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ABSTRACT. Aerosol samples were collected at Pune and Srinagar during the month of May 1981 using
the Staplex (USA) total suspended particulate matter (TSPM) sampler. Mass concentration as well as the
various chemical constituents (water soluble fraction) of acrosols were obtained and the results of the above mea-
surements are presented.

Measurements show that TSPM at Pune owe their origin to both industrial and crustal (soil) sources whereas
at Srinagar they are mainly of crustal origin and mass concentrations at both the places are similar. Study of
correlation between NH, and SO, and ratio of concentrations indicate that good fraction of the above consti-
the balance between base and acid was

tuents existed in the form of (NH,); SO, at Pune. At both the places, !
ts that pH of rainwater at both the places would be in the basic range. This

itive (base-acid) which su

substantiated also from pH data of rainwater which are available from Pune and Srinagar.

1. Introduetion

Aerosols play an important role in the precipitation
chemistry and study of the characteristics of aerosols can
give vital information regarding the likely acidity of
precipitation. Study of chemical composition of aero-
sols can also help in understanding the mechanism of

neration of atmospheric aerosols and their role in the
ormation and growth of cloud drops. Due to various
reasons only a few studies have been carried out on
aerosols in India. Recently, Krishna Nand (1984) had
pointed out the importance of aerosols in increasing the
pH of precipitation samples over India. He had con-
jectured that high pH over Srinagar which is a hill
station may be due to the presence of high cation con-
centrations (indicating high concentration of aerosols)
which was quite effective in neutralizing the anions in
precipitation. Above presumption looks a little odd in
view of the fact that Srinagar is a hill station and aerosol
concentrations are expected to be low. In order to verify
the above presumption and also to understand the
chemical characteristics of aerosols, sampling of aerosols
was carried out at Srinagar (Lat. 34° 05’ N, Long.
74° 50’ E, elevation 1587 m) during May 1981. For
comparison purposes aerosols sampling was also carried
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out at Pune simultaneously (Lat. 18°32'N, Long.
73° 51'E, Elev. 559 metre m.s.l.). Mass concentration of
aerosols as well as the water soluble fraction regarding
sulphate, nitrate, chloride, ammonium, sodium, calcium,
potassium and magnesium was obtained. Analyses for
sodium, calcium, potassium and magnesium were got
done from Indian Institute of Tropical Meteorology,
Pune. Results of the above studies are presented in this

paper.
2. Details of sampling’and site

Total suspended particulate matter at Srinagar and
Pune was collected on Whatman No. 41 filter paper
(10 cm diameter) using a high volume air sampler (Stap-
lex, USA). The rate of sampling was about 0.7
m®/min and the sampling period was 3 hours. Sampling
was done simultaneously at both the sites in the morn-
ing (0800-1100 hr) and afternoon (1400-1700 hr),

3. Meteorological condition and pollution sources surrounding the

Pune is about 100 km away on the leeward side from
the west coast, It is an elevated station, Month of May
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TABLE 1
Details of sampling of TSPM and meteorological conditions at Pune

