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ABSTRACT

Rainwater samples during the South West monsoon seasons during 2008were collected in
accordance with two different activity areas; viz., residential i.e., Santiniketan and industrial i.e.,
Durgapur of West Bengal in India. The physiochemical parameters viz., pH, EC, TDS, Ca2+, Na+,
K+, NH4

+, SO4
2-, NO3

-and Cl- were measured. The pH of rainwater was above 5.6 except two
rainwater incidents at Durgapur. All the values were below unity when total anions and cations ratio
were calculated, which showed lower in the total anionic concentration. In order to estimate the
marine and non-marine contribution, sea salt fraction has been calculated by taking Na+ as a
reference. All ionic ratios have been found to be higher than the recommended sea water ratios
except Cl- in all the study samples, viz. residential and industrial, suggesting a significant
contribution of non-marine origin for these components.
Key word: Rainwater, anions, cations, marine and non-marine contributions.

INTRODUCTION

Rainwater is an important sink for water soluble atmospheric pollutants and source of both pollutants and
nutrients in terrestrial and aquatic ecosystems. Rainwater composition plays an important role in
scavenging soluble components from the atmosphere and helps us to understand the relative contribution of
different sources of atmospheric pollutants. The chemical composition of rainwater varies from site to site
and region to region due to influence of local sources. The nature of rainwater becomes acidic due to
anthropogenic activities which contribute acidic gases like SO2 and NOx. When these acidic gases are
dissolved in clouds, sulphuric and nitric acids are formed respectively. In countries like India, dust particles
are an important part of the atmosphere, which contains acid neutralization components like Na+, K+ and
Ca2+have the capacity to neutralize the acidity of rainwater before being deposited on the ground surface.
Therefore, both anionic and cationic indexes are necessary to evaluate the qualitative characteristics of ions
in rainwater.

However, contamination of rainwater by atmospheric pollutants is a problem of growing concern on both
regional and global scales. During recent decades extensive research was done in North America and
Western Europe (Balasubramanian et al., 1999; Hu et al., 2003 and Rodhe et al., 2002). Whereas, similar
studies in developing countries like India are limited due to technological and financial constraints.

Emission of air pollutants are increasing rapidly in many South and East Asian countries (Rodhe et al.,
2002) due to faster growth in population and consequent upward trend in agricultural production,
industrialization, energy consumption, transport, housing etc. In Indian Sub continent nature of rain water
is alkaline (Khemani et al., 1989, Saxena et al, 1991 and Kulshrestha et al., 1991) due to influence of soil
derived particulate matter. Many authors have reported the study of precipitation chemistry in urban and
rural regions over India and aboard. They concluded that man made pollutants and dust particles with
significant base cations have influenced on rain water chemistry. The rainwater was fully neutralized by
cations before being deposited on the ground surface.
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Thus considering the above mentioned importance of precipitation, the chemistry of rainwater study has
been conducted during the South West monsoon seasons of 2008 at Birbhum and Paschim
Burdwandistricts of West Bengal in India. In the present work an attempt has been made to address above
points with the following objectives (i) To study the composition of rain water, (ii) To assess the
relationship between cations and anions, (iii) To undertake the evaluation of each ion with the total ionic
composition, and finally (iv) To assess the marine and non-marine contributions.

MATERIALS & METHODS

Study Area
The sampling sites were chosen in accordance with two different activity zones; viz., residential i.e.,
Santiniketan, and industrial i.e.,Durgapur (Figure 1).

The Durgapur site is the area of many types of industries (e.g., Steel, Power, Fertilizer, Chemical and
Cement etc.). Thus, it is an industrial town in the West Bengal at Paschim Bardhaman district. An
important National Highway (GT Road) with very high traffic also passes through this industrial city.

Figure 1: Map of West Bengal showing sampling locations

Sample Collection

Rainwater samples from the study areas during the monsoon seasons of 2008were collected in
polyethylene bottles through funnels. The sample bottles setup were placed on the rooftop of the buildings
(about 10-15 m from the ground levels and 1 m from the floor of the roof) away from surface soil and any
specific emission source. To avoid contamination, the funnels were washed with double distilled water
before the rain event, the collector were deployed as soon as the rain began and retrieved immediately after
rain stopped.

Then the rainwater samples were brought to the laboratory immediately after collection and pH, Electrical
Conductivity& TDS were measured with the help of digital pH and EC-TDS meter. The samples were then
filtered through Whatman filter paper (No. 41) and were preserved by adding 200 mg/l thymol and
refrigerated at 4°C for further analysis.

