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ABSTRACT 

Fallout in the southern hemisphere, and its origins in the national 
programs of atmospheric nuclear weapons testing in both hemispheres* are 
reviewed. 

Of the 390 nuclear tests conducted in the atmosphere to date, 
53 were carried out in the southern hemisphere and it is the second phase of 
these, between 1966 and 1974, that is seen to have been responsible for the 
main fallout of short-lived fission products in the southern hemisphere. 

In contrast to this, the programs of atmospheric nuclear testing in the 
northern hemisphere up to 1962 are shown to have been the main source of 
long-lived fission prodjcts in fallout in the southern hemisphere. The course 
followed by this contamination through the environment of the southern hemisphere 
is traced for the national programs of nuclear testing after 1962 taken separately 
(France, China) and for the earlier national programs taken together (U.S.S.R., 
U.S.A. and U.K.). 

The impact on populations in the southern hemisphere of fallout from 
atmospheric nuclear weapons tests to date is assessed. 



INTRODUCTION 

During the first six years of the development of nuclear weapons, 
all nuclear explosions were of low yield and were carried out in the northern 
hemisphere (Carter 4 Ploghissi (1977)). Fallout was confined to the troposphere 
and little of the debris penetrated beyond latitude 10 S. Thus the southern 
hemisphere was virtually excluded from the effects of these early explosions. 

Fallout was introduced into the southern hemisphere on 2 October 1952 
when a nuclear device was exploded in Australia as part of the British program 
for developing nuclear weapons. Later that month, on 31 October 1952, the 
United States tested a 10 fit experimental thermonuclear device at Eniuetok, 
in the Marshall Islands; this was the first high yield nuclear explosion and 
the first release of fallout to be distributed globally. 

The nature and distribution of fallout in the southern hemisphere 
from these nuclear tests, and from those that followed, were determined by a 
set of interacting factors, the most important of which were 

- the time sequence of the tests, their yields and geographical 
locations and the altitudes at which debris was injected into 
the atmosphere, 

- the atmospheric transport processes affecting the fallout 
particulate and 

- the nature and radionuclide composition of the debris; 

and the subsequent impact of this material on the population of the southern 
hemisphere depended on the properties of the radionuclides themselves, 
including the pathways taken to irradiate organs and tissues. 

Each of those factors has received considerable attention and 
comprehensive reviews of available information have been made from time-to-time 
by the United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR (1958), (1962), (1964), (1966), (1969), (1972) and (1977)) in deriving 
dose commitments for the world population to assess impact on public health. 
Therefore, in the present paper, the factors will be discussed only briefly and 
with emphasis on the implications to fallout in the southern hemisphere. 

The reviews by UNSCEAR continue to confirm the over-riding importance 
to the dose commitments of the contributions made by the short-lived and long-lived 
fission product components of fallout. It is the purpose of this paper, therefore, 
to identify the main features of both these components of fallout in the southsrn 
hemisphere and to trace them to their origins in the nuclear weapons testing 
programs carried out in the atmosphere by the nuclear powers. 
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ATMOSPHERIC NUCLEAR EXPLOSIONS 

A sequence of periods of nuclear weapons testing in the atmosphere 
can be identified and the information on tests to date* summarised in Table 1, 
is arrayed accordingly. The data on number of tests* total and fission yields, 
and releases of fission products to the atmosphere of both hemispheres, are 
drawn from the available literature sources (Bennett (1978); Carter & fioghissi (1977); 
Carter (1979); Krey & Krajewski (1971b) and (1972); Krey et al (1973) and (1975); 
Leifer et al (1976); U.S. Federal Radiation Council (1963)). 

TABLE 1 ; Summary of yield data for atmospheric nuclear weapons tests 

National oroaram Total 1 f i ss ion Release of f iss ion oroducts to the atmosphere ( n t ) ' 
Period Country NomOar of 

announced 
exnlooiont 

Location y i e l d 1 y ie ld Northern hemisphere Southern hemisphere I Period Country NomOar of 
announced 
exnlooiont 

Location 
(Bt ) ( « t ) troposphere stratosphere 

( 1 
troposphere stratosphere 

1945-S1 USA 
USSR 

22 
3 

aaveral 
USSR ) * ' ! < - i - - - -

1952-54 B r i t a i n 
USA 

USSR 

3 
19 

S 
3 

Austral ia 
C e n t a l Pecif ic Ocean 
USA 
USSR 

I 60 
) 
I 37 
) 

) 
) 1 
) 

) 
) 18 
) 

•so 

-

1955-56 B r i t a i n 
USA 

w 
USSR 

6 
13 
14 
11 

Austral ia 
Central Paci f ic Ocean 
USA 
USSR 

I 31 
) 

) 
) 
) 1 
) 

) 
) 8 
) 

