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ABSTRACT 
Lead-210 activity in ground level air and rainwater at a number of stations in India 
covering the latitude band 11" to 34" N has been studied and the data is presented. 
Seasonal variations in activity levels with maximum values in winter have been 
observed in the surface air at several stations. The time of occurrence of peak values 
of lead-210 differs from that of stratospheric cesium-137 but generally agrees with 
radon levels. I t  is therefore concluded that lead-210 is mainly controlled by radon 
activity in the ground level air. The possible reasons for the winter peak in radon and 
lead-210 are discussed. 

The latitudinal variation of lead-210 and the likely reasons for these are examined. 
The lead-210 activity levels in India are compared with the values reported by other 
laboratories for temperate latitudes. 

1. Introduction 

I n  a previous publication (Rangarajan et al., 
1967) data on lead-210 concentrations in ground 
level air and precipitation a t  a few stations in 
India were presented. Therein, it was pointed 
out that lead-210 concentrations undergo a sea- 
sonal variation with maximum values in winter 
and minimum values during the summer. This 
was noted at Bombay and to a lesser extent at 
Srinagar where the variation was not so pro- 
nounced as a t  Bombay. It was also suggested 
that this seasonal variation which differed in 
the time of occurrence of the peak values from 
fission products like cesium- 137 originating 
from the stratosphere, seemed to correlate very 
well with ground level radon values. In  this 
paper extensive measurements on lead-2 10 made 
since then at the various stations listed in 
Table 1 are presented and their relations with 
other atmospheric activities like radon, fission 
products, etc., discussed. Activities in rainwater 
and their relations to air concentrations have 
also been explored. 

2. Experimental methods 

The techniques of sample collection and radio- 
activity measurements have already been 
described in detail (Rangarajan et al., 1968, 
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Vohra et al., 1966, Joshi et al., 1968). The 
sampling volume of ground level radioactive 
dust collection is of the order of 50 x lo* cubic 
meters at Bombay and about one-tenth of this 
a t  the other stations. The Hollingsworth and 
Vose H-70 filters used for sampling are ashed 
a t  low temperatures (less than 400°C) prior to 
chemical analysis. The ashed samples along 
with lead carrier are digested in aqua regia and 
then taken in 1.5 M hydrochloric acid. These 
samples are then passed through anion-exchange 
resin Dowex-1 x 8% (50-100 mesh). The maxi- 
mum adsorption of lead takes place a t  this acid 
concentration. The adsorbed lead is then eluted 
with 8 M hydrochloric acid. It is finally preci- 
pitated as lead sulphate and counted (Joshi et 
al., 1967). The counting of daughter product 
bismuth-210 and its build-up with a half-life of 
5.0 days enables the purity of the samples to 
be checked as well as the activity to be assayed. 
End-window geiger counters with a back-ground 
of five counts per minute are used for the beta 
counting of the samples. With this system, 
samples can be counted to an accuracy better 
than f5% s.d. 

Rainwater collections are made in stainless 
steel funnels (12" diameter) and polythene 
vessels. The monthly collections of rainwater 
are pooled together depending on the amount 
of rainfall to give detectable activity. Yearly 
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Table 1. List  of radioactivity monitoring stations in Ind ia  
~ ~~ ~~ ~~ 

A1 t it ude 
Station (Meters) Latitude Longitude 

Type of sampling 
for lead-210 analysis 

1. Srinagar 

2. Delhi 
3. Gangtok 

4. Calcutta 

5. Nagpur 
6. Bombay 
7. Bangalore 

8. Ootacamund 

1598 34"06' N 

219 28"45' N 
2000 27"12' N 

Sea level 22"34' N 

311 21"12' N 
Sea level 18'57' N 
922 12"57' N 

2235 ll"23' N 

74"55' E 

77"20' E 
88"23' E 

88"25' E 

79"04' E 
72"55' E 
77"30' E 

76"40' E 

Rainwater and monthly air filter 

Do. 
Rainwater analysis. Air filter 

Rainwater and monthly air filter 

Do. 
Do. 
Rainwater and half-yearly air fil- 

Do. 

analysis 

data not presented. 

analysis. 

ter analysis. 

average specific activities and depositions only 
are reported here. The evaporated residues of 
the rain samples are chemically treated as for 

middle of 1966. These are a continuation of the 
data previously given (Rangarajan et al., 1968) 
up-dated to the middle of 1966. Radon concen- 

filter ash andcounted. 

