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Atmospheric turbidity measurements with Volz
sunphotometer at a few background air pollution
monitoring network stations in India
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ABSTRACT. A network of ten stations was established in India in 1976 for measurement of
atmospheric turbidity. The data obtained at Allahabad, Jodhpur, Pune and Srinagar have been analysed
and the results are presented. Turbidity is found to be maximum in summer and a minimum in winter
at all stations except at Srinagar. Rainout and washout have been found to be quite effective in removing
(20 to 30 per cent) the atmospheric particulate matter.

The wavelength exponent measured at Pune has a mean value of 0.5 and exhibits an annual
variation with high values during the post monsoon and winter and low values during the summer

months.

1. Introduction

Ten stations in India as a part of global Back-
ground Air Pollution Monitoring Network
(BAPMoN) were established to document the
trend in the Schuepp’s decadic turbidity coef-
ficient B using the Volz Sunphotometer. The
results of turbidity data thus obtained from Al-
lahabad (25° 27, 81° 44'), Jodhpur (26° 1%,
73° 01’), Pune (18° 32', 73° 51') and Srinagar
(34° 05, 74° 50') from the above network are
reported in this paper.

2. Details of measurement

The turbidity coefficient was calculated from
single filter sunphotometer measurements made
at 0.50 pm at Allahabad, Jodhpur and Srinagar
and from double filter measurements °(0.44 and
0.64 pm) at Pune, 1974. At Pune, Angstrém’s

wavelength exponent a(?\ngstﬁim_ 1964) values
were also computed. B values give a measure

of aerosol concentration whereas a indicate the
size distribution within the limited size spectrum
of the aerosols having radii between 0.1 and
1 pm.

3. Errors of measurements

For a more reliable interpretation of data,
obtained using Volz sunphotometers, it is essen-
tial to know the magnitude of errors in the
measurement of the turbidity coefficient and o,
arising from observational and instrumental in-
accuracies, Shirvaikar ef al. (1981) have made
an error analysis on lines similar to those of
Laulainen and Taylor (1974) and their results
which are reproduced below are relevant in B
and « measurements with sunphotometers.

3.1. Error in observation of meter deflection

For an error of 4-0.5 pA in reading the meter,
the probable errors in turbidity range from 5 to

(327)




328 KRISHNA NAND ax~p S. J. MASKE

o3 ;
| ALLAHABAD

02¢

oaz

018

(8)
T AT

MA

el ol i i

Lidad

JAODFA.J&QDFEJADDFAJADD

=197€ ) e 157 7 ] —— 197 g —a 1579 —af

Fig. 1. Monthly variation of decadic turbidity coefficient
B at Allahabad [Read B instead g]

TABLE 1

Seasonal values of decadic turbidity coefficient ‘B’ at back-
ground air pollution monitoring stations in India (1977-

1979 data)
Winter Summer Post-
Statijon (Jan- (Mar- Monsoon
Feb) May) (Oct-Dec)
Allahabad 0.121 0.181 0.126
Jodhpur 0.074 0.108 0.088
Pune 0.099 0.128 0.124
Srinagar 0.111 0.064 0.108

10% as turbidity decreases from 0.5 to 0.1 while
errors in « are about 40 to 609 as a decreases
from 2.0 to 1.0.

3.2. Error in extraterrestrial constant (Jod)

The present method of calibration of sunphoto-
meter is the Langley method. The readings over
a range of air-mass (m) values are made during
the periods of stable turbidity. The readings
are plotted against air mass (m) and then extra-
polated to air mass zero to obtain JoA. Typical
errors in such estimates may be about 2.5%.
This can contribute to an error of 5-259% in
turbidity for values between 0.5 and 0.1 and
50 to 80% in « for « values between 2.0 and 1.0.

In fact the errors are very high for turbidity
values less than 0.02 and «<<0.5, sometimes
even exceeding 100%. Thus, the use of Volz
sunphotometer for turbidity studies may not
be appropriate for clean sites.

4, Analysis of data

For the purpose of the present study, daily
observational data available between 0830 and
1730 IST during the period 1976-79 have been
utilized. The seasonal values of B for different
stations were obtained and are presented in
Table 1. Sufficient data were not available for the
monsoon season. Results from individual stations
are discussed in following paragraphs :
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Fig. 2. Monthly variation of decadic turbidity coefficient
B at Jodhpur [Read B instead §]

4.1.1, Allahabad

It is an inland station with a high percentage
frequency of occurrence of ground inversion
during post monsoon and winter seasons. During
the summer season the station experiences dust-
storms and relative humidity is quite low (about
28% ) whereas during post monsoon and winter
season it increases to about 60% . Monthly mean
values of daily turbidity coefficient as obtained
for the station for the years 1976-79 are given
in Fig. 1. The highest turbidity coefficient B
occurs during summer months as expected.
During the post monsoon months when the atmos-
phere has been cleansed by rain, the lowest
values of B are observed. The observed values of
B at Allahabad during the post monsoon and
winter seasons are almost identical. In general,
higher B values are observed during the after-
noon in summer which may be ascribed to the
high convection und turbulence,

