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ABSTRACT. During the monsoon of 1984 (June-September), in all 50 filtered (0.45 pm) rainwater
samples were collected from Calcutta (West Bengal) and the samples were analysed for major, minor and trace
elements. The analytical data, so far obtained, reveals that different chemical components are depended on
different meteorological factors. Bicarbonate is predominant anion whereas calcium is predominant cation.
Nearby sea seems to have greater influence on overall chemistry of rainwater, Most of the ions originate from
marine origin but non-marine activity also plays an important role towards rainwater chemistry. Trace elements
concentrations in the rainwater have also been reported during the period of study. Further, a rough estimation
of input of inorganic constituents (presently SO,, NO, and C1) from the atmospheric precipitation over the
West Bengal has been calculated and reported in this paper,
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1. Introduction

Very little information towards chemical composition
of monsoon rainwater over a particular area/region in
India is available, although significance of some of the
chemical constituents in rains to agriculture as well as in
other fields also is well established. Rainwater is one
of the chief weathering agents and its chemical composi-
tion provides significant knowledge for many geochemi-
cal investigations, water supply for human consumption,
agriculture and monitoring of environmental pollution.
Very few works in this regard have been reported in the
literature (Narayanswami 1939; Handa 1969; Subra-
manian and Saxena 1980; Das et al. 1981, Mukherjee
et al. 1985). _After Handa, no detailed works have so
far been carried out towards chemical composition of
monsoon rainwater over Calcutta. Moreover, the
author did not report any trace elements analysis over
Calcutta. As such, after a lapse of about 16 years, a
reappraisal study has been carried out by the present
author during the period of monsoon rain in 1984. In
this paper, the general observations so far obtained from
this study on major, minor and trace elements chemistry
of the rains over Calcutta and sources and variation of
different chemical constituents in rainwater are briefly
discussed. Further, an attempt has been made to
calculate tentatively the input of some of the inorganic
components through atmospheric precipitation over some
districts of West Bengal.

(75)

2. Experimental

The rainwater samples were collected in polythene
tubs as per procedure outlined by Das et al. (1981).
Just after collection, water samples were filtered through
0.45 pm membrane filter (Milipore, USA) and the fil-
tered waters were stored in polythene bottles for their
subsequent analysis for major, minor and trace elements.
In addition to total rains, different fraction of the rains
in a particular day were collected in order to know the
variation of different constituents with time.

Analysis of major, and minor ions was carried out as
per procedures recommended by Das (1977) and Das
et al. (1981). Determination of trace elements was
carried out by different methods :

(a) Atomic absorption spectrophotometry — Solvent
extraction procedure involving complexing of the metals
such as Cu, Co, Cd, Ni, Pb, Cr and Zn by sodiumdi-
ethyldithiocarbamate at pH 3.6 + .1 and extracting the
metal complexes into methyl isobutylketone (MIBK) as
per method outlined by Nix & Tom (1970) was adopted.
The organic extract of the metal complexes were
aspirated in air-acetylene flame (Varian Techtron AA6
Atomic Absorption Spectrophotometer) against proper
reagent blank prepared under the same experimental
condition at their respective wavelengths.