Chemical Analyses

The following physico-chemical parameters, like pH, EC, TDS, Ca2+, Na+, K+, NH4
+, SO4

2-, NO3
-and Cl-

were considered for analyzing the rain water chemistry. The pH, EC and TDS were measured by using
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thedigitalized pH & EC-TDS meter respectively. Ca2+, Na+ and K+ were determined by ELICO Flame
Photometer. Sulphate ion was measured byturbid metric method (BaCl2 method).Whereas, nitrate,
ammonium and chlorideions were measured by using Ion Selective Electrode (ORION 5 STAR).

RESULTS & DISCUSSION

The mean, maximum and minimum concentrations of major ionic components, electrical conductivity
(EC), total dissolve solid (TDS) and pH values of Durgapur and Santiniketan are given in Table 1 and 2
respectively. During the monsoon periods of 2008, the mean pH of rain water in Durgapur was 6.51 which
varied from 5.39 to 7.89,as shown in Table 1. Table2 shows the mean pH of rain water in Santiniketan and
the level was 7.05 and the level varied from 5.88 to 8.20.

Table 1: Levels of pH, Electrical conductivity (µS cm-1), TDS (mgL-1) and concentration of major
ions (µeqL-1) in rain water collected at Durgapur (N=23).

Component Mean± SD Maximum Minimum
pH 6.51±0.66 7.89 5.39
EC 1.28±0.14 1.50 0.94
TDS 0.78±0.09 0.91 0.57
SO4

2- 3.96±1.13 6.57 3.02
NO3

- 2.66±0.60 4.36 1.98
Cl- 0.68±0.18 0.94 019
NH4

+ 1.47±0.20 1.83 1.05
Ca2+ 5.40±1.93 9.80 3.10
Na+ 0.65±0.22 1.20 0.40
K+ 1.73±0.51 3.10 1.10
Total anion(TA) 7.30±1.68 11.64 5.47
Total cation(TC) 9.25±2.63 15.91 6.02
TA/TC 0.88±0.41 1.77 0.40
NO3

-/SO4
2- 0.68±0.06 0.78 0.51

(NH4
++Ca2+)/

(SO4
2-+NO3

-)
1.14±0.51 2.23 0.44

In these two places the pH of all samples are higher than 5.6 which is the pH of cloud water at equilibrium
with atmospheric CO2 (Charlcon and Rodhe, 1982) except two acidic rain event at Durgapur. Thus, almost
all of the rain water events are alkaline. This observed alkalinity of rainwater is due to the high loading of
particulates matter into the atmosphere from surface activities. Similar kinds of results were also obtained,
from literature, carried out at Agra (Saxena et al., 1991), Mumbai (Thakre et al. 2001), Dayalbagh, a
Sunderban site (Kumar et at., 2002), Bhubaneswar (Das et al., 2005), Ballia, Uttar Pradesh (Tiwari et al.,
2006), Roorkee (Obaidey et al., 2006), National Capital Region (NCR) of Delhi, India (Tiwari et al., 2007),
Panipat, Haryana (Tiwari et al., 2008) and Kuala Lumpur, Malaysia (Khoon et al., 2011).

The pH of the rain water in early monsoon was higher due to presence of higher concentration of crustal
components which has greater acid neutralization capacity. The crustal components of rain water decreases
as rain event increases and enhancing the rain water acidity. But in Durgapur two  acidic event were
occurred due to emission of  high SO4

2- and NO3
- from thermal power plants, burning of coal, natural

gasses and petroleum, large and small scale industries (like sponge iron) and vehicular traffic. In the
literature, the study carried out in Dhanbad (Singh et al., 2001), Korea (Chunget et al., 2001) Bhubaneswar
(Das et al., 2005), Hruby Jesenik Mountain, Czech Republic (Zapletal et al., 2007) and Panipat, Haryana
(Tiwari et al., 2008) also corroborates similar kinds of results.
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In these two areas, the concentration of Na+, K+ and Ca2+ decreased as rain event increased due to rainout
and washout of the atmospheric components, particularly, Na+, K+ and Ca2+, during pre-monsoon to
monsoon periods. The ratio of NO3

-/SO4
-2 was found to be more in Durgapur as compared to Santiniketan.

The possible reasons could be due to high vehicular traffic and industrial activity in Durgapur than
Santiniketan. Similar kinds of results were also obtained, from the literature, carried out in Mumbai
(Thakre et al., 2001), Roorkee (Obaidey et al., 2006) and Kuala Lumpur, Malaysia (Khoon et al., 2011).

In these two areas the concentration of the ammonium are high due to the use of fertilizers in the nearby
gardens and agricultural fields, but in Durgapur it’s comparatively higher than Santiniketan due to
industrial effluents and also more anthropogenic activities.
Table 2: Levels of pH, Electrical conductivity (µS cm-1), TDS (mgL-1) and concentration of major
ions (µeqL-1) in rain water collected at Santiniketan (N=27).