<JC1 

-

1957-5B 

1 
1 

B r i t a i n 
• 

USA 
i* 

USSR 
N 

3 
9 

27 
46 
14 
24 

Austral ia 
Central Paci f ic Ocean 
Central Pacif ic Ocean 
USA 
US5R 
Arct ic 

I 81 40 
) 
) 
) 5 
) 
) 

) 
) 
) 30 
) 
) 

« c i 

| 1959-60 Franca 3 North Afr ica « 1 « 1 «sei - - -

J61-62 

1 

franca 
USA 

If 

USSR 
n 

1 
3 

30 
13 
S3 

North Afr ica 
USA 
Central Pacif ic Ocean 
USSR 
Arctic 

« 1 
« 1 

37 

I 302 

<K1 
•CO 

16 

! • 

<SC1 
<sei 

5 

i ". 
11 

I 82 

-
-

1963-65 

I 
China 
India 

2 
1 

China 
India 

« 1 
« 1 

<C1 « 1 
• « 1 -

- -

j 13-5-70 

i 
China 
franco 

8 
21 

China 
South Paci f ic Ocean 

13 
8 

8 
7 

1 7 
i 6 

T71-74 China 
Trance 

S 
20 

China 
South Paci f ic Ocean 

3 
3 

>2 
>2 

< l 2 
<1 2 

1975-79 China S China 4 2 •eci 2 -

r TOTAL 
1 

- 390 - 543 215 18 160 2 8 

(1) excludes local fallout 

Of the total release to dete of 188 fit of fission products to the 
atmosphere (excluding local fallout), 160 fit went into the stratosphere of the 
northern hemisphere and 18 fit into the northern troposphere. The corresponding 
releases to the atmosphere of the southern hemisphere were 8 fit end 2 fit, 
respectively. .... A 
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The main periods of nuclear testing in the northern hemisphere uere 
1957-58 and 1961-62, when 13 Pit of fission products uere released to the 
troposphere and 123 Fit uere injected into the stratosphere. For the southern 
hemisphere, all injections into the stratosphere* and most of the total release 
to the troposphere, occurred in the tuo periods 1966-70 and 1971-74. 

The national programs of atmospheric nuclear testing in the northern 
hemisphere up to 1962 uere characterised by extended series of lou yield explosions 
in continental USA (Nevada : 37°N, 116°W) and in USSR (Semipalitinsk : 52°N, 78°E) 
with a feu lou yield tests by Britain in the Central Pacific Ocean (Christmas 
Island : 2 N, 157 W) and by France in North Africa (Reggan : 27 N, 0 ); and by 
extended series of high yield explosions by USA in the Central Pacific Ocean 
(Eniuetok : 11°N, 162°E; Bikini : 11°N, 165°E; Johnston Island : 17°N, 169°W; 
Christmas Island : 2°N, 157°U) and by USSR in the Arctic (Novaya Zemlya : 75°N, 55°E) 
with one limited series by Britain in the Central Pacific Ocean (Christmas Island : 
o o « 2 N, 157 Id). Most stratospheric injections from the high yield explosions uere 
into the lower stratosphere, either in equatorial or polar regions. However, a 
feu explosions in the period 1952-1954 in the Central Pacific Ocean, and a feu in 
1961-62 in the Arctic, injected material into the upper stratosphere. In 1961-62, 
four of these explosions, of 20 to 60 Pit total yield, carried material into the 
polar mesosphere and the very high altitude of these injections strongly influenced 
subsequent southuard exchange of the debris and its exposition as fallout in the 
southern hemisphere (Peterson (1970)). 

After 1962, nuclear weapons testing in the atmosphere of the northern 
hemisphere was carried out exclusively by China in a program of low and high yield 
explosions (Lop Nor, Sinkiang Province : 40 N, 90 E). The main releases of debris 
from these explosions uere into the troposphere and the lou temperate stratosphere. 

In the southern hemisphere, atmospheric nuclear tests were carried 
out in two national programs. In the first of these, Britain conducted 12 low 
yield explosions in Australia from 1952 to 1957 (Monte Bello Islands J 20°S, 115 E; 
Emu : 29 S f 132 E; Maralinga t 30 S, 131 E)j and, in the second, France executed 
a total of 41 nuclear tests in the South Pacific Ocean in the tuo parioda 1966-70 
and 1971-74 (Tyamotu Archipelago J 22°S, 139°U). The firings in Polynesia ranged 
in yield up to several megatons, with releases of debris to the troposphere and to 
the lou temperate stratosphere. 

In all, some 16 sites uere employed for atmospheric nuclear 
testing! and their locations are shown on the map of Figure 1. 
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ATWQSPHERIC TRANSPORT PROCESSES 

Particulate material released to the troposphere is subjected to strong 
mixing by eddy diffusion and convection processes and, at temperate latitudes, 
to rapid eastward transport, completing a circuit of the Earth in two weeks 
(Angell (1959); Devlin et al (1971)). These processes extend debris throughout 
the hemisphere of release at reduced concentrations. However, with a mean 
residence time of about 30 days if released to the upper layers of the troposphere, 
but only five days if in the lower, rain-bearing layers (Wachta et al (1970)), 
tropospheric debris tends to be deposited to ground predominantly in the latitude 
band of its release. 

