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ABSTRACT. Four-hourly average concentrations of sulphur dioxld_c. total oxidants (mcludlqg ozone) and
aldchydes (as formaldeh_ule)) obncn-&;cl at the Modular Laboratory Site, BARC, Bombay during 1973 are
presented. The results are compared with those of earlicr years and discussed. An yearly increase of ‘lvet.we_on
5-10 per cent in SO, (monthly average concentrations) is observed since 1969. The interaction of S0, with
oxidents in the atmosphere, observed earlier, is confirmed.

For all the pollutants studied it is found that the corresponding four-hourly average concentrations

during 1072 and 1973 are log-normally distributed.

1. ntroduetion

Studies of soma atmospheric pollutants hkave
been carried out at the Modular Laboratory,
Bhatha Atomic Research Centie (BARC),
Bomhay over the past few years (Zutshi 1€70,
Zutshi and Mahedevan 1973 and Zutshi et al.
1973). With the help of the automatic multipollu-
tant sequential sampler designed and fabri-
cated (Zutshi and Mahadovan 1973), it has now
become possible to make a more systematic, con-
current and round the clock measurements of a
number of pollutants ever 2 four-hourly averaging
period.

The results of these studies during the yoar
1973 in respect of sulphur dioxide, total oxidants
(as ozone) and aldehydes are presented in this
paper. A comparison is made of the present results
with those for the vear 1972 (Zutshi et al. 1975).
The observed diurnel variations of the various
pollutants are discussed and the inverse corre-
lation between the atmospheric sulphur dioxide
and total oxidants observed earlier has been
brought out moie vividly. The concentrations
of the pollutauts studied during four-hourly
averaging periods are found to be log-normally
distributed as observed by Larsen (1971).

2, Analytical procedure

The chemical procedures adopted for the esti-
mation of sulphur dicxide have been given else-
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where (Zutshi ef al. 1975). Atmospheric alae-
hydes which mainly constitute formaldehyde,
acetaldehyde and acrolein are estimated by the
3-methyl benzo 2-thiazolane hydrazone hydrochlo-
ride (3 MBTH) method (Sawicki ¢/ al. 1961; and
Hauser and Cummins 1964) and expressed as for-
maldehyde. Detailed studies on their collection
efficiencies and molar absorptivities have been
carried out by Cohen and Altshuller (1966). It
has been reported that the differences in the rea-
ctivities of formaldehyde, acetaldehyde and
acrolein may not be serious since in the atmos-
phere it is formaldehyde which predominates
over the other two (Scott and Reckner 1969).

3. Sampling proeedure

The automatic multipollutant sequential sam-
pler (Zutshi and Mahadevan 1973) has been used.
An array of eighteen bubblers six each for sulphur
dioxide, oxidants and aldehydes is used for
every twentyfour hours of sampling. The sampl-
ing bubblers contain 25ml of the respective absor-
bing solutions. After the tour hourly sampling is
completed, the bubblers are removed from the
trays of the sequential sampler and subjected to
analysis for the difterent pollutants under study.
The sampling point is located about 7-8 m above
ground level in an open shaft of the Modular
Laboratory.

4, Resulis and discussions

The four hourly monthly average concentra-
tions at different diurnal periods during 1973, for
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this is not clear. The magnitude of the potential
gradient associated with a given intensity of rain
is found to be always lower at Lonavla than at
Mahabaleshwar (Table 2). The feature noticed is
partly indicative of the elevation effect (see
Krasnogorskaya 1965 and Reiter 1972).

5. Conclusion

An interdependence was indicated hetween
potential gradient and rainfall at two out of the
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three stations where measurements were made,
More extensive measurements are needed hefore a
generalized conclusion in this regard becomes
possible.
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Four-hourly monthly average cone:ntrations (i g m?)

