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ABSTRACT. Trends of SO, concentration in the atmosphere have been studied using the data of Indian
stations from the period 1978 to 1982 which reveal that the trend in the country is decreasing at the rate of 1.7800
--0.7207 pgm ~3/year. The main cause behind this downwards trend may be excessive use of petroleum products

(which emit less sulphur) as substitute for coke by the industries, railways and houschold. The concentration of
sulphate—sulphur in the rainwater has also been studied from the period 1975 to 1984 to assess the sulphur in the

atmosphere which also exhibits decreasing trends. A similar study using the global BAPMoN data supplied
by WMO reveals about 24 per cent deficiency in the atmospheric sulphur budget.

1. Introduction

The atmospheric sulphur budget have been studied by
many workers such as Eriksson (1960, 1962), Jung
(1963), Robirson and Robins (1970), Kellogg ¢t al.
(1972), Friend (1973), Granat ef al. (1976), Rodhe
(1978) and many others, over different regions of the
world and given theoretical atmospheric input estimates
using different models based on the production and
consumption of fossil fuel, petroleum products, biogenic
and agricultural activity, population statistics and sea-
spray etc over aregion, These estimates had wide vari-
ations, region to region and worker to worker, dcpending
upon the basic model adopted by the author. However,
due to paucity of available observational data, these
theoretical estimates could not be confirmed with the
available observational data. As of today, the data bank
in the country has sufficiently been strengthened than what
it was about a decade back. Many resecarch institutions
in the country have taken up the study in the environ-
mental chemistry and consequently, it has become
possible now to compare the theoretical models with
the one obtained from the observational data set.
An attempt has, therefore, been made in the present
study to examine the existing atmospheric sulphur trends
in India using the observational data recorded in the
country and then to compare it with the existing global
trends.

2. Temporal trends of sulphur dioxide (1978-82)

The data of SO, concentration from 1978 to 1982
recorded by National Environmental Engineering
Research Institute (NEERI), Nagpur from ten of its
Indian stations (Fig. 1) has been utilised for the present
study. The methodology adopted by NEERI for
monitoring SO, has been given in its report on air
quality (NEERI 1980, 1982). The mean level of SO,
concentration over India has been worked out and
plotted. Tt reveals (Fig.l inset) that the trend is decreas-
ing continuously at the rate of 1.7800 4+ 0.7207 pgm—3
per year. The percentage decrease from 1978 to 1982
has been observed as 26 per cent as given in Table 1.
SO, is very soluble in water and oceans are generally
considered as sink for SO,. Many of the earlier
measurements of SO, conceniration have been
reviewed by Jung (1963) who reported worldwide
concentration at ground level between 0 and 20
pg/m3. Recent measurements in tropical air in Panama
(Lodge et al. 1966) yielded values between 1 and
5 pg/m?. Cadle er al. (1968) found SO, concentration
in Antarctic air as between | and 3.2 pg/ms. More
recently Georgii (1970) has obtained values between
I & 4 pg/m3 over Atlantic Ocean and between 0.5
and 2 pg/m? over Colorado. The study done by the
above workers reveals that with time the concentration
of SO, is decreasing continuously at different places
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DECREASING TRENDS OF ATMOSPHERIC SULPHUR 417

TABLE 2
Trend of sulpate—sulphur recorded by BAPMoN stations over India from 1975 to 1984

Details 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

No. of reporting stations 4 9 10 10 10 10 10 10 10 10

Trend (%) 100 95 62 15 10 36 26 20 25 30

Min. value (mg/l) 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00

Max. value (mg/l) 3.81 3.87 4.94 0.83 6.68 1.30 1.39 1.19 3.36 3.79
TABLE 3

Global trend of sulphate—sulphur recorded by BAPMoN stations all over the world from 1975 to 1984

Details 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
No. of reporting stations 49 54 73 74 77 76 73 70 64 44
Trend (%) 100 98 922 85 87 88 79 82 79 76
Min. value (mg/l) 0.34 0.24 0.20 0.05 0.05 0.12 0.06 0.09 0.07 0.12

Max. value (mg/l) 3,77 3.89 3.61

3.45

3.22 2.54 2.97 2.97 3.40 3.31

probably due to the change of mode of consumption
of energy fuel, ie., from raw coal burning to other
conventional sources of energy, i.e., natural gas which
is a very clean fuel, since sulphur content in it does not
usually rise above 5 ppm (Medice 1974) and almost all
of it is removed before use. The combustion of coal
and petroleum accounts 90 per cent of the total sulphur
emitted by man which is above 40 per cent of all at-
mospheric  sulphur emissions (Cullis and Hirschler

1980).
3. Temporal trends of sulphate—sulphur (1975-84)

When the sulphur containing gases (SO; H,S)
emitted by the anthropogenic, biogenic and agricultural
processes reach the atmosphere, whichis a sink to all
such gases, are oxidised in the atmosphere into
sulphates under certain conditions. According to Ro-
binson and Robbins (1968), out of the total sulphur
in the atmosphere, about 70 per cent is in the form of
sulphate aerosols. Sulphate ions in precipitation water
thus originate from both dissolution of particulate
sulphate and absorption of SO, with subsequent
oxidation. So about 20-50 per cent SO, oxidises in
the atmosphere to sulphur in this way. The sulphate
species formed near the ground surface are easily
removed by dry deposition over land, sea and trees,
while those formed or transported at high levels
remain there suspended as nuclii till they are trapped
by the air mass or washed out by rains, and these rain
samples have thus been collected and analysed in the
laboratory under the instructions from the World
Meteorological Organization (W.M.O.). Monthly con-
centrations of SO, in respect of Indian BAPMoN
stations have been plotted for each station from 1975
to 1984 (Fig. 2) which exhibit decreasing trends at
most of the stations. Similarly annual concentration
of “sulphate™species using rainfall weighted averages
reveal that the trend is decreasing at a rate of 0.0681

