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ABSTRACT. About 180 rainwater samples were collected at Pune during the monsoon season of 1981
and gnalysed for various chemical constituents. Data have been utilised to study the importance of various
contributing sources to the composition of rainwater, role of cations and anions in controlling the pH of rain-

water and the influence of meteorological parameters on the chemical composition.

It has been found that maritime air is the major source of Cl and Na and for SO, anthro i
appear fo be quite important. In addition to above, local soil also contributes to the gonoentrapgg‘;n:fsgjnr;ci?
tuents, specially to cations and the samples get enriched to a large extent in terms of Ca, SO, and K. pH values
remained in basic range and H+ions were sinificantly correlated with excess SO, (positive) and Ca (negative).
Negative correlation between excess Ca and H-jons indicates the importance of dissolution and exchange re-
action involving particulate material (calcareous minerals) thereby which H+-ions are consumed. Concentra-
tion of NH, have been found to depend on soil temperature and SO, correlated well with the R. H. in the
atmosphere. Studies also indicate that nitrate concentrations are higher in rainwater samples associated with

thunderstorms in comparison to the samples not assogiated with thunderstorm.

1. Introduction

Atmosphere plays an important role in the geochemi-
cal cycle of various elements. Variety of pollutants
which are emitted into the atmosphere by human activi-
ties enter the natural cycles and rainfall returns these
pollutants to earth where they can affect biological
processes in aquatic and terrestrial ecosystems. Study
of chemical composition of rainwater can, thus, help in
assessing the air pollution status of different regions
as well as in the study of geochemical cycle of various
elements. Since, rainwater can contribute significantly
to the nutrient requirement of plants, studies regarding
the deposition of various constituents is of importance
from agricultural point of view also. Analysis of rain-
water samples for various studies were started long time
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ago. However, data regarding chemical composition of
rainwater over India are still meagre. Recently, Maske
and Krishna Nand (1982) reported the results of studies
on chemical constituents of precipitation over India.
The data were collected on monthly basis from a net-
work of 10 stations in the country. Chemical composi-
tion of rainwater from a few other locations in India have
been also reported by Sequeira (1976 b), Sadasivan
(1979, 1980), Subramanian and Saxena (1980) and Das
et al. (1981). The results presented here are based on
the study of chemical composition of rainwater samples
wtznch were collected on an event basis at Pune (18°
32N, 73° 5I'E, 559 m a.m.s.l.) during the monsoon
season (June to September) of 1981. Rainwater on
event basis was analysed to study the importance of
various contributing sources to the composition of
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TABLE 1

Monthly mean values of meteorological parameters at Pune during
February to September 1981

Mean  Rain- No. of Av, Mean Dates of
temp. fall rainy  surface R.H. collection
Month (°C) (mm) days wind (%) of rain-
(km h™) water

samples

Feb 22.2 2.2 1 2,38 50,1 23

Mar 24.8 - — 3.87 42,1 —

Apr 28.7 8.2 1 5.83 43.3 30

May 29.9 36.7 1 8.90 53.0 02

June 28.2 153.5 15 8.84  74.7 03,05, 11
to 14, 18,
19, 23 to
29,

Jul 28,1 282.2 25 7.89 85.5 All days
except 14,
15, 16, 27,
28, 29,

Aug 24.3 94.8 21 7.11 82.8 Fxcept 2
3, 10, 11’
20, 26, 27’
28, 30, 31

Sep 27:3. ' 173.0 12 3.22 79.3 6,7,8,10
11,12, 16
17,18, 20
21,24

rainwater, role of cations and anions in controlling
the pH of rainwater and the influence of meteorologi-
cal parameters on the chemical composition.

It may be emphasised here that from the analysis
of monthly precipitation samples it is rather difficult to
identify various sources contributing to different chemi-
cal constituents and also the influence of short term
meteorological parameters on chemical constituents
may be asked. It is also possible that the correlations
between chemical contituents and the monthly averaged
meteorological indices might not be very obvious and
even many interesting results may be obscured though
the chemical constituents might be strongly correlated
with meteorological parameters on the shorter time scale.

2. Details of sampling and analytical methods

The location of rainwater collector station at Pune
is surrounded by cropped fields. There are no indus-
tries in the immediate vicinity of the station, but va-
rious industries are located at large distances from the
station. Rainwater samples were manually collected
with rainwater collector and stored in polyethyle_:ne
bottles. In total, 180 samples were collected during
the monsoon season of 1981 for the present study.
Samples were analysed for sulphate (SOy), nitrate
(NO,), chloride (Cl1), ammonium (NH,), sodium (Na),
potassium (K), calcium (Ca) and magnesium (Mg).
pH and conductivity of the samples were also measu-
red. Analytical methods for SO,, NO,, NH, Na, K, Mg,

Ca, and Cl were same as those given by Maske and
Krishna Nand (1982). The overall accuracy of the
analytical results was -4-10%.