Exchange of tropospheric debris between hemispheres is inhibited by 
strongly established circulation cells located on both sides of the equator. 
Penetration of debris into the troposphere of the opposite hemisphere is usually 
sharply limited in extent (Lockhart et al (1963)). Interhemispheric transfer times 
average about 1.5 years but preferred regions of less leisurely exchange have been 
noted (Rangarajan et al (1970); Trefry (1^75)). Thus, fallout particulate releesed 
into the troposphere or reaching the troposphere from the stratosphere, tends to 
be deposited rapidly to ground, remaining in the same hemisphere. 

The stratosphere is characterised by rapid zonal transfer processes and 
slow vertical and meridional circulations. Debris injected into the lower 
stratosphere is uniformly mixed throughout the latitude band within a few weeks, 
if in temperate or polar regions, and within a few months, if in the tropics 
(Bolin (1965)). By comparison, vertical and meridional transfer times are of the 
order of months to years. 

Meridional circulation and mixing processes in the stratosphere have been 
studied extensively by several techniques including the use, as tracers, of fission 
products and other radionuclides released in nuclear weapons tests. In a series 
of papers, List & Telegadas ((1964), (1966) and (1969)) were able to develop a 
model from the tracer data to account for the large scale processes known to occur 
in the stratosphere below 40 km altitude. The model is represented in Figure 2 
which is taken from their work. Briefly, they conclude that there is a net flow 
of stratospheric air from the summer hemisphere to the winter hemisphere above 
37 km, with a mean descending motion in the winter stratospherb between 25 and 70 
latitude. Mixing processes predominate throughout the summer stratosphere and, 
below 25 km, extend into the winter hemisphere to 25 latitude. An upward and 
poleward flow occurs across the equatorial tropopause. 

The immediate movement experienced by debris injected into the stratosphere 
depends,therefore, on the season and on the latitude and eltitude of injection. 
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for high altitude injections, there is rapid transfer from the summer to the winter 
hemisphere. Whichever of the several alternative transport paths is involved, 
however, they lead, directly or indirectly, to the tropopause breaks, at the 
temperate zone jet streams, at which the main transfer occurs to the troposphere. 

Mean residence times for debris in the stratosphere, at altitudes between 
15 and 25 km, range from .3 to 2 yr. depending on the altitude 
and latitude of injection (Reiter (1974)). For debris released into the lower 
stratosphere at mid northern latitudes, the mean residence time varies 
systematically, with the season, from .7 to 1.2 yi. (Telegadas (1974), (1976) and 
(1979)). 

The transfer of debris from the lower stratosphere into the troposphere 
at temperate and higher latitudes has a pronounced winter maximum, leading to the 
strong spring maximum observed in fallout at these latitudes. (Karol (1970)). 

The transfer rate for exchange of stratospheric debris between 
hemispheres has been observed to be seasonally dependent, with a mean value of 
.14 yr"1 (Krey * Krajewski (1969) and (1971a)). Closer study, however, 

-1 
suggested a regular six-monthly change in transfer rate* between .17 yr and 
.29 yr (Wise (1979)). Taken with a mean residence time of 1.2 yr, these rates 
reflect a long term transfer to the opposite hemisphere totalling 12# to 17% of 
the debris released to the stratosphere in a particular nuclear explosion. The 
magnitude of transfer to the southern hemisphere, of debris from nuclear weapons 
tests in the northern hemisphere, is indicated by application of the residence 
times and transfer factors to the yield data summarised in Table 1. The releases, 
trsnsfers and net fission product burdens of each hemisphere are given in Table 2. 
The projected net burdens of the two hemispheres are in agreement with the 
integrated deposits of Sr observed up to 1978, 12.3 and 3.9 BCi (Feely 4 Toonkel 
(1979)), expressed as Mt of fission by the quotent .109 PICi Sr/fat of fission 
(Harley et al (1965)). 

TABLE 2 i Release of fission products to the atmosphere 
and their exchange between hemispheres. 

northarn hamiaphara aoutharn hamiaphara 

tropoaphara 
<«t) 

atratoaphara (Pit) 
tropoaphara ("0 

atratoaphara (flt) 
tropoaphara 

<«t) 
ralaaaad 

In 
hamiaphara 

tranafarrad 
to aoutharn 
hamiaphara 

tranafarrad 
from 

•outharn 
hamiaoharn 

tropoaphara ("0 ralaaaad 
in 

hamiaphaia 
tranafcrrad 
to northarn 
hamlaphtra 

tranafarrad 
from 

northarn 
hamlaohara 

16 160 19 to 27 1 2 • 1 19 to 27 

18 134 to 142 2 26 to 34 



- 0 -

As shown in Table 2, in the long term, some 75J6 of fallout deposit 
in the southern hemisphere can be expected to have come from nuclear tests in the 
northern hemisphere. 

