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ABSTRACT 

Weekly samples of dust collected from ground level air at Bern (47" N) have been 
analysed for their contents of cosmic ray produced Be7 and Paz during January- 
September 1965. The observed ratios of Be7/Pa2 place a limit on the spring influx of 
stratospheric air. I t  is discussed that the pronounced spring maximum in Be7 concen- 
tration in ground level air, observed by some investigators at temperate and high 
latitudes is, to a large part, a manifestation of other meteorological factors, e.g. better 
vertical mixing within the troposphere, rather than due to a large influx of air from 
the stratosphere. 

1. Introduction 

A sharp seasonal increase in concentrations 
of several fission products and cosmic ray 
produced radionuclides, e.g. Csla7, Naaa, Be7, 
has been observed to occur between February 
and July in ground level air a t  temperate and 
high latitudes. This observation has been inter- 
preted by some authors (e.g. PARKER, 1962) in 
terms of an influx of considerable amount of 
air from the stratosphere where these nuclides 
are present in much higher concentrations. 

The possibility of using cosmic ray produced 
isotopes for studying stratospheric-tropospheric 
exchange of air arises from the fact that there 
is a large difference in the concentration as well 
as in the ratio of their activities in the strato- 
spheric and tropospheric air. For example, the 
stratospheric concentrations of Be7 are about 
25-50 times higher than those in the upper 
troposphere, and about 500 times higher com- 
pared to those in the ground level air. Any 
seasonal influx of comparatively small amounts 
of air from the stratosphere can, therefore, 
appreciably change the tropospheric concentra- 
tions. Further, as the ratio of activities of Be7 
and P a 2  in the stratospheric air is about 2-3 
times that in the tropospheric air, the strato- 
spheric influx should also cause an increase in 
Be7/Paz ratios in the troposphere. 

The measurements of Be7 in ground level air 
a t  high latitudes (40-55" N) have been reported 
by CRUIKSHANK, COWPER & GRUMMIT (1956), 
PEIRSON (1963), GUSTAFSON, KERRIGAN & 
BRAR (1961), PARKER (1962) and SCHUMANN & 
STOEPPLER (1963). All these measurements show 
a sharp increase in Be7 a t  ground level some- 
time during February to July, although the 
observed magnitude of increase has been found 
to be different a t  different stations. For example, 
GUSTAFSON, KERRIGAN & BRAR (1961) and 
SCHUMANN & STOEPPLER (1963) have observed 
an increase by a factor of 2 to 3, while PARKER 
(1962) reported an increase up to a factor of 
about 8. If all this increase is due to an influx 
of stratospheric activity, the Be7/Pae ratios in 
the troposphere should also increase appreciably 
during such periods. It is estimated that if 
enough stratospheric air descends into the 
troposphere, so as to increase the Be7 concen- 
tration there by a factor of three or more, the 
activity ratio of Be7/Psz in it should also show 
an increase of about 100%. To check on this 
point we undertook to measure Be7/Paz in 
ground level air a t  Bern which lies at latitude 
47" N where the deposition of stratospheric 
fission debris has been observed to be maximum 
(MACHTA, 1961). 
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FIQ. 1 (a). Observed Be7/Psa activity ratios in ground level air at Bern. The open circles represent tropo- 
spheric measurements at  latitude 35" N and altitudes 3-8 km. 
FIG. 1 (a). The data of Fig. 1 (a) are replotted after averaging the Be7/PJ2 ratios for each calendar month. 
The solid curve shows the predicted variation in this ratio at high latitudes assuming an average 
stratospheric residence time of 10 months and the stratospheric-tropospheric exchange to be peeked 
in late spring. 

2. Experimental 

The measurements of Be7/PSP in ground level 
air at Bern have been carried out during 
January-September 1965. Weekly samples of 
dust were collected on coarse filters on the roof 
of Physikalisches Institut and analysed for 
Be7 and Paz. Standard radiochemical and count- 
ing procedures (cf. BHANDARI, 1965) were 
employed for estimating the radioactivities of 
Be7 and Psz. The errors in the present measure- 
ments for the activity ratio Be7/PJ2 are estima- 
ted to be & 20 %; most of this arising from errors 
in the measurement of P 3 2 .  

3. Results and discussions 

The measured Be7/Paa ratios are plotted in 
fig. 1 (a). The dark circles are the ground level 
measurements and the open circles refer to 
tropospheric air samples a t  latitude 35" N for 
altitudes 3-8 km (RAMA & HONDA, 1961; 
BHANDARI, 1965). No marked variation in the 
ratio with time stands out. The experimental 
error of k20 per cent on individual measure- 
ments makes it difficult to see small trends. 
We have therefore plotted the average Be7/Pa8 
ratios by taking the mean of all measurements 
in each calendar month (fig. 1 (b)). Here, one 
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FIG. 2. Predicted variations in (a) total inventories 
and ( b )  relative inventories of Be', Psa and NaZ2 in 
the troposphere. The model calculations (see text) 
assume that the stratosphere-troposphere exchange 
is peaked during late spring. 