Rainfall at Pune mainly occurs during May to Novem-
ber with maximum during July. February shows mi-
nimum monthly rainfall.  About 70 per cent of the
annual rainfall occurs during monsoon season ~523mm).

Monthly mean values of different meteorological
parameters at Pune prior to and during the period of
study are given in Table 1. Tt can be seen that the
place was practically dry prior to the monsoon season
and mean temperatures were high. These conditions
were favourable for the occurrence of bare soil leading

to large amount of soil dust in June,

3. Discussion

3.1. General considerations

Monthly average concentration of constituents of
rainwater collected during the period June to Septem-
ber is given in Table 2. In general, it can be seen that
concentrations of nitrate (NO;) and ammonium (NH,)
were maximum during the beginning of the season and
they decreased as the season progressed. Concentra-
tions of sulphate (SO,) broadly remained constant with
minor fluctuations depending upon the rainfall amount.
Concentrations of chloride (C1) and sodium (Na)
increased with increasing monsoon activity and wind
speed as well as roughness of the sea. Similar obser-
vations were made by Kulkarni et a/. (1982) during their
studies at Tarapur, a site situated on the west coast
of India about 100 km north of Bombay. Their con-
centrations decreased to quite low values during Sep-
tember which represents the withdrawal phase of mon-
soon. Almost similar pattern has been observed for
calcium (Ca) and magnesium (Mg) also. One of the
reasons for similar pattern is wind dependence of the
concentration of these chemical constituents though
they are not fully derived from single source (sources
may be sea or soil).

Potassium _(K) concentrations remained broadly
constant during June to August with slight increase
during September. pH values were more than 6.0 indi-
cating alkaline nature of precipitation, Conductivity
values were low (13 to 26 ps/em).  Minimum value
was observed during September (13.5 us/cm) which
indicates the overall reduction of anions and cations
in the rainwater. Maximum concentration of NH,
during June indicates the importance of production of
ammonia (NH;) due to decomposition of organic
matter in the nearby agricultural fields and biological
activity in the soil.” Production of NHj is generally
maximum when soil temperature is high with just su-
fﬁqlent moisture. SO4 and C1 are the predominant
anions in the rain samples whereas Na and Ca pre-
dominated the cations. According to Junge (1963),
for C1 and Na, sea is the main source and in the pre-
sent case, Arabian Sea is the main source,

Deposition values of few significant constituents
such as SOy, C1 and Na, at Pune during the monsoon
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TABLE 2

Monthly mean chemical composition of monsoon rainwater at Pune during 1981
(Concentrations are in mg'litre)

Rain- Con-
fall ducti-
(mm) pH vity S0, NO, Cl NH, Na Ca K Mg
(e sfem)
Jun: 153 6.41 2510 1.32 —_ 195 1.52 1.08 1.31 0.17 0.43
Jul 282 6.76 25,80 1.05 0.84 1.95 0.33 1.47 1.34 Q.17 0.48
Aug 95 672 25.80 1.44 071 200 0.26 1.9 —  0.20 0.6l
Sep 173 6.12 13,50 1.20 0.58 0.45 0.26 0.37 0,49 0,27 0.16
TABLE 3 discussed in the following paragraphs for different
: months,
Ratios of chemical constituents of monsoon rainwafer at Pune
Saring 19 June —Cl to Na ratio was less than the sea water
- value (1.8) whereas SO,4/Na, Mg/Na, Ca/Na and K/Na
Cl/Na SO/Na Mg/Na Ca/Na K/Na values were quite high.
e — - —— July —SQy4/Na, CI/Na, Ca/Na and Mg/Na values
Jun 1.44 122 040 1.21 0.16 had reduced.
Jul 1.33  0.71  0.33 0.91 0.12 Decrease in the SO4/Na and Ca/Na values was ap=
3 i
Aug 1.04 0.75 0.32 - 0.10 I aclable | 1 | |
August — SOy/Na value remained similar to July
1.22 3.2 i 32 o4 a
el st | a8 hd e but CI/Na ratio further decreased with almost constant
Combined value of K/Na and Mg/Na.
(Jun-Sep) 1.26 1,48 0.37 1.15 0.28
|8 0.235 012 0.038 0.0% September — Values of SO4/Na, Mg/Na and K/Na