RADIONUCLIDES AND PATHWAYS 

The main radionuclides which have reached the population of the southern 
hemisphere from nuclear explosions in the atmosphere are listed in Table 3, together 
uith the critical pathways followed through the environment, from explosion to man, 
and the specific organs at risk. Table 4 reproduces the summary of dose commitments 
derived by UNSCEAR in their most recent assessment of the impact on the world 
population of radioactive contamination from nuclear weapons tests (UNSCEAR (1977)). 

TABLE 3 ; Wain radioactive contaminants of the environment from nuclear tests 

Radio
nuclide 

Half-Ufa* 1' Radiation 
aaittad 

Origin Principal 
organ at 
risk 

Pathway Atmospheric 
route 

3H 12.3 yr. P theraonucleer 
axplooiona 

whole body ingestion stratosphere 
1 4C 5730 yr. P activation whole body ingestion stratosphere 
8 9Sr SO.5 d. P fission 

product 
bona ingestion troposphere 

9 05r 28.5 yr. P fission 
product 

Bona ingestion stretoephsre 

9 5Zr 65.0 d. P.Y fission 
product 

whola body external 
irradiation 

troposphsre 

1 0 3 R u 39.7 d. M fission 
product 

whole body external 
Irradiation 

troposphsre 

1 D 6 R u 365 d. POrsdaug.) fission 
product 

lung inhalation troposphere 
• etratosphere 

131, B.O d. P.Y fission 
product 

thyroid Ingestion troposphere 

1 3 7 c . 30 yr. PfTsdaug.) fission 
product 

whole body external 
Irradiation 
• ingestion 

etratosphsre 

1 4 0 B . 12.S d. M fission 
product 

whola body external 
Irradiation 

troposphsra 

1 4 1 C . 32.6 d. P,T fission 
product 

whola body axternel 
lrrsdietion 

troposphere 

1 4 4 C . 2SS d. P,T fission 
product 

lung inhalation troposphsra 
t stratosphere 

2 3 9 P u 
2 4 0 P u 
2 4 1 P u 

24400 yr. 
6540 yr. 
14.4 yr. 

a 
a 
P 

jwespons 
{mstarlal 
( and 
tactivation 
) 

(lung 
{ and 
jbone 
) 
) 

^inhalation 
) 
) 
) 
) 

) 
) 
jstratoephera 

! 
2 4 1 » * 433 yr. «,T ) 

) 
) 
) inhalation 

6 ingestion 
) 
) 

(1) Keener (1977) 
14 Of all radionuclides generated in nuclear explosions, C is destined to 

give the greatest integrated radiation dose to man, in both hemispheres, albeit 
to be delivered over some 8300 yr. 
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Short-lived fission products, which predominate in tropospheric fallout, 
occurred widely 

*u, 
89 

in the southern hemisphere. As shown in Tables 3 4 4, 
Zr, Ru, Ba and Ce are major sources of external )-radiation from fallout 

1"1 deposit. ~'Sr 4 I are important internal radiation sources following ingestion of 
contaminated foodstuffs and especially when tropospheric fallout reaches dairy 
pastures. Data for several centres in the southern hemisphere are discussed below. 

TABLE 4 ; Summary of dose commitment in mrad from radionuclides produced in 
all nuclear tests carried out before 1976 (UNSCEAR (1977)). 

Northern temperate tone Southern temperate tone World population 

Bone Bone Bona 
Source of Bone lining Bone lining Bone lining 
radiation Gonadt marrow cells Lung Gonad* marrow cell* Lung . Gonads marrow celts Lung 

Extend 
Short-lived 

nuclides 48 48 48 48 11 11 11 11 30 30 30 30 
•"a 62 62 62 62 18 18 18 18 38 38 38 38 

Internal 
»H 2 2 2 2 0.2 0.2 0.2 0.2 2 2 2 2 
"C* 7 32 29 9 7 32 29 9 7 32 29 9 
MMn 1 1 
"Fe 1 0.6 1 1 0.3 0.2 0.3 0.3 0.7 0.4 0.7 0.7 
"ST 84 120 24 33 52 71 
"St 0.4 0.3 
'"Ru 41 10 24 
, W C» 27 27 27 27 8 8 8 8 17 17 17 17 
"•Ce 65 15 38 
*»Pu» 1 1 0.3 0.3 0.9 0.9 

Total' ISO 260 290 260 « 93 100 72 94 170 190 160 

Notes: J. The dose commitments for **Kr, "*Csand , 4*Ba, although discussed in the text, are not shown in this table because they are 
negligible compared with the values included. 