(b) Spectrophotometric method — Arsenic in rainwater
samples was determined spectrophotometrically forming
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TABLE 1
Chemical analysis data of monsoon rains over Calcutta during the period of June-September 1984 (in mg/1)
Date Rainfall pH EC HCO, Cl SO, NO, Ca Mg Na K
(1984) (mm) (ps/cm)
Jun
2 14.3 6.4 50 19 10 5.2 0.9 8.0 2.0 2.8 0.25
3 68.5 6.9 55 18 4.5 1.8 0.5 6.2 1.70 2:2 0.30
4 140.6 6.2 35 10 5.2 4.5 0.3 6.5 0.97 1.25 0.24
5 289.9 3.9 58 12 9.5 4.2 0.2 2.8 0.85 1.80 0.25
8 67.5 6.5 30 4.9 2.8 3.8 0.5 0.8 2.00 1.10 0.31
9 28.6 6.9 28 6.8 2.2 3.0 0.15 1.4 0.48 0.51 0.20
18 26.7 7.1 65 15 3.8 3.2 0.21 6.8 1.90 2.30 0.40
19 45.8 6.9 30 5.8 5.2 3.6 0.11 3.3 0.49 1.40 0.36
22 139.7 6.2 25 3.9 4.5 3.0 0.60 2.0 0.38 0.48 0.18
Jul
! 8.3 7.0 20 2.5 1.5 2.9 0.12 0.6 0.25 0.20 0.12
4 7.8 6.8 30 10 2.2 2.8 0.10 4.0 0.52 0.78 0.58
5 5.8 6.0 3s 10 k| 33 0.21 4.10 0.51 0.78 0,59
8 26.8 6.9 60 18 9.9 4.8 0.51 12.8 1.20 0.48 0.90
9 31.6 6.8 38 15 2.9 1.3 0.15 2.9 0.95 1.0 0.31
16 28.3 72 22 6 2.4 3.5 0.28 2.0 0.91 1.5 0.16
17 47.7 6.5 30 8.5 1.9 1.3 0.22 3.8 0.65 0.85 0.40
18 5.4 6.8 38 12 18 4.2 0.35 4.8 1.25 3.25 0.51
22 23.3 7.1 20 5 0.89 2.1 0.16 1.6 0.24 0.48 0.36
28 44 .4 7.2 25 4 3.20 2.0 0.20 2.5 0.35 1.90 0.35
31 14.0 6.9 21 5 0.80 2.0 0.18 1.9 0.26 0.87 0.27
Aug
1 10.1 6.8 25 5 1.50 .8 0.21 2.2 0.30 0.68 0.36
2 13.0 6.9 40 15 4.5 2.9 0.28 11 0.85 3.50 0.84
3 69.3 7.2 42 18 4.0 3.8 0.25 6.2 1.50 3.10 0.41
7 22.8 7.3 35 13 3.8 3.1 0,21 1.8 0.62 1.15 0.31
9 45.5 6.5 28 5.5 2.8 1.8 0.20 4.6 1.20 2.20 0.35
10 1747 6.9 40 12 4.6 3.5 0.19 6.8 0.65 2.80 0.49
12 28.1 7.0 23 4.5 1.5 2.15 0.10 1.2 0.24 1.52 0.32
14 10.7 6.8 15 2.8 3.2 0.75 0.18 0.6 0.35 1.50 0.25
16 41.8 7.1 18 2.5 1.0 3.51 0.21 1.8 0.08 0.65 0.18
20 29.2 7.2 25 6.8 2.2 3.2 0.08 1.5 0.91 1.45 0.31
22 41 .4 6.9 35 18 9.8 5.2 0.10 I1.5 0.95 4.5 0.80
25 78.0 6.9 45 16 9.1 6.2 0.18 9.1 2.8 .20 0.80
31 16.0 7.0 20 5 1.5 3.2 0.10 0.78 0.28 0.28 0.32
Sep
2 10.2 6.5 30 8.5 2.5 3.5 0.28 2.90 0.85 1.90 0.42
4 12.3 7.1 40 12.5 4.2 3.5 0.30 4.0 1.18 1.82 0.35
8 7.7 7.2 18 3.7 1.8 4.8 0.18 1.8 0.52 0.23 0.19
9 5.2 7.1 30 11.0 2.8 s 0.20 2.8 0.95 1.50 0.22
1 249 6.9 28 7.2 35 2.8 0.35 3.2 2.58 0.98 0.42
16 2.2 6.8 0 8.9 1.9 2.9 0.08 4.0 0.85 2.2 0.35
17 8.6 .0 20 3.5 1.0 2.8 0.28 1.0 0.28 0.50 0.18
1§ 7 7:1 23 7.0 5.1 28 n2s 4 6 0w
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a red colour complex using silver diethyidithio carba-
mate in pyridine and its subsequent determination
spectrophotometrically at 535 nm (Bausch and Lamb,
Spectronic-20).

(c) Flameless coldvapour technique — This technique
was adopted for determining mercury in some rainwater
samples. Rainwater was treated with SnCl, to libeiate
mercury in gaseous stage which is then passed through
mercury analyser MA 5800B (Electronics Corpcration
of India, Hyderabad).

3. Results and discussion

The chemical analyses data of 41 monsoon rainwater
samples over Calcutta during 1984 with the total rainfall
are given in Table_l.

Calcutta, the capital of West Bengal, is one of the
thickly populated and industrial cities in India. It is
located near Bay of Bengal on the left bank of river
Hooghly. Three distinct seasons are observed : Summer,
Monsoon and Winter. June-September are the monsoon
months and southwest monsoon causes rains over the
city. The rainfall is erratic and depends on various
meteorological parameters. Sometimes strong wind
with dust starts just before it rains and contributes
considerable amount of dissolved constituents.