Sea water

scason are 8.4, 10.5 and 8.3 kg/ha respectively. SOy
deposition values are comparable to the values reported
by Eriksson (1952) from some parts of USSR (7 to
13 kg/ha) which corresponds to fairly uncontaminated
air in continental areas. Chloride and sodium depo-
sitions are quite low when compared to the values
reported for coastal stations. Sequeira (1976 b) had
estimated the Na deposition at 54 kg/ha at Bombay.
For Ceylon CI1 deposition was reported as 200 kg/ha
(Eriksson 1952). However, Cl depositions at Pune
are comparable to the values as reported for number of
locations in USSR (8 to 13 kg/ha; Eriksson 1952).

3.2. Ratios. of chemical constituents

It is the practice to calculate the ratio of various
chemical constituents with respect to Na or Cl to as-
sess the marine influence on their concentrations.
However, Na would be a better reference than Cl
(Sequeira 1976 a) specially for Pune during monsoon
season since atmospheric particles and cloud condensa-
tion nuclei can lose considerable amount of their origi-
nal Cl due to the change in phase and separation in
space. -In addition to above, Cl compounds can also
occur in gaseous (HCI) and other industrial compounds
(Sequeira 1973). Ratios of sea salt constituents in
rainwater as obtained at Pune (Table 3) have been

had increased. Increase in the SOy/Na and K/Na
values was appreciable.

Decrease in the Cl to Na ratio had been observed by
other workers also in the.past. Eriksson (1960) had
attributed it to the loss of Cl from wet sea salt nuclei
in the atmosphere (R.H. value > 75 per cent). High
ratios between SO, Ca, Mg and K with Na in com-
parison to sed water indicates that in additon to ma-
rine sources there are other continental sources also.
Local soil surrounding the sampling station which are
fertilized from time to time appear to contribute to the
above constituents. The decrease in SO4/Na and Ca/
Na values during typical monsoon months (July and
August) is mainly due to the increase in Na concentra-
tion which appears to be of marine nature.

During September which represents the withdrawal
phase of monsoon, surface wind speeds are reduced
and predominant winds which are mainly westerly/
southwesterly during June, July and August, change
and components from N/NNW, NW and WNW are
added. These factors are favourable for transport of
less mariae salt to Pune and thus the ratios of consti-
tuents which have significant continental sources with
sodium (which is mainly of marine origin during mon-
soon period) increase significantly. Particulate matter
from NW ssctor of the station where a few industries
are situated also influence the concentrations of Ca,
Mg and K.

Complete monsoon season — Comparison of mean
ratios of various constituents for the complete monsoon
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I'ABLE 4

Ratios of mean concentrations in rainwater sample

Aver- Aver- Pre- Dethi Cal- Bom- Pune
age age senl (Khe- culta bay (Khe-
" . soil soil work mani (Handa (Cola- mani
) Sea (Vino- sur- (Jun and 1969) ba) 1974)
Ratio waler gradov roun- o Rama- Sada-
1959) ding Sep) namu- sivan
Pune ry 1979)
sla- 1968)
Lion
Ca/Na 0.038 2.17 2.40 1.15 4.60 3.27 0.40 1.37
K/Na 0.036 2.60 0.46 0.28 0.63 0.37 0.07 0.31
Mg/Na 0.12 1.00 0.41 0.37 —~ 9.50 0.12 -
Ca/K I.00 1.00 6.40 5.80 7.30 S.80 5.60 3.70
season (SO4/Na=1.48, CI/Na=1.26. Ca/Na- |.15. 3. pH and ionic balance

K/Na=0.28 and Mg/Na=0.37) with seawater ratios
(Table 3) suggest that rainwater samples at Pune get
enriched to a large extent interms of Ca, SO, and K.
Enrichment for Mg is also high. Enrichment, F. is
defined as E=(X/Na) atm/( X/Na) S.W.-1 where
( X/Na) atm is the weight ratio in the sample of ele-
ment X to sodium and (X/Na) seawater (S.W.) is
.the same element weight ratio in seawater. Maxi-
mum enrichment has been observed for Ca (29.26).
Enrichment in various constituents over Pune had been
also reported by Murty and Ramanamurty (1969).
Depletion of Cl as observed in the present studies have
been reported by other workers also. (Khemani and
Ramanamurty 1968; Murty and Ramanamurty 1969
and Sequeira 1976 b).

