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ABSTRACT. The study of rainfall composition in Lucknow during 1982, has shown that avound
4.1 kg/hu K, 13.6 kg/ha Ca & 7.8 kg/ha NO, ions were brought down. Apart from these 0.29 kg/ha
of iron, 0.11 kg/ha Zn and 0.03 kgfba Mn ions were also brought down. Although these amounts are
still small in relation to the overall nutrient requirements of plants, these are by no means insignificant.
Apart from these ions, other ions/species were also brought down by rain. However, except for Ag
ions, the concentrations of other constituents were normally lower than the limits prescribed for potable

waters or for fresh water biota.

1. Introduction

The atmosphere is a significant pathway for the
movement and redistribution of several metals in the
eco-system. Both natural and anthropogenic activities
contribute to the cycling of metallic and non-metallic
clements (Handa 1978, 1983; Handa er al. 1982,
1984; Khemani 1974; Sadasivan 1973; Sequeria 1970
& Zutshi et al. 1978). The occurrence of various trace
metals in the atmosphere is of considerable significance
to man and aquatic biota, Trace metals present in the
atmosphere may be health hazards to humans & even
animals; they may act as catalysts in atmospheric re-
actions, some of which may causc production of acids:
they may promote corrossion of materials; they may
cause far reaching changes in the rgcew?ng eco-
system and in association with suspended particulate
matter may induce changes in climate at micro and
even at macro levels.

Similarly, the occurrence of some plant nutrients
like nitrogen, potassium and calcium species may
_provide nutrients to plants cither directly by foliar
absorption or indirectly by deposition on soil. The
paper emphasizes the significance of rainfall composi-
tion for humans and fresh water aquatic life and also
reports Pb. Cr & Ni contents in rain water over
Lucknow, not reported before.

2. Experimental

Rainwater samples were collected in polyethylenc
bottles fitted with larger diameter polyethylene funnels.
To minimize changes in composition of rain water,
analysis of collected samples was conducted with the
minimum loss Of time except in those cases where the
rainfall occurred on weekends or on holidays. A
portion of ‘the sample was analysed for pH, EC, CO.,
HCO,, C1, NO,, Ca, Mg, Na, K & SiO. by standard
methods described in literature (Handa 1976), whilc
the remaining sample was acidified with reagent grade
HNO,, concentrated at low heat and analysed for trace
clements, using atomic absorption spectrophotometer.

3. Results

The chemical composition of rain water samples

is given in Tables 1 & 5, while statisti ks
givenin Tables 2, 4 & 7. " osucal data s

4. Discussion of resulis

Various natural and anthropogenic activities like
(a) release of gaseous & particulate matter by volcanic
activity; (b) reduction of sulphur, nitrogen & other
Species 1n’ stagnant water bodies with concomitant
production of volatile compounds; volatalization of
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TABLE 1

Chemical composition of rain water at Lucknow in 1982

Date of collect.
(1982)

25 Jan
25 Jan
27 Jan
12 Feb
15 Feb
1 Mar
6 Mar
24 Mar
12 May
15 May
4 Jun
S Jun
5 Jun*®
13 Jun
14 Jun
17 Jun
13 Jul
13 Jul**
23 Jul
24 Jul
24 Jul
25 Jul
27 Jul
30 Jul
3 Aug
4 Aug
8 Aug
12 Aug
14 Aug
18 Aug
20 Aug
22 Aug
24 Aug
24 Aug
26 Aug
27 Aug
30 Aug
30 Aug
31 Aug
5 Sep
7 Sep
10 Sep
10 Sep
11 Sep
12 Sep
13 Sep
8 Oct
22 Ocl
10 Nov

15.0
26.8
4.7
13.4
102.6
2.5
12.6
2.3
15.8
4.0
37.9
11.8
3.2
1.6
9.5

pH

6.45
6.90
6.65
.40
.40
.60
.80
80
il
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6.70