2. For internal irradiation, where body activities have been measured, uncertainties are probably within a factor of 2. For 
external irradiation and for lung-dote estimates, where the models used were not checked by direct measurement, the uncertainties are 
probably within a factor of 5. 

'Dole accumulated up to the year 2000. The total dose commitment to gonads and lung is about 120 mrad. to bone lining cells 
414 mrad and to bone marrow 455 mrad, delivered over some »300 y. 

'These dose commitments appear to be the same in different organs because of rounding. Only inhalation contributions are 
shown; for discussion on the ingestion pathway see chapter I I , section N. 

r Rounded to two significant figures. 

90 137 The two long-lived fission products in fallout, 5r & Cs have long 
been regarded as posing the main threat to health from nuclear weapons tests -
90 137 
Sr by irradiation of bone tissue and Cs by irradiation of all body tissues 

90 as an internal, or an external, source. Wore attention tiBfe been given to Sr 
137 90 

than to Cs. Indeed, Sr remains the focal point of many fallout studies and 
more is known of its behaviour in the environment than for any other radioactive 
contaminant. This emphasis may now change as the principles of ICRP26 (ICRP (1977)), 
and effective equivalent dose commitments, in particular, become more widely adopted 
by those dealing with problems of aged fission products in the environment. 
Notwithstanding this possibility, however, because of the abundance of data available 90 for it, Sr remains the radionuclide of choice in the discussion given below of 
long-lived fallout in the southern hemisphere. 
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106 144 
Ru and Ce have half-lives long enough for the nuclides to reach 

ground level air in both hemispheres after injection into the lower stratosphere 
144 in a nuclear explosion. Ce, in particular, was included in several fallout 

monitoring programs and was observed throughout the southern hemisphere. 
For neither of the two radionuclides, however, are there adequate data for the 
southern hemisphere. The dose commitments entered for them in Table 4 (UNSCEAR(1977)) 

90 were estimated drawing heavily on the Sr data. 

With an inhalation pathway, plutonium in fallout reaches man only when 
it is present in ground level air; that is, during active periods of nuclear 
weapons testing. This limitation is reflected in the dose commitments of 1 mrad 

239 or less given for Pu in Table 4. F rom the analyses made by Bennett (1974a 4 b;1976), 
and their subsequent extension by UNSCEAR (1977), it may be concluded that the 
ingestion pathway to man for Pu will continue to be unimportant as long as the 
contaminant remains unavailable for uptake by plants. No studies for the southern 
hemisphere have been made of Pu in the environment. 

The southern hemisphere encompasses a diversity of inhabited environments, 
feu of which have been studied in sufficient depth to enable the environmental 
transfer processes, of the radionuclides of interest, to be characterised. The 
main bodies of data on fallout for the southern hemisphere derive from national 
programs mounted by Argentina, Australia and New Zealand (Beninson (1973); Nenossi 
et al (1975); Woroney 4 Stevens (1975); N.Z. National Radiation Laboratory (1978)), 
from the multination survey in the South Pacific and South America supported by 
France (France (1967) 4 (1977)) and the world-wide monitoring being carried out by 
USA and Britain (Toonkel (1979); Feely et al (1979); Cambray et al (1979)). 

The major fallout studies in the southern hemisphere have been for 
countries in the temperate zone, supporting uestern cultures and western-type diets. 
There appear to be feu data for the tropical and subtropical regions of high 
population density, such as Melanesia, Indonesia and southern Africa (other than 
South Africa). The surveys made in Polynesia do not appear to be directed towards 
characterising the radionuclide transfer processes for that environment. The feu 

90 definitive data that are available, however, such as Sr in bone, are consistent 
with the main bodies of information for the hemisphere (Harley (1971), (1974) 4 (1975)). 

SHORT-LIVED FISSION PRODUCTS IN TR0POSPHERIC FALLOUT 

Fission products were released directly to the troposphere of the southern 
hemisphere in the five series of nuclear tests carried out by Britain in Australia 
between 19E2 and 1957 and in the eight series conducted by France in Polynesia 
from 1966 to 1974. 
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The major periods of nuclear testing in the northern hemisphere also 
contributed tropospheric debris to the southern hemisphere, although much reduced 
in proportion to yield due to the constraints of the interhemispheric exchange 
processes. 

The tropospheric transport and distribution of fallout in the southern 
hemisphere were reported and discussed for particular series of nuclear tests 
(Butement et al (1957) & (1958); Dwyer et al (1959); Trefry & Callus (1968); 
France (1967)) and reviews were made of the phenomena involved (Trefry (1975)). 
Figures 3(a) & 3(b), reproduced from Trefry's paper, depict representative debris 
trajectories for nuclear tests by the US over the Central Pacific Ocean and for 
tests by France in Polynesia. Although main trajectories are shown to be dominant 
in both Figures, secondary trajectories have been of great importance to some regions; 
for example, the westward moving material from the Tuamotu Archipelago has reached 
islands in Polynesia to the west and north-west of the test site in only a few days 
(N.Z. National Radiation Laboratory (1974)). 

