volume) filled with H was used to lift the payload (PM , hand held sampler and
3

2 5

Radiosonde) at the desired sampling altitude for ~ 7.5-8.5 hr (within time period; 7 PM - 3.30 AM). The

sampling has been carried out at a fixed altitude spanning from surface to 700m (i.e. 100, 200, 350, 500, 600

and 700 m) from 21 to 27 Feb, 2014 (except 26 Feb due to sudden rain event) in tandem with PM sampling at5

the surface on daily basis. PM particles were collected from the aforementioned altitudes on PTFE filters (for5

bulk analysis) and on various substrates (for individual aerosol morphology, mineralogy and mixing state

characterization). Real time meteorological parameters (humidity, temperature, wind direction, and wind

speed) were measured through telemetry based radio sensor attached to radiosonde in payload.

Individual particle analysis has been carried out with SEM-EDS and HR-TEM while bulk analysis has been

carried out with XRF, FTIR, TOF-SIMS and Raman Spectroscopy. Surface size distribution of aerosols has

been measured using Optical Particle Counter (OPC).

Conclusions

The individual particle analysis reveals the occurrence of sulphate particles, black carbon (BC) fresh fractals,

fractals embedded in sulphate host at the surface level. The BC fractals at 200 m altitude were found to be

more compact (the morphology of fresh BC fractal at surface changes to semi-aged fractal shape at higher

altitude) and semi-externally mixed with sulphate particles. Some particles with multi-shell structures were

also observed along with pure BC spheres of ~ 5 um size. The particles sampled at 500 m altitude were

majorly (> 50%) of spiked shape (elongated dimension with 3-4 um) besides Si, Al, Fe and Cr oxide rich

particles observed with different morphologies (i.e. sphere, tubular rods, plate like structures). Here, it is

noteworthy to mention that spiked shape particle will show strong deviation in scattering compared to that of

their volume equivalent sphere because of their sharp edges (Mishra et al., 2008a, b). The back trajectory

analysis reveals the dominance of westerly wind at 500 and 600 m altitudes inferring that the spiked particles

may be coming with air parcels from West of the sampling site (i.e. Rajasthan, India; Pakistan; Afghanistan).

Based on the routine observations in NPL, we never got this typical morphology at the surface level of the

sampling site so this may not be of local origin. Survey of literature showed that these kinds of particles are not

reported by any other workers and further research investigation are in progress. Abundance of

microbes/aerobic bacteria/viruses with 200-300 nm size was also observed with a well-defined nucleus at this

altitude. Spiked particles, aged BC fractals, fractals as inclusion in the drop, core-shell systems and various

complex carbon nano structures were traced at 600 m altitude. At the highest altitude (700 m) covered in the

experiment, occurrence of complex carbon nano structures, aged BC fractals, fibrous carbon structures

together with crystalline and plate like structures [rich in quartz (SiO ) and Hematite (Fe O )] have been2 2 3

observed. Alkane skeletal vibration and aromatic carbons were traced for particles collected at this altitude

based on FTIR absorbance spectra. Figure 1 shows the variation in some of the aerosol morphologies

(discussed above) with the altitude.

Here, it is important to mention that the optical and radiative properties of the absorbing aerosols like BC

particles and mineral dust (rich in hematite) are very sensitive to their morphology (Kahnert, 2010; Mishra et

al., 2008a,b, 2012). The vertical distribution of BC morphology [fresh and semi-aged BC fractals dominant at
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altitudes < 350 m while aged fractals (sometimes found as inclusion in a drop) found to be abundant at

altitudes > 350 m] and mineral dust (especially hematite rich) will govern the boundary layer cloud formation

and the heating rate.

In general, based on TOF-SIMS analysis, particles at various altitudes were found to be aged with C H , Na ,2 5

+ +

K , Cl , HSO . The variation in aging chemical species with varying altitude, bulk and individual particle
+ - -

4

analysis will be discussed in detail in tandem with the meteorological parameters during the presentation.

Figure 1: Aerosol morphologies with varying altitude.
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Introduction
The Fukushima Daiichi Unit-1 was one of the Japanese nuclear power plants which were in operation from 
early 1960's. It is a boiling water reactor (BWR) with Mark I type containment and have a thermal power of 
1380 MW. There are 400 Fuel Assemblies in unit 1 with 8*8 fuel pins in each fuel assembly. Each assembly 
contains uranium oxide fuel within zirconium alloy cladding. They all operate normally at 559 K at core 
outlet under a pressure of 7030 KPa and with 115-130 KPa pressure in dry containment. Figure 1 shows the 
schematic diagram of containment system which comprises of mainly three compartments like Primary 
Containment Vessel (PCV) or Drywell (DW), Suppression Chamber (SC) and Reactor Building (RB). DW is 
connected to SC through vent lines. The release from relief valves are also led to the SC as shown in figure 1. 
The DW is kept inerted with nitrogen from hydrogen explosion point of view. The RB remains at sub 
atmospheric pressure.

Figure 1: Schematic diagram of Fukushima Daiichi Unit-I
                                  

On 11 March 2011, a catastrophic failure occurred at Fukushima Daiichi Unit-1, resulting in meltdown of the 
Unit-1. The failure occurred when the plant was hit by a tsunami triggered by the Tôhoku earthquake and 
plant began releasing substantial amounts of radioactive materials into the environment. Due to severity of 
failure it was reported as one of worst nuclear incident since the Chernobyl disaster in April 1986 and reported 
at Level 7 on the International Nuclear Event Scale (INES). India also have two BWR reactors (TAPS-1 and 
TAPS-2) similar to that of Fukushima Daiichi Unit-1. To get insight, Fukushima accident scenario was 
analyzed for accident progression sequence prediction and for environmental source term estimation. This 
insight gain during the source term estimation can be used for augmenting safety of our reactors. A multi-
physics and multi-scale approach is used for estimating the “Source Term” as shown in figure 2 (Gokhale et 
al., 2013; Gera et al., 2010). 
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Figure 2: Environmental “Source Term” estimation methodology
                             

The actual accident scenario has been derived from the Japanese Government Report (Masao Yamazaki, 
2012). Following the earthquake reactor tripped and emergency generators automatically activated to power 
the electronics and removing reactor decay heat. The tsunami of height 14 m arrived about 3000 s after reactor 
trip and flooded low lying (~10 m) emergency generator set and further cooling was maintained through 
emergency battery-powered systems. After run out of batteries fuel temperature starts rising up. The analysis 
predicts that within 3 hr, fuel clad temperature rise above its failure limit of 1073 K and FPs released from fuel 
into reactor coolant system (RCS) and RCS to reactor containment through steam relief valves (SRVs). At 
about 5 hr, maximum fuel temperature increased to 2900 K and reactor pressure vessel (RPV) failed due to 
lower plenum wall ablation. This paper provides the detailed study of FPs release and retention analysis for 
Fukushima plant.
                             

Calculation Methodology
A multi-physics and multi-scale calculation approach (shown in figure 3) is used for estimating the “Source 
Term”. Plant modeling and accident simulation was carried out in RELAP5/SCDAP code 
(SCDAP/RELAP5/MOD 3.2 manual, 1995) for predicting reactor thermal-Hydraulic (TH) conditions. In 
next step PHTACT code (lele et al., 2001) was used to predict FPs release from fuel and finally SOPHAEROS 
module of ASTEC (Frédéric Cousin, 2009) was used to estimate source term to containment. Flow diagram 
for source term calculation methodology (Mahender Singh et al., 2012) indicates inflow of various 
parameters between different calculation modules.

Figure 3: Containment “Source Term” estimation methodology
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Accident Scenario
This analysis has been carried out for one day (86400 s) with actual accident scenario derived from the 
Japanese Government Report (as reported in table 1). Following the earthquake reactor tripped and 
emergency generators automatically activated to power the electronics and removing reactor decay heat. The 
tsunami of height 14 m arrived about 3000 s after reactor trip and flooded low lying (~10 m) emergency 
generator set and further cooling was maintained through emergency battery-powered systems. After run out 
of batteries fuel temperature starts rising up. Within 3 hr, fuel clad temperature rise above its failure limit of 
1073 K and FPs released from fuel into RCS and RCS to reactor containment through steam relief valve 
(SRV). At about 5 hr, maximum fuel temperature increased to 2900 K and reactor pressure vessel (RPV) 
failed due to meltdown. As the reactor pressure rises, repeated IC operations were made and attempted to 
control the reactor pressure. This is followed by water addition to IC secondary side and to the RPV. At the end 
of one day of the accident the reactor building exploded from hydrogen detonation. 
              

Table 1: Accident progression sequence

Fukushima reactor nodalisation for ASTEC: ASTEC specific Fukushima Daiichi Unit-1 nodalisation is 
shown in figure 4 below. Here B294, P293, B292 represent the vertical section of core lower plenum; P320, 
P321, P322, P323 represents vertical section of core region; B380 vertical core top section; SE400 vertical 
separator region; B410 vertical drier region; B420 horizontal upper plenum section; P500 vertical steam line 
section; A414, A415, A425, A435 represents vertical section of upper down-comer region; and A455, A460, 
A475, S290 represents vertical section of lower down-comer region, respectively. 
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Figure 4: ASTEC specific Fukushima Daiichi Unit-1 nodalisation
                         

Results
The reactor TH conditions like fuel temperature and pressure; wall temperature; junction flow rate and break 
flow rate calculated by RELAP5/SCDAP code were used as boundary parameters for FPs release by 
PHTACT code and FPs release to reactor containment by ASTEC. Various TH parameters calculated are 
shown below:

Figure 5: Temporal variation of fluid pressure

         

Figure 6: Temporal variation of fluid temperature
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Table 2 : Summary of estimated FPs release from fuel and main heat transport system

Conclusions
It is observed that a ~100% release of volatile FPs like Xe, Kr, Cs, I, Rb, Te, Sb, Sn; ~20% release of semi-
volatile FPs like Sr, La, Eu, Ce; and less than 1% release of refractories or non-volatile FPs like Zr, Ru, Rh, Pd 
takes place form nuclear fuel. Prior to RPV failure, the extent of FPs retention is found to be ~4% of volatile, 
~20% of semi-volatiles and ~94% of non-volatiles. The modes of retention are found to be eddy impaction 
and thermophoresis with maximum retention found in reactor core and steam line section. This is because of 
appreciable cooler and complex geometry of reactor core region. Once the RPV fails after ~5 h from the 
reactor shut down, all the released FPs gets released to reactor containment without any appreciable retention. 
This is mainly due to RCS fluid flow reversal following RPV failure and due to heated surface which provides 
negligible retention to FPs. This 100% release of FPs to reactor containment causes much higher dose rate at 
reactor containment and subsequently to the environment. 
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Introduction
The effect of atmospheric aerosols, emitted in the large fraction from the anthropogenic activities, on 
lightning is one of the most complex and uncertain phenomena in the atmosphere. Aerosol loading influences 
the cloud microphysics by reducing the size of cloud droplet and increasing its' number concentration (Bre´on 
et al. 2002; Feingold et al. 2003; Kaufman and Fraser 1997). Decrease in size of cloud droplet suppresses the 
precipitation by slowing down the conversion of cloud droplets into rain drops. This delay inhibits the 
rainfall, and provides enough time to cloud droplet reaching at high altitude which results in deep cloud. The 

0 ascending liquid cloud droplet when reaches at a higher height where temperature is colder than 0 C 
converted into ice. These ices are essential ingredients for thundercloud electrification. In addition, local 
meteorological condition is also responsible for lightning. For example, if two stream of air i.e. cold-moist 
and dry-hot, coming from different direction are forces to rise, where they flow together, or converge, and 
make a cause for cloud formation. Over the north-east IGP region, such type happening occurs during 
occurrence of Nor'wester locally known a "Kalbaisakhi" during pre-monsoon (MAM).
                       

In the present study, possible association between the aerosols and lightning is attempted to brought-out by 
utilising satellite data over the Indo Gangetic Plain (IGP), India. In terms of gas and aerosol loading, IGP is 
one of the most polluted regions in world (Girolamo et al. 2004; Ghude et al. 2011; Lal et al 2012, 2013). The 
study regarding the impact of aerosol on climate change and human health over IGP, is essential, on account 
of one-sixth of world population living in such small area, are directly affected.
                       

Methods
In this study we have used MODIS AOD data wavelength 550 nm for estimating the pollution, lightning 
imaginary sensor (LIS) on board of Tropical Rainfall Measuring Mission (TRMM) for lightning and Modern-
era Retrospective Analysis for Research and Applications (MERRA) data for humidity and brightness 
temperature the cloud for the period of 2000-2012 over IGP region.
                       

Results and discussion
In this study, we have found that aerosol concentration increasing up-to mid of monsoon (i.e. July) beginning 
pre-monsoon months (MAM) over the north-west region of IGP. The maximum concentration of aerosol has 
observed in month of July. Increasing trend of aerosol suggested that transportation of dust from north-west 
desert was continuing till monsoon onset. We have also found that lightning flashes increases up to June since 
pre-monsoon and followed the aerosol concentration. A significant positive correlation between aerosol and 
lightning over north-west region during years with normal monsoon rainfall has been brought out. Contrarily, 
during drought year negative relationship has been seen. Result revealed dual role of aerosol in lightning 
generation over north-west sector of IGP. We have also used humidity in our study and found that humidity 
regulated the effect of aerosol on lightning.
                       

In case of north-east region near Bay of Bengal, huge lightning has been found. Despite to this, the correlation 
between aerosol and lightning was less (sometime negative). Our result showed that lightning over north-east 
region is independent of aerosol availability. We have found that the local meteorological conditions played a 
major role in lightning generation. Hence, a significant correlation between aerosol and lightning over north-
west region of IGP and less over north-east adjacent Bay of Bengal has been observed (Fig.1). 
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R1=North-west IGP, R2=Middle area of IGP, R3= North-eastern Bye of Bengal
                       

Acknowledgement
We thank Director, IITM, Pune for all necessary facility provided while carrying out this work. We are also 
thankful to Giovanni online data system, developed and maintained by the NASA GES DISC. We 
acknowledge the mission scientists and Principal Investigators who provided the data used in this research.
                       

References
Bre´on et al. 2002, Science 295: 834–838
Feingold et al. 2003 , Geophys Res Lett 30(6): 1287, doi:10.1029/2002GL016633
Girolamo et al. 2004, Geophys Res Lett 31: L23115. doi:10.1029/2004GL 021273
Ghude et al. 2011, Environ Sci Pollut Res 18:1442–1455
Kaufman and Fraser 1997 , Science  277: 1636–1639
Lal et al 2012, Atmos Res 116: 82-92
Lal et al 2013, Clim Dyn 41: 601-612, DOI 10.1007/s00382-013-1775-z

Relationship between Aerosol and Lightning over Indo Gangetic Plain (IGP), India

428 IASTA-2014, BHU, VARANASI



Modeling The Formation of Layered Nanoparticles by Spray Drying of 
Solution Droplets

                         

J. G. Gandhi, Y. S. Mayya, C. Venkataraman
1Department of Chemical Engineering, Indian Institute of Technology Bombay, Powai, Mumbai – 

400076, India.

Keywords:  Solution Droplet, Spray Drying, Diffusion Model, Crust Formation, Lipid, Drug, Nanoparticles
                                        

Introduction
Spray drying of solution droplets is among the most well-known techniques for producing nanoparticles for 
applications in industry and medicine. In the latter context, controlled drug release applications involve the 
generation of drug nanoparticles encapsulated within a layer of lipid materials.  The techniques used for 
producing these particles are quite elaborate and generally involve multiple steps.  On the other hand, the 
single step nature and the accompanying simplicity of the spray drying process provide a strong motivation to 
explore the possibility of using it for producing layered particles.  In this paper, we approach this issue from a 
modelling perspective. As the existing models of droplet drying have largely been concerned with single 
solute systems, the formation of layered particles necessitates one to extend it totwo solute systems, one of 
which is a lipid and other one is drug. The important issues to be addressed by a two-solute model are: (i) the 
conditions under which the lipid would form an external crustal layer, (ii) the size of the particle, (iii) the 
composition and the structure of the solidified solutes interior to the crust. In this paper, we restrict our 
analysis to the key question of crust formation to demonstrate the feasibility of generating lipid covered drug 
particles. 
                                        

The two-solute model presented here is an extension of a one solute model (Shetty et al. 2012; 
Bandyopadhyay et al.2014).  Stearic acid is taken the as lipid material. No specific drug material is 
considered- instead it is specified only through the molecular weight and solubility parameters in a given 
solvent such as cyclohexane. The other parameters considered are the total solute concentration and the lipid 
to drug concentration ratio.  The model is solved under varying ratios of the drug and the lipid parameters to 
predict the domain in which the lipid layer gets formed first.  Formation of lipid crust is a prerequisite for 
encapsulating the drug particles, which would further require the crust to coarsen into a shell of sufficient 
thickness during subsequent drying. This later stage is not addressed in this paper.
                                        

Model
The model refers to the case of droplet drying in a pulse-heat reactor system (Pawar et al. 2013).   In this 
system, the solution droplets generated from air jet nebulizer undergo evaporation while flowing through a 
short section of the reactor tube maintained at a specified temperature. The rapid shrinkage of the evaporating 
droplet causes the build-up of solute molecules at the surface, which is counteracted by gradient driven 
diffusive flux towards the interior of the droplet. For each of the solutes, there exists a Critical Super-
Saturation (CSS) value at which it solidifies. We estimate the CSS values for the drug material using the 
equation of He et al. along with the Christoffersen correlation for the interfacial tension. For the lipid, we use 
the CSS value of 10 based on a parameter fitting to measurements of nanoparticle structure (Bandyopadhyay 
et al.2014).  The solute species that reaches its CSS value first forms the crustal layer. It is easy to see that the 
species having a combination of low solubility, high initial concentration and low diffusion coefficient is 
likely to reach its CSS value first.
The model employs non-continuum corrected evaporation rate formula for droplet shrinkage: 
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2 2
Where A is the dimensionless droplet surface area (A = R /R , R  is the initial droplet radius), ô is the 0 0

2dimensionless time (ô= t/t  where t  = R /D ), c and c  are the concentration of the solvent vapour molecules c c 0 sys g0 g

above the droplet surface initially and at time t, respectively. F  is the Fuchs-Sutugin correction for non-M

continuum effects.
                     

The spatio-temporal variations of lipid concentration, n , within the shrinking droplet is described by a 1

diffusion model coupled to a moving surface, suitably recast in terms of a normalized radial coordinate (ñ = 
r/R(ô)),

Where D  is the diffusion coefficient of lipid in the solvent, D  = 2D v c , where v  is the volume 1 sys v solv g0 solv

of a solvent molecule and

The concentration (n ) of the drug molecules is described by a similar equation. Since most drug materials 2

have similar solid densities as the lipid, their molecular volumes and corresponding diameters are estimated 
from their molecular weights; the diffusion coefficients are taken as being inversely proportional to their 
diameters. The above equations were coupled to energy balance equation to describe the temperature change 
of the droplet. Antoine correlations were used to relate the vapor pressures of the solvent to droplet 
temperature. The system of equations was solved using a finite difference approach in Matlab. The solutions 
were marched in time to obtain the temporal variations of droplet radius and solute concentration profiles. 
The lipid-crust forming and the drug-crust forming regions were identified in the parameter space defined by 
the solubility ratio and the initial concentration ratio of the two solutes, as follows. The set of the parameter 
values for which both the species attain their respective CSS values simultaneously, is taken as the boundary 
line separating the two regions, for a given molecular weight ratio. As is implied by CSS based models, the 
solute is expected to rapidly form a crust following a nucleation event. The crust is assumed to be sufficiently 
rigid to resist further shrinkage and the droplet diameter at which it is formed is taken to be the particle 
diameter.
                                          

Results and Discussion
The model was run for the droplets having an initial average diameter of 350 nm evaporating at 50 ºC (the 
droplet quickly cools to a steady-temperature of about 15 ºC). Total initial concentration of the two solutes 

3 were varied in the range of 3.5 to 35mol/m (3.5 moles corresponds to 1 kg of stearic acid).the initial drug to 
lipid molar concentration ratio were varied in the range of 0.1 to 6 and the ratio of drug to lipid molar solubility 
in the range of 0.1 to 20. The total initial solute concentration determines the particle size and the other two 
parameters determine which of the solutes forms the crust first. These ranges were chosen to ensure that the 
particles formed would have a diameter range approximately between 50 to 180 nm. Simulations were carried 
out for drug to lipid molecular weight ratios of 0.5, 1 and 2. 
                                          

Figures 1(a), (b), (c) shows the plots of the domains of crust formation by either the lipid or the drug in the 
parameter space defined by the initial concentration and the solubility ratios for the molecular weight ratios of 
0.5, 1 and 2 respectively. The region indicated by red belongs to the case of crust formation by the drug.  This 
is not useful for controlled release applications. On the other hand, the region indicated by green corresponds 
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to situations which are favourable for obtaining lipid-encapsulated drug nanoparticles. For higher drug 
solubility, drug would attain its CSS values later than the lipid thereby favouring the formation of the lipid 
outer layer. At the same time, increasing the drug content relative to the lipid facilitates an earlier attainment 
of its CSS value leading to an outer drug layer.  It is interesting to note that the lipid forming region widens as 
the molecular weight of the drug decreases. This is because firstly, the diffusion coefficient increases with 
decreasing molecular weight which tends to lower the rate of build-up of surface concentration of the drug 
during droplet shrinkage thereby delaying the attainment of its CSS value. Secondly, for a fixed solubility, a 
decrease in the molecular weight tends to increase the interfacial tension and hence the CSS value. Both the 
factors delay the onset of crust formation for the drug. It was found that the boundary lines in the diagrams 
were relatively insensitive to process temperatures in the range of 30-60 ºC as well as the total concentration. 
A combination of stearic acid as lipid and isoniazid as drug (drug to lipid molecular weight ratio 0.48 and 
solubility ratio of 2.23 in acetone at 25 ºC) corresponds to Fig. 1a and appears to be potentially a promising 
combination for experimental validation.

Figure 1: Crust forming regions in the parameter space for drug to lipid molecular weight ratios of (a) 0.5 (b) 1 (c) 2. Total solute 
3concentration is 3.5 mol/m . 

                

Figure 2 shows a two-dimensional plot of the particle diameter in the parameter space for drug to lipid 
molecular weight ratio of 0.5. For higher drug to lipid initial concentration ratios, increasing the drug 
solubility delays the crust formation leading to smaller particles, as seen in the lowermost blue region in Fig.2. 
An increase in the drug to lipid ratio within the domain wherein lipid forms the crust implies a decrease in lipid 
content that leads to delayed crust formation. Hence particle size decreases as the drug content in the droplet is 
increased for cases with an outer lipid layer. For situations involving an external drug layer, increase in the 
initial drug content only decreases the time taken for the drug toform a crust leading to an increase in particle 
size.  This is shown by the orange region in Fig.2.  Within the parameter range under study, the lowestparticle 
diameter obtained was 50 nm and the highest was 160 nm. 

  

Figure 2 : Variation of particle size in the parameter space for drug to lipid molecular weight ratio of 0.5
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Figure 3 shows the effect of total solute concentration on particle size in the concentration range of 1-10 
3kg/m . Larger particles would be obtained for higher total solute concentrations because either of the two 

species would now attain their respective CSS values earlier. It is also seen that the total initial concentration 
did not have an effect on whether the lipid formed the crust or the drug.  This is because, within the framework 
of a non-interacting solute model used here, it is the ratios of the quantities rather than their absolute values, 
which govern which solute would solidify first.  The assumption of non-interacting solutes among 
themselves or with the solvent in the model is justifiable for sparingly soluble solutes in organic solvents, in 
which these interactions are expected to be second order effects. 

Figure 3: Particle size variation with total initial concentration (drug to lipid ratio = 1, solubility ratio = 2)
                

Conclusions
The two-solute model presented here provides a plausibility diagram of forming lipid layered drug particles 
using the solution droplet drying method. Essentially, lipid-encapsulated drug particles can be formed more 
easily for drugs having lower molecular weights and higher solubilities as compared to the lipid. Although the 
model considers the effects of only the most crucial parameters, it is expected that the other secondary 
parameters would only marginally alter the boundaries of the domains.  The range of parameters of the lipid 
layered particles suggested here is within the realms of possibility since several drug materials fall within this 
range.  Most importantly, the present study raises the hope for extending the application of spray drying 
techniques for producing layered particles. It makes a strong case for further systematic studies on this 
problem both from modelling and experimental perspective.  
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Introduction
Astronomical telescopes receive and analyze the radiation from sources outside the Earth's atmosphere. One 

2
of the key problems in these studies is to determine the refractive index structure parameter (C ) contributed n

majorly by aerosol inhomogeneities in the lower atmosphere. Among the many factors that cause extinction 
of electromagnetic radiation into the earth's atmosphere, the absorption and scattering processes by 
atmospheric aerosols in the lower altitudes is highly variable due to different  sources, types, short life-time, 
optical, physico-chemical properties and mixing processes that control the atmospheric transparency and 
stability. Therefore, examining the atmospheric extinction and its vertical distribution over any site is very 
important for climatic change studies. This information also provides an insight into understanding the 
atmospheric turbulence that often contaminates the electromagnetic radiation of celestial objects.  Therefore, 
the vertical distribution of aerosols over the astronomical sites in India is studied using the observations of the 
space-borne satellite Lidar CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation) 
along with ground-based Lidar profiles in ARIES, Nainital, latter to validate the CALIPSO observations. The 
astronomical sites that are used in the analysis are ARIES, Nainital, Mt. Abu (Physical Research Laboratory, 
Ahmedabad), Hanle and Kavalur (Indian Institute of Astronomy and Astrophysics, Bangalore), and Giravali 
(Inter-University Centre for Astronomy and Astrophysics, Pune). The vertical distribution of aerosols at all 
the astronomical sites is obtained from CALIOP profiles onboard the CALIPSO satellite, an instrument that 
provides global vertically resolved measurements of aerosol and cloud distribution and their optical 
properties. The present work focuses on the vertical distribution of extinction coefficient and different aerosol 
types, their seasonal variability and sources over the astronomical sites using CALIPSO satellite data 
covering the period from May 2006 to May 2014. 

                                              

Observation and Data Analysis
The vertical distribution of aerosol extinction coefficient is obtained from CALIPSO Lidar, an instrument 
which provides global vertically resolved measurements of aerosol and cloud distribution and their optical 
properties (Winker et al., 2007). CALIPSO can observe aerosols over the bright surfaces (e.g. deserts) and 
beneath thin clouds as well as in clear sky conditions. Here we used mainly Level 2 (version 3.01) data that 
contain elastic backscatter and extinction coefficient at two wavelengths 0.532 and 1.064 µm. 
                                              

Result and Discussion
The typical vertical distribution of aerosol extinction coefficient during November 2011 (left panel) and May 
2012 (right panel) over Nainital are shown in Figure 1. The observed CALIPSO extinction coefficient profiles 
show an elevated aerosol layer at an altitude of 2 to 6 km above the ground level. Using the CALIPSO profiles 
over the Indo Gangetic Plain (IGP) centered over Kanpur (25°N–27°N, 78°E–82°E), Gautam et al., (2010) 
showed the daytime backscatter peaks ~ 3 km, whereas the night time backscatter peak is confined within the 
boundary layer. Recently, Dumka et al., (2014) studied the vertical distribution of aerosols and their radiative 
forcing and showed signatures of elevated layers over Nainital during the pre-monsoon periods. 
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Figure 1:- Typical vertical distributions of lidar extinction coefficient during November 2011 and May 2012 for Nainital. 
                                              

Conclusions
Using the CALIPSO Level 2 data we have studied the vertical profiles of atmospheric aerosols over the Indian 
astronomical sites and here we have presented the preliminary results over the central Himalayan site (i.e. 
Nainital). An elevated aerosol layer was clearly observed during November 2011 and May 2012.
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Introduction
SOA (secondary organic aerosols) are major constituents of ambient aerosols but remains poorly understood 
and characterized due to its remarkable spatial and temporal variability. 2 important parameters that can affect 
this SOA formation and properties are aerosol acidity and aqueous processing.Enhancement in SOA mass 
with increasing aerosol acidity have been reported in many lab studiesand leading mechanism found to be 
acid catalyzed heterogeneous reactions, unfortunately most of the ambient studies contradicts that 
conclusion. So aerosol acidity seemed to be an important parameter but its actual effect in ambient condition 
remains highly uncertain. Important question is that whether acidity indeed has any influence on SOA 
formation and/or in oligomerization process leading to high MW compounds in ambient conditions? If yes 
then what are the mechanisms in ambient?
                              

Aqueous processing/oxidation of ambient aerosols received considerable interest from scientific community 
as it can explain the origin of some highly oxidized compounds found in ambient aerosols, clouds etc. 
Aqueous phase processing produce very different types of compounds than traditional gas phase oxidation 
thus but majority of those are yet to be characterized, also the mechanism of this processing remains poorly 
understood. Lab studies are mostly unable to capture the aqueous phase mechanism as it's very difficult to 
create high RH/fog/cloud like conditions inside the lab. So ambient studies are the most suitable options. 
Fortunately current study location offers both; widerange of aerosol acidity and intense fog events during 
winter months. So this is the ideal location for studying the effects of both on ambient aerosols to fulfill our 
objectives.
                              

Methods
Present study was carried out from 02 Nov, 2012 to 10 Jan, 2013 and 08 Nov, 2013 to 07 Feb, 2014 in a heavily 
polluted city of Kanpur situated in Indo-Gangetic plane of India. Total 22 fog events were recorded between 
15 Dec – 07 Febtime frameduring 2 years and termed as foggy period (FP) whileremaining as non-foggy 
period (NFP). Foggy period was generally much colder and humid than non-foggy periodwith lowest 
temperature (~3°C) and RH (~95%) occurring during actual fog events. We had deployed an array of 
instruments during this campaign for real time measurement of aerosol physicochemical properties –High 
Resolution Time of Flight Aerosol Mass Spectrometer (HR-ToF-AMS) to getreal time size resolved chemical 
composition of non-refractory submicron aerosol.
                              

Scanning Mobility Particle Sizer (SMPS) to measure size distribution of submicron aerosols.
                              

Cloud Combination Probe (CCP) to measure fog droplet size distribution and liquid water content (LWC).
Cloud Condensation Nuclei counter (CCN) to measure droplet forming potential of ambient aerosols. PM  1

sampler to collect submicron aerosol on filters for further analysis. Size resolved fog water collector to assess 
droplet size dependent composition, and Vaisala RH & T sensor. This is the first time AMS is used in India and 
to our knowledge AMS has never used so extensively in ambient foggy condition before anywhere in the 
world.
                              

3 3 Average aerosol loading during foggy period was 104±44 µg/m , much higher than 73±49 µg/m ofnon-foggy 
period. In both the period aerosol loadingincreased with acidity.Majority of the submicron mass in both 

1 1, 2 1,2Chakraborty , Gupta , Tripathi
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periods was contributed by organics followed by Nitrate and Sulphate, although during foggy time sulphate 
loadings had increased significantly may be due to aqueous production. 
                              

Aerosol acidity was calculated from stoichiometric neutralization ratio of ammonium to Sulphate, Nitrate 
and Chloride; we called it aerosol neutralization ratio (ANR). So higher the ratio, lower the aerosol acidity. 
Aerosols were generally neutralized during both the periods, may be due to higher RH and presence of 

+
enough NH  for neutralization.We have observed a unique correlation between organic aerosolO/C ratio and 4

ANR which have profound atmospheric implications; it indicates that acidic aerosols were less oxidized than 
the neutralized ones. So acidic aerosols will delay fog/cloud formation by inhabiting CCN activation as they 
were less hygroscopic (due to lesser oxygen content).

Figure 1: Diurnal plot of aerosol elemental ratios and ANR. Clear correlation between ANR and O/C ratio can be seen
              

AMS data also showed that mode size of all the species specially organics and sulphate had shifted to a higher 
diameter during foggy period indicating enhanced secondary processing. Oxidation level of aerosols as 
indicated by O/C ratio from HR-ToF-AMS datawas higher (0.53±0.04) during foggy nights than non-foggy 
nights (0.44±0.07) most likely due to aqueous processing. Fog water analysis indicates that fine droplets (<4 
µm) are more enriched with different aerosols species and also contains more oxidized and low volatile 
organics than coarse (16-22 µm ), medium (4-16 µm) ones, indicating drolet size dependant chemistry. Also 
fog water is much moreenriched with organo nitrate and organo sulfate compounds than overall ambient 
aerosols further indication of different processing mechanism in aqueous phase.
              

Conclusions
Aerosol acidity is playing a major role in aerosol processing. Highly oxidized aerosols (O:C> 0.6) in both 
periods were always either low acidic or completely neutralized, whereas less oxidized aerosols (O:C < 0.4) 
were either high or mildly acidic in nature, also m/z 44/43 (ratio of mass at m/z 44 in AMS mass spectra to that 
of at m/z 43) ratio increased with aerosol neutralizationindicating different processing mechanism operating 
under acidic and neutralized conditions. Acidity also resulted in enhanced oligomerization most probably via 
acid catalysed reactions.Higher amount of low volatile and highly oxidized products (their O/C much higher 
than normal ambient aerosols) inside the droplets indicates that aqueous oxidation was producing very 
different organic compounds then gaseous oxidation. 
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Introduction
The centrifuge system is intended for efficient separation of solids from the highly radioactive liquids by 
providing mechanical acceleration via centrifugal force.These systems are required to be operated at high 
flow ratesin the order of 400 lph.The objective of this work is to evaluate the performance of centrifuge 
system for solid particle separation at various flow ratescovering the region of interest. Performance of the 
unit was evaluated by keeping speed (rpm) of the inner bowl at a constant value at 20000 rpm and varying the 
clarification liquid flow rate from 90-470 lph. The system was run for sufficient time to stabilize the 
experimental parameters. The present paper describes the experimental procedure, results and analysis of the 
tests carried out.
                           

Experimental Procedure
Ferric Oxide (Fe O ) powder suspended in DM water is used as a feed liquid to the centrifuge unit. The initial 2 3

particle size distribution of the Fe O  powder is measured by using Mastersizer (M/sMalvern, UK),a light 2 3

scattering instrument to measure particle size distribution and concentration.  The particle size distribution is 
shown in Fig. 1, whichshows that, the size of particle ranges from 0.1 – 50 µm with MMD of 
4&18µm.Initially, calibration chart was prepared for laser obscuration as a function of various Fe O  2 3

concentrations in DM water.  Various concentrations of feed liquid is prepared by mixing DM water with 
Fe O  powder (the quantity of Fe O  power is taken from  5, 0.5, 0.05, 0.005, 0.0005, 0.00005grams mixed in 1 2 3 2 3

liter of water). These liquids are made to circulate in liquid flow cell of Mastersizer and the corresponding 
laser obscuration is recorded. A calibration plot is drawn between laser obscuration and concentration of the 
Fe O  and it is found to fit in power law (Fig.2). By using Fig.2, the concentration of Fe O  in DM water after 2 3 2 3

clarification from centrifuge is determined. 
                           

Results and Analysis
The performance evaluation of centrifuge unit is carried out with the inlet solution having Fe O  concentration 2 3

of 5 g/l. This liquid is made to pass through the centrifuge unit at various flow rates viz. 90 lph, 170 lph, 290 
lph and470 lph. For every flow rate, the output is collected at the outlet.The samples are analyzed in 
Mastersizer for laser obscuration and particle size distribution.By using the calibration curve (Fig.2), the 
concentration of Fe O  is estimated for each sample. The efficiency of centrifuge unit is calculated as given2 3

Where ç is efficiency of centrifuge unit, Ci and Co are inlet and outlet concentrations of liquid.The results are 
summarized in Table 1.Fig.3 shows the variation of centrifuge efficiency as a function of flow rate of liquid. It 
is found that the particle removal efficiency of the unit is reduced from 99.99% at 90 lph to 92.63% at 470 
lph.The efficiency of the centrifuge unit decreases with increase in flow rate of liquid.The reduction in 
efficiency is due to the decrease in residence time of the suspended particles when the throughput is increased 
from 90 lph to 470 lph.
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Table 1: Experimental condition and performance evaluation results of the centrifuge unit

              
                       

Fig. 4 (a) shows the particle size distribution of the feed liquid at the inlet and it is found to have MMD of 4.4 & 
13.8 µm. The particle size distribution of the feed liquid at the outletafter clarification for all flow rates is 
measured. A representative particle size distribution for 470 lph is also shown in Fig. 4 (b). The corresponding 
MMD values are included in the Table 1.  It is observed from the Fig. 4, the particles above 25 µm are found 
removed in the outlet solution for the cases of larger flow rates.

Figure 3:  Efficiency of the centrifuge unit vs flow rate of liquid

Figure 4 : Size distribution of Fe O  particle in inlet and outlet of the centrifuge unit2 3
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Summary
The performance of the centrifuge for various flow rates (90 lph to 470 lph) is experimentally evaluated. It is found that 
the separation efficiency is reduced from 99.99% at 90 lph to 92.63% at 470 lph. The reduction in efficiency is due to 
the decrease in residence time of the suspended particles when the throughput is increased from 90 lph to 470 lph. 
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Introduction
Aerosols, which are made up of different chemical species, are mixed in different ways in the atmosphere and 
their overall optical properties and hence the aerosol radiative forcing (ARF) varies with there mixing state 
(Dey et al., 2008).  Mixing state of aerosols is one of the major sources of uncertainty in estimated values of 
ARF (Jacobson, 2001; Chandra et al., 2004). This problem is critical in the Indo-Gangetic Basin (e.g. Delhi 
NCR), where various aerosol types mix with each other and show strong seasonal variations. Aerosol can be 
mixed in three different ways, externally mixed (all aerosol species are independent of each other), internally 
mixed (each individual particle consists of all available composition) and lastly core shell mixed (one aerosol 
species is coated over another species). 
                   

Data And Methodology
In the present work, sensitivity of aerosol optical properties and therefore direct radiative forcing to the 
mixing state is examined over Delhi NCR (77-78 E longitude and 28-29 N latitude) using measured chemical 
composition for 2007-2008. Black carbon (BC) was directly measured by Aethalometer at NPL campus, 
while the samples collected on filter papers were analyzed for ions and metals. They are grouped into three 
components of aerosols, dust, water soluble (WS) and, water insoluble (WINS). To examine the sensitivity of 
optical properties to the mixing state, eight different mixing cases - external mixing, internal mixing, and six 
combinations of core-shell type mixing which includes two modes of dust (accumulation and coarse) have 
been considered. Core shell mixing cases are treated as, BC coated over dust (accumulation & coarse mode), 
WS coated over dust (accumulation mode & coarse), BC coated over WS and, WS coated over BC.  These 
core shell mixed components are then externally mixed with rest of the aerosol species. Surface radiation in 
clear-sky condition for the time period 2000-2006 has also been used for this study. The data were readjusted 
for 2007-2008 for direct comparison with the various mixing state cases.
                   

Different approaches and techniques have been used to calculate the optical properties for all the three types 
of mixing state. For external mixing, optical properties are calculated using OPAC (Optical Properties of 
Aerosols and Clouds) software package (Hess et.al, 1998).  Optical properties of internally mixed aerosols 
are calculated using Bohren-Huffman Mie code (Bohren and Huffman, 1983) where as for core shell mixed 
aerosolsthe code developed by Dr.W.Wiscombe, based on the work by Toon and Ackerman (1981), for coated 
sphere is used.  Optical properties calculated are aerosol optical depth (AOD), extinction efficiency (Qext), 
single scattering albedo (SSA) and asymmetry parameter (g). These optical properties are used to calculate 
top of the atmosphere (TOA) and surface forcing using SBDART model. It is a plane-parallel radiative 
transfer model that calculates radiative fluxes for clear and cloudy sky conditions within theEarth's 
atmosphere and at the surface. These radiative fluxes obtained for the surface for clear sky are then compared 
with measured flux.
                   

 Results 
Seasonal downward fluxes for clear sky condition for all the seven mixing state cases along with measured 
flux have been shown in Figure1. Core shell mixing case for BC coated over dust has been omitted from this 
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study as unrealistic shell thickness values are observed for this case. Since clear sky measured flux is of 
different time period then the data used for mixing calculations, we have firstly normalized measured flux 
with MODIS (TERRA) AOD of time period (2000-06), this normalized flux is then retrieved back for the 
same time period as of mixing calculations by multiplying it with MODIS (TERRA) AOD of time period 
2007-08. Here pre-monsoon season has been chosen from March to June (MAMJ), as in Delhi NCR onset of 
monsoon is from end of the June and July to September (JAS) is defined as monsoon season. From the figure 
we observe that external mixing case and three core shell mixing case (BC and WS coated over dust for 
accumulation mode and BC coated over WS) show better comparison with measured flux. We observed that 
for winter season (DJF), core-shell mixed case, BC coated over dust (accumulation mode) and BC coated 
over WS is almost comparable with measured surface flux, while for MAMJ, JAS and post-monsoon season 
(ON) we can conclude that none of the mixing cases show compatible comparison, still there is wide 
disagreement. We also observe, mean (±1) seasonal surface forcing for the MAMJ, JAS, ON and DJF 

-2 
seasons, which are 20.36±9.55, -25.32±18.61, -23.09±8.51 and 33.17±1.38 Wm respectively.

Figure 1 : Downward Flux for clear sky for various mixing cases and Measured Flux.
       

Conclusions
Various mixing states have been studied for the Delhi NCR. BC coated over accumulation mode dust and WS 
is the most probable mixing state for winter season whereas for other seasons large discrepancy is observed. 
This discrepancy can be attributed to two things; firstly the vertical distribution considered (calculated from 
CALIPSO data) is same for all the aerosol species, whereas ideally different vertical profile should be 
considered for different aerosol species, (Meloni et al., 2005; Samset and Myhre, 2011, absorbing aerosols 
have larger impact on aerosol vertical profile hence on aerosol forcing than for non-absorbing aerosols). 
Secondly, all aerosols are considered to be spherical whereas literature suggests that dust is non-spherical and 
ignoring non-sphericity leads to misrepresentation of the aerosol radiative forcing (Mishra et.al. 2008, JGR 
and Mishra et.al. 2008, GRL)
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Introduction
Black carbon (BC) is an important constituent (90% in PM2.5) of airborne particulate matter (PM) that is 
often emitted as product of incomplete combustion of fossil fuel and burning of biomass and bio-fuels 
(Koelmans et al., 2006). As is widely recognized, atmospheric black carbon (BC) directly accounts for the 
reduction in incoming short wave solar radiation, leading to the heating of atmosphere. 

Jacobson, 2001

Aerosol Light 
absorption measurements have been accomplished using filter-based samplers.  Here the attenuation of light 
across the filter is measured as a proxy for light absorption. Mainly due to the presence of Elemental Carbon 
(EC), ambient particulate material appears black when collected on a filter. Therefore, BC is defined as the 
fraction of carbonaceous aerosol absorbing light over a broad region of the visible spectrum, and is measured 
by determining the attenuation of light transmitted through the sample. Absorption of solar radiation by BC 
particles is important in understanding the effects of atmospheric particles on climate. In most of the filter-
based absorption techniques, which determine the aerosol absorption coefficient from the attenuation of light 
passing through an aerosol-laden filter, suffer from various systematic errors that need to be corrected 
(Liousse et al.,1993;Petzold et al., 1997):Firstly, attenuation is enhanced by multiple scattering by the filter 
fibers which increase the optical path (multiple scattering  correction); secondly, light attenuation is further 
enhanced due to scattering of aerosols embedded in the filter (scattering correction); and thirdly, attenuation 
is gradually increased by the light absorbing particles accumulating in the filter thus reducing the optical path 
for a loaded filter (filter-loading correction).
     

Methodology and Data Sets
Near-real-time measurements of black carbon (BC) was made regularly over a semi-arid station, Anantapur, 
using 7th channel Aethalometer (Model AE-30 Magee Scientific).The actual measurements were carried out 
at the department of Physics, Sri Krishnadevaraya University(14.62N, 77.65 E, 331m asl) from an altitude of 
about 12m above the ground, using its inlet tube and pump. The BC mass concentrations are estimated using 
the optical method of measurement of the attenuation of a beam of light transmitted through the sample 
collected on a filter, which is proportional to the amount of BC mass loading in the filter deposit. The yielded 
attenuation absorption coefficient is then converted in to BC mass concentration; this is done using 
appropriate absorption efficiency values. These values are varies as a function of wavelengths.  Aethalometer 
was operated with a flow rate of 3 L/m at a time resolution of 5 min, round the clock. The measured location is 
a sub urban and semi-arid station and is dominated by local sources, mainly anthropogenic. Coen et al. (2010) 
and Weingartner et al. (2003) correction algorithms are chosen for the present study and the absorption 

3Space Physics Laboratory, Vikram Sarabhai Space Center, Thiruvanantapuram - 695 022, India.

Due to its strong 
absorption over a wide range of wavelengths, BC plays crucial role in the global as well as regional climate 
change processes, contributing significantly to the atmospheric warming ( ). In addition, BC 
contributes to the indirect radiative forcing by acting as cloud condensation nuclei once they become 
hydrophilic. Owing to the small sizes BC aerosols are easily inhaled and can be health hazard. 
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coefficient has been estimated from the Aethalometer data in all wavelengths.

The absorption coefficient, (b ) =                              M/mabs

Where ë is correspondent wavelength (nm), C&R are the calibration factors (C=2.14, R=1), which can be 
used to convert aethalometer attenuation measurements to real absorption coefficients. The empirical 
constant 'C' mainly depends on the nature of the filter and the apparatus used and it gives the enhanced light 
absorption of the filter particles caused by multiple scattering of the light beam at the filter fibers 
(Weingartner et al.2003) and 'R' is loading factor, which can varies with the amount of aerosol particles 
embedded in the filter and optical properties of the deposited particles. For unloaded filters 'R' is set to unity.
       

Results and Discussion
The Diurnal and Monthly Variation of Black Carbon Mass Concentration

The diurnal variation of BC shows two prominent peaks one is around (7:00 - 9:00 hrs) almost one hour after 
sunrise and another is around (19:00-21:00 hrs), mainly attributed to the boundary layer dynamics and 
anthropogenic activities (Fig.1). The morning peak in the BC arises from the combined effects of fumigation 
effect in the boundary layer which brings in aerosol from the nocturnal residual layer shortly after the sunrise 
and builds up of local anthropogenic activities. Second maximum peak was contributes from increases 
anthropogenic activities such as vehicular emission and less boundary layer height due to lack of solar 
radiation. Low values of BC during the afternoon hours have been attributed to the dispersion of aerosols, due 
to increase in boundary layer height in addition to the low traffic density. Almost an identical diurnal feature 
was observed in all the seasons, but with varying amplitudes. The monthly BC distribution profile showed 

-3 -3
high values in January (2533.75± 312 ng m ) and low BC values are observed in June (608.75±124 ng m ) 
due to wet surface deposition by rain. The monthly variation was mainly attributed from the meteorological 
parameters and boundary layer dynamics.   
        

The Monthly Variation of Average Absorption Exponent (á )bc

Information of the wavelength dependence of BC absorption is useful to infer on the probable sources of BC. 
Expressing the wavelength dependence by the relation,                   , where â is the particle loading and á  is bc

the absorption exponent. Using the measurements at 7 wavelengths, we estimated the monthly mean values of 
á  (is the measure of spectral dependence of aerosol absorption, which was estimated by performing a linear bc
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regression of ln (b ) and ln (ë)) and its variation over the observation period (Fig.2).  The average á  around abs BC

1.02 (varying 0.7 and 1.5) over the entire period of study. Angstrom exponent is a rough indicator of the size 
distribution of the aerosol particles in the column whereas the absorption exponent gives the wavelength 
dependence of absorption indicates about the nature of absorbing aerosols (BC, organic matter and dust). A 
low á value (<1) indicates dominance of bigger-size particles and a high á (>1) indicates dominance of 
smaller-size particles (Dubovik et al., 2002). The values of á  was found close to one during the winter time, bc 

suggested domination of fossil fuel sources and much higher values were found during monsoon, suggested 
domination of biomass burning aerosols (Kirchstetter et al., 2004).
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Introduction
Aerosol optical depths and mass concentions of secondary organic aerosols (SOA) over the Indian region 
simulated by different climate models from the archive of Coupled Model Intercomparision Project Phase-5 
(CMIP5) has been analyzed. A multi-model comparison of the simulated organic aerosol spatio-temporal 
variability has been carried out, and it is found that there are significant inter-model differences in the 
simulated secondary organic aerosol concentrations. Comparison of simulated organic aerosol 
concentrations with available observations based on published literature suggests that most CMIP5 models 
underestimate organic aerosol concentrations over the Indian region by up to a factor of 10 in certain seasons. 
As part of this work, efforts are also being made to include SOA formation from missing biogenic sources as 
well as representation of SOA produced from oxidation of organic vapors emitted by both fossil fuel and 
biomass burning sources in the CAM5 model to improve the simulated concentrations of organic aerosols 
compared to observations.
              

Methods
Data sets from sevendifferent climate models viz. CESM-CAM-Superfast, CESM-CAM5, CESM-CAM3.5, 
HadGEM2, GISS-E2-R, NASA-GEOSCCM and GFDL-AM3 from CMIP5 archive (Taylor et al., 
2012)along withavailable observations based on published literature(Ramet al.,2008)are used to carry out the 
present analysis.Monthly mean values of aerosol optical depths and mass concentration of organic aerosols 
and SOA from various ensemble members of all the model simulationsfor the period 2000 to 2010have been 
analyzed.We have also analyzed the data corresponding toanthropogenic and biomass burning emission 
inventories used by these modelsto understand the causes ofnoted inter-model differences as well asthe 
differences between model simulations and available observations.
              

Results
Comparison of simulated organic aerosol concentrations by seven different climate models with available 
observations from the South Asian region, based on published literature, suggests that most CMIP5 models 
underestimate organic carbon concentrations over the Indian region in their simulations by up to a factor of 10 
in certain seasons. These underestimations of organic carbon concentrations by the CMIP5 models can have 
serious implications for any reliable estimates of air quality as well as any realistic predictions about the role 
of aerosols on the climate over the region made by these models. Figure 1 shows the spatial distribution of 
annual mean aerosol optical depth of organic aerosols for the month of January 2002 over Indian subcontinent 
and surrounding ocean regionssimulatedby six different CMIP5 models. As evident from Figure 1, there 
exists significant inter-model differences in the simulated organic aerosol concentrations and aerosol optical 
depths (AOD). Since the different model simulations were performed using the same anthropogenic and 
biomass burning emissions, diversity inthe naturalemissions(such asisoprene, lightning and soil 
NOx,dimethylsulfide, NH3, etc.) as well asdifferences in chemistry schemesused by different models are 
largely responsible for the noted inter-model differences in simulated organic aerosol concentrations. While 
some models such asHadGEM2 is able to capture the pattern ofhigh AOD belt across the Indo-Gangetic basin 
(IGB) reasonably well, whereas other models such as CESM-CAM5, GFDL-AM2, and GISS-E2-R are able 
to capture the high AOD over the eastern part of the IGB and north-east India as noted by various satellite 
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observations as well as in-situ measurements[Kaufman et al., 2002; Di Girolamo et al., 2004].

Figure 1: Spatial distribution of annual mean aerosol optical depth of Organic Aerosols for the year 2002 over Indian 
subcontinent and surrounding region obtained from six different CMIP5 models.