7.10

7.25

7.80

7.80
.78
.55
.50
20
40
.20
.20
.60
6.70
7.65
6.00
8.60
e
7.80
8.60

~
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EC

70

M

23
48
147
35
176
49
200
93

16

37
10
24
39
48
43
18

10
26
26
=1
10
24
19

62
21

3
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Cco,

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

HCO, Cl
24 Y
7.9 0.7
10 0.53
29 2.23
5.3
18 1.24
83 2.30
21 1.24
I
3.9
8.8 1.77
1.7 1.06
4.4 0.53
11 1.60
10 1,06
12 2.066
4.4 1.24
38 6.21
16 2.31
3.9 0,89
4.3 0.89
67 (.89
7.3 0.7
15 2.13
6.4 0.35
7.3 1,95
17 2.31
12 0. 89
18 1.24
4.9 0.71
3.4 0.36
4.9 0.71
4.9 1.60
4.9 0.53
4.6
4.3 =
17
4.3 —
4.9
24 -
16
15 e
9.8 -
8.6 -
5.5 —
14.6 —
29.3 —
22 n
25 1

0.61
0.39

110

0.57
0.33
0.26
0.15
0.18
0.23
0.04
0.39
0,01

0.01
0.05
0.04
0.01
0.23
0.05
0.05
0.05
0,11

0.01

nd
nd
nd
0.29
0.04

3.0
0.52
0.44
2.1
0.26
2.90
4.10
2,10
1
4.90
1.85
1.80
0.39
0. 80
0.70
0.64

0.58
0.20
0.74
0.58
0.58

nd
0,20
3.14

Ca

)
>
R

9.50
2.24
0.64

2.08
3.05

11

nd

.69
12
.81

nd
nd

| SN IR Y

0.50
(.50
nd
nd

.90
nd
nd

6.80

nd
nd
nd
2.80

5.20
9.60

Mg

0.12
0.12
nd

0.88
nd
nd

nd

0.20
0,20

1.36
6.8

nd

0.10
0.08
0.29
0.91

0.85

0.43

0.43
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

1.09
nd
nd
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310
.00
0.39
0.28
0.54
0.76
0.39

0.58
0.24
0.16
2.30
1.18
0.16
0.18
0.38
0.08
1.90
0.45
1.07
0.79
1.92
0.74
0.04
nd
0.06
2.34
0.52
0.08
0.05
nd
0.20
0.16
2.00
0.16
0.80
0.04
nd
nd
0.27

1.1
0.06
0.06
0.09
1.10
1.40
0.09
1.90
0.09
0. 06

nd
0.09
0.04
1.10
0.09
0.06
1.40
1.14
0.06
0.09
0.06
0.09
1.10
0.06
0.06
1.90
1.65
1.90
0.09
0.09
0.09
0.09
0.09

Note : ECisin microsiemens

‘em at 25° C : Concentrations arzinmg/l; nd=not detected; *=second sampling site; **First shower
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TABLE 2

Statistical relationship between rainfall (mm) & other parameters

B¢
e Akl e e B e

Rainfall EC HCO, Cl F

(mm) (ps/cm)
r —.41 —.38 —.36 —.38
n 50 47 35 35
(x) 38.1 13.4 2.14 0.24
Weighted x 19.4 8.2 1.2 0.15
g 42.2 13.3 Bl 0.27
sia/n 6.16 1.94 0.40 0.05

v
= o——— o~ e VR . =y < Y i bt ——— .ty
NO, Ca Mg Na K Si10,
(mg/l)
—.38 —.4] —.04 —.36 -—.30 —. 16
34 36 35 45 45 35
1.29 2.91 0.42 0.83 0.85 0.58
0.78 1.36 0.36 0.45 0.41 0.47
1.33 3.18 | P ] 0.99 1.36 0.67
0.23 0.53 0.20 0.15 0.20 0.10

Note : r-—Correlation coefficient; #-=number of observations;

s =Estimate of standard deviation;

(x)=mean average values; Weighted x=Weighted average value;

s/4/n==Standard error of mean

TABLE 3

Total amounts of various plant nutrients etc brought down by rain (1982)

Unit HCO, Cl F
Kg/hect. 82 12 1:%
Kg/sq km 8.2x10* 1200 150

NO, Ca Mg Na K SiO,
7.8 13.6 3.6 4.5 4.1 4.7
780 1360 360 450 410 470

metallic elements like Hg, Se, Pb etc as methyl deri-
vatives; forest fires, soil dust, sea salt nuclei generated
by strong cyclonic and/or monsoon wind_s; (¢) mining
activities; (d) release of gaseous & particulate matter
by smelters, blast furnaces, foundaries; (e) incinqra—
tion of garbage; (f) emissions from cement industries,
chemical industries; (g) burning of fossil fuel (includ-
ing emissions from automobiles); (h) aerial spraying
of insecticides etc affect the chemical composition of
the atmospheric constituents, Numerous factors like
wind velocity, wind direction, height of emitter, topo-
graphical conditions, aerodynamic properties of the
particulate matter emitted, cloud formation and rain-
fall, atmospheric photoelectric rcaction etc affect the
transport of these aerosol to-long distances. Although
eventually all particulate matter is deposited on the sur-
face of the earth as ‘dry fall-out’ or in rain, due to
varying contribution from these sources and due to
varying influences, the composition of rain water shows
considerable variations. Other factors like frequency of
rain, intensity of rain, height of cloud base etc also
affect the chemical composition of rain water (Table 1).