Rainwater falling through the atmosphere, scavenge
part of the metalic and non-metalic constituents nor-
mally present in the atmosphere. It also dissolves some
gaseous compounds of the atmosphere, released during
combustion of coal, wood, fuels, automobilesetc. Fur-
ther sea-salt nuclei may also be regarded animportant
source of chemical constituents in the rainwater.

A look into the chemical results as shown in Table 1
reveals that rainwater contains various amounts of
different chemical constituents, i.e., major, minor and
trace elements. A brief discussions are being made
based on the results obtained so far from the analysis
of rainwater over Calcutta.

(@) pH — The minimum and maximum value of pH
are 5.9 and 7.2 respectively with an average value of

concentration of sulphate
and chloride ions in
monsoon rainwater over
Calcutta.

6.3.pH of the neutral rainwater should be/5.7at25° C
which is the value for CO, in equilibrium with the solu-
tion at the existing partial pressure. Mukherjee in his
series of papers (1957, 1964, 1978) nicely discussed
various factors controlling the pH of the rainwater.

(b) HCO, ion — It is a major constituent in all rain-
waters and highest concentration so far recorded is
19 mg/l. Its concentration varies a good deal from
shower to shower. This ion is produced by the reaction
of the carbonic acid with alkaline earth-bicarbonates
present in soil, dust or otherwise in the atmosphere as a
particulate matter. In Fig. 1, calcium plus magnesium
(calculated in terms of calcium in mg/1) is plotted against
bicarbonate value in mg/l of the analysed rainwater
samples. It shows that major portions of the analysed
samples lic on the right side of the reference line, i.e.,
1.22 :1 or 1 :1 in terms of the equivalent, indicating
presence of part of alkaline metal bicarbonate in the
atmosphere whereas waters falling on the left-side of the
reference line indicate some of the magnesium ions may
be of marine origin. Average value cf the ion is around
9.0 mg/l. Its concentration in the first shower of a
particular day is relatively high which gradually dec-
reases with time due to washing down of the soluble
bicarbonates. But this phenomenon is not always true
and in a few instances last fraction shows somewhat
higher value under exceptional condition. ‘

(c) Cl ion— Chloride is ananother major constituent
in rainwater. It is cyclic in nature. Sea is the major
source of this ion in the rainwater (Junge and Gustafson
1967, Egner and Erikson 1955, Gambell and Fisher
1964). Calcutta is very near to Bay of Bengal and as
such this may he regarded as an important source of
chloride in rainwater. In certain cases, soil dust parti-
cles may also contribute this ion to rainwater in a consi-
derable amount. Experimental facts also suggest that
concentration of chloride in rainwater along seacoast is
comparatively higher than that of inland rainwater.
Its concentration is always greater than Na and weight-
ratios are somewhat higher than Cl : Na in sea water,

e., 1.8 :1 (Hem 1970). Fig. 2 shows plottings of
Na values against Cl values of the rainwater. It is seen
from the figure that seme of the water samples plot on
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Fig, 4. Plot of sodium against calcium
concentration in  mMopsoon
rainwater ovel' Calcutta

(St. line represents | : 1 :: Na : Ca (mole ratio)

the reference line, i.e., 1.8 : | indicating same ratio to
that of sea water. Rest of the water samples plot on
either sides of the line which obviously indicate local
source of this ion in rainfall. Experimental evidences
also suggest that concentration of this ion, like bicarbo-
nate:ion decreases with time due to washing out of the
major part of the chloride ion as shower continues, but
the results vary a good deal in day-to-day showers, The
Cl:Na ratios in some of the rainwaters, collected from the
different fractions of a continuous shower vary a lot and
some values fall on the reference line while the others
do not. The average value of Cl is 4.0 mg/l.

(d) SO, ion — Many of the water samples have SO,
jon concentration somewhat greater than the chloride
ion concentration. The sulphate values are plotted as a
function of chloride values (Fig. 3). 1t is observed that
many of the water samples plot on the right side of
the 1 : 1 line which indicates that, in addition to the
local factors, sulphate inthe rainwater may be originated
from sea-salt nuclei also. The local source of this ion
in rainwater may also be due to combustion of coal.
petroleum. wood ete. Perusal of analytical results also
reveals that chloride concentration in some rainwaters
exceeds sulphate ion concentration. This phenomenon
possibly occurs during cyclonic weather. SO, ion
also shows a gradual decrease in concentration with
time but erratic values are also observed. The average
value is around 3.5 mg/l.