4.1.2. Jodhpur

Situated in the Rajasthan desert it has a high
percentage frequency of occurrence of ground
mversions during the post monsoon and winter
seasons. During summer the station experiences
very high duststorm activity and particulate matter
upto a considerable depth in atmosphere has
been observed over this station (Bryson er al.
1963). Throughout the year relative humidity
at the station remains quite low (26 to 36%)
and temperatures during the summer are high.
These factors are quite favourable for the injec-
tion of large number of particulate in the atmos-
phere and an increase in turbidity. The monthly
mean of daily B values for the station are plotted
in Fig. 2. Shirvaikar ef al. (1981) had observed
similar variations at Kota (Rajasthan).

4.1.3. Pune

It is an elevated station situated on the lee-
ward side of the Western Ghats, with infrequent
ground inversions, The relative humidity during
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Fiz. 3. Monthly variation of decadic turbidity coefficient
B at Pune [Read B instead B
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Fig. 4. Monthly variation of ¢ values
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Fig. 5.:Monthly variation of decadic turbidity coefficient B at Srinagar

summer is about 41%. Urbanization and indus-
trialization contribute significantly to the higher
turbidity. The monthly mean of daily B for the
station are plotted in Fig. 3.

The monthly means of the daily wavelength
exponent « values at Pune are plotted in Fig. 4.
It is seen that « has a very high annual varia-
tion. The minimum value of « was observed to
be — 0.14 during May and maximum 1.3 during
Dec/Jan. As expected, the value of « is low
during the summer season (0.26) and compara-
tively higher during the winter (0.63) and the
post monsoon season (0.65). The annual mean
value of « is about 0.5 (1977-1979). Quite
interestingly there has been a decreasing trend,
which is statistically significant in the « values
from 1977 to 1979. Values of a during 1977,
1978 and 1979 were 0.83, 0.47 and 0.17 res-
pectively. Low values of « suggest the prepon-
derance of large size particles in the atmosphere
over Pune in comparison to middle latitude
stations.

[Read B instead g]

4.1.4. Srinagar

It is a hill station with high relative humidity
throughout the year (66 to 81%). Turbidity
data from this station are plotted in Fig. 5.
At this station low values of B have been
observed during the summer months and higher
values during winter months which is oppesite
to the trend as observed at other stations, Gene-
rally maximum turbidity is observed during the
months of December/January.

4.2, Turbidity trends

With a view to study trends in turbidity, the
annual arithmetic mean of turbidity values for
Allahabad, Jodhpur, Pune and Srinagar were
calculated and these are plotted in Fig. 6.

There is an increasing trend in B at Allahabad
and the increase during 1978 (.158) and 1979
(.159) though statistically significant with res-
pect to 1977 (0.127) value is well within the
error limit of measurements.



330 KRISHNA NAND anp S. J. MASKE

009 I < rinacaR ¥

0-07 L 1 )

o6
PUNE
CIs5

QI3 r

009 L i J

B

JODHPUR

O.11

009

007

0.6 |"
ALLAHABAD

04

o2 1 i )
1976 1977 1978 1979

Fig. 6. Yearly variation of B
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There had been a decreasing trend in B at Jodh-
pur from 1976 (0.090) to 1978 (.071) which
is not statistically significant. However, turbidity
value in 1979 (.131) showed a sudden increase.
The increase in the annual arithmetic mean value
of B between 1978 (.071) and 1979 (0.131) is
statistically significant,

The increasing trend at Pune is more obvious
and the yearly increments in B values from 1977
(0.091) to 1979 (0.153) are statistically signi-
ficant. However, when the above turbidity values
are compared with mean turbidity values at
0.123 for the years 1966-1967 and 0.105 for
1968 as reported by Mani et al, (1969), the

increase in B between 1977 and 1979 does not
appear to be significant.

A further close study of B values as reported
by Rangarajan (1972) for the month of Novem-
ber 1970 (0.070), by Mani et al. (1969) for
November 1968 (0.075) and the mean value for
the month of November during the years 1966
and 1967 (0.120) indicate that the large varia-
tion in B during different years can occur even,
otherwise which may not be directly related to
industrialization and urbanization.

Turbidity data from Srinagar indicate a dec-
reasing trend (1977 to 1979) which is not statis-
tically significant.

5. Conclusions

Turbidity coefficient (B) shows large annual
variations with a maximum during summer and
a minimum during winter at all stations except
at Srinagar.

The maximum value of turbidity has been
observed at Allahabad (0.181) during summer.

Rainout and washout are found to be quite
effective in removing (20 to 30% ) atmospheric
particulate matter. However, the efficiency at
Pune (23% ) was found to be low compared to
those at Allahabad (33% ) and Jodhpur (32%),
possibly due to the fact that atmosphere at Jodh-
pur and Allahabad contains larger size particulate
matter during summer. The mean value of «
at Pune is about 0.5 with righ values during
the post monsoon and winter and low values
during summer.
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