A comparison between the mean ratios as obtained
from present measurements has been made with the
ratios in monsoon rainwater samples from 3 cther
cities in India (Bombay, Calcutta and Delhi) and
are given in Table 4.

Results show that enrichment of Ca at Pune is signi-
ficantly higher than the coastal station (Bombay) but
is quite low when compared with an inland station
(Delhi). Enrichment of Mg is also high at Pune in
comparison to costal station but is not that spectacular,
Enrichment in K is in between the above two values.
Handa (1969) had attributed the excesses of Ca, K
and Mg in rainwater at Calcutta to soil origin particles.
This appears to be applicable for Pune samples also.

An interesting observation regarding Ca/K ratio i,
that its value at Pune and Bombay is almost similar
and is only slightly lower than Delhi. Further, a
large Ca/K (6.40) ratio in the soil at Pune in compari-
son to average soil ratio of 1.0 indicates that average
soil value may not be truly representative for soil sam-
ples over Pune and other parts of India. In the Table
4, ratios as obtained by Khemani (1974) at Pune
during the monsoon scason of 1972 are also given.
The ratios as obtained at Pune in 1972.and 1981 arc
quite close.

pH values exhibit large variation. However, the
values are between 6 and 7. One of the reasons sug-
gested by various workers for high pH (:>5.6) is the
acid base neutralization reactions in the presence of
particulate matter in the atmosphere. A study of the
ionic balance and its correlation with pH (individual
samples) indicated that with increasing excess of cations,
pH wvalues also increased. However, the linear cor-
relation coefiicient between the above two parameters
is not significant, but simple correlation between excess
of calcium with H " ion eoncentration (-0.17) and
also between excess of sulphate (after subtracting the
contribution from sea)and H ~ ion concentration (0.20)
is significant at 5 per cent and | per cent level, res-
pectively. It indicates that excess sulphate and cal-
cium are able to influence the pH values to a large
extent at Pune during monsoon season and other con-
stituents are not that imporant.

It is interesting to mention here that linear correlation
between H - jonand SO, concentration is quite low (0,11)
and with nitrate it is negative (insignificant). It indicates
that pH at Pune is not controlled by HNO,. However,
H,50, may play an important role in controlling the
pHalongwith HCO.,,

3.4, Correlation studies benween various chemical con-
sStituents

(@) Monthwise — During the month of June, highest
correlation has been observed between Cl and Na (0.96)
as expected.  High corrlations have been observed
between Na, K. Ca and Mg. Quite interestingly ‘SO, is
also well correlated with Na, Ca and K and NO, with
Ca. Significant correlation between NO,. SO, and
Ca indicates that NO, and SO, are being contributed
from continental sources also. However, insignificant
correlation coefficient between SO, and NO, indicates
that both are not being derived exclusively from single
source.

The general pattern of correlation during July, August
and  September remained broadly similar to that of
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June. However, lowering of correlation coefficients
between Cl and K, K and Mg are observed during July
which indicates that source of K and Mg are not same
druing this month. One of the reasons could be that
the influence of local soil sources contributing to K
and Mg has reduced due to wetting of ground and
growth of grass due to rains. Quite interestingly, signi-
ficant positive correlation has bezen observed between
NH, and NO, during August indicating that a common
source for both these constituents was prevalent during
the above month. The exact reason for this is not very
clear. Soil and decomposition of organic material can
contribute significantly to the NH, concentration but,
this is expected to be low during August. During the
month of September correlation between Cl and Na
reduces significantly suggesting that both are not being
drawn from single source. This indicates that the influ-
ence of sea which was a major source for Cl and Na
during June to August reduced during September.

(b) June-September — Correlations for the combined
period, in general, are similar to that of June, July and
August as expected (since number of samples for the
month of September are comparatively small, i.e. 28).
However, significant correlations between NH, and
SO, (significant at 1 per cent) and between NH, and
NO, (significant at 1 per cent) have been also observed.
Most interesting correlation has been the positive cor-
relation between excess SO, and H+ (0.20) and negative
correlation between excess Ca and H+ (—0.17). It
indicates that SO, probably in the form of H,SO, in-
fluences the lowering of pH. Negative correlation bet-
ween Ca and H+ion indicates the importance of dis-
solution and exchange reaction involving particulate
matter by which H+ions are consumed. Low corre-
lation between K and Mg confirms that both are not
primarily derived from the same source.