89 9D In Figure 4 is plotted the average ratio of Sr to Sr recorded in 
monthly fallout deposits between 1961 and 1968 for sites within ten degree latitude 
bands of the southern hemisphere (Hardy (1968)). In 1962 and 1963, following the 
US nuclear tests at Christmas Island, and in 1966 and 1967 following the tests by 
France in Polynesia, the deposition of fresh debris in the southern hemisphere 
OCI 
90, 
occurred mainly between latitudes 20 S and 40 S. More than 70% of the associated 
Sr deposited at the time can be attributed to one or other of the test series 

by these measurements (Hardy(1970)). Therefore, whichever of the two sources 
generated the tropospheric debris, deposition was predominantly at temperate latitudes. 

Tropospheric fallout from the nuclear tests in the Arctic by USSR in 1961 
89 90 o 

is reflected in Figure 4 in the broad peak in the ratio of Sr to Sr in the 0 to 
10 S latitude band at the close of 1961. There is no evidence, however, of substantial 
penetration beyond latitude 10 S. This does not preclude extended interhemispheric 
penetration on a reduced scale and reports have been made of tropospheric fallout 
from tests in the Arctic reaching fJW Zealand (McNaughton & Woodward (1961)) and of 
debris from Polynesia being detected in Japan (Sotobayashi et al (1969)). 

The 8 9Sr data for latitudes 20°5 to 40°S, extended to 1969 (Hsrdy (1970)), 
are presented in Figure 5 as averaqe monthly fallout deposit. Also included in 
Figure 5 are results for Zr in ground level air for Santiago (33 S, 70 Id) and 
Pretoria (26°S, 28°E) (Feely et al (1979); Cambray et al (1979 etc.). The peaks 
in each of these three sets of data after 1963 coincide with the execution of 

..../10 
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series of nuclear tests by France in Polynesia. Similar patterns arp found in the 
observations of short-lived fission products in fallout for all of the major programs 
which monitored fallout in the southern hemisphere following these tests. 

By employing radionuclide ratio techniques, or other suitable methods, 
it has become common practice to estimate time of origin of tropospheric fallout 
and thus to attribute the debris to one or more announced nuclear explosions 
(for example : Cambray et al (1979); de Geer et al (1978)). Rarely have these 
procedures produced other than the expected conclusion, especially when more active 
debris has been under study. 

Fc, short-livod fission products, the age of the debris at deposition can 
have an important bearing on radiation exposure of populations in the path of 
tropospheric fallout. Elapsed times between explosion and fallout deposition -
transit times - have been observed for French nuclear tests to range from a feu 
days for the westward curling trajectory discussed ebove, to about five days to 
South America (France (1969)) and ten to tuenty days to reach Australia (Devlin et al 
(1971)). 

Debris injected into the troposphere tends to be deposited to ground long 
before atmospheric mixing has advanced far towards achieving uniform concentrations. 
Strong geographical variation, on both latitudinal and longitudinal scales, is to 
be expected, therefore, in the occurrence of short-lived fission products in fallout 
at ground level. Such variation is reflected in the tuo sets of results in Figure 5 

95 on Zr in ground level air for Santiago and Pretoria and in the integrated 
131 concentrations of I in milk supplies shoun in Figure 6 for Argentina and Australia 

(Menossi et al (1975 etc.); Bullock et al (1975 b etc.)). The Australian milk 
producing areas alone range from latitude 17 S to 42 S and from longitude 116 E to 

n 131 
153 F. and show systematic differences of more than five-fold in I contamination. 

95 1D3 140 141 The Y-emitting radionuclides, Zr, Ru, Ba & Ce, together are 
responsible for some 90% of the total external Y-radiation dose to body tissues, 
in a year, from all fission products deposited to ground as tropospheric fallout. 

239 The dose calculations, summarised in Table 5 for fission neutrons on Pu, were 
made from published data on chain yields and decay systematica (Meek & Rider (1972)) 
and dose rates at 1 m. above a uniformly contaminated plane (Crocker et al (1966)), 
with no account taken of possible fractionation offsets or shielding. 

Regular monitoring of these radionuclides in tropospheric fallout deposit would 
enable determination of external radiation dose by direct calculation. However, 
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there is no substantial body of data for any of the four radionuclides for the 
southern hemisphere; only for Buenos Aires have regular measurements been made 
(UNSCEAR (1977)). In view of their importance, therefore, it can only be concluded 
that it was due to the technical problems entailed in their measurement at low 
activity that prevented more attention being given to their systematic monitoring 
in fallout deposit in the southern hemisphere. 