(¢) NO; — Analytical results show presence ol this
ion in all fraction of the rainwaters whose values vary a
good deal ranging from 0.08 mg/l to 0.9 mg/I with an
average value of 0.45 mg/l. Various scientists pul
forward different opinions about its mode of oceurrence
in atmosphere. )
this jon in rainwater are probably due to atmospheric
reactions (thundering and lightning), gaseous. fuels,
land mass etc. Huchingson (1944), Angstrom and Hogberg
(1952 a & b), Mukherjee (1955), Gambell and Fisher
(1964), Viemeister (1960) and Vissar (1964) studied the
different factors responsible for occurrence of nitrogen
in rainwater.

(f) Caion— In all water samples so far analysed from
Calcutta, calcium ion predominates andits concentration

It is generally believed that sources of

Fig. 5,

_Plot of potassium s calcium concentration
in rainwater over Calcutta

(St. line represents | @ 1 :: K : Ca (mole ratio)

exceeds sodium and magnesium except in one case where
magnesium ion concentration exceeds calcium, The
source of this ion is likely to be derived from soil dust
particles and sea. The marine and non-marine origins
of calcium in rainwater are confirmed by plotting of
caleium ion concentration against sodium ion concen-
tration (Fig. 4). In sea water, concentration of calcium
is 400 mg/l. compared to 19.000 mg/l for chloride
(Hem 1970). It gives weight ratio being 47.5 : 1. Also
weight ratio of Na : Ca in sea water is 26.25 : 1, From
Fig. 4, it is seen that many of the water samples fall on
the right side of | : | line which suggests continental
origin of the ion in rainwater. This finding is also
supported by the following ratiosof Ca : K and HCO, :
Ca. In sea water, the weight ratio of Ca and K is 0.95
(Fig. 5) and that of HCOz and Ca is 0.3 (Hem 1970).
The analytical results show this ratio exceeds above
value. The variation of calcium follows same pattern
as to bicarbonate. However, exceptions are there,

(g) Mg ion — Concentration of Mg in rainwater is
comparatively low within the range of 0.08 mg/l to
2.8 mg/l. 1In all cases, except one. its concentration is
much less than calcium. In sea water, concentration of
Ca is 400 mg/| and that of Mg is 1350 mg/l which gives
a4 weight ratio of Ca and Mgas | : 3. This ratio in
rainwater samples is not same a< that of sea water.
From Fig. 1, itis seen that many rainwater samples plot
on left hand side of the reference line of 1.22 : 1. It
indicates that some of the magnesium and even calcium
are originated from the sea. It is also evident from
Fig. | that land mass also contributes this ion in
rainwater considerably. Concentraticn of this ion also
decreases with passage ol time, but in some showers
erratic behaviour is also observed.

(h) Na ion — The concentration of this ionin rain-
water is normally less than calcium. The source of
this ion is likely to be marine and non-marine origin,
but it would be rather difficult to calculate its relative
contribution to rainwater from two different sources.
Chloride and sodium ion concentrations in sea water
are 19.000 mg/l and 10,500 mg/l respectively, which
gives a weight ratio as 1.8 : 1. In Fig. 2, concentra-
tion of chloride ion in the rainwater samples is plotted
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Percentage distribution of families by income classes and family size

Monthly family income classes (Rs.)