3.5. Chenical composition and meteorological parametres

3.5.1. Variation of concentration with rainfall

The chemical composition of rainwater reaching
ground level is governed by various physical processes
such as formation and growth of raindrops, rainout

~and washout of the pollutants and on the intergap
between two rainfall events. Concentration generally
varies inversely with the amount of rainfall. Inverse
relationship was attributed by Junge (1963) to droplet
evaporation, amount of liquid water content in cloud
and the contribution of a washout. Mukherjee (1980)
also showed that there is an inbuilt inverse relationship
of concentration of washed out material with the in-
tensity of rainfall. The variation in concentration
of Na with rainfall amount is shown in Fig. 1. Itcan
be seen that concentration decreased with increasing
rainfall amount. The variation of other constituents
(Ca, Mg, K, Cl) is broadly similar to Na. The data set,
in Fig.1 has been fitted by a curve of the form Y=AR™2
where Y is the concentration of Na (mg/litre), 4 and
B are constants and R is the rainfall (mm). Constants
have been estimated as 4=0.92 and B=0.81. The
decrease in concentration with increasing rainfall is
generally believed to be due to the increasing droplet
diameter as well as increasing liquid water content of
the precipitation cloud. As observed by Junge (1963)

and Georgii & Weber (1960) the concentratons for

Pune samples also showed large increase for low rain
fall.

3.5.2. Variation of NH, concentration with soil

temperature
Linear correlations between various constituents in
rainwater and soil temperature were studied.
Significant positive  correlation (0.29) was

obtained between concentration of NH, and soil
temperature (measured close to surface). Soil
temperature can be taken as representative of the
biological activity. Positive correlation with NH, in-
dicates that over Pune the amount of NH, deposited
through rainfall is controlled by its rate of release
from the soil by biological activity during decompo-
sition of soil organic matter. High concentration of NH,
during June substantiates the above positive corre-
lation. However, soms contribution to NH, con-
centration from the fertilizers which are put in the
surrounding agricaltural fields cannot be ruled out

3.5.3. Variation of concentration with relative hu-
midity (R.H.)

Significant positive correlation between SO, and R.H.
(average values preceding the rainfall event) at I per
cent level (0.20) has been obtained. It indicates that SO,
released from various sources get oxidized to SO, in
presence of sufficient humidity in the atmosphere. This
is in agreement with the results of other workers also.
It also suggests that sulphates in rainwater over Pune
may not be only derived from marine sources and soil.
Positive correlation betweenr NH; and R.H. (0.14)
significant at 5 per cent level has been also obtained.
It has to be viewed alongwith positive correlation with
soil temperature. For production of NH; from soil
(biological activity) alongwith high temperature some
moisture is also required. However, the quantity of
mositure required is quite critical. Very high moisture
content may actually tetard the production of NH,
(Yaalon 1964).

3.5.4. Variation of concentration with wind speed

Positive correlations, though not significant, between
Cl, Na, Ca, K, Mg and wind speed have been obtained.
Minimum correlation coefficient (0.05) is between K and
wind speed. Correlation coefficients between Cl, Na,
Ca, Mg and wind are almost similar (0.09 to 0.12),
One of the reasons for the above correlations is that
conlributions from sea and soil for various constituents
increase with wind speed.

3.5.5. Variation of nitrate concentration with thunder-
storm activity

Variation of nitrate (¥, in mg/l) with rainfall (R in
mm) for the samples collected during thunderstorms
and without thunderstorm have been examined se-
parately and the data have fitted by a curve of the form
Y, = A,R—B! where, A; and B, as obtained for two
data sets are as follows :

A:=1.83" .
L Data set associated with thundersto:ms.
B,=0.49 ) |
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1t can be seen that values of B, are almost similar
but the values of A, arc quite different. In Fig, 2 varia-
tion of nitrate concentration with rainfall amount is
shown for the events with thunderstorm and without
thunderstorm separately. Least square lines fitted to the
data sets are also shown in Fig. 2, and they indicate
large scatter in the data points. Hutchinson (1944) had
studied in detail the subject of thunderstorm and li-
xation of nitrogen in rain and had summarised the
various processes by which fixation of nitrogen takes
place in the atmosphere. Hutchinson (1944) had in-
ferred that, in general, the major part of nitrate falling