TABLE 5 ; Contributions to the incomplete dose in ^rad from external 
)-radiation emitted from short-lived fission products in fallout deposit (D 
Radionuclide Dose f rcn t to t. + 1y. (t: time after fission in days) Radionuclide 

14d. 21 d. 30d. 60d. 90d. 120d. 

9 5 Z r • 9 5 * b 2.8 4.2 5.9 10.3 12.8 13.8 
1 0 3 R u • 1 0 3 l » R h .4 .6 .7 .9 .9 .7 
1 4 0 B . • 1 4 0 L . 2.6 2.B 2.5 1.1 .3 .1 
1 4 1 c . .1 .2 .2 .3 .2 .2 
All other fission 

products .8 .7 .6 .7 .9 1.2 

™"fc' 6.7 6.4 10.0 13.3 15.1 16.0 

rf - 95, 103_ % from Zr, Ru, 88* 92* 94% 9SJC 94* 86* 
1 4 0 B . * 1 4 1 C e 

(l) surface density of 1 nCi/m of 6 activity at the time 
239 of deposition from fission of Pu. 

Indirect methods for estimating external Y-radiation dose, based on 
determination of |3-activity of the fallout deposit and use of conversion factors such 
as those summarised in Table 5, mere employed in some country-wide surveys. These 
methods are less than satisfactory but a considerable body of data was obtained with 
them. Population-weighted external V-radiation doses from tropospheric fallout in 
Australia, for the years 1956 to 1974, estimated by such methods, are plotted in 
Figure 7 (Bullock et al (1975 h etc.)).They include provision for shielding 
(UNSCEAR (1977)) and suggest a total dose of some 4 mrad to the population from 
tropospheric fallout. 

131 The importance of milk supplies, as a pathway for I to follow from 
fallout to thyroid, was first recognised in time for regular monitoring to be enforced 
on the resumption of nuclear weapons testing in the atmosphere in 1961. No 

131 measurement of I in milk supplies of the southern hemisphere was made before 1961. 
The set of population-weighted thyroid doses for Australia (Bullock et al (1975 b etc.)), 
inclbded in figure 7, suffers from this deficiency. 

O'Brien (1977) estimated the dose commitments to the population of the 
northern temperete zonn from Sr, I, Cs & Ba in milk supplies following 
deposition of the radionuclides in troposphsric fallout. Lack of sufficient data 
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for the southern hemisphere would appear to preclude a comparable analysis biting 
made for the southern temperate zone. 

Estimated radiation doses of a type similar to those in Figure 7 could 
have bean derived for Argentina or New Zealand with like results. Insufficient 
information is available, however, for a country-by-country appraisal for the 
southern hemisphsre. The estimates in Figure 7 should be taken only as an indication 
of radiation doses from tropospheric fallout in countries of the subtropical and 
temperate zones using western-type diets. 

Radiation doses to the population of the southern hemisphere from 
short—lived fission products have derived largely from 

British nuclear tests in Australia, and US tests in the Central 
Pacific Ocean, between 1952 and 1958, 

- US nuclear tests at Christmas Island in 1962 and 

- French nuclear tests in Polynesia from 1966 to 1974, 

with little contribution from the nuclear ueapons testing programs of USSR and China. 

LONG-LIVED FISSION PRODUCTS IN STRATOSPHERIC FALLOUT 
90 The major releases of Sr to the atmosphere were in the three periods of 

intensive testing of high yield nuclear weapons in the northern hemisphere, given 
90 in Table 1 as 1952-54, 1957-58 and 1961-62. At the close of 1962, the Sr content 

of the stratosphere in the northern hemisphere reached its maximum value of some 
5.7 RCi and, a year later, it peaked et 1.2 MCi in the stratosphere of the southern 
hemisphere (Plachta et al (1964)). Figure 8 describes the subsequent changes in 

90 measured Sr inventories of the stratosphere in the two hemispheres (Krey & 
Krajewski (1971b), (1971c) and (1972); Krey et al (1969), (1970), (1973), (1974) and 
(1975); Leifer 4 Toonkel (1978); Leifer et al (1976) and (1979); Stebbins (1961); 
Telegadas (1969)). 

90 Equilibrium between the Sr content of the stratosphere in the two 
hemispheres was reached in late - 1966. In the ensuing months, the depletion rate 

90 of the Sr inventory of the stratosphere of the southern hemisphere reflected a 
mean residence time of 1.2 y. 

Equilibrium was broken, first in the northern hemisphere, by the 
commencement of high yield nuclear testing by China in Oune 1967 and then, in the 
eouthern hemisphere, by the high yield explosion by France in August 1968. Estimates 

90 of the release of Sr to the stratosphere in these tests, and in those that 
followed, were made from the mtasured stratospheric inventories and reported values 
are summarised in Table 6. The effect of these seriei 
content of the stratosphere is indicated in Figure 8. 