              

o o
Figure 2 shows the monthly mean variation of organic aerosol concentrations over Mt. Abu (24.6 N, 72.7 E) 
as simulated by seven different CMIP5 models and observations reported by Ram et al.,(2008) for the year 
2005. It is evident from Figure 2 that most CMIP5 models underestimate organic carbon concentrations over 
the Indian region in their simulations by up to a factor of 10 in certain months.Compared to observations, most 
of these models are also not able to capture the seasonal variations in the concentrations of organic aerosols. 
              

Analysis of the seasonal variation of organic aerosol concentrations simulated by the CMIP5 models suggest 
that most of these models do not take in to account the emissions of SOA and their precursors from wintertime 
biomass (from wastes) burning over the IGB region, which results in large underestimation of simulated AOD 
with respect to in-situ and satellite observations. Emissions of biogenic volatile organic compounds (VOCs), 
precursor to SOA, over the Indian region are also underestimated in most CMIP5 models.
              

As part of this work, efforts are also being made to include SOA formation from missing biogenic sources as 
well as representation of SOA produced from oxidation of organic vapors emitted by both fossil fuel and 
biomass burning sources in the CAM5 model to improve the simulated concentrations of organic aerosols 
compared to observations.This approach includes missing semi-volatile and intermediate volatility organic 
precursors which have been shown to produce large amounts of SOA over other parts of the world. Overall 
objective of this work is to better evaluate therole of changing atmospheric chemistry in the context of life 
cycle of secondary organic aerosols in driving the regional climate change over the Indian subcontinent and 
the monsoons.More results with greater detail will be presented.
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Figure 2 : Comparison of monthly mean variation of organic aerosol concentrations simulated by CMIP5 models with 
observations reported by Ram et al. (2008) overMt Abu.

               

Conclusions
Analysis of the seasonal variation of organic aerosol concentrations simulated by the CMIP5 models suggest 
that most of these models do not take in to account the emissions of SOA and their precursors from wintertime 
biomass (from wastes) burning over the Indian Gangatic Plane which is causing large underestimation of 
simulated AOD with respect to in-situ and satellite observations. Emissions of biogenic volatile organic 
compounds (VOCs), precursor to SOA, over the Indian region are also underestimated in most CMIP5 
models. In this work, we specifically investigate the effects of secondary organic aerosol formation using the 
CAM5 model.  Efforts are being made to include SOA formation from missing biogenic sources as well as 
representation of SOA produced from oxidation of organic vapors emitted by both fossil fuel and biomass 
burning sources in the Indian region. This approach includes missing semi-volatile and intermediate 
volatility organic precursors which have been shown to produce large amounts of SOA over other parts of the 
world. 
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Introduction
Heterogeneity in various aerosol characteristics over a wide range of spatial and temporal scales has been 
found to be one of the major causes of difficulties in reducing the level of scientific understanding due to 
aerosols. Also, this is one of the causes of enhanced uncertainty in estimation of aerosol radiative forcing 
(IPCC, 2007). Significant degree of  heterogeneity in optical and microphysical properties of aerosols and the 
associated radiative impacts is known to affect the Indian summer monsoon circulation and also the global 
climate system (Srivastava et al., 2011; Tiwari et al., 2013). Thus, it is essential to improve aerosol 
characterization on regional basis with high spatial and temporal resolutions; particularly over the region, 
where large heterogeneity may take place. In the present study, an attempt has been made to infer different 
aerosol types over the tropical observing site, Pune using multi-year ground-based MICROTOPS II 
Sunphotometer measured aerosol products.
            

Results And Discussion
Figure 1 shows the percent contribution of different aerosol types based on the AOD  and á threshold 500nm 480 – 870nm 

values measured over Pune. From the figure, it is seen that the aerosol contribution of different origin and 
characteristics to the atmospheric column can be strongly modified in each season. Thus, for the period 2010-
2013, UB aerosols are pre-dominantly observed in the range of 61-70% during winter season and 30-50% of 
MT type during pre-monsoon. The dominance of UB type in the winter season for all the years (i.e. 2010-
2013) may be attributed to both local and transported aerosols. The former is revealed by the confinement of 
50% of trajectories below boundary layer locally, while the later is evident from the trajectories at higher 
levels, which are mostly E/SE and N sector (i.e. BOB and IGP region). Vijaykumar et al. (2012) and Moorthy 
et al., (2008) have reported the influence of the anthropogenic pollution (accumulation-mode aerosols, 
mostly UB type) from the industrialized areas of the Indian west coast, which was found to have a spatial 
offshore extent of < 100 km at the coast. As the wind speeds are generally low during the winter season, the 
transport of mineral dust (DD aerosols) is less significant. Also, the local trajectories are capable of 
contributing more to the UB type. On an average of 9-10% of background CA type is the result of aerosols 
generated locally under favorable meteorological conditions (clear sky and scanty rainfall). Under such 
meteorological conditions, it is probable that particles may float for longer time in the atmosphere due to 
reduction in loss process and may undergo transformation of size (Pathak at al., 2012).
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Figure 1 : (a, b, c, d) Pie diagram showing seasonal  fraction of each aerosol type viz., continental average(CA), marine 
continental average (MCA), Urban/industrial and biomass burning (UB), desert dust (DD) and mixed type (MT) over Pune 

during 2010-13.
             

During Pre-monsoon seasons, MT is the dominant aerosol type followed by UB and DD, while the 
background aerosols are insignificant. The dominance of MT aerosols may be due to the dust emissions and 
transport in this season and the possible adhering of fine-mode pollution particles onto the surface of coarse-
mode dust in the mixed aerosol. Since the majority of aerosols belong to a mixed (or undetermined) aerosol 
type more attention must be paid to this type, as a result of independent processes. Thus, the mixing could be 
caused by primary small and large particles. On the other hand, the coarse-mode particles transported over 
Pune can easily be mixed with local pollution or with smoke biomass burning, increasing the AOD 
wavelength dependence. Moreover, on the local level, in the vicinity of observing site, biomass burning 
activity is also at its highest during pre-monsoon. The transportation from Arabian Sea and Indian Ocean 
results in significant percentage of MCA (6-8%) type during pre-monsoon as winds starts to blow from 
NW/W and SW/S region. 

             

The comparison of the present results with those reported over Hyderabad (Kaskaoutis et al., 2009) reveals 
that the UB aerosol type is the highest contributor during winter and second highest contributor in pre-
monsoon over both the places. The DD (high AOD desert dust over Hyderabad) aerosols are predominant in 
pre-monsoon and almost absent in winter over Pune. On the other hand the other aerosol types exhibit 
different seasonal variations over the two locations. The difference in the observed seasonal contribution of 
aerosol types over Pune and Hyderabad may be attributed to the location, meteorology, topography, 
influences of air masses and mixing of aerosols.
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Introduction
Air temperature is observed to be a minimum a few decimetres above the ground on calm clear winter nights 
(Geiger, 1965). The dynamics of this lifted temperature minimum (LTM), also called the Ramdas layer, is 
explained by Vasudeva Murthy et al., 1993. As the conditions are calm, this temperature profile can influence 
the settling of aerosol particles due to thermophoresis. The aerosol concentrations close to ground are now 
generally governed by gravitational and thermophoretic forces. We present here the estimates of 
thermophoretic force on aerosol particles and compare that with gravitational force.
           

Methods
Thermophoretic force on particles of radii 0.1, 0.5 and 1 ìm are estimated in the lowest 30 cm layer using the 
formula derived by Brock, 1962 (as given in Pruppacher and Klett, 1997).

where ç  is coefficient of viscosity of air, k  and k  are thermal conductivities of air and particle, c  and c  are a a p m t

isothermal slip and temperature jump coefficients, N  is the particles Knudsen number which is the ratio of Kn

mean free path of the suspending gas and diameter of the particle, p is the pressure and       is the temperature 
gradient. The temperature gradients are estimated from an assumed temperature profile similar to the one 
observed by Ramdas (Narasimha, 1994). The gravitational force on the particle is calculated by 

where ñ  and ñ  are the density of the particle and air.s a
         

Results
Figure 1 shows the temperature profile considered in this study and the estimated thermophoretic force on 0.1 
ìm radius particle at corresponding levels. For particles of this size, even though the gravitational force is 
higher than the thermophoretic force, their orders of magnitude remain the same. For 0.5 and 1 ìm particles, 
the estimated thermophoretic force is two to three orders of magnitude lower than the gravitational force. 
Further, the thermophoretic force on the particles below the temperature minimum layer is directed opposite 
to the gravitational force. However, the resultant force on the particle is towards the ground. 
         

Conclusions
These estimates indicate that the LTM may not have pronounced effect on the motion of 0.5 to 1 ìm particles. 
However, the observations of Chate and Pranesha (2004) have shown an inverse trend in the concentration of 
particles of 0.075 to 0.75 ìm with temperature. The effect of LTM on particle motion may be better 
understood by estimating the resultant settling velocities of particles and by conducting field experiments.
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Figure 1 : Temperature profile close to ground and the thermophoretic force on the particle of 0.1 ìm
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Introduction 
The atmospheric Aerosol plays a major role in climate dynamics. Dust storms originating over the Deserts of 
west Asia contribute a large fraction of aerosol in the atmosphere and can be transported by atmospheric 
circulation to thousands of Kilometres away from the source regions. Deposition of mineral dust into the 
ocean is also a major source of nutrients (particularly Si, Fe and P) and contribute to the enhancement of 
chlorophyll-a(CHL-a). Measures and Vink [1999] has shown that the supply of Fe through Aeolian dust is a 
requirement for biological production in the nutrient-rich upwelled waters off the western Arabian Sea coast, 
and more prominently in the waters that advect offshore.
               

The Arabian Sea (AS) is one of the most biologically productive regions of the world driven by semi-annual 
wind reversals associated with the monsoon cycle. The growth of the oceanic phytoplankton, a primary food-
source for most of the fauna in the marine ecosystems, depends on the availability of sun light and nutrients 
such as nitrogen, phosphorous, iron, etc. Sun light is not a limiting factor in the tropical basins; the 
phytoplankton production is limited by the availability of nutrients [Prasanna Kumar et al., 2002]. The 
different mechanisms responsible for nutrient injection into the near surface mixed layer include: coastal 
upwelling, Ekman pumping (which lift the nutricline into euphotic zone), wind stirring and convective 
overturning (which cause turbulent mixing and deepen the mixed layer to entrain the nutricline), advection 
(which introduces nutrients laterally), river discharge and atmospheric deposition. 
               

In the present study, we have made an attempt to study major dust storm events and to study its impact on the 
chlorophyll concentrations using SeaWiFS and MODIS data. Detailed analysis of Chlorophyll-a  and aerosol 
product show an enhancement in chlorophyll concentrations in the Arabian Sea soon after the dust events, that 
may be due to the dust deposition and also could be associated with the disturbed ocean surface stratification 
at the time of dust storms.
               

Methods and Result
The present study used 8-day composite and monthly composite Level-3 Standard Mapped Images (SMI) 
data of SeaWiFS (September 1997 – December 2010)  and MODIS-A  (January 2003 – December 2010) at 9- 
km spatial resolution. The Sea Surface Temperature( SST) used in this study is derived from the monthly and 
daily Tropical Rainfall Measurement Mission (TRMM) Microwave Imager (TMI) sensor for the period 
January 1998 to December 2010. The QuikSCAT scatterometer measures the ocean surface winds (~10 m) 
around the globe. The Level 3 daily gridded (0.25° × 0.25°) wind vector data from the scatterometer were 
used for the selected period. The dust storm events were checked using MODIS-L1B true color image 
available at http://modis-atmos.gsfc.nasa.gov/IMAGES/index_myd021km.html to examine their influence 
over the AS. The MODIS aerosol optical depth (AOD) at 550 nm is used as an estimator of dust presence in the 
atmosphere [obtained through the Giovanni System ( )].http://giovanni.gsfc.nasa.gov/
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Figure 1 : Monthly chl-a concentration retrieved from SeaWiFS from 1997-2010 and MODIS-A from 2002-2010 over the 
Arabian Sea for the focus region (14–20°N and 60–68°E) and TRMM-TMI SST from 1998 -2010

             

Chl-a during summer monsoon (August-September) is higher than winter (February). Chl-a concentration 
during the 1997/98 winter is lowest in comparison to those of the following 12 years and in February 2008, it 
is higher than summer Chl-a concentration of northern AS in the 13 year  record. The mean Chl-a 
concentration during winter 2007-08 (February 2008) is 90% higher than that of other years. The large Chl-a 
concentration in central AS (60 °E – 68 °E and 14 °N – 20 °N) is observed during third week of January, 2008, 
then it reached its peak in third week of February. The monthly variation of  SST over the AS shows a semi-
annual periodicity, with the primary maximum (minimum) around April-May (July-August) and the 
secondary maximum (minimum) around October-November (January –February) (Fig. 1). This maxima and 
minima of SST play an important role in air-sea interaction and biological activity of the basin. The 
interannual variability of Chl-a and SSTA (Figure 1) clearly shows that there is a clear inverse relationship 
between Chl-a and SSTA in the northern AS.
                         

Nutrients are made available for biological productivity from various sources such as river discharges, 
atmospheric deposition, upwelling process and mixed-layer dynamics of oceans. During winter in the 
Arabian Sea, wind stirring is the main mechanism by which nutrients from the upper thermocline is 
transported vertically upward into the euphotic zone by convective entrainment [Madhupratap et al., 1996]. 
Atmospheric dust is also one of the main sources of nutrients for most of the oceanic regions and biological 
productivity of the AS is also found to be enhanced by mineral dust [Singh et al, 2008].
                         

During the first week of February, 2008 unlike other years, a strong anomalous wind developed over the 
western and central AS. To check whether these anomalous strong surface wind causes dust storm events over 
AS during January and February of 2008, MODIS Tera images (http://rapidfire.sci.gsfc.nasa.gov) are used. 
The MODIS Terra satellite captured the images of OMAN, UAE, Iran, Pakistan, the Gulf of Oman and the 
AS. Figure 2a shows thick dust plumes, bordered by thick bands of clouds, blowing over the ocean waters. 
The picture shows dust plumes-
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Figure 2 : a, True-visible MODIS TERA image on 2nd February over the Arabian Sea,
 b. True-Visible MODIS AQUA image on 23rd February over the Arabian Sea. The dust plume is highlighted in both figures.

                         

blowing southward from Iran and Pakistan, fanning out over the Gulf of Oman. A dust storm of similar 
nd rd

magnitude is observed in the region during 22  23  February of 2008. The predominant winds in the AS 
during winter and early pre-monsoon seasons are from northeast, but it is observed that on several occasions 
during January and February, the northwest winds become stronger.
                         

th
Wind vectors and the wind speed in the AS before and after dust storm events of 17  January, 2nd February 

rd
and 23  February, 2008 clearly show the presence of strong north-westerly winds in the Arabian Peninsula 
and north-western AS, which are associated with the winter shamal event. The winter Shamal wind is 
associated with mid-latitude disturbances travelling from the west to the east and usually occurs following the 
passage of cold fronts This wind pattern can be accounted for the transport of the mineral aerosols from the 
desert areas of Arabia to the AS ,which enhance the biological productivity. Rengarajan and Sarin [2004] 
reported that the higher Fe concentration in the AS as compared to the Bay of Bengal during February –March 
due to dust Storm.
                         

The Figure 3 shows the MODIS Aqua AOD at 550nm before, during and after the dust storm events. The 
ndeffects of dust storm are clearly reflected in AOD, as the maximum value of AOD is on 2  February is 0.8 

compared to monthly mean value of ~0.3 (Figure 3).

Figure 3 : The daily MODIS Aqua Aerosol Optical Depth at 550 nm (blue) and weekly Chl-a concentration (black dashed) 
obtained from MODIS Aqua averaged over the study region.

                 

A dust storm of similar magnitude also affected the region during third week of February 2008. The MODIS 
rdAqua AOD at 550nm shows peak of value 1.1 on 23  February, much higher than the monthly average. The 
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winter dust storms are relatively rare compared to the frequent occurrence of dust storms during summer in 
this region. However, in 2008 a number of dust storms are initiated due to extremely dry winter, which has 
lower soil moisture over the entire south Asia [Badarinath et al., 2010]. It is clearly observed that chl-a 

3 thconcentrations show a first maximum value of 1.8 mg/m  during 25   January -1 February just after the first 
thShamal event of 17   January. There is nearly a week lag in Chl-a bloom and dust storm.  Then this high value 

3
is maintained during first and second weeks of February in the range of 1.5 – 1.8 mg/m  just after the second 

nd rd
Shamal event (2  February). During the third Shamal event of 23  February, the Chl-a concentration shows 

3the highest peak of more than 3 mg/m  during 18-25 February. Anomalous increase in chl-a just after the dust 
event was also reported by Singh et. al., [2008]. 
                 

Hence, in addition to convective mixing, the extra nutrient brought by the Shamal winds contributed to the 
enhanced Chl-a bloom during February 2008 in the AS.
                 

Conclusions
The northern AS has shown high Chl-a during February, 2008. The supplementary satellite data revealed that 
the anomalously high Chl-a peak of February, 2008   is associated with three strong dust storms during 
January and February, 2008 associated with shamal wind. The dust storms as evidence by the increase in AOD 
have brought nutrients into the AS and thus enhanced the supply of nutrients into the AS favouring the Chl-a 
bloom. The combined effect of wind induced convection and extra nutrients brought by the dust storms, 
setting the stage for anomalously high biological productivity during February, 2008. 
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Introduction
One of the major pollutant stresses which are of great concern today is particulate stress. Particulate matter is 
not only problematic in terms of its health effect, but also in terms of the major role it plays in aggravating the 
effect of other pollutants in environment. Particle size characterization is an important parameter to determine 
its ill effect but analysing the chemical composition of these particals is also an equally important factor that 
needs to be considered in all epidemological and atmospheric studies. Molodovan et al., 2002, observed that 
trace elements from anthropogenic sources are emmited in particulate form, which is an additional threat to 
animal and plant health. 
                           

Methods
The undertaken study tries to evaluate the seasonal variation in  heavy metal concentration (Pb, Cr, Cu, Mn, 
Cd, Co, Ni, Zn, Fe) at three different land use areas i.e  Site I- Vegetated area, Site II- Commercial cum 
Institutional area and Site III- Traffic intersection area. 
                           

Results 
The study clearly illustrated that different land use area show different pattern of heavy metal concentration; 

3high concentration was recorded at commercial cum institutional area (Summer- 67.73 µg/m  and Monsoon-
3 3 331.64 µg/m ) followed by vegetated area (Summer-44.79 µg/m  and Monsoon- 37.82 µg/m ) and traffic 

3 3
intersection (Summer- 29.81 µg/m  and Monsoon- 27.59 µg/m ) in both the seasons. However, significant 
seasonal difference was observed at all the sites with high summer HM concentration as compare to Monsoon 
concentration. Among all the studied heavy metals Zn, Cd and Fe were found to be the most abundant heavy 
metals at all the selected sites. High concentration of Pb was observed at Site II and Site III showing vehicular 
emission as an important source of this heavy metal. 
                           

Conclusion 
High concentration of HM at vegetated area as compare to traffic intersection further throws light on the 
complexity of atmospheric chemistry, transport of pollutants and their deposition to different sites. Thus, it is 
important to understand the dynamics of source and sink of such toxic atmospheric pollutants in urban 
scenario and study their subsequent environmental impacts.
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Introduction
Black carbon (BC) a primary pollutant emitted due to incomplete combustion processes is a type of 
carbonaceous material with a unique blend of physical properties. BC has a distinctive role in Earth's climate 
system and studies past a decade have identified BC as one of potential individualistic climate-warming agent 
source after carbon dioxide (Bond et al., 2013). In India, various studies have been reported on BC surface 
concentration for some stations. Nevertheless, there is a scarcity of studies evaluating climate impacts due to 
BC aerosols and its sources of origin using available measurements data. It is therefore necessary to evaluate 
these impacts distinctly. Since there is a lack of continuous and real time information on BC aerosols and their 
impacts on radiation in eastern India for a long period comprising of a season (e.g. entire winter monsoon 
season), we use measurements data available from the present study to carry out a comparative study of 
winter monsoon (WinMon) BC aerosols in urban (Kolkata) and semi-urban atmospheres (Kharagpur). 
Further, this study is used to evaluate distinct climate impact of BC aerosols and sources through analysis of 
estimates from combined potential source contribution function (PSCF) tool (receptor-oriented modelling 
approach) and that from BC transport simulations in GCM (source- oriented modelling approach).
                                                

Methods 
Estimation of BC-induced climate relevant parameters and source of origin
The distinct climate impacts of BC aerosols in urban (urb-atm) and semi-urban (semiurb-atm) were evaluated 
using measurements of surface BC concentrations at Kolkata (Kol) (22.57ºN, 88.42ºE) during the period 
November, 2009 to February, 2010 and at Kharagpur (Kgp) (22.31ºN, 87.31ºE) during November, 2011 to 
February, 2012. Continuous and near-real-time measurements of BC surface concentration were carried out 

- 1using an Aethalometer operated at 3 Lmin  (LPM) at an average time of 5 min. The ambient aerosol 
concentration was obtained from Grimm spectrometer at 5 min interval giving particle concentration in size 
range 0.23-20µm grouping them in 16 different bin sizes using light scattering technology 
( ).  Aerosol optical depth at 0.5 µm (AOD) was obtained from hand-held 
Microtops-II Sun photometer at one hour interval from 08:00 to 16:00 local time.  
                                                

Optical properties of BC for study locations during WinMon period are estimated in software package of 
Optical Properties of Aerosols and Clouds (OPAC) through Mie theory calculations (Hess et al., 1998). BC 
radiative forcing (without clouds) is estimated in Santa Barbara DISORT Atmospheric Radiative Transfer 
(SBDART) model (Ricchiazzi et al., 1998) in short-wavelength spectrum (between 0.25 and 4 ìm) for each 
day of measurement. Daytime mean surface BC concentrations measured are used in OPAC to estimate BC-
AOD. Microphysical and optical properties of BC are the same as that described for soot component in 
OPAC.  Since, radiative effects of BC is influenced by the presence of other aerosol constituents present in 
atmosphere, it is more realistic to estimate radiative effects of BC (BC-composite). In order to estimate BC-
composite radiative forcing, we also need to calculate the composite AOD in OPAC. The composite AOD is 
estimated configuring aerosol models for urb-atm and semiurb-atm. Relative combination of aerosol 
constituents (such as water soluble, soot, mineral accumulation mode, mineral coarse mode, sea-salt 
accumulation mode, and mineral transport layer) are varied in an iterative process and maintaining the 
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measured BC and aerosol surface concentration as constants. Iterations are continued till aerosol columnar 
properies (AOD and angstrom parameter) generated in configured model are consistent to that obtained from 
measurements. Two sets of experiment are carried out in SBDART, one for estimating BC-only radiative 
forcing and the other for BC-composite radiative forcing. For the BC-only experiment, BC-AOD, single 
scattering albedo, and asymmetery parameter for BC obtained from OPAC are given as input quantities in 
SBDART. The monthly mean columnar ozone and water vapour for urb-atm (Kol) and semiurb-atm (Kgp) 
are obtained from the Total Ozone Mapping Spectrometer (TOMS, http://gdata1.sci.gsfc.nasa.gov) and 
MERRA (Modern ERA Retrospective-Analysis for Research and Applications, http://gdata1. 
sci.gsfc.nasa.gov/) respectively. For BC-composite experiment, radiative transfer calculations are carried out 
using optical properties obtained from OPAC for composite aerosol with BC and that without BC. For each of 
this experiment, the radiative transfer model is run with and without aerosol loading in order to obtain aerosol 
radiative forcing.
                                                

Back trajectory calculations are carried out using NOAA HYSPLIT (Hybrid Single-Particle Lagrangian 
Integrated Trajectory) (Version 4) model for days of measurement at Kol and Kgp. Calculations of 7-d back 
trajectories are done at heights of 10 m, 100 m, 500 m, 1000 m, and 5000 m corresponding to 12:00 Indian 
Standard Time (+05:30 GMT). 7-d back trajectory pathways of air mass are used to analyse episodic features 
in measured BC concentration. Back trajectory data set is also used to calculate the potential source 
contribution function (PSCF) of BC. PSCF) is a conditional probability function which produces a 
probability field to map the emission potential of a geographical area to contribute to the measured data at the 
receptor location (Ashbaugh et al., 1985). The PSCF value of the ijth cell is defined as PSCF =mij / nij Where 
nij is the total number of end points that fall in the ijth cell and mij is the number of trajectories that arrived at a 
receptor site with pollutant concentrations higher than a specified criterion value. PSCF was calculated by 
dividing the geographical region of interest covered into an array of grid cells 0.5 × 0.5 in latitude and 
longitude.  A criterion of 75 percent of the daytime WinMon mean BC mass concentration for both Kol and 
Kgp were considered for our PSCF calculations in order to identify the potential source areas at a distance 
which are more likely to have larger impact than local sources.  The uncertainty due to high PSCF values was 
reduced by multiplying the PSCF value with an arbitrary weight function W (nij). 
                                                

We further evaluate estimates from BC transport simulations in the general circulation model (GCM) of 
Laboratoire de Meteorologie Dynamique (LMD) averaged during the WinMon period. GCM estimates are 
sampled for our study locations and used to assess quantitatively the relative influence of BC emissions from 
geographical regions and sectors. Of fuel to BC surface concentration and BC optical depth. BC transport 
simulations in GCM were carried out with BC emissions tagged by region (region-tagged simulations) and 
fuel source (source-tagged simulations). In region-tagged simulations BC transport and atmospheric 
processes are simulated for the geographical region of Indo-Gangetic plain (IGP) (bounded between 85ºE 
17ºN to 95ºE 25ºN to 74ºE 35ºN to 74ºE 29ºN) with the emissions outside that region being switched off 
(Verma et al., 2013). In the source-tagged simulations, BC transport and atmospheric processes are simulated 
for each of the source categories of fuel sector including biofuel (BF), fossil fuel (FF), and open biomass 
burning (OB). Details of the model set up and emission inventories used in the model are described in our 
previous work (Verma et al., 2013). 
                                                

Conclusions
We carried out a comparative study of winter monsoon black carbon (BC) aerosols between urban (Kolkata) 
and semi-urban (Kharagpur) atmospheres to evaluate the distinct climate impact of BC aerosols and its 
sources. Results from our study showed that the BC concentration of Winmon mean was higher at Kol (urb-
atm) than at Kgp (semiurb-atm). The net radiative effect at top-of-atmosphere due to BC aerosols was found 
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to be positive for both atmospheres. Winmon mean composite radiative forcing at TOA for semiurb-atm was 
higher than the urb-atm. 
                                                

Figure 1 : PSCF and GCM estimates for Kolkata (urb-atm) and Kharagpur (semiurb-atm)
          

Source identification of BC aerosols was carried out through analysis of combined receptor (PSCF) and 
source-oriented (GCM) modelling estimates. Analysis of PSCF estimates showed that BC emissions over the 
region having highest potential for urb-atm as the IGP channelled path whereas, for semiurb-atm it is located 
over eastern India itself (Fig.1). Inference from GCM estimates on sources contributing to BC aerosols in urb-
atm and semiurb-atm was found to be consistent with that from PSCF analysis. Change in surface temperature 
because of BC direct radiative forcing over eastern India was estimated. 
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Introduction
 Particulate Matter (PM) is a complex mixture of small and large particles of varying origin and chemical 
composition and has strong influence in many atmospheric processes, with important environmental effects, 
including changes in visibility, solar radiation transfer (related with global warming), cloud formation, and 
play a major role in the acidification of clouds, rain and fog. Atmospheric aerosols play a significant role in 
understanding of both global and regional climate effects. These include their number concentration, mass, 
size, chemical composition and optical properties. The fine airborne particles have high probability of 
deposition deeper into the respiratory tract and are likely to trigger or exacerbate respiratory diseases. 
Particles ranging from 2.5 to 100ìm diameter usually comprise more of dust from agriculture, construction, 
road traffic, plant pollens and other natural sources. Smaller particles with less than 2.5ìm in diameter 
generally come from combustion of fossil fuels. The large sources of fine particle are fuel combustion in 
industries and diesel exhaust are predominant sources along transportation corridor. Many components can 
be used as tracers for specific sources. For example, sodium is a tracer that is almost exclusively associated 
with sea salt. The chemical composition of aerosols is the manifestation of the chemical state of the 
atmosphere at any place. In fact, the study of the chemical constituents of aerosols helps in assessing the 
causes behind acidic/alkaline nature of the aerosols.  

                                 

Sampling and Analysis
PM  and PM  samples were collected at Sinhagad, a rural high altitude location, nearby Pune, India, during 10 2.5

Nov. 2010 to April 2011. For sampling of PM and PM , glass fibre (Whatman- GF/A) and PTFE filters were 10 2.5

used, respectively. The sampling period for both the PM  and PM samples is 24 hrs. Concentrations of PM  10 2.5 10

and PM  were calculated gravimetrically. All the filters were extracted for water soluble components by 2.5

soxhlet extractor. After extraction, the water soluble extracts of PM were analyzed for major anions and 
- 2- - + + + 2+ 2+

cations (i.e. Cl , SO , NO , NH , Na , K , Ca  and Mg ). 4 3 4
                                 

Results
-3

The average concentrations of PM and PM at Sinhagad were found to be 36.7 and 16.9µg m , respectively. 10 2.5 

The higher PM  values indicating the impact of marine source, especially sea salt from Arabian sea.  PM  and 10 10

-3PM  concentrations indicated order of magnitude changes from day to day (PM  = 17.4 – 75.9 µg m ; PM  = 2.5 10 2.5

-3 -3  
11.0 – 39.9 µg m ). Higher concentrations of PM  (75.9 µg m ) were observed during the summer time 10

-3
compared to winter (34.2 µg m ). The difference between the concentrations in PM  and PM  (i.e., 10 2.5

-3
PM PM ) is the actual contribution of the coarse fraction and it is found to be 19.8 µg m .  The average ratio 10- 2.5

of PM /PM  (0.39) indicates that PM  at study area is dominated by primary particle emissions by natural 2.5 10 10

and man-made activities. 
                                 

Percentage contributions of measured ionic species in PM fine (PM ) and coarse (PM PM ) are shown in 10, 2.5 10- 2.5

Fig.1. Contribution of anions and cations in PM  was about 43% and 57% while for PM  it was 33% and 2.5 10

+ - 2+67%, respectively. Contribution of marine components, Na  and Cl  and Mg  were dominant in both sizes by 
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2- - +
58% in PM and 49% in PM  In PM , SO , NO  and NH  were also having significant contribution after 10 2.5. 2.5 4 3 4

sea salt, which may due to the anthropogenic emissions primarily from burning of fossil fuel and biomass 
- + 2+ 2+ +components and human activities. Considerable amounts of Cl , Na , Ca , Mg  and K  were also found in 

PM  which may be attributed to natural sources (like soil). In PM , all the ions exhibited higher concentration 10 10

in summer because of the unstable atmosphere due to convection. In PM the concentration of anthropogenic 2.5, 

2- - +
components like SO , NO and NH were higher in winter as these are formed through the gas-to-particle 4 3 4  

conversion processes. 

Figure 1 : Percentage contribution of measured ionic species in PM fine and coarse. 10, 
                                 

2+
In both the sizes Ca  ion served as the major neutralizing component for aerosol acidity. The suspended 

2+
particulate matter, rich in carbonates/bicarbonates of Ca , buffers the acidity of aerosol, which is commonly 

2+ 2+ 2+ + 2+observed under Indian conditions. The order of neutralization was Ca  > Mg  > NH  > K for PM  and Ca  4  10

2+ 2+ +> NH  >Mg > K  for PM4 2.5.
                                 

Source contribution was estimated from the chemical composition of  PM and PM  and shown in  in Fig.2. 10  2. 5 

Figure 2 : Contribution of different sources to the PM composition at Sinhagad
                                 

Fig. 2 showed that the major contribution was from marine sources (about 43 % for PM and 53% for PM ) 2.5 10

followed by crustal sources (PM : 25% and PM : 30%) and anthropogenic sources (PM : 32% and 2.5 10 2.5  

PM :17%). 10

The results obtained from these observations will be helpful to assess the impact of anthropogenic sources on 
aerosol composition and long-range transport of certain pollutants. 
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Conclusions
-3

The average concentrations of PM PM and PM at Sinhagad were found to be 35.8, 14.1 and 21.7 µg m , 10, 2.5 10-2.5 

respectively. The average ratio of PM /PM  (0.39) suggested that PM  at study area is dominated by primary 2.5 10 10

particulate emissions by natural and man-made activities. Contribution of anions and cations in PM  was 2.5

about 43% and 57% while for PM  it was 33% and 67%, respectively. Contribution of marine components, 10

+ - 2+ 2- -Na  and Cl  and Mg  were dominant in both sizes by 58% in PM and 49% in PM  In PM , SO , NO  and 10 2.5. 2.5 4 3

+NH  were also having significant contribution after sea salt, which may due to the anthropogenic emissions 4

primarily from burning of fossil fuel and biomass components and human activities. In PM , all the ions 10

exhibited higher concentration in summer because of the unstable atmosphere due to convection. In PM the 2.5, 

2- - +concentration of anthropogenic components like SO , NO and NH were higher in winter as these are 4 3 4  

formed through the gas-to-particle conversion processes. It was observed that for PM   the order of source  10

contribution is marine (53%) , crustal (30%) and anthropogenic (17%)  whereas for PM the order is marine 2.5 

(43%), anthropogenic(32%) and crustal(25%). 
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Introduction
This work reports the variation in boundary layer aerosol optical properties over the urban tropical region 
Delhi during summer 2014.  Delhi experiences two extreme weather conditions every year such as winter and 
summer. During summer the surface heating and the result of increase in convection over land enhances the 
aerosol concentration in the boundary layer. The frequent dust storm activities also contribute largely to the 
increase in coarse mode particles during the summer season. The variation in optical properties of aerosols in 
the boundary layer during the May-June (summer) period of the year 2014 is studied. 
                             

Details of the Lidar System and Method of Analysis
A dual polarization micropulse lidar system is developed indigenously to study the boundary layer aerosols 
and clouds. This lidar uses the diode pumped Nd:YAG microchip laser as source that emits a pulse of duration 
of 750ps at 532nm wavelength with energy of 3 µJ and repetition rate of 7.1kz. The backscattered signal is 
collected using a 20cm Cassegrain telescope and split into co-polarized (p) and cross polarized (s) signals 
using beam splitter. A single photomultiplier is using for near simultaneous measurement of the p and s 
signals with a stepper motor controlled mirror system. Number of photons are counted using photon counter 
and stored in the memory of the computer for further analysis. All the steps of the data acquisition, online 
display of the data etc. are controlled through the indigenously developed control software. For the current 
study each lidar profile obtained during night time with a range resolution of 24m and integrated for 10,000 
laser pulses. Then spatial and temporal averaging is done for better signal-to-noise ratio and then noise 
removed and range corrected for further analysis.  Fernald's [1] algorithm is used to obtain the aerosol 
backscatter coefficient from the backscatter lidar signal. The lidar data obtained during night time for the 
period of May-June of the year 2014 is used for this study. 
                             

Results and Discussion 
During the months of May and June of the year 2014 Delhi experiences record heat and a severe storm event. 
The maximum and minimum temperature and relative humidity during May and June is shown in Figure 1.
                             

The integrated aerosol backscatter coefficient (IABC) for the 0.072 to 1 km and 1 to 2 km range is shown in 
Figure 1. In most of the days during the observation period the IABC in the 0.072 to 1 km is comparatively 
higher than its value in the 1 to 2km range. In few cases IABC in the 1-2 km slightly higher or very close to its 
values in the 0.072 to 1km. This was observed during the month of June in which the maximum surface 

0
temperature was above 40 C.  During summer, the strong surface convection due to high temperature and low 
pressure results in deep atmospheric boundary layer (ABL) and accumulation of aerosol particles in the ABL. 
In the evening the surface cools due to radiative cooling and a stable nocturnal boundary layer forms. The 
layering of aerosol particles in the shallow residual layer formed in the night time may be the reason for the 
observed higher aerosol backscatter coefficient during the hot days.   
                             

It is observed that on May 26, 2014 a pollution plume has transported over the observation site in the 0.3 to 
0.36 km altitude range between 2200 and 2220 hrs. The low values of backscatter ratio (BR<2) and 
depolarization suggest that it may be the spherical pollutant particles.   
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th
On 30  May 2014 Delhi was hit by a huge dust storm around 1700 hrs. The day time temperature was very 

0high (43 C) and atmosphere was hazy. Figure 2 shows the aerosol backscatter coefficient (derived by lidar) 
and Microtop derived aerosol optical depth during May 29 to June 2, 2014. Microtop derived AOD values in 

thall wavelength are high on May 30 . This may be due to the presence of course mode particles present during 
this period and it is confirmed by the low value of á (an indicator of aerosol particle size).  The lidar derived 

th thaerosol backscatter profile shows high values on May 29  as compared to May 30 . After the dust storm there 
was rain and the aerosol particle concentration might have reduced due to washout. Also the aerosol particles 
in the lower altitude might have transported away from the observation site due to the heavy wind. 

-1Figure 1: Integrated aerosol backscatter coefficient (sr ) and  Minimum and maximum surface emperature and humidity during 
the May-June period of the year 2014.

                             

-1Figure 2: Altitude profile of aerosol backscatter coefficient (sr ) and Microtop derived aerosol optical depth during May 29 to 
June 2 of the year 2014.

                             

Conclusions
The aerosol variability in the 0.072 to 2 km altitude range over the Delhi region in the summer season of the 
year 2014 is studied using lidar. The residual layer of aerosol contributes the enhanced backscatter coefficient 
in the 1-2km altitude range. The monitoring of the vertical profiles of aerosols in the lower troposphere is very 
useful to study its long range transport.  
References
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Introduction
Clouds play a pivotal role in regulating the radiation budget, energy and moisture transport, hydrological 
cycle and climate of the earth-atmosphere system. The cloud feedback processes are largely effected through 
modifications in radiation budget (cloud radiative forcing: CRF) and latent heat release. The instantaneous 
shortwave cloud radiative forcing (SWCRF) at a given location undergoes substantial diurnal variations due 
to the corresponding variations in the incoming solar flux. Hence, accurate estimation of the diurnal and long-
term mean CRF requires observations of the instantaneous CRF during the course of the day. Uniqueness of 
the ScaRaB scanner onboard the low-inclination (inclination=20) Indo-French Megha-Tropiques (MT) 
satellite to observe the diurnal variation of Earth's radiation budget during the satellite's orbital precession 
cycle of 51 days has been utilized to estimate the seasonal mean diurnal variations of shortwave, longwave 
and net cloud radiative forcing (SWCRF, LWCRF, and NCRF respectively) at the top-of-atmosphere (TOA) 
during the winter period of 2012-13 and 2013-14. A main objective of this study is to estimate the diurnal and 
seasonal mean CRF over tropics during winter (December-February) and their association with large-scale 
atmospheric circulation. 
                                           

Data and Method of Analysis
Cloud radiative forcing at the Top-of-atmosphere (TOA) are estimated using the broad band shortwave and 
longwave fluxes observed using ScaRaB onboard the Megha-Tropiques (MT) satellite. The MT was 
launched on 12 October 2011 and MT-ScaRaB data since July 2012 have been released for scientific studies. 
The MT-ScaRaB data during December-February period of 2012-13 and 2013-14 are used to estimate the 
diurnal and seasonal mean CRF during winter period. The uniqueness of the Megha-Tropiques mission is the 
high repeativity of observations over the tropics due to the low orbital inclination of the satellite. Though the 
inclination of MT is only 19.98º, the regions up to ±30º latitude can be observed because of the wide swath of 
the science payloads carried onboard the satellite. The orbital characteristics of MT enables to obtain a 
repetitivity of more than 3 visibilities at different local time per day of each point of the region situated 
between 22°S and 22°N. Depending on the phase of the orbital precession cycle, the repetitivity can be 
typically ~5 per day around 13°N and 13°S. For the Megha-Tropiques, the westward longitudinal shift of 
adjacent orbits at the equator is 25°. Megha-Tropiques has a 7-day recurrent orbital cycle. While the orbit is 
repeated after the recurrent cycle, the local time of the overhead passes will be different. The precision cycle 
of the orbit is 51 days, which is the time interval needed for the hour angle of ascending node to vary by 24 hr. 
Hence the similar orbital paths and time of pass are repeated once is 51 days.  

                                           

ScaRaB is an optical radiometer comprising of 4 independent telescopes focusing the reflected solar and 
emitted thermal IR radiation from the earth-atmosphere system on four detection channels, viz: visible 
(Channel-1: 0.55-0.65 m), shortwave (Channel-2: 0.2-4.0 m), total spectral band (Channel-3: 0.2-100 m), and 
IR atmospheric window (Channel-4: 10.5-12.5 m). The absolute accuracy of the radiances measured in these 
channels is better than 2% [Viollier and Raberanto, 2010]. Details of the ScaRaB instrument are described in 
Viollier and Raberanto (2010). The ScaRaB measures radiances at specific angles of solar zenith, satellite 
zenith and relative azimuth angles. The angular dependence models (ADMs), which account for the 
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anisotropy of the radiation field, are applied to the unfiltered SW and LW radiances to obtain the SW and LW 
fluxes at TOA. Conversion of radiance to fluxes using ADMs is the largest source of uncertainty in any Earth-
Radiation Budget (ERB) measurement. In ScaRaB, the unfiltered radiances in the shortwave and longwave 
bands are converted to shortwave and longwave fluxes at the TOA using the ERBE-like inversion [e.g., Smith 
et al., 1986], employing the ERBE Angular Distribution Models (ADMs) for different surface types and cloud 
conditions. Comparisons of the ScaRaB-derived instantaneous fluxes with those from CERES for the same 
sun-pixel-satellite geometry were carried out by the instrument team [e.g., Sathiyamoorthy et al., 2013]. 

-2
These studies showed a constant bias error of ~19 Wm  in the ScaRaB-derived shortwave fluxes. After 
correcting for this bias error, the instantaneous SW fluxes were found to follow a 1:1 relationship with the 

-2
CERES data, with an RMS error of <26 Wm . The longwave fluxes (LWF) do not show any significant bias 

-2errors: the intercomparison showed an RMS error of ~8 Wm . 
                                           

The reference clear-sky fluxes during each season as a function of local time and geographical location, 
required for deriving cloud radiative forcing (CRF), were obtained from ScaRaB data itself - this has the 

-2 -2advantage of cancelling the effect of any instrumental biases (approx. 19 Wm  in SW flux and <3.5 Wm  in 
LW flux in ScaRaB data) in the estimated values of CRF. Estimates of CRF are averaged at 3 hourly local time 
(LT) intervals during each season (following an 'equivalent day analysis') over a geographical grid of 1°x1°; 
the seasonal mean values of CRF are obtained by averaging the diurnal variations.

                                           

Results and Conclusions
Diurnally averaged seasonal mean spatial variations of SWCRF, LWCRF and NCRF during the winter season 
of 2012-13 and 2013-14 are depicted in Figs.1(a,b), which show highly consistent features during these two 
years, albeit with certain variations in their magnitudes. Large meridional variations of LWCRF and SWCRF 
over the eastern equatorial Pacific and the Atlantic are observed when the ITCZ over these regions shows 
well-organized structure (meridional width of <8°) with largest regional deep convection. The meridional 

-2
gradients of LWCRF and SWCRF are typically 10 and 15 Wm  per degree latitude respectively across both 
northern and southern boundaries of the ITCZ in these regions and are caused by the strong subsidence zones 
located in the proximity of the ascending limb of Hadley cell in these regions. Similar meridional gradients 
are observed across the southern boundary of ITCZ during other seasons as well. NCRF over ITCZ in the 

-2Pacific and the Atlantic are quite small (-50 to 0 Wm ), indicating a near-cancellation or weak cooling by the 
deep convective clouds over these regions. The South Pacific Convergence Zone (SPCZ) shows largest deep 

-2convection during winter when the LWCRF associated with it is very large (>70 Wm ). 
                                           

-2
Descending limbs of the Hadley cell are characterized by the lowest values of LWCRF (typically <15 Wm ), 
and are most prominently observed over the south Equatorial Pacific, the South Atlantic, the South Indian 
Ocean, and northern hemispheric continental areas. Interestingly, the subsidence zones over the southern 
hemispheric oceanic regions are manifested by highly reflecting clouds, which cause a SWCRF of -40 to -60 

-2 -2Wm , resulting in a net cooling of >25 Wm . Highly reflecting marine low-level clouds, characterized by 
-2 -2large SWCRF (-80 to -160 Wm ) and substantially smaller LWCRF (<20 Wm ) are observed over vast areas 

of the southeast Pacific and the south Atlantic adjoining the continental regions. Largest cooling (NCRF of -
-2140 to -60 Wm ) over the entire tropics is caused by these highly reflecting low-level marine clouds; 

CloudSat and CALIPSO observations show that they are mostly confined to <1 km altitude. These clouds 
cause substantial zonal gradients in radiation balance over the coastal regions of South American and South 
African continents and might play important role in modifying the regional meteorology. 
                                           

Modification of radiation budget by clouds in the Walker Cell are clearly manifested in Fig.1, which shows 
three prominent areas of highly reflective deep convective clouds in the equatorial region: the equatorial 
western Pacific and Equatorial regions of Southern Africa and South America. Among them, the most 
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prominent is over the western equatorial Pacific and the east equatorial Indian Ocean where the LWCRF 
-2

exceeds 80 Wm  over a vast region. The descending limbs of Walker cell over the east  equatorial Pacific, the 
Atlantic and western parts of the equatorial Indian Ocean are manifested by very low values of LWCRF (<15 

-2Wm ).

Figure 1:  Seasonal mean variations of LWCRF, SWCRF, and NCRF during the Winter period (December-February) of (a) 2012-
13 and (b) 2013-14.
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Introduction 
Fine mode airborne particles (PM ) are generally referred to ambient aerosols of aerodynamic diameter less 2.5

than 2.5 micrometers. Atmospheric particles belonging to this size range mainly represent particles made up 
of pollutants adhered on primary carbonaceous particles resulted from several types of emissions in a typical 
urban environment. Particles made up of gas to particle conversions in lower atmosphere also belong to this 
size range. Recently the World health organization (WHO) examined pollution levels in many cities of 91 
countries for the years 2008 to 2013 and reported the annual mean for PM  concentrations [PM ] in Delhi 2.5 2.5

-3 -3was ~153 mg.m , much above the permissible levels [PM ] (~60 mg.m ) according to the National Ambient 2.5

Air Quality Standards (NAAQS) for India. Enhanced levels of PM  in ambient air of Delhi, especially in 2.5

winters when atmospheric boundary layer is lower and stratified, are believed to pose greater health risks in 
terms of lungs and pulmonary diseases among exposed human population. Carbon, Nitrogen and Sulfur are 
major constituents of the total aerosol mass in case of PM  size urban aerosols (Pöschl, 2005). Tiwari et al. 2.5

(2013) have shown that maximum PM  concentrations are observed during post-monsoon to winter period in 2.5

New Delhi. To understand plausible sources and meteorological effects responsible for high levels of PM2.5 

over New Delhi, we collected ambient PM  size atmospheric aerosols from the roof of National Physical 2.5

Laboratory during 2013-2014. We measured mass concentrations of collected particulate material (PM), total 
13 15 34carbon (TC), total nitrogen (TN) and total sulfur (TS) along with their isotopic values d C, d N and d S. We 

studied variability in the measured parameters in tandem with concurrent meteorological (MET) data 
recorded by an automatic weather station (AWS) installed at NPL in an attempt to carry out source 
apportionment and assessing secondary cycling of nitrogen and sulfur in a typical urban polluted 
environment of Indo-Gangetic plains.   
                           

Methodology
All the fine mode ambient aerosols (PM ) were collected from the roof of TEC building (~15 m above 2.5

ground; 2838'14''N, 7710'25''E) of TEC building of CSIR -National physical laboratory using a low volume 
-1air sampler (Ecotech®, Australia) with a pre-set constant flow rate of 5 litre.min . PM  sampling was 2.5

conducted for majorly for ~24 hour duration, using pre-combusted tissue quartz filters (=47 mm). Aerosol 
filters after the collection were kept in a desiccator at controlled humidity at least for a few days before 
weighing them on a Sartorius balance to obtain mass concentrations of PM . Detailed methodology for 2.5

13 15 34measuring triple isotopic values (d C, d N and d S) of aerosol filter punches has been discussed in Agnihotri 
et al. (2014). MET parameters measured at ~20m above ground were used for understanding chemical and 
isotopic variability. 
                           

Results
A total of fifty two (52) aerosol samples (PM  size) were collected from October 2013 to February 2014. 2.5

- 3[PM ] (PM  concentrations) varied in the range from 27.8 to 461.9 mg m  with an average value 186.697.1 2.5 2.5

-3
mg m  which compares well with findings of Tiwari et al. (2013), who reported [PM ] in Delhi ranging from 2.5
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-3 -3
54.3 to 338.7 mg m , with an annual mean of 122.3±90.7 mg m . Maximum [PM ] were found to be during 2.5

-3
the month of January with an average value of 316.786.5 mg m . It is observed that [PM ] were significantly 2.5

-3
higher than the maximum permissible limits of [PM ] in for Indian cities by NAAQS (~60 mg. m ). 2.5
                           

-3 -3[TC] varied between 28.6 to 255.0 mg m with an average value of 111.847.1 mg m . In difference to the case 
for [PM ], maximum [TC] were observed during November and December (Figure 1a). However [TN] and 2.5

[TS] followed [PM ] i.e. maximum levels during January (Fig. 1). This suggests ambient N and S 2.5

compounds most likely resulting from gas to particle conversions during cold conditions contributed highest 
13levels of fine particulates in lower atmosphere of Delhi. d C varied between 27.2 to 24.5‰ with an average 

13value of 26.00.6‰ (Figure 1b). d C values showed slightly enriched values during peak winter months. 
13 13

Average d Cof PM  aerosols over Delhi January and February match closely with d C in fine mode (PM )  2.5 2.5

15
aerosols over Pudong, China (24.5±0.8‰; Cao et al., 2013). d N values varied in a wider range between 3.1 
to 16.3‰ during the study period, with an average value of 9.1±3.0‰ (Fig. 2). This value finds a closer 

15 15
agreement with d N values of bio-fuel burning emissions (burning of animal dung, coal with average d N 

15
values ~8‰) rather than d N values of bio-mass burning emissions (~13.2±4.2‰; Agnihotri et al. 2011). 

15Elevataed d N values during October and November months may be due to incorporations of crop residue 
15burning emissions from the north (Punjab, Hariyana area). Observed d N during typical winter months 

appear to majorly due to source contributions (i.e. fuel burning; vehicular emissions) rather than enhanced 
34atmospheric recycling of N. d S values also showed wider range of variability i.e. from -0.4 to 11.8‰ with an 

34
overall average value 2.8±2.2‰.  Data of d S of atmospheric particles for India and even globally is highly 
sparse. Typical urban polluted air particles over USA cities however are reported to be lying within a narrow 

34
range 4-5‰ .  Maximum variability in d S values of PM  over Delhi was found to be 2.5

during January with an average value of 5.3±4.5‰, suggesting accelerated S cycling and gas to particle 
conversions as major contributors of fine particulates over Delhi. 
                           