Sample Date Sampling Mean Mean Mean wind Wind TSP
No. (May hours RH Temp. velocity direction (p2/m?)
1981) (IST) (%) (C) (kmph)
1 25 0800-1100 75 29.0 12 W 313.5
2 25 1400-1700 a7 36.0 12 WNW 323.2
3 26 0805-1100 79 34.0 9 WNW 294.5
4 26 1410-1704 4 38.0 11 NW 328.8
5 27 0850-1145 73 31.0 10 NW 262.1
0O 27 1405-1700 37 3.5 NW 318.0
7 28 0820-0935 7 29.0 49 NW 504.2
S 29 G320-1115 79 27.0 7 W 203.2
9 29 1418-1710 3s 36.0 10 WNW 276.8
10 30 0820-1113 sl 290 7 WNW 251.2
TABLI, 2
Details of sampling of TSPM and meteorological conditions af Srinagar
Sample Date Sampling Mean Mean  Mean wind Wind TSP
No. (1981) hours RH Temp. velocity direction (pg/m*)  Remarks
() (*C) (kmph)
1 24 May 1400-1700 29 31.0 Calm 320.6
2 25 . 0800-1100 63 24.0 2.0 W 238.9
3 25 ; 1400-1700 13 31.5 Calm 60,3
4 26, OR00-1100 S8 23.0 1 NE 390.06
5 26 1400-1700 40 280 2 W 530.0 Riin
{] 27 . OR00-1100 54 20.0 I SE 260, 8
7 27 1400-1700 0 28.0 | S 327.8
b 2t o5 0800-1100 58 22.0 | b | 387.3
9 25, 1400-1700 37 30,0 Calm — 299.3
10 29 0800-1100 57 22.0 2 SE 301.0
11 29 1400-1700 26 8.0 3 NNW 297.5
12 30 - 0800-1100 N2 15.0 5 S/NW 244.5 Rain
13 0, 14001700 94 16,0 3 5 299 4 Rain
14 i, 08001100 9N 13.5 2 S 302.8
15 il = [-400-1700 92 15.0 3 W 332.0
16 I Jun O800-1100 94 16.1 | NNW 355.5
17 1 Jun 14001700 75 20.0 Calm - 402.7
TABLE 3
Concentration of chemical constituents (water soluble fraction) of TSPM at Pune (ug/m*)
Sample
No. 50, NO, Cl NH, Ca Nu K Myz
| 0.90 .48 0.45 0.38 0.61 1.12 0.22 0.29
2 I.16 0.12 0.83 0.02 0.91 1.68 0.37 0.46
3 0.76 0.06 0.98 0.07 0.77 .50 0.43 0 43
4 1,94 .44 I 0,38 0.97 215 0.35 0.26
5 0.65 0.59 1.42 0.15 0.47 1.69 0.23 0.38
6 4.49 1.37 1.77 1.21 0.80 I.44 0.24 0.44
7 0.56 Trace 2,62 0.11 1.10 5.44 0.54 0.81
8 0.03 0.44 1.72 0.03 0.63 2.21 0,34 0.34
9 0.65 1.87 123 0.78 0.73 2.14 0,37 0.44
10 0.16 0.76 1.72 - 0 74 2.61 0 60 0.37
Mean 1.08 0.81 1.45 0.35 0.77 2.20 0.27 0.42

during which sampling had been carried out is part of
summer season. Surface winds at the station are mainly
westerly and are fairly strong ( medan | 3_ km ph) dui'in o
May. Surface temperatures remain quite high (meun
~ 30° C). The above factors associated with low
relative humidity (mean 479%) are favourable for high
TSPM concentrations during May. There are number of
industriesin N and NW sector of the station,

Srinagar is a hill station with comparatively low sur-
face temperature (mean ~ 18° C) and wind speed
(mean 4.3 kmph) but high relative humidity (mean
607,). Since rainfall at Srinagar is well distributed
throughout the year, wind blown local soil dust contri-
bution to TSPM is expected to be low. However, since
the station is surrounded by a few brick kilns, they may
contribute to TSPM concentrations.



AEROSOLS OVER PUNE AND SRINAGAR 315
TABLE 4

Concentration of chemical constituents (water soluble fraction) of TSPM at Srinagar (ug/m®)
Sample SO, NO, Cl NH, Ca Na K Mg
1 Trace 0.44 0.20 0.16 0.68 0.53 0.25 0.11
2 0.07 1.70 0.44 0.37 0.79 0.65 0.27 0.15
3 0.07 1.02 0.39 0.09 1.26 0.81 0.49 0.12
4 0.32 2.94 0.25 0.49 1.37 1.09 0.54 0.27
5 0.43 1.77 0.46 0.27 1.71 1.53 0.86 0.18
6 0.15 0.28 0.26 0.21 0.35 0.51 0.17 0.07
i 0.45 0.86 0.25 0.03 0.47 0.82 0.26 0.06
8 0.15 1.05 0.65 0.19 1.42 1.05 0.43 0.13
9 1.05 0.22 0.06 1.03 0.38 0.29 0.13
10 0.62 1.68 0.01 0.09 0.79 0.99 0.28 0.14
11 0.36 0.42 Trace 0.05 0.54 0.60 0.31 0.06
12 0.32 0.39 0.49 0.04 0.61 0.69 0.49 0.13
13 Trace 0.49 0.49 0.23 0.54 0.51 0.40 0.14
14 0.18 0.17 0.34 0.17 0.31 0.73 0.27 0.06
15 0.18 0.45 0.15 0.49 0.48 0.64 0.37 0.12
16 0.36 0.54 0.27 0.23 1.36 0.70 0.48 0.22
17 Trace Trace 0.28 0.15 1.20 0.87 0.44 0.12
Mean 0.21 0.%90 0.30 0.19 0.89 0.77 0.39 0.13