TABLE 1
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Hour (IST)
) A \ Night Daily
time mwean
06 to 10 to 14 to Day 18 to 22 to 02 to mean
10 14 18 time 22 02 06
mean
(a) Sulphur diox!de

January 62 43 53 53 54 63 40 52 562
February 62 80 78 73 26 46 25 32 52
March 61 20 49 43 21 13 14 16 30
April —_ - = - -_ —_ — — =
May 156 29 25 22 21 24 23

June 35 33 34 34 38 20 32 30 32
July 62 78 68 71 56 70 63 65 68
August 65 47 51 34 66 65 66 66 60
September 37 a7 27 30 38 39 32 36 33
October 15 37 33 28 26 15 18 20 24
November 27 ¥ f 43 26 30 30 24 28 27
December 25 23 56 36 25 27 24 26 29
Yearly average 1973 42 30 48 43 37 37 33 36 39
Yearly average 1972 37 29 39 35 40 36 35 37 36

(b) Total oxidanis (as ozone)
January 21 41 8 23 8 12 1 11 17
February 31 38 9 26 16 13 18 16 21
March —_ 23 2 12 —_ - - -
April —_ — — - — - - — —_—
May 2 3 2 2 2 2 3 2 2
June 2 3 2 2 3 2 1 2 2
July 2 1 0 1 1 1 1 1 1
August 1 3 1 2 1 1 1 1 1
September 2 4 1 2 1 0 0 0 1
October 6 15 1 7 2 2 3 2 5
November 8 21 | 10 2 2 7 1 7
December 10 20 2 10 3 4 7 b 8
Yearly average (1073) 8 16 3 9 + 4 5 4 6
(e) Aldehydes as formaldehyde

January 13 17 16 15 9 10 9 9 I3
February 14 17 15 16 10 10 10 10 14
March 2 6 7 5 5 8 16 10 7
April — — — — — - -- - —
May 13 11 11 12 10 8 8 9 10
June 14 16 13 14 13 12 12 12 13
July 10 10 11 10 8 8 9 8 9
August 9 i2 12 11 7 6 it 6 )
September ;| 11 10 9 | 9 7 8 8
October 9 13 10 11 6 4 5 5 8
November 9 13 11 11 5 6 5 5 8
December 10 12 11 11 5 6 6 6 9
Yearly average (1873) 10 13 11 11 8 8 8 8 10
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Fig. 1. Four-hourly average concentrations of sulphur dioxide, aldehydes (as formaldehyde) and oxidants (as ozone)
on the respective days of observed maxima during each month of 1973

sulphur

dioxide, oxidants and aldehydes are pre-

sented in Tables 1 and their diurnal variations
(four-hourly) on the days of their respective maxi-

ma in each month are given in Fig. 1.

From

these tables and figures it can be seen that :

(I

There are large seasonal variations of the
oxidant concentrations. The concentra-
tions being minimum during the monsoon
months and maximum during winter. They
are, in general, significantly higher during
the earlier parts of the day, confirming to
their origin in the lower atmosphere from

the interaction of the solar radiation with
nitrogen dioxide and unsaturated hydro-
carhons largely released from auto vehi-
cles and to some extent frcm other oper-
ations involving fossil fuel combustion.

(2) Sulphur dioxide concentrations are signi-

ficantly higher during the intense mon-
soon period and the winter. In gener-
al, these concentrations show a dip dur-
ing the noon periods which can also be
observed in their yearly average values
for the years 1972 and 1973 (Table 1).
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TABLE 2

Maxima, arlthmatic means (A.M.) and standard deviations (5.D.) of concentrations (pg/m®) of S0y, oxidants and
aldehydes for the indicated periods

(Total number of four-hourly samples for the three constituents being 797, 798 and 791 respectively during the year 1973)

Sulphur dioxide Oxidants Aldehydes
s - —==y o =N ‘ N

Max. AM. 8.D. Max. AM. 8.D. Max. AM. 8.D.
January 290 52 65 120 17 18 31 12 5-5
February 200 52 i 90 21 20 26 14 5:2
March 194 30 38 50 12 16 17 7 3-0
April — e =3 — T = = — =
May 91 24 19 16 2 3-8 25 10 4:0
June 150 32 29 24 2 4-4 32 13 51
Suly 186 68 49 30 1:5 3:5 21 9 3-8
August 136 60 33 10 16 1-9 23 9 ded
September 128 33 27 12 15 22 31 8 4-6
October 120 24 22 40 66 18 8 3.4
November 111 217 25 46 7 90 27 8 4.8
December 165 29 26 a5 8 8-2 20 8 4:2
Year (1973) 200 36 39 120 6 11 31 10 4.9

Nor —The minimum observed concentrations for all the three constituents during each month were between 0—3 pg/m®

(3) The aldehydes show a lesser diurnal and
seasonal variability. This is confirmed
by their standacd deviations presented
in Table 2.

The entire concurrent concentration data as
four-hourly averages for the three constituents
studied during 1973 have been presented in Table 2
on a monthly basis giving only the observed maxi-
mum values, the arithmatic means and the stand-
ard deviations.