Meteorological factors (e.g. ambient temperature, relative humidity) were also examined along with 
measured data (not shown in the Figure). It appears that a mix of colder temperature and higher humidity in 
lower atmospheric played a part in raising ambient PM  levels in Delhi atmosphere. 2.5
                           

Conclusions
This is the first comprehensive triple isotopic investigation of atmospheric fine particulates over a typical 
polluted urban (metro-) city of India (New Delhi) during post monsoon to winter months, a period during 
which elevated PM  levels pose greatest risk to air quality and human health. Major inferences drawn from 2.5

the study are –
1- Ambient [PM ] were found to be significantly higher with respect to the maximum permissible values 2.5

by NAAQS) in Delhi during the winter months.   
2- Maximum [PM ] concentrations were found to be during the coldest month of January. Both N and S 2.5

mass appear to be major contributors for elevated [PM ] levels in Delhi.2.5

133- d C values of PM  size particulates suggest mixing of bio-fuel (coal, dung cakes etc.) burning 2.5

13emissions during main winter months. During post-monsoon however, d C values of PM  indicate 2.5

presence of carbonaceous material produced by biomass- crop residue burnings. 
34

4- Concurrent enhancement of PM , TS and d S during the coldest month of study period is noteworthy 2.5

and indicates secondary cycling of atmospheric SO  in humid conditions is most likely responsible for 2

highest levels of ambient PM .  2.5

   

(Normal et al., 1999)
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Figure 1: Observed variations in [PM ], [TC], [TN] and [TS] over Delhi during ONDJF months of year 2013-2014.2.5

Figure 2: Observed variability in isotopic composition of C, N and S of ambient fine mode particulate material. Upward red 
34arrow depicting a concurrent rise in d S [PM ]and [TS], suggesting  indicating secondary cycling of atmospheric So .2.5 2
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Introduction
Aerosol vary considerably in shape, size, concentration and composition in the atmosphere depending on 
strength and nature of sources, production mechanisms, mixing characteristics, scavenging processes, etc. It 
affects the Earth's climate directly by scattering and absorbing solar and terrestrial radiation, and indirectly by 
acting as a cloud condensation nuclei and thus modifying the lifetime and radiative properties of clouds. 
                                         

The western India is densely populated and is surrounded by desert (Thar), ocean (Arabian Sea) and large land 
mass, thus the region is not only influenced by different aerosol species of local origin but also by the 
transported aerosol from different regions. The western Indian region experiences the following four seasons; 
winter (December-January-February), pre-monsoon (March-April-May), monsoon (June-July-August-
September) and post-monsoon (October-November). The wind patterns during the four seasons are distinctly 
different and change from weak northeasterly during the winter season to strong southwesterly during the 
monsoon. During the winter season, winds are relatively calm and tend to transport the pollutants which are 
mainly anthropogenic from the land to the Arabian Sea. In contrast, during the monsoon season strong, moist 
winds transport particles of the marine origin. Winds are in transitory phase between the pre-monsoon and 
post-monsoon seasons. These changing wind patterns during the different seasons introduce large 
heterogeneity in aerosol characteristics on spatial and temporal scales over western India. 
                                         

Data and Methodology
Three exclusively distinct environments are chosen in the western Indian region in order to study the spatial 
heterogeneity in the aerosol optical properties. Ahmedabad (23.03°N, 72.55°E, 55 AMSL), is a densely 
populated, industrialized, urban city in western India with several large and small scale industries, large 
number of variety of vehicles and has two coal based power plants. Gurushikhar (24.65°N, 72.78°E) in Mount 
Abu is the highest peak (~1.7 km above mean sea level) in the southern end of Aravalli range of mountains in 
semi-arid western India, which is a remote location, relatively free from manmade influences and an ideal 
condition to study the  long range transport of natural aerosols. Rann of Kutch (24.09°N, 70.64°E) is a 
seasonal salt marsh located in the Thar Desert in the western India and is the largest salt desert in the world.
                                         

Multi-angle Imaging Spectroradiometer (MISR) aboard the Terra spacecraft (Sun-synchronous orbit) 
observe the Earth's reflected and scattered sunlight in four spectral bands centered at 446, 558, 672 and 866 
nm, at nine fixed viewing angles (0°, ±26.1°, ±45.6°, ±60.0°, ±70.5°) with a swath width of ~400 km, which 
provides global coverage in about 9 days at the equator and 2 days near the poles. The 14 years (Jan 2000 to 
Dec 2013) monthly quality controlled MISR Level-3 0.5° x 0.5° resolution spectral AOD data are used for the 
study over Ahmedabad, Gurushikar, and Rann of Kutch. The uncertainty in the MISR retrieved AODs are 
reported to be < ±0.05 or 20% (Patadia et al., 2008).
                                         

The Goddard Chemistry Aerosol Radiation and Transport (GOCART) model is used to simulate the AOD 
(550 nm) for major types of tropospheric aerosols including dust, black carbon, sea salt, sulfate and 
particulate organic matter (POM) at a latitude-longitude resolution of 2.0° x 2.5° (Chin et al., 2002). AODs for 
individual species are obtained at the above resolution centered at the study locations for the period from Jan 
2000 to Dec 2007.
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The spectral variation of AOD is represented by Ångström exponent (á) using Ångström power law as ôë=âë-
áë where ôë is the AOD corresponding to wavelength ë and â is equal to the AOD at 1 µm and corresponds to 
the columnar aerosol loading. Ångström exponent (á) values 1 to 3 signifies dominance of fine mode 
aerosols, whereas lower á (~0) represents an atmosphere dominated by coarse mode aerosols. A second order 
polynomial fit to the AOD spectra can be used to quantify the curvatures in the spectral distribution of AODs 

as ln(ô)= á2(lnë)2 + á1(lnë) + á0, where á0, á1 and á2 are constants. When the coefficients á2 – á1 ≤ 1 

represents region with coarse mode aerosol dominance, á2 – á1 ≥ 2 indicates fine mode aerosols dominance 

and á2 – á1 values between 1 to 2 infers wide range of fine mode fractions or mixture of modes (Eck et al., 
1999).
                                         

Results and Discussion
Seasonal mean aerosol optical depths at 555 nm and Ångström exponent (á) at 443-860 nm over the period 
2003-2013 are shown over Ahmedabad, Gurushikhar and Rann of Kutch in Figure 1. AOD shows an 
increasing trend from winter to monsoon and then decreases at all locations. Gurushikhar, a high altitude 
remote location shows the lowest annual mean AOD (0.27 ± 0.10) and Rann of Kutch AODs are highest (0.39 
± 0.17) due to the dominance of dust in the fine and coarse mode; and Ahmedabad (urban location) have 
AODs between above two distinct environments (0.33 ± 0.11). The transport of dust by the strong north 
westerly wind can give rise to higher AOD during pre monsoon. The low AODs at 555 nm are observed during 
winter and post-monsoon season at all the study locations as the boundary layer is shallow and holds the 
pollutants in a smaller volume, whereas during pre-monsoon and monsoon the boundary layer height is also 
higher because of higher temperature and stronger convection, which provide longer atmospheric column to 
accommodate more natural and anthropogenic aerosols (Kedia and Ramachandran, 2011]) The seasonal 
mean á is found to lowest (0.7 ± 0.1) at Rann of Kutch infers dominance by coarse mode particles and 
Gurushikhar shows highest á (1.0 ± 0.1)  values representing the dominance of smaller size particles.

        

Figure 1 : Seasonal mean variation of (a) aerosol optical depth (555 nm) and (b) Ångström exponent (443-860 nm) over 
Ahmedabad, Gurushikhar and Rann of Kutch for the period 2000-2013. Vertical bars represent ± 1ó deviation from the mean.

                                         

In a further step to identify the dominant mode of aerosols over the distinct study locations, á á as a function 2 – 1 

of month over Ahmedabad, Gurushikhar and Rann of Kutch are plotted in Figure 2(a). The percentage of 
AOD spectra having á á < 1 are 75%, 60% & 100%  while spectra having 1 < á á < 2 are 25%, 40% & 0% 2 – 1 2 – 1 

over Ahmedabad, Gurushikhar & Rann of Kutch  respectively, which infers the dominance of coarse mode 
aerosols over the western Indian region and exclusively at Rann of Kutch. In addition the mean optical depths 
components are obtained from GOCART model to provide an estimate of the chemical composition of 
aerosols over the western Indian region (Figure 2b). The dust and sulfate optical depth contribute to 46 ± 7% 
and 35 ± 4% respectively. The GOCART model reveals the dominance of dust particles over the western 
India.
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Figure 2 : (a) Monthly mean variation of á á  over Ahmedabad, Gurushikhar and Rann of Kutch for the period 2000-2013. 2 – 1

Vertical bars represent ± 1ó deviation from the mean. (b) Mean percentage AOD species contribution over the western India from 
GOCART model at 550 nm.

                                  

Conclusion
Seasonal variabilities in aerosol optical depth (AOD) and size distribution (Ångström exponent) are 
examined over an urban location (Ahmedabad), a high altitude remote site (Gurushikhar) and a desert 
location (Rann of Kutch) in western India during the period Janurary 2000 to December 2013. AOD and 
Ångström exponent are found to exhibit large seasonal variations indicating varying aerosol size over the 
study locations. The study reveals Rann of Kutch is dominated by only coarse mode aerosols (100%) 
followed by Ahmedabad (75%) and Gurushikhar (60%), which attributed to higher AODs at 555 nm at these 
locations. The mean percentage AOD species contribution over the western India from GOCART model 
reveals the dominance of dust type aerosol over the western India at 550 nm. Results on the seasonal 
variability in aerosol properties over distinct environments will be useful in modeling the radiative effects of 
aerosols and for assessment of their role on regional climate.
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Introduction
Atmospheric aerosols are tiny solid and/or liquid particles suspended in the atmosphere. These are produced 
by natural or anthropogenic sources and their sizes (radius 'r') span over five orders of magnitude from 0.001 
µm to 100 µm. Based on their sizes and production mechanisms, the atmospheric aerosols are classified as, 
nucleation mode (0.001 µm < r < 0.1 µm), accumulation mode (0.1 µm < r < 1.0 µm) and coarse mode (r > 1.0 
µm). The total aerosol comprises the sum of the different aerosol modes. The spread of atmospheric aerosols 
population over the vast size range is described by a size distribution function. It describes the number of 
particles per specified interval of radius. The various size distributions used for characterizing the 
atmospheric aerosols are (i) Lognormal size distribution (ii) Junge power law size distribution (iii) Modified 
Gamma distribution (iv) Zold distribution. In the present work, the lognormal and Junge power law size 
distribution will be discussed and are used in the software suite MAP.

                                       

Aerosol size distributions show modal structure and can be represented best by a lognormal size distribution 
function (d'Almeida et al., 1991). The log-normal distributions are best suited to characterise the aerosol 
components, the aerosol types and their spatial and temporal variability and hence it is widely used for 
tropospheric aerosol studies. The lognormal distributions to describe the aerosol population can be given in 
terms of the number, surface area, volume or mass distribution. The aerosol lognormal number size 
distribution can be represented as

where r  and ó  are the mode radius and the standard deviation respectively of the ith mode and N  is total mi i i

2number density. The surface area S(r) and volume V(r) size distributions are represented as S(r) = 4ðr n(r) and 
3

V(r) = (4/3) ðr n(r), respectively. Junge based on experimental observations, proposed a power law size 
-ã  distribution function of the form dN(r)/dlog(r) = Cr , where dN represents the number of particles with radii 

between r and r+dr, C and ã are constants. The Junge power law size distribution assumes the aerosol number 
concentration decreases monotonically with increasing particle size. The power law is rigorously valid for all 
the wavelengths only if the particle size distribution is mono-modal. The another aerosol microphysical 
properties, aerosol effective radius (µm) defined as the ratio of the third and second moments of the number 
size distribution of aerosol particles, is an area weighted mean radius of the aerosol particles.
                                              

Software Description
The software package on microphysical aerosol properties (MAP) was designed and developed in Microsoft 
Visual Basic 2010 with Microsoft .net framework. It uses a flexible charting library “ZedGraph” for .net 
graphical user interface (GUI) visualization application. Figure 1 illustrates the data flow diagram (DFD) for 
the software suite. The software suite computes the aerosol microphysical properties (effective radius, 
number, surface area and the volume concentration) for various aerosol models (Continental clean, 
Continental average, Continental polluted, Urban, Desert, Maritime clean, Maritime polluted, Maritime 
tropical, Arctic, Antarctic) and/or with different aerosol components (insoluble, water soluble, soot, sulfate, 
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sea salt (accumulation and coarse modes), mineral (nucleation, accumulation and coarse modes) and mineral 
transported), as a function of radius (Hess et al., 1998).

Figure 1: Data flow diagram for the GUI application software.

The software can be configured for size distribution function (Lognormal or Junge power law distribution), 
aerosol dataset (Hess et al, 1988 or user defined), size distribution type (number, surface, volume), aerosol 
radius range (µm) and radius increment step (µm). It is used to compute the aerosol microphysical properties 
for (i) pre-defined aerosol models (types), (ii) pre-defined aerosol models with user defined components and 
(iii) aerosol mixtures. As a case study, Figure 2 illustrates the aerosol number size distribution for an urban 
model (water soluble, insoluble and soot) (left panel) and for the user defined aerosol mixture for urban model 
with dust component (right panel).

                      

Figure 2 : Lognormal number distributions for an urban model (left) and an urban model with dust component (right). 
                      

Conclusion
The software package for aerosol microphysical properties can be used to study the atmospheric aerosol size 
distribution and effective radius for various aerosol models (Continental clean, Continental average, 
Continental polluted, Urban, Desert, Maritime clean, Maritime polluted, Maritime tropical, Arctic, Antarctic) 
and/or with different aerosol components (insoluble, water soluble, soot, sulfate, sea salt in accumulation and 
coarse modes, mineral in nucleation, accumulation and coarse modes and transported mineral), as a function 
of radius. The software provides a state-of-the-art GUI handle to study the microphysical aerosol properties 
for different aerosol models and with different aerosols compositions. 
                      

References
d'Almeida, G. A., P. Koepke, and E. P. Shettle (1991), Atmospheric Aerosols: Global Climatology and 

Radiative Characteristics, A.Deepak, Hampton, Virginia,  USA, 561 p.
Hess, M., P. Koepke, and I. Schult (1998), Optical Properties of Aerosols and Clouds: The Software Package 

OPAC, Bull. Am. Meteorol. Soc., 79, 831–844. 

Microphysical Aerosol Properties: A Software Suite Map

478 IASTA-2014, BHU, VARANASI



Size Segregated Aerosols: Chemical Composition and Mixing
                                                          

S. Ramachandran,  T.A. Rajesh
Space and Atmospheric Sciences Division, Physical Research Laboratory, Ahmedabad-380009.

Keywords:  Aerosols, Single Particle, Chemical Composition, Mixing, Radiative Effects
                                                          

Introduction
Atmospheric aerosols, the small solid or liquid particles suspended in air, can originate from natural sources 
and anthropogenic activities. They are produced as primary particles in the atmosphere and through 
conversion of the available gaseous precursors. The major aerosol types include sulfate, nitrate, organics, 
insoluble, black carbon, mineral dust and sea salt. Atmospheric aerosols can influence the Earth-atmosphere 
radiation budget and climate through direct (scattering and absorption of solar and longwave radiation), semi-
direct (evaporation of cloud droplets due to solar absorption), and indirect (modify the cloud optical 
properties, lifetime and albedo) effects. The radiative effects of aerosols depend on their size, abundance and 
chemical composition, and are different for different aerosol species. Thus, black carbon and mineral dust can 
warm (positive forcing), while sulfate and sea salt can cool (negative forcing) the Earth-atmosphere system. 
                                                          

Aerosols continue to contribute the largest uncertainty to the total radiative forcing estimate (IPCC, 2013). 
The diversity of aerosols over a region produced by local sources and transported from long range can give 
rise to a complex aerosol mixture. Lack of knowledge on aerosol mixing or assumptions on aerosol mixing 
and their effect on aerosol properties give rise to uncertainties in aerosol radiative effects because aerosol 
mixing can change the size distribution of aerosols, their life cycle and radiative effects (IPCC, 2013).
                                                          

Methods
Single particle aerosol size distribution in real time, and their chemical composition in the sub-micron and 
micron size ranges have been measured over the tropics, for the first time, using an aerosol time-of-flight 
mass spectrometer in Ahmedabad. Aerosols sampled have been classified into major aerosol species and 
components. The size segregated aerosol chemical composition analysis over Ahmedabad during May 2010 
(Figure 1) shows that in the sub-micron size range dust, sea salt, elemental carbon and organic carbon are 
dominant and they exist as mixed in the atmosphere. 
                                                          

These associations among the different aerosol species and the speciation information are not possible to 
obtain from bulk aerosol measurements. Biomass burning (identified by K) aerosols are found throughout the 
year over Ahmedabad. Mineral dust in coarse mode increases in June. During August (monsoon) sulfate and 
sea salt aerosols dominate contributing >55% to total aerosol particles because of hygroscopic growth and 
higher relative humidity. The winter season shows higher amount of elemental and organic carbon as 
compared to pre-monsoon season due to increase in biomass burning and decrease in boundary layer height. 
The chemical speciation and the associations among different aerosol species will ultimately determine the 
radiative properties of aerosols. 
               

Conclusions
Single scattering albedo (SSA) (ratio of aerosol scattering to extinction) contributes the largest uncertainty to 
the aerosol radiative forcing and the influence is non- linear, for example, a 10% uncertainty in SSA can give 
rise to a 20% uncertainty in aerosol radiative forcing. SSA determined from the size segregated aerosol 
chemical composition measured using the aerosol time of flight mass spectrometer (Figure 1) is found to be 
~0.8. SSA, derived from aerosol absorption and scattering coefficients measured simultaneously using 
aethalometer and nephelometer respectively during May 2010 over Ahmedabad is found to be 0.76. SSA 
determined from the aerosol size distribution measured in the radius range of 0.1 to 3.0 µm, assuming external 
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Figure 1. Size segregated aerosol chemical composition in the 0.1-3.0 m aerodynamic size range in May 2010 measured using an 
aerosol time-of-flight mass spectrometer in Ahmedabad. Aerosols measured are classified into eight major aerosol types and 

components. Others include lead and unclassified components. 
                             

mixing (no physical and/or chemical interactions among different aerosol species) is about 0.7. SSA, derived 
using the aerosol time of flight mass spectrometer data is higher than the external mixing scenario and 
measurements, thus, emphasizing the importance and the influence of aerosol mixing on aerosol radiative 
properties. SSA derived from the aerosol time of flight mass spectrometer can be higher or lower depending 
on the abundance of aerosol types, chemical composition and aerosol mixing.  These results are crucial to 
constrain the uncertainty in aerosol radiative effects as aerosol radiative forcing is non-linearly related to 
SSA. 
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Introduction
Knowledge of the distribution of radioactive aerosols at various levels of the atmosphere is fundamental to 
our understanding of the mechanisms of formation, transport and removal of radioactive aerosols and to their 
suitability as atmospheric tracers. Such information is also essential to the design of efficient particle 
collection systems for use in radioactive aerosol tracer and fallout studies (Martell, 1965). The most 

222 220important naturally occurring radioactive gases are Rn, Rn and their decay products released from the 
238 232 222

radioactive decay of U and Th series. Rn is a naturally existing radioactive gas with half-life 3.82 days 
222

and emanates to certain degree from all types of soil and rocks. Rn decays into a series of short progenies 
218 214 214( Po, Pb and Bi), which could be inhaled into human respiratory track and impose significant health 

hazards on occupants. On the world average, Radon decay products contribute more than half to the effective 
dose received by members of the general public from all natural radioactivity (UNSCEAR, 2000) and are a 
signi?cant cause of lung cancer, second only to cigarette smoking (Darby et al., 2005). For this reason 
measurement of their levels in the living and working environment and mining areas is of most important one. 
The radiological importance of radon does not lie in the concentration of radon gas itself but in its short lived 
decay progenies such as polonium, bismuth and lead. These are solids under normal conditions and they form 
a radioactive aerosol particles by incorporating the radioactive atoms into nonradioactive aerosol particles 
formed through radiation chemical reactions in air. The particle size for the radioactive aerosols was, in most 
cases, slightly larger than that for the non-radioactive aerosols. Background aerosols are formed in the 
atmosphere by various natural processes (e.g. rock grinding and crushing, volcanic eruptions and wild?res) 
and anthropogenic in?uences (e.g. biomass and fossil fuel burning, traf?c emissions). The concentration of 
background aerosols in outdoor air depends strongly on emission factors and meteorological conditions 
(Colbeck, 1998). In general, the highest number concentrations are observed in urban areas during winter, 
caused by biomass and fossil fuel burning, while in summer the levels are usually lower. In the indoor 
environment the main sources are human beings and their activities (Bezek et al., 2013). The concentration of 
radon, thoron and their progenies have been measured at many locations such as indoors, outdoors, 

222
underground and mines etc. owing to their hazardous effects on health after inhaling them revealed that Rn 

220
and Rn progenies cause the main part of the radiation dose to the lungs with the contribution depending on 
the relative amounts of the radionuclides in the air. In the present paper, the activity concentration of radon 
and thoron were measured in some iron and lime stone mining areas of Karnataka state and are presented and 
analysed.
                                                

The present study area is the iron mines of Bellary district and Lime stone and manganese mines of Tumkur 
district.
                                                

Methods 
The concentrations of radon and thoron levels were measured in indoor atmosphere around mining areas, 
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workers residential areas and away from the mining area. Solid State Nuclear Track Detectors (SSNTD) 
based twin cup dosimeters are used for the measurement of radon and thoron concentration (Mayya, et al., 
1998). From these gas concentrations, their progeny levels were estimated by using conversion formula 
(UNSCEAR, 2000; ICRP, 1993). 
                                                

The radon/thoron levels and their progeny working level concentrations are calculated by using the following 
relations (Mayya, et al., 1998). 

-3
Where C  and C (in Bq m ) are the concentrations of radon and thoron respectively.F  and F  are equilibrium R T  R T

factor for radon and thoron respectively. The values are taken as 0.4 and 0.1 for radon and thoron given by 
UNSCEAR, (2000).
Results and Discussion 
The average annual indoor radon and thoron concentrations were measured in some iron mines of Bellary 
district and Lime stone and manganese mines of Tumkur district by using SSNTD method. Before conducting 
this work, firstly we are carried out the random measurement of gamma radiation levels by using survey meter 
in these places and hence we got curious results. Therefore for this reason we are selecting these places for 
further study to know about the base line data and to measure radon/thoron concentration and their progeny. 
The average indoor radon, thoron and their progenies and equivalent effective dose in different locations of 
iron and lime stone mining area are summarized in Table 1. From the table we observed that, the indoor radon, 
thoron and their progeny concentrations in manganese and lime stone mining area of Tumkur district are 

-3 -3
ranges from 55±2.83 to 165±7.45 Bq m with an average value of 102.5±4.56 Bq m  while the thoron 

-3 -3concentrations varies from 42±2.67 to 75±4.34 Bq m with an average of 53.37±3.23 Bq m . The radon 
progeny level varies from 2.5 – 12 mWL with an average of 6.65 mWL while the thoron progeny levels varied 
from 1.48 – 5.6 mWL with an average of 3.26 mWL. Annual dose received by the inhabitants in the dwellings 
and the workers under study varied from 2.66 – 6.53 mSv with an average of 4.18 mSv. Similarly the indoor 
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radon, thoron and their progeny concentrations in iron ore mining area of Bellary district are ranges from 
-3 -3

45±3.44 to 132±5.42 Bq m with an average value of 86.48±5.22 Bq m  while the thoron concentrations 
-3 -3

varies from 23±2.11 to 109.4±4.54 Bq m  with an average of 58.78± 3.32 Bq m . The radon progeny level 
varies from 2.5 – 10.16 mWL with an average of 5.72 mWL while the thoron progeny levels varied from 2.45 
– 8.2 mWL with an average of 4.43 mWL. Annual dose received by the inhabitants in the dwellings and the 
workers under study varied from 1.86 – 6.23 mSv with an average of 3.88 mSv. 
                                         

In the entire study area, the indoor radon, thoron and their progeny concentrations are ranges from 45±3.44 to 
-3 -3165±7.45 Bq m with an average value of 94.49±3.78 Bq m  while the thoron concentrations varies from 

-3 -3
23±2.11 to 109.4±4.54 Bq m  with an average of 56.07±2.98 Bq m .  The radon progeny level varies from 2.5 
– 12 mWL with an average of 6.18 mWL while the thoron progeny levels varied from 1.48– 8.2 mWL with an 
average of 3.84 mWL. Annual dose received by the inhabitants in the dwellings and the workers under study 
varied from 1.86 – 6.53 mSv with an average of 4.03 mSv respectively. The average radon concentration 

-3
levels of the present study area are less than the lower limit of the action level (200-300 Bq m ) recommended 
by the International Commission on Radiological protection (ICRP-2010). The average values are higher 

-3
than that of the world average 40 Bq m  (UNSCEAR-2000). The mean annual effective received by the 
inhabitants in the dwellings and the workers under study is less than the lower limit of the recommended 
action level 3- 10 mSv (ICRP-1993).
                                         

There is a variation in the concentration of radon, thoron and their progeny from one location to another in this 
study region, which may be due to the composition of the soil, composition of the ores, mining activity and 
transportation of ore from mining area to other places. The indoor radon, thoron and their progenies strongly 
depends upon the activity radionuclides present in soil, types of building materials, ventilation condition, 
types of flooring, volume of the room and metrological parameters etc... The data from the above Table 1 
shows that the higher radon, thoron and their progenies and equivalent effective doses were observed at 
Sandur where the more number of mining trucks and Lorries were passing through the city, Donimallai and 
Taranagara of Sandur mines of Bellary district and lime stone mining laborer quarters and Janehar village iron 
mines of Tumkur district. This is due to the various reasons, during mining activity (drilling, crushing, plant 
operations) large quantity of fines were generated and it is dumped at some mining places of Donimallai iron 
mines of Bellary district and Janehar iron mines of Tumkur district. The sizes of fines are very small, thereby it 

 increases the radioactivity. In the earlier studies we know that radioactivity is increases with decreasing the 
size of the particle (Sannappa, 2000; Ningappa, et al., 2008).  Another reason is the cracks and fissured are 
formed due to the mining activity in the ore bed, the more radon gas is entering into the atmosphere through 
this cracks and it also enhance the formation of aerosol particles and also a radiation levels. The slightly lower 
radiation levels were observed at Dharmapura of Bellay district this is because this region is surrounded by 
hills and there is no mining activity takes place and in Kondly and Janehar villages which are far away from 
the mining area. The iron ore was transported from Donimalai to Jindal steel plant by using more than two 
thousand trucks and dumpers every day through the Taranagara. Due to this heavy transportation a large 
amount of dust and fines were generated and deposited at this place, it slightly varies the radon, thoron and 
their progeny levels and this leads to the formation more aerosols level. The radon, thoron and their progeny 
level at a particular area mainly depends on geology, the activity of primordial radionuclides present in soil, 
rocks and ores. From this study we are also observed that, the annual equivalent effective dose from the 
Tumkur district is high as compared to Bellary district. This due to the fact that at manganese mines and 
limestone mines of Tumkur district, the ore minerals contains slightly higher activity of radionuclides as 
compared to iron ore minerals of Bellary district and the lime stone crushing plants and their mining activity 
enhances the radon, thoron and their progeny levels. 
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Table 1 : Average indoor Radon, Thoron and their progenies and equivalent effective dose in different locations of iron and lime stone 
mining area

Conclusions

· The radon, thoron and their progeny levels and their annual effective doses in the manganese and 
limestone mining areas of Tumkur district is higher as compared to iron ore mining areas of Bellary 
district.

· The fine produced due to the vehicle transportation and the mining operations around the mining areas 
enhances the natural radioactivity and the formation of more aerosol particles.

· The radon, thoron, their progeny levels and their annual effective doses are higher at the mining regions 
as compared to the regions which are away from the mining region.

· The maximum value of radon progeny level is found to be 10.16 mWL and is found below the action 
limit of 21.50 mWL reported by Ramachandran et al. for Indian dwellings (Ramachandran, 1998).

· The annual average radon concentrations are less than the lower limit of the action level (200-300 Bq 
3m ) recommended by ICRP.

· The annual effective dose received by the residents and the workers are lower than the recommended 
action level (3-10 mSv).

· The types of walls, floor and the ventilation conditions of the dwellings play an important role in order to 
decide the levels of indoor radon/thoron and their progeny concentration and effective dose.
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Introduction
Atmospheric particulate matter (PM) influences climate (IPCC, 2007) and human health (Pope and Dockery, 
2006). Heavily populated and rapidly developing urban cites of Asia (e.g. New Delhi) are considered as 
hotspots of ambient aerosols especially during winter months. Variety of sources such as emissions from 
vehicular traffic, thermal power plants, biomass and bio-fuel burnings are considered to be responsible for 
elevated levels of PM (especially PM ) in urban areas. In addition, it has been observed typically over north 2.5

Indian winters temperature inversions are frequent right after sunset. This is due to the rapid cooling of the air 
near the earth whereas the air at higher altitude does not cool at the same rate. These temperature inversions 
act as a lid and inhibit convective activity. This leads to accumulation of humidity at lower levels and less 
humidity at higher levels and steep gradient of humidity can be seen from meteorological measurements over 
north Indian sites. This can lead to building up ambient PM levels due to retarded convection.To understand 
variability of contributing factorsaffecting ambient PM levels during such an intense meteorological activity  
over an urban locale like New Delhi, we collected both PM  and PM sizeambient particulates.Thesampling 10 2.5

st thprotocol was decided to capture aforecasted meteorologically variable winter periodbetween 21  to 27  
February of 2014. Chemical and stable isotopic characteristics of major constituents of aerosol mass in PM  10

and PM  size aerosol particles were measured using NPL's stable isotope measurement facility (CF-IRMS; 2.5

Agnihotri et al. 2014). Concurrent meteorological parameters (viz. ambient temperature, humidity, wind 
velocity; wind direction) were measured from Automatic Weather Station (AWS) installed at NPL. Analyses 
of several other chemical parameters such as major and trace elements, ions and soot component of collected 
carbon are underway. 
                                         

Methodology
A total of 14 (7+7) samples of PM and PM aerosol particles were collected from the roof of TEC building 2.5 10

(~8m meter above ground; 2838'14''N, 7710'25''E) of CSIR- National Physical Laboratory. PM and 2.5

-1PM samples were collected using air samplers (Ecotech®, Australia;flow rate ~5 litre.min )and Respirable 10

3
dust sampler (Envirotech®, APM460NL; flow rate~1.2 m .min) respectively for 12 hour duration.All the PM 
samples were collected during night time (~7 pm to 7 am of next day). Pre-combusted tissue quartz filters 
were used as collection substrates for both but PM  samples were collected on rectangular 8×10 inch size 10

filters while PM  samples were collected on circular punches of same tissue quartz filters of size (=47 2.5

mm).PM concentrations were obtained using gravimetric analysis of collected filters, while stable isotopic 
analyses and determination of mass concentrations of C,N and S components were carried out using 
methodology described in detail elsewhere (Agnihotri et al., 2014). Meteorological (MET) parameters 
measured at ~20m above ground, were used in tandem with measured PM parameters to understand prevalent 
aerosol chemistry.
                                         

Results
-3During the study period, PM  and PM  concentrations varied significantly (from 27.8 to 241.7mg.m  and 10 2.5

-397.3 to 230.9mg.m respectively; Figure 1).As PM  and PM  fractions of ambient air particulates were 10 2.5
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collected by different air samplers, we observed that PM (which is actually a subset of PM  mass) is 2.5 10

comparable or even marginally higher than PM  mass (for three out seven samples). This discrepancy may 10

arise due to various reasons e.g. quality of air samplers' cyclones, differences in flow rates, size of collection 
substrates, and gravimetric uncertainties with weighing of quartz filters (electrical discharge 
effect).Nonetheless, with plausible uncertainties involved with  mass concentrations, we must mention that 

2
total mass collected on both PM  and PM  filters showed a good concurrence (r = 0.78; n=7) suggesting that 10 2.5

ththe observed buildup of PM on 25  February 2014 was clearly captured (Figure 1).Due to metrological issues 
related to mass concentrations we focused mainly on isotopic anomalies (as they are ratios) to understand PM 

13
variability during this campaign.d C of ambient fine and coarse mode particulates varied between 26.5 to 

1524.6 ‰ and 25.9 to 24.2‰ respectively.d N values of PM and PM aerosol particles varied between 7.0 to 2.5 10

9.8‰and 8.1 to 12.1‰.The observed ranges indicate that different N species with different isotopic values 
15dominated coarse and fine mode particle chemical compositions. However, d N of both coarse and fine mode 

aerosol particles were close to the values of bio-mass and bio-fuel burning emissions (such as burning of 
34

animal dung, coal, diesel etc.; Agnihotri et al., 2011).d S values for both fine and coarse mode particulates 
34showed similar average values i.e.2.9±0.6‰; which is slight lower than d S of aerosol sulfates typically 

found in urban polluted areas (Norman et al. 1999). This indicatesa likely activegas to particle conversions 
-2(SO  to SO4 ) and chemical processing of pre-existing sulfur compounds in ambient air.2

                                         

15 34
N and d S of aerosol particles tend to show conspicuous concurrent enrichments of ~2‰ with the observed 

13
buildup of ambient PM; whereas d C show a ~2‰ depletion(Figure 2).Meteorological (MET) parameters 
(e.g. ambient temperature, relative humidity, wind velocity)were examined along with measured data (Figure 
3). We also investigated wind directions by looking at 7 day back trajectories computed using NOAA's 
Hysplit model (Draxler&Rolph, 2003). Wind directions were found to be sharply changing from 25-27 
February (from NW direction to east ward) during buildup of nigh time ambient PM. Hence, the observed 
buildup of PM appear to be manifested by combination of meteorological factors such as sharp changes in 
wind direction, enhanced temperatures and decreased humidity.We have planned number of additional 
chemical parameters (all the major ions, major and trace elements indicators of local pollution) to be 
investigated to assess sensitivity of individual contributors of PM with respect to the observed temperature 
inversion quite known in North Indian winter nights. Generated dataset will provide key insights to night time 
aerosol chemistry which is highly required as buildup of ambient PM in urban locales such as Delhi may have 
important bearing on human health as household ventilations are generally kept very limited during winter 
nights.
                                         

Conclusions
Major inferences can be drawn from this study are-
1- Measurements of PM  and PM  could be greatly affected by metrological factors which can prevent 10 2.5

accurate determination of PM  and PM  mass concentrations especially using popular cyclone 2.5 10

separation technology in air-samplers. 
2- Isotopic composition of major contributing elements such as C,N and S can provide important 

information about sources and prevalent secondary processing of chemical in ambient environment. 
15 343- d Nand d S variations indicate secondary processing of ambient particulate matter remains active 

during winter nights experiencing sharp meteorological changes.
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st thFigure 1 : Variability in [PM ] and [PM ] over Delhi during the study period (21  to 27  February of 2014). Ellipsoids shown in 2.5 10

the background depict buildup of PM during a temperature inversion.

Figure 2 : Variability in isotopic composition of C, N and S of PM and PM size ambient aerosols particles over Delhi during 2.5 2.5 

study period.
                                         

Figure 3:Variability in concentrations of PM and PM along with major MET parameters (ambient temperature and relative 2.5 10 

-1humidity). Wind velocities were found to be, in general, calm (between 0.2 to 2 m.sec ) during entire study period.
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Figure 4 : Variation of Weather Parameter during study period
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Introduction
Aerosols have an important climatic influence through direct and indirect radiative forcing (Satheesh et al., 
2005) and cloud processes (Devara et al., 1998). Aerosols also influence air quality and therefore affect 
human health. Aerosols are now recognized to play a significant role in the global radiation balance and yet 
the uncertainties in their effects considerably limit our knowledge of the climate system. To accurately assess 
this factor of climate forcing there is a crucial need for a detailed characterization of optical properties of the 
aerosol which vary on many spatial and temporal scales. Aerosol optical depth (AOD), which is a key 
measure of aerosol optical properties, is a vertical integral of the extinction coefficient, representing the 
attenuation of solar radiation by aerosol scattering and absorption. It can also indicate air turbidity to a certain 
extent, and is an important parameter in the quantitative calculation of aerosol radiative forcing. The AOD is 
usually obtained from ground-based and space-based observations. High-time-resolution ground 
measurements of atmospheric aerosols can provide complete and accurate characterization of aerosol optical 
properties, but are often limited in space and time. Satellite observations have been widely used in the study of 
aerosol radiative forcing on regional and global climate because of their high spatial resolution and global 
coverage. The satellite observations allow extensive temporal and spatial coverage, but have generally low 
temporal resolution due to orbital constrains. Moreover the number of measurable quantities is limited, and 
retrieved parameters are associated to large errors e.g. due to cloud screening, surface properties, aerosol 
models (Li et al., 2009). Despite the uncertainties, space based observations should help us to improve our 
knowledge on the geographical and temporal variation of aerosol properties, and represents the indispensable 
complement of spatially limited surface measurements when seen from the large-scale perspective. 
Reciprocally, surface measurements provide crucial data for the validation satellite retrieval algorithm. 
Satellite retrievals of aerosols and clouds have given much insight into the problem of quantification of the 
direct and indirect aerosol effects (Husar et al., 1997). However, significant uncertainties remain regarding 
the radiative and climate effect of aerosols of anthropogenic origin (Haywood and Boucher, 2000). For the 
direct aerosol effect uncertainties exist both due to limited information on spatial and temporal variation in the 
aerosol optical properties and the composition of the aerosols. In order to make the best use of satellite data 
and reduce the uncertainty of aerosol effects on regional and global climate, satellite measurements need to be 
validated using ground-based observations.
                                    

Results and Discussions
Monthly Variability in AOD 
Fig.1 shows monthly averaged AOD from, MISR (555 nm), MODIS (550 nm), OMI (500 nm) and MWR 
(500nm) observations. The MWR monthly AOD pattern seems to be tri-modal with maximum values in May 
(0.58± 0.18), April (0.46±0.14) and March (0.45±0.15) and lowest ones in the transition month of June (0.28 
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±0.003). Higher concentrations of aerosol loading during the summer period could be attributed to the 
increased concentration of continental aerosol loading due to high temperatures in the study region, as well as 
other sources such as various human activities domestic cooking, vehicular emissions, forest fires and drier 
weather conditions. Whereas lowest values in June is due to the most of the aerosol load   removed by rain-
washout and cloud-scavenging processes during the monsoon (rainy) season.

Figure 1 : Comparison of monthly averaged AOD from MODIS, MISR, and MWR    from 2013 Jan – 2013 Dec.
                                    

It should be noted that MODIS Terra and Aqua AODs are available only twice a day it may not be able to 
sufficiently represent the daily mean over many places.  OMI level-3 also provides a near global coverage 
daily. MISR can provide the global coverage once in 9 days, which reduces the number of days on which 
AODs can be compared. The ground based MWR measurements AODs have been taken in the cloud-free 
conditions (during whole day). Cloud screening could be contributing to differences in AODs between the 
ground-based and satellite measurements. Typically spatial difference between the ground based and satellite 
measurements (point, vs. grid); The monthly MODIS level 3 products (version 005) and OMI with 1 × 1 
degree spatial resolution and MISR Products with 0.5 × 0.5 degree spatial resolutions due to this causes the 
deviation are between MWR AOD and satellite AOD. Similarly MISR AOD distribution clearly shows that 
the AOD over Anantapur is significantly higher in the months of May (0.51± 0.09), April (0.46±0.11) and 
March (0.44±0.14) lowest ones in November (0.23±0.05). The higher values during summer is mainly caused 
by dust aerosol and MISR uses multi-angle measurements to obtain surface reflected solar radiation at visible 
wavelengths without any assumptions about the reflection relations among bands, and thus can successfully 
retrieve AOD over bright surfaces. The high monthly mean   MODIS AOD values were observed in June 
(0.66±0.28) and July (0.56 ±0.26), maybe attributed to the aerosol retrieval algorithm used for MODIS is 
more accurate for densely vegetated regions (dark targets) as these areas have very low reflectance in the blue 
and red compared to the non-vegetated surfaces such as deserts, where as the lowest value observed in 
December (0.22±0.13). The OMI monthly AOD pattern seems to be tri-modal with maximum values in July 
(0.46±0.15) June (0.45± 0.07) and August (0.44±0.11). 
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Comparision of MWR AOD with Satillite AOD

Figure 2 : Scatter plot between AOD derived from MODIS, MWR and OMI during    the year 2013 Jan to 2013 Dec over 
Anantapur.

                                    

A comparison of coincident MODIS, MISR and OMI AODs exposed that sampling differences, 
assumptions made in the MODIS, OMI and MISR standard algorithms about boundary conditions, missing 
particle property or mixing options, reflectance used in the retrievals. Fig. 2 shows the scatter  plots  of  daily 
means of  MWR AODs  measured  at 0.5 µm are compared with  matched MODIS ,MISR and OMI  retrieved 
AODs at 0.55, 0.555 and 0.50 µm  respectively. The MWR observation is not adequate for obtaining aerosol 
characteristics for all the months in a year due to unfair weather conditions, particularly during the monsoon 
periods. The lack of data due to cloud cover can be compensated through use of satellite-derived observations, 
provided these are validated and compared with the ground-based measurements. The correlations are not so 
strong between the AODs retrieved from MODIS, OMI, MISR and ground-based instruments. The 
believable causes that could put into the differences between ground-based and satellite retrieved AODs 
include: (1) spatial difference between the two measurements (point, vs. grid); (2) uncertainties related in 
deriving AODs from both ground-based and satellite retrievals; and (3) differences in the wavelengths (0.50 
µm in case of MWR, 0.55 µm from MODIS, and 0.555 µm from MISR and 0.50 µm from OMI ). It should be 
noted that while MODIS provides a near global coverage daily, MISR can provide the global coverage once in 
9 days, which reduces the number of days on which AODs can be compared. The correlation coefficient is 
found to be relatively high for MWR-MISR (0.79), where as MWR-MODIS (0.63) and MWR-OMI (0.59) 
respectively. MISR AODs show higher correlation (0.79), with respect to MWR measurements. MISR's 
outperforming can be attributed to its unique design (which provides better viewing and spectral cap- ability). 
MISR can retrieve aerosol optical properties over a variety of terrains, including highly reflecting desert areas 
using its multi-angular and multispectral viewing capability. 
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Introduction
Studies around the world have consistently demonstrated that particles with an aerodynamic diameter <10 
µm (PM10), and most recently, <2.5 µm (PM2.5), pose a significant threat to human health. The PM2.5 
particles have the largest effect on short wave radiative transfer and also contribute significantly to haze 
formation and visibility reduction. The study of the physical, chemical and optical parameters of the PM is, 
therefore, essential for a better understanding of their role in the atmospheric processes especially near the 
ground. The mass concentration, chemical composition and mass size distribution of aerosols near the surface 
are vital inputs in aerosol models for estimation of radiative forcing, environmental effects and air quality. 
Fine mode particles life time is high compared to coarse mode particles hence they can transported further by 
atmospheric circulation. Therefore, fine particles greatly impact the environment. Furthermore, atmospheric 
particulate matter not only results in reduced visibility but also affects cloud formation and cessation, which 
affects heat transfer in the atmosphere, thereby contributing to climate change. The Black Carbon (BC) 
aerosols are known to produce a profound impact on the radiation budget of the earth–atmosphere system. 
The importance of BC in the radiation budget is seems to be mainly from its strong absorption cross section 
across the wavelength range in the visible and IR, thereby contributing significantly to the green-house effect. 
The sources for BC are mainly of an anthropogenic region, like fossil fuel and biomass burning. However, 
bulk of Indian population lives in villages. Speculation has been made that most villagers though don't use 
fossil fuel run vehicles extensively, use biomass as cooking fuel and time-to-time burn agricultural waste. 
This could be a significant source of black carbon and comparable to vehicular and industrial emissions from 
big cities.
                             

Measurement Site and Methodology
Observations were carried out on  the roof top of Sir C.V. Raman Science building at  Yogi Vemana University 
Campus (14.47N, 78.82 E, 138 m above mean sea level) regularly which is located 16 Km away from Kadapa 
town of Andhra Pradesh in the west direction.  The present observational site is geographically located in 
semi-arid region and very dry continental area in the Peninsular India. Kadapa weather is primarily hot and 
dry in pre-monsoon (March to May); hot and humid during the monsoon (June to August) and post-monsoon 
and dry in winter season (November to February). This region receives very little rain fall due to southwest 
monsoon and northeast monsoon. The main anthropogenic sources of aerosols include biomass burning from 
agricultural fields, domestic fuel burning in households and the vehicular exhausts from moderate traffic. 
However, the emissions may also due to presence of nearby cement industries, brick making industries. 
Figure 1 shows the monthly variation of minimum and maximum temperature and relative humidity, 
respectively. Wind speed is high during monsoon and low during winter. During monsoon the winds are 
prevailing from the western parts of India and in the month of November the wind speed is low and winds 
were originated from northeast direction (IGP region), which may bring highly polluted air parcels to the 
study area.
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By using 8-stage Thermo Fisher Scientific Anderson Non-Viable Cascade Impactor on the roof of the 
building in the University campus continuously for three days (72 hrs), we have sampled size fractions of 
particulate matter (PM10, PM 2.5 and PM1.0) at different stages. Sampling has been carried out twice per 
month. High Volume Air Sampler (HV-1E) was also used to collect Total Suspended Particulate (TSP) 
samples regularly twice per week from the ambient atmosphere. Continuous observations have been carried 
out using a seven wavelength Aethalometer (Magee Scientific Inc., USA Model AE-42-7) and have formed 
the database for the present study. A semi-continuous optical absorption method is applied to measure the 
attenuation of light by aerosols at the seven selected wavelengths (370, 470, 520, 590, 660, 880 and 950 nm). 
The instrument aspirates ambient air at a standard flow rate of 4 litres per minute (LPM). The measurement 
sampling interval is maintained at duration of 5 minute. All the above measurements are simultaneously and 
regular during the study period.

Results and Conclusions
During the study period, Figure 2 shows accumulation of BC found to be maximum for December (3.2+0.03 

-3  µg m )and shows decrement trend towards January and February due to change in meteorological conditions 
and peaked in the month of March and April and subsequently starts decreasing and attains minimum values 

-3
in the month of May ie., 1.5+0.01 µg m . Low concentration of BC during May may be attributed to long 
range transport of air parcels originated from the Arabian sea and also due to maximum wind speed during this 

-3  
month (9 ms-1). BC loadings were high during the winter period ie., 2.9+0.2 µg m followed by pre-monsoon 

-3 -12.4+0.4 µg m . This can be attributed to low wind speed (2.1 m s ) and low ABL (Atmospheric boundary 
layer) height (<600m) at the observational site during the study period. 
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The diurnal variation of BC loadings has shown a strong association with the local boundary layer dynamics 
as well as anthropogenic activities. Figure 3 shows the diurnal variation of BC concentration attains one peak 
during morning hours around 07:00 IST to 08:00 IST and second peak during late evening hours 19:00 IST to 
20:00 IST. The sharp build up in the BC mass concentration during the post dawn period arises due to the 
fumigation effect in the boundary layer (Stull, 1988) closely related to the time of sun rise. Due to decadence 
of the local boundary layer, this leads to rapidly reduction in the ventilation, which leads to evening peak in 
BC concentration. Morning peak of both seasons   is  dominant  than the nocturnal peak except in the month 
of May, and amplitudes of winter peaks is very high compared to pre-monsoon peaks. Minima concentration 
was observed in the noon time during the study period.

Measurement on spectral dependence of aerosol absorption is very useful because it contains some 
characteristic features of the sources producing these absorbing species [Kirchstetter et al., 2004]. This fact is 
particularly important over the Indian region where contribution of BC from biomass/ biofuel burning is as 
important as fossil fuel combustion and the same amount of BC from biofuel can exhibit stronger absorption 
characteristics (Venkataraman et al., 2005). Wavelength dependence of absorption by aerosols have been 

-
investigated using a power law relationship of the form = K .    where is the spectrally dependent mass abs abs 

absorption coefficient, K a constant,  the light wavelength (Kirchstetter et al.,2004) and  is absorption 
Angstrom exponent. From this, absorption coefficient efficiency of aerosols is high particularly at lower 
wavelengths and this efficiency decreases towards the higher wavelengths and also  of winter are abs

dominative than the pre-monsoon. To understand the spectral characteristic feature of regional aerosols   was 
calculated. Figure 4 shows the monthly variation of  varied from 2.1 (March) to 2.4 (January) with a high 
average value of 2.4 during winter compared to pre-monsoon value ie., 2.2. This indicates high OC/BC ratios 

-3  during winter in the study area. The seasonal average TSP was determined and found high (82 + 10.5 µg m )
-3 during pre-monsoon (Mar, Apr, May) and low 74.8+ 7.15 µg m during winter (Dec, Jan, Feb). Monthly 

-3  
average value attains high peak in the month of April (102.6+ 13.8 µg m ) and it may be due to burning 
activity at the regional Sheshachalam forest. Comparatively low monthly average TSP was noticed ie., 64.4+ 

-3   
2.4 µg m for January month , it may be due to low wind speed in the region and due to which only local 
sources contributing to the TSP concentration.
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Figure 5 shows monthly mean concentrations of PM10, PM2.5 and PM1.0 respectively.  The highest monthly 
-3 -3 

mean concentrations of PM10, PM2.5 and PM1.0 were recorded as 75+ 0.5 µg m (April), 33.3+ 6.6 µg m
-3 

(February) and 20.8+ 1.3 µg m (December), whereas low concentrations recorded as 45.6+ 7.1 (March) 21.6 
-3   -3  µg m (May) and 15.9 µg m (May). Every year fire activity is prominent during April in the region, which 

may contribute for high PM10 concentration at the observational site.
                            

Abundance of coarse mode particles due to mineral dust of the region may also contribute to the high PM10 
concentration. Fine mode particles both PM 2.5 and PM1.0 with high life time which will arise from 
precursors and some lifted by  turbulence, may contribute their high concentration values during December  
February, January months and low values in the month of May due to change  in meteorological conditions 
and also air masses prevail over the site are originated from  Arabian sea . 

                            

We  observed good seasonal variability for all size fractions of  particulate matter (PM2.5, PM10, PM1.0 , 
PM2.5/PM10 ) with peak values during winter and followed by summer season this may be due to continental 
air mass prevails over the observational site from north-easterly with favourable wind conditions like low 
wind speed  and low ABL heights. The scanty rain fall and absence of clouds during this period rather 
decrease the scavenging process and a high level of aerosol loading is maintained. The ratio of PM2.5/PM10 
was high for January and low for April months. The ratio of PM 2.5 to PM10 is ranging from 0.41 (April) to 
0.58 (January, February) with  an average of 0.51 which indicates that PM10 consists of 51% of PM2.5 or 
approximately equal contribution of coarse and fine particulate matter for the study period . Similar low ratio 
was reported by coastal station, Bhubaneswar (0.49). The present data was compared with the Indian 

-3  -3
Standard (PM10=100 µg m  and PM 2.5= 60 µg m ) which is almost 42% is lower for PM10 and nearly 50% 
lower for PM2.5 than the reported standard values. So, surface concentrations of particulate matter were well 
and under the limits of NAAQ (National Ambient Air Quality, India) at the measurement site.
                            