4. Analysis of TSPM samples

Water soluble extract of TSPM was analysed for
chloride, sulphate, ammonium, nitrate, calcium, sodium,
potassium and magnesium. Chloride, sulphate, ammoni-
um and nitrate ion concentrations were estimated colori-
metrically. Details of the analytical techniques are
given elsewhere (Maske and Krishna Nand 1982).
Calcium, sodium, potassium and magnesium ion con-
centrations were estimated using the atomic absorption
spectrophotometer. Mass concentration of aerosols
collected on filter papers was obtained by utilizing the
following Eqn. (1) :

= W

b = 0(h—n) ®
where,

W = Weight of TSPM in pg.

Q == Sampling flow rate (m3/min).

t,—t#; = Sampling period (minutes).

5. Results of analysis

10 samples were collected at Pune from 25 to 30 May
1981 and 17 samples were collected at Srinagar from
24 May to 1 June 1981. Details regarding the date of
sampling, sampling duration, wind direction and speed,
relative hum‘dity and TSPM concentrations are given
in Tables 1 and 2 for Pune and Srinagar respectively.
Concentration of various chemical constituents (water
soluble fraction) of TSPM are given in Tables 3 and 4
for Pune and Srinagar respectively.

6. Discussjons
6.1. Concentration of TSPM and chemical constituents

Concentrations of various chemical constituents and
TSPM show large variation (Tables 1-4) at Pune and
Stinagar. TSPM concentrations varied between 200 and
500 pg/mé. In general, TSPM concentrations were lower
during morning (0800-1100) in comparison to after-
noon hours. Quite surprisingly, mean TSPM concentra-
“tions at Pune and Srinagar are not very different (~ 300
pg/m?®). TSPM concentrations also appear to be inde-
pendent of wind direction indicating that particulate
matter are of background nature at both the places.

There are significant differences in the concentration
of chemical constituents between Pune and Srinagar.
In general, concentrations are higher at Pune. Quite
interestingly, nitrate concentration (mean value, 0.90
pg/m?) is - higher than sulphate concentration (mean
value, 0.21 pg/m®) at Srinagar which is opposite to the
trend as observed at Pune. It suggests that in precipita-
tion, nitrate concentration would be higher than sul-
phate at Srinagar. This is substantiated from the mea-
surements as cariried out for the precipitation sample
for the month of May 1981 (SO4~ Ippm and NO,~4
ppm). Low concentration of sulphate at Srinagar is indi-
cative of comparatively less anthropogenic production
of SO,. Almost similar value of calcium concentration
at Pune and Sringaris quite strikingandithasa special
significance in terms of neutralization of acidity of
rl'aéiélzt;'ater (Krishna Nand 1984, Stensland and Semonin

The value of the ratio CI/Na at Pune is higher (0.69)
than at Srinagar (0.40). Even though monsoon season at
Pune starts from 1 June, some influence of maritime
air contributing to chloride concentrations and thus
increasing the CI/Na ratio cannot be ruled out. At Pune,
during monsoon, typical Cl/Na ratio may be about 1.3
(Khemani et al. 1983). The mole ratio of Cl/Na
at Pune is about 0.45 which indicates that in the aerosols
at Pune, Na and Cl are not in the form of NaCl. At
Srinagar also, Na and Cl are not in form of NaCl.

Mass ratios of ammonium to sulphate at Pune (0.44)
and Srinagar (1.40) are quite different. The ratio value
at Srinagar is significantly different than the value (0.37)
corresponding to the molecular formula (NH,), SO,.
However, Pune ratio is quite close to the value (forre;-
ponding to (NH,), SO,. It indicates that significant fract-
1ons of NH, and SO, are in the form of (NH,), SO, at
Pune. Khemani et al. (1982) had also found that during
the monsoon season the molecvlar composition of the
particulates is in the form of ammonium sulphate.

6.2. Correlations between various chemical constituents

TSPM correlations at Pune with Na (0.71), Ca (0.77)
Mg (0.79) are significant at 1 per cent level whereas at
Srinagar TSPM correlations with Na (0.83), Ca (0.76)
and K(0.91) are significant at 0.1 per cent level, [t
suggests that correlations at Pune are less significant in
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comparison to Srinagar. Same is true for cross corre-
lations between various chemical constituents. Above
observations indicate that at Pune, the chemical consti-
tuents owe their origin to both industrial and crustal
(soil) sources whereas at Srinagar all the constituents
appear to be of crustal (soil) origin. This is not sur-
prising considering the fact that quite good number of
industries at Pune are situated in N/NW sector of the
sampling station and on number of occasions the winds
during the sampling period were from NW direction.