Component Mean± SD Maximum Minimum
pH 7.05 ± 0.54 8.20 5.88
EC 0.32 ± 0.18 0.82 0.08

TDS 0.15 ± 0.09 0.42 0.02
SO4

2- 1.17 ± 0.21 1.72 0.77
NO3

- 0.76 ± 0.16 1.18 0.44
Cl- 0.7 ± 0.43 1.75 0.19

NH4
+ 0.62 ± 0.32 1.21 0.16

Ca2+ 4.7 ± 2.53 12.00 0.30
Na+ 0.7 ±0.60 2.60 0.10
K+ 5.24 ±2.82 10.20 1.20

Total anion(TA) 2.62 ±0.52 3.692 1.73
Total cation(TC) 11.26 ± 4.79 20.67 4.58

TA/TC 0.291 ± 0.16 0.63 0.09
NO3

-/SO4
2- 0.66± 0.14 0.88 0.37

(NH4
++Ca2+)/

(SO4
2-+NO3

-)
2.87±1.51 6.04 0.36

The values were always below unity when total anion and cations ratio were calculated, which showed
lower in the total anionic concentration. The contribution of each ion to cationic, anionic and the total ionic
masses in rain water of Durgapur and Santiniketan are given in Figure 2 and 3 respectively.

(a) (b) (c)
Figure 2: Contribution of (a) each anion to anionic mass, (b) each cation to cationic mass and each ion to
ionic mass in Durgapur.
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(a) (b) (c)

Figure 3: Contribution of (a) each anion to anionic mass, (b) each cation to cationic mass,and each ion to
ionic mass in Santiniketan.

The relative contribution of each anion to the total anionic masses in Durgapur and Santiniketan was SO4
2-

>NO3
->Cl- and the relative contribution of cation to total cationic mass was Ca2+>K+> NH4

+>Na+. The
contribution of each ion to total ionic mass in Durgapur was in order of Ca2+>SO4

2->NO3
->K+> NH4

+>Cl-

>Na+. The contribution of each ion to total ionic mass in Santiniketan was in order of K+> Ca2+> SO4
2-

>NO3
-> Cl-> Na+>NH4.

Marine contribution:

In order to estimate the marine and non marine contributions, different ratios like sea salt fraction (SSF)
and non sea salt fraction (NSSF) has been calculated as described by Kulshrestha et al. (1996) by using
following equations:

% of SSF =

Where X is the concentrations of interest and % of NSSF =100-SSF

These fractions calculations have been made by using Na+ as reference element assuming all Na+ is of
marine origin (Keene etal.,1986; Kulshrestha etal.,2003).

Table 3 showed the ratios of SO4
2-, K+ and Ca2+ with respect to Na+. All ratios have been found to be higher

at Durgapur and Santiniketan sites than the recommended sea water ratios except Cl-. These elevated
values may be due to the contribution of anthropogenic and crustal sources. Similarly the high ratios of
these components with respect to Na+ suggest a non marine origin for these components (Kulshrestha et al.,
1996). These values indicate that nearly all components i.e., SO4

2-, Ca2+ and K+ appear to be of non-marine
contribution. Cl-, however, appears to be significant influenced by sea salt contribution possibly derived
from cloud movement.

Table 3: Comparison of sea water ratios with rainwater component

Cl-1/Na+ K+/Na+ Ca2+/Na+ SO4
2-/Na+

Sea Water 1.167 0.0218 0.0439 0.125
Rain water Durgapur 1.05 2.66 8.31 6.09

Santiniketan 1 7.49 6.71 1.67
SSF Durgapur 110% 1% 0.53% 2%

Santiniketan 116% 0.29% 0.65% 7%
NSSF Durgapur -10% 99% 99.47% 98%

Santiniketan -16% 99.71% 99.35% 93%
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CONCLUSIONS

An assessment of the chemical composition of wet precipitation was conducted at two areas i.e.
Santiniketan and Durgapur in the monsoon periods of 2008-2010. The pH of rainwater was found to be
alkaline with the average of 7.05 and 6.51 respectively. The ratio between Cl- and Na+ was found to be
slightly lower than sea water. It means that Cl- have significant contribution possibly by long range
transportation of sea salts during monsoon period. The pH of precipitation was decreasing as the rain event
increased due to decreasing alkaline constituents, especially, Ca. It is found that SO4contributed more than
NO3 towards acidification of rain. Major part of SO4 ion in rainwater was derived from anthropogenic
sources. Contribution of ammonium was from bacterial action and industries and calcium ions from crustal
sources (like CaCO3 or CaSO4 etc.). Presence of calcium, ammonium and potassium helped in neutralizing
the acidic effects.

Studies regarding the long term trends in chemical constituents of precipitation are very few, especially
from Indian subcontinent, mainly due to the paucity of continuous data record. The present work could
help to study for these regions regarding future assessment of chemical nature of rain water as well as
precipitation.
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