Figure 6 shows the percentage of mass fraction (MF) of BC aerosols in PM2.5. It is very much interesting 
facts to note that maximum values of percentage of BC mass fraction occur in the range from 1 to 16% with 
average values of 7.2% over Jaisalmer, which is about slightly lower than observed values of BC mass 
fraction values about 2 to 18% over other highly polluted cities. In the present study % of mass fraction of BC 
in PM2.5 is high (12.7%) in the month of February and low (7.5%) in the month of March.
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Introduction
Most pesticides are persistent, form a part of the food chain and are responsible for a variety of health 
problems. Even trace amount of these pesticide residues has an adverse effect on ecological system. Studies 
report that low dose but long term exposure of pesticides leads to immune suppression, hormone disruption, 
(Gupta, 2004), reproductive abnormalities, and cancer (Horrigan et. al., 2002). When sprayed over plants, 
pesticides spray droplet break into different size ranges, including ultrafine, fine and coarse (Coscollà et. al., 
2013). These particles are susceptible to movement along wind and such movement is called spray drift. 
Fipronil, a phenylpyrazole insecticide acts on ã-aminobutyric acid (GABA) receptor to block chloride 
channel and hence, paralyses the targeted species (Hainzl and Casida, 1996). Registered for use in India by 
Central Insecticide Board & Registration Committee, fipronil is mainly used to control pests in cotton, rice, 
cabbage, sugarcane, chili, and grapes. Symptoms of exposure to Fipronil include headache, nausea, 
dizziness, and weakness-symptoms typically associated with the antagonism of GABA receptors in brain (Li 
and Akk, 2008). Fipronil is classified as “possible human carcinogen” by the EPA (NPIC, 2009). The WHO 
IPCS hazard class for Fipronil technical active ingredient is class II, or moderately hazardous (FAO, 2009). 

3 -4
Since it has very low Henry's constant (3.7*10-5 Pa.m /mol) and low vapor pressure (3.7*10 mPa), so most 
of research work on fipronil is limited to its behavior in soil and water. Fate and transport of Fipronil in 
ambient air is still unexplored and needs to be examined. The objectives of this study were to determine the 
concentration of fipronil in ambient air, observe phase distribution, and investigate size segregated 
distribution in RSPM.
                                                 

Methods
Active air sampling was conducted to examine fipronil concentration in ambient air. Both particulate as well 
as vapor phase samples were collected on a trial plot of cotton field at Institute of Pesticide Formulation 
Technology, Gurgaon, India. Sampling was conducted in the post monsoon season of 2013 (26 Aug-31 Aug) 
using MOUDI (Micro Orifice Uniform Deposition Impactor) and OVS (Organic Vapor Sampler). Fipronil 
was sprayed on the fields on Aug 26 and samples were collected for the following 5 days. Total 12 plots, each 
plot of size 5*4 sq. m, were sprayed with fipronil. Hand operated knapsack sprayer with hollow cone nozzle 
was used for pesticide application. Meteorological parameters such as temperature, relative humidity, wind 
speed ranged from 28.3-31.1 (°C), 83-71 (%), 1.07-2.57 (m/s) respectively. Instruments were placed in 
downwind direction about 5 m far from the trial plots. To avoid the turbulence due to human activity related to 
maintenance in field, instruments were placed at a height of about 0.5 m from the ground level. 
                                                 

Difference in weight between MOUDI filter pre and post sampling provided mass of PM collected on the 
filter. Filters were stored in a freezer at a temperature of -4°C until analysis. MOUDI filter extraction was a 
three step process: extraction (in mixture of Hexane and Ethyl Acetate, 1:1) followed by sample volume 
reduction and purging. While extraction of gas phase sample (Charcoal tubes from OVS) was two-step 
process:  Extraction in CS and followed by purging with N  gas. The extracted samples were finally analyzed 2 2

on a GC-ECD for fipronil.
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Conclusions
                                                 

Diurnal Variation
Fipronil was sprayed in the afternoon, at 3 p.m., on day 1 and regular samples for 5 days were collected from 
the following day. Table 1 shows concentration of fipronil in air from day2 to day 5. As expected, levels on PM 
are quite high and in general decrease with time. The concentration of fipronil in vapor phase for all 6 days 
was below the detection limit of the instrument. This is in keeping with earlier studies suggesting that fipronil 
normally does not occur in gas phase (Connelly, 2001). 
                 

Table 1: Concentration of Fipronil in ambient air post spray application

                   

On the remaining 5 days, sampling was carried out from 10 am to 4 pm, for a total of 6 hrs each day. As 
expected, on the following 5 days fipronil concentration in PM decreased consistently. This is likely caused 
by processes such as loss of pesticide by spray drift ( Schampheleire et. al., 2007, Maybank et. al., 1978), 
volatilization (Maybank et. al., 1978, Woodrow et. al., 1997), wet and dry deposition (Majewski et. al., 1998, 
Sauret, 2009), direct and indirect photo degradation (Feigenbrugel et. al., 2006). The small increase in the 
concentration of fipronil on 4th day sampling, can be attributed to agricultural activity, mainly tillage, which 
took place that day near the field being sampled in this study. 
                   

Impact of Solar Radiation on Levels Observed
Sample collected right after sampling on day 1 (data not reported in table1) revealed a concentration of 13.33 

3 3
µg/m  which is much lower than the level recorded on second day (22.41 µg/m  the highest for all 6 days). 
Solar radiation enhances the rate of volatilization (Bedos et. al., 2003) and maximum concentration of 
pesticides can be observed around midday and early afternoon (Glotefelty et. al., 1984). First day sampling 
was done in evening from 4 pm to 10 pm, while day 2 samples were collected from 10 a.m. onwards, and 
covered the midday and early afternoon. As a result, the levels observed were highest. 
                   

Distribution of Fipronil on Respirable PM (Including Fine and Ultrafine) 
Based on the PM concentration obtained from MOUDI, we tried to check the fraction of fipronil in different 
particle size range. Figure 1 presents distribution of particle bound fipronil and includes the size range coarse 
(10 < dp <3.2 µm and Respirable PM (dp < 3.2 µm). Fipronil in RSPM comprised ~75% of total mass 
observed in ambient air on second day. It is disturbing to notice that a higher percentage (24%) of fipronil in 
RSPM occurred in the ultrafine range (PM< 0.1µm). Contribution of fipronil on RSPM to total mass observed 
reduced to ~50% by day 6.  Occurrence of majority of mass in RSPM, mainly of UFP, is a matter of concern 
since it has been reported in earlier studies that UFPs are more likely to reach inner sections of lungs (Jaques 
and Kim, 2000) and cause health problems (Dinham, 2005).

   Figure 1: Fraction of Fipronil in Coarse and 
SPM size range on Day 2
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Results reveal that fipronil is subjected to spray drift like other pesticides and occurs primarily in particle 
phase. It may be mentioned here that this study is among the first reporting occurrence of fipronil in air post 
application. Levels observed in particles are significant and decrease with time. The fact that levels are high in 
Respirable PM, and higher in UFP, highlights need for further investigation on the health effects caused by 
inhalation of ambient air during and after spray application.
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Introduction 
Long-range transport of pollution from mid-latitudes is a major source of aerosols to the Arctic, with a 
winter–spring maximum known as Arctic haze (Rahn, 1981a and Quinn et al., 2009). Sulfate is the dominant 
component of this aerosol (Quinn et al., 2007), and it may range from highly acidic to fully neutralized 
depending on the availability of ammonia. During the winter period the arctic sink region provides a unique 
possibility for studying long distance transport and transformation processes of continental aerosols emitted 
in Eurasian regions. According to Pacyna (1995), emissions from anthropogenic sources in Europe and Asia 
dominate the pollution during winter. During summer pollution episodes, emissions from sources in Europe 
are reported to be of higher importance than those from Russia (Pacyna, 1995). On the 3000 to 5000 km long 
pathway from these sources to the Arctic, the investigation of transport and transformation mechanisms are 
facilitated by the fact that the lower boundaries are snow- and ice-covered land and sea areas without 
significant gas or particle sources The inorganic aerosol composition at Zeppelin location (research 
laboratory, Svalbard, 474 a.m.s.l) and in the settlement of Ny-Alesund (research stations, 10-13 a.m.s.l) was 
investigated by bulk chemical measurements during the past 30 years (Pacyna et al., 1984, 1985; Pacyna and 
Ottar, 1985; Maenhaut et al., 1989) as well as by single particle analysis (Anderson et al., 1992; Behrenfeldt et 
al., 2008; Geng et al., 2010.,Weinbruch et al., 2012, Ludke et al., 2012, Zhan et al., 2014), carried out in 
summer or winter seasons. However there is a lack of recent data explaining the size segregated trace 
elemental and ionic chemistry in the spring time aerosols over Ny-Alesund Arctic. This study reports a 
comprehensive data set of trace elemental and ionic concentrations in coarse and fine aerosol fractions with 
source apportionment. 
                                          

During our experiments at Ny-Alesund, Svalbard ( 78 °55' N, 11°53' E), 27th February 2011 - 18th March, 
2011), eight aerosol samples were collected covering time periods 48 hours. The results from the first sample 
were not included in the data evaluation, because exceptionally high values suggested that the sample might 
be contaminated by local station activities. Therefore, data for 7 set of samples is reported in this study. 
                                          

Methods 
Sampling 
Sampling of aerosols was carried using an 8- staged non viable Impactor (SERIES 20-800, Thermo Fischer 
Scientific) Each set comprised of 8 glass fibre (81 mm diameter) for collecting coarse mode (10ìm– 2.5ìm) 
and fine mode (< 2.5 ìm) aerosols along with the backup filter. The flow rate of the impactor was calibrated 
regularly and was fixed at 1 Cfm. The impactor was mounted on the roof top of Gruvebadet, arctic research 
laboratory. Field blanks were collected at regular intervals. All operations were done by wearing particle-free 
gloves and all precautions were taken to minimize contamination. The filters were pre baked at 500 °C to 
remove any volatile impurities. Handling of the filter sets was carried out in the laminar flow cabinet and they 
were stored frozen in sealed bags and transported back to the onshore laboratory for analysis.
                                          

Analysis 
Each 81 mm glass fibre filter was cut into half using plastic scissors in a clean laminar bench. One half of the 
filter was extracted in three steps (10, 5 and 5 mL) with 18 MÙ deionized water following standard 
procedures (Arimoto et al., 2008). A Dionex ICS-2500 reagent-free ion chromatography (RF-IC) system 
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placed in a clean room and equipped with an automated EG50 Eluent Generator Module and CD25 
conductivity detector was used for the major ion analysis. Calibration was done using IV (Inorganic Ventures) 
high-purity standards. The precision estimated from the standard deviation of repeat measurements of 
standard and samples was better than 3% for Na+, K+, Mg2+ and Ca2+; 6% for Cl- , and 4% for NO3 -  and 
SO42- . The other half of the filter was acid digested following an 8M HNO3 + 2.9M HF digestion protocol 
(Planquette and Sherrell, 2012). Clean protocols were strictly followed. The samples were analyzed using a 
Thermo Elemental X7 Series inductively coupled plasma mass spectrometer (ICP-MS) with collision cell 
technology (CCT). Ultrapure acids were prepared by the sub-distillation of Merck AR acids using a 
PicoTrace Cupola sub distillation system having TFM/PTFE lining. Standard Reference Material NIST SRM 
2783 was used. The analytical precision obtained using the repeated analysis of NIST SRM 2783 standard 
was excellent. The detection limits were estimated as three times the standard deviations of the blank. Most of 
the elements showed negative values except V, Cr and Mn, which were around the detection limits. The % 
RSD of Al, Li and Fe were found to be high during the study hence they were not considered in the data 
analysis. 
                                          

Air mass back trajectories were calculated at 500m and 1000m above sea level (Draxler and Rolph, 2003) 
using the HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) model accessed via NOAA 
Air Resources Laboratory READY (Real-time Environmental Applications and Display sYstem) site.
                                          

Results and Conclusions 
Trace Elements 
The average observed values of Ni, Mn, Pb, Cd and Sn is comparable with the values reported by Ludke et al., 
2005, where the trace metal concentrations from German station, Ny- Alesund are reported. However, 
calculated trajectories indicated that the air masses reaching the station had passed mainly over ice covered 
areas of the Arctic Ocean. Many trace elements showed a peak value (Fig.1) when the air mass seemed to be 
affected by air masses that passed over Franz Josef Island (S3) and close to Alert and Greenland (S4 and S5). 
The trace elemental composition reveals that most of the trace elements (As, V, Co, Mo, Ag, Sn, La, Sc, Ni) 
had higher concentrations in the coarse mode aerosols. Ni dominated the aerosol mass with 31% in coarse 
aerosols and 29% in fine aerosols. The Enrichment factors (EFs) were calculated from the crustal reference 
values (Table 1) of Wedephol (1995). We have used Mn to estimate the enrichment factors considering the 
fact that Mn is predominantly contributed by windborne soil particles (Nriagu 1989). The EFs of the trace 
elements indicated that V, Cr, Co and Rb (EF<1) were of crustal origin while As, Pb, Cd, Ni were of 
anthropogenic origin (EF> 10). 
                                          

Major Ions 
SO42- (13.7nmol/m3) was found to be the dominant ion whereas NO3- (0.12 nmol/m3) concentrations were 
found to be very small as compared to SO42- values. Such high sulphate values in Svalbard can be expected 
during the spring season, as arctic acts as a sink region for SO42- and a large part of SO2 (major component of 
Arctic haze) can be expected to be transformed into the particulate S form (Heinzberg, 1981). Non-seasalt 
(nss) sulfate (SO42-) makes up a large but variable fraction of Arctic Haze aerosol (Quinn et al., 2007). Non-
sea salt sulphate (nssSO42-) was found to be concentrated in fine particles (46%) as well as coarse particles 
(54%). Higher concentration of nssSO42-in coarser particles indicates that the long range transported, fine- 
haze particles may have undergone transformation processes (coagulation or condensation) during the 
aerosol transportation. Non-crustal vanadium (nc-V) and nssSO42- are commonly used as anthropogenic 
tracers (Zhan et al., 2012; Becagli et al., 2012). The nssSO42-/nc-V ratio in our study was found to be high. 
The higher Arctic ratios can be attributed to oxidation of mid-latitude SO2 while enroute to Arctic resulting in 
an aged version of mid-latitude aerosol (Rahn and Mc Caffrey 1980).
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Table 1: Reference ratios used for the calculation of Enrichment factors
                                          

Upper crust ratios (Wedepohl, 1995)

                                          

Figure 1: Average Trace elemental concentrations and the Trajectory plots showing the wind direction at different heights from 
the ground level 

                                          

The average mass concentration of PM2.5 was found to be 6.7µg/m3 and PM2.5-10 was 6.1µg/m3. These 
values were found in range with the mass concentration of 4 and 12µg/m3 reported at Ny-Alesund during the 
Arctic haze event (Heintzenberg and Covert, 1987). CONCLUSIONS Association of anthropogenic 
elements with coarser particles seen in our study suggest that larger particles were formed as a result of 
incorporation of these elements into ice crystals which coagulated and subsequently sublimed leaving larger 
aggregates. The air mass origin during the sampling period affects the average concentration of trace 
elements and ions under study. Further study of the size distribution of elements in various size bins of 
aerosols is being done on this data to understand whether air mass origin can influence the size distribution of 
the examined ions and trace elements.
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Introduction
The scavenging of aerosols by precipitation is one of the major mechanisms for maintaining a balance 
between the sources and sinks of atmospheric particles. The removal of aerosols (scavenging) by 
precipitation could depend on the other physical properties of rain like rain intensity (Encinus et al., 2004). 
The studies on the rainfall intensity and the scavenging of particles is still limited in India especially over 
Himalaya. The present study is mainly based on the effect of physical characteristics of rain on the aerosol 
scavenging and acidity of rain samples over three different locations in eastern India; Darjeeling, a high 
altitude (2200 m asl) Himalayan hill station, Kolkata, a mega city and Falta, a rural station near the north-east 
coast of Bay of Bengal. The study has been carried out during monsoon (June-September), 2013.
                                              

Method
Rain samples were collected with the help of funnel-bucket system for almost all the rain events over three 
locations. Funnel and bucket were pre washed before sampling in order to avoid contamination in the 
samples. Samples were stored in polythene bottles for the analysis.
                                              

High Volume Samplers and fine particulate samplers were used for the collection of PM10 and PM2.5 aerosol 
samples. Glass fibre and Teflon filters were used for the collection of PM10 and PM2.5 particles respectively. 
Aerosol samples were collected for the period of 24 hours and refrigerated until analysis.
                                              

+ + + 2+Rain and aerosol samples were chemically analyzed for water soluble ionic components; Na , NH , K , Ca , 4

2+ - - 2-Mg , Cl , NO  and SO  using Ion Chromatograph (Metrohm). Acidity of rain samples were measured using 3 4

pH meter (Sartorius).
                                              

Results
The results showed that the sea-salt components were higher in Falta (140 µeqv/lit) followed by Kolkata (120 

+ -
µeqv/lit) and minimum in Darjeeling (30 µeqv/lit). Over all the stations, Na  and Cl  showed strong 
correlations indicating common marine source. The marine air masses originated from Bay of Bengal (BoB) 
were found to be significantly enriched with sea-salt particles over Falta, the nearest station from BoB and 
having least effect on Darjeeling, the farthest station from BoB. Dust and anthropogenic aerosols particles 
were significantly higher over Kolkata compared to other two stations. Dust particles were found to scavenge 
more in the initial phase of monsoon and it gradually decreased as the monsoon progressed. The average pH 
of rain water over Kolkata was 6.0 indicating alkaline in nature. pH over Falta was 5.2 indicating slightly 
acidic in nature and the most important fact is that pH over Darjeeling was 4.6 indicating highly acidic in 

2+ 2+ +
nature. It was found that Ca , Mg  and NH  neutralized the acidity of rain water over all the stations with the 4

2+ +
maximum neutralizing factor for Ca . However, NH  played important role over Darjeeling in neutralizing 4

rain water acidity. The major reason for high acidity of rain water was not due to high enrichment of acidic 
anthropogenic species but due to less enrichment of alkaline dust particles over Falta and Darjeeling.
It was observed that scavenging of aerosol (scavenging ratio; SR) highly depended on the rain rate. Over 
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- 2-
Darjeeling, NO  and SO  were found to be mainly accumulated in fine mode regions which could be 3 4

associated to fossil fuel and biomass burning emissions. Over Kolkata and Falta, these ions were found to be 
associated both in fine and coarse mode aerosol regions. These could be associated to both the anthropogenic 

- 2- 2+and crustal sources. Over Kolkata and Falta, NO  and SO  were associated to Ca  in coarse mode aerosols. 3 4

- 2- +On the other hand, NO  and SO  were associated to fine mode NH  over Darjeeling.3 4 4
                                              

-
It was observed that SR for sea-salt particles did not show good dependence on rain rate. But, for NO  and 3

2-
SO  showed significant dependence between SR and rain rate over all the stations. It was observed that SR of 4

- 2-
NO  and SO  increased with increase in rain rate over Kolkata and Falta whereas that decreased with rain rate 3 4

- 2-
over Darjeeling. The higher rain rate or heavy rain could thus scavenge larger NO  and SO  (over Kolkata 3 4

- 2-
and Falta) whereas light rain could scavenge smaller NO  and SO  (over Darjeeling). Also we observed that, 3 4

the scavenging of PM2.5 and PM10 as a composite aerosol depended on the rain rate (Fig 1). For each of the 
stations, light rain scavenged more of fine mode aerosols and heavy rain scavenged more of coarse mode 
aerosols. Kulshrestha et al (2009) also made similar observations based on three rain events over Hyderabad, 
India.

Figure 1: Aerosol scavenging at various rain intensities
                                                   

Conclusion
The aerosol scavenging by rain thus could be mostly dependent on the aerosol-rain drop interaction rather 
than the solubility of aerosols in rain water. As, light rain scavenged more of fine mode aerosols than coarse 
mode crustal aerosols, the acidity was also found to be higher for light rain compared to heavy rain. Thus, we 
observed the effect of physical characteristics of rain on the degree of scavenging which in turn affected rain 
chemistry and acidity.
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Introduction
Airborne particles are abundant in the atmosphere.They originate either naturally or from anthropogenic 
sources and affects human health and the quality of life (Ruzer and Harley, 2005). Particles present in the 
atmospherecan be transformed or transported long distances through air. These processes depend on various 
factors such as size distribution of the particles, particleconcentration, chemical composition and 
meteorological effects.Above the land surfaceapproximately 25 % of the total airborne particulate matter 
comprises of biological materials (Jones and Harrison, 2004). These biological materials are present in the 
atmosphere in the forms of bacteria, pollens, fungal spores etc. These different types ofparticulate material 
present in the biological aerosol may have size ranging from 0.02 to 100 ìm (Macher et al, 1998). In Indian 
contextthe information based on molecular characterization of bacterial community in the suspended 
particulate filters are almost scarce. The main aim of the present work is to collect and observe the air borne 
particles of size range PM and PM  and also isolate and characterize the bacterial community present on the 2.5 10

suspended particulate matterusing molecular biological approaches. 
                        

Materials and methods
Suspended Particulate Matter 
Particulates of size PM  and PM were collected by sampling air with the help of a fine particulate samplers 10-2.5 2.5

(Environtech, India) kept on the terrace of the Department of Chemical Engineering and Technology, Institute 
of Technology, BHU, Varanasi onWhatman-GF/A filter papers. The sampling was carried out for 24 hours on 

th th st th
7 , 14 , 21    and 28  day of every monththroughout the yearwith objective to get the average concentration of 
PM and PM  for whole month.  Average concentration was calculated using the readings of sampling.2.5 10-2.5

The weights of the filter papers were obtained using a microbalance after equilibrating the filter for 24 hrs in 
adesiccators to obtain constant moisture content. Amount of TSP collected on the filter paper was computed 
in the following way.

where W = total dust load (mg) = (W -W ),W and W  are the weights of filter paper before and after exposure, 2 1 1 2

3 3respectively, andV  = Volume of air sucked (m )  = Time duration (min.) x flow rate (m  /min.)a

Enrichment, isolation, DNA extraction and PCR amplification of 16S rRNA gene of bacterial colony 
Classical isolation techniques have been widely used to enumerate and characterize airborne bacteria from 
the filters. DNA was extracted from the culture according to the standard protocols. Details of procedure are 
given in Shukla et al. (2010). Amplification of 16SrRNA gene was performed in a Thermocycler (Model 

TMMyCycler Thermal  Cycler, Bio-Rad Laboratories , Inc,Australia ) 
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Amplified RDNA Restriction Analysis (ARDRA)
Amplified PCR products were digested with the tretrameric restriction enzymes (TRE) AluI, (New, England, 
Bio-labs Beverly, MA). Restriction enzyme (0.5 µL in 1x buffer B) and BSA (bovine serum albumin; 10 

omg/mL) were added in a total volume of 20 µL. The whole solution was incubated for 5 h at 37 C. The digests 
were resolved by electrophoresis on a 2 % (w/v) agarose gel against a 100 bpDNA ladder. Gels were stained 
withethidium bromide for 30 min and rinsed for 10 min with distilled water. Gel image was visualized using 
gel documentation system (Alpha Imager,   NC, DE400–220, MTZ Zoom, Alpha Innotech Corp., San 
Leandro, CA). On the basis of restriction patterns observed on the gel, (0/1) matrix was generated using 
NTSYS software. After matrix preparation PCR products of each representative were used for the sequence 
analyses.
                                            

Sequencing and sequence analyses
®

DNA sequencing of amplified PCR products was performed on both strands in an ABI PRISM  3100 Genetic 
Analyzer (ABI, USA) using BigDye Terminator Kit (Version 3.1). The sequencing reactions were performed 
by theAvesthagen Limited, Bangalore using an Applied Biosystems Automated Sequencer. Sequencing and 
sequence analyses were similar to that used by Shukla et al. (2010).
                                            

Results 
Monthly variations of average mass concentrations of PM2.5, PM10-2.5 and PM10 for Jan to Dec 2010 are 
shown in Fig. 1. It is seen that PM , PM  and PM  concentrations varied between 47.1 to 335.5, 59.6 to 2.5 10 - 2.5 10

3368.9 and 110.5 to 704.4 µg/m , respectively. High concentration of PM during the winter season and month 2.5

of may be attributed to low convective activities, higher level of anthropogenic emissionsand wind condition.

               

Figure 1 : Monthly variation of average mass concentration of PM PM PM for Jan 2010 to Dec 2010.2.5, 10-2.5 and 10 
               

Enrichment and Isolation of Bacterial Colony
The bacterial growth was observed in the form of turbidity at (OD  = 0.8) against control. Purified bacterial 600

colonies were observed on the nutrient agar plates. A total of 12 bacterial colonies were isolated 6 each from 
PM  and PM  filters.2.5 10
               

ARDRA and Bacterial Community Analysis
Restriction patterns were observed on the gel for the PCR amplicons of the bacterial cultures from both PM  2.5

and PM  filters. The restriction of the PCR amplicons has generated approximately 3 bands at 600, 250 and 10

150 bp on the gel for bothPM  and PM samples. On the basis of banding patterns a dendrogram was 2.5 10-2.5

prepared. A total of 4 OTUs were obtained, two   fromPM  and 2 from PM .After partial sequencing of 2.5 10-2.5

16S rRNA PCR products it was observed that all OTUs have shown 96 % sequence similarity with the gram 
positive bacteriumBacillus subtilis which is a member of phylum Fermicutes.Phylogenetic analyses revealed 
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that all the 16S rRNA gene sequences of bacterial community observed in present study are clustered with the 
Bacillus sp. of the phylum Fermicutes (Fig.2).

Figure 2 : Phylogenetic relationship among methanotrophs based on partial 16S rRNA gene sequences. 
                                   

Discussion
Almost similar trend in variation of PM , PM and PM levels was observed. During winter consistently 2.5 10-2.5 10

high value of PM  and PM  were noticed which may be due to low convective activity. During July and 2.5 10-2.5

August months, the observed low concentrations of particulate matter may be due to the scavenging effect of 
rains.PCR amplification of 16S rRNA gene has confirmed the presence of eubacterial community in both the 
samples. ARDRA analyses have shown the presence of only two distinct clusters in two the particulate 
sizesindicating that the bacterial community was not much heterogenous in the air.The phylogenetic tree have 
shown the genetic relatedness with the Bacillus subtilis (Fig.2).The present studyrevealed thatgram positive 
bacteriumBacillus subtiliswas in abundance in both sizes of the particulate maters. It may be because of that 
both kinds of filters are able to trap such sporulating bacteria present in the air.Kellogg and Griffin (2006) and 
Osman et al. (2008) have also shown that culturable bacteria from atmospheric aerosols mainly constitute 
gram positive Bacillus sp. 
                                   

Conclusion
This study examined the cultivable bacterial community from the particulate air filters (PM  and PM ) by 2.5 10-2.5

using the ARDRA method and 16S rRNA gene fragment sequencing. Present study has demonstrated that the 
bacterial community was almost homogeneous.Bacillus subtiliswas abundance in the used filters. Further, 
studies of particulate air filters from the same or different locations will be required to determine the 
variability in bacterial  communities  in  particulate air filters,  whether  bacteria  in  particulate air filters 
have  enhanced  fitness  for  survival  in  that  environment.
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Introduction
Dust aerosols play an important role in the climate system, monsoon and hydrological cycle due to their 
influence in the Earth-atmosphere radiative budget (Ramanathan et al., 2001). The main source of suspended 
dust is the arid and desert areas over the globe, while depending on synoptic and dynamic meteorology dust is 
transported from one continent to another. Middle East, Arabia, Southwest Asia, and Thar desert are the main 
sources for transported dust over the Indo-Gangetic Basin (IGB) (Prasad et al., 2007), western Himalayan 
range (Kumar et al., 2014) and beyond to the far east up to the Everest region and Darjeeling (Chatterjee et al., 
2012), hundreds to thousands of kilometers away from the dust source. These dust storms modify the 
atmospheric composition, meteorological parameters and aerosol optical properties, as well as the radiation 
balance, heating rates and atmospheric stability being a major climate adjustor over Indian sub-continent. The 
real-time monitoring and forecasting of dust events, the source regions and their pathways are important 
factors in reducing the exposure time and dose of these events to the large population living in the IGB. In the 
present study, we have considered three major dust-storm events that occurred during the 2010 pre-monsoon 
season over the IGB (20-21 April, 26-28 May and 2-3 June, 2010) in order to study the influence of dust in 
aerosol optical properties, vertical profiles, ARF and heating rates in the atmosphere.
                                                   

Instrumentation and Data Analysis
The aerosol characteristics during the dust-storm events were obtained from the CIMEL sun/sky radiometer 
measurements at Kanpur AERONET site (26.51° N, 80.23° E, Elev. 123 m). We have used the AERONET 
version 2, level 2 data for AOD , Angstrom Exponent (á, AE ) and Water Vapor (WV) content, and the 500 440-870nm

level 1.5 data for the aerosol size distribution (ASD), single scattering albedo (SSA) and refractive index (RI). 
o o

In addition to AERONET data, Level 3 (1 x 1 ) Collection 5 C005.1 Terra-MODIS daily observations 
(MOD08_D3.051, http://modis-atmos.gsfc.nasa.gov/) of AOD  have been used for the monitoring of dust 550

properties over the IGB during the dusty days. The MODIS AOD  values were obtained over IGB (22.5-550

0 032.0  N and 68.0-88.0  E) aiming to examine the west-to-east gradient of aerosol loading during the three dust 
events in pre-monsoon of 2010. The Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations 
(CALIPSO) satellite data is used to provide images (CALIOP level 2 version 3.01) for vertical profiles of total 
attenuated backscatter at 532 nm and aerosol subtypes from both nighttime/daytime observations during the 
dust-storm days. In this study, the aerosol radiative forcing (ARF) are computed at TOA and surface 
separately using the Santa Barbara DISORT Atmospheric Radiative Transfer (SBDART) model.
                                                   

Results and Discussion
During the pre-monsoon season of 2010, three major dust-storm events were detected over western and 
central IGB (Fig. 1). MODIS observations detect thick dust plumes (pale color) covering mainly the Thar 
desert, which are initially moving to northeast and then towards southeast, along the main axis of the Ganges 
valley following a clockwise movement with progressively attenuation in the plume thickness. The aerosol 
characteristics during the intense dust-storm events in pre-monsoon 2010 i.e., on 20 April, on 26 May (it was 
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recorded at Kanpur on 28 May) and on 2 June (recorded at Kanpur on 3 June) are analyzed based on Kanpur 
AERONET retrievals. Figure 2 shows the daily-mean variation of the AOD  and AE (Alpha) on days pre and 500

post the three dust-storm events; the events are shown by dotted red ovals. The average AOD values during 
the non-dusty days lie between 0.5-0.8, which rapidly increase >1.2 on the arrival of the dust storms. During 
the dust events the daily-averaged values of AOD and AE are 1.38, 1.19, 1.90 and -0.05, 0.07, -0.02 for April 
20, May 28 and June 3, respectively. A sharp decrease in AE to very low values (even negative) is observed 
during the arrival of dust, suggesting that it is a better indicator for the dust presence over IGB, since the AOD 
continues to be high due to emissions of different sources and the very high background levels over the region.

Figure 1: TERRA MODIS images showing dust-storm events over IGB on April 20, May 26 and June 2, 2010.

Figure 2: Daily variation of AOD  and Angstrom exponent (AE; Alpha) at Kanpur AERONET site during three major dust-500

storm events.

Table 1 summarizes the AOD  and AE (440-870 nm) values for the days around the dust-storm events.  500

Contrasts in AE values during dusty and non-dusty days are clearly seen. AE values near zero or slightly 
negative are characteristics of desert dusts when the UV to midvisible AE (380 to 500 nm) is larger than the 
visible to near-infrared.
               

Table 1: Kanpur AERONET AOD  and Angstrom Exponent (440–870 nm) values for non-dusty and dusty days during major 500

dust-storm events in pre-monsoon of 2010.

Aerosol Characteristics During Major Dust Storms over Indo-Gangetic Basin
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Conclusions
The main findings of the present study are summarized below as:
· The MODIS true color images identified the Thar desert as the main source region for the three dust 

events. Strong surface winds and enhanced convection due to high temperature over the Thar desert, 
favoured the erosion and uplift of significant amount of dust, thus creating intense dust plumes, which 
initially affected the southern slopes of western Himalayas before transporting over central and eastern 
IGB. 

· The aerosol physical and optical properties over Kanpur showed pronounced modification during the 
dusty days compared to days prior to the dust-storm events. The AOD  exhibited large increase (>1.1) 500

during the dusty days associated with considerable decrease (sometimes negative values) in Angstrom 
exponent (440 – 870 nm) indicating large fraction of coarse-mode particles that was supported from the 
aerosol size distribution. 

-2· The ARF at surface, TOA and within the atmosphere was found to be, on average, -65.77±21.72 Wm , -
-2 -217.99±10.46 Wm  and +47.78±16.24 Wm , respectively, during the three dusty periods. This suggests 

significant climate implications over Gangetic-Himalayan region, which may affect the atmospheric 
thermal gradients, monsoon circulation and hydrological cycle.
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Introduction
Indoor Air Pollution (IAP) is a rising concern in an office environment these days as employees spend their 
time working in closed/sealed offices. Most of their daily exposure to many pollutants comes through intake 
of indoor air, therefore deteriorating Indoor Air Quality(IAQ).Poor IAQ has been linked to SickBuilding 
Syndrome (SBS), particularly among office workers (Fischman, 1997). Indoor Air Pollution refers to 
chemical, biological and physical contamination of indoor air (Glossary of Environment Statistics, 1997). 
Indoor Air Quality term refers to the air quality within and around buildings and structures, especially as it is 
concerned with health and comfort of building occupants (USEPA, ASHRAE, 2011). Most people spend an 
average of 80-90% of their time within enclosed buildings (USEPA, 1987; Klepeis et al., 2001). Factors 
responsible for increase in IAP includes: sources of contaminants; design, maintenance and operation of 
building systems particularly ventilation; moisture and humidity content, and occupant perceptions and 
susceptibilities. 
                                       

Amongst many other indoor air pollutants, Volatile Organic Compounds (VOCs) have attracted attention of 
many researchers due to the number and diversity of their sources as well as their potential harmful effects on 
human health. Levels of VOCs indoor are found to be 10 times greater than outdoors (IEH, 1997). A VOCs is 
any organic compound having an initial boiling point less than or equal to 250° C measured at a standard 
atmospheric pressure of 101.3 kPa (European Union, 2007). VOCs have been classified on the basis of their 

o o
boiling point as very volatile (<0 to 50-100 C), volatile (50-100 to 240-260 C), and semi-volatile (240-260 to 

o
380-400 C) (WHO, 1989). VOCs in offices are emitted from multiple sources such as building materials, wall 
covering, vinyl flooring, carpeting, paints, furniture, glues and adhesives, smoking, aerosol sprays, moth 
repellents, cleaning agents, air fresheners etc. Exposure to high VOCs are known to have carcinogenic 
effects, other symptoms may include eye, nose, and throat irritation, headaches, loss of coordination, nausea, 
dry cough, dizziness, tiredness, damage liver, kidney, central nervous and respiratory systems (ECA-IAQ, 
1995). A relation between indoor VOCs and SBS has been shown in some studies from offices (Norback et al., 
1990 ;Brinke et al.,1998) and exposure chamber studies (Koren et al., 1992; Mlhave et al., 1986; Pappas et al., 
2000) and it was concluded that air concentrations of VOCs are generally lower in the home than in the 
workplace (Larroque et al., 2006; LeBouf et al., 2010). It has also been seen that VOCs also adhere or get 
adsorbed to fine Particulate Matter and persist for longer period. The persistence of VOCs can be felt in many 
workplaces, where ventilation is poor or HVAC system is not designed appropriately.
                                       

The aim of this study was to assess the relative contribution of various interior surfaces in offices towards 
VOCs emission – with particular interest to VOCs from furniture material, paints and furnishings.
                                       

Methods
The research methodology used in the survey and experiment involved two steps and are in confirmation with 
international guidelines specified in BIFMA and Greenguard. First step involved identifying offices for 
research and was coded as Case A, B, C & D. Air conditioned offices (4000 sq.ft.) with 100 workstations were 
selected. Modular furnitures two years old were used for sampling. The surface areas of office indoor 
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components such as ceiling, flooring, furniture, partitions, etc. were measured. In the second step 
experimental chamber (2m X 2m X 2m) covered from all sides by 24 gauge mirror finish aluminum sheets 
with an openable sheet in the front was used. These sheets were screwed to the frame and were sealed with 
white cement at each opening and joint to avoid air leakages. Clean air flow was maintained with air purifier at 
20 L/min for 6 hrs for dilution of VOCs. Also, clean room was provided with activated charcoal cartridges to 
remove any traces of VOC that may not have been absorbed by the high-end air purifier. After the clean room 
chamber was established with baseline VOC emission below detection level, materials i.e. Gypsum tiles, 
Furniture (workstation including laminate and fabric), Carpet tiles and Painted surface were introduced. The 
quantity of materials was determined on the basis of percentage of surface areas obtained from survey of 
selected four offices. 
                                       

The Clean Room experiment chamber prepared from aluminum sheets was polished to a mirror like finish to 
minimize contaminant adsorption. Supply air to the chamber was stripped of formaldehyde, VOCs, and other 
contaminants, so that any contaminant backgrounds present in the empty chamber fall below detection levels 
(<10 ìg/m3TVOC, <10 ìg/m3 total particles, <2 ìg/m3 formaldehyde, <2 ìg/m3 for any individual VOC). 
Solid sorbent cartridges with 2, 4-dinitropheylhydrazine (DNPH) were used to collect formaldehyde and 
other low-molecular weight carbonyl compounds in chamber air. VOCs measurements were made using gas 
chromatography with mass spectrometric detection (GC-MS). Data related to temperatureand relative 
humidity was also collected. The data collected for the experiment is at two different timings of the day which 
are 11 am and 3 pm. It was done for 4 days to get the most accurate result. Before taking the baseline sampling, 
the chamber was properly cleaned for 6 - 8 hrs, and also before every other sampling type, the chamber was 
properly ventilated for 10 - 12 hrs.
                                       

Results and Discussion
The results (Table1) show the quantity of TVOCs and Total Aldehyde values for the four materials 

3
introduced. From the results it can be interpreted that carpet tiles emitted the highest TVOCs i.e.3320ìg/m , 

3 3followed by the painted surface 2430ìg/m , then modular furniture at 2410 ìg/m and the lowest emission by 
3. Gypsum ceiling at 200ìg/m Also, similar trend can be noticed for Total Aldehyde emissions.The relative 

contribution of furniture to the total VOCs in offices was around 21%. The Clean Room Chamber experiment 
methodology for the project established empirical evidence and quantification of VOCs in office spaces. The 
moisture level of Clean Room and outdoor (ambient air) showed difference of 15% (41% outdoor &53% 
indoor).This is further proof of effective isolation of experimental area. The readings of VOCs taken after 
introduction of interior material showed significant increase in 4 hours and accordingly the readings were 
taken after subsequent hours. To measure quantity of VOCs release, record of time of exposure and time of air 
sampling were maintained to calculate the emission per hour per cubic meter values of VOCs. The materials 
showed excellent graded response with significant trend in VOCs emissions. There are more VOCs emissions 
from carpet flooring and paint as compared to furniture (including laminate and fabric). 
                   

3Table 1: Values ofchemical compound in ìg/m  inside the experimental chamber
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Figure 1: Estimated values of VOC emissions 
                                       

Conclusions
Measurement of TVOCs in indoor office environment is the first step towards reducing and eliminating 
VOCs emissions. Understanding the nature of emissions and their levels with respect to standards provides 
valuable information to product designers. Steps can be taken in the design process to eliminate VOCs 
emitting materials and sources in furniture and product manufacture through Life Cycle Analysis (LCA) of 
the products. Some recommendations are suggested are, finding alternatives to meet low VOC requirements 
.Time decay study needs to be undertaken to establish stabilization period .Testing of individual VOC 
emitting raw materials used in furniture products and de-gassing of furniture prior to dispatch should be taken 
into account. The impact of removal of VOCs in the room through chemical reaction or adsorption on 
particulate matter is another area of further work which is being pursued.
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Introduction
Aerosols affect earth's radiative budget by scattering and absorbing light through different pathways. These 
pathways are mainly classified as direct effect and indirect effect. Among different aerosol species present in 
atmosphere, Black Carbon (BC) has high impact on radiative budget due to its large light absorbing property. 
Unlike other gaseous species such as CO , BC has shorter lifetime in atmosphere and gets removed within a 2

span of 7 to 10 days. Thus reduction in BC concentration presents an opportunity to reverse global climate 
change within a short duration . In addition to BC, atmosphere also contains large amounts of light absorbing 
organic carbon (OC), collectively known as brown carbon (BrC). Other major aerosol species like inorganic 
carbon and sea sprays etc. are known to scatter light completely and absorb very little. BC, BrC and other 
aerosol species can co-exist individually or in combination with each other in atmosphere. The term mixing 
state is used to describe how aerosols are present in atmosphere. Aerosols can be externally mixed, internally 
mixed, semi-external mixture or as a combination of all. Accurate knowledge of mixing state is important in 
determining the optical properties of BC. Modelling studies shows externally mixed aerosols under predicts 
absorption by 50% when compared to internal mixing . In internal mixing, aerosols form a core-shell type of 
structure in which insoluble species like BC act as core and soluble species like BrC becomes a shell. This 
type of mixing results in enhanced absorption due to the shell which acts as a lens and focuses the light in to 
the BC core .
                                 

Absorption and scattering by aerosols affect the net radiative budget of earth's atmosphere and thereby 
change the atmospheric radiative forcing values. Change in radiative flux excreted by absorption and 
scattering of aerosols is known as direct radiative forcing (DRF) . Quantification of DRF using most of the 
global climate models assumes BC to be externally mixed and BrC as completely scattering thereby having a 
net cooling effect in atmosphere . Spectral nature of absorbing aerosol also plays an important role in the DRF 
since the absorbing capacity of BC and BrC changes with respect to wavelength of incident light. BC is found 
to absorb throughout the spectrum with maximum absorbing capacity at near infrared wavelengths. BrC 
absorb mainly in the ultraviolet region and found to be mostly scattering in higher wavelengths . Even though 
BrC has weak absorbing capacity as compared to BC, its relative abundance in atmosphere makes it a 
potential climate forcer.  Mineral dust is another aerosol species with absorbing capacity but is very weak in 
comparison with BC .
                                 

In this study we simultaneously measured spectral optical properties and mass concentrations of BC, OC and 
dust in atmosphere. Source apportionment analysis of OC mass shows different sources within organic 
aerosols. These sources behave independently when it comes to absorption or scattering. We studied the 
response of different source apportioned factors and results shows differently absorbing species within OC. 
The overall effect of this absorbing OC needs to be analysed in the context of radiative forcing. Total aerosol 
radiative forcing is calculated with and without OC loading to identify the effect of OC in forcing.
                                 

Methods
Sampling was carried out inside Indian Institute of Technology (IIT) campus located in Kanpur, India 

1 1 2 2
Shamjad , S. N. Tripathi , R. K. Pathak , M. Hallquist
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(26.5°N, 80.3°E, 142 m msl). Kanpur is a representative site inside Indo-Gangetic Plain (IGP), with very high 
aerosol loading due to anthropogenic activities like vehicular traffic, biomass burning and industrial 
emissions. Sampling is done from 12 Feb 2013 to 22 March 2013, when winter season subsides from IGP. 
During winter season IGP experiences large scale fog and haze along with high aerosol loading due to 
biomass burning. All atmospheric aerosol measurements were carried out at a height of 5m from ground. 
Large variation in relative humidity (RH) ranging from 30 to 87 % is observed during the sampling duration.  
                                 

Aerosol absorption and scattering coefficients (B  and B ) at atmospheric conditions are measured using 3 abs scat

wavelengths Photo Acoustic Soot Spectrometer (PASS -3) from Droplet Measurement Technology (DMT), 
USA . B  and B  is measured at three wavelengths as 405 nm, 532 nm and 781 nm. BC mass concentrations abs scat

were measured using an Aethalometer (AE 42, Magee Scientific). An Aerodyne High Resolution Time of 
Flight Aerosol Mass Spectrometer (HR-ToF-AMS) is used to determine the mass concentrations of organic 
and inorganic species in atmospheric aerosols .  In March 2014, the experiment was repeated with a flow 
switching mechanism where aerosols were heated to 300 degrees for 5 minutes and next 5 minutes 
atmospheric aerosols are sampled.
                                 

Results and Discussions
A strong diurnal variation in aerosol properties is observed throughout the sampling period. Absorption at 405 
nm is found to be the highest followed by 532 nm and 781nm being the lowest through. This indicates there is 
considerable amount of BrC present in the sampling location and its influence is visible in the lower 
wavelengths (405 and 532 nm). A sudden dip is observed in all aerosol properties at early morning around 
5:30, which is attributed to the expansion of atmospheric boundary layer and subsequent spreading of 
aerosols in to higher atmosphere. This dip in aerosol properties is followed by a peak around 8:00, due to the 
increased activity in the sampling site due to morning traffic and cooking. After this peak aerosols show a 
continuous decrease till evening and again increase towards night due to evening traffic and night time 
cooking.
                                 

Positive Matrix Factorization (PMF) analysis of Organics from HR-ToF-AMS resolved in to 4 distinct 
factors. These factors are identified as Low-volatile Oxygenated Organic Aerosols (LV-OOA), Semi-volatile 
Oxygenated Organic Aerosols (SV-OOA), Biomass Burning Organic Aerosols (BBOA) and Hydro-carbon 
like Organic Aerosols (HOA). To understand the relationship between PMF factors and spectra absorption, 
each factor is regressed with B  at 405 nm, 532nm and 781 nm. No clear trend is observed between SV-OOA abs

and B  indicating SV-OOA to be less aged non-absorbing portion in OA. A positive trend between SV-OOA abs

and spectral B  implies that SV-OOA is mainly scattering in nature. LV-OOA vs. spectral B  shows a scat abs

positive trend indicating continuing trend of increase in absorption with ageing. HOA and BBOA show best 
correlation among all factors indicating the freshly emitted BrC from burning. 
                                 

Conclusion
Different sources of organic aerosols are compared with spectral absorption and their trend indicates 
separately absorbing fractions within organic aerosols. Freshly emitted SOA (SV-OOA) shows no real trend 
with absorption but shows a positive trend with scattering. As SV-OOA gets oxidized and becomes LV-OOA, 
it shows positive trends with absorption. Other factors such as HOA and BBOA show good correlation with 
spectral absorption. Radiative forcing calculations performed in this study shows large atmospheric heating, 
whenever there is a biomass burning occurs. This indicates the importance of including the absorbing part of 
organic aerosols (BrC) into radiative forcing calculations. 
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Introduction
The climatic and environmental effects of atmospheric aerosols are the critical issues in global science 
community because they are well known to affect the air quality, human health and radiation budget (Pöschl, 
2005). Different types of atmospheric aerosols have different optical as well as radiative properties which are 
crucial to reduce possible uncertainties in climate forcing. (Charlson et al., 1992; Schwarz et al., 1995; 
Jacovides et al., 1996; Tiwari et al., 2013). The uncertainties in quantifying these atmospheric impacts have 
no doubt improved over the years but not up to the desired level, particularly at regional scale (IPCC, 2007). 
Heterogeneity in various aerosol characteristics over a wide range of spatial and temporal scales could be one 
of the major causes of difficulties enhancing the uncertainty due to aerosols in radiative forcing estimation 
(IPCC, 2007). Thus, it is essential to improve aerosol characterization on regional basis, with high spatio-
temporal resolutions; particularly over the region where high population is under the impact of these aerosols. 
Indo-Gangetic Basin (IGB) in northern part of India has been recognized for different aerosol types due to 
various emission sources (natural and anthropogenic) of aerosols and unique topography of the region. The 
aim of present study to understand the heterogeneity in different aerosol types, inferred from ground-based 
automatic sun/sky radiometer derived aerosol products over the entire IGB. The associated radiative impacts 
of inferred aerosol types and their heating/cooling rates have also been quantified for the first time over the 
entire IGB region.
                                                   

Instrumentation and Data Analysis
In present study, Aerosol Robotic NETwork (AERONET) level 2 aerosol products have been used during 
2010-2011 at four different locations in the Indo-Gangetic Basin (IGB) viz. Karachi (24.870N, 67.03 E), 
Lahore (31.540 N, 74.320 E), Jaipur (26.900 N, 75.900E), and Kanpur (26.4? N, 80.4? E). In the present study, 
aerosol types were identified following by Srivastava et al. (2012; 2014) and Lee et al. (2010) using 
appropriate thresholds for FMF and SSA. Five different aerosol types were identified using fine-mode 
fraction (FMF) and single scattering albedo (SSA) at the stations over IGB viz. PD (polluted dust), PC 
(polluted continental), MBC (mostly black carbon), MOC (mostly organic carbon) and NA (non-absorbing).
                                                   

Results and Discussions
Figure 1(a-d) represent density plot of FMF (at 0.50 µm) versus SSA (at 0.44 µm) derived from the sun/sky 
radiometer measurements at four different stations over IGB for the inferred aerosol types. A wide range of 
SSA for each aerosol type except MOC and NA is noticed from the figure at all the stations. Results suggest 
that presence of larger fraction of dust in PD type aerosols as compared to PC type at Karachi and Jaipur 
station which are coming from the Thar Desert and Middle East region. Apart from this, Kanpur is dominated 
by mostly carboneous aerosol. The average value of SSA is found highest (> 0.97±0.02) for NA type aerosol 
at all location while MBC and MOC have nearly same value (> 0.90±0.02). From figure it is observed that PD 
is highly dominated over Karachi (55.3 %) and Jaipur (47.6%) while minimum over Kanpur (15.7 %) and 
Lahore (21.7 %). This may be due to the deposition of dust aerosols over IGB (gravity effect) from western 
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region (Karachi) to eastern region (Kanpur) which is mainly coming from Middle East and Thar Desert 
regions. On the other hand, due to the highly industrialised region, Lahore has nearly 31.7 % contribution of 
PC while 30.4 % of MBC and 13.0 % of MOC, with very less contribution of NA (3.1%). Apart from this, at 
Jaipur, PC is second most dominated aerosol types with its contribution of 21.9 % then after MBC (19.0 %), 
MOC (11.4) and NA (6.36%). At Kanpur, MOC is dominated with the contribution of 37.7 % over PC (24.5 
%), MBC (19.1 %) and NA (3%). At Karachi, PC (24%) is second dominated aerosol types over MBC (12%), 
MOC (9.3%) and NA (1%). Apart from this, figure clearly reflects that NA aerosol types have maximum 
contribution over Lahore and minimum at Karachi while no contribution was observed over Jaipur.

Figure1 : Density plot between Fine Mode Fraction (FMF) and Single Scattering Albedo (SSA) at (a) Karachi (b) Lahore (c) 
Jaipur (d) Kanpur during the study period.