These results, while confirming the earlier obser-
vations, visually bring out the negative correla
tion between the sulphur dioxide and oxidant con-
centrations. It has also been observed that while
the S0, peaks could occur at any time, the oxidant
peaks are observed during the early or mid-day
periods only. The observed inverse correlation
between SO, and the oxidants is also substantiated
by mathematical correlation studies between their
concentrations. Since interaction between SO,
and oxidants, if it does take place —the correlation
between the SO, and oxidant concentrations,
which arise from different sources—can perhaps
be better studied by correlating the concentra-
tions of one (say SO,) with the corresponding
ratios of the two (oxidants/S80,). Since both are
initially independent variables, the trend of their
relative concentrations rather than their absolute

values, to our mind, will be a better measure of their
interaction, if any. TIf there iz no interaction
between them, their relative concentrations with
respect to the concentrations of anyone of them
ghall bear no correlation as the two originate in-
dependently of each other.

As such, we have calenlated the correlation coe-
ficients between the 80, concentrations and the
corresponding ratios of oxidants to 80O, from the
Karl Pearson’s formula. The caleulations are made
under three différent conditions—

(1) Taking all the observations into account.

(2) Taking into account only those sets of
observations where hoth the constituents
are not simultaneously less than their
geometric means (Figs. 2 and 3). That
18, where 80, and oxidants are not simult-
aneously less than 33pg/m® and 9 pg/m?®
respectively.

(3) Neglecting all observations where SO,
and oxidant concentrations are simul-
taneously less than 50pg/m3, and 20 pg/m?

respectively.

We find that although the correlation coeffici-
ent in all the three cases works out negative,
it is insignificant in the first case. In the second
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case the average for wvarious months is —0-454
0-C9 and for the third case the caleulated values
along with errors are presented in Table 3. No
sampling was done during the month of April. The
number of pairs of observations falling in this
category during the months of March, May. October
and November being individually fewer, we
have clubbed together the ohservations of March
with those of May and the observations of Octo-
ber with those of November. It may be ob-
served (Table 5) that on the average the value
of the correlation coefficient is —0:62 and in each
case its magnitude is more than five times the
probable error. Therefore, the ohserved negative
correlation is significant.

From the above it follows that either the inter-
action between the two constituents is more pro-
nouncéd at higher concentrations or the errers
of measurement of the relatively large number of
lower concentrations mask the affects of inter-
action between them.

4.1. Monthly and yearly averages

The monthly average concentrations, during
different four-hourly dinrnal pericds, for the three
constituents studied here, are presented in Table
1 along with their yearly average values during
the corresponding periods. For comparison, the
corresponding yearly average values of S0, for
the year 1972 are also included in the Table 1.

It can be seen from Table 1 that although
there are wide fluctuations in the monthly average
concentrations during the six diurnal perinds from
month to month, the yearly averages during the
corresponding periods are remarkable even hoth
during 1972 and 1973,

The usual mid-day dip in the SO, concentration
when oxidant concentrations are usually higher
can also be noticed in the yearl¥avecages, similar
to one observed during 1972, although these have
been made less prominent by the inclusion of a
larger fraction of data during which the mid-
day oxidant concentrations were sufficiently low
to cause an appreciable dip. The data for oxi-
dants (Table 1 b) and aldehvdes (Table 1 ¢) con-
firm the earlier observations.

The overall (four-hourly) yearly average con-
centration of sulphur dioxide was 41pg/m3 during
1973 and 35-5 pg/m® during 1972. Even after
allowing for errors, there is an average increase
of about 5-10 per cent during 1973 over the pre-
vious year. Yearly increases of about the same
order of magnitude have been ohserved earlier
from 1968 to 1971 (Zutshi et al. 1973).

TABLE 3

Correlation coefficients (C.C.) between sulphur dloxide con-
centrations and the ratios of the concentrations of oxidants
to those of SO, of individual four hourly coneurrert samp-
les for the year 1973

For these calculations samples for which the S0, and
oxidants concentrations are simultaneously less thar 50 and
20 pg/m? respoctively have not been taken into account.