3. Results 

trations at Bombay not reported earlier are 
also included from the end of 1965 when 
sampling for radon was started. The radon ac- 
tivity is measured through its solid daughter 

Fig. I gives the lead-210 concentrations in air products assuming equilibrium with radon. In 
a t  Bombay and Srinagar from 1962 to the view of the uncertainty in this as well as in the 

Piq. 1. Lead-210 (Ra-D) activity in ground level air at Bombay and Srinagar. 
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Fig. 2. Lead-210 (Ra-D) activity in ground level air at Calcutta, Nagpur and Delhi. 

possibility that filter collection efficiency for 
the daughter products is not loo%, radon con- 
centrations are given in relative units but if 
radon is in equilibrium and filter collection 
efficiency is taken as loo%, one unit would 
correspond to one micro-microcurie per cubic 
meter of air. The uncertainties inradonmeas- 
urements are unlikely to affect the following 
discussions as will be shown later. 

Lead-210 activities measured in surface air 
at three other stations, viz., Nagpur, Calcutta 
and Delhi are shown in Fig. 2, from 1963 on- 
wards. These results are also based on analysis 
of monthly pooled filter collections aa at Bom- 
bay and Srinagar. 

The latitudinal variation of the average yearly 
concentration of lead-210 in surface air and 
precipitation are shown in Fig. 3 for the years 
1962 to 1966. Data from two other stations, 
viz., Bangalore and Ootacamund are also in- 
cluded. The activities in the case of these two 
stations are based on a half-yearly sample 
analysis. The precipitation activities have been 
calculated from the total yearly deposition of 
lead-210 and the yearly rainfall from all the 

Tellus XXI (1969), 1 

eight stations of the sampling network (Table 1). 
The total yearly deposition of lead-210 is sum- 
marized in Table 2. 

4. Discussion of results 

Seasonal variations in surface air activity 
The data on air concentration of lead-210 at 

the stations given in Figs. 1 and 2 show that 
there is a seasonal variation in activity, the 
maximum concentration being reached in the 
winter months of November, December and 
January and the minimum values in July and 
August. This seasonal cycle is observed at all 
the five stations although it is not as pronounced 
at Srinagar as at the more southerly stations. 
(Results for another station-Gangtok-which 
also shows similar seasonal variation are not 
reported here aa the values are not yet finalised). 

The climatic and other reasons for this sea- 
sonal variation can be discussed on the basis of 
the possible sources of lead-210 in ground level 
air. Ground level activity could be due to local 
radon diffusing from the soil or it could originate 
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from the upper troposphere and stratosphere 
where lead-210 has been sampled in significant 
quantities (Peirson et al., 1966). The behaviour 
of a stratospheric source diffusing to ground 
level is well illustrated by the measurements on 
the cesium-137 activity in surface air (Ranga- 
rajan et al., 1968). If lead-210 were originating 
from the stratosphere its peak values are likely 
to be observed during the spring months along 
with maximum values of cesium-137 in April 
(Rangarajan, et al., 1968) rather than two to 
three months earlier as is the actual case. On 
the other hand the agreement with radon is 
very close as shown in Fig. 1. The possible errors 

in radon measurements such as nonequilibrium 
with radon daughters and lesser filter collection 
efficiencies are unlikely to result in such close 
agreement between radon and lead-210. The 
H-70 filter used is reported (Lockhart, et al., 
1964) to have an efficiency of nearly 95% for 
radium (B + C) aerosols and disequilibrium with 
radon daughters is not significant as what is 
measured is the radon daughter concentrations 
which actually decay to lead-210. Hence it may 
be concluded that lead-210 in surface air is 
mainly controlled by radon concentrations, a t  
least in continental areas. 

Two reasons can be advanced for the observed 

Tellus XXI (1969), 1 
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Table 2. Ann& deposition of lead-210 in India (in mclkrna) 
(The values in brackets give annual precipitation in millimeters) 

Year 
T 

Station 1962 1963 1964 1965 19GG 

Srinagar 

Delhi 

Gangtok 

Calcutta 

Nagpur 

Bombay 

Bangalore 

Ootacamund 

4.87 
(625.2) 
2.60 
(577.2) 
3.77 
(3170.4) 
1.32 
( 1  158.0) 
2.25 
(1258.8) 
7.50 
(2227.0) 
1.03 
(1052.7) 
1.77 
(1609.6) 

4.98 
(782.0) 
4.85 
(817.5) 
8.96 
(3827.4) * 
3.03 
(1678.0) 
3.86 
(932.6) 
5.12 
(2229.0) 
2.09 
(1040.6) 
2.12 
(1190.0) 

2.93 
(692.0) 
2.16 
(1233.1)* 
3.40 
(2401.2) * 
3.85 
(1485.0) 
2.66 
(849.9) * 
5.24 
(1798.8)* 
2.60 
( 1191.6) 
3.19 
(1835.0) 