                                                   

Aerosol optical depth is one of the most important parameters for the study of optical characteristics of 
atmospheric aerosols at any location which can be eaisly calculated by using well known Ångström power 
law (Ångström, 1964);

                                                   

where ë is the wavelength in micrometre, ô  is AOD for the wavelength ë, â is turbidity coefficient a

which is equal to columnar AOD at ë = 1 µm and á is angstrom exponent (AE), which is a very good indicator 
of aerosol types. Figures 2(a-d) show mean spectral variation of AOD for each aerosol type at Karachi, 
Lahore, Jaipur and Kanpur, respectively. Interestingly different variations in spectral AOD can be seen for 
each aerosol type at all the stations. Relatively small spectral dependency in AOD can be seen for PD aerosol 
type at all the stations, which could be due to dominance of relative amount of coarse particles. On the other 
hand, relatively large spectral dependence in AOD can be seen for PC, MBC and MOC aerosol types when 
AOD values were found to be larger at shorter wavelength and smaller at longer wavelength. The large 
steepness in the spectral variability in AOD suggests that the AOD is mostly contributed by fine-mode 
aerosols (Srivastava et al., 2012).
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Figure 2 : Mean spectral variation of Aerosol Optical Depth (AOD) at (a) Karachi (b) Lahore (c) Jaipur (d) Kanpur 
during the study period

                                                   

Conclusions
The salient features of present study are given as:
?Five different types aerosols are observed during study period with their different percentage 

contribution over study region.
?IGB is mostly contributed by PD and PC types aerosols which mainly coming from Thar Desert and 

anthropogenic sources.
?Spectral behaviour suggests that MOC and MBC have dominance of fine mode aerosol particles.
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Introduction
Atmospheric aerosols along with trace gases are the major constituents of atmosphere, which play vital role in 
Earth's climate system (Kaufman et al., 2002; Morgan et al., 2006). In last few decades, aerosols are 
recognised as a major sources in determining climate change (Wild, 2009) as they influence the Earth's 
climate system directly by scattering and absorbing the solar and terrestrial radiations  and indirectly by 
forming the clouds and modifying their macro- and micro-physical properties (Twomey, 1991). The 
uncertainties in quantifying these atmospheric impacts have no doubt improved over the years but not up to 
the desired level, particularly at regional scale (IPCC, 2007). The heterogeneity in aerosol distribution may 
lead to different types of aerosol loading at both regional as well as global levels with significant climate 
response from negative (cooling) to positive (heating) (Kaskaoutis et al., 2007; Srivastava et al., 2014; Tiwari 
et al., 2013). Indo-Gangetic Basin (IGB) in northern part of India has been recognized for different types of 
aerosol loading due to various emission sources (natural and anthropogenic) of aerosols and unique 
topography of the region. It is dominated by the urban/industrial aerosols (Guttikunda et al., 2003; 
Monkkonen et al., 2004; Tiwari and Singh, 2013), which demonstrate significant seasonal variability based 
on the complex combination of anthropogenic factors mixed with the contribution from the natural sources 
(mostly dust), particularly during the pre-monsoon period (Srivastava et al., 2012). The present paper aims to 
understand different aerosol types and their various optical properties at a semi-urban station at Varanasi at 
the eastern part of IGB. The aerosol classification has been done on the basis of their origin, i.e. by the 
exploitation of air mass back trajectories. 
                                                          

Instrumentation and Data Analysis
The present study focused on to understand aerosol characteristics over Varanasi- a semi-urban station over 
the eastern IGB region, for the year 2011. The aerosol data were collected for year 2011using MICROTOPS 
II, a handheld sun photometer. An attempt has been made for the first time to identify different aerosol types 
based on air mass sources and their pathways using back-trajectory analysis and examine their seasonal 
heterogeneity over Varanasi. Five different types of aerosols are classified viz: Type I- mainly coming from 
North East India, Type II- mainly coming from north India like Haryana and Punjab, Type III- mainly coming 
from the Middle East and Thar Desert regions due to the long range transportation, Type IV- mainly coming 
from the central India and Type V- mainly coming from oceanic region (from the Bay of Bengal). 
                                                          

Results and Discussions
The air mass back trajectories are important to identify the regions for different emission sources and their 
transport pathways to the measurement sites. Aerosol loading and their types at any locations are highly 
influenced by the meteorological parameters over particular region which affect the air mass transport. The 5-
day air mass back-trajectories from NOAA-HYSPLIT (National Oceanic and Atmospheric Administration 
Hybrid Single-Particle Lagrangian Integrated Trajectory) model were analyzed (Draxler and Rolph, 2003) at 
Varanasi for the period 2011. Based on their transport pathways, five different types of air masses were 
identified which were discussed before. The annual percentage contribution of each air mass type has been 
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plotted in Figure 1.Vertical lines in each type show standard deviation, representing latitudinal spreading of 
air mass. Figure reflects that Type IV have minimum annual contribution (6.30%) while Type III have 
maximum annual contribution (33.16%). Apart from this, Type I, II, and V have annual contributions of 
9.31%, 32.7% and 16.16%, respectively. It is noticed from the figure that nearly 68% air masses are mainly 
coming from Northern India, Middle East and Thar Desert regions.

                                                          

Figure 1:  The mean percentage contribution of different air mass types over Varanasi during 2011 (obtained from 5 day air mass 
back-trajectory analysis from NOAA Hysplit).

Aerosol optical depth (AOD) and Ångström exponent (AE) are the two parameters, which have been used in 
the present study to understand the  optical characteristics of inferred aerosol types at Varanasi. AE can eaisly 
be calculated by using well known Ångström power law (Ångström, 1964);
`                                                           

(1)
                                                          

where ë is the wavelength in micrometre, ô  is AOD for the wavelength ë, â is turbidity coefficient which is a

equal to columnar AOD at ë = 1 µm and á is angstrom exponent (AE), which is a very good indicator of 
aerosol types and provides a qualitative information about the dominance size of aerosol particles. Higher 
values of AE represent the fine mode aerosol particles while lower values indicate significance of coarse 
mode aerosol particles (Tiwari and Singh, 2013; Tiwari et al., 2013). The spectral variation of AOD gives vital 
information about dominance of aerosol particles (fine and coarse mode) and their size distributions etc. and 
given in figure 2. It is noticed from the figure that the AOD has significant spectral dependence for all types, 
with relatively large dependence for Type I and Type II. Similar results are observed by Srivastava et al. 
(2014) over Delhi. Figure 2 clear reflects that Type I aerosols have maximum AOD value for all wavelengths 
while type V have minimum AOD value. Figure represents that Type III has less spectral dependency and a 
small steepness in slope which represent the dominance of coarse mode aerosol particles which are also 
confirmed from back trajectories shown in figure 1.

()á
a âëëô -=
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Figure 2. Spectral variation of AOD for different aerosol types during the study period.
                                                          

Conclusions
A continuous sun photometer measurement has been carried out at Varanasi- a semi-urban station over the 
eastern IGB region, during 2011 to understand aerosol characterizations. Using air mass back-trajectory 
analysis, an attempt has been made for the first time to identify different aerosol types and their optical 
characteristics over the station. The salient features of present study are given as:
?                                                          

?Varanasi experienced a high aerosol loading with annual mean AOD (at 500 nm)  varied from 0.73 ± 
0.31 to  0.98 ± 0.31 during the study period, with large heterogeneity in different aerosol types due to 

various emission sources.
?Five different aerosol types are identified, viz. Type I, Type II, Type III, Type IV and Type V based on air 

mass pathways with their annual contributions of 9.31%, 32.07%, 36.16%, 6.30% and 16.16%, 
respectively. 

?Type I aerosols have maximum annual mean AOD (AE) with values of 0.98 ± 0.31 (0.93 ± 0.26) while 
minimum is observed for Type V aerosols with values of 0.73 ± 0.31 (0.75 ± 0.22).

?There is a need to study the associated radiative impacts of inferred aerosol types and their 
heating/cooling rates Varanasi.
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Introduction
Polycyclic Aromatic Hydrocarbons are a group of hazardous pollutants with strong carcinogenic and toxic 
properties (IARC, 1983). Several PAH species have been classified as possible (2B) human carcinogens by 
the International Agency for Research on Cancer (IARC, 1987). In addition, benzo[a]pyrene is now classified 
by IARC as a Group 1 carcinogen—known to cause cancer in humans. The most prominent source of PAHs in 
the environment has been identified as the incomplete combustion of fossil fuels (Lima et al., 2005). Studies 
have found that human exposure to PAHs occurs more prominently via soils than via air or water (Torre-
Roche et al., 2009). PAHs in soils, once accumulated, lead to contamination of vegetables and other crops to 
enter the food chain as one of the key human exposure routes (Yap et al., 2010; Khan and Cao, 2011).
                                                        

The objectives of the study were: (1) to determine the spatial and temporal distribution of PAHs, and BC in 
size-segregated soil in all the soil fractions, (2) to analyze the relationship between PAH and BC in soil 
fractions; (3) to determine the health risks associated with PAHs in the study area. This work can thus be 
represented as the first effort to concurrently measure the distribution of PAH and BC in Indian soils.
                                                        

Methodology
Soil samples were collected over a year-long period from Bawana forest and R.K. Puram, urban site in Delhi, 
India for the analysis of 16 priority polycyclic aromatic hydrocarbons and black carbon (BC) in five grain size 
fractions in 2008. The five grain sizes that were analyzed were (in ìm) 0- 53, 53 - 250, 250 - 500, 500 – 2000, 
and their bulk samples. PAHs were determined by HPLC using UV detector at 254 nm. BC was determined by 
Chemo-Thermal Oxidation method for soils at 375°C (CTO – 375) method using Carbon Analyzer. 
                                                        

Results
Seasonal variation showed maximum pollutant concentration during winter. Maximum concentrations of 
PAH and BC were observed in the smallest size fraction (0 - 53 ìm) comprising silt and clay, irrespective of 

-1
site or season. The mean PAH concentration at the urban (UB) site was 1794 µg kg , three times higher than 

-1  forest (BG) soil (619 µg kg ). The PAH concentration pattern at the UB site was dominated by high molecular 
weight four-ring PAHs, while the background site was dominated by low molecular weight three-ring PAH. 
Carcinogenic PAHs at the UB site were 11 times higher than those at the BG site. The mean BC levels 

-1
measured at the background and urban sites were 0.47 and 0.82 mg g  respectively. Correlation analyses of 
PAH and BC shows significant correlations (p < 0.001) at the background and urban sites. ANOVA test shows 
significant differences in PAH and BC concentrations at both the sites. 
                                                        

Conclusions
Results of the molecular diagnostic ratios and principal component analysis (PCA) identified biomass 
combustion as the major source of PAHs at the forest site and vehicular emissions at the urban site. This study 
is first of its kind considering PAH and BC in size – segregated Indian soils. Based on this study, we can 
conclude that BC is an important geosorbent for PAHs. Thus, as geosorbent, black carbon can be harnessed 
for sequestering PAHs by limiting their transport and retarding their bioavailability in the soil matrix. 
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Introduction
Aerosol particles are ubiquitous in the atmosphere and influence the radiative balance of the Earth's climate 
through direct and indirect effects, by scattering and absorbing solar radiation  and by acting as cloud 
condensation nuclei (CCN) and thereby modifying cloud microphysical properties . Atmospheric new 
particle formation (NPF, via gas-to-particle conversion) is one of the dominant sources of aerosol particles in 
the atmosphere and an important process controlling aerosol and CCN number concentrations, as well as 
cloud properties. These newly formed particles account for about 3 – 70% of CCN production in the 
troposphere , and can further participate and perturb cloud droplet formation . Thus, NPF has the potential to 
influence cloud microphysical properties and global radiative forcing .
                                                             

Methods
Particle number size distribution (PNSD) measurements were performed on the National Atmospheric 

o o
Research Laboratory (NARL) campus (13.46 N, 79.17 E, 375 m amsl) situated in a small village Gadanki 
(Chittoor district, Andhra Pradesh State).Gadanki may be identified as a semi-rural environment, based on 

15 -2
the OMI retrieved tropospheric NO  total column (~1  10  molecules cm ).NARL is surrounded by hills 2

reaching as high as 1000 meters on the northern and southern sides within 1 to 10 km distance. A national 
highway(NH 18) with moderate traffic (less than 500 heavy duty vehicles per day) runs in a northeast-
southwest direction about 1.5 km from the measurement site. Short-lived NPF events with elevated particle 
number concentrations during traffic hours may be important in urban areas , but such events of elevated 
particle number concentrations due to traffic were not observed at our semi-rural site, because of the distance 
from the road and the topography. There is no major industrial facility within a radius of about 50 km except a 
medium scale iron ore processing unit about 13 km away in a westerly direction from the site. Due to the 
mountainous terrain, direct pollution plumes do not reach to the measurement site from neighboring cities and 
towns.PNSD were measured using a GRIMM (Ainring, Germany) wide range aerosol spectrometer (WRAS 
665) having 72 channels with size range (5 nm – 32 ìm) for 5 minutes interval,during 2 May – 31 July 
2012.Concurrently, various meteorological parameters such as temperature (T), relative humidity (RH), 

1 2 3 3 4 4 3
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wind speed (WS), wind direction (WD), and shortwave solar radiation (SR) were also measured by the 
automatic weather station (AWS) located on the NARL campus within the vicinity of the WRAS instrument.
                                                             

Results and Conclusions
Over the entire measurement period, days with particle bursts in the 5 – 25 nm size range and subsequent 
increase in particle size were observed very rarely at NARL. Out of 79 valid observation days, such events 
were observed only on 5 days (6%) and these were 7 May, 18 May, 24 June, 27 June, and 12 July. The 67% of 
the valid observational days were with no evidence for increase in N  and the sustained growth in size and NUC

thus were identified as nonNPF event days (i.e., no nucleation). The remaining days were identified as 
undefined (26%) event days and may include a 'mixed-type', 'apple', or 'hump' event . At our semi-rural site, 
all undefined events were 'mixed-type' events except one 'apple-type' event on 13 May. Table 1 shows 
concentration variation of different parameter such as N , SA , Vol ,N , N , N ,D ,CS  and TOT TOT TOT NUC AIT ACCU p,mode TOT

CoagS  .These values were also within the observed range in diverse environments across the world , from TOT

which NPF events have been reported.
                                                             

Table 1.Descriptive statistics (mean ± SD, median, minimum, maximum and percentiles) of N , N , N N , SA , V , NUC AIT ACCU TOT TOT TOT

CS , CoagS , M  and D . SD is the standard deviation.TOT TOT TOT p,mode
                                                             

                 
                 

Figure 1 illustrates a comparison between a typical NPF and nonNPF events observed at NARL .We chose the 
NPF event observed on 7 May 2012 as a representative case, which is also the strongest amongst all events, 

3 -3
based on the peak N  concentration (8.8  10  cm ) (Table 2). Temperature and relative humidity exhibited a NUC

typical diurnal pattern of increase and decrease, respectively, with marginal differences during NPF and 
ononNPF event days. On the NPF event day, the maximum temperature was slightly higher (~38 C) compared 

o
to nonNPF event day (~36 C), whereas relative humidity on the NPF event day was slightly lower (~28%) 
compared to that of the nonNPF event (~34%) (Fig. 1a and 1g).Just before the NPF event on 7 May (7:30 – 

3 -1 3 -1
8:30 LT), the CS  exhibited a sharp decrease by about 50% from 30 × 10  s  to approximately 15 × 10  s  TOT

(Fig. 1f), possibly due to strong atmospheric dilution after sunrise, which led to low CS  coinciding decrease TOT

in N  (Fig. 1f) and M  (Fig. 1e) was also observed..TOT TOT

Fig. 1.Observed typical NPF (7 May 2012, left panels) and nonNPF (10 May 2012, right panels) event days
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3 -3During the NPF event (09:00 – 16:15 LT), N  increased abruptly and reached a peak value of 8.8  10  cm  at NUC

about 11:30 LT. However, CS  increased very slowly and reached its maximum at midnight, when the TOT

particles had grown sufficiently large to account for the total aerosol mass. N  and CS  during the event NUC TOT

-3 -1were 4.9 ± 2.2 cm  and 13.2 ± 1.7 s , respectively (Table 2).On the nonNPF event day (10 May), the maximum 
o

temperature (~36 C) and the minimum relative humidity (~34%) (Fig. 1g) were comparable to that of an NPF 
event day (Fig. 1a), but the respective rate of change was very sharp after 14:00 LT coinciding with the 
appearance of clouds as evident from diminished solar radiation (Fig. 1i). The 3-D image plot of measured 
PNSD on the nonNPF event day displayed no NPF features at all (Fig. 1j) and exhibited characteristics of 
background continental aerosols , with a particle mode diameter around 100 nm (Figs. 1j). The condensation 

-3 -1
sink was ~11.3  10  s  at 09:00 LT, similar as observed on NPF event day, but NPF did not occur on 10 May, 
suggesting that probably the condensation sink was not a limiting factor for NPF occurrence. Similar features 
were also observed on other nonNPF event days.

                                                             

Table 2: Starting time, ending time, GR , GR , J , N , and CS  for observed NPF event days (local time). Here, CS  and 5-25 >5 5 NUC TOT TOT

N  indicate the averaged values over NPF time duration (starting time to ending time). N  indicates the peak nucleation NUC NUC, peak

mode particle concentration during an NPF event. 

       

The frequency of new particle formation is much lower than at most other studied locations around the world 
during May – July. Such a rare occurrence of NPF at our site could be explained by the combination of a weak 
gas-phase oxidation chemistry due to diminished solar radiation on persistently cloudy days as a result of the 
onset of the monsoon in early June and possibly also lower precursor gaseous concentrations, whereas other 
important environmental factors, such as condensation sink, relative humidity, temperature, wind speed and 
direction, and mixing layer were similar on both the NPF and nonNPF event days.For an improved 
understanding of the mechanisms and factors leading to NPF over this and other regions of India, long-term 
measurements are very necessary and should be encouraged. 
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Introduction
Atmospheric aerosols cause climate forcing by altering the Earths radiation budget, directly by scattering and 
absorbing solar and terrestrial radiations and indirectly by modifying the physical and microphysical 
properties of clouds. The greatest uncertainty to global climate forcing is due to the indirect effects of aerosols 
on clouds (Intergovernmental panel on climate change, 2007). Aerosols originate both from natural and 
anthropogenic sources. Globally, through the natural aerosols dominate; locally the scenario can be different. 
Aerosols in urban, semi urban and industrialized environments contain mostly anthropogenic species, which 
are physically and chemically different from those in remote areas. Similarly under favourable conditions, 
aerosols of different types such as desert dust, marine, burning smoke could be reached to the remote areas for 
example present observational site from faraway sources through the synoptic scale air mass movements and 
shows significant contribution to the columnar spectral aerosol optical depth. Under such scenarios, the 
columnar aerosol content would be the resultant of the different aerosol types and would undergo seasonal as 
well as temporal changes associated with the synoptic along with regional meteorology and source strength. 
This would lead to distinct spectral variation of AODs and consequent impacts on the optical properties and 
radiative forcing of aerosols.
                                                     

Measurement Site and Methodology

 Kadapa weather is primarily hot and dry in 
pre-monsoon (March to May); hot and humid during the monsoon (June to August) and post-monsoon and 
dry in winter season (November to February). This region receives very little rain fall due to southwest 
monsoon and northeast monsoon. 
                                                     

(e.g., Moorthy et al., 2007; Gogoi et al., 2009). The MWR makes continuous 
measurements of direct solar flux at 10 wavelength bands centred at 380, 400, 450, 500, 600, 650, 750, 850, 
935, and 1025 nm. The instrument operates in a fully automatic mode employing a passive equatorial mount 
and the data is collected at regular intervals of 2 minute over the entire wavelength range. Spectral AODs were 
estimated from the MWR following Langley plot technique at each of the wavelengths on all clear and partly 
clear days.
                                                     

Results and Conclusions
Spectral variation of AOD is important as it is indicative of the changes in aerosol-size characteristics. Figure 
1 shows the spectral variation of AOD for the study period (January to May, 2014). From the above figure it is 
clear that AOD value is decreases as wavelength increases throughout the study period. These spectral 
variations are weaker in NIR (Near Infra Red) wavelength regime in compared to shorter wavelength (380-
500nm) regime. High AOD values are observed at 380nm which indicates dominance of fine-mode particles 
over the observational site. 

The measurement of spectral AOD at 10 wavelengths from UV (Ultraviolet) through near IR (Infrared) were 
carried out at Kadapa, represents a very dry continental region of Andhra Pradesh, India. It is geographically 
situated on the boundary of a semi arid and rain shadow region.

 

Spectral aerosol optical depth values were estimated regularly at Kadapa using a 10-channel Multi-
Wavelength solar Radiator (MWR) designed and developed following the principle of filter wheel 
radiometers. The details of the instrument, method of analysis and error budget are discussed in detail by 
several investigators 
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The mean values of aerosol optical depth at 500 nm (AOD ), showed a distinct variation over two seasons 500 nm

with comparatively  high values 0.43+0.03  during pre-monsoon (Mar, Apr, May) and  low values 0.38+ 0.04   
during winter (Dec, Jan, Feb). From January to May, AOD value decreases as wavelength increases due to 
high convective activity and also frequent dust episodes in and around study region. Very hot summer during 
April-May plays an important role in heating the ground, and local winds lifts loose soil which contributes in 
increasing AOD values. Figure 2 shows the monthly variations of WVC (water vapor content) with 
comparatively maximum value in the month of May (5.12± 0.33 cm) and minimum value in the month of 
March (2.57± 0.35 cm).

Figure 3 shows the mean and standard deviations of Angstrom exponent á, which gives insight to 
know about particle size distribution. á values are comparatively high during winter (1.30± 0.03), whereas 
during pre-monsoon period á values are low (1.15± 0.11). The presence of high concentration of the fine-
mode particles selectively enhances the irradiance scattering at shorter wavelength region, which results high 
AOD values at shorter wavelengths. The enhanced concentration of coarse-mode particles increases the AOD 
in longer wavelengths. The value of turbidity coefficient (â) which gives information regarding loading of 
aerosols over the measurement site, observed to be high during pre-monsoon (0.15+0.01) whereas during 
winter it is 0.12+0.01. 
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The coefficient a  and a  were obtained through application of the second-order polynomial fit in the spectral 1 2

range 380-850 nm. In general, large negative a  and a  values correspond to fine-mode aerosols, while positive 1 2

a  or positive a  and near zero values are indicative of large particles. These parameters are correlated with 1 2

AOD (500 nm) and alpha values. These coefficient exhibits a wide range of values proportional to the 
dominant aerosol type. The variation of a  (Figure 4) permits an assessment about the dominance of fine or 2

coarse-mode aerosols for the study period. Existence of negative a2 values indicates the dominance of fine 
mode aerosols during winter season; where as positive values for pre-monsoon represents influence of coarse 
mode particles for the study period.

The correlation between the Angstrom exponent á and the differences a -a  are shown in Figure 5. According 2 1

to Schuster et al (2006), á is equal to the difference of a -a to a first approximation. An attempt to verify the 2 1 

validity of this statement is given in figure. When the curvature is negligible (a≈0), the á =- a . These two 2 1

parameters are strongly correlated, as indicated by the correlation coefficient of 0.96.

In order to characterize the aerosol properties, both AOD and Angstrom exponent values have to be used, 
since the both strongly depend on wavelength. To describe different aerosol types (eg., biomass burning, 
anthropogenic aerosols, desert dust) we have been utilized The AOD - á patterns for the study period. Figure 
shows the contour density map of AOD versus Angstrom exponent (380-870 nm) over the Kadapa region. 500 nm  

These maps were constructed using 0.1 steps for AOD  and á  values. In these maps the rectangle 500 nm 380-870 nm

areas denote Urban/Industrial (UI), Clean Maritime (CM) , Desert Dust (DD), and Mixed Type aerosols(MT) 
and boundaries of these areas correspond to the selected threshold values of  AOD  and á .The 500 nm 380-870 nm.

AOD  -á plot qualitatively indicates the amount and dimension of the observed aerosols. 500 nm
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The Figure 6 shows the maximum density area for the pair (AOD  ,  á ) = (0.3, 1.2) , indicates 500 nm 380-870 nm

dominance  of UI and biomass burning aerosols than dust, mixed and clean marine type aerosols over the 
study region.

                                  

It is important to understand the distribution of aerosols in the vertical column under different atmospheric 
conditions and aerosol loading to investigate the aerosol types and their modification processes, e.g. 
coagulation growth by aging and humidification, gas-to-particle conversion and air masses with different 
compositions and histories in the atmosphere, which can inferred from the inversion of spectral AOD s as it 
contains an imprint of the aerosol columnar size distribution (CSD). The seasonal mean CSD values were 
retrieved by following the numerical inversion technique. The estimated CSDs are shown in Figure 7 and it 
exhibits clearly bimodal characteristics in winter and pre-monsoon with a primary peak at fine-mode 
(0.15µm) and a secondary one at coarse mode (1.05µm).  The CSDs in these seasons are calculated by log-
normal distributions with two modes in pre-monsoon and winter can be written as

where N  is the columnar aerosol number concentration, r  and0i mi

µm radii particles are dominative in fine mode regime and 1.05 µm radii particles are showing 
peak concentration in the coarse mode regime in all the seasons, in spite of large variations in 
synoptic/regional meteorology. This may be due to 
i. Limited sources of aerosols in and around the study region 
ii. Contribution of long range transport of aerosols to the study region. 

 ó are the mode radius and the variance of i  

each mode, respectively, while i=1 represents the fine and i-2 the coarse mode. í is the power-law 
index(aerosol size index), varying from 2 to 5 for ambient aerosol distribution and is highly sensitive to 
biomass burning and anthropogenic aerosols. From Figure 7 the aerosol number concentration in the fine 
mode region is comparatively higher during pre-monsoon period than winter season. At the present study 
region, 0.15 
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The average monthly UHI intensity during daytime and night time were estimated from land surface 
temperatures over rectangular strips outside Delhi and over the central regions of Delhi extracted for the 
period 2001 to 2011 from the monthly MODIS-TERRA land surface temperature products. The AOD at 
500nm was obtained using the MICROTOPS and Aethalometer AE-42 was used to get the BC concentration, 
at NPL, New Delhi.

Figure 1 shows the monthly averaged day time UHI intensity and AOD at 500nm over Delhi during the 
observation period Jan 2001 to Sept 2011. UHI and AOD shows a good negative correlation of the order of -
0.41. On the other hand night time UHII is not so strongly correlated with the AOD. The night time UHII has a 
better correlation with the BC concentration than the AOD. The monthly averaged night time UHII and BC 
concentration are shown in figure 2. It shows a positive correlation between the two, though a weak one of the 
order of 0.22. This is in spite of the fact that the monthly average AOD and the BC concentration show a good 
correlation at Delhi of the order of 0.42. The detailed study is still in progress to ascertain the interdependence 
amongst the UHII, BC and AOD.

                                                    
1 2 1 1 1

Sachchidanand Singh , Krishan Kumar , N. K. Lodhi , T. Bano , S. Kumar  

                                                    

Introduction
An urban heat island (UHI) is an area in the urban centre that is significantly warmer than its surrounding rural 
areas due to human activities. The analysis of the surface urban heat island formation over Delhi is examined 
here with respect to aerosol and Black carbon load in the city. It has been observed that the temperatures over 
Delhi are higher than those over the surrounding regions almost through- out the year during the night time. In 
this study an attempt has been made to see to what extent UHI intensity (UHII) at Delhi is related with the BC 
and AOD measurements. As the BC are absorbing in nature and the AOD is the total extinction in the radiation 
including absorption due to BC and some dust etc the impact on UHII is quite possible. Preliminary 
investigation has revealed that the day time UHII is reasonably anti correlated with the AOD measurements. 
The night time UHII and BC are although positively correlated the correlation is not so strong. Further studies 
are needed to ascertain the impact of AOD and BC on UHI intensity at Delhi.
                                                    

Observations and Results

                                                    

                                                    

Figure 1 : Monthly averaged day time UHI intensity and AOD at 500nm over Delhi during Jan 2001 to Sept 2011.
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Figure 2 : Monthly averaged night time UHI intensity and Black Carbon concentration over Delhi during Jan 2001 to Sept 2011.
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Introduction 
Sodium is the universally accepted coolant for fast reactors. Experimental sodium facilities are being 
operated for the performance qualification and experimental evaluation of prototype fast reactor components. 
Many experiments and component development activities have been carried out in these facilities simulating 
reactor operating condition (550°C). Experimental sodium facilities require frequent removal of sodium 
from inside the test vessels, cleaning of components after testing in sodium etc. Hence, sodium cleaning and 
disposal of waste sodium always form part of the sodium system activities. Disposal of waste sodium is 
always a challenging task due to the very high chemical reactivity of sodium with water and air. Normally 
sodium is disposed in open space by the controlled oxidation with air in the presence of moisture 
(McCormack et al., 1980). Oxidation of sodium results in dense white smoke which contains suspended 
aerosols such as sodium oxide (Na O), or higher oxides (Na O  and NaO ) depending upon the ratio of sodium 2 2 2 2

to oxygen available. Since these oxides are highly reactive, they are further converted to sodium hydroxide 
and sodium carbonate or sodium bi-carbonate upon reaction with water vapor and carbon dioxide present in 
the environment (Subramanian et. al., 2009). These aerosols are hazardous and need to be quenched from the 

3
flue gas before discharging to atmosphere. The TLV for the inhalation of sodium hydroxide is 2 mg/m , 
stipulated by OSHA, AICGH, whereas, there is no such a stringent limit for carbonate aerosols. Hence, care 
has been taken in the design of sodium waste disposal facility with properly specified aerosol scrubbing units 
and it assumes greater importance for the operation of such a facility.  
                                             

A pilot scale sodium disposal facility was erected and commissioned in Fast Reactor Technology Group, for 
safe and eco friendly disposal process of non-radioactive sodium waste.  The waste sodium is heated, melted 
in a closed steel vessel and allowed to react with air to undergo controlled oxidation. Flue gas generated from 
the oxidation of sodium is allowed to pass through a series of scrubbers where the flue gas comes in contact 
with fine spray of water for dissolving majority of sodium aerosols in water. Flue gas coming out of the system 
was checked for sodium aerosols using aerosol samplers. The disposal facility was qualified that, the released 
aerosol mass concentration found below the Threshold Limit Values (TLV) of sodium aerosol species. This 
paper explains the performance evaluation of scrubber unit in removing sodium aerosols during eco friendly 
sodium disposal process. 
                                             

Materials and Method
The schematic diagram of waste sodium disposal set up is shown in Fig.1. The plant is capable of disposing 
sodium in batches of 2 kg at a time. It consists of (i) Reaction vessel, (ii) Quench tank, (iii) Venturi scrubber, 
(iv) Scrubbing water tank, (v) scrubbing water pump and (vi) Blower. The Reaction vessel is a vertical 
cylindrical vessel of dimensions 250mm diameter and 675mm height. It has two 2” nozzles, one for air inlet 
and other for flue gas outlet. Air inlet nozzle is provided with a swing check valve, which ensures that the air 
entry to the vessel is unidirectional. The Quench tank is a vertical cylindrical vessel of dimensions 350mm 
diameter and 1000mm height. It has two 2” nozzles for flue gas inlet & outlet, and two more nozzles for 
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scrubbing water inlet & outlet. Water flows through the spread header having perforations to ensure fine spray 
of water inside the vessel. The Venturi scrubber is an unit, which consists of a converging section, throat 
region and diverging section. Flue gas is accelerated to very high velocity in the throat region, where it 
contacts with fine spray of water to ensure the additional removal of finer aerosols which are left out from 
quench tank. Scrubbing water tank is a storage vessel for the scrubbing solution, from which scrubbing water 
is pumped to quench tank and venturi scrubber and recirculated back to the tank with a help of water pump. It 
has the dimensions of 600mm diameter and 900mm height.  Air flow through the system is achieved by means 

3
of a centrifugal blower. It is capable of delivering maximum flow rate  of 80 m /h against a discharge pressure 
of 370 mm Water Column. The entire unit and pipe lines are made up of stainless steel (SS).
                                             

Waste sodium removed from some of the components (about 1 kg) is placed in the reaction vessel and heated 
up to 200°C in a closed condition. Heating is achieved by electrical surface heaters. Molten sodium in the 
vessel is then allowed to react with air to undergo controlled oxidation. The vessel consists of manual 
operated stirrer, by which complete burring of sodium is achieved. Flue gas generated from the oxidation of 
sodium is allowed to pass through the scrubbers, where the flue gas comes in contact with fine spray of water 
in counter current direction. In these scrubbers, majority of sodium aerosols suspended in the flue gas get 
dissolved in water and become caustic. Finally flue gas is let out to the atmosphere. 

Figure 1 : Schematic diagram of waste sodium pilot disposal set up

        

Figure 2 : Photograph of aerosol samplers

Performance Evaluation of Sodium Aerosol Scrubber Unit 
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Result and Discussion
Fig.2 shows the photograph of the aerosol sampling system and flue gas coming out of the facility during the 
disposal process.  The sampling devices such as bubbling gas sampler (M/s HCT, Korea), High volume air 
sampler (M/s Giga Hertz Pvt. Ltd.) and Para Particle Aerodynamic size separator (PPASS) (M/s Electronic 
Enterprises Pvt. Ltd.) were used to characterize the aerosols in the flue gas. High volume air sampler uses 
filter paper for collection aerosols and mass concentration is evaluated by weight measurement. Fig.3 shows 
that mass-size distribution of sodium aerosols released from the reaction vessel before entering into the 
scrubber.    The sampling is carried out for 5 minutes and the mass-size distribution is found to be mono-
model with MMAD of 1.6 µm. 
                         

The sodium aerosol concentration as NaOH in the flue gas, measured after the blower, was found as 5.95 
3mg/m .  The NaOH concentration in the filter paper is estimated by dissolving filter paper into DM water, 

measuring change in conductivity and comparing the value with calibration graph (Amit et al.2014).  It is to 
be noted here that, the concentration of aerosol includes all the chemical compounds of sodium such as 
NaOH, Na CO  and NaHCO The total sodium aerosol released during the entire operation period (30 2 3 3.  

minutes) was estimated as 0.14 g.  The system efficiency is calculated to be [(1000 – 0.14)]/1000] x 100 =  
99.98%. 

The aerosol mass deposited on the PPASS at the exit point after the blower is found below the weighable 
range (0.1mg), however, there were some liquid droplets of sodium compounds seen in the stage having 
Effective Cut-off Diameter (ECD) 1.2µm and hence mass-size distribution could not be ascertained. It is 
expected that there is no change in particle size distribution, since there is no particle filtration system in the 
facility.  It is observed that the flue gas dispersed into atmosphere and traveled in a cone with 30°-45° solid 
angle. It is expected that, the NaOH concentration would get reduced below inhalation limit within 5 meters.   

Flue gas can be further analyzed chemically to quantify the individual species of aerosols. Concentration of 
sodium aerosols at the flue gas discharge can be further reduced, if additional devices such as HEPA filters are 
installed.
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Introduction
There exists a high uncertainty in the explanation of Aerosol Optical Depth (AOD) and Total Cloud Fraction 
(TCF) relationship. Apparent cloud cover may be influenced by aerosol mainly via two physical mechanisms 
(Xia, 2012). First one is the aerosol microphysical effect (Albrecht,1989; Kaufman and Koren, 2006) which 
may produce a negative effect, i.e. more aerosols, smaller cloud covers. Second one is the aerosol radiative 
effect (Koren et al., 2008; Wild, 2012) which may lead to a positive effect, i.e. more aerosols, larger cloud 
covers. In the present study, decadal trend of AOD and TCF are plotted spatially to examine how AOD and 
TCF are changed over Indian subcontinent (66E-100E and 6N-40N). Also the actual relationship of AOD and 
TCF over Indian sub-continent is found through the spatial distribution of correlation coefficient between that 
two variables for 30 year period. 
                                                     

Data and Methodology
TCF data are obtained from MERRA (Modern-Era Retrospective Analysis For Research And Applications) 
M o n t h l y  H i s t o r y  D a t a  C o l l e c t i o n s  ( 2 D )  ( h t t p : / / g d a t a 1 . s c i . g s f c . n a s a . g o v / d a a c -
bin/G3/gui.cgi?instance_id=MERRA_MONTH_2D)  which is a NASA reanalysis for the satellite Era. 
Reanalysis data is taken because of the lack of long term (30 years) data from satellite measurements. Satellite 
measurements have been started from the year 2000. AOD at 550 nm is taken from CMIP5 GFDL-CM3 
model output historical data (http://nomads.gfdl.noaa.gov:8080/DataPortal/cmip5.jsp). All the datasets are 
chosen for 30 years period including three decades. MERRA data period is 1979-2008 and for GFDL-CM3 it 
is 1975-2004. GFDL historical data period is started from 1970. To make possible match with MERRA 
historical data period (1979-2008), it is chosen as 1975-2004. Decadal trend of TCF and AOD are plotted 
spatially to examine how AOD and TCF have been changed over 30 year. Spatial distribution of correlation 
coefficient between AOD and TCF helps to understand actual AOD-TCF relationship over Indian sub-
continent for a long 30 year period.
                                                     

Results and Discussions
It is clearly observed that AOD at 550 nm has been increased with high percentage (upto 9%) per decade over 
the Central India and Gangetic basin as compared to other part of the study region (Fig.1a). Decadal trend of 
TCF cover also shows increasing pattern near the Central India and Gangetic basin (Fig1b). So, in the present 
study, the relation between AOD and TCF is observed. Result shows yearly averages of AOD and TCF 
(MERRA) are positively correlated (Corr. Coeff: 0.69 significant at p=0.01). Aerosols can act as Cloud 
Condensation Nuclei increasing cloud droplet number concentration and decreasing droplet size. This may 
delay precipitation formation, so that cloud lifetime and subsequently total cloud cover is increased.

Figure 1: Percentage change per decade of AOD (1975-2004) (Fig.1a)  and TCF (1979-2008) (Fig.1b).
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Figure 2 : Spatial distribution of corr. coef. between TCF and AOD over Indian sub-continent. 
                                      

Investigation of spatial distribution of correlation coefficient between AOD and TCF (Fig.2) also shows that 
AOD and TCF are highly and positively correlated over Central India and Gangetic basin (corr. coef >0.6). It 
is vividly observed (Fig.2) that over maximum parts of the Indian sub-continent AOD-TCF relationship is 
positively correlated. This correlation may be influenced by other factors. Aerosol swelling near clouds and 
3-D error from radiation scattered from the edge of clouds lead to erroneously high AOD in case of satellite 
retrievals (Gryspeerdt et al, 2014; Gryspeerdt et al, 2014b). However, in our analysis, AOD data are taken 
from CMIP5 GFDL-CM3 model output. Hence, the above mentioned remote sensing artifacts may not 
influence the observed relations. However, we want to mention that other uncertainties (such as uncertainty in 
emission inventory, different parameterization schemes etc.) exist in model simulated AOD and may impact 
the relationship. Meteorology also pays an important role in influencing the AOD-TCF relation (Ten Hoeve et 
al, 2011), especially in the monsoon season. The positive correlation observed here suggests that both 
aerosols and clouds have increased in this region over the last 30 year period. The correlation between AOD 
and TCF has been examined at every grid point based on 360 data points covering all seasons. 30-year trends 
in meteorological data are also analyzed to examine whether the long-term changes in meteorology may 
affect AOD and TCF simultaneously. Dey S. and L. Di Girolamo (2010) have shown that humidity, vertical 
wind and surface wind do not show any significant trends over the Indian subcontinent. This suggests that the 
positive correlation between AOD and TCF may not be highly influenced by meteorology.  
                                      

Conclusion
Increasing decadal trend of both AOD and TCF over the same region of Indian subcontinent and also, the 
spatial distribution of corr. coef. between AOD and TCF, can be concluded as the positive AOD-TCF 
relationship which is explained by Aerosol Microphysical Processes which includes Albrecht Effect 
(Albrecht, 1989) or Cloud Lifetime Effect (Lohmann, and Feichter, 2005). In other words, more aerosols, 
larger cloud covers. Similar study for lower as well as higher cloud cover must be required to understand 
better the AOD-TCF relationship.
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Introduction 
Black carbon (BC) is a primary aerosol emitted directly at the source due to incomplete combustion processes 
(fossil fuel and biomass burning) and therefore much atmospheric BC is of anthropogenic origin.  The 

–1average current emission of anthropogenic BC over India was reported to be 0.7 Tg yr  and ranges from 0.5 to 
–1 

1.0 Tg yr (IPCC, 2013, references cited therein). Black carbon aerosol strongly absorbs solar radiation, heats 
the air and has significant impact on the Earth-atmosphere radiation balance. BC is the next strongest 
contributor to global warming after carbon dioxide (Ramanathan and Carmichael, 2008). The absorbing 
aerosols (viz., BC) and scattering aerosols (viz., sulfate) play a significant role in the reduction of the ground 
reaching solar radiation (direct effect) and hence cause the solar dimming. BC is mainly hydrophobic, 
however it can mixed with other water soluble aerosols and become hydrophilic. A study by Evan et al. (2011) 
suggested that the intensity of pre-monsoon Arabian Sea tropical cyclones during the period 1979–2010 got 
enhanced owing to simultaneous upward trend in anthropogenic black carbon and sulfate emissions. In the 
present study, spatial and temporal variations of black carbon and their radiative and climatic impacts are 
presented and discussed. 
                                                  

Study Region, Model and Data
Spatial variability of BC aerosol are studied over the western Indian region at a horizontal resolution of 20 
km. The fourth generation of the regional climate model (RegCM4.2) (Giorgi et al., 2012) of the Abdus Salam 
International Centre for Theoretical Physics (ICTP) is used to simulate the BC variations over the Indian 
region.  The details about RegCM4 and the parameterization schemes of model can be found in Giorgi et al. 
(2012). Different natural and anthropogenic aerosols viz., sulfate, BC (hydrophilic and hydrophobic), 
Organic carbon OC (hydrophilic and hydrophobic), dust and sea salt are incorporated in the aerosol module of 

-2 -1RegCM4.2.  The emission fluxes (ng m  s ) of BC, OC and other aerosols are directly provided into the model 
from global emission inventory data. The model simulations are performed for year 2008 with six hourly 
boundary conditions obtained from National Centers for Environmental Predictions (NCEP) reanalysis 1 of 
meteorological observations such as temperature, pressure, relative humidity, wind speed and wind direction.
                                                  

Results And Discussion
Spatial map of BC mass concentration over the western and northern Indian regions during winter 
(December-January- February) 2008 is shown in Figure 1. The higher concentration of BC are found over the 
source regions viz., Indo-Gangetic basin, urban regions of Gujarat and Maharashtra.  The spatial variability in 
BC are well simulated in the model, however, the magnitude of the concentration is found to be different over 
most of the Indian regions. Winter period average BC concentration over Ahmedabad, an urban location in 

-3 
western India, was found to be ~12 µg m (Ramachandran and Kedia, 2010) however, the simulated value is ~ 

-3
2 µg m , which is six times lower than the observation. Similar discrepancy in magnitude of simulated BC 
was also reported during 2005 – 2007 over most of the Indian region during winter (Nair et al., 2012).  
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-3Figure 1 : Spatial variation of black carbon mass concentration (µg m ) over western and northern Indian regions during winter 
2008.

                            

Aerosol properties such as aerosol optical depth, single scattering albedo and asymmetry parameter are also 
simulated over the study region. The detailed results on BC and its effect on optical properties and its radiative 
and climatic impacts will be presented and discussed.  
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Introduction
Atmospheric particles including mineral dust, biomass burning smoke, sulfates, sea salt and carbonaceous 
aerosol impact air quality and climate. Satellite based observations can provide detailed information for a 
large spatial area on the global and regional air quality. The satellite products however require a periodic 
comparison, validation and additional parameterization with frequent reliable ground-based observations 
made at or near the surface. This is still lacking over the Indian subcontinent specially over North-western part 
of India . Jaipur , a semi-arid region poses challenge for the satellite remote sensing of aerosols, due to the 
bright reflecting object. 
                                                         

The present work includes an extensive comparative evaluation on satellite retrieved aerosol optical 
thickness (AOT) from the MODerate resolution Imagining Spectroradiometer (MODIS) with and without 
deep blue algorithm and both ground based sun photometer (MICROTOP – II) over Jaipur. The ground based 
observations with a time difference within ± 30 minutes of MODIS Satellite scan are taken for validation 
purpose
                                                         

Methods
The present paper discusses the validation of one year level 2 Collection Version 5.1 MODIS retrieved 
aerosol optical thickness product over Jaipur in North western India. For validation, MICROTOP sun-
photometer has been used. 
                                                         

MICROTOP provides the ground truth data (Morys et al., 2001). The MICROTOP II (Solar Light Company, 
USA) is a hand-held multi-band sun-photometer capable of measuring the AOT and direct solar irradiance in 
each band. MICROTOP II provides aerosol optical thickness and columnar water vapor from instantaneous 
measurement at five channels with full field of view of 2.5°. It gives the aerosol optical thickness at 440, 
500,675,870 and 936 nm wavelength.
                                                         

The AOT derived from MODIS is the spatial average at pixel surface whereas it is of point location for 
MICROTOP. The probability of overlap of the center of a pixel and the point observed by the Sun photometer 
is very low (Tripathi et al, 2005). Therefore, for analysis, the parameter value lying within ±0.25° of latitude 
and longitude is taken and mean value is compared using HDFLook (Gonzalez and Deroo, 2003). 
                                                         

Discussion and Conclusions
The mean values of the collocated spatial and temporal ensemble are used for correlation between sun 
photometer and MODIS aerosol products. The correlation is determined for different seasons at varying 
wavelengths in different areas. The comparison between MODIS and MICROTOP AOT shows good 
correlation for wavelength range in 440 nm, 550 (Fig. 1) and 670 nm. The absolute error is large for high AOT 
values. The absolute difference (Fig. 2) between MODIS AOT (ô) and MICROTOP AOT is less then 0.2 
during the non dust period and greater than 0.30 during the dust loading period ( April-June).

550 IASTA-2014, BHU, VARANASI



Figure 1 : Scatter Plot of the correlation in ô MODIS with ô MICROTOP over Jaipur

Figure 2 : Absolute error in ô MODIS with ô MICROTOP over Jaipur
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Introduction
Inhalation of Radon and thoron progeny contribute to more than 50% of the total annual effective dose 
received by us from all natural sources of radiation. The progeny of radon and thoron are radioactive isotopes 
of Polonium, Bismuth and Lead, which become a part of indoor/environmental aerosol by attachment 
process, and hence are available for inhalation. In occupational environment of reprocessing plants where 
high concentration of thoron and radon progeny is expected, it is essential to estimate the inhalation dose due 
to radon and thoron progeny. In the present work, measurement of radon and thoron progeny has been carried 
out in Old and New ADU (Ammonium diuranate) plant of PREFERE, Tarapur. 2 sets of measurements were 
carried out in both the ADU units at 10 different locations. Usually in these units filter-paper sampling and 
alpha counting has been followed. In the present work, we have used time-integrated measurements using 
deposition based direct progeny sensors. The activity concentration has been converted to inhalation dose 
using the Dose conversion coefficients suggested in UNSCEAR 1993. The experimental details and the 
detector specifications are discussed below.
                                                                    

Experimental Methods
                                                                    

Detectors used: 
Time integrated measurements of radon progeny and thoron progeny has been carried out using passive 
deposition based radon and thoron progeny sensors known as DTPS (direct Thoron progeny sensor) and 
DRPS (direct Radon progeny sensor). DTPS consists of LR115 track detector mounted with aluminized 

212
Mylar absorber of 50ìm thickness to selectively detect only the 8.78MeV alpha particle emitted from Po  

214
atom. DRPS has an absorber thickness of 37 ìm to detect mainly the alpha particle emitted from Po  of 
7.69MeV (Mishra and Mayya, 2008; Mishra et al., 2009).
                                                                    

Locations
Measurements were carried out in 10 different locations of old and new ADU. 2 sets of experiments were 
carried out, one during 24/8/2013 to 4/9/2013 and the second during 12/9/2013 to 24/9/2013.
                                                                    

Detector processing:
After exposure, the absorbers were separated from the LR115 detectors. LR115 films were etched in 2.5N 
NaOH at 60 C for 90 minutes. Track density was obtained by spark counting at operating voltage of 500V.  

2The track density (Tr/cm ) produced on LR115 film was related to Radon and thoron progeny activity 
-2 -1 3

concentration by using calibration factor of 8.07±1.14 Tr cm  d /EETC (Bq/m ) for DTPS and 0.77±0.17 Tr 
-2 -1 3

cm  d /EERC (Bq/m ) for DRPS, established for PREFERE. Concentration of progeny is converted in to 
-3 -3Inhalation doses were calculated using by using dose conversion factor 40nSv/Bq hr m  and 9 nSv/Bq hr m  

for Thoron and Radon progeny respectively (UNSCEAR 1993)
                                                                    

Results and Discussion
Location-wise Radon and thoron progeny concentrations obtained during the two time intervals of 
deployment in both the Old as well as New ADU is given in Table 1. The average Radon and Thoron progeny 

1 1 2 1 1 1
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3 3
concentration in old ADU Is 30.04 ± 14.27 (Bq/m ) and 15.65 ± 4.72(Bq/m ) and in new ADU average Radon 

3 3and Thoron is 18.35±4.68 (Bq/m ) and 4.83±2.39 (Bq/m ). This variation in progeny concentration in two 
ADU units is due the fact that process operations were being carried out in old ADU during the deployment of 
the detectors. However, variation also exits between the first and second sets, especially for Old ADU. The 
difference is mainly because of poor ventilation conditions in Old ADU.
                           

Table 1 : Passive dosimeters exposed in Old ADU and New ADU in PREFERE Tarapur

The inhalation doses were calculated using 2000 hours per year, as total time of working hours in the 
occupational environment.  These were found to be:
Old ADU unit: Thoron progeny 1.25±0.38 (mSv/yr) and Radon progeny 0.54±0.26 (mSv/yr) and New ADU 
unit:  Thoron progeny 0.39±0.19 (mSv/yr) and Radon progeny 0.33±0.08 (mSv/yr) 
                   

Conculusions
In the present work, time-integrated measurements using DTPS and DRPS was carried out in two sets in two 
ADU units of PREFERE Tarapur. The average Radon and Thoron progeny concentration in old ADU Is 30.04 

3 3 3± 14.27 (Bq/m ) and 15.65 ± 4.72(Bq/m ) and in new ADU average Radon and Thoron is 18.35±4.68 (Bq/m ) 
3and 4.83±2.39 (Bq/m ). The inhalation dose measured in Old ADU unit was found to be higher because of the 

process operations that were being carried out during deployment.
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Introduction
The behavior of fission product aerosols in a reactor accident, their formation and transport becomes an 
important area of study under nuclear safety research. Also, the interaction of steam (or RH) on these aerosols 
is crucial since it determines the size of the grown aerosols which can be transported from the source term to 
the environment. Although, several studies have been done in past for studying the hygroscopic growth of 
atmospheric aerosol constituents (chlorides, sulphates, nitrates etc.), very few studies exists for aerosols 
important in nuclear reactor contexts. All the previous studies were carried out using particles generated 
through solution phase with a defined dry diameter, focus of this study was to generate and study the aerosols 
simulating nuclear accident i.e. evaporation condensation technique.
                         