Quite interestingly, correlations at Pune between NH,
and SO,(0.79) and between NH; and NO, (0.76) are
significant at | per cent level. Significant correlation
between NH, and SO, when viewed in light of its ratio
at 0.44 suggests that good fraction of NHy and SO,
may be in the form of (NH,), SO,.

Sulphur compounds in the TSPM at Pune could ori-
ginate in a number of ways. It is possible that NH, and
SO, were initially emitted in gaseous form and then
converted by chemical processes in the atmosphere into
particulates. This is a commonly observed pathway in
comparatively polluted atmosphere where SO; is oxi-
dized to H,SO, and is then neutralized by ammonia gas
(Cox and Penkett 1970). It is also possible that NH, and
SO, were picked up by the wind in a similar manner to
the rest of the constituents. However, this can be verified
only if size distribution of aerosols is studied.

Khemani ef al. (1983) had observed significant (at
less than 1 per cent level) correlation between ammonium
and nitrate concentrations during winter at Pune. It was
conjectured that formation of nitrate may take place
through the following reaction :

NH,;+HNO;-+NH, NO,
It appears that the above hypothesis is valid for the
present measurement also.

Significant correlation (at 1 per cent level) between
Cl and Na (0.80) at Pune indicates the influence of
maritime air during the month of May.

6.3. Influence of meteorological factors on TSPM

In general, insignificant correlations between meteoro-
logical parameters such as wind speed, temperature and
humidity and TSPM have been observed at both the
places. However, the correlations are in right direction.
For example, negative correlation with humidity is
physically correct, similarly positive correlations with
temperature and wind speed are in right sense. In addition
to above, various chemical constituents have also not
been found to be significantly correlated with meteo-
rological parameters.

6.4. Acid/base potential of TSPM

Study of the acid/base potential of aerosol is quite
important from the point of acidity of rainwater. In
India, pH of rainwater is in general in basic range
(Krishna Nand 1984). Acid/base potential of the TSPM
at Pune and Srinagar have been compared. Bases taken
for the study are Na, Ca, K, Mg and NH, whereas, acids
are Cl, NO, and SOy (in terms of micro eq./m?3). It is
interesting to note that at both the places the balance is
positive (base/acid); mean values 0.10 and 0.08 at
Pune and Srinagar, 1espectively. It indicates that pH
of rainwater at both the places would be in the basic
range. Further, the base concentration at Pune is
dominated by Na. It is, therefore, expected that pH

at Pune would be lower than Srinagar since a fraction
of Na is expected to be in the neutral form which may
not take part in neutralization reactions. In addition to
above, direct dissolution of gases like SO, and NOX in
raindrops inside the cloud (Mukherjee 1979) and while
falling through the atmosphere at Pune which is some-
what more polluted than Srinagar can also decrease the
pH to some extent. Above inferences are substantiated
from the pH observations of rainwater samples at Pune
(6.40) and Srinagar (6.70). pH values are annual mean
for the year 1981.

7. Conclusions

(1) Mean concentration of TSPM at Pune and Sri-
nagar was similar (~=300 pg/m?). However, the source
of such high concentration of TSPM at Srinagar is not
clearly evident. There are significant differences in the
chemical constituents (water soluble fraction) of TSPM
at Pune and Srinagar. In genetal, concentrations are
higher at Pune.

(2) Nitrate concentration is higher than sulphate at
Srinagar which is opposite to that observed at Pune.
High value of NO, in comparison to SO, as observed in
monthly rainwater sample for May 1981 at Srinagar
substantiates the above observation.

(3) At Pune, concentrations of NH; are well correla-
ted with SO, and NO, and the ratio of NH; to SO,
concentration was about 0.44, Above observations
indicate that good fraction of the above constituents
existed in the form (NH,),SO; and NH;NO,.

(4) TSPM concentrations at Srinagar are well
correlated with Na, Ca and K suggesting that probably
all the above constituents are of crustal origin (soil
derived). At Pune, chemical constituents owe their origin
to bothindustrial and soil sources.

(5) At both the places, the balance between base
and acid is positive (base-acid) which suggests that pH
of rainwater at both the places would be in the basic
range. This is substantiated also from pH data of rain-
water which are available from Pune and Srinagar.
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