5.36 
(653.0) 
2.19 
(420.5) * 
4.17 
(2466.0). 
- 

8.66 
(2626.1) 
3.06 
(692.0) 
2.14 
(676.6)* 

6.48 
(889.9) 
3.31 
(650.2) 
10.76 

3.25 
(3399.3) * 
(1025.7)* 
2.17 
(858.9) 
5.79 
(1952.0) 
3.04 

3.12 
(1416.6)* 

(1021.0)* 

111 

~~~ 

* The rainfall for these years is the total for the sampling months only but is greater 
than 80 % of the total annual precipitation. 

annual variation in radon (and lead-210) con- 
centrations in surface air. 

A shift in surface winds from continental to 
maritime such as occurs when the north-east 
winds change into the powerful south-west 
monsoon over the Indian continent could result 
in a seasonal variation. The monsoon winds, 
due to lack of replenishment of radon diffusing 
from soil in their path across the oceans may be 
less radioactive than winds which have travelled 
over large land masses. However, the onset of 
the monsoon occurs some timc during the period 
April-May when lead-2 10 levels have already 
decreased to significantly lower values com- 
pared to peak concentrations. This makes it 
rather difficult to correlate the fall in activity 
after the peak values with the onset of the 
south-west monsoon winds. 

The occurence of frequent inversion condi- 
tions during winter could also result in high 
radon concentrations. Gale et al. (1958), found 
that average monthly radon concentrations 
showed significant correlation with the average 
potential temperature gradient during the period 
of their measurements for one year in the 
United Kingdom. The presence of the winter 
mgximum at all the stations-coastal as well as 
inland-suggests that this could be a major 
factor in the seasonal variation although the 
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effect of air mass movements cannot be ruled 
out. (Part of the reason for the seasonal variation 
not being so pronounced a t  Srinagar could be 
the lesser prevalence of the monsoon there.) 

Latitudinal variation of activity 
The data given in Fig. 3 shows a trend to- 

wards an increase in the specific activity of 
rains at high latitude stations like Srinagar 
although this is not so clear in the air activity 
data. The climate of this station (Srinagar) 
differs in several respects from the other lower 
latitude stations where precipitation is mostly 
in summer during monsoon when air activity- 
both natural and bomb produced-are a t  a 
minimum. At Srinagar, however, there is both 
winter and summer rains which are mostly not 
connected with the monsoon cycle. This differ- 
ence in the precipitation system is apparently 
reflected in the somewhat higher specific activ- 
ity at Srinagar. A similar difference in specific 
activity in rain was observed in the case of 
cesium-137 which was also attributed to the 
difference in the precipitation systems (Ranga- 
rajan et al., 1968) between the northern stations 
particularly Srinagar and the other low latitude 
stations. In  view of these results it is concluded 
that the specific activity of precipitation is 
sensitive to the origin and seasonal distribution 
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of rainfall with respect to the peak values in air- 
borne activity. 

The general level of activities given here for 
India may be compared with activities in the 
temperate latitudes as reported by other labo- 
ratories. Airborne lead-210 activities in India 
vary from about 10-50 micro-microcuries per 
thousand cubic meters as shown in Figs. 1 to 3, 
while in precipitation the activities are of the 
order of 1-10 micro-microcuries per litre. In 
general the values given here are considerably 
higher than the activities in the U.K. (Peirson 
et al., 1966) of 1-10 micro-microcuries per kg 
of air but show agreement with the values 
given by Patterson (Patterson et al., 1964) for 
the U.S. of 3-30 micro-microcuries per thousand 
cubic meters and by Shleien (Shleien et al., 1967) 
for Massachusetts, U.S. of 4-40 micro-micro- 
curies per thousand cubic meters. These differ- 
ences can possibly be explained by the preva- 
lence of maritime winds over islands like the 

U.K. and the presence of large land masses and 
high radioactive areas in the other case. The 
deciding factor seems to be the previous path 
of the air masses being sampled which deter- 
mines their radioactive content. 
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B3MEPEHBH BHTEHCBBHOCTM BbIIIAAEHMFI OCAAECOB M AICTMBHOCTB Pb-210 
B nPM3EMHOM CJIOE B03AYXA 

cyeTcH c YPOBHRMH panoaa. ~ O ~ T O M Y  AenaeTcH 
3aKJIlOYeHHe, YTO aKTHBHOCTb Pb-210, (rJIaBHbIM 
06pa30~, KOHTpOnHpyeTCR aKTHBHOCTbl0 pagOHa 
B nPH3eMHOM CnOe B03RYXa. 06CyXAalOTCfl 
B 0 3 M O X H b I e  I IpHVI lHbI  MaKCHMaJIbHOfi BKTHB- 

BaeTCR IUMpOTHOe H3MeHeHHe aKTHBHOCTH Pb- 
210 H er0 R03MOXHbIe IIPMYMHbI. YpOBHH aK- 
THBHOCTM Pb-210 B k l H n H H  CpaBHHBal0TCfl C Be- 
JIH'IIlHaMH, IIpenCTaBneHHbIMH J(pyrHMH na6o- 
PaTOPHRMH B YMepeHHbIX IUHpOTaX. 

HOCTI~  panoHa B ~ H M H H ~ ~  nepxon. PaccMaTpn- 
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