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In the present work, the rainwater chemistry in themost industrialized area of cen-
tral India, Raipur city (capital, Chhattisgarh state) is described. The volume weighted
mean value (n=31) of pH, conductivity and TDS of ta rainwater during monsoon sea-
son, May — October, 2008 was 6.42, 483 uS and 237 tif, respectively. The volume
weighted mean content of ions i.e. GINOs, SO, NH,", Na+, K', Mg®* and C&" was
2.83, 2.71, 7.64, 0.73, 1.00, 0.92, 1.1 and 2.53 lthgrespectively. The variations, scav-
enging and enrichment, correlations and sources ahe ions in the rainwater are dis-
cussed.

B nanHoii padoTe onmcaHbl XMMHYeCKHe 0COOCHHOCTH [10KIeBOW BOAbLI B HamboJee
WHIYCTPHAJIBHOW MECTHOCTH HeHTpaabHoii WUnaum, ropoa Paiimyp (cTtoamma mrarta
IMlatTurap¢). Mokasareau uzmepennii (N=31) pH, nposognocTtu (mounl) u TDS B H0XK-
JeBOii BOjJe BO BpeMs ce30HA MyccoHa, Maii — okTsiopb, 2008roma obliin 6.42, 483 uSa
237 mg I* coorBercTBenno. Coctas monor npeacrasien Cl', NOs, SO, NH,", Na+, K,
Mg?* ta Ca®* ¢ moka3zarensimu 2.83, 2.71, 7.64, 0.73, 1.00, 0.92, #.2.53 mg I*. Takxe
00Cy:K1aI0TCSl BONMPOCHI BADHATHBHOCTH MOKa3aTeJieil, X OMIMOKH, CBSI3H U UCTOYHUKH
HOHOB B J0:K1€BOH BOje.

Introduction

Air quality in India is depleting tremen-  Delhi, Mumbai, Dhanbad, Osansol, Bhu-
dously due to a huge vehicular and industrial baneswar, Tirupati, etc. has been investi-
emissions. Rain is formed due to conden- gated [22-30].
sation of the cloud droplets in the upper tro- The rain chemistry of the most industrial-
posphere and scavenges the atmospheric airized location of central India has been not
pollution. The rain chemistry is indicator of reported. In the present work, the rainwater
the atmospheric pollution in a particular chemistry of Raipur city (capital, Chhattis-
area. The rain chemistry in the various loca- garh state, central India) during period, May
tions of the World has been reported [1-30]. — October, 2008 is described. The content,
The Asian rainwater was contaminated with variations, sources, enrichment and fluxes of
higher levels of ions due to increased human ions i.e. Cl, NOs, SO%, NH,, Na+, K,
and industrial activities [8-30]. The rain Mg?" and C& are discussed.
chemistry of some locations of India i.e.

Materials and methods

Site Description Collection of samples

Raipur city (21° 1348" N, 81° 37 48" The rain gauze was used for collection of
E) capital, Chhattisgarh state, central India rain samples on the event basis. The collec-
was selected for the proposed studies due to tor was installed at roof of building; 10 m
running of several industries and thermal from the ground level in Dagania, Ro-
power plants, Figure 1. The population of  hinipuram, Raipur. The collector was
city is = 2 million and exposed with severe washed with deionized double distilled wa-

air pollution [31]. ter after collection of each event samples.
Total amount of rain precipitated in Raipur

© Patel K.S., Ambade B., during period, May — October, 2008 was 67

Nicolas J., Yubero E., 2009 cm in 42 events. Of them, 31 event samples
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was collected, filtered and transferred into
1-lit cleaned polyethylene bottle. They were
refrigerated at 4C to avoid the degrada-
tion.

Analysis

The pH, conductivity and TDS values of
the samples were measured immediately
after collection by using the Checkmate (E
— 58902) analyzer. The content of ions i.e.
Cl', NOy, SO%, NH,", Na+, K, Mg®* and

C&" was analyzed by using technique i.e.
ion chromatography (Dionex Corporation,
Sunnyvale, CA, USA) equipped with anion
(AS9-HC, 250x4 mm) and cation (CS12A,
250x4 mm) equipped with separation col-
umns and conductivity detector.

The E. Merck standard was used for
preparation of the calibration curves. The
laboratory blank was used to assess the con-
tamination.
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Results and discussion

Meteorology

The monthly mean values of meteorology i.e.
rainfall (RF), ambient temperature (T), relative
humidity (RH), vapor pressure (VP) and wind
speed (WS) of Raipur during the study period are
summarized in Figure 2. The mean value of T,
RH and VP during the rainy season, July — Sep-
tember was found to 2&, 83% and 23 mm of
Hg, respectively. The 98% (66 cm) of the total
rain was precipitated in four months, June — Sep-
tember, 2008 with the highest precipitation in
month of September, 2008.