In cases, where rainfall is preceded by heavy dust
storms, the total dissolved solids content in the rain
water may be quite high, viz., on 15 Feb, 12 May,
15 May, 13 July etc (Table 1). Similarly if the inter-
val between two succeeding rainfall events be high, the
salinity of the rainwater may be quite high, as seems
to be indicated by the data for 25 Jan & 8 Oct rainfall
events. Similarly several other factors, viz., quantity and

intensity of rainfall also affect the solute concentration
in rain water as would be evident from two observations
(Table 2).

(a) there is a negative correlation between total
rainfall and the concentration of ionic consti-
tuents;

n |
(b) the weighted average values (Zrainfall » conc.
i

of ion/total rainfall) is normally lower than
the mean average values.

These constituents are likely to be present in ionic
form in rain water (except for silica) and as such can
be taken up by the plants directly (foliar absorption)
or by the plant roots from the soil, in so far as these
are not lost by runoff. It would be apparent from data
(Table 3) that 13.6 kg/ha of Ca, 7.8 kg/ha NO, &
4.1 kg/ha K ions were brought down by rains.

The examination of data given in Table 1 also shows
that unlike some other places like Calcutta & Bombay
(Handa 1983), there was no incident of acid rain over
Lucknow in 1982,

~4.1. Sources of various constituents — The exact
identification of any specific emitter contributing to
the various constituents present in atmosphere or in
rainfall is somewhat easy in areas, where the sampl-
ing site is near the emitting sources, In Lucknow,
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FABLE 4

Correlation coefficients between various constituents present in rain water over Lucknow in 1982

Parameler
(x)

EC
HCO,
Cl

¥
NO;

Ca

Na
K

Parameter (Y)
7 S

NO,

7N;|

.829
.659
L0358
471

HCO, Cl Mg
L 760 L6606 . 726
1 543 449
1 45 533 .09l
7129 —, 172
I 120 L0144
A21 540
1 099

I

088
.089

TABLE 5

Trace clements in rain water samples collected at Lucknow in 1982

Date of collection
(1982)

25 Jan
1 Mar
4-5 Jun
i4,.
5-6,.

o

13 Jul

21-22

265,

27,,

30-31

1 Sep

10,,

11

12 .5

135,

10 Nov

28 Dec

28 5

Average

Weight av.
5

"

siv/n

Mn /n Mo Cd Si

fmicrograms1)

Fe Ag Co Li

o

nd
nid
nd
nd

nd nd
| nd
S nd
nd

nd

”z

ed =) A

nd

wn

nd nd

nd

[V IR PUTES BN LU S R 1}

(15 I =5

nd

nd .3

[PV I

nd
.6
nd
3
nd
nd
nd
nd
nd

nd nd

5
1
Al
|
)
3

nd

nd

2

nd nd

12 b3 13— - o

=

nd nd
nd
nd
nd

nd A

C

nd
nd

nd

o ™ 9

nd nd

nd -
nd
nd

nd

nd

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

0t e s B B B e Ly o

nd
nd

LV TN B T O S T B O R S R L N

o

nd

5

nd

nd
nd
nd
nd
nd
nd
nd nd
nd nd
nd .03
nd .02
nd .11
nd 21

a

=
c

nd
| nd
1 3 nd

o
nd nd
nd

6

nd 2
nd nd 11 7
0.29 0.31 1.46 4.49
5 0,12 0.53 2.9
1.1 0.85 2.83 5.13

22 0.16 0.53 0.97

nd 9

=
6 25

166
133
41,8
28.7
38.7
7.3

17
14.6
10.6

9.6
1.8

5.5
2.9
6.8
I3

nd=not detected;

s=estimate ol standard deviation

TABLE 6

Trace clements (Kg ha) brought down by rainfall in Lucknow in 1982

Unit

Kg/ha

Mn Cu Zn Co Cd

0002

Ag ) Li Rb

L0035 0065

Pb
.005

Fe Ni

287 .028 013 029 106 .00l 029
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TABLE 7