Methods
To study the growth of aerosol in context of reactor accident, experiments have been carried out with the 
following objectives:
1. To generate KI aerosols by evaporation condensation technique
2. To study the size distribution evolution under various RH condition
3. To find the hygroscopicity parameter for KI aerosols generated by this method
                         

The experimental setup (Fig 1) consists of a quartz crucible containing KI powder, tubular furnace for KI 
3 

evaporation, 0.5 m chamber and Scanning Mobility Particle Sizer (SMPS) for measurement of aerosol size 
distribution inside the chamber. Quartz crucible containing KI powder of a total amount of 100 mg was placed 
inside tubular furnace. Then furnace temperature was raised up to 750°C where it was maintained for 150 
minutes. The vaporized material was transferred to the chamber through pipes using filtered air as a carrier 
gas. A continuous flow of air was provided with a flow rate of 2 to 3 lpm using a pump. The vapors of KI were 
converted into aerosols and transported inside the chamber. Chamber was connected to SMPS to measure the 
aerosol distribution. Experiment was carried out at three different RH conditions maintained inside the 
chamber, low RH (~25%), intermediate RH (~55%) and high RH (~100%). The lower RH values were below 
published DRH value for KI solution while high RH was maintained above it. The mean size of size 
distribution at lower RH was taken as the dry diameter and growth factor was calculated at high RH value.

Figure 1 : Schematic of the experimental setup
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Results and Discussions
Size distribution evolution in chamber was measured with SMPS at 24 %, 54% and 98% RH. The early stage 
distributions are transients and as a result of coagulation as well as dynamics and deposition in chamber, the 
aerosol distribution evolves and finally settles after about 50 minutes from aerosol generation. Fig 2 shows 
the steady state aerosol size distribution for various RH conditions. The mode value at this steady state 
distribution was calculated as 55 nm for 24% RH and 45nm and for 54% RH. As both of these RH values were 
below Deliquesce Relative Humidity (DRH) for KI, experiments showed reasonable consistency comparing 
the close mode values for 24% and 54% RH. 

 

It is clearly seen from Fig 3 that at 98% RH the mode shifted to higher size (compared to transients of lower 
RH curves) at initial times as well. In later stages, the hygroscopic growth induced mode reached to 115 nm. 
The growth factors were calculated from the mode values relative to the 24% RH values. As both RH values 
(24 % and 54 %) were below DRH, slight change in mode only reflects the inherent experimental fluctuations. 
Growth factor of KI aerosols at 98 % RH relative to 24 % RH is 1.8. This value seems to be closely agreeing 
the earlier work done by Ephraim et al. 2007 where they obtained GF as 1.6 at about 90% RH.
Hygroscopicity parameter () for KI aerosols was also calculated using the equation by Petters and 
Kreidenweis (2007) for the experimentally observed results;

Where, saturation ratio (S)=0.98, Droplet Diameter (D) = 101 nm, Dry Diameter(d) = 45 nm, Surface 
2 -3 3 3

Tension(ã) = 0.072 J/m , Molecular weight of water (M) = 18 x 10  Kg/mol, Density of water (ñ) = 10  Kg/m , 
Universal gas Constant (R) = 8.314 J/Kmol, Temperature (T) =300 K
The value of  was found to be 0.43. Comparing this value to the published work for other substances, result 
indicates that KI is slightly hygroscopic compound.
            

Conclusions
Experiments have been carried out with KI aerosols generated with evaporation condensation technique 
using high temperature tubular furnace. Aerosol size distribution was studied at three different RH 
conditions. Experiments showed growth of aerosols at 98% RH where mode was shifted to 101 nm compared 
to 55nm mode at 24% RH. Relative growth factor and Hygroscopicity parameter of KI aerosols was found to 
be 1.8 and 0.43 at 98% RH value.
            

Figure 3 : Variation in mode with respect to time
at different RH conditions

Figure 2 : Steady state aerosol size distributions
at different RH conditions
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Introduction
The freshly formed radon progeny atoms neutralize by recombination with negative air ions and by charge 
transfer processes in reaction with trace atmospheric gases like NO, NO , H O vapours and other impurities. 2 2

This results in the formation of clusters or “unattached or fine” radio-nuclides (diameter between 0.5-5nm). 
These radio-nuclides may also attach to the existing aerosol particles forming the “attached or coarse” 
radioactive progeny species. The unattached species are very mobile with diffusion coefficients ranging from 

2 20.024 cm /s in low humidity conditions (<2%) to 0.068 cm /s in humidity > 30% (Porstendorfer and Mercer, 
1979).  Moreover, a considerable number of unattached atoms may be deposited in the trachea and bronchial 
region and delivers a higher lung dose compared to the attached fraction (Shimo et al., 1981).
               

Although many investigators have determined the unattached fractions of radon progeny in indoor (George et 
al., 1977; Mercer, 1975; Raghavayya and Jones 1974), few data were published on the measurements in open 

222
air. Since the data for Rn progeny in the outdoor environment is quite limited, especially for the Indian 
conditions, generation of such data for Indian conditions will be useful, not only for inhalation dose estimates, 
but also for atmospheric mixing phenomena. 
               

In the present work, the flow mode integrated sampler consisting of wire mesh and filter paper array along 
222with passive DRPS has been used for estimating unattached and attached fraction of Rn progeny 

simultaneously (Mishra et al., 2009).

 X =Track density per unit time obtained on the the sensor placed near to wire- mesh1

 X =Track density per unit time obtained on the the sensor placed near to filter paper2

ç and ç  are the unattached and attached fraction collection efficiency of the wire-mesh.f c
             

Materials and Methods
Experimental

222For the estimation of the unattached fraction of Rn progeny atom concentration in the outdoor environment, 
active measurements were carried out in six different outdoor locations at a height of 1m and 6m from the 
ground in the garden of our Institute that is located in the campus of BARC, Anushaktinagar, Mumbai using 
flow mode Integrated Samplers consisting of a wire mesh and a filter paper array along with passive DRPS. 
             

Sampling was done at a flow rate of 2lpm for 40hours such that the unattached progeny is captured on the 
wire-mesh while the attached progeny gets transmitted and is captured on the filter-paper. The alpha particles 
emitted from the unattached fraction produces latent tracks on the sensor, which when subjected to standard 

S. 
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2
etching and counting procedures gives the track density (Tracks per cm ) on the sensor. The unattached and 

2 3attached EERC were obtained using the sensitivity factor of 2.08 ± 0.07 Tr/cm /h per Bq/m  for both the filter 
paper and wire mesh track densities (Mishra et al., 2009).The aerosol concentration was measured using a 
condensation particle counter and was found to be 60,000 to 80,000 particles/cc. The exposed detectors were 
analyzed in the laboratory following standard chemical etching and counting procedures. The measured 

222unattached and attached EERC and unattached fractions of Rn progeny in outdoors is given in the table1. 
             

Table 1: Measured unattached and attached EERC and unattached fractions in outdoors 

Theoretical
222 214

Theoretical estimation of the unattached fraction for Rn progeny ( Pb) was also done using Jacobi model 
3 

(Jacobi, 1972). For this calculation, measured outdoor radon concentration of 2.84Bq/m was taken as input 
parameter.  Aerosol concentration in outdoor measured to be 70000±5000 p/cc, using Condensation Particle 
Counter (CPC) was taken.  The typical values for the parameters: unattached fraction deposition rate (ë ), u

attached fraction deposition rate (ë ), ventilation rate (ë ) were used from the literature (Hussien and Ahmed, a v

222
1995; Reineking et al., 1992). Using all these parameters in model, unattached fraction for Rn progeny was 
found to be 5-6 %. 
                 

Conclusion
 In close agreement with the theoretical estimation, the unattached fraction measured in open air of Mumbai 
using the DRPS based integrated sampler is found to be varying between 3% to 16% with an average of 8% for 
222 222Rn progeny. In indoors, the unattached fraction for Rn progeny varies between 4-5%. Hence, as expected, 
a higher value for unattached fraction is obtained in outdoors compared to indoors. However more detailed 
analyses of deposition velocity, attachment requires continuous measurements which is in progress.
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Introduction
Study of thoron and its progeny is gaining much importance now days due to its radiological significance. As 
stated by many authors, inhalation dose due to thoron progeny cannot be neglected compared to radon 
progeny especially in the thoron rich environments like mineral processing industries, monazite beaches, 
people living in thorium-rich mud houses etc. (Steinhausler, 1994; Tokonami, 2010). Since no equilibrium 
exists between thoron and its progeny which are primarily contributing to inhalation dose, it is important to 
measure the progeny concentration directly for inhalation dose computation. UNSCEAR has proposed to use 

340 nSv/ h per Bq/m  as the dose conversion factor for converting EETC to inhalation dose (UNSCEAR, 
2000). Recently, Mishra and Mayya (2008) have developed diffusion based passive detector known as DTPS 

3(Direct thoron progeny sensor) which gives direct estimation of EETC (in Bq/m ).  Since this EETC is very 
important for estimation of inhalation dose due to thoron progeny, its variation with environmental 
parameters has to be studied. Hence the objective of the present work is to assess the effect of vital 
environmental factors such as aerosol concentration (Z) and relative humidity (RH) on the thoron progeny 
activity concentration, which has been experimentally investigated by simulating the environmental 
parameters in controlled conditions of a calibration chamber.
              

Experimental Methods
3

Experiments were carried out in a 0.5 m  calibration chamber in which 50 gm of thorium nitrate powder was 
used as thoron source. For uniform mixing of source, one fan was used. The detectors used in this experiment 
were the passive DTPS. Two sets of experiments were carried out in the closed calibration chamber (zero 
ventilation rate). 
1. Constant RH and different Z:  In order to study the effect of Z on EETC, three different aerosol 
concentrations of 500 p/cc, 2000 p/cc and 5000 p/cc were maintained in the chamber. For maintaining 
constant aerosol concentration, an electrical motor with carbon brush was used. Aerosol concentrations were 
being continuously monitored using Condensation Particle Counter (GRIMM 5.403). A constant RH of 
(60±1) % was maintained during all the cases of aerosol concentrations. The temperature was also measured 
to be nearly constant during the experiments at (30±2) degree.  
2. Constant Z and different RH: For studying the effect of RH on EETC, two different RH conditions of 60 
% and 100 % were simulated in the calibration chamber with thorn as source. For simulating RH of 100 %, 
cotton pieces dipped in a water filled beaker was kept in the chamber. During this experiment, Z was 
maintained to be constant at 500 p/cc in order to eliminate additional effect of Z on EETC. Temperature was 
also maintained constant at (30±2) degree.  
              

Results and Discussion
For each experiment, ten numbers of detectors (DTPS) were exposed in the chamber for 16 h. After the 
exposure, the detectors were taken out of the chamber, chemically etched using the standard etching protocol 
(2.5 N NaOH at 60 C for 90 minutes without stirring) and then counted by spark counter to get the track 

2density, T (Tracks/cm ). Then this T was converted to EETC using the following expression (Mishra and 

 S.
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Mayya, 2008).
                

2 3Where, t is the exposure time in days and k (Tracks/cm /d per Bq/m ) is the sensitivity factor of DTPS.  As 
studied by Mishra et al. (2010), k tends to vary at extreme conditions like very high ventilation rate or very low 
aerosol concentrations. Therefore, the values of k for the typical environmental parameters considered in this 
study were theoretically calculated using model calculations (Mishra and Mayya, 2008) for the chamber 

-1
dimensions (S/V =0.075 cm ). For zero ventilation rate and varying Z, the experimental values of EETC are 
shown in Table 1.

Table 1: Variation EETC at constant RH (60 %) at different aerosol concentrations

           

From Table 1, it is observed that at constant RH of 60 %, when Z was increased from 500p/cc to 5000 p/cc, 
3 3

there is a large increase in the value of EETC from 60±8.5 Bq/m  to 370±13 Bq/m . The reason may be that, 
when the aerosol concentration was very low (500 p/cc), the thoron progenies were mainly in the unattached 
form, hence they have higher diffusion coefficient, which leads to higher deposition rate on any available 
surface. Literature survey also indicates that the deposition rate of unattached species (0.5-5 nm particle 
diameter) is about 100 times higher compared to that for the aerosol attached progenies (Mishra et al., 2009). 
Higher diffusion coefficient of the unattached thoron progeny in low aerosol environment might have led to 
higher deposition on the chamber walls, leading to less airborne progeny activity concentration.  On the 
contrary, when Z becomes high (5000 p/cc), aerosol attached fractions of progeny and hence airborne activity 
fraction of progeny increases due to lesser deposition rate on the chamber surfaces.
 At constant aerosol concentration and different RH conditions, the obtained values of EETC using Eq.1 are 
shown in Table 2.

Table 2 : Variation of EETC at constant aerosol concentration (500 p/cc) and different RH

       

From Table 2, it is observed that with increasing humidity from 60 % to 100 %, EETC remains nearly 
constant. Although the size of progeny particle increases with increase in humidity, since the aerosol 
concentration was very low, EETC was not found to be increased. 
                  

Conclusion
Variation of EETC with environmental parameters such as aerosol concentration and relative humidity were 
studied by carrying out a set of experiments in the calibration chamber. By increasing aerosol concentration 

561

Study on Behavior of Thoron Progeny at Different Aerosol Concentrations and Humidity 

IASTA , BHU, VARANASI-2014



by a factor of ten, large increase in EETC (by a factor of six) was observed whereas no significant change in 
EETC was observed with relative humidity while keeping aerosol concentration fixed at a certain value. 
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Introduction
The differential mobility analyzer (DMA) is one of the most commonly used devices for classifying and 
measuring nanometer sized aerosol particles between 1 nm to 1 ìm in diameter based on their electrical 
mobility. The DMA can be described as an assembly of two concentrically cylindrical electrodes with an air 
gap between the walls. Sheath air and aerosols enter from one end, pass through the annulus and exit the other 
end. An electric field is applied between the inner and outer electrodes. Particles having a specific mobility 
exit with air flow through a small slit located at the bottom of the inner electrode. These particles are counted 
by particle counter to determine the particle number concentration. There have been numerous studies and 
developments on the DMA in the past several decades. Nonetheless, they are different in terms of specific 
applications, construction, particle size range, as well as time response and resolution. A prototype DMA has 
been designed and developed indigenously and its response, i.e, number of particles exited through the 
sample slit a particular applied voltage, was modelled and verified experimentally with room aerosol 
particles.
               

Methodology
DMA operates by balancing the electrical force on a charged particle in an applied ?eld, with the drag force on 
the particle as it moves through the ?uid. The DMA consists of a cylindrical central electrode and coaxially 
aligned cylindrical stainless steel housing. Filtered, dry air is supplied in the annular region around the central 
electrode, and an annular flow of sample aerosol is introduced from the top of the DMA column. Aerosol 
particles enter the DMA in a thin annular ring adjacent to the outer cylinder and the charged particles are 
attracted or repelled by the potential on the centre rod. Near the end of the central rod there is a slit through 
which particles of the desired electrical mobility pass. Particles of higher electrical mobility (particles that are 
smaller and/or more highly charged) hit the centre rod upstream of the sample slit and particles of lower 
electric mobility (larger and/or uncharged) pass out of the DMA through the excess output flow. The particle 
electric mobility is defined as (Hinds, 1982)

               

Where, q is the charge on the particle, C (d ) is the Cunningham slip correction factor and µ is the viscosity of c p

air. The schematic of the experimental set up is shown in Figure 1. Different flows of the system are adjusted 
to get laminar flow inside the DMA. Room aerosols were taken as test aerosols for the experiments and their 
size distribution was measured by commercially available Scanning Mobility Particle Sizer (GRIMM 
SMPS+C, Vienna type DMA with CPC model 5.403). These test aerosols were sampled through the DMA 
and the particles passed through the sample slit were counted by GRIMM CPC. A varying negative DC 
voltage (0-3000 Volts) was applied to the central electrode of the DMA. The experimental response along 
with theoretical predicted response is shown in Figure 4.
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Figure 1: Schematic of the experimental set up
          

Size and Charge Distribution of  Test  Aerosol
4Ambient aerosol particles were taken as test aerosols whose number concentration was ~10  particles/cc. The 

size distribution of the aerosols was determined by SMPS. The obtained size distribution is shown in Figure 2.

Figure 2: Room aerosol size distribution measured by SMPS
             

The aerosol particles were assumed to be in charge neutralized states. The fraction of charged particle was 
obtained from the work of Wiedensohler (1988).

Where, q is number of elementary charges on the particles, d is particle diameter in nm and the value of 
coefficient a (q) are given in the work of Wiedensohler (1988). Eq.2 was used to calculate singly and doubly i

charged fractions. It is reported that upto 20 nm particles the maximum charge level on the particle is 1 unit. 
20-70nm particles carry maximum 2 units of charge. 
Another equation for charge distribution is given by Gunn (1956)

Eq. 3 was used to calculate multiply charged fraction (3 or more units) for above 70 nm particles. The value of 
Z /Z  was taken as 0.875 as reported by Wiedensohler (1988). In this work only negatively charged fractions I- I+

were calculated.
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DMA Transfer Function
Knutson and Whitby (1975) developed DMA theory based on particle trajectory equations. Out of this came 
the concept of the transfer function of a DMA which is defined as the probability that an entering particle with 
an electrical mobility of Z  will have the correct trajectory to exit through the sample slit with the classified p

aerosols. The transfer function is given by

2Z  = particle mobility in m /s/V.p

L= Length between aerosol entry and exit (along, say z axis) in meter.
a= Inner radius of electrode in meter;
b= Outer radius of electrode;
V= Voltage applied to the inner electrode in Volt.

3q  = aerosol flow rate in m /s;a

3q  =sample flow rate in m /s;s

3
q = clean air inlet in m /s;c

3q  = main air outlet in m /s;m
               

The various flow rates satisfy the following condition.
               

q +q =q +qa c m s
               

 The transfer function of the prototype DMA is depicted in figure 3.

Figure 3: Transfer Function of prototype DMA
              

-6 3
The centroid of transfer function occurs at         of 8.89x10  m /s. For 100V and 5000 V the mobility value 

-7 2 -9 2
comes out to be 1.6x10 m /s/v and 3.2x10  m /s/v respectively. The highest mobility corresponds to 39 nm 
singly charged and 56 nm doubly charged particles and so on. Similarly, the lowest mobility corresponds to 
398 nm singly charged particle and 696 nm doubly charged particles, 1093 nm triply charged particle and so 

-6 3
on. The width of the transfer function is 2.388x 10  m /s and resolution (ÄZ /Z ) is 0.26. Maximum transfer p p

probability for the experimental condition was 0.5.
              

Predicted Response of The DMA
Response here refers to the particle concentration detected by the Condensation Particle Counter (CPC) at a 
fixed applied voltage. The response, R(V) was calculated from Eq. 4.
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For the size channel of SMPS the electrical mobility Z was determined for a maximum charge level of 5 units. p 

(Z ,V) was obtained Eq. 4, f(d,q) was obtained from Eq. 2 and 3 and the number–size distribution was taken p

from the experimental data as shown in Figure 2. The theoretical and experimental response normalised with 
respect to the peak particle size concentration is shown in Figure 3.

Figure 3: Normalised experimental and theoretical response
                

Conclusions
A prototype DMA has been designed and fabricated indigenously. The system operates under mixed fluid 
flow field and electric field. Laminar flow was developed inside the analyzer. The transfer function, i.e., the 
probability that a particle of certain electrical mobility which enters the system will get detected by the 
particle counter through the exit slit of the analyzer, has been modelled. This model was verified with 
experiment with room aerosol particles which were assumed to be in charge equilibrium states. Study is in 
progress with different aerosol particles to determine charge and size distribution of these aerosols. 
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Introduction
Reactor containment system is the last barrier designed to contain radioactivity under severe accident 
conditions. High pressure during such conditions may form cracks which in turn provide leak paths for 
pressurized air and aerosols release to the outside atmosphere. The possibility of development of very small 
leaks as a result of stress during normal operation also can't be ruled out. When aerosols passes through these 
leak-paths, they may get deposited and hence affect the capture fraction of aerosols. Deposition of aerosols in 
such cracks could be due to sedimentation, Brownian diffusion and inertial impaction. Knowledge of 
deposition and hence estimation of capture fraction depends on aerosol and flow characteristics; most crucial 
are air flow rate and aerosol size. Such information is important in terms of understanding of aerosol 
deposition processes in crack geometry and ultimately of environmental source term estimation in reactor 
accident scenario.
           

Several studies have been conducted in the past towards this approach to understand the deposition in cracks 
and possible mechanisms involved. A theoretical analysis of particle deposition kinetics onto walls of parallel 
plate and cylindrical channels has been presented in Adamczyk et al. 1980. Particle diffusion, settling, 
turbulent deposition, diffusiophoresis and thermophoresis have been considered as deposition mechanisms 
inside the crack path. They have been encapsulated in numerical models set up to reproduce experiments with 
small tubes and capillaries and simulate the plug formation (Parozzi et al, 2005). Experimental study 
measuring particle penetration through surrogates of cracks in building envelopes using rectangular slots was 
conducted by Liu et al. 2003. Particles of 0.1–1.0 mm diameter are predicted to have the highest penetration 
efficiency, nearly unity for crack heights of 0.25 mm or larger, (Liu et al. 2001). A study by Lai et al. 2012 for 
fine particles (30 nm to 500 nm) depicts that penetration is not sensitive to the roughness of the surface of the 
cracks. Although many studies reveal about the capture processes, but they lack in the quantification of the 
depositions inside the crack assemblies and the dependence of real-time varying parameters. The aim of this 
study is to measure the effect of particle size and air flow rates on aerosol capture fraction for two crack 
geometries. 
           

Experimental Methodology
In order to study the deposition of aerosols in cracks, experiments were performed using cracks of two simple 
geometries; parallel plate (Fig.1 a) and single bend (Fig.1 b) as shown below. The flow path followed by the 
aerosol stream inside the crack is shown in Fig 1 (c).

Figure 1 : Crack geometries, (a) Parallel plate, (b) Single bend, (c) Aerosol flow path through crack
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This study was aimed at understanding the variation in deposition fractions inside the crack assembly with 
varying particle sizes and sampling flow rates through them. Two sets of studies were performed aiming at 
studying the deposition characteristics for different aerosol systems. For which, Poly-disperse ambient 
aerosols and those generated by Mono-disperse aerosol generator were used as test aerosols. In the first set of 
study, ambient aerosols were made to pass through both the parallel and single bend geometries, and the 

-1 -1
capture fraction was estimated at various sampling flow rates from 5 Lmin  to 20 Lmin . In order to study the 
dependence of particle sizes in addition to the variation with flow on the deposition inside the crack 
assemblies, mono-disperse aerosols generated by PALAS MAG 3000 (0.5-7.0 mm) in specific sizes 0.5 mm, 

-1 -2.9 mm and 6.4 mm, were allowed to pass through these cracks at flow rates varying from 2 Lmin  to 10 Lmin
1. Aerosol size distributions were measured using Grimm Aerosol Spectrometer (0.3- 20 mm) for the aerosols 
entering as well as exiting the crack assemblies. Fig 2 depicts the schematic of the experimental arrangement.

Figure 2 : Schematic diagram of the experimental set up
               

Results and Discussions
In case of both the crack geometries, rise in particle deposition was observed with the increase in inlet air flow 

-1
rates through the crack channels. This is depicted clearly in Fig 3, in case of flow at 5 Lmin  for particle sizes 
of about 0.3 mm, deposition fraction was observed to be about 12 % which got increased to about 66 % at the 

-1
flow rate of 20 Lmin  for parallel crack assembly. In case of crack possessing a single bend same trend in the 
deposition fraction was observed.

Figure 3 : Variation in deposition fraction with varying particle sizes at different air flow rates through the parallel plate and 
single bend crack assemblies for ambient poly-disperse aerosols
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In the second set of studies, as shown in Fig 4, deposition fraction was observed to be increasing with increase 
in the particle sizes from 0.5 to 6.4 mm. For 2.9 mm particles, in parallel crack, it could be clearly seen that at 

-1 -1the flow rate of 5 Lmin , deposition fraction was around 90 % which got increased to 99 % at 10 Lmin . 
-1Whereas in case of crack having single bend, it was observed to be about 73 % at the flow rate of 5 Lmin  

-1
which rose to about 91 % at 10 Lmin .

Figure 4 : Deposition fraction with mono-disperse particle sizes generated by MAG at different air flow rates through the parallel 
plate and single bend crack assemblies

               

Conclusions:
In conditions of laminar flow through the cracks, the predominant mechanism for the deposition of the fine 
particles is by the process of diffusion and that for the larger particles by gravitational settling. However in 
situations of turbulent flow regime, i.e. at high flow rates the other possible mechanisms like inertial 
impaction also comes into play, thus enhancing the deposition in the cracks. In terms of particle size 
dependence on the deposition inside the crack, smaller particles < 1 mm, close to the Most Penetrating 
Particle Sizes (MPPS) are found to have more penetration, than the larger sizes. 
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Introduction
One of the most unusual sources of pollution in atmosphere is the burning of fireworks to celebrate festivals 
worldwide as well as specific events. Firecracker burning; although transient, these pollution episodes are 
responsible for high concentrations of particles (especially metals and organic compounds) and gases. 
Aerosol emissions during Diwali festival in India is major event widely discussed in the literature. This event 
is celebrated by burning candles and fire-crackers. Changes in the PM levels, chemical characterization and 
the emission of metals have also been associated with Diwali festival (Kulshrestha et al. 2004, Nishanth et al. 
2011). However, very few studies have been carried out to capture the mechanisms responsible for the 
evolution of number characteristics such as number concentration and its size distribution during these 
festival activities. 
                

Therefore, the impact of such festival activities on the background aerosol number concentration (in addition 
to PM levels) can be equally important while linking it to the air quality and health effects. In absence of 
sporadic releases (like festival induced), PM levels and/or metal concentrations can still be quite high for a 
megacity. The objective of this study is to measure and identify aerosols emission signatures during Diwali 
festivals in a township located in Mumbai, India. Discussions of our observations relative to past studies 
cultivate the importance of this study for the future atmospheric measurement campaigns.
                

Experimental description
Measurements were made at approximately in a residential colony located in Mumbai. In order to avoid 
interference due to local and ground level effects, sampling arrangements were made at 13th floor of a high 
rise building. The objective of the study was focused on measuring the changes at the ambient atmospheric 
aerosol concentration levels which indicates the change in the overall ambient conditions of the city 
atmosphere. Measurements were carried out for 6 days (10 Nov- 15 Nov, 2012) and Diwali was celebrated on 

th
13  Nov 2012. As an effect of Diwali, firecracker events were observed between 19:00-23:00 most on the day 

th thof Diwali (lesser on 12  and 14  Nov). GRIMM Scanning Mobility Particle Sizer (SMPS: 5.403C) and 
GRIMM Optical Particle Counter (OPC: 1.108) was used to measure number concentration of the aerosols. 
Combination of both these instruments provided aerosol size distribution from 10 nm- 20 µm (10 nm-1100 
nm: mobility diameter, 300 nm- 20 µm: optical diameter). Both of these instruments were connected from a 
common sampling pipe (length 1 m and diameter 8 mm) which was taken out from the window of the room. 
Apart from the diurnal patterns, the temp-RH conditions were similar on all days of measurements.
                

Results and Discussions
Fig. 1 shows 4 hourly average of the aerosol size distribution during 00:00 to 04:00 hours for all days using 
SMPS. It is evident from the graph that a mode (100-200 nm) is always present at all times during the 
measurements.
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Figure 1: Average number size distribution for all days using SMPS (averaged over 4 hours)
                     

th
However, On Diwali night (13  Nov), aerosol size distribution showed an additional distinct mode around ≈ 

50 nm as could be seen in Fig. 1. This distinct mode observed at 50 nm may be due to the direct injection of fire 
cracker aerosols and can be seen as signature Diwali peak. The increase of particles in the ultrafine size ranges 
is direct evidence of injection of particles produced due to combustion of sparkling and fire-cracking events. 
The original mode was also observed to be shifted as a result of changed aerosol profile during Diwali as 
could be seen in Fig 1. 
Fig. 2 represents total aerosol concentration as measured by optical particle counter (300 nm- 20 ìm). The 
number concentrations recorded by this instrument were additional set of measurements to support the data 
recorded by SMPS. In the approximately common size ranges in SMPS and OPC both the measured number 
concentrations were found to be in the same order. On Diwali night, the number concentration increased by a 
factor of about 3.5 as compared to background concentration. This pronounced increase was observed in 300-
400 nm size range and indicates the shifted mode due to fire cracker events as discussed above.

Figure 2 : Time series of number concentration from OPC

As apparent from the above discussion, Diwali related aerosol emissions resulted in a clear emergence of 
peak in the size range 50-60 nm and increase of (< 50 nm) for few hours. Additionally, aerosol profile of the 
atmosphere during Diwali emissions shifted the original atmospheric characteristic size distribution peak. 
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The total number concentration was also seen to be high during these emission events (at 50 m height). 
For a megacity like Mumbai, the number concentrations, PM levels and chemical emissions vary 
significantly and generally quite high. As in megacities, presence of several contributing factors affect the 
levels in a complex manner and in absence of long term measurement campaigns, it is incorrect to relate these 
changes in a simple way to sporadic events. As reported in literature, PM levels can be more during non-
Diwali days as compared to Diwali days (Massey et al. 2012). Fig. 3 shows a 3D plot representing time series 
of aerosol size distributions measured by SMPS for the entire sampling duration. A sharp mode was observed 
in the nano-size region.  Our results also place number concentration changes in the same category as in Fig 3 
for a small measurement period, we could observe similar peaks which can be due to multiple reasons. 
However, evolution of characteristic peak (50-60 nm) which was not observed for similar high number 
concentration days can be taken as primary/supplementary signature of Diwali emissions.

Figure 3 : Variation in aerosol size distribution with time as measured using SMPS
               

Conclusions
The PM levels as well as the aerosol chemical compositions vary appreciably for a megacity 

depending on the industrial and other anthropogenic contributions. Interestingly, apart from the diurnal 
variations of the aerosol concentration, modal nature of the distribution was almost similar for all days. 
However, on the night of Diwali, a characteristic mode was seen to be emerging between 50-60 nm which 
very soon became part of the background aerosol spectrum. The increase of fine aerosol concentration was 
observed similar to the observations by Stanier et al. (2004).
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Introduction
Behaviour of radioactive aerosols (fission products, actinides, structural materials) in reactor coolant system 
(RCS) and reactor containment has been studied extensively in context of probabilistic safety assessment for 
severe accident scenarios. The nature of aerosols in RCS and containment is affected by formation, growth, 
shape, deposition and re-suspension of aerosol particles. The aerosols (formed) are distributed and mixed in 
the containment atmosphere by natural convective flows. Various subsequent deposition and interaction 
mechanisms acting on aerosols decide their fate and life in containment. Several theoretical studies (targeted 
for code developments), laboratory scale experiments and large scale facilities have been part of the research 
efforts co-ordinated towards understanding and studying aerosol behaviour (and phenomenon). As a part of 
strengthening the prediction capabilities of the aerosol codes used in the context of the safety assessment of 
Indian PHWR reactors, a Nuclear Aerosol Test Facility (NATF) has been built at the Bhabha Atomic Research 
Centre, India (Sapra et al., 2002).  It is a medium scale facility meant for carrying out aerosol behaviour 
experiments under simulated accidental conditions and validating the aerosol behaviour codes. Several 
experiments (such as piping deposition, thermophoretic experiments, dry and wet aerosol behaviour in 
containment) have been conducted in the recent past (Sapra et al. 2008, Rajni et al. 2013).  Most of the 
experiments (worldwide) were carried out in a way to measure and quantify aerosols in a collective sense. 
Gross samplers, deposition coupons, impactors were used for physical measurements; while chemical 
behaviour was utilized for understanding chemical properties of aerosols. However, the last two decades has 
seen a tremendous growth in aerosol instrumentation with capabilities to measure number concentration as 
well with faster temporal resolution. In addition, instruments capable of measuring droplet properties have 
become commercially available in the recent past, which can provide key information on the droplet phase of 
aerosols. Also particularly related to aerosol steam interaction experiments carried out in past, a lot of in-
depth details have not been investigated. For example, droplet growth and parameters in context of aerosol 
released in steam environment under accident conditions has not been measured. Such information 
supplemented with aerosol number and size distribution can be used to validate models which are intended to 
be used for such conditions. The objective of this work is to conduct experiments at NATF chamber to study 
the aerosol steam interactions. Aerosol and droplet characteristics were measured for tin and zinc oxide 
aerosols. The results of these experiments were compared with the Containment aerosol code NAUA 
available at BARC.
                

Experimental Methods
The experiments carried out under this project had multi-fold objectives making it necessary to utilize a wide 
range of instruments to deduce meaningful results. A wide set of aerosol instrumentation available with 
BARC and IIT Kanpur laboratory was utilized during these experiments. Aerosol number concentration has 
been measured using GRIMM condensation particle counter (CPC) while TSI scanning mobility particle 
sizer (SMPS) and TSI aerodynamic particle sizer (APS) have been used for size distribution measurements. 
This selection covered all aerosol particles (> 4.5 nm) in terms of number concentration while size range of 10 

1  2 1
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nm- 20 µm could be covered for size distribution. However these instruments cannot be used for 
measurements, when relative humidity (RH) of air (presence of droplets) becomes high (near 100 %) with 
high temperature aerosol conditions (> 45 º C). For such conditions, cloud droplet probe (CDP) available with 
IITK has been used which is capable of measuring droplet properties in terms of concentration, mean 
diameters and liquid water content (LWL). A Plasma Torch based Aerosol Generator (PTAG) system, 
commonly used in several test facility studies the world over, is used for generating test aerosols in NATF 
facility. Aerosols generated by the PTAG are transported through the plenum chamber to the test vessel 
(Figure 1). This is a stainless steel cylindrical vessel with conical end fittings, having an air space volume of 

3about 10 m . The vessel is equipped with one pressure gauge, temperature sensors and sampling ports.

Present set of experiments focused on measuring aerosol characteristics as well as droplet characteristics, 
simultaneously (in contrast with mass measurements). During the material feed to the Plasma Torch (PT) i.e. 
during aerosolization, aerosol size distribution was obtained using SMPS and APS (covering 10 nm-20 µm). 
CPC was connected in chamber to measure integral number concentration of aerosols (> 4.5 nm). After about 
20 minutes of plasma torch operation, aerosol generation was stopped and steam was injected into the 
containment for about 1-2 min at 35g/s so as to limit the peak temperature of the vessel upto 65 °C. Total steam 
content in the containment was decided based upon the fact that the CDP cannot be operated above 40-45 °C. 
When the temperature of the vessel dropped to approximately 45 °C, CDP was operated to obtain the droplet 
parameters (number, mean size, liquid water content). Once the LWC measured by CDP became sufficiently 
low, other aerosol instruments were operated again (CPC, SMPS, APS). Sampling from CDP was also 
discontinued once the LWC became too low. Total duration for each experiment was 2-3 hours and three 
experiments (1 for tin oxide (: E1) and 2 for zinc (: E2 & E3) aerosols) were performed for covering the 
objectives of the present work. 
                 

Results and Discussion
Figure 2shows a time series for a typical experiment showing a sequential progression of experiment and 
associated measurements. It may be seen from the figure that, before injecting steam, the number 
concentration generated by the plasma torch was measured by CPC while the merged distribution measured 
by SMPS and APS was taken as the representative size distribution. Just before PT was switched off (and 
steam was inserted), steady state (or average) mean size of aerosols was noted (before 12:00 in above figure). 
After the test vessel became saturated with steam, no instruments were operated for some time due to high 
temperature and RHconditions. However, as soon as the temperature of the test vessel became less than 45ºC, 
CDP sampling was started.This intermediate period had high water content in the test vessel and the 
parameters such as droplet distribution, mean volume diameter and liquid water content were measured by 
the CDP. Once the water content in air became low enough, CPC, SMPS and APS were operated again to 
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provide number concentration and size distribution of the processed aerosols (aerosols remaining after 
condensation effects). The results of these experiments have also been compared with NAUA MOD 5 
predictions (taking steam conditions, thermal conditions, aerosol parameters and other model inputs based on 
experiments and literature). Steam and thermal conditions were almost similar for all experiments while 
aerosol parameters were taken as per actual measurements using the merged distributions. Other parameters 
were kept same during code runs.

Figure 3 : Experimental and code predicted number concentrations by SMPS and CPC for E3
                 

Fig. 3 shows the comparison of number concentration of test vessel aerosols (CPC actual and SMPS 
integrated) in presence of steam for E3. As may be seen from this figure, code predictions were close to the 
experimental results. However the uniform concentration seen in experimental results was due to 
gravitational stratification effects (Sapra et al. 2008). Such ambiguities can be largely controlled by using a 
fan for homogenous mixing but in these experiments, fan could not be used for maintaining steam conditions. 
A separate model can however be used to incorporate such stratification effects in lines similar to that 
discussed in Mayya et al. 2005. For experiments E2 and E1, similar kind of inferences can be drawn for 
experiment-code comparisons. For these experiments, size distribution changes have also been compared 
with code predictions. However, code predictions could only be compared for later times, as size distribution 
measurements were not possible in the early phase of steam injection. Fig. 4 shows size distribution 
comparison for E1 experiment.

Figure 4 : Comparison of size distribution for experiment with tin oxide aerosols
                

This comparison resulted in discrepancies between code predictions and experiments.  Code predicted size 
distribution evolution results were seen to be similar for both tin oxide (E1) and zinc oxide (E2 & E3: not 
shown here). Also, code predicted mean size was significantly different from the experimentally observed 
mean size. The prediction capability of NAUA MOD 5 code is limited in terms of condensational behaviour 
due to use of Mason's equation where no provision for chemical behaviour and consequent water uptake 
exists. For similar aerosol physical conditions, the change in aerosol size due to volumetric growth 
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(condensation) should be same for different chemical species and this was observed while comparing code 
predictions for E1 and E3. At this moment, since the processed distributions were also observed to be similar 
hence the difference due to chemical interactions could not be seen in these figures. Such differences however 
were seen from CDP measurements where higher droplet concentration (see fig. 5) and LWC (not shown 
here) was observed for tin oxide aerosols. The difference of water partitioning was also noted when CDP 
results were compared with NAUA code predictions (fig. 6).

Conclusion
The geometric mean diameter for zinc oxide aerosols (67 nm, 55 nm for two experiments) changed to 
approximately 300 nm (for both), respectively. For tin oxide aerosols, geometric mean diameter changed 
from 86 nm to300 nm as an effect of steam action. All droplet phase parameters i.e. MVD, LWC and DNC 
were found to be higher for tin oxide aerosols in comparison to zinc oxide aerosols. All these experiments 
provided a conclusive insight for aerosol steam interactions in context of nuclear reactor accident research. 
The effect of chemistry on hygroscopic growth of metal oxide aerosols and significant differences with 
respect to evolved aerosol size distribution under steam condition is crucial towards understanding the 
microphysics of aerosol steam interactions. This discrepancy arising due to steam distribution effect needs to 
be addressed. More insight into it can be developed by observing the changes in aerosol and droplet 
characteristics at all times.
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Introduction: 
Electrically charged aerosol particles have significant implications in aerosol science & technology due to the 
enhancement of electrostatic effects on aerosol sampling and transport, on the particle collection 
characteristics of air filters and on the deposition of respirable particles in the human respiratory system. 
Aerosol particles can be electrically charged by different techniques and the number of charges on a particle 
depends on the charging mechanisms. Accurate information concerning the magnitude and distribution of the 
particle charge is essential to investigate the electrostatic effects further. Both the type of aerosol particles and 
the generation method have a significant effect on the magnitude of the particle charge. Electrical charges 
have been measured for particle generated by different processes such as atomization, evaporation and 
condensation, combustion, fluidized bed generation, flame aerosol synthesis, the vibrating orifice generator, 
etc. in past using aerosol charge analyzer/ electrical charge analyzer which segregate differently charged ions 
based on their mobility and counts particles. Most of the past work has been focused mainly on atomization 
and evaporation-condensation methods and these are widely being used for several applications. But no 
studies for electrical heating induced aerosol generators have been done so far.This work attempts to measure 
charge level of aerosol generated by Hot wire generator (Electrical heating based aerosol generator) for the 
first time. The results have also been compared with the bipolar charging induced Boltzmann distribution. In 
recent times, electrical heating of metal wire has been employed in glowing wire generators for generating 
nanoparticle aerosols(Schmidt-Ott et al. 1980, George Biskos et al. 2008). The generation method i.e. 
electrical heating induced vaporization and followed nucleation has not been characterized for charge 
generation (if any). The aim of this study is to measure the charge size distribution of nanoparticle aerosols 
generated from a prototype hot wire generator and compare the results with the bipolar charge approximation 
theory. Electrical low pressure impactor (ELPI) has been used for charge measurements in this work. 
Instrumentation and methods:

Figure 1 : Experimental set-up 

Experiments were carried out in 1 liter chamber (as in fig. 1). The hot wire generator was connected to this 
chamber via sampling tubes. ELPI was also connected to this chamber in all measurements. Condensation 
Particle Counter (CPC) was also connected to this chamber for integral number concentration measurement 
and to validate the steadiness of the chamber concentration. Under steady conditions only, measurements 
were interpreted. The essential measurement of net charge per particle (size based) was obtained by using 
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ELPI by keeping charger ON and OFF for 20 seconds alternatively. Under charger ON condition, ELPI 
measures number concentration using calibrated penetration function while it measured current over all 
stages for charger OFF condition. The ELPI is a real-time particle spectrometer for measuring airborne 
particle size distribution (number and charge) in real-time. The ELPI operating principle is based on particle 
charging, size classification in a cascade impactor and electrical detection with sensitive 
electrometers.Keeping charger ON (for number concentration measurement) and OFF (for net charge 
measurement) enables to estimate net charge per particle (for all stages). Cylindrically shaped prototype hot 
wire generator having length 14 cm and diameter of 4 cm was used in this work (see fig. 1). Electrical heater 
material (Nichrome wire) was used inside the glass chamber. The operating conditionused in this generator 
for the generation of metal aerosolswas8 volts AC voltage.
                

Results and Discussions
Hot wire generator produces nano-aerosol particles sub 10 nm regime which on being in high number 
concentration immediately grow as a result of coagulation. After the growth, we could observe particles up to 
200 nm only. Three set of experiments were performed (with slight change in the average number 
concentration at the time of ELPI measurement) and charge size distribution was measured using ELPI. Fig. 2 
shows number of charges/particle plotted as a function of aerodynamic diameter of each stage of ELPI.

Figure 2 : Number of charges/particle versus particle diameter for particle generated by hot wire generator

Charge Size Distributions of Nanoparticle Aerosols Generated Using Glowing Wire....
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As can be seen from above graphs, number of charge/particle increased with particle diameter linearly. 
Maximum charge was observed at 200nm (higher limit of grown particles) which was 0.45±0.06, 
significantly lesser compared to nebulization method. As mentioned earlier, measurement with electrical 
heating based aerosol generator has been made for the first time. Notable difference was the linearity of 
charge/particle vs. size (against power law dependence for nebulization cases) which calls for further 
investigations. As the wire is electrically heated to the red hot conditions, electrons will be emitted 
thermionically. When the wire material gets evaporated, positive nanoparticle aerosols are formed which 
being of nano-size could not be charged further due to electron hitting (if any).

Figure 3 : Variation of Particle size with number of charges / particle
                       

We then compared the results of this work with the number of charge per particle predicted from bipolar 
charge distribution using approximation formula given by Wiedensohler (Wiedensohler,1998). It was 
observed that, barring sizes lesser than 50 nm, bipolar distribution was seen to be under-predicting the 
charge/particle for our study. 
             

Conclusion
Charge size distribution of aerosols generated from hot wire generator was measured.  Charge per particle 
was seen to be increasing with particle size. Maximum charge/particle for hot wire generator was measured to 
be 0.45±0.06 which is lower relative to nebulization cases. Charge size distribution showed linear 
dependency.   Bipolar charge distribution was seen to be under-predicting charge/particle except lower sized 
aerosols generated from hot wire generator. The results of this work provide the charge characteristics of the 
electrical heating induced aerosol generators and also highlight the inadequacy of bipolar charge equilibrium 
assumptions except at lower sizes. 
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Introduction
Air cleaning is an important aspect in aerosol science and technology. Airborne particulate filtration systems 
are mainly based on mechanical filtration or electrostatic precipitation. Mechanical (e.g. High Efficiency 
Particulate Air (HEPA) filter simply capture those particulates unable to pass through the filters. However, 
filters requires frequent replacement and offers significant resistance to the air flow and resulting high 
pressure drops and noise levels. Electrostatic precipitator on the other hand employs corona discharge to 
charge the airborne particulates and removed through the application of electric field. Through, electrostatic 
precipitators are quiet and do not require filter replacement, they produce ozone through corona as a by-
product of the ionization process. Use of electrospray for airborne particulate removal is an upcoming 
technology and being studied world over. Electrospray is a phenomenon of disintegration of liquid surface on 
application of electric potential with the ability to produce fine size charged droplets with narrow size 
distribution. The main parameters that affect the process of atomization are the applied potential, liquid flow 
rate and physical properties of liquid, such as the electrical conductivity, viscosity, surface tension, and 

4dielectric constant (Fernandez de la Mora & Loscertales, 1994). An EHDA droplet typically carries ~10  
elementary charges (Juan and Fernanadez, 1997) and this characteristic is utilized for enhancing collection 
efficiency of electrostatic precipitator (G. Tepper et. al. 2007). A prototype EHDA has been developed in 
BARC and has been studied for its various operating parameters (Sanjay et. al. 2013).  In the present study we 
study aerosol removal using EHDA which is in point to plate geometry.
                

Experimental Setup
The schematic of the experimental set-up used to study the electrospray based in air cleaning is shown in 
Figure

Figure 1 : Schematic of EHDA based aerosol mitigation system
               

The system consists of an electrospray chamber, where charge droplets were generated using an Electro-
hydrodynamic Atomization System (EHDA) in point to plate geometry. The EHDA system consists of a blunt 
end type stainless steel capillary of Inner Diameter (ID) of 0.51 mm and Outer Diameter (OD) of 0.82 mm. 

Bhabha Atomic 
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This chamber is fitted with arrangements to pass CO  as a sheath gas at 2 LPM flow rate to suppress the 2

possible corona discharge around the capillary. The liquid flow rate in the capillary is controlled using a 
syringe pump. A positive DC voltage source (Heinzinger GmbH, Germany) was connected to the top end of 
the capillary. The generated droplets, which are highly charged, enter into the aerosol charging chamber 
which is connected with aerosol mixing chamber in one side and an Electrical low pressure impactor on the 
other side. The combustion aerosols were generated using burning incense stick into the mixing chamber of 
20 liters volume, which is provided with 0.4 air exchange per min. Combustion aerosols was transported into 
the charging chamber because of the vaccum created by the ELPI/SMPS which operates at 10 lpm/0.3 lpm in 
suction mode. In the charging chamber, the aerosol interacts, with the positively charged droplets generated 
using EHDA and gets charged. The charged aerosols moves towards the plate due the electric filed established 
between needle and plate.   
               

Results and Discussion 
Characteristics of the Input Aerosols 
Smoke aerosol was generated into the mixing chamber by combustion of incense sticks. Size distribution and 
charge distribution is measured using ELPI. The size distribution of the generated smoke aerosols in shown in 
Figure 2 and charge distribution is shown in Figure 3. It is seen in the Figure 2 that size distribution is 
unimodal with mode diameter around 100 nm. The charge distribution graph (Figure 3) shows that and the net 
charge on the particles are positive for the particle less than 400 nm aerodynamic diameter and negative for 
particle more than 400 nm aerodynamic diameter.

Figure 2 : Size distribution of smoke aerosols

Figure 3 : Charge distribution of smoke aerosol
            

Aerosol Removal Efficiency
Smoke aerosols were passed through the charging chamber and EHDA was switch ON. The outlet of the 
charging chamber was connected with the scanning mobility particle size (SMPS) and aerosols were sampled 
at a flow rate of 0.3 LPM. The size distribution of the input aerosols and size distribution of aerosols at the 
outlet with and without EHDA is shown in Figure 4.It can be seen in the Figure 4 that, size distribution shift 
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towards smaller size when EHDA is ON. This denotes that removal efficiency of the larger size particles is 
higher than the smaller size particles. The aerosol removal efficiency is shown in Figure 5. The removal 
efficiency decreases with size up to 30 nm and then it increases with size becomes constant after 100 nm.

Figure 4 : Size distribution of Smoke aerosol with and without  EHDA 

Figure 5 : Aerosol Removal Efficiency 
                  

Conclusions 
The EHDA based aerosols mitigation systems has shown that good removal efficiency can be obtained for the 
aerosols of submicron size. Collection efficiency is very much dependent on size of the particles and it is as 
low as 20 % and as high as 90%. More experiments are required to extend this in industrial scale.       
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Introduction
222 220

The decay of naturally occurring radioactive gases radon ( Rn) and thoron ( Rn) in the environment results 
in the formation of their particulate progeny. These progeny are attached  to the ambient aerosols to form 

220
radioactive aerosols which are responsible for significant inhalation dose to the humans. The dose due to Rn 
and its decay products is significant in cases where thorium rich technologically enhanced naturally occurring 
radioactive materials (TENORMs) like thorium ores and powders are handled. In perspective of radiological 

220
protection it is necessary to study Rn and its decay product distribution in indoor environments and estimate 
their concentrations to calculate the dose. These concentrations are dependent on various factors such as 
volume of the air flow rates, volume of environment, aerosol concentration etc. In the present study the 

220 3behavior of Rn and its decay product in a test chamber of dimension 0.8 x 0.8 x 0.8 m  has been simulated for 
220

conditions of different flow rates and aerosol concentrations. Because of the short half-life of Rn (55.6s), its 
distribution inside the delay volume is best simulated using Computational Fluid dynamics (CFD) based 
software. Hence CFD based simulations were carried out to observe the thoron concentration profile in the 
chamber at various conditions. The average thoron concentration values obtained from these simulations 
were then used to obtain the decay product concentrations and their distribution into attached and unattached 
forms.
              

Materials and Method
220CFD software based on finite volume method was used to simulate the Rn spatial distribution inside the test 

chamber. Simulations were carried out by assuming incompressible air flow and uniform temperature inside 
the chamber. In the first step of simulation the steady flow field inside the chamber was established  using 
mass and momentum conservation equations. While in the second step dispersion of thoron  in the steady 
state flow field was obtained  (Agarwal et al.,2014). In the chamber  inlet and outlet were assumed to be 
positioned at (0.25 m,0 m,0.40 m) and (0.55 m,0 m,0.40 m) along (x,y,z) axis respectively. Dimensions of 

2Inlet and outlet were assumed to be constant and equal to 0.02 m x 0.02 m (0.04 m ). A schematic diagram of 
the model test chamber with coordinate system used is shown in Figure 1.  
              

-3 5 -3Air with fixed thoron concentration of 1250 Bq m  (10  atoms m ) was assumed to be continuously injected 
220

through the inlet. Distribution profiles for Rn concentration inside the chamber were simulated for the flow 
-1 -1 -1

rates of 10 L min , 30 L min  and 50 L min  and values of average thoron concentration were obtained for 
212each case. These average thoron concentration values were used as a source term to calculate the Pb 

212concentration. Pb concentration was calculated using mass balance model based on various process as 
decay, flow rate, deposition, attachment to aerosol etc. Calculation were made using the deposition rate for 

-1 -1fine and coarse activity equal to 30 h  and 0.3 h  respectively and aerosol attachment coefficient to equal to 
-3 3 -1

4.7 x 10  cm  h , which are the typical values for high ventilation rate (Porstendorfer, 1984). To study the 
212

effect of aerosol concentration on Pb activity distribution, calculation were done for two different aerosol 
-3 -3concentration viz. 10000 particle cm and 30000 particle cm .
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3Figure 1 :  Geometry of the test chamber of dimensions 0.8 x 0.8 x 0.8 m  having inlet and outlet positioned at (0.25 m, 0 m, 0.40 
m) and (0.55 m, 0 m, 0.40 m).