The value of wind speed was decreased

sharply from June to September, 2008. The corre-

lation matrix of the meteorology with the rain

composition is shown in Table 1. The meteorol-
ogy remarkably influenced the rain content of
three ions i.e. NaMg?* and C&". The RF value
had negative correlation with the content of ions
i.e. CI, NOy, SQ*, N& or C&",and they become
diluted when the precipitation of rain amount was
increased.

The T value had good positive correlation with
the content of two ions i.e. Nand C4" unlikely
to other ions i.e. CINO;, SQ% and NH'. In-
crease in value of RH and VP remarkably de-
creased the rain content of ‘Nanlikely to M.
The rain content of the most of the ions was di-
luted with increase in WS value, may be due to
their large emission by the local emission sources.
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Figure 2 - Meteorology 2008 for study period

Table 1- Correlation matrix of ions with meteorojog

lon RF T RH VP WS
CI -0.61 -0.45 0.11 0.11 -0.81
NO3 -0.36 -0.17 0.17 0.22 -0.48
SO~ -0.36 -0.14 0.17 0.20 -0.25
NH," 0.00 -0.11 0.17 0.17 0.00
Na" -0.45 0.70 -0.69 -0.69 -0.39

K" 0.00 0.14 0.00 0.00 0.24
Mg~ 0.42 0.53 0.56 0.59 -0.14
ca’ -0.50 -0.28 -0.30 -0.28 -0.79

Physical characteristics

The volume weighted mean value (n=31)
of pH, conductivity and TDS of the summer
monsoon rain at Raipur was 6.42, 483 uS
and 237 mg'l, respectively. The lowest pH
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value was observed in month of July, proba-
bly due to the highest wind speed, Figure 3.
However, the value of conductivity and TDS
was found to be increased from July to Sep-
tember, 2008, Figure 4.
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Figure 3 - Volume weighted monthly pH and WS (krit)Hor year 2008
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Figure 4 - Volume weighted monthly conductivity andS value for year 2008

Chemical characteristics respectively. The scavenging (SR) value for
The volume weighted mean content of,Cl  CI', NO;y, SQ%, NH,", N&, K*, Mg”* and C&"
NO;, SQ%, NH,", Na+, K, Mg®" and C&, was found to be 590, 423, 804, 456, 455, 438,
was 2.83, 2.71, 7.64, 0.73, 1.00, 0.92, 1.1 and 1571 and 356, respectively. Among them,’Mg
2.53, mg T, respectively. The relative abun- and SQ* exhibited relatively higher SR value,
dance of ions i.e., NF, Na+, K, Mg®*, C&", due to the most effectively scavenging out [29].

NOs, Cl and S@ was 4, 5, 5, 6 , 13, 13, 14 Variations
and 39%, respectively. The sum of ratio of The volume weighted monthly mean content

equivalent content of thefnion]/ [Zcation] at of the ions in rain of Raipur is shown in Figure
Raipur was found to be 1.02 with coefficient (r) 5. The highest content of almost all species
value of 0.35. during month of June, 2008 at Raipur was ob-

Scavenging ratio served due to first flush out of monsoon water.

The annual mean content of species i.&. CI No exact seasonal variations in other three
NO;, SO, NH,, Na', K, Mg and C&' months: July, August and September was no-
associated to the PMin the air of Raipur was  ticed. The highest content of $Owas ob-
48,6.4,95,16,22, 21,07 and 7.1 g m served in the rain water.
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Figure 5 - Volume weighted monthly of ions for y@a08

Correlation and Sources

The correlation matrix of ions is summa-
rized in Table 2. Anions (i.e. CINO; and
SO%) and cations (i.e. Na K*, Mg** and
Ca") among themselves have good correla-
tion, suggesting their common origin in the
rain water. All ions among themselves (ex-
cept Cl and NQ") had fair to good correla-
tion. They are contributed by the anthropo-
genic and natural sources. The following ap-
proach [33] is used to estimate

the marine contribution of ions in the rain.
EFmarine = ([X]/ [Na])rain/ ([X]/ [Na]marine
Where, x denotes the concentration of the
species of interest in the rain and sea. The
EFmarine Values for ions i.e. Gl SO%, K,
Mg®* and C&" was ranged 1.6, 31, 25, 29
and 21, respectively when Na was used as
marine indicator. It means that ions i.e. SO
, K*, Mg* and C&' in the rain was largely
contributed by anthropogenic and crustal
sources.