sees a trend for the ratio to be high in mid-year 
but the range of variations is not a factor of 
two. Therefore, the possibility of ground level 
air containing Be7 and P a z  activities of predo- 
minantly stratospheric origin a t  any time seems 
to be ruled out. It is, however, well known that 
some stratospheric-tropospheric exchange, with 
marked seasonal variation, does take place in 
the temperate and high latitude region. A 
recent analysis of dispersion of radiocarbon 
produced in the Russian nuclear tests has provi- 
ded valuable information on this aspect (LAL 
& RAMA, 1965). An analysis of these data sug- 
gests that for considering the effective circula- 
tion in the troposphere, each hemisphere can 
be divided into two distinct but internally well 
mixed cells, extending from 0" to 30" (hereafter 
termed as the tropical cell) and from 30" to 
90" (hereafter termed as the polar cell). The 

exchange between these cells has a pronounced 
seasonal dependence. The stratospheric-tropo- 
spheric exchange, which also has strong seasonal 
dependence, occurs primarily across the tropo- 
pause of the polar cell. LAL & RAMA (1965) 
have evaluated the exchange parameters and 
find that they can be represented by the 
relations: 

K = l + 0 . 7 s i n  2n-+- , ( : ;) 
where z is 12, and t is expressed in months, J 
denotes the amount of air (in grams) exchanged 
across 1 cmz area of the tropopause of polar 
cell, and K denotes the fraction of air in the 
polar cell exchanged per month with that in 
tropical cell. Using these exchange parameters 
and probable values for the washout rate of 
activities from the troposphere, BHANDARI, 
LAL & RAMA (1965) have estimated the expec- 
ted variation in concentrations and activity 
ratios of cosmic ray produced isotopes Na2z, 
Be7 and P a 2  in the troposphere. These are 
shown in fig. 2 (a )  and ( b ) .  One finds that Be' 
and Paz concentrations in the polar cell increase 
by 60 and 25 % respectively in July-August 
compared to winter months; Be7/PSa ratios 
increase by only 35 %. The curve representing 
the expected variation in Be7/Pa2 is reproduced 
in fig. 1 ( b )  in order to compare it with the 
experimental data. The two are seen to be 
consistent although the observed BeT/Paz ratios 
are about 20 % systematically lower than the 
expected ratios. Both the model calculations 
and our data on Be7/Pa2 ratio indicate that the 
Be7 and Paz activities in the troposphere should 
be largely of tropospheric origin. The observed 
large spring increase in Be7 in ground level air 
may then be interpreted as due to enhancement 
by other meteorological conditions such as 
seasonal variations in dry and wet deposition 
and particularly the variation in vertical mixing 
with the upper layers of air (within the tropo- 
sphere) where the concentrations are known to 
be an order of magnitude higher (GUSTAFSON, 
KERRIGAN & BRAR, 1961; BHANDARI, 1965). 

A further support to the hypothesis of in- 
creased vertical mixing during the summer 
months comes from the measurements of PbaID 
concentrations in ground level air at Chilton 
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(51"N), reported by PIERSON et al. (1965). 
Their observations show that the concentrations 
of Pb"0 in winter are a factor of two higher 
than those in summer. Since the source of Pb"O 
is radon which has the highest concentration 
near the ground, the concentration of Pb"O 
also is usually high near the ground (LIST & 
TELEQADAS, 1961). But due to quick vertical 
mixing during summer the normally high con- 
centrations are expected to disappear. 

WALTON et al. (1962) have reported a few 
measurements of Be'/P*Z in wet precipitation 
a t  temperate latitudes. They observe a mean 
ratio of 52 in summer as against 33 in winter 
which is again consistent with the predicted 
variation. 

It is clear from fig. 2 that Na** should show 
a large variation, i.e. an increase by a factor 
of -2.8 during the period of peak influx and 

hence Na" and Pa* provide a more sensitive 
pair of isotopes for studying the stratospheric 
influx during spring. However accurate deter- 
mination of P a r  is difficult and some short-term 
fluctuations in its concentrations may be 
expected. Therefore, from the point of view of 
accuracy in measurement and the interpretation 
of data, Neal and Be7 provide a more conve- 
nient pair; Na*z/Be' ratio during peak influx is 
expected to increase by 70 per cent. To this 
end, a study when the bomb produced Nm" 
gets exhausted from the atmosphere may prove 
very useful. 
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Be7 I4 P3a B nPL13EMHOM BO3AYXE 

B Teseme flHBapfl-CeHTfl6pR 1965 r. onpenem- 
nocb conepmaHae Be7 M pse, 06pa30~aslu~ecfl  
IIOA AeaCTBUeM KOCMHqeCKUX nyqefi, B €We- 
HeKeJIbHbIX npo6ax IIbIJIH, CO6paHHOfi B npu- 
3eMHOM BO3nJ'Xe B BepHe (47°C). Ha6nlona~- 
m i e m  oTHoweHm Be7/PS4 onpenenmo rpaHnqy 
BeceHHero npaToKa ~o3nyxa 113 cTpaToc4epH. 
0 6 c y x q a e ~ c ~  npeRnonoHteHae, YTO ~a6nmnaB- 
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