            

Results and Discussion 
The CFD simulations showed complex thoron concentration profile inside the chamber. For example, thoron 

-3 -3 -1concentration varied from 40 Bq m  to 1250 Bq m   for the flow rate of 50 L min  with an average thoron 
-3 220 -3

concentration value of 84.6 Bq m . Simulated Rn (atoms m ) distribution at different planes in the chamber 
-1 -1 

for the flow rate of 10 L min and 50 L min is shown in the the figs. 1 and 2 respectively.

220 -3 -1 Figure 2 :  Rn (atoms cm ) distribution at different planes in the chamber for the flow rate of 10 L min as: (a) at z = 0.20 m,(b) 
z = 0.30 m, (c) z = 0.40 m(through the inlet) and (d) z = 0.70 m respectively

220 -3 -1 Figure 3 :  Rn (atoms cm ) distribution at different planes in the chamber for the flow rate of 50 L min as: (a) at z = 0.20 m,(b) 
z = 0.30 m, (c) z = 0.40 m(through the inlet) and (d) z = 0.70 m respectively
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212
The results of average thoron concentration and fine and Pb concentration in form of fine and coarse activity 
for two different aerosol conditions, obtained for the three different flow rates is presented in Table 1. Fine 

212
fraction and coarse fraction of Pb activity for the same cases is given in table 2.
                  

212 -3 -3 Table 1 :  Pb activity concentration (fine and coarse)  with the aerosol concentration 10000 Bq cm  and 30000 Bq cm for the 
-1 -1 -1 220flow rate 10 L min , 30 L min  and 50 L min  using corresponding Rn concentration.

212Table 2 :  Effect of flow rate and aerosol concentration on the fine and coarse fraction of Pb.

         

As evident from data in table 1, the average thoron concentration inside the chamber was observed to increase 
212

with increase in flow rate. Consequently, fine Pb activity increased in the chamber while coarse activity 
212decreased. This is expected  as  high flow rate would reduced the coarse Pb activity inside the chamber.
212With respect to aerosol concentration, it can be seen that fine activity of Pb decreased with  increase in 

aerosol concentration. This is also expected as  more aerosol particles would be available for attachment 
resulting in an increase in coarse activity. It can be observed from the table 2 that for a fixed aerosol 

212concentration, the value of fine fraction of Pb activity increased with flow rate. 
         

Conclusion
220 212Thus, effect of flow rate and aerosols concentration was studied on the Rn and Pb  concentration and 

activity distribution. The outcomes of this work will be helpful in understanding distribution profile of thoron 
and their decay products in confined enviroment under various flow rates and aerosol particle concentration 
for better inhalation dosimetry. 
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Introduction
Sand and dust storms are widespread natural phenomena that transport dust aerosols to long distances from 
the source region and represent an important process of land-atmosphere interaction. Satellite remote sensing 
can play a vital role in monitoring environmental changes, including deterioration of air quality from dust 
storms, the power and frequency of which have increased over the past few decades (Kaufman et al., 1997). 
Since poor air quality has serious implications for the global environment and poses severe health and 
ecological risks, therefore, timely detection and monitoring of dust storms is important. Dust storms are 
common in the northwest part of the Indian sub-continent covered by Thar Desert, which is a primary source 
of dust storms in south Asia. 
               

Methodology
Sky radiometer measures the direct solar radiation and diffuse radiation at various scattering angles from the 
Sun at different wavelengths in the narrow band. The principle is based on the dependence of the light 
scattering phase function on aerosol particle size and wavelength. The detailed skyradiomer networks of IMD 
can be found on IMD's web site http://www.imd.gov.in/section/nhac/dynamic/emrc/definition.pdf.

(1) Correlations between total ozone mapping Spectroradiometer (TOMS) aerosol index and AMSU 23.8 
GHz BT
Since the 23.8 GHz (vertically polarized) frequency measures the BT at near the surface level, we analyzed 
this channel with TOMS Aerosol Index (AI) with different phases of the dust storm. Here, we have analyzed 
the NOAA 23.8 GHz BT with TOMS aerosol index data over the study area during occurrence of the dust 
storms in March high AI values are found with lower brightness temperature. This may be due to high 
scattering in the atmosphere in the presence of a dust storm.

            

Figure 1 : NOAA 23.8 GHz BT against aerosol index from TOMS

(2) Validation of dust storms with sky radiometer of IMD
Here, we mainly considered two sky radiometer data at 500 nm for the stations, i.e., New Delhi and Jodhpur 
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during the March 2012. The indication of the dust plume at Jodhpur and New Delhi sites is clearly seen in 
th

given figure. The AOD values as high as 1.5 is observed at Jodhpur and Delhi on 20  March.

Figure 2 : IMD's Sun-sky radiometer derived half hourly aerosol optical depth (AOD) at 500 nm during the occurrence of dust 
storm

(3) Analysis of  AOD from Sunphotometer
We have been collected AOD at Jaisalmer during 18 to 21 December, 2013 by Sunphotometer. It has been 
observed that the value of AOD at 500 nm is high as 0.6 at Jaisalmer on 18 December 2013 as compare to other 
days. While taking in-situ data, it is observed that wind speed is also high on 18 December, 2013, see figure 3. 

th
Area averaged time series MODIS AOD at 550nm also observed high on 18  December on 71-70E, 26-27N.

Figure 3 : IMD's Sun-photometer derived aerosol optical depth (AOD) at 500 nm during 18 to 21 December, 2013

Figure 4 : Area averaged time series of MODIS AOD at 550 nm during 18 to 21 December, 2013
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Conclusion
This paper investigated the integrated approach to use the multi satellite data of thermal IR bands from 
MODIS on-board Terra and Aqua satellite and the microwave data of AMSU on-board NOAA satellite to 
study the characteristics of dust storms over the Indian region from real time direct broadcast (DB) receiving 
systems at IMD. BT of channel 89 and 23.8 GHz can be used as a discriminator for identifying the dust storm. 
TOMS AI and NOAA 23 GHz BT from AMSU-A have been analyzed with different phases of the dust storm. 
The negative correlation of BT from AMSU and aerosol index from TOMS shows that due to high scattering 
in the atmosphere in the presence of a dust storm, the BT at 23 GHz decreases. The present study shows that 
the real time multi-satellite observation of the direct broadcast receiving system have the potential to monitor 
and characterize the dust storms very well. The observation of in-situ AOD collected data at Jaisalmer during 

th
18 to 21 December, 2013 has been high on 18  December.
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Introduction
Since theindustrial revolution, increase in fine particulate matter (PM ) has been observed both in urban as 2.5

well as rural areas (Schulz et al., 2006).  Increased mortality due to long-term exposure to PM  has already 2.5

been documented in several cohort studies (Pope et al., 2002, Krewski et al., 2009). Health effects have been 
reported even after exposure to unexpected low concentration of particulate air pollution, (Pope et al., 1999).  
Globally almost 3.5million annual deaths due to cardiopulmonary diseases and 220000 deaths due to lung 
cancer has been attributed to exposure to PM , out of which 75% of the excess mortality occurred in Asia due 2.5

to dense population and high concentration of PM   (Annenberg et al, 2010). In India home to about 1.4 2.5

billion people, high aerosol loading and constant increase over the past 10 years has been an area of high 
concern (Dey and Di Girolamo, 2011). Most of the epidemiological studies carried out in India has 
concentrated on exposure to PM  (e.g. Balakrishnan et al., 2011). It is known that PM  is more hazardous to 10 2.5

human health than PM  as PM can reach even to the minute airways in the lungs whereas the bigger particles 10 2.5 

are more likely to stick on the sides or get wedged into one of the narrow passages deep in the lungs. Not a 
single study in India has attempted to quantify the effects of PM  on human health at regional scale. 2.5
              

Methods
For assessment of health impacts of PM  over India, robust in situ measurement of PM  is required. 2.5 2.5

However, PM  is measured only at a very few CPCB stations. Hence we utilized satellite-based PM  dataset, 2.5 2.5

which was described in Dey et al, 2012. This dataset was then re-gridded to district level data for India. 
Excess mortality was then calculated with the relation established by Pope et al, 2002, which is also used in 
WHO GBD.

where, Exposed Population is the population above 15yrs obtained from Census Board of India.
B.M. is the baseline mortality, baseline mortalities for COPD, IHD, stroke and LC are obtained from WHO.
 A.F. is the Attributable Fraction which can be expressed as,

Where RR is the Relative Risk which can be literally defined as the probability of disease occurring in an 
exposed group to the probability of disease occurring in a non exposed group.
In all the previous studies RR for long term exposure has been calculated as per Pope et al.,2002.

Where, X is the averaged PM  concentration over a period of 10 years from March2000 to February 2010. Xo 2.5

3 
is the counterfactual PM  concentration of 10 µg/m below which it is assumed that there is no health risk due 2.5

to exposure to PM .2.5
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â is the concentration response factor (CRF), which is the log linear relationship between mortality and PM  2.5

concentration.
Cohen et al.,2004 proposed a relation to calculate RR known as Lin50 model where it was assumed that the 

3
higher bound of PM  concentration is confined at 50µg/m  above which RR remains constant with increase 2.5

in concentration.
All the above relations between RR and concentration of PM  were established on basis of a single cohort 2.5

study. Most of the studies(Silva et al., 2012, Annenberg et al., 2010) extended the epidemiological relation 
between PM  and RR established over North America through ACS CPS II (Pope et al 2002) globally using 2.5

the same assumptions for CRF's.No cohort study has been performed over India, so we studied about 100 
cohort study performed all over the world to avoid using an uniform CRF established over North America and 
classified them according to the four diseases COPD (chronic obstructive pulmonary diseases), IHD 
(ischemic heart diseases), stroke and lung cancer (LC) at ambient air pollution (AAP), household air pollution 
(HAP), active smoking (AS) and second hand smoke (SHS) exposures, RR at respective concentration was 
obtained from each study for the abovementioned diseases at the studied exposure type. Relation between RR 
due to a particular disease and PM  concentration was then established from these studies by a non linear 2.5

ãpower (NLP) function of form 1+á *(X-X )  where á and ã are constants for each disease. Probable death/yr o

was plotted for each district for CP diseases (Sum of COPD, IHD and stroke) and LC separately.
                     

Results and Discussions
Estimated probable death/yr for CP (Figure 1a) and LC(Figure 1b) was plotted for each district of India. High 
probable death/yr was observed for districts either with high PM  concentration resulting in high RR or high 2.5

exposed population, as B.M. was assumed to be constant for each disease for India, districts in UP, 
Maharashtra, W.B., Bihar and Andhra Pradesh, are probably the most vulnerable to exposure to PM2.5 

resulting in 18%, 9%, 8.4%, 8.3% and 8% of the country's total excess death, on the contrary, the districts of 
North East India, Central India were found to be relatively less vulnerable. It was also seen that probable 
death/yr calculated from the NLP had less uncertainty than those calculated from the simple model and Lin50 
model (Table 1), it was also found that probably the majority of death in India due to exposure to PM was 2.5 

caused due to COPD disease (Fig 2).
                     

The observed RRs' due to AP, SHS, AS and HAP exposures are functions of mass of PM  inhaled by an 2.5

individual and does not depend its composition. The toxicity of inhaled mass of PM  may vary with their 2.5

3combustion source. Recent studies establish that health effects of 1µg/m  increase in black carbon particles 
are more than the effects of PM  or PM  but enough study has not been carried out to gain qualitative and 2.5 10

definitive conclusions on the effects of some other combustion generated particles on human health. Errors in 
the constants á and ã are used to quantify the uncertainties in the excess death/yr.
Validation of the death/yr was not possible due to unavailability of systematic cause of death data in India. The 
global mortality estimates due to exposure to PM2.5 by Annenberg et al.,2010 and Silva et al.,2013 also could 
not be validated due to unavailability of cause of death data in developing and under developed countries.In 
spite of the high uncertainty in the estimated excess death/yr we aim to project the probable disease burden 
due to PM2.5 over India which may promote to conduct cohort studies in India. This approach was also taken 
in the recently concluded global burden of disease study (Lim et al., 2012).
Despite of these limitations and uncertainties this study identifies the vulnerable districts, where 
improvement to air quality may be particularly effective at reducing additional mortality related to long-term 
exposure to PM .2.5
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Figure 1 : Probable death/ yr attributed to exposure to PM  due to CP (1a) and LC (1b) calculated from NLP2.5

Figure 2 : Probable percentage of death due to exposure to PM attributed to COPD, IHD, stroke and LC2.5 
                 

Table 1 : Comparison of probable death/yr from the three approaches.
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Introduction

Aerosol particles are composed of inorganic salts and organic matter both mixed internally and externally.

They play an important role in the dynamic atmospheric system. They tend to affect the radiative balance of

the climate system and affect the hydrological cycle ( , 2000) through the directSatheesh and Ramanathan

effect (scattering and absorbing of the incoming solar radiation) ( , 2001) and the indirectRamanathan et al.

effect (acting as cloud condensation nuclei and hence changing cloud properties) (Lohmann and Feichter,

2005 Relative humidity RH). ( ) is a key meteorological parameter which has a direct bearing on aerosol

radiative properties ( , 2001; , 1989). affects the physical state (i.e. solid orRamaswamy et al. Rood et al. RH

liquid phase) and the ambient hydrated size of atmospheric aerosol particles, as shown in Figure 1, which, in

turn, determines their light-scattering properties (Covert et al., 1972; Tang, 1996) and associated

contributions to the direct radiative budget (Markowicz et al., 2003). Hygroscopicity of aerosol particle is

related to its chemical composition ( , 1972) and mixing state (internal or external).Covert et al.

Figure 1 : Aerosol size and scattering efficiency increases due to water uptake at high relative humidity.

The influence of on aerosol particles is quantified in physical terms by the hygroscopic growth factorRH

( ), defined typically as being the ratio of particle diameter ( ) under equilibrium of 90% and <20%g(RH) D RH

as given in Equation 1.

Equation 1

In optical terms, the influence on aerosol particle is defined by the scattering enhancement factor ( )RH f(RH)

as given is Equation 2.

Equation 2

where is the aerosol light scattering coefficient at a given wavelength .σ λsc

Due to technical challenges to maintain at high flow rates almost all the in-situ measurement of radiativeRH
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properties of aerosols are done at < 40% (e.g. Vaishya et al., 2012). These measurements significantlyRH

underestimate the aerosol radiative properties if aerosols in question are hygroscopic in nature. Also, many

such measurements overestimate the aerosol radiative properties if the aerosol can retain water or possess

hysteresis behaviour, as in the case with marine aerosols (Fierz-Schmidhauser et al., 2010).

Here we propose an instrument setup which will enable us to measure aerosol radiative properties in

controlled conditions.RH

Instrument Setup

Light scattering techniques are useful tools for studying the hygroscopic and deliquescent properties of

aerosol. Global Atmosphere Watch (GAW) under the auspices of World Meteorological Organization

(WMO) recommends measuring the aerosol optical properties at < 40% ( , 2003), forRH Baltensperger

ground-based in-situ measurements, in order to enable comparison of results from different measuring

stations. Further, it also gives emphasis to measure at ambient along with <aerosol optical properties RH RH

40% for better understanding of aerosol interaction with radiation.A conditioning unit will be developed,RH

schematic of which is shown in Figure 2.

Figure 2 : Schematic of the proposed Humidograph setup.

Ambient air will be drawn in the system through the community sampling tube (main duct).Ambient aerosols

are mostly found in the metastable state ( , 1989) and hence it is necessary to bring them to aRood et al.

reference dry state before measuring their optical properties. Principal mechanism in the drying unit is based

on the characteristic of the Nafion tube used which allows water vapour to permeate through the wall of the

tube if there is a difference of vapour pressure across the wall.After passing through the dryer, aerosols are in a

dry state ( <40%). Dry flow will be split into two flow streams, one going to a reference dry aerosolRH

radiative property measurement instrument and the other passing through a Humidifier. The Humidifier

consists of a Gore-Tex tube surrounded by a water jacket. The thick walls of the Gore-Tex tube have the

property to permeate water vapour through them from the high vapour pressure side to low vapour pressure

side. and temperature ( sensors across the humidifier will monitor the performance of the unit andRH T)

control the degree of humidification through a feed-back loop which regulates the temperature of the heating

tape wrapped around the water jacket. Humidifier will scan the between 40%and90%, also called the up-RH

scan, or can maintain the at a desired value. The conditioned flow will then go to a Nafion dryer whereRH RH

the can be reduced to < 40% in controlled steps, down-scan, or can remain the same. The flow will then goRH

to a temperature controlled aerosol radiative property measurement instrument.

Light scattering measurement instrument (Anderson et al., 1996; Muller et al., 2011) will be coupled with the

developed scanning unit and the duo will be controlled programmatically and will function as a single unitRH

595

A Humidity Controlled Instrument to Measure Aerosol Radiative Properties

IASTA -2014, BHU, VARANASI



called the Humidograph instrument. The instrument will be operated in conjunction with aerosol light

absorption measurement instrument.
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Introduction

Organic aerosol (OA) typically constitutes 20–90 % of submicron aerosol (Jimenez et al., 2009) and is

influencing Earth's climate directly by absorbing and scattering radiation and indirectly by acting as cloud

condensation nuclei. OA also adversely affects air quality and human health. However, uncertainties exist in

the effect of OA on health and climate, due in large part to the complexity of the OA composition (Poschl,

2005; 10 Hallquist et al., 2009).

Methods

Figure 1 : IIT Kanpur sampling site showing CESE (Centre for Environmental Science and Engineering). Source: Google Earth,

image 2014 digital Globe

In this paper, we present new correlation between WSOC and transition metals and the plausibility of

organometallic compounds in ambient air during foggy and post-monsoon period on the basis of ammonium

availability index and m/z values derived from LC-MS analysis.

Results

This study explored the role of transition metals present in ambient air which may form organometallic

compounds with WSOC (Water soluble organic carbon) mainly with organic acids and their oxidised

derivatives. Strong correlation between transition metals (Fe, Mn, Cr and Cu) and WSOC was found (R =
2

0.93 ± 0.04) on ambient submicron sampled dataset during both foggy and post monsoon time periods. The

mass concentration of WSOC measured during foggy days was lower than those collected during post-

monsoon period. A few samples of post monsoon (August-September-October-2013) and pre-winter time

(November-2013) were analysed by LC-MS. Higher values of m/z and oxidized fraction of organics were
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found during post monsoon time period. Excess molar concentration of ammonium ion (over and above

required to neutralize inorganic anions) measured during foggy days suggests its role in the neutralization of

water soluble organic acids. The presence of organometallic compounds, with transition metals being

chelated to organic acids, and their role in aqueous phase oxidation of organic compounds is further explored

in this study.
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Introduction

Emissions of trace gases and aerosols are increasing due to the fast industrialization and urbanization inAsia,

particularly in China and India.Anthropogenic emissions of these gases in East and SouthAsian countries are

of great concern because of their impact on the atmospheric environment on regional and intercontinental

scales. BC, CO, SO and NO are the atmospheric pollutants which are not only influencing the climate2, X

system on a variety of spatial and temporal scales but also adversely affecting human health and welfare.

These species play critical roles in controlling the oxidizing power of the atmosphere and air quality, causing

acid rain (primarily by NOx and SO ) and changing radiative forcing, through gas-phase chemistry and2

particle formation. They are originate mainly from combustion and are removed from the atmosphere by

deposition. Therefore, they are not only of scientific interest because of their environmental and health

impacts, but also because their emissions are tied to the efficiency of the emitting process and technology.

Chemical conversion and loss processes of BC, CO, SO and NO take place within the boundary layer.2, X

Eventually these air masses leave the source region and affect the distant areas via horizontal transport within

the boundary layer and free troposphere. Export efficiency determines how efficiently these species are

removed in the source region. The concentration in the free troposphere is usually smaller than in the

boundary layer because a large fraction of the species is removed in the boundary layer before transported to

the free troposphere.

The objective of the report is to estimate the export efficiency of BC, NO and SO at Dibrugarh (27.3! N,X 2

94.6! E, 111 m amsl) situated at the Upper Brahmaputra basin in North-East India. The export efficiency is

calculated using CO as a passive tracer of transport. Another objective of the present study is to calculate the

forward trajectories to identify the locations which are affected by the CO and other gases originating in

North-East India.

Instrumentation and Methodology

Instruments

In this study simultaneously measured BC, CO, SO and NO data for the period January, 2012- December2 X

2013 are utilized.Aseven channelAethalometer (modelAE 31-ER, Magee Scientific,

USA) has been used for continuous measurement of BC mass concentration. The instrument measures

attenuation of light beam at seven different wavelengths, viz., 370, 470, 520, 590, 660, 880 and 950 nm,

transmitted through the aerosols deposited continuously on a quartz fibre filter tape. The 880 nm channels is

considered as the standard channel for BC measurement as at this wavelength BC is the principal absorber of

light and other aerosol components has negligible absorption. The principle of operation of Athelometer is

optical attenuation, where measurement of the attenuation of a beam of light transmitted through the sample

collected on the quartz fibre filter is made.

The NOxAnalyzer (T200 TeledyneAPI) works on the basis of the chemiluminescence effect produced by the

oxidation of NO by O molecules, which peaks at 630 nm. NO is measured by converting it into NO using the3 2

thermal conversion method (molybdenum convertor). The lowest detection limit of the instrument is 0.4

ppb, response time is 20s and measures NOx with 0.5% precision. The CO concentration is measured using
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the T300 Carbon monoxide Analyzer (Teledyne API) operating on the principle of infrared absorption at 4.7

μm, the vibration rotation band of CO. The instrument has a lowest detection limit of 0.04 ppm with

measurement precision of 0.5% and response time 10s. The SO concentration is measured using the T1002

SO Analyzer (Teledyne API) based on the principle of fluorescence that occurs when SO is excited by UV2 2,

light with wavelengths in the range of (190-330) nm. Calibration of all the above instruments is performed

using standard procedure. The temporal resolution of all the data set is 5 minute. Details on the instruments

have been reported by Bhuyan et al. (2014).

Methodology

Earlier researchers like Koike et al. (2003) and Park et al. (2005) have estimated the altitude dependent export

efficiencies of combustion generated NO , SO and BC over East Asia with reference to CO as an inerty               x

combustion tracer. Similar approach has been adopted in the present study to estimate the export efficiencies

of NO , SO and BC using the following equationX 2

We assume the lowest concentrations value of all the species as the background values. Emission values CO,

SO and NOx are taken from global emission inventory Emission Database for GlobalAtmospheric Research2

(EDGAR) release version 4.1 ( ) for the year 2005 for India. The emission for BChttp://edgar.jrc.ec.europe.eu

in the unit of Gg/yr over Indian zone is adopted from recent Inventory of Gaseous and Primary Carbonaceous

Aerosol Emission for the Ganges ValleyAerosol Experiment (GVEX) (Lu et al. 2011).

Results and Discussion

Export Efficiency of BC, NO and SOX 2

The seasonal average values of Export efficiency (EE) of BC, SO and NO are presented in Fig1. It varies2 X

from a minimum value of ~0.43 in monsoon season (June-September) to a maximum of ~0.85 in winter for

BC. Monthly it is maximum in April (1.6) and minimum in July (0.06). The lowest value of EE in monsoon

season indicates that BC is scavenged (disappear) from the atmosphere more efficiently while reverse is true

for winter season. This is associated with the wet removal process in monsoon period. In the monsoon season

higher water vapour content in the atmosphere may provide the BC particles the necessary condition to

transform from hydrophobic to hydrophilic particles by condensation of water vapour on the surface of the

BC particles. But the hazy and foggy condition with lower wind speed and scanty of rainfall in the winter

season makes the pollutants get trapped within the atmosphere and reside there for longer time. This is

associated with the observed highest BC concentration over the location (Pathak et al. 2010, 2013). During

pre-monsoon and post monsoon seasons the low rainfall coupled with low relative humidity results in the

almost similar values of EE (~0.7), which indicates appreciable confinement of BC aerosols than in monsoon

season. But the strong synoptic wind particularly in the pre-monsoon season is capable of transporting the

species from source region to the other places. Park et al. (2005) previously reported the export efficiency of

BC as 0.89-1.06 within the boundary layer (0-2km) in pre-monsoon season of 2001 in East asia, which is

higher than present reported values. The EE for NO shows similar seasonal variability with maximum inx

winter (~0.2) and minimum in monsoon (~0.09). On the contrary the EE of SO is maximum in monsoon2

(0.028) and minimum in post monsoon (0.018). From Figs 1 and 2 it is clear that BC export efficiency with

wide range of distribution (~0.02- ~1.6), particularly in pre-monsoon and winter is higher compared to those

of NOx varying within 0.05-0.5 and SO within 0.005-0.08. This may be due to inefficient removal of BC as2

Export Efficiency of Atmospheric Black Cabron and Trace Gases over North East India
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compared to NO and SO which gets transformed to other chemical species shortly after emission to theX 2

atmosphere. Theoretically, magnitude of EE greater than 1 is not possible, but several reports like the present

one have shown the EE>1, which is due to the low bias in the BC emission inventory (Girach et al., 2014 and

references therein).

Figure 1 : Export efficiency of BC, NOx and So Figure 2 : Frequency of occurrence of EE of (a) BC, (b)2

` NO and (c) SOX 2

Identification of regions affected by trajectory originating at study location

Figure 3 : Concentration weighted trajectory (CWT) map for CO mass concentration during Pre-monsoon,, Monsoon,  Post

monsoon and Winter season.

In order to identify the locations which are affected by the CO originating in North-East India, isentropic
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forward-trajectories using the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model of

National Atmospheric and Oceanic Administration and concentration weighted trajectory (CWT) analysis

(Seibert et al. 1994), respectively, are computed at 500 m above ground level (AGL). These models have

been widely used by scientific community. Over the North-East India Gogoi et al. (2011), Bhuyan et al.

(2014) have used these models to calculate the backward trajectories.

From the Fig.3 it is clear that during pre-monsoon the trajectory clusters have a very long continental overpass

through the south China towards the East Asian region and finally reaching the Pacific Ocean. In addition to

EastAsian countries, few air masses find their path towards the European continent. The strong synoptic wind

in this season is conductive for transporting CO into those regions. In monsoon season, the trajectories are

mainly towards the EastAsia. The strong monsoon wind in this season is capable of transporting CO from the

North-East Indian region towards East Asia. The peculiar topography of study area combined with local

meteorological conditions confine appreciable number of the trajectories locally in the post-monsoon

season while most of them are found to move towards the East Asian countries and few of them are moving

towards central India. In winter almost all the air masses are going towards the East Asian region including

South-East China with fewer trajectories towards the South-EastAsia.

Conclusion

The present study estimates the export efficiency of BC, NO and SO at Dibrugarh. Following results areX 2

drawn from the observations.

Highest values of EE in winter indicate lowest rate of removal of the species from the atmosphere, while

reverse situation is true for monsoon season.

Higher BC export efficiencies over Dibrugarh may be due to inefficient removal of BC than other species.

The trajectories originating in Dibrugarh are found to mostly affecting EastAsia and South-East China.
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Introduction

With the growing population and urbanization, the aerosol load in the atmosphere over the Indian region is

found to be increasing. Several studies have reported that the aerosol optical depth over the northern part of

India is higher as compared to the southern part. The northern India along the Indo-Gangetic plain is often

influenced with dust transported from the Thar Desert in northwestern India and from Arabian Peninsula

during the pre-monsoon season. Seasonal variations in aerosol optical and radiative properties were

examined using data retrieved from ground based multi-wavelength Prede Sun/sky radiometer (POM-02)

over Delhi, Rohtak, Jodhpur and Varanasi for the periodApril 2011 -April 2013. These stations are part of the

Skynet-India network of India Meteorological Department. The Sun/sky radiometer (POM-02) has

advantage over other instruments that it can be calibrated on-site. These aerosol optical properties retrieved

from skyradiometer observations are further used to analyze the Direct Aerosol Radiative Forcing (DARF)

over the study locations.

Methods

The instrument used for aerosol measurements during this study is a Prede Sky Radiometer (POM-02)

operated at Delhi, Rohtak, Jodhpur and Varanasi stations of India Skynet, over a period of April 2011- April

2013. The instrument was used to make measurements of both direct and diffuse sky radiances at predefined

scattering angles at regular intervals. The retrieved data has been further analyzed with the SKYRAD.PACK

(version 4.2) software (Nakajima et al., 1996) to obtain aerosol optical depth (AOD), single scattering albedo

(SSA) and asymmetry parameter. The AOD is calculated on the basis of the Beer-Lambert-Bouger law and it

includes the correction for Rayleigh scattering, the change of Sun-Earth distance, and ozone optical depth

based on Total Ozone Mapping Spectrometer (TOMS) data (Pandithurai et al., 2007). Angstrom exponent is

obtained from the spectral dependence of aerosol optical depth (τ 400, 500, 675, 870a) observed at 315, 340,

and 1020 nm wavelengths using the relationship τ (λ) = βλ , where α isAngstrom exponent and β is a turbidita

α
y

coefficient (Eck et al., 1999).

Conclusion

The mean annualAlpha,AOD (500nm) and SSA(500nm) are given in Table 1:
Table 1: Annual Mean AOD and SSA at 500nm for April 2011- April 2013

The results from Figure-1(a) reveal that during the study period, theAOD in northern India varied seasonally,

with the maximum AOD occurring in the monsoon months which can be attributed to the presence of

moisture and high relative humidity . TheAOD at 500 nm gradually increases from March to June during pre-

monsoon, while Angstrom Exponent decreases, indicating an increased abundance of coarse particles due to

dust events which raise dust and transport it from the Thar desert and adjoining regions during the season. The
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Angstrom ex rponent (α) depicts highe value during winter and lowest during pre-monsoon. Due to the

prevalent biomass and fossil fuel burning in northern areas, concentrations of smoke and soot aerosols rise

dramatically during post monsoon and winter (high α), while the main types of aerosol during pre-monsoon

and monsoon are dust and soil aerosols (low α). In general, aerosol size distributions are characterized by a

bimodal pattern, with a fine mode around 0.1- 0.2 µm and a coarse mode around 7.7-16.5µm. Similar toAOD

and α, the variation in volume spectra are also dependent on geographical location and season.

Figure1: Monthly variation of (a) AOD (500nm) and (b) SSA (500nm) at Delhi, Rohtak, Jodhpur and Varanasi during April 2011-

April 2013

From Figure-1(b), the single scattering albedo (SSA) is found to be less during the dust outbreak period at all

the stations indicating that dusts originated from the Thar desert and adjoining region absorb a substantial

amount of solar radiation. The lower SSA can also be attributed to mixing of dust aerosol with black carbon

and other pollutants. Jacobson (2001) showed that significantly lower SSA of aerosol mixtures could be due

to possible mixing of dust and smoke aerosols.The monthly averaged value of single scattering albedo (SSA)

at 500 nm varies from 0.85 to 0.95. The monthly averaged asymmetry parameter (ASY) at 500 nm varies from

0.6 to 0.7. Shortwave DirectAerosol Radiative Forcing (DARF) was calculated using SBDART model for the

entire period at the surface and the top of atmosphere (TOA). In general, the surface forcing is maximum

during the monsoon season and minimum during winter season.
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Introduction

Dust aerosols have gained considerable attention in the recent years because of their ability to impact human

health, Earth's radiation budget, cloud microphysics and optical properties, tropospheric chemistry, and

oceanic and terrestrial biogeochemistry. Many studies have focused on understanding the generation and

transport of dust aerosols and their impact on the Earth's radiation budget (e.g. Tegen and Fung, 1994; Ginoux

et al., 2001; Dey et al., 2004; Prasad and Singh, 2007). However, such studies are limited to local scale in India

and as such knowledge of the regional scale distribution of dust aerosols and their impact on regional

radiation budget is still very limited. In this study, we use the Weather Research and Forecasting Model

coupled with Chemistry (WRF-Chem) to understand the regional distribution of dust aerosols and their

impact on the regional radiation budget in northern India. We focus on a typical pre-monsoon season dust

storm that occurred during the period of 17-22April 2010 in northern India.

Methods

We use version 3.4.1 of WRF-Chem at a grid spacing of 30 km to simulate the meteorology and distribution of

aerosols over northern India. Dust emissions are calculated online within the model following Ginoux et al.

(2001). Dust emission scheme in the model is modified to achieve good agreement between modeled and

observed aerosol optical depth at Kanpur and Nainital. Other details of WRF-Chem configuration can be

found in Kumar et al. (2014). Model simulatedAOD andAngstrom exponent are extensively evaluated using

observations from Aerosol Robotic Network (AERONET) at seven stations in northern part of the Indian

subcontinent, retrievals from space-borne sensors MODIS, OMI and CALIPSO. Two model simulations,

with and without dust aerosols are conducted to assess the impact of the dust storm on regional scale aerosol

optical properties and the radiation budget.

Conclusions

The model predicted a total amount of 7.5 Tg dust emitted during 17-22 April 2010 with values reaching as

high as 2.1 Tg on 20 April 2010. Analysis of modeled meteorology shows that this dust storm was generated

by the presence of a low pressure area over the Indo-Gangetic Plain region that created high surface winds.

WRF-Chem predicted domain-averaged daytime average total dust loadings of 21 and 19 g m in the
-2

boundary layer and free troposphere, respectively with 68-71% of the dust loading from coarse mode dust

particles of 1.4 and 2.4 μm effective radii. WRF-Chem successfully captured (r = 0.4 to 0.8) the evolution of

dust storm in terms of variations in the aerosol optical properties but was not able to accurately capture the

magnitude of AOD. Both the observed and modeled AOD showed an increase by more than 50% and a

decrease of more than 70% in Angstrom exponent at Kanpur and Nainital. A substantial increase in regional

aerosol loading was also seen in various satellite based observations. Model results clearly indicate this dust

storm significantly influenced the regional radiation budget. The spatial distributions of diurnally averaged

all-sky SW, LW and net radiative perturbation induced by dust aerosols during 17-22 April 2010 at the TOA,
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in the ATM and at the SFC are shown in Figure 1. The presence of dust aerosols reduced the regional solar

radiation reaching the surface by on average -10.1 W m and increased the mean surface long wave radiation
-2

by 5.8 W m . The influence of dust particles on the top of atmosphere radiation was smaller with regional
-2

averages of -3.6 and 1.6 W m for short and long-wave radiative perturbation, respectively. However, the
-2

simulated instantaneous cooling under the dust plumes was much higher and reached -227 and -70 W m at
-2

the surface and the top of the atmosphere respectively. The radiative perturbation due to dust aerosols

averaged over the region (70 -80 E, 25 -30 N) of maximum dust influence during 17-22 April 2010 is
o o o o

estimated as -2.9±3.1 W m at the top of the atmosphere, 5.1±3.3 W m in the atmosphere and -8.0±3.3 W m
-2 -2 -2

at the surface.

Figure 1: Spatial distributions of diurnally averaged all-sky short-wave (SW), long-wave (LW) and Net

(SW+LW) radiative perturbation due to dust aerosols over the model domain from WRF-Chem simulations

during 17-22 April 2010 at the top of atmosphere (TOA; top panel), in the atmosphere (ATM; middle panel)

and at the surface (SFC; bottom panel). Positive values refer to an overall warming effect and negative values

refer to an overall cooling effect. Radiative perturbation is calculated using two parallel simulations with and

without dust.
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Introduction

Dust aerosols can affect tropospheric chemistry by altering photolysis rates through scattering and absorption

of solar radiation and by providing large surface area for heterogeneous reactions. Previous studies using

global and regional models have attempted to simulate the impact of dust aerosols on tropospheric chemistry.

However, the magnitude of impact reported in these studies varies widely indicating that interaction of dust

aerosols with trace gases is still not well understood. Global modeling studies suggest that dust aerosols can

reduce surface ozone by 4-10% in India (e.g. Dentener et al., 1996; Bauer et al., 2004) but there has been a

considerable improvement in our understanding of heterogeneous chemistry on dust aerosols since these

modeling studies have been conducted. In this study, we take into account these recent advancements in our

knowledge and use the Weather Research and Forecasting Model coupled with Chemistry (WRF-Chem) to

simulate the effect of a typical pre-monsoon season dust storm on regional scale tropospheric chemistry that

occurred during the period of 17-22April 2010 in northern India. To achieve this objective, we have extended

WRF-Chem's ability to simulate tropospheric chemistry the presence of dust aerosols by modifying the F-

TUV photolysis scheme and adding a new module to simulate heterogeneous chemistry on the dust surface.

Methods

We use version 3.4.1 of WRF-Chem at a grid spacing of 30 km to simulate the meteorology and distribution of

trace gases and aerosols over northern India. The F-TUV photolysis scheme of the model is updated to include

the effect of dust aerosols on photolysis rates and to achieve consistency between the methods through which

aerosols affect the meteorology and photolysis rates in the model. Secondly, a new scheme consisting of

twelve heterogeneous reactions is included to simulate heterogeneous chemistry on the surface of dust

particles. The relative humidity dependence of uptake coefficients, which was ignored in most previous

studies, is used for six of the heterogeneous reactions. Further details about the model configuration and

updates can be seen in Kumar et al., (2014). Model results are evaluated against surface O and NO3 y

observations at a high altitude (1958 m) measurement station in the Himalayan region (Nainital) and

tropospheric NO retrievals from Ozone Monitoring Instrument (OMI). Eleven simulations are conducted to2

examine the impact of dust storm on tropospheric chemistry.

Conclusions

The model is found to capture the observed decrease in O and NO during the dust storm only after the3 y

inclusion of the effects of dust on photolysis rates and heterogeneous chemistry. Average observed and

modeled O3 values at Nainital during 17-22April 2010 are estimated to be 56±10 and 58±5 ppbv respectively,

and the corresponding NOy values are estimated to be 843±887 and 1189±751 pptv respectively. The

extended configuration of the model also reduced biases in tropospheric column NO by up to 30% compared2

to OMI retrievals and captured the general features of the dust storm induced changes in the spatial

distribution of OMI-retrieved tropospheric column NO . The dust storm leads to a decrease of 5-25% in2
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photolysis rate coefficients of O , NO and other trace gases at the surface and an increase of 1-5% above 4 km.3 2

It is found to have a significant impact on the regional tropospheric chemistry: a decrease of 5-99% is

estimated in the mixing ratios of a variety of trace gases including O , nitrogen oxides, sulfur dioxide (shown3

in Figure 1), hydrogen oxides, methanol, acetic acid and formaldehyde at the surface. Analysis of the vertical

distributions of these trace gases shows that dust storm induced changes are significant up to an altitude 8 km

and are estimated as 80-90% (5-10 times) for highly reactive gases such as HNO , NO , N O , H O and3 3 2 5 2 2

CH COOH. It is found that the majority of these changes are induced by the heterogeneous chemistry, while3

the contribution of dust-modified photolysis rates generally remained less than 10%. An increase of up to

30% in volatile organic compounds is estimated due to decreases in OH concentrations. The RH dependence

of γ is found to play a large potential role in heterogeneous chemistry. Sensitivity studies showed that the

exclusion of the RH dependence can introduce a difference of one-two orders of magnitude in heterogeneous

reactions rate constants, 20-25% changes in O and HO , and up to 50% and 100% changes in H O and HNO ,3 2 2 2 3

respectively. These effects are comparable to heterogeneous chemistry induced changes in these gases. A set

of sensitivity analyses revealed that dust aging could change H O and CH COOH levels by up to 50% but has2 2 3

a relatively small impact on other gases.

Figure 1: Spatial distributions of average surface O , SO  and NO  mixing ratios simulated by WRF-Chem with Dust_JH and3 2 x

No_Dust configuration during 17-22 April 2010. The absolute difference between the two configurations is also shown. All

values are in ppbv. Dust_JH represent the simulation where all effects of dust are included in the model, while dust aerosols were

excluded in the No_Dust configuration.
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Introduction

Aerosol concentration has been rising over the Indian subcontinent over the last few decades as documented

by satellite (Dey and Di Girolamo, 2011) and ground-based (Moorthy , 2013) observations. Numerouset al.

studies have been carried out in the recent past to understand the variability of aerosol optical depth (AOD)

and other aerosol parameters at various space-time scales. To improve understanding of how aerosols may be

influencing the regional climate, robust view of 3-D aerosol field and aerosol absorption is required. Ground-

based measurements are mostly limited toAOD and black carbon (at some locations), which are not sufficient

to generate the climatology. Moreover, recent studies (e.g. Konwar , 2012) have suggested stronget al.

aerosol-cloud interaction with a lot of regional heterogeneity (Sarkar, 2014). These studies suggest that

aerosols may be the key to understand the changing pattern of rainfall in different homogeneous zones.

However, no study has focussed so far to understand whether the country can be divided into aerosol

homogeneous zones, to facilitate examination of aerosol-cloud-precipitation interaction. The phrase

'homogeneous zone' refers to areas where aerosol loading (represented in terms of AOD) and its variation at

multiple time scales show similar pattern. Since variability of AOD is influenced by emission sources and

meteorology, any temporal pattern in these two factors will also be reflected in the variability ofAOD.

In this work, multi-sensor satellite data are utilized in a hybrid approach to quantify the variability of AOD at

multiple time scales, estimate aerosol single scattering albedo (SSA) and understand the vertical structure.

Aerosol-cloud-precipitation interaction is studied at the heterogeneous regions characterized by aerosol

variability.

Methods

In view of lack of data of aerosol SSA at the required space-time scale, albedo approach was adopted to

establish relation between aerosol SSA at AERONET sites and coincident Albedo (difference between clear-

sky and surface albedo). The method was extended for the entire country. CALIOP data were analyzed for the

period 2006-2010 to establish climatological aerosol vertical structure and aerosol type over India. MODIS

daily AOD (collection 005) level 3 data were used to quantify the inter-annual, intra-seasonal and daily

variability. Albedo products of MISR, CERES and OMI were used for the albedo approach. The information

about the satellite data are summarized in Table 1.

Table 1. Data of different sensors with specification and time periods.
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Figure 1 : Seasonal variation of 3-D aerosol structure over India. Colour scale represents extinction coefficient (km ).
-1

MISR aerosol product has been extensively validated for its application over the Indian subcontinent (Dey

and Di Girolamo, 2010). MISR AOD shows a systematic low bias relative to AERONET, which can be

corrected. Similarly, MODIS aerosol retrievals are also validated for the Indian region (e.g. jethva et al., 2005;

Ramachandran and Cherian, 2008). CALIOP-derived AOD is recently compared with MODIS retrievals

recently (Ma et al., 2013), where a low daytime bias is observed for the dust and high bias for smoke. The

aerosol composition (dust, polluted dust, continental, maritime, smoke) was extracted as the frequency of

occurrence for the CALIPSO profiles at any given place. For the variability, the variances at various temporal

scales are calculated using MODIS-AOD data. Habib (2006) have analyzed absorbing index data toet al.

quantify aerosol absorption and identified certain regions based on the dominant emission types (fossil fuel

vs. biomass vs. bio-fuel). The absorbing index is highly sensitive to aerosols above the boundary layer. As

most of the aerosols in India are confined to the boundary layer in the post-monsoon and winter seasons (Fig.

1), applicability of this index becomes limited. Similar pattern of the temporal change in variances, aerosol

type and vertical distribution (represented by aerosol scale height and aerosol layer thickness) are analyzed to

examine the homogeneity in aerosol loading.

Results and Discussion

The latitudinal gradients of aerosol vertical distribution during the daytime and nighttime for each season are

shown in Fig. 1.Aerosol buildup over the IGB and Himalayan foothills (between latitude 20-30N) is visible in

all the seasons. Presence of aerosols is detected up to 8 km altitude, but mostly they are confined up to1.5 km

during daytime in the post-monsoon and winter seasons. This is supported by the findings from the field

campaigns (ICARB and Land Campaign I and II across India). The aerosol layer expands during the pre-

monsoon and continues to be large during the monsoon season. Das (2013) have observed that theet al.

mineral dust is transported at 700-850 hPa altitude range across the IGB and Himalayan foothills. There is not

much difference in day and nighttime aerosol vertical structure over the Indian subcontinent.

The spatial variation of aerosol subtypes is shown in Fig. 2, where the frequency of occurrence of a particular

subtype within a year is estimated in terms of percentage of total CALIOP profiles. Maritime aerosols are

detected to be present up to ~200 km inland. It means that although maritime aerosols may be transported

further inland, they cannot be detected by CALIOP because of their low relative abundance. Smoke is

dominant in the southern peninsular India, northeast India and central northeast (Odhisa, Jharkhand and

Regional Heterogeneity in Aerosol Field in India
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Chhattisgarh) region. Biomass burning is dominant in these regions (Habib , 2006). Pure mineral dust iset al.

present >50% of the time over the Great Indian Desert and adjoining region, while the mineral dust becomes

polluted dust after getting mixed with various anthropogenic species (black carbon, organic carbon and

water-soluble particles) during its transport. In the Indo-Gangetic Basin and Central India, polluted dust is

dominant with annual frequency of occurrence >40%. Remaining time, aerosols are identified as of

continental origin.

Figure 2 : Spatial distributions of dust, polluted dust, smoke and maritime aerosols over the Indian subcontinent derived from six

years of CALIOP observations.

Aerosol-cloud relationships are examined in different regions defined by the variability of AOD and vertical

structure and aerosol type. The variations of cloud fraction and rain rate in response to increasing AOD are

shown for two such regions (Central NE 1 - Indo-Gangetic Basin and Central NE 2 - Odhisa, Chhattisgarh and

Jharkhand). In CNE1, CF does not show any significant change with an increase in AOD in normal years,

while it decreases from 0.43 to 0.39 in drought years. This is accompanied by an increase in CTP. The rain rate

increases from 0.36 to 0.43 mm/hr till AOD reaches 025, beyond which it decreases in the normal years. The

drought years are characterized by a steady decrease in rain rate with an increase inAOD. CER shows a small

decrease both in low and high LWP conditions. CF can reduce via two possible mechanisms – it may

precipitate out in favourable condition or the cloud droplet may burn off due to heating by absorbing aerosols

(also known as 'semi-direct effect'). Low rain rate at high AOD suggests that the decrease in CF cannot be

attributed to rainfall, rather the second mechanism may be a viable explanation. AI value of 0.8 in this region

further corroborates this interpretation.

In the CNE2, CF increases from 0.69 to 0.81 (0.53 to 0.85) with an increase in AOD from 0.1 to 0.4 (0.2 to

0.75) in the normal (drought) years. CTP decreases from 517 to 417 hPa followed by an increase to 467 hPa,

while it consistently decreases from 555 to 461 hPa in the drought years. Rain rate increases from 0.37 to 0.39

mm/hr in the normal years and 0.32 to 0.41 mm/hr in the drought years with an increase in AOD. In normal

years, CER increases from 14.7 to 16.2 µm with an increase inAOD from 0.1 to 0.4, followed by a decrease to

15.8 µm when LWP is below the median value. Similar pattern is observed for the drought years in the region.

The changes in the cloud parameters in response to an increase in AOD suggest strong signal of the aerosol

indirect effect in CNE2. This region has mostly scattering aerosols during the monsoon season (Habib et al.,

2006) and hence, with an increase in AOD, more cloud droplets probably have formed leading to an increase

in CF. The increase in CF is also facilitated by the favourable meteorological condition during the monsoon,

which results in invigoration of the clouds (supported by the decreasing pattern of CTP). This, in turn,

increases the CER in polluted conditions.
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Figure 3 : Variations of CF (left), CTP (middle) and rain rate (right) in the CNE1 (top panel) and CNE2 (central panel) with an

increase in AOD in the normal years and drought years. The data are grouped into AOD bins of 0.05 and the error bars represent

±1 standard deviation.

Conclusions

In this work, we examined variability in aerosol absorption and subtype and aerosol vertical structure using

multi-sensor data over India in view of the known uncertainty in the satellite-based aerosol products. Based

on the variability, aerosol-cloud-rain interaction is studied for different heterogeneous regions. Aerosol

subtype is highly correlated with the emission pattern and meteorology. Aerosol build-up over the IGB and

Himalayan foothills is visible in all the seasons. While the rain rate reduces (as the CF and CTP) withAOD in

the IGB (where aerosols are present above and below the boundary layer clouds), they increase in the CNE2

dominated by smoke aerosols below the cloud layer. These heterogeneities in terms of AOD, aerosol vertical

structure and composition from one region to other help in identifying aerosol homogeneous zones that may

facilitate improved interpretation of aerosol-cloud-precipitation interaction.
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Introduction

The seasonal characteristics of atmospheric aerosols loading are primarily governed by strength of local

source and sink mechanisms, namely, local anthropogenic and natural activities as well as on surface

prevailing meteorological, boundary layer dynamic conditions and wind dispersion phenomenon (Charlson

et al., 1992; Seinfeld & Pandis, 1998; Satheesh and Moorthy, 2005). Besides these, another major regional

sources contribution towards larger day to day variability in air pollutants burden in a particular season, for

industrialized and clean environmental regions of rural site, are also identified in recent years as a results of

the atmospheric pollutant outflows from adjoining regions or long distance transport of air pollutants eg.,

intercontinental air pollutants transport phenomena (Moorthy et al., 2003; Lawrence & Lelieveld, 2010).

Numbers of studies conducted over different georaphical parts of world have given an indication that the air

pollutants concentrations at any measurement site may be affected by the advection of synoptic air mass

flows parcel from surrounding and far away remote areas (Moorthy et al.,2003; Nair et al., 2007; Lawrence &

Lelieveld, 2010). They have also established the fact that Long Range Transport (LRT) phenomena is a well

defined seasonal behavior. Realizing the aspect of influence on daily ambient particulate matter (PM 2.5,

aerodynamic size lower than 2.5 µm in µgmm ) concentrations in particular season as a result of long range
-3

transportation (horizontally) of atmospheric air pollutants from adjoining region by air masses backward

wind dispersion movement to observing site, it is, therefore, essential to ascertain some of leading factors

influencing the daily change in PM 2.5 concentrations during each season in light of LRT phenomena. In

general LRT phenomena have been mainly studied using modeled synoptic air mass outflows calculated from

72hrs interval of Air masses Back Ward Wind Trajectories arriving at 500m above the ground level (well

within below the atmospheric boundary layer (ABL)) and another at free tropospheric altitude i.e.,4000m

over receptor site (Moorthy et al., 2005). Therefore, in the course of present study, main objective is planned

to investigate the role of source and sink of regional scale, if any, on day to day changes in PM2.5

concentration during different seasons at a semi-arid and urban western Indian tropical station i.e., Udaipur

(24.6°N, 73.8°E, 580 m), for numbers of typical air masses clusters groups and its relevant parameters i.e.,

nature of covered advection pathways areas, air masses column volume from source to ending point at

observation site over both 500 and 4000m altitude level. Further, air masses backward trajectory analysis is

utilized as basic tool in proposed work to delineate the impact on daily variation in PM2.5 concentrations

in each season as the consequence of their most prominent possible sources pathways travelled by air

masses trajectory and to sort out their primary source regions concerning to major regional anthropogenic

and natural emissions activities areas of atmospheric particulate matters take place at distant far away from

receptor region.