%

Sl Family Percentage
No. size 60 100 150 200 300 500 760 1000 1500 Totul of families
< to< to<< to< to< fo< to< to< to<< & to
60 100 160 200 300 500 750 1,000 1,600 above total
! 2 3 E 5 6 7 8 9 10 11 12 13 14
1 One ‘ — - 2-29 9.82 20.30 26:14 2052 506 382 3.06 10000 2316
2 Two and three — - — — 097 30-67 42.28 8-05 879 9-24 100-00 22:32
8 Four and five . — — — — 1-05 30-83 83.61 21.98 12-53 ~ 100-00 28-99
4 Six and seven - — — - — 615 2043 12.89 44:11 7-42 100-00 1583
5 Eight and nine — —_ - - -— — 26-82 1547 42-16 15-56 100-00 6-80
6 Ten and above — — - — — — — ¢ 7.40 ©50-13 42-47 10000 2.91
Total — — 053 2.27 7-30 22.81 30-41 12-65 17-79 6:24 100.00 100-00
No. of families (Esti. -
mated) — — 126 540 1,738 5,430 7,239 3,011 4,235 1,486 23,805
Tasre 3-13
Percentage distribution of families by monthly per capita income classes and family size
S, Family size Monthly per capita income classes (Rs.) All
No. i i i — - Classes
< 45 60 5 100 125 150 200 250
45 to< to<< to< to< to< to< to< &
.60 75 100 125 150 200 2560 above
1 2 T 8wt Y i Z] TR U Y SR TR
1 One i = — — 2-85 2-22 10-26 27-07 6987 23:156
2 Two and three = = — 1-99 10-83 16-98 28.-24 22.08 34-71 B 22-32
3 Tourand five — 10000 72.40 41-60 6003 41-02 29.49 32-50 1-25 28.99
4" Six and soven = —  23-36 39:15 10:15° 10.62 26:42 10-16 417 15-83
5 Eight and nine — - 425 15:27 16:14 1021 559 824 680
6 Ten and above =3¢ g = 1-99 —  18-95 = Y 9.91
Tatal — 100-00 100-00 100-00 100:00 100-00 100-00 10000 10000 100 ’63”
Percentage of families to total . - 0-02 4-17 1085 756 I-t 23 22 vl.‘Er 12 '!-i.': ‘_’STI ﬁ__lut) 00
No. of families (Estimated) . a 093 2,683 1,800 3,387 5,276 3,069 6,703 2:1,8[15 F
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TABLE 2

Trace elements analyses data of some of the rainwater samples coliected from Caicutta during monsoon of 1984 (ug/1)

Date Cu Co Zn Cd

(1984)
05 Jun 25 10 50 <0.2
22 Jun 18 5 42 <0.2
16 Jul 2 =0,2 20 5
28 Jul 15 18 71 <0:2
31 Jul 12 8 28 <0.2
13 Aug 5 6 30 <0.2
16 Aug 9 7 35 <0.2

Ni Pb Cr As Hg
<0.2 12 <4.0 <0.4 <0.1
5 8 <4.0 <0.4 <0.1

4 15 <4.0 <0.4 <0.1
<0.2 20 <4.0 <0.4 <0.1
<0.2 21 <4.0 <0.4 <0.1
<0.2 <4 <4.0 <0.4 20y
3 8 <4.0 <0.4 <0.1

as a function of sodium ions which shows many samples
plot either on or near the 1.8:1 (Cl : Na) line, ie.,
in the same proportion as they present in the sea water
indicating marine origin. Variation of this ion with
progress of rains also follows the same pattern as in the
case of other ions.

(i) K ion — Concentration of this ion is very low in
comparison to other major elements. The weight
ratio of K : Na is much higher than that of sea water.
In sea water potassium ion concentration is 380 mg/l
and that of sodium is 10,500 mg/l giving weight ratio
of these ions as 0.04. But calculated weight ratios of
the analysed samples are much higher than that of sea
water. Further, the weight ratio of Ca/K is 0.95
(Fig. 5) but in the case of rainwater, the ratio is much
higher than this ratio indicating non-marine origin.
It is evident from Fig. 5 that few samples lie near the
reference line indicating marine origin. The rest of
the samples lie far away from the line indicating non-
marine origin.

(j) SiO,, Fe and POy, — A few rainwater samples were
subjected to these analyses indicating their presence in
detectable amount. The source of these ions is likely
to be from the terrestial non-marine origin.

(k) Trace elements — Few 0.45 pm filtered water
samples were preserved by the addition of A.R.
HNO, (pH=1.5-2.0) for the analysis of Cu,
Ni, Pb, Zn, Cr and Cd. Another set of filtered samples
was preserved by the addition of a few ml IM NaOH
for the determination of As. Further for the determina-
tion Hg, the samples were preserved by the addition
of K,Cry,0,/H,80,. These elements were analysed
by different physico-chemical techniques as mentioned
earlie. The results of analysis are shown in
Table 2. Perusal of analytical results reveals that most
of the trace elements are present in the rainwater in
measureable quantity but the concentration of Cr,
As and Hg are present below their detection limit. Cd is
detected in one sample only and in other cases it is
present below their detection limit. Perusal of results
also reveals that their occurrence in the rainwater do
not follow a definite pattern. The presence of these