Reccommended limits & ranges in trace element concentrations

Cd Cr Pb Ni Ag

Recommended
limits pg/l

(=]

40 5-20 30 0.1

Lucknow rains

(1982) (ng/1) nd-0.5 nd-3 nd-11  nd-25 nd-l1

Recommended limits are for fresh water bodies (biota);
nd=not detected

TABLE 8

Correlation coefficient () between trace elements in rain water, Lucknow (1982)

Parameter

Parameter (Y) ’
- == =R — ——— Sep—

X) “Fe Mn Ag Cu Zn &o ' Cd Sr Li Rb Cs Cr Ph Ni ‘
Fe I A7 .48 .67 22 18 AT =0 578 . .34 i

Mn 1 .03 .48 .57 L =12 300 4 —:30 A8 =17 =25 .88 .65 \
Ag ) 22 45 —.003 .31 .06 4 —0.19 —412 36 N2

Cu 1 .50 T4 — 004 26/ . ,005 39 ¢ =14 .48 A2 457

Zn 1 .26 15 - % 1,20 .23 55 —.07 .08 49 .64

Co I .24 .45 .34 01 —.04 5 o R

cd | —.08 A5 =08 =05 =1l —.16 .08
* Sr 1 .08 12 .33 .45 i L g T

Li 1 02 —.01 —.07 —.38 .14

Rb 1 33— SR

Cs 1 00 =34 .06

Cr 1 A3 .1

Pb 1 .46

Ni 1

however, there is no predominant emitting source and
as such only a very tentative approximation about the
various sources contributing the various constituents
to rain water can be made.

The data given in Table 4 shows that there is very
good correlation between Ca & HCO; ion pairs as
also between C1 & K ion pair, It is suggested that cal-
careous aerosol particles which owe their origin to
soil dust react with aq. CO, to form Ca (HCO,)..
Further, the high correlation coefficient value between
C1 & K ions would seem to indicate that the influence
of marine salt nuclei is not significant over Lucknow. 3

4.2. Trace elements — The cxamination of trace
elements in rain water (Table 5) shows that the con-
centrations of various trace elements vary consider-
ably from shower to shower. Further since the
weighted average values are lower than the mean aver-
age values, it is obvious that the concentration of
trace elements decreases with increase in quantum of
rainfall. As a corollary to this, the trace element con-
centrations during monsoon, season in rain water are

normally lower than during the non-monsoon seasons,
although exceptions may occur.

Assuming 1000 mm as the total rainfall in Lucknow
in 1982, it would be observed that around 0.287 kg/ha
of Fe were brought down by rain (Table 6). The signi-
ficant point is the very low concentration of Pb and Cd
ions, which are toxic to humans and other forms of
life.

4.3. Water quality for aquatic biota — Fish and some
other forms of aquatic life arc quite sensitive to some
clements (Table 7). An examination of the data shows
that at times the Cd, Ag and Pb content exceed the
limits given for aquatic biota.

4.4. Sources of trace elements — As with the major
constituents, the trace elements too owe their origin
to both natural & anthropogenic sources. Due to non-
occurrence of any specific emitter like blast furnace
or a smelter in the vicinity of the sampling site, only
generalized conclusions can be drawn. An examination
of the correlation coefficient values between various
ion pairs (Table 8) it is ohserved that their is fairly
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good correlation between the following ion pairs; indi-
cating that they may have a common source :

Fe:Mn ;Fe :Zn; Fe:Rb; Fe :Pb; Fe : Ni;
Mn :Rb ; Mn : Pb; Mn : Ni; Zn : Ni ; Rb : Ni
On the other hand there are certain ion pairs, which
have little or even the correlation coefficient is —ve,
indicating that these come from diverse sources, viz.,
Fe:Ag; Fe:Cd; Fe:Li; Fe:Cs; Ag: Cu;
Ag:Cd:Ag:Li;Ag:Cs: Ag: Cr; Mn : Ag:
Mn:Cd; Mn : Li; Mn : Cs; Ag : Pb; Ag : Ni:
Cd:Sr; Cd:Rb; Cd :Cs
Since there is little information about the contributions
from various sources contributing these trace elements
to the atmosphere, except in the most qualitative terms,
it is difficult to pinpoint the contributions from the
various sources, except that the high concentration of

Fe, would seem to indicate soil dust as an important
source.
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