No. of o.C Probable

Period samples " crror

January 46 0.082
February 24 0.072
March and May 19 0-083
June 20 04103
July 56 0019
August and September*

October and November 30 0- 082
December 21 0. 103

Total 216

*Oxidants were almost nil throughout the period

The observed diurnal variations of sulphur dio-
xide concentrations, as reflected in their monthly
averages as well, are apparently due to the daily
and seasonal variations of the meteorological
parameters (Zutshi et al. 1975), since the known
major sources of sulphur dioxide are fixed in
space and their diurnal emissions are more or
less uniform (Zutshi 1970). While the gradually
increasing fossil fuel consumption in metropoli-
tan Bombay is causing a slow but consistent year-
ly increase in the atmospheric SO, concentration,
the remarkable uniformity of the yea:ly average
diurnal concentrations over different periods con-
firms that the emissions from sources are mcre or
less uniformly distributed in time*. Further, at our
sampling site the diurnal and seasonal variations

. of the meteorological parameters appear to get

smeothed out when the concentrations are aver-
aged over the entire year, except for a minor dip
during the mid-day period.

Whether the yearly average concentrations of
S0, over the same averaging period at other sam-
pling points around the city will be the same as
reported here and whether the meteorological
parameters shall similarly be evened out over
the year at other places are mute points for which,
there is no evidence either way, as yet,

5. Mathematical formulation

Although there are no national or state stand-
ards for various atmospheric pollutants for this
country so far, there exist various international
standards, most of which are expressed as con-
centrations of a specific pollutant linked to the
duration of exposure to that pollutant. However,

*Siuece data on fossil fuel consumption during 1968.73 are not available for Bombay, a quantitative comparison could

not be made betWeen them and observed 8O, increases,




DIURNAL AND SEASONAT, VARIATIONS OF ATMOSPHERIC POLLUTANTS

the growing number of air pollution study groups
in this country, sample and estimate vari-
ous pollutants over different averaging time pe-
riods. As such comparison of their data with
the standards, which correspond to other exposure
periods, is not justified. Attempts have, there-
fore, been made to develop a mathematical model
for the atmospheric concentrations of the various
pollutants, so that it may be possible to mathe-
matically caleulate the concentrations of a given
pollutant over any averaging period from obser-
vations of its concentrations over a given averag-
ing period (Larsen 1971). For example, from con-
centration frequency distribution of four-hourly
averaging period observations given here it should
ke possible to calculate concentration frequency
distribution curves for 10-min or 1 month avera-
ging periods. This is exactly what has been work-
ed out by Larsen (loc.eit.). The following charac-
teristic is the corner stone of the ahove mathe-
matical model, viz., ‘Pollutant concentrations are
lognormally  distributed for all averaging
times’.

An attempt has been made to check the vali-
dity of the above statement for results presented
here. Cumulative frequency distribution curves
were prepared (Figs. 2to4) for our data for the
sulphur dioxide, oxidants and aldehydes res-
pectively. The terminology used therein is after
Larsen (1971) and is as follows.

mgy is the geometric mean,
8, is the standard geometric deviation,

€ ax is the likely maximum conceniration
in 1 out of 100 observations of the given
averaging period.

The graphs are drawn on log-probability graph
papers and the abscissae of the three curves
represent the cumulative percentage frequency
of samples above the indicated concentrations of
the various pollutants.

Tt is clearly seen from Figs. 2 to 4 that the pre-
sent data as well as that for the year 1972 (Zutshi
et al. 1975) fits in a straight line pattern in each
case, particularly so at higher concentrations which
are more important from the air pollution stand
point, since the main purpose is to know what
are the maximum concentrations of a given pollu-
tant that are likely to be encountered over diff-
erent averaging periods of time.

We can, therefore, conclude that these obser-
vations also snggest that pollutant concentrations
are log-normally distributed. Caleulations based
on this premise shall be presented elsewhere.
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6. Conelusions

Based on the data presented here, the following
conclusions have been drawn :

(1) The yearly average sulphur dioxide con-
centrations are found to be increasing
by about 5-10 per cent per annum from
the year 1969 onwards.

(2) There is a well defined inverse corrcla-
tion between sulphur dioxide and total
oxidant concentrations, indicating a
relatively fast and destructive chemical
or photo-chemical interaction between the
two.

(3) Aldehydes in the atmosphere appear to
be highe: in the presence of oxidants.
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This is plausible since it is known that
formaldehyde is also a product of photo-
chemical interaction in the atmosphere
involving free radicals (Heuss and
Glasson 1968).

(4) Four-hourly average data for sulphur dio-
xide, oxidants and aldehydes confirm
the observation that the pollutant con-
centrations for various averaging time
periods are lognormally distributed.
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