trace elements may be due to the presence of dust
particles in the atmosphere. It is worth mentioning
that determination of trace-elements in rainwater requires
further detailed studies using more sophisticated in-
strumental techniques having capability of measur-
ing very low concentration of various trace elements.
The Inductively Coupled Plasma Atomic Emission
Spectrometer (Plasma Analyser) is being commissioned
in the Central Chemical Laboratory of Geological
Survey of India. This versatile instrument will be of
immense use for determination of large number of
elements in the rainwater. Table 2 shows concentra-
tion of nine trace elements in seven rainwater samples
for Calcutta.

(1) Rainfall distribution over the different districts
of West Bengal

Amount of rainfall over different districts of West
Bengal frem 1 June 1984 to 19 Sep 1984 are given in Table
3. Average normal rainfall over the individual district
is calculated based on the rainfall from 1900 to 1984.
Monsoon rainfall started from 1 June 1984 and ended
on 19 Sep 1984, From the table it is seen that distri-
bution of rainfall is not evenly distributed among all
districts and percentage of rainfall is always more than
the average rainfall over the individual district of West
Bengal.

(m) Salt input — The chemical constituents present
in rainwater are one of the most important sources
of ions in groundwater which after intense evaporation
(and evapotranspiration also) may increase their con-
centration several folds. However, after falling on
the earth, much of the rainwater passes away as surface
run-off and a fraction of it, depending on the geology
of the area, ultimately joins groundwater graduvally
after satisfying soil moisture conditions. The process of
accumulation and increment of chloride in the ground-
water, i.e., the chloride budget in parts of Madhya
Pradesh has been described by Das er al. 1983. In
the present discussion, an estimation of the total amount
of some of the chemical constituents in kg/’km? area,
deposited on the surface vig rainfall over Calcutta and
other districts around it, i.e., the southern part of
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TABLE 3
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Distribution of rainfall over different districts of West Bengal
(from 1 Jun to 19 Sep 1984) and their variation from av.

normal rainfall

Deviation

o Amount of  Normal from av.

Districts rainiail rainfall normal

(mm) (mm) rainfall
(%)
Darjeeling 2667 2206 21
Jalpaiguri 3226 2516 ~28
Coochbehar 3146 2576 }-22
West Dinajpur 1782 1431 125
Malda 1100 1019 £ 8
Murshidabad 1236 983 26
Nadia 1572 843 i 67
Birbhum 1407 915 - 54
Burdwan 1318 1081 22
Hooghiy 1527 1043 - 46
Bankura 1531 1047 L 46
Purulia 1306 971 +35
Midnapore (E) 1580 1112 142
Midnapore (W) 1904 1083 76
Howrah 1842 1128 63
24 Pgs. (N) 1636 1043 ~57
24 Pgs. (S) 1929 1186 - 63
Calcutta (Alipore) 1902 1128 L 68

TABLE 4

Amount of deposited sulph
Calcutta and other

ate, chloride and nitrate over
districts of West Bengal

Total deposited amount in  kg/km
A

a

Districts — . —=exiy

Sulphate Chloride Nitrate
Burdwan 4,613 5,272 583
Hooghly 5,344 6,108 687
Bankura 5,358 6,124 689
Purulia 4,571 5,224 588
Midnapore (E) 5,530 6,320 711
Midnapore (W) 6,678 7,632 859
Howrah 6,447 7,368 829
24 Parganas (N) 5,726 6,544 736
24 Parganas (S) 6,741 7,704 867
Calcuita 6,657 7,608 856

TABLE 5

Weight ratios of some of the important ions in rainwater
samples obtained from different parts of India

Sea  Present Delhi Calcutta Bombay Pune Pune

Ratio water work (Khemani (Handa (Sadasi- (Khe- (Mukh-
(1984) & 1969)  van mani  erjee
Rama- 1979) 1974) 1985)
murthy
1968)
Ca/Na 0.038 2.3 4.60 3.2 0.40 1.37 105
K/Na 0.036 0.31 0.63 0.37 0.07 0.31 0,28
Mg/Na 0.12 0.29 — 0.50 0.12 - - 0.37
Ca/K 1.0 9.9 7.30 8.80 5.60 3,70 5.80

West Bengal, has been made taking into account of
the total rainfall over individual district. Among
various chemical constituents in the rainwater, pre-
sently sulphate, nitrate and chloride ions have been consi-
dered for computing their deposiied amount over the
southern part of West Bengal. The amount of salt
input. thus obtained, is tentaiive, but the ultimate
values will give a very good idea of the total deposited
ions over a particular area.