Datasets and Methodology

The data base of present study is a collection of 262 days of data pair sets of both daily PM2.5 values as

well as of the backward air masses trajectories of the same days concerned to observing site of Udaipur at
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both levels i.e., 500m and 4000m altitude during the complete five year period from April, 2009 to June

2014. Such daily backward air masses trajectories period have been accessed from

http://www.ready.noaa.gov/ (Draxler & Roliph, 2003). READY (Real-time Environmental Applications and

Display System) is a world-wide-web based system that has been developed on ARL's (Air Resources

Laboratory) web server used study the potential conduits causing not only just by local air movement, but

also by transport of air pollutants over a regional or long range of continental scale. Each day estimated 72-

hours isentropic AMBWT have been subjected to estimate their percentage occurrences of its four types

originated air masses flows sectors or directions groups i.e., A to D which are categorized on the basis of

observed different ranges of daily PM2.5 values in ascending order fromAto D group accordingly to their

seasonal range values. The selection criteria of specific PM2.5 ranges are adopted in keeping the view of the

observed daily PM2.5 values in particular selected season. Such four distinct mean seasonal air masses

pathways for both low and high altitude advection levels and their percentage contributions are computed and

are displayed in respective Figs 1(a-d) and Figs 2(a-d), where each mean trajectory class is the average of all

the trajectories falling in one specific days group and standard deviation as vertical line bars over the mean

line indicate the overall spatial spread of each particular trajectory group.

Besides this, such trajectory clusters over different Indian subcontinent areas are illustrated by different

colors for distinctiveness, in their respective diagrams as on map plots. As the daily PM2.5 magnitudes reveal

a strong seasonal dependence. At Udaipur, its seasonal mean value is found to be highest in winter (69.3 ±

29.8 µg m ), followed by its intermediate observed value in post-monsoon (59.3±32.7µg m lower value in
-3 -3

),

pre-monsoon (45.5±31.8µg m ) and the least level in monsoon (35.4±27.1µg m ) in entire observational
-3 -3

period. In the present perspectives, complete data sets of air masses backward wind trajectory are analyzed on

all days when the PM2.5 measurements are taken by employing Fine Particulate Sampler (ModelAPM550,

Ms. Envirotech Co., India). Such simultaneous datasets are split in to four seasons according to their

prevailing local meteorological variables in that selected months ; Winter season includes the December to

February, Pre-monsoon consider the March to June, Monsoon season covers the July to September and Post-

Monsoon season includes the October and November.

For further investigation, after the calculation from their respective percentage occurrences of each

identified groups of air masses trajectory sectors identified by PM ranges, their corresponding average

minimum height (h, m) and maximum height (H, m) over complete regions traversed by air masses flow

from source region to receptor site are also evaluated to get an idea about column volume of air mass parcel

(product of maximum height to area of covered path way area of air masses trajectory) for all season as well

as for each observing height level at receiving site at 500m and 4000m, separately. The results of seasonal

variation of overall air masses back ward trajectory clusters associated with different PM2.5 groups are

illustrated for all four seasons in Figs 1(a-d) and Figs 2(a-d) for 500m and 4000m height, respectively. The

statistical parameters relevant to the various groups of air masses backward trajectory of PM2.5 ranges

namely their percentages occurrences, h, and H height values are also displayed in each respective figures.

Results and Conclusions

On the basis of observed features of their values of percentage occurrences of different PM2.5 ranges

trajectory groups, their shared contribution towards cover pathways area on continental to oceanic region

along with their associated volume air masses parcel of backward wind trajectory, following main salient

features about seasonal and daily change in PM2.5 concentrations have been emerged from Figs1(a-d) and

Figs 2(a-d) :-

(I) The air masses trajectory groups of different ranges of daily PM2.5 levels for low and high level

advection of air masses are found to be highest range in Winter season (30 to 120 or more µg m ) followed by
-3
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their observed PM2.5 range (20-90µg m ) in post monsoon, lower ranges (15-60 µg m ) in pre-monsoon and
-3 -3

their lowest PM range (10-40µgm ) in monsoon month. Thus, seasonal variability in PM 2.5 ranges
-3

systematically reduces as we progress from winter to monsoon through post monsoon and pre-monsoon. It

may be well explained on the basis of systematic changing the observed most probable seasonal air masses

flow pattern from N, NE in winter, E, W in post monsoon, W, NW in pre-monsoon to SW & W in monsoon as

evident from Figs1(a-d) & Figs 2(a-d).

(ii) It is also more worthwhile to notice from Figs 2(a-d) higher altitude advection level cases (4000m) that

source regions of transportation of air pollutants with advection of larger air volume mass flow are

predominantly travelled across longer continental mainland mass region of Western and North Western arid

and semi arid region from Udaipur in each season specifically for higher PM2.5 range trajectory groups i.e.,

C and D groups. But in lower range of PM 2.5 class trajectory groups i.e., A and B class, their path areas have

the lesser areas which are concerned to both marine as well as continent type. Hence, seasonal variation in

PM 2.5 concentration does not show any strong resemblance with long range transportation phenomena

specifically at higher altitude advection case, but at the same time, maximum day to day variability in PM

2.5 level in all season are clearly seen of higher contribution of air masses pathways over land mass areas (in

winter and post- monsoon) as compared to their oceanic path way area or vice versa (in monsoon and pre-

monsoon).

(iii) In case of lower altitude level of different range of PM2.5 class trajectory as seen in Fig.1 (a-d), its most

probable pathway areas systematically shift accordingly to change in seasonal large scale air masses flow

direction. It turns from entirely SW direction i.e., oceanic region in monsoon to NE and SE direction in

winter which are completely related to heavily polluted and densely populated urban and semi urban main

land mass region of Rajasthan, Madhya Pradesh and Uttar Pradesh, etc., Due to the complete oceanic type

of covered air masses, pathway area, as observed in rainy season, of all lower PM2.5 groups clusters (10-

40µgm ) are observed in monsoon, which is mainly contributed from clear regions i.e., Arabian Sea i.e.,
-3

from SW and W sector, and in contrast to this, their oceanic region area is minimized in winter season, which

is entirely concerned to air masses flow originated from heavily industrialized and other human made urban

continental soil land mass activity along with densely populated surrounding region in NE, E and W

direction to present experimental location.As a result of this, higher daily change in PM2.5 levels (30 to 120

or more µg m ) are revealed only in winter and its lower range value in PM 2.5 (10-40µgm ) in rainy season.
-3 -3

(iv) The mixed nature of seasonal air masses flow pattern is seen in transition seasons, viz. post monsoon and

pre-monsoon, due to different ratio values of contribution from both types of source regions i.e. from

highly polluted region (i.e., W, NW, NE, E sector) to less polluted oceanic and soil region ( i.e., SW, W) in

post-monsoon and pre-monsoon. Thus, the contribution of originated air masses flow from oceanic to main

land mass areas is dominated during post monsoon days, indicating the intermediate PM ranges (20-90µg m
-

3
). And, quite lesser of continent path magnitude, as compared to oceanic path area in pre-monsoon months

might be possible cause of their observed lower PM2.5 range (15-60 µg m ). Hence, higher PM ranges of the
-3

air masses clusters arriving at lower and higher altitude over measurement location are originated mainly

from strong industrialized urban and semi urban location of densely populated major Indian subcontinent

provinces as noticed in post- monsoon as compared to those observed lower PM2.5 ranges in case

atmospheric air pollutant outflow fromArabian sea during pre-monsoon days..

(v) It is a more conspicuous feature as observed from their percentage occurrences values of advection of air

masses from continent region of different regions, which is highest in winter, intermediate percentages value

in post monsoon, lower in pre- monsoon and lowest or almost absent in monsoon. Thus, transport of PM2.5

associated with larger air masses flows volume from relatively polluted from West Asian regions might
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contribute significantly larger change in daily values of PM 2.5 during some of pre- monsoon days.

However, in winter as well as post monsoon days air flows advection from North India and IGP region seem

to have contributed substantially to higher daily values of PM 2.5 ranges over Udaipur, while in case of

transport of PM2.5 linked with smaller air masses flow volume from clean environmental over oceanic

region seem to be the possible cause of observe the lower daily values of PM2.5 ranges in all days of

monsoon and some of other remaining days of rest of seasons before reaching to measurement sites.

Some of possible causes of observed day to day variability in PM2.5 loading in each season are identified in

terms of changing of seasonal directional of air masses pathway areas by both local air movement and

regional atmospheric transport of pollutants by backward air masses wind trajectory emanating from distant

oceanic and continental source area to the experimental location.
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Figure 1 : (a-d) Air mass back trajectory  clusters  grouped  according to the different  PM 2.5 ranges as observed in different

days of  each season   are arriving at 500m  above the ground level  over Udaipur for the complete period from April, 2009 to

June, 2014.

Figure 2 : (a-d) Air mass back trajectory  clusters  grouped according to the different  PM 2.5 ranges as observed in different

days of  each season   are arriving at 4000m  above the ground level  over Udaipur for the complete  period from April, 2009 to

June, 2014.
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Introduction

In Indian economy and socio economic sector, agriculture is the major contributor to about 16% GDP. The

Indo-Gangetic Plain occupies about 20% of the total geographical area of India and it is among the most

agriculturally productive regions of the world which makes it densely populated region. About 50% of the

total food grain is produced from this region and feeds to 40% of the population of the country [1]. Here Rice

and Wheat are the major staple food. Rice –wheat cropping system is most prevalent in this plain and around

42% of the total geographical area in India is occupied by this system [2]. It is expected that, by 2050, India's

population will grow to 1.6 billion and a large portion of this increase will be in IGP[3]. Increasing population

and increasing food demand has posed a greater risk to the food security. Therefore importance of agricultural

production cannot be underestimated in the era in which population is rapidly increasing. Rising population is

likely to make environmental deterioration worse when it exceeds the threshold limits of the support systems.

It becomes important to understand the processes involved in the crop growth and development in order to

ensure that food supplies keep pace with the growing population. Solar radiation, temperature, water and

nutrients are plant growth dependent factors which are influenced by aerosols to some extent [4]. Several

studies have been made over Indo-Gangetic basin to study the loading of the aerosols, source and their

characteristics using ground based and satellite based measurements. And studies have proved that in Indo-

Gangetic plain aerosol loading is more and hence this region becomes of the great research interest for the

scientists. Substantial work has been made using crop model to understand the nature and magnitude of

change in yield of different crops due to projected climate change [5]. Clouds and aerosols continue to

contribute the largest uncertainty to estimates and interpretations of the Earth's changing energy budget [6].

Aerosols dominate the uncertainty in the total anthropogenic radiative forcing. Aerosols attenuate the solar

radiation which decreases the amount of radiation reaching the surface and increases the fraction of diffuse

radiation. The variations in the solar radiation reaching the surface of the earth have caused much of the

observed decadal temperature variability [7]. Plants utilize solar radiation in the wavelength band extending

from 400 to 700 nm known as photosynthetically active radiation (PAR). If PAR is decreased, the amount of

photosynthesis in plants leaves is also decreased. Diffuse radiation increase the total amount of

photosynthesis occurring in a plant canopy. Therefore, it becomes important to understand the relationships

between aerosols and solar radiation, temperature, and precipitation formation, and to understand how

changes of these parameters influence plant growth and finally the crop production. The purpose of the

present study is to quantify the radiative influence of aerosols on solar radiation, radiation budget and the

ultimate effect on rice-wheat cropping system which is most prevalent in Indo-Gangetic plain.

Methods

DSSAT crop model (CERES Rice and CERES Wheat) was used to estimate the radiative influences of

aerosols on rice and wheat production under varying atmospheric conditions. This model is widely accepted

model and commonly used to predict the yield. NCAR-TUV radiation model was used to model the influence

of aerosols on total and diffuse PAR in the natural and perturbed atmosphere. The observed meteorological

data sets from each location were substituted with values calculated using the NCAR-TUV model which were

then used as input file for the CERES crop model. Modification was required in the crop model so that the
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radiation use efficiency (RUE) varies and was dynamically calculated on each simulation day. Simulation

was done using many years of meteorological data sets for different aerosol loading conditions at different

locations of Indo-Gangetic plains.

Conclusions

The result showed the negative influence of aerosols on simulated crop yield i.e. the influence of aerosols on

photosynthesis is more negative on overcast days than that on clear days. The radiative influence may

influence the crop growth and yield. Because the presence of aerosols in the atmosphere decrease the

photosynthetically active radiation and increases the fraction of radiation which is diffuse. Overcast days are

more sensitive because aerosols decrease the photosynthetically active radiation. Therefore more the

overcast days in the growing season, the more negative effect of aerosols will be on the crop production. Thus

this study can be beneficial for the policy makers and scientist for the early forecast and to make appropriate

decisions in crop management and policy planning.
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Introduction

Particulate Matters (PM) in the ambient air have been increased during the recent years because of the

increases urbanization, industrialization and anthropogenic activities very rapidly. Due to these activities, it

was observed that the metropolitan cities of the world are facing serious air quality problems, particularly in

the second half of the last century, causing increase levels of air pollutants and environmental hazards

( ). The air pollutants levels are not only environmental issue within the cities itself, butElbayoumi et al. 2013

also affect regional and global environment ( . Atmospheric aerosols play a crucialObaidullah et al., 2012;)

role in atmospheric visibility, precipitation, air quality and can be classified into primary and secondary

aerosols based on their emission sources and formation mechanism ( ).Xin et al., 2014; Tiwari et al 2014

Aerosol Optical Depth (AOD) is very important parameter to understand air quality and atmospheric

condition and widely used to estimate the concentrations of particulate matter by several researchers (Xin et

al., 2014;). They found that AOD has a strong positive relationship with the PM and PM concentrations2.5 10

observed on the surface ( ). It is well known that aerosols affect the climate directly because ofChen et al, 2013

their effects on the solar and atmospheric radiation..

Methods

On-line beta-attenuation analyzers make Thermo Andersen, Inc. USA, series FH 62 C14 were placed for

sampling of mass PMs (PM and PM  ) which achieved through sharp-cut cyclone inlet of particle dia-meter2.5 10

(d 2.5 and d 10 micron) sizes with 1m3/h with the flow rate (Kenny et al., 2000). Analyzers were kept at all≤ ≤

locations in a rack inside with air-conditioned hut.

Results and Discusions

In present study, the monitoring of mass PMs [Fine (PM and Inhalable (PM  )] concentrations were2.5) 10

conducted at three different sites in downtown of Delhi, India during the period from 1 December, 2011 to
st

30 June, 2013 (19 months). Coarse mode (PM ) particles were also estimated by differentiating between
th

10-2.5

PM and PM and its day to day variability (sum of hourly averages of PMs) were depicted in Fig. 1. During10 2.5

study period, the mean mass concentrations of PM and PM were 118.30±81.7 varied from 7.8 to 525.32.5 10 μg m
-

3 -3
and 232.09±131.1 respectively, however, the mean mass of coarse modevaried from 30.2 to 885.4μg m

particle (PM ) was 113.62±70.4 varied from 13.6 to 630.4 representing about 49%10-2.5 μg m μg m
-3 -3

contribution in PM however, the fine mode contribution was 51% over Delhi. During whole study, it was10,

observed that ~ 42%, 37% and 41% samples were higher than the mean mass concentrations of PM PM and10, 2.5

PM respectively. The monitored PMs concentrations were 66% and 57% higher for PM and PM than the10-2.5 2.5 10

annual averages standards stipulated by the National Ambient Air Quality Standards (NAAQS:

http://cpcb.nic.in/National-Ambient-Air-Quality-Standards.php) (PM and PM )2.5 10= 40 μg m =100 μgm
-3 -3
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while ~ 87% and 79% higher than the United States Environmental Protection Agency (USEPA) (PM2.5 = 15

μgm =50 μg m
-3 -3

and PM ) ( . epa.gov/air/criteria.html) respectively. It was also higher an order of10 http://www

eleven for both PM and PM than the limit of World Health Organization (WHO) (PM and PM2.5 10 2.5 10= 10μg m
-3

=20μg m
-3
) (http://whqlibdoc.who.int/hq/2006/WHO) whereas 79% and 83% higher than the limits of

European Union Air Quality annual Standards (EUAQS) (PM and PM )2.5 10= 25μg m = 40μg m
-3 -3

(http://ec.europa.eu/environment/air/quality/standards.html) respectively.

Figure 1: Day to day variability of fine (PM ), coarse (PM ) and inhalable (PM  ) particles over Delhi2.5 10-2.5 10

In addition to this, columnar aerosols optical properties such as Aerosol Optical Depth (AOD) and Angstrom

Exponent (AE) were also studied from 1 December, 2011 to 31 March, 2013 over Delhi and their mean were
st st

0.89±0.37 and 0.78±0.03 respectively. During post-monsoon period at CRRI, it was perceived that the PM10

and PM concentrations were 21 and 37%, 72 and 26%, and 55 and 79% higher than winter, summer and2.5

monsoon respectively. Significant positive correlation betweenAOD and PM (0.40), and PM (0.36), were2.5 10

observed, however, negative correlation (-0.48) was in between AE and PM and positive correlation was10-2.5

with PM (0.22). Seasonally PM particles were significantly correlated with AOD during post-monsoon2.5 2.5

(0.73) and winter (0.43) which clearly indicate the impact of fine and coarse mode particles on optical

properties of aerosols during post-monsoon and winter, it is due to biomass burning over Northern India

which omits a huge amount of fine mode aerosol particles. In over all study, the ratios of PM /PM were 20%2.5 10

and 6% higher than the IMD and IITM respectively whereas the ratios of PM /PM at IMDwere19% and10-2.5 10

13% higher as compared to CRRI and IITMrespectively it indicated that the dominance of fine mode particles

at CRRI and coarse mode particles at IMD. Higher ratio of PM /PM at CRRI during monsoon (0.64) was2.5 10

due to emission of primary aerosols by vehicular because it is located on the national Highway. In the case of

PM /PM ratios, it was lower (0.36) at CRRI during monsoon and higher at IITM (0.65) and IMD (0.70).10-2.5 10

These higher ratios during monsoon indicated that the city has no significant impact on atmospheric aerosols

due to rain because these aerosols may be formed by secondary aerosols over Delhi. The mass concentrations

of PM and PM were ~ 45% and 57% at CRRI and 14% and 12% at IITM were found higher during night-2.5 10

time (1900 to 0600hrs) as compared to daytime (0700 to 1800hrs), however, at IMD, it was ~ 4% lower

concentrations of PM and there was no variation was seen in PM (0.78%) . These variations clearly2.5 10

indicated that the loading of aerosols during night-time due to both meteorological parameters and

Intra-Urban Variability of Atmospheric Aerosols and its Relationship with Optical....
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anthropogenic emissions over Delhi. The corresponding daytime and night-time mixing heights (MH) data

were separated and found deepening during night-time which was ~ 75% higher MH during night-time (MH:

1123m) as compared to daytime (MH: 279m). It confirms the impact of meteorological parameters on

accumulation of aerosols during night-time and dispersion during daytime due to MH. Weather parameters

have significantly correlated with PMs such PM was negative correlated with MH (-0.39), Temp (-0.48),2.5

VIS (-0.76) and WS (-0.45) however, PM was correlated with VIS (-0.56), WS (-0.27) and Temp (-0.29)10

which clearly indicated the impact of meteorology on aerosols.

Conclusions

Study of PMs were conducted (19months) over a mega city "Delhi" at three different places and results reveal

that high loading of PMs. These high loading of PMs which are responsible for respiratory problems for

human health and regional climate and is a signature of hazards status. From our study, we would like to

convey the message to the policy makers for mitigation of the emission of health hazards species into the

environment over Delhi.
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Introduction
Spray drying of solution droplets is a well established technique for generating solid particle dispersions for 
variety of applications in food, ceramic, polymer and chemical industries. In recent times it is emerging as a 
widely used unit operation in pharmaceutical applications.  Apart from the manufacturing of solid-dried 
dispersions it is extensively used in pulmonary and biotherapeutic particle engineering. An attractive feature 
of spray drying technology lies in its simplicity and economic advantage. A single step process for producing 
lipid and drug nano-particles at near ambient temperatures have been recently explored (Pawar 
&Venkataraman, 2013).  It is necessary to control the size and structure of particles by suitable combinations 
of drug, lipid and solvent materials as well as the choice of process parameters.  Towards this end, modeling 
plays a significant role in providing predictive correlations between the particle characteristics and process 
variables. Bandyopadhyay et al. (2014) proposed a solute diffusion model of crust formation involving the 
equations for solute diffusion, droplet evaporation and temperature change and predicted droplet diameters at 
the time of attainment of critical supersaturation (CSS).  This study carries forward this attempt a step further, 
by combining solute nucleation along with other processes. This approach does away with the need to assume 
CSS values and provides a microscopic basis for the phenomenological models. Additionally, its strength lies 
in its ability to predict the temporal development of crustal layer and indicate the distribution of solid material 
inside the drop.
The formulation of the model
We consider solution droplets containing a lipid material (e.g stearic acid) dissolved in an organic solvent (e.g 
cyclohexane) and spray dried in a pulse heat reactor. The rapid shrinkage of the evaporating droplet causes the 
build-up of solute molecules at the surface, which is counteracted by gradient driven diffusive flux towards 
the interior of the droplet. Simultaneously the droplet cools, solubility of the solute decreases and the 
increased super-saturation at the droplet surface causes nucleation of the solute. These nuclei grow due to 
monomer attachment which gives rise to a rapid increase in the solid-fraction at the surface. When the solid-
fraction reaches a percolation threshold of, say, 16%, a spanning cluster is formed which forms the dry 
particle crust. Due to continued evaporation of the solvent through the crustal pores, the solid fraction 
continues to grow inside the crust and converts the crust to a shell of certain thickness. The diameter of the 
shrinking droplet at which a crust is formed may be considered as the dry particle diameter.   
The model proposed here accounts for the following processes (i) droplet shrinkage with non-continuum 
corrections, (ii) effect of solute activity and solid constriction at the surface in retarding solvent evaporation, 
(iii) continuous droplet cooling and associated effects on solvent vapour pressure and solute solubility, (iii) 
solute diffusion in the shrinking droplet, (iv) solute consumption by nucleation and monomer attachment (v) 
solid particle diffusion and growth.  A population balance model is formulated using a nucleation rate 
expression appropriate to solutes (Kaschiev & Rosmalen, 2003). For obtaining solutions, the equations are 
reduced to a set of 4 moment equations assuming a fractal dimension of the solid particles as 2.  Coagulation is 
neglected for the present since in the early stage of solid formation, monomer attachment will have a far more 
dominating role. The droplet is treated as a 2-phase system, consisting of solid and solution phases. Eq.(1)-(4) 
describe the system of equations:
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Figure.1 : Evaporation induced cooling
of cyclohexane droplet

Figure.2 : Solute concentration increase at the drop

surface with and without considering nucleation
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Figure.3 : The temporal variation of the solid-fraction
f, for two values of the interfacial tension, s  

Figure.4 : Dependence of Critical super-saturation
on  the interfacial tension, s   

Figure.5 : Variation of dry particle diameter with
initial solute concentration

Figure.6 : Radial density profiles of solid inside the
crustal layer at different times
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Introduction
Rainfall is an integral part of climate.  Model studies have suggested that anthropogenic aerosol could 
influence the seasonal rainfall distribution in the monsoon regions over Asia (Ramanathan et al., 2005; 2005; 
Menon et al., 2002; Bollasina et al., 2011; Wang, 2013). It has also been reported that the atmospheric heating 
by elevated absorbing aerosols (especially, dust and black carbon) in spurring anomalous water cycle 
feedback, affecting the general circulation and altering the radiation and dynamical states of the entire 
monsoon system (Lau and Kim, 2006).  Albeit rainfall is primarily controlled by atmospheric dynamics, it is 
also influenced by radiative and microphysical processes (Korean et al., 2012).  While natural radiative 
forcing arises due to solar heating and volcanic eruptions, in today's atmosphere, the radiative forcing from 
human activities is much more important for current and future climate change than the estimated radiative 
forcing from changes in natural processes. The microphysical processes involve aerosols which act as cloud 
condensation nuclei (CCN) and ice nuclei (IN) in the cloud formation and development, hence in the 
precipitation regime of the climate system.  Till recent, the latter two processes have been studied in isolation, 
so there is a need to assess the combined effects of these two factors.
                 

In recent years, the aerosol problem is becoming increasingly acute due to the increased loading of 
atmospheric pollutants due to industrialization and modernization. Recent studies have suggested that 
aerosol in the atmosphere can affect the monsoon water cycle by significantly altering the energy balance in 
the atmosphere and at the Earth's surface and by modulating cloud and rain processes (Ramanathan et al., 
2005; Menon et al., 2002; Lau et al., 2006; Rosenfeld, 2000).  Additionally, dust aerosols have been shown to 
act as giant ice nuclei in initiating ice-phase precipitation at high altitudes, thus favouring deep convection 
and increased rainfall (Sassen, 2002). All these local processes may contribute to changes in heating gradients 
in the atmosphere and at the Earth's surfaces (Ramanathan et al., 2005). The objective of the present paper is 
to investigate the role of aerosols in local/regional monsoon activity in terms of rainfall.  After a brief 
introduction to the problem, the data and methodology, key results from different studies that have been 
carried out at Indian Institute of Tropical Meteorology (IITM), Pune, and finally some concluding remarks 
and the way forward have been highlighted. 
                 

o o The study site is Pune (18.54 N, 73.81 E, 559 m AMSL), fast-growing urban city with a total rainfall of about 
700 mm occurring mostly in the south-west monsoon season.  The aerosol morphology and meteorology over 
the site have been published in the literature (Devara et al., 1994; 2002).  A wide range of database, 
comprising of the datasets archived from ground-based and satellite remote sensing and other observational 
datasets have been utilized in the studies.  Some studies have been carried over Pune, from the local-scale 
perspective, and others have been conducted over the entire Indian region.  In addition, some supporting 
global aerosol and meteorological datasets from GADS, NCEP/NCAR etc. have been utilized.  
                 

Results and Discussion
The vertical profiles of the boundary-layer aerosols, obtained with a bi-static Argon-ion lidar, during two 
contrasting, successive, south-west (summer) monsoon seasons of 1987 (weak monsoon year) and 1988 
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(active monsoon year) have been studied over Pune, a tropical urban station.  The results indicate higher 
aerosol column content (integration of vertical profile throughout the height range) during the active 
monsoon months and low during the weak monsoon months, implying a close correspondence between 
aerosols and monsoon activity over the experimental station. The observed association is explained in terms 
of the environmental and meteorological conditions prevailing over Pune (Devara and Raj, 1998).  
                 

The affinity between aerosols and monsoon precipitation has been re-looked into by examining the 
concurrent data archived from Microtops-II Sunphotometer and TOMS Aerosol Index (AI) data during 
another pair of contrasting monsoon years, 2001 (good monsoon year) and 2002 (bad monsoon year) over

Figure 1:  Aerosol index variations over Pune during two contrasting monsoon years, 2001 and 2002.
                                    

Pune.  Opposed to good monsoon year, the results interestingly reveal a high variability in AI and abundance 
of coarse-mode particles (absorbing dust aerosols), affecting seasonal rainfall on local scale during bad 
monsoon year (Figure 1).  This study concludes that the impact of aerosols on the hydrological

Figure 2.  Contour density map of Angstrom exponent (380-1020 nm) vs. aerosol optical depth (500 nm).
                                    

cycle, in some sense, is a region-specific phenomenon, and it primarily relies on relative dominance of the 
type (scattering/absorbing and the associated mixing due to transport processes) and composition of aerosols 
at a particular location (Bhawar and Devara, 2010).
                                  

A more detailed study, in the above direction, has been undertaken using the Microtops-II, AERONET, 
MODIS and OMI data for the period from 2008 through 2010, centring the bad monsoon (drought) year 
(2009) and good (active) monsoon years (2008 and 2010) on either side.  The results show higher values of 
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aerosol optical depth (AOD), coarse-mode aerosols and lower precipitable water content during drought year.  
Moreover, the urban-industrial and/or biomass-burning aerosols dominate (Figure 2) during 2009 over Pune 
(Vijayakumar et al., 2012).  
                                  

The combined Level-3 MODIS derived AOD, TRMM precipitation and NCEP surface wind data for the years 
2001-2004, encompassing 2 normal (2001, 2003) and 2 drought years (2002, 2004), have been used to 
investigate the linkage between optical state of aerosols and monsoon precipitation over the Arabian Sea 

o o o o
covering the domain 45 E-75 E; 10 N-27 N.  The study revealed positive AOD anomalies during the normal 
and negative anomalies during drought years. The anomalies in AOD are found to be consistent with those 
observed in rainfall and out-going long-wave radiation through wind transport (Rahul et al., 2008). 
                                  

Participation in National Programs

A large number of multi-national joint research programs aiming at aerosol-monsoon interactions have been 
in progress over the globe.  The present communication is restricted to those experiments conducted or 
continuing in India, wherein the IITM has been actively involved.  Furthermore, albeit several programs on 
monsoon research were conducted in India in the past, major programs emphasizing the interface between 
aerosols and Indian monsoon have been in progress only since the late 1990s.  The first program conducted in 
this series was the Bay of Bengal Monsoon Experiment (BoBMEX) in 1999.    Another major observational 
program was the Arabian Sea Monsoon Experiment (ARMEX) under the ICRP of DST. The third major 
multi-institutional, multi-purpose program was Severe Thunderstorms-Observations and Regional Modeling 
(STORM) during 2006-2009. The fourth program was the Continental Tropical Convergence Zone (CTCZ) 
initiated with a Pilot Program in 2008 and core program commenced in 2009. The fifth and current major 
National program is Cloud Aerosol Interaction and Precipitation Enhancement Experiment (CAIPEEX) 
which was launched under the leadership of the Ministry of Earth Sciences (Government of India) at Indian 
Institute of Tropical Meteorology (IITM), Pune, India as its Nodal Agency in 2010 (Kulkarni et al., 2012).  
                                  

Conclusions and Future Perspectives
It may be concluded from the aforementioned discussion that impacts of aerosol forcing (through 
microphysics, radiation and thermodynamics) of the monsoon water cycle is a very challenging problem.  
Although both precipitation enhancement and reduction have been reported in the previous studies, the 
circumstances of the occurrences remain largely unknown.  The reaction of precipitation to aerosols, 
however, depends on many factors including the meteorological conditions, cloud and aerosol types, and 
their internal feedbacks. Therefore, developments in experiments and modelling techniques need to be 
oriented towards isolation between aerosol and meteorological effects.  One potential way to resolve the 
current situation could be through new satellites and sophisticated statistical methods.  
                                  

From the global perspective, the combined effects of aerosols from local sources and from transport processes 
occurring in different parts of the globe and in different seasons are likely to alter the large-scale heating and 
pressure gradients and induce changes in the atmospheric general circulation, affecting the processes of 
generating clouds and rainfall. The anomalous diabatic heating from rainfall and clouds may alter aerosol 
properties and distribution. Keeping in view of large uncertainty in aerosol production/removal processes and 
short lifetime in the troposphere, it is difficult to generalize the impact of aerosols on the hydrological cycle; 
more work in this direction is needed.  
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Direct Aerosol Radiative forcing: Implications of Composition, Morphology and 
Mixing
                                  

Sachchidanand Singh
CSIR- National Physical Laboratory, New Delhi – 110012

Theme of the talk:
Radiation forcing is defined as the change in net (down minus up) irradiance (solar plus longwave) at the 
tropopause after allowing for stratospheric temperatures to readjust to radiative equilibrium, but with surface 
and tropospheric temperatures and state held fixed at the unperturbed values (Ramaswamy et al., 2001). For 
most of the aerosol constituents, stratospheric adjustment has little effect on the radiative forcing (RF), and 
the instantaneous RF at either the top of the atmosphere (TOA) or the tropopause can be substituted. 
                                  

The aerosol radiative forcing may be direct, semi-direct and indirect depending upon the interactions of 
aerosol particles with solar radiation. The direct effects refer to the reduction in solar radiation to the direct 
absorption and/or scattering of solar radiation. The semi-direct effects refer to the heating up of atmospheric 
layers and clouds due to absorbing aerosols. The indirect effects refer to the modification in cloud properties 
like changes in brightness and cloud life time due to aerosols, particularly the CCN.  The direct absorption of 
solar radiation by different aerosols can also affect the atmospheric temperature structure locally and 
regionally. It is measured or estimated in terms of watt per square meter and are called aerosol radiative 
forcing (ARF) if influenced by anthropogenic aerosols alone. On the other hand, if both natural and 
anthropogenic aerosols are involved then it is termed as aerosol radiative effects (ARE). Both, ARF and ARE 
can be estimated at the top of the atmosphere, surface and within the atmospheric columns. At any layer in the 
atmosphere ARE can simply be defined as a difference in the net fluxes (down minus up) with and without 
aerosols at that layer. Thus, the aerosol direct radiative effect (DARE) at the surface ÄF for clear-sky can be 
defined as 
                                  

There are several factors that affect the aerosol radiative forcing. For example, (i) the composition of aerosols: 
sulphate, soot or organic carbon, dust; (ii) morphology of the aerosol particles: size and shape and (iii) state of 
mixing/ age of aerosol particles. Here, the effect of some of these factors on direct aerosol radiative forcing 
would be discussed. Also, a method of estimating average DARE based on observations will be discussed 
briefly.
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Atmospheric Observations and Laboratory Studies of Carbonaceous Aerosols at 
Kanpur
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Introduction
Atmospheric aerosols can impact air quality and adversely affect human health. A recent study by 
Ramanathan et al. (2008) estimated that an increase in anthropogenic particulate matter of less than 2.5 µm 

-3
(PM ) concentration of 2.5 ìg m  from its current value would result in 337,000 excess deaths per year, 2.5

owing to outdoor exposure to air pollution in India, and exposure to indoor pollution attributable to solid fuel 
use is estimated to cause an additional 407,100 deaths in India. Aerosols can also affect the monsoon water 
cycle by altering the regional energy balance in the atmosphere and by modulating cloud and rain process 

-1
(Rosenfeld et al., 2000). A statistically significant increasing trend in aerosol loading, about 2.3% year  of its 

-1value in 1985 and more rapidly ~4% year  during the last decade, over India was also observed . Moreover, 
black carbon (BC) aerosols, with the second or third largest global warming potential has not only attracted 
atmospheric and climatic scientists' attention but also policy makers' due to its adverse human health effects. 
Thus, the observation of aerosols over a wide size range (from a few nm to 10 µm) over an extended period of 
time are crucial to evaluate their impacts on human health, air quality and the climate over Indian 
subcontinent, where long-term datasets are scarce.
                               

Until now, considerable efforts have been put in our ability to better understanding of various properties of 
aerosols, sources and chemical transformation over Indian subcontinent during last decade. In this 
presentation, I will present a synthesis of the results on aerosols physical, optical and chemical properties over 
India, largely focusing on carbonaceous aerosols (black carbon, BC; organic carbon, OC) and PM. The 
radiative forcing due to aerosols will also be summarized and specific recommendations for future studies 
will be made.
                               

Methods
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Figure 2. Mean diurnal variation of SOA concentration during foggy and clear days at Kanpur.
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Impact of Aerosols on Himalayan Glaciers
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Introduction
The great Himalayas, spanning ~2500 km from west to east between Indian subcontinent and Tibetan Plateau 
(TP) and stretching into the middle and upper troposphere, have profound significance, with its glaciers 
believed to be the largest fresh water reservoirs outside the polar region, in the hydrological cycle over South 
Asia, in general, and India in particular. The day-to-day lives of millions of people in the Indo – Gangetic 
Plains (IGP) and Brahmaputra valley , their agricultural practices and economy of the region are directly or 
indirectly linked to the river discharges fed by the Himalayan glaciers. The Himalayan glaciers supply the 
head waters to ten largest Asian rivers (Brahmaputra, Ganges, Indus, Mekong, Yellow, Yangtze, Amu Darya, 
Irrawaddy, Salween and Tarim) all of which cross political boundaries and three of them have extensive flow-
beds over Indian mainland. Thus, the Himalayan glaciers function as the “water tower of Asia”. 
                     

It is now well established that these huge freshwater reservoirs are quite dynamic; some retreat, some 
advance, and some show marginal changes.  Kulkarni, et al. (2011) have reported that small Himalayan 

2 
glaciers (less than 1 km area) have lost an average of 28 % of their area between 1962 and 2001, while glaciers 

2 greater than 10 km in area, have lost an average of 12 % of their area during the same time period. Bolch et al 
(2012) have reported that the small high-altitude glaciers in the Trans-Himalaya of Ladakh had a shrinkage 

-1
rate of 0.4 % year  from 1969 to 2010, where as in the Indian Himalayas, the shrinkage rates are regionally 

-1variable between 0.2 to 0.7 % year .    Even though there are several geological and glaciological processes 
responsible for this dynamism, surface darkening due to deposition of light absorbing aerosols (Black Carbon 
(BC), soot, and / or mineral dust) on snow is being increasingly projected as a major factor contributing to the 
faster snow melting. 
                     

Snow is among the most reflective natural surfaces on Earth. Wiscombe and Warren (1980) have developed 
the first generalized, physics based, model of snow albedo that is valid over the entire solar spectrum, and 
reported that snow with large effective grain size is darker and the growth of the grain size decreases the snow 
albedo. The radiation absorbing efficiency of BC and dust particles is higher when they are inside the snow-
pack than if present suspended in the atmosphere. The increased scatter of radiation in the snow (than in air) 
increases the probability of interaction of the scattered radiation with the particles (BC/Dust) leading to an 
amplification of the effect. Warren (1982) has reported a factor-of-two enhancement of absorption when BC 
particles are inside snow grains than in free atmosphere. In addition, mixing state of BC aerosol with snow 
plays a major role in the change in albedo for a given concentration of BC. Flanner et al (2007; 2009) 
estimated about 50 % enhancement in absorption for their assumptions of the mixing state. A few other 
studies, several of them on polar ice, have revealed that deposition of light absorbing aerosols (mainly BC and 
dust) on snow or ice would significantly reduce its surface albedo and result in a positive radiative forcing 
(warming) at the top of the atmosphere (TOA) (Hansen and Nazarenko, 2004; Jacobson, 2004; Painter et al., 
2007; Flanner et al., 2009), which generally would be negative otherwise.
                     

Though, the effects of aerosols on Himalayan glaciers are not well quantified, Xu et al. (2009a & b) and Ming 
et al (2008, 2009) have reported that soot deposited on Tibetan glaciers has been a significant contributing 
factor to the observed rapid glacier-retreat in that region. They have reported that the typical concentrations of 

-1
BC in surface snow over Tibetan Plateau region during the June –October period is about 10 to 40 ng g  with 
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the highest value was 107 ng g  and the lowest value was < 1 ng g . However, BC concentrations are found to 
be 3 to 6 times higher during the October to May period compared to that during June – September period, in 
the deep-snow/glacier core samples (Xu et al. 2009 a & b; Ming et al., 2008; 2009). Based on a combination of 
emissions data and modelling, Lu et al (2012) reported that the source regions for the BC transported to the 
boundary layer over Himalaya and the Tibetan Plateau region as whole for the period 1996 to 2010 is mainly 
from South Asian countries with significant contributions from biomass burning in Russia and from the 
Middle East. 
                     

Based on the measurements at Nepal Climate Observatory-Pyramid (NCO-P), Yasunari et al. (2010, 2013) 
have estimated that BC in snow reduces the snow albedo on an average by 2 to 5% on the southern slopes of 
the Nepal Himalaya. Kopacz et al. (2011) found that the radiative forcing due to BC on snow vary from 4 to 16 

- 2 - 2
Wm  within the snow-covered areas of this region, with minima in the winter (4 to 8 Wm ) and maxima in the 

- 2summer (8 to 16 Wm ), while Flanner et al. (2007) and Qian et al. (2011) have estimated peak values 
- 2

exceeding 20 Wm  for some parts of the Tibetan Plateau during spring. Based on modelling study, Flanner et 
al (2009) reported that the largest annual average forcing due to BC in snow is over the Tibetan Plateau, 

- 2namely 1.3 Wm  averaged over the whole region. Menon et al. (2010) proposed that during the last decade 
BC in snow caused a significant part of the decrease of the snow cover extent observed in this region.
                     

Over the Indian region, on the southern slopes of the Himalayas, accurate estimates of forcing due to light 
absorbing aerosols in snow/glaciers is severely hampered by limited measurements and limited knowledge 
on the various physical processes controlling the transport of aerosols to Himalayas, aerosol deposition over 
Himalayan snow/glaciers, circulation changes in regions of complex topography and the inherent uncertainty 
of using global model to accurately represent these processes. As a part of the Aerosol Radiative Forcing over 
India (ARFI) project under ISRO Geosphere Biosphere Program (I-GBP), Space Physics Laboratory (SPL) 
has initiated systematic investigation on the impact of aerosol on Himalayan cryosphere by establishing 
surface aerosol observatories over Himalayas and conducting field campaigns. Based on the measurements 
from the high altitude Himalayan location, Hanle, Babu et al (2011) reported an enhancement in BC over 
Himalayas during spring season associated with the transport from west Asia and vertical transport of 
aerosols due to convection over the subcontinent during pre-monsoon. Synthesising the BC data from 
ARFINET with that from campaigns, Nair et al (2013) reported that the BC mass concentration in snow 
reduces the surface albedo by 1.5 to 4.6 % over the southern slopes of western Himalayas. Extensive scientific 
investigations combining observations and modelling are required for a complete understanding and 
quantification of the role of aerosols on Himalayan cryosphere and glacier melting.       
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Introduction
Accidental releases of hazardous material from nuclear industries are a cause for serious environmental 
concern. Airborne releases from such critical sources call for application of suitable atmospheric dispersion 
modeling tools and decision support systems for impact assessment, analysis, emergency response and 
mitigation. The release of sodium aerosols into the atmosphere from a Sodium Cooled Fast Reactor (SFR) is 
envisaged in two scenarios; (i) In the event of Core Disruptive Accident (CDA), Reactor Containment 
Building is bottled-up with sodium, fuel and fission products aerosols and there exist least possibility of these 
aerosols getting released into the atmosphere, and (ii) In the secondary heat transfer loop in the Steam 
Generation Building (SGB), the leakage of sodium from the fluid carrying pipes leads to sodium fire. The 
burning results in large fume of aerosols and they get released into the environment through multiple path 
ways (direct release or through exhaust systems). The released aerosols are transported by the wind, dispersed 
by atmospheric turbulence and deposited over the ground by both dry and wet deposition processes. The 
aerosols are mainly sodium oxide (Na O) or higher oxides of sodium (Na O  and NaO ) depending upon the 2 2 2 2

ratio of sodium to oxygen available during the onset of fire. Since these oxides are highly reactive, they are 
further converted to sodium hydroxide and sodium carbonate and then sodium bi-carbonate upon reaction 
with water vapor and carbon dioxide present in the environment. Of these compounds, Sodium hydroxide is 
highly corrosive, causes material damage and restricts the functionality of various devices in SGB. Sodium 
hydroxide causes severe burns on contact with the skin and also damages the eyes. The Threshold Limiting 

3Value (TLV), for the atmospheric concentration of soda (NaOH) is 2mg/m  for humans.  However, no such 
stringent limit exists for sodium carbonate. If sodium aerosols in hydroxide form get in contact with humans, 
it is hazardous, but if it is in carbonate form, the concern is reduced to a great extent. Thus, studies related to 
physical and chemical characterization of sodium aerosols help in hazards evaluation of sodium fires in SFR 
and the associated research facilities with respect to sodium fire and dispersion of sodium aerosols.  Hence, a 
study on sodium aerosols characteristics has been initiated in Radiological Safety Division, Indira Gandhi 
Centre for Atomic Research (IGCAR). 
                                          

Under this study, an Aerosol Test Facility (ATF) has been designed, fabricated and commissioned [Baskaran 
et al 2004]. The facility has a capability of producing aerosols of micro-meter and sub-micrometer range in a 
large quantity and, the facility is equipped with various aerosol diagnostic equipments including both on-line 
and off-line monitoring [Baskaran et al 2006 and Baskaran et al 2009]. The studies carried out are (i) Initial 
Size distribution of sodium compound aerosols [Subramanian et al 2007], (ii) Chemical characterization of 
sodium compound aerosol during first 500 sec [Subramanian et al 2009a]. (iii) Co-agglomeration and co-
deposition of aerosols of non-radioactive fission products and sodium compound aerosols [Subramanian et al 
2011], (iv) Gamma effect on suspended mass concentration of sodium compound aerosols [Subramanian et al 
2008 and 2012], (v) Deposition velocity studies of sodium aerosols[Misra 2013] and (vi) Generation and 
characterization of sub-micrometer aerosols through plasma synthesis[Subramanian 2009b]. In the above 
studies, the aerosol characteristics are studied in a confined environment i.e. in the test chamber. The aerosol 
behavior in a confined environment is modeled and extrapolated to Reactor Confinement Building to assess 
the settling pattern of aerosols using HARRM-S Code [Baskaran et al, 2011] Also, a theoretical model is 
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developed to understand the chemical speciation of sodium aerosols as function of time in the presence of 
moisture and CO [Gilardi et al 2013]. 2 
                                          

As a follow up, a study is undertaken on sodium aerosol dispersion characteristics in open environment and it 
gives important contribution to the environmental impact assessment aspects of SFR. It is to be noted here 
that, the relative humidity (RH) present in the atmosphere will play a major role in the conversion of oxides 
into hydroxide.  Kalpakkam being a costal site, the RH% in the study area, varies as 50-90% in various 
seasons and wind velocity also changes from 1 m/s (during calm land breeze condition) to 8 m/s (during sea 
breeze condition).  Hence, in order to have a realistic estimation of ground level aerosol concentration and 
chemical speciation of sodium aerosols dispersed in the open environment, a series of experiments are 
conducted by releasing sodium aerosols in the open environment and measuring the aerosol ground level 
concentration, chemical speciation and total quantity of fallout aerosols upto 1km in the downwind direction.  
This exercise is also useful to validate the codes used for dispersion calculation and a suitable model will be 
used to predict the sodium aerosols parameters for a given sodium fire event.  The codes like Gaussian Plume 
model (GPM) and FLEXPART have been used to model the aerosol dispersion and its characteristics. The 
codes have been extensively used for Fukushma Daichi reactor accident cases for simulating the radioactive 
plume dispersion pattern and validated with the observed measurements [C.V.Srinivas et al 2012 and 2014]. 
The codes have been successfully implemented in Decision Support System for Nuclear Emergency.    
                                          

Experimental and Results
A detailed methodology for carrying out the aerosol dispersion experiment has been evolved. The 
methodology includes (i) sighting, (ii) construction of sodium fire facility (iii) sodium burning procedure (iv) 
sampling instrument characteristics (iv) sampling procedure, (v) Theoretical evaluation of aerosol dispersion 
and downwind aerosol concentration by using Gaussian Plume Model for the sodium fire event  (to check the 
inhalation health limit exceeds or not) and (vi) safety precautions.  It is observed from the calculation using 
GPM, that, the concentration of hydroxide and carbonate do not exceed the TLV limit for the release rate of 5 
g/s, anywhere under any category of atmospheric stability condition. It is also mentioned here that, aerosols 

3 
reaching beyond the boundary will be of the order of few µg/m which is insignificant. Based on the 
estimation, 50 kg sodium fire was carried out. A plain site without roughness objects for the dispersion 
experiment is identified within the fenced complex in the northern and northwestern 30º field sectors, which 
fall in the downwind direction during southern and south-easterly wind condition. The site has a 
Meteorological Observation facility consisting of a i) 50-m Meteorological mast fitted with sensors for 
measurement of wind speed and direction, temperature and humidity at various levels (2m, 8m, 16m, 32m, 
50m) ii) Ultra Sonic Anemometer to measure turbulence parameters and a (iii) Doppler SODAR system with 
data acquisition system to measure wind and turbulence up to 500 m height. Data from these instruments on 
important weather parameters are obtained during the experiment. A platform (6m x 6m) has been constructed 
to facilitate sodium burning. The burning facility consists of a Sodium Holding Tank (SS304, capacity of 100 
liters) to melt the required quantity of sodium and to raise its temperature to 550°C, SS tray (5mm thick plate, 
1.25m x 1.25m x 0.2m) for burning sodium at 550°C in open atmosphere and a chimney of 10 m height above 
the platform (6mm thick, MS sheet) to release the combustion products generated during sodium burning.
                                          

The physical and chemical characteristics of the sodium aerosols dispersed into the atmosphere were 
measured/ determined at various distances from the sodium fire using different measurement systems viz.: 
aerosol spectrometer, Andersen Impactor, High Volume sampler, Custom built filter paper samplers and wet 
samplers, Glass plates etc.. The aerosol parameters such as mass concentration, mass deposited at different 
arc radii from the source, the particle size distribution (mass and number), chemical speciation of aerosols and 
total quantity of aerosols deposited on the ground were estimated using these instruments.  The custom built 
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samplers were operated remotely using RF Network. Two experiments have been carried out in two seasons 
viz (i) Summer and (ii) Autumn. Prior to the experiment based on observations and wind flow analysis at the 
site, a favorable wind direction was identified.  An array of sampling points was calculated in the identified 

o oflow direction from the release point in a 30  sector angle and 170  N direction as center line in eight different 
arcs at radii  50m, 100m, 200m, 300m, 400m, 500m, 600m and 700m. The layout of sampling points with 
latitude and longitude was superimposed on a Google map which was used along with a GPS to identify and 
field mark the  aerosol sampling points. The aerosol samplers were deployed at identified field points one day 
before the experiment. About 50kg of sodium in molten state was transferred from a storage tank to the 
sodium tank and frozen. The sodium tank with argon cover gas pressure of 200 mbar was transported to the 
site on the previous day.  After installation of heating and temperature measurement system, sodium heating 
was started in the night and continued till next day morning to get 550 °C.  The hot sodium was poured on to 
the collection tray. Sodium burning started as a pool fire and continued for 60 minutes. The aerosols generated 
in the fire were released through the chimney (10m height) and the dispersed aerosols were sampled upto 
700m distance in the downwind direction. The aerosol plume initially had slight vertical dispersion in the first 
50 to 100 m distance. Thereupon it moved downwards and touched the ground at about 200 m distance and 
dispersed in the lower 10m layer. The downward spread of the plume is due to the neutrally stable atmospheric 
condition present during the experiment and the gravitational settling of aerosols.  

             

             

Figure 1 : Photographs during Sodium Aerosol Dispersion Experiment:  (a) Sodium aerosol release (b) Birds-eye view on top of 
the chimney showing samplers in first, second arc and the exit point of the chimney (c), (d) and (e) Samplers at the field 

                                          

The estimated aerosol release rate was ~3 g/s. The experimental measurements indicated that the highest 
3 aerosol mass concentration of 0.09 mg/m occurred at 200m away from the source. The particle size 

distribution was found to be of bi-model nature with lower mode around 1-3µm and upper model above 10µm 
in the downwind direction.  The simulated aerosol concentrations and depositions using GPM, and 
FLEXPART were compared with experimental data which indicated good agreement after 200 m distance.  
The aerosol deposition on the ground between 50-700m distances was found to be 6.9% of the total quantity 
of aerosol release. The reported chemical species was bi-carbonate. The experiments were jointly conducted 
by scientists from different groups of IGCAR. The experimental results are used for the validation of 
dispersion models. 
                                          

Summary
The experimental study on atmospheric dispersion of sodium aerosols by burning 50kg of sodium as a pool 
fire has been carried out and the aerosol sampling was carried out upto 700m distance from the release point. 
The experimental observations and theoretical simulations of dispersed aerosol characteristics were 
compared. The dispersion codes also have been extensively used for Fukushma Daichi reactor accident cases 
for simulating the plume dispersion pattern and validated with the observed measurements. The codes have 
been successfully implemented in Decision Support System for Nuclear Emergency.    
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