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Trace elements in monsoon rains at Bombay and
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ABSTRACT. A largenumberof rainwater sampleswerecollectedat threelocations in Bombay cityand analys­
ed for sodium, chlorine. bromine. iodine. mang mcsc, calcium. magnesium and potassium. A few rainwater samples
werealso collectedon boarda ship. over the Arabian Sea, and analysed. The ~ults show that the seasalt aeroso ls
predominatethe trace clemen t compositionof the rainwater. ~trccl of industrial pollution is localised. The average
Cl/Na ratio for<:\ 11 samples IS near the seawater rauo of I .8 whileBrand ' show respectively a small and a very large
enrichmentrelative to Na from seawater. The re..ulti indicatetha t K isenriched in the transfer from seawater to air
while MK is not. Large Ca excesses arc measured in the samples and a need for a correct evaluation of the
source of this exc ess Ca is indicated.

1. InlroducthK'

Seasalt particles ar c the single major source. of
atmospheric aerosols and t~ey c0n:'pnse the maj or
fraction of aerosol mass In manne atmosphere.
The chemical composition of ra inwater collected
at thc west coa st of Ind ia and over the Arabian Sea
during southwest monsoon will hence be st r?~gly
influenced by the manne aerosol composruon ,
An investigat ion of the tra~e elements 10 such ral~­
water samples will help 10 studying sea to arr
exchan ge process, monsoonal depOSItion of s~asalt
etc. Sampling at urban are as will also a id 10 a n
understanding of the eITect of urban pollution on
rainwater composition. Some of these aspects were
investigated by collect ing and analysing a large
number of rainwater samples from. a network
of three stations in Bnmb ay city dun ng the 1973
monsoon season. The samples . were analysed
by neutron act ivati on an alysis and atomic
ab sorption spectr ophotometry for ~odlUm, chlorine,
bromine, iodine, manganese, calcium. magnesium
and potassium .

Rainwater composition me3.su.rement~ in India
ha ve not been exhaustive and it IS only 10 the la~t
ten years or so concentration of all major morgamc
co nst ituents in rainwater were reported ( Khe­
mani and Ramana Murty 1968 ; Handa 1968. 1; 69
a an d 1969 b). However there arc no repor.ed
estimat ions of the ha logens bromine and iodine.
The study of the halogens Cl, ~r and ~ 10 ma n ne
aerosols and precipit ati on IS interestmg becau se
of th eir presence in gaseous and p~rt.culate fo~ms
9ntl in the case of iodine. d.ue t~ its ~nown high
enrichment, relative to ~od , um 10 ,rat~wa te r. In

marine atlnosphere. Enrichment. E. IS defined
(Duce el al. 1972) :

(4,19)

E = [(X/Na).l m. / (XINa)" . w.l" ]-1

whe re (X /Na )..m. is the weight ratio in the sample
of clement X to sodium and (X/Na)"., ." te, is the
same clement weight ratio in seawater. Use of
sensitive neutron activation analysis method has
enab led. in the present work, the estimation of
Br and I in addition to Na, CI and M n. In
thi s paper concentration of Na, CI, Br, I,
Mn , Ca , Mg and K in over hundred ra inwater
samples collected in Bombay city and also
that of a few sa mples collected over the Arabian
Sea are presented and discussed.

2.. Sample rolleC1lo1 and analyst s procedure

The locations of the sampling sites in Bombay city
are show n in Fig. I. The first site (Site I) was inside
th is Resea rch Centre and the second (Site II )
was at the top of .T rombay hill (305 m) adjoi ning
the Centre. Fert iliser , petroleum and chemica l
industrie s a re locat ed on the other side of the T rom ­
bay h,IL Samples were also collected at the Co laba
Meteorological Centre's bu ilding terrace (Site III).
A few sam ples were also collected on board ship
participat ing in the Ind o-Soviet Mon soon Expe­
riruent. in the first week of July 1973. These sa mples
were collected along 20" N (Bombay la titude
18° 57' N) and at di stances ranging fro m 10 km
to 600 km from the Indian coast.

Polythene funnel with a 20 cm diameter at top
and attached to a polythene bottle served as the
collec tion vessel. The entire collection vessel was
thoroughly clean sed with warm dilute nit ric acid and
rinsed with double distilled water before U'oC. For
sampling on board ship the polythene funn el was
mounted on a frame which was clamped to a post
