Table 2 - Correlation matrix of ions

Cr NO; SQ” NH," Na K* Mg** ca’
Cl- 1
NO; 0.80 1
SQ” 0.69 0.64 1
NH," 0.00 0.41 0.14 1
Na' 0.24 0.42 0.50 0.26 1
K* 0.00 0.41 0.52 0.46 0.44 1
Mg™* 0.00 0.00 0.22 0.51 0.50 0.50 1
ca’ 0.33 0.20 0.55 0.35 0.48 0.45 0.75 1

Comparison of rain composition

The ionic composition of rain of various
locations of the World is presented in Table
3. The highest rain content of the ions i.e.
Na‘, CI and C4" were observed in the loca-
tions (i.e. Mumbai, Nanjing, Eshidiya,
Shanghai, etc.) lie near sea due to marine
contribution. Whereas, the highest rain con-
tent of ions i.e. S@, NO; and Md" were

152

seen in the industrial and mega cities i.e.
Tokyo, Nanjing, Shanghai, Esidiya, Mum-
bai, Delhi, Asansol, Raipur, etc., due to an-
thropogenic contribution. Significant rain
content of NH" was observed in the Chinese
cities i.e. Nanjing, Zhejiang, etc. The rain
content of ions of Raipur is found to be
higher than the rain ion content value of
many locations, Table 3.
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Table 3 - Comparison of rain acidity and ionic @nis, peq

Location pH Cl | SO | NOy | NH,” | Na | K* | Mg®™ | C&" | Ref.
Guaiba, Brazil 5.7 7 13 2 28 11 3 4 8 1
Mexico City 5.1 10 62 43 92 7 2 2 26 4
Anatolia, Turkey 6.1 18 56 28 64 16 8 11 74 3
Eshidiya, Jordon 6.6 122 122 64 43 856 51 134 192 11
Tokyo 4.5 55 50 31 40 37 3 12 25 18
Shanghai 45 58 200 50 81 50 16 30 204 16
Korea 4.7 38 19 47 33 19 4 1 26 18
Zhejiang 4.5 10 117 37 97 7 5 4 56 19
Nanjing 5.5 143 242 40 193 23 12 32 295 21
Mumbai 5.7 275 175 17 51 221 1( 70 351 22
Dhanbad 5.3 28 63 11 35 1§ 13 156 129 23
Asansol 6.1 63 44 16 33 20 4 37 107 24
Tirupati 6.8 34 128 41 20 33 34 51 151 25
Delhi 6.3 43 131 109 82 44 20 44 181 26
Bhubaneswar 6.2 18 19 14 19 15 2 5 20 27
Raipur 6.4 80 149 44 41 26 24 92 127 PW
PW = Present work

Conclusion
The acid rain is halting in Asia due to in- the rain content of ions i.e. CING;, SQ7,
creased industrial and vehicular emission of Na" and CA&". The atmospheric humidity
acidic oxides i.e. NQand SQ. The two ac- and vapor pressure has positive correlation
ids i.e. HSO, and HCI have major contribu-  with the atmospheric acidity. In central In-
tion in the Asian rain. Increase in rain dia, the rain ions are largely contributed by
amount and wind speed influence adversely the anthropogenic sources.
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Xazeweap Cinex Ilamen * XIMIYHI XAPAKTEPUCTHKHA JOIIOBOI
Banpam Améaode * BOJU Y HEHTPAJBHIN IHAII
Jlcoze Hikonac ** ,
Eoyapoo Ob6epo **

* [llkona susuenns ximii, Ynisepcumem IIm. Pasiwaxap llyxna, Paiinyp — 492010 Jn-
ois; ** Jlabopamopis ammocghepnozo 3a0pyonenns, axyromem npuxkiaonoi gizuxu,
Vuieepcumem Micens Xepuanoesa, Avda de la Universidad S/N, 03282y, Icnauni.

B namniii podoTi onucani xiMiyHi oco0amBOCTI 10M0OBOT BOAM B HAMOiabmI iHAYyCTpia-
JbHil MicueBocTi HeHTpaabHoi Iuaii, micto Paiimyp (ctoauns mrarty llaTtrirapg). Io-
KasHukH BuMipoBanb (N=31) pH, npoBignocri (ionu) Ta TDS y gomosiit Boai mix yac
Ce30HY MYCOHY, TPaBeHb — :koBTeHb, 2008poky Gyam 6.42, 483 pSra 237 mg I* Bixnosi-
nno. Ckuapn ioniB npeacrasaennii Cl', NO3, SO, NH,*, Na+, K, Mg ta Ca’" 3 nokas-
Hukamu 2.83, 2.71, 7.64, 0.73, 1.00, 0.92, ¥4l 2.53 mg ' Takox 00roBOPHTHCS MHU-
TAHHS BAPiaTUBHOCTI 3HAYeHb, iX MOXHOOK, 3B A3KiB Ta J:xKepeJi ioHIB y H01I0Biii Boi.
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