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ABSTRACT 

The global values of the activity ratios of 7Be/32P, 7Be/3 5S, and 7Be/22Na are presented and 
discussed. The wide range of variations of these observed ratios and residence times derived 
from them indicate a varying input of a stratospheric component of these isotopes. This shows 
that the troposphere is not a closed system and residence times calculated from the above 
ratios are likely to be larger than the actual values. More consistent results are obtained for 
tropospheric residence times based on 210Bi/210Pb activity ratios from various locations. The 
7 Be/35S ratios are lower than the expected ratios by a factor of 2 to 3, calculated from cosmic 
ray production values, indicating other sources like bomb production. Since the ratios are less 
even during periods of low fallout activity, another source, such as graphite reactors is a 
possibility. 

1. Introduction 

The activity ratios of the cosmic ray spallation 
products 7Be, 32P, 35S, 22 Na, and radon decay 
products 210Pb, 210Bi and 210Po have been 
measured in air and rainwater to calculate tropo­
spheric residence times (Marenco and Fontan, 
1972; Martell and Moore, 1974; Marenco and 
Fontan, 1974a, b; Bolin and Rodhe, 1973; Georgi 
and Chameides, 1986). The concept of a single 
residence time for the whole troposphere is not 
valid, as it consists of different layers like the 
planetary boundary layer (PBL), the middle and 
upper troposphere, polar atmosphere etc., with 
different scavenging and mixing properties. The 
values of residence times obtained with the 
various radioactive tracers will therefore refer to 
their mean production levels, e.g., 7Be, 32P, for 
upper troposphere and 210Pb, 210Po, and 210Bi 
for the PBL, etc. (Morenco and Fontan, 1972). 

We present here 7Be/32P, 7Be/35S, 7Be/22Na 
and 210Bi/2 10Pb activity ratios from various 
locations of the globe to examine their utility in 
studying the tropospheric residence time. 

2. Calculation of residence time 

The build-up of an isotope by cosmic ray 
irradiation can be expressed as 

N =Pf ).(I - exp(-). x t)), (1) 

where N is atom concentration after irradiation 
for time t, ). is the radioactive decay constant and 
Pis isotope production rate. For the atom ratios 
of two isotopes, the equation can be written as: 

R = !'1 /A. 1 (1 - exp(-).1 x t)), 
P2/A.2(1-exp(-).2 x t)) 

(2) 

where R is the atom ratio and the subscripts refer 
to the two isotopes. 

The atom ratios will vary between R 1 = P1 /P2 

for small values of t and R2 = P 2).1/P1 ).2 for 
saturation values oft, i.e., t values much greater 
than the radioactive mean-life. 

The above eq. (2) can be taken as indicating 
the growth of the ratios between successive pre­
cipitations if it can be assumed that air is washed 
of all activity by the previous precipitation. The 
range of values given by the above equations are 
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