in rain may not be derived from the direct oxidation of

N, in the atmosphere during thunderstorms. Angstrom
an-d Hogberg [1952, (a, b)] from their observations in
different parts of Sweden and Mukherjee (1955) from his
studies over Sylhet and Bombay had concluded thatin the
ower atmosphere, electrical spark discharge may have
some effect but it is not primarily responsible for the
formation of nitrates in rainwater. Similar inference
had been drawn by Gambell and Fisher (1964). Vie-
meister (1960) and Vissar (1964) also. However, Pratt
(1977) suggested that perhaps 10 to 20 MT of nitrogen
are fixed per year by lightning. Delwiche (1970) had also
made similar estimates. Pratt (1977) had finaly summa-
rised that there is seeming agreement that most ol the
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Fig, 2, Variation in nitrate concentration with rainfall amount
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nitrate- —-nitrogen in rainwater is of terrestrial origin, but
there is sufficient evidence from differences in ratio
of nitrate to ammonium and of other constituents of
rainwater over tropical and temperate regions to
justify an estimate of 10 MT of nitrogen fixed annually
by lightning and other electrical discharge phenomena
in the atmosphere. This is just four per cent of the total
nitrogen fixed in the atmosphere by various processes.

It is, thus, evident that nitraje concentration in rain-
water samples depends on various parameters and it
may be difficult to sepurate out the contribution of
atmospheric clectric discharges unless  other factors
have been well isolated during the collection of the
rainwater s.mples itself.  Quite good number of the

carlier studies suffered on this account.

Similar values of B, as obtained in the present study
(during thunderstorm and non-thunderstorm events)
which determines the shape of the decay curve suggest
that the physical processes relating to the nitrate con-
centrations and rainfall amount were similar in both
the cases at Pune. However, quite high value of A,
for the data set with thunderstorms indicate that nitrate
concentrations were higher in comparison with the
rainfall cvents not associated with thunderstorm. A
visual inspection of the least square curves fitted to
the two data sets (Fig. 2) also indicates the same.
The increase in nitrate concentration can be attributed
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to the fact that discharge of electrical energy in the
lightning stroke causes free nitrogen to be oxidized
into rainwater and brought to ground as nitrate. How-
ever, the large scatter indicates that for further quanti-
fic studies additional data are essential and it may be
also desirable 1o quantify the thunderstorm activity.
Nevertheless, the results from Pune are quite sign-
ficant even though the explained variance is only
about 7 per ceni considering the fact that the
scatter in nitrate concentration is generally quite high
as it depends on many factors.

4, Conclusions

Based on the sudy of rainwater chemistry data from
Pune during the monsoon season of 1981, following
conclusions can be drawn :

Maritime air is the major source of Cl and Na at
Pune. For SO,. anthropogenic sources appear to be
quite - important. Local soil also appear 1o contribute
to the concentration of cations.

Desposition values of chloride and sodium are quite
low when comparcd with coastal stations in India as well
as in other countries, but they are comparable to the
values as reported for number of locations in USSR.
SO, depositions are also comparable to USSR. values
reported from two continental areas representing fairly
uncontaminated air over the area.

Study of ratios between various constituents and a
comparison with sea water ratios suggest that rainwater
samples at Pune get enriched to a large extent in terms
of Ca, SO, and K. Enrichment for Mg is also high.
Studies also show depletion of chloride at Pune as ob-
served by other workers.

pH values exhibited large variation but the values

remained in basic range (between 6 and 7).
Correlation studies indicate that excess of SO, and Ca
are able to influence the pH values significantly. In-
significant negative correlation between NO, and H“
ion concentration indicates that pH at Pune is not
controlled by HNO,. H,SO, may play an important
role in lowering the pH. Negative correlation between
excess Ca and H+ ions indicates the importance of
dissolution and exchange reaction involving particulate
material (calcarcous minerals) by which H+ions are
consumed.

An inverse relation of form Y=AR—F between the
trace constituent and rainfall has been found. B value for
sodium has been estimated as 0.81.

Concentration of NH, has been found to depend on
soil temperature which represents the biological acti-
vity. Significant positive correlation has been found
between SO, and relative humidity, indicating that
SO, released from various sources get oxidized to SO,
in presence of sufficient humidity in the atmosphere.
Positive correlation though not significant between CI,
Na, Ca, K, Mg and wind speed have been also obtained.
One of the reasons of the above positive correlations is
that contributions from sea and soil for various con-
stituents increase with wind speed.

Study of variation of nitrate concentration for events
with and without thunderstorm indicates that nitrate
concentrations were higher for events with thunder-
storms in comparison to the events not associated with
thunderstorm, The above result is quite significant even
though the explained variance is only about 7 per cent
considering the fact that scatter in the nitrate con-
centration is generally quite high as it depends on many
factors. .
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