+0.0071 mgl—1/year (Fig. 3b) as detailed in Table 2.
This trend has been compared with the global trend
studied by WMO (WMO Newsletter No. 2) plotted
here side by side (Fig. 3a) having the data of a number
of global BAPMOoN stations. The global trend based on
the observational data also exhibit a decreasing trend
at the rate of 0.0338-10.0032 mgl—Y/year as shown
in Table 3 and about 24 per cent decrease from 1975
to 1984 has been observed which is quite comparable
with the existing trend in Indian sub-continent. In
order to see whether this global trend has any impact
on its regional values, a correlative study has been
done (Fig. 4) between global sulphate concentration and
the corresponding concentrations as recorded at
Indian stations (both BAPMoN data) revealing about
85 per cent correlation between the above two variables.
This suggests that the global atmospheric sulphur
has a profound effect on its regional values and the
sulphur deficiency in the atmosphere, which has
recently been witnessed in the country, is a part of the
global phenomena.

4. Discussions

There is a growing pressure now for industrialised
countries to limit the increase in sulphur emissions by
the conservation of energy and increased installation
of sulphur removal technologies, as a result of which in
many parts of the world the sulphur trends have either
decreased or its growth has considerably been artested.
Also the control strategies have become more and more
effective  now-a-days in reducing the sulphur
pollution in the atmosphere due to the terror of acid
rain phenomena in the coming century. According to
Yanaglsawa (1973) concentration of SO, in Tokyo had
increased continuously until 1966 and reached to its
peak value but then started decreasing rapidly each
year. Garnett (1980) observed a marked decrease in
the levels of SO, concentration since 1970 in Sheffield
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Fig. 3. Trends of sulphate—sulphur over (a) Global & (b) India

region of England which he claims to be due to substan-
tial increase in the use of sulphur-free fuel (natural gas
and purified coke-oven gas) in industiies. Similarly,
Weatherly (1979) reported that sulphur emissions
in U.K. have not increased over last ten years or so.

In Canada (National report, 1984) the average annual
sulphur dioxide concentration decreased by appro-
ximately 30 per cent between 1974 and 1981.

Similarly, according to Sequeira (1982) the trend
in SO,*— ion concentration at United States over the
last 20 years has not increascd.. But'accordxqg lolHarry
(1987) there was a general nationwide decline in SO,
emissions in United States between 1975 and 1984.
The most notable emission decreases were _ﬂre;orde.d
in Arizona (—629%,), Kentucky (—54 %) and California
(—49°9%,) whereas the largest increases occuried in
Oklahoma (-+-171%,) and Georgia (-749%,). Thus, he
observed statistically significant downward trends
in 32 States, upward trends in 10 stations and no signi-
ficant trend in 6 States of U.S.A,

Buishand er al. (1988) found a significant negative
trend at 1 per cent level for SO,*— concentrations and
depositions in Netherlands. The trend for deposition was
—3.5% a=i,

Similarly, Berge (1988) observed decreasing trends

of sulphate-—sulphur in precipitation in Norway from
1972 1o 1982,

According to Rodhe and Granat (1984) the decrease
in sulphate concentration observed at most of the
Scandinavian stations between the early 1970s and the
early 1980s (on the average about 20 per cent) is, by and
large, consistent with the estimated decrease in emissions
in several of the countries that are known to contribute
significantly to the deposition in the Scandinavian
countries, i.e., mainly the Scandinavian countries
themselves, the U.K, and West Germany.

According to the W. M. O. BAPMoN Newsletter
(1987), sulphur emissions for the period 1974-78 and for
1980 show a decrease by 19 per cent in Europe and the
sulphur content in petroleum indicates a decrease
by about 10 per cent from 1979 to 1984,

According to Hirsehler (1980), the amount of
sulphur emitted per tonne of petroleum consumed has
decreased considerably after reaching a maxima in 1965
and the sulphur content of the different petroleum
products contributing to emissions was considerably
lower in 1974 than, for example, in 1965. In India,

Dave (1986) while reviewing the work done by NEERI
(1978, 1982) observed that the average annual concentra-
tion of SO, has increasing trends only in one city in India,
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viz,, Calcutta and decreasing trends in Ahmedabad,
Bombay, Hyderabad, Jaipur, Kanpur and Madras
while no definite trend was observed in Delhi and Nagpur.
Even in remote oceanic areas where the sulphur is
predominantly available due to sea-spray, the trend
of sulphur is observed to be decreasing. Varma (1986)
observed decreasing sulphur trends over Port Blair
which is situated in the midst of the Bay of Bengal.

5. Conclusions

From the present study it appears that the sulphur
emission control strategies yielded tangible results
all over the world and the petroleum products contri-
buting to emissions have also registered decreasing
sulphur content, as a result of which in many
parts of the world the sulphur trends have surprisingly
declined inspite of the heavy industrialisation.
This is so, specially, in Indian sub-continent, Japan,
United States, Canada, United Kingdom, Germany,
Netherlands, Scandinavian countries and many other
countries of the world where the sulphur trends have
been successfully studied.

The global sulphur content in the atmosphere has, thus,
been decreased considerably since last one and
a half decade, which will definitely minimise the
chances of acid rains (H,SO,) in many parts of the
world specially in Europe and America where its chances
are pretty high. Apart from this, the severity of certain
respiratory and eye diseases will also be reduced with
the decrease in the sulphur content in the atmosphere,
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