From the chemical analysis, it is seen that average
concentration of SO, Cl and NO; in the rainwaler are
3.5 mg/l. 4.0 mg/l and 0.45 mg/l respeciively. From
these average values, we may g2t tctal amount of the
deposited salis as sulphate. chloride and nitrate over
Calcutia. Further, if we consider same concentration
of these ions in the rainwater over the other districts
near Calcutta (suppose upto the distance of about 200
km). we can get the total amount of these constituents
over the southern part of West Bengal. Similarly we can
compute the total amount of the other deposited ions
also. The amoun: of deposiied SO;, Cl and NOj
over Calcuita and other districts of West Bengal is shown
in Table 4. From this table, it is observed that rain-
water over the ten disiricts of West Bengal carries enor-
mous amount of sulphite, chloride and nitrate to the
earth. Deposiied amount ol chloride (5,224 to 7,704
kg/km?) is somewhat higher than the deposiied sulphate
(4.571 to 6,741 kg/km?*) whereas amount of nitrate is
much lower than the former two constituents.

(n) Comparison of the analytical value with other
localities of the country

A comparison of the values of the mean ratio of
Ca/Na, K/Na, Mg/Na and Ca/K beiween sea water and
present study along wiih the values of the above ratio
obtained from other three important cities of India (Delhi,
Bombay and Pune) have been made and their values
have been listed in Table 5. The resulis show that

the values of Ca/Na in sea water 1S much less than that
the values obtained from the other localities and its
values increase with the distance from the sea, e.g.,
Bombay has the minimum value (0.40) whereas in
Delhi, its value increases up to

4.60. The present
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value of K/Na in Calcutta is comparable to the value
obtained from Pune, but the value obtained from coastal
station is about 4 to 5 times less whereas the same at
Delhi is about doubled than that of present work.
The present Mg/Na ratio is quite low than that obtained
by Handa (1969). The Ca/K ratio so far obtained from
present study is little higher than the value obtained
by the previous work of Handa and this value is much
higher than the other stations in India.

4. Conclusion

From the chemical analyses of monsoon rainwater
from Calcutta during monsoon period of 1984, follow-
ing conclusioncan bedrawn :

(i) Most of the rainwaters have a tendency towards
slightly acidic character.

(if) All major cations and anions are present in
detectable amount. HCO; and Ca are the
predominant anicn and cation in the local
rainwater.

(iii) Although in the beginning of the first shower,
bicarbonate ion predominates, its concentration,
gradually diminishes wth passage of time, but
sometimes erratic values are also noticed and
even in the last fraction of a continuous shower,
high bicarbonate concentration is noticed.

(iv) Most of the other cations and anions behave
similarly as bicarbonate ions.

(v) Concentrations of varicus chemical constituents
are not constant in local rainwater and it
differs from shower to shower. The same
phenomenon is also observed in the rainwater
from other parts of the country. It is also
dependent on the various meteorological
parameters.

(vi) Different weight ratios such as Cl/Na. C1/SO,,
HCO,/Ca, K/Na, Ca/Na, Mg/Ca and Ca/K etc
have been calculated and their values are
compared with the sea water., The results
indicate the influence of nearby sea to a great
extent, Moreover, non-marine origin such as
dust particles, automobile exhaust, smoke,
etc also contribute significant amount of the
dissolved constituents in the local rainwater.

(vii) Presence of a number of trace metals have
been repcrited in the rainwater in detectable
amount, but their concentration does not
follow a definite pattern. However, further
studies in this regard are required.

(viii) Districtwise normal rainfall over the ‘érgtirc'
State of West Bengal have been calculated
based on the rainfall from 1900 to 1984. The
values indicate that the monsoon rainfall-
during 1984 exceeds normal rainfall in al
districts.

(ix) Amount of deposited salts (SO,, Cl and NOy)
over some of the districts has been calculated
indicating a significant amout of salts deposit-
ed via rainfall.

(x) Weight ratio of some of the important ions
have been shown and their values are compared
with the other localities of the country. It
shows great variation of the ratios from one
place to another.
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