90 are summarised in Table 6. The effect of these series of injections on the Sr 
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•10 TABLE 6 : Sr injections into the stratosphere from 
nuclear weapons tests by China and by France 

Data Country 9D C . . ... Sr injection 
into stratosphere 

kCi 

Reference 

17 3un '67 China 170 Krey et al (1969) 
27 Dec '6B n 110 " i » (1970) 
29 Sap '69 n 150 Krey & Krajewski (1971b) 
14 Oct '70 n 198 it H » (1972) 
26 3un '73 n 170 Krey et al (1975) 
17 3un '74 n 45 Leifer at al (1976) 
17 Nov '76 n 260 ii . • • (1979) 

24 Aug '68 France 230 Krey et al (1970) 
31 Hay '70 n I 241 Krey & Krajewski (1972) 
4 3ul «70 n I 241 
12 3un '71 n 44 n n n a 
14 Aug '71 n 130 Krey et el (1973) 
14 Sep '74 n 35 (estimated) 

Models of large scale transport of debris in the atmosphere uere developed 
from the tracer studies mentioned above. Several approaches uere followed but all 
were aimed at broad description of the global distribution of fallout following a 
single injection of debris into the stratosphere (Davidson et al (1966); Hunt 4 
Flanabe (1968); Krey 4 Krajewski (1969), (1970) and (1971 a); Peirson & Cambray (1967); 
Peterson (1970); Seitz et al (1968)). Three of these models have been examined in 

90 relation to deposition of Sr fallout in Australia from the nuclear tests by China 
and France and the HASL Box Model was found to give useful results. The Box Model 
employs first order kinetics to represent transport between atmospheric compartments, 
as shown in Figure 9 (Krey 4 Krajewski (1969)). Taking the equilibrium content of 
90 
Sr in the stratosphere of each hemisphere as 160 kCi at December 1966, and applying 90 the subsequent injections of Sr listed in Table 6, the stratospheric burden of 

90 
Sr in the southern hemisphere, given by the Box Model, is displayed in Figure 10(a), 

together with the measured inventories. 

90 The latitudinal variation of Sr deposition in the southern hemisphere 
is shown in Figure 11 where the mean annual deposit in 10 bands of latitude is 
plotted for the period 1958 to 1978, together with the integrated deposit for the 
same period (Uolchok 4 Kleinman (1971); Feely 4 Toonkel (1979 etc.)). Deposition was 
mainly between latitudes 20 and 60 S with the highest annual deposits occurring 
between 30° and 50 S. The latitudinal distribution of Sr is determined largely by 
the mid-latitudinal location of the breaks in the tropopause - at the temperate zone 
jet streams - at which the main transfer of debris takes place between the 
stratosphere and the troposphere. 

90 Regional variability of Sr dsposit.ion within latitude bands is reflected 
in Figure 12 which compares four independent sets of data on mean annual deposit -
for Argentina, Australia (major dairying areas), New Zealand and the latitude band 
20° to 40°S - over the period 1958 to 1978 (Health and Safety Laboratory (1977); 
Bullock et al (1975a etc.); N.Z. National Radiation Laboratory (1978)). Estimated 
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90 values are included for Australia to extend coverage to the commencement of Sr 
fallout in the southern hemisphere in 1953. The results for Argentina are distinctive. 

90 While Argentina is at a latitude similar to New Zealand, Sr deposition was uniformly 
lower; moreover, the highest annual deposit recorded for Argentina was well below 
that for the other data sets and occurred a year later. By contrast, the results for 
the Australian dairying areas correlate closely with the annual averages for the 
latitude band 20 to 40 S, lying 13$ higher (r = .99). Regional variation of Sr 
deposition within a latitude band derives from long-term differences in the efficiency 

90 
of tropospheric scavenging processes bringing the Sr to ground. 

90 Both Figures 11 & 12 show that the highest annual deposits of Sr in the 
southern hemisphere generally occurred in 1964 and 1965. They derived from transfer, 
tnrough the upper atmosphere, of debris released in the nuclear explosions carried 
out in the northern hemisphere in 1961 and 1962, with Peterson's analysis attributing 
an important fraction to mesospheric transfer from the very high yield explosions in 

90 the Arctic (Peterson (1970)). The effect of the direct releases of Sr to the 
atmosphere of the southern hemisphere was most evident in tropospheric fallout from 
the French nuclear tests (Cambray et al (1979 etc.)) and in the subsequent deposition 
from the stratosphere recorded from 1969 to 1972. 

90 The annual deposit of Sr predicted by the HASL Box Model for the latitude 
band 20 to 40 S is displayed in Figure 10(b) together with the measurement results. 

90 Transfer of Sr from fallout deposit to diet received much attention in 
the years following the major series of nuclear tests of 1957-58 and 1961-62 and 
was studied systematically at several laboratories (Scott Russell et al (1966)). 
Simplified modelling of features of the overall transfer process evolved from this 

90 work (UNSCEAR (1962) and (1977)) and the transfer function for Sr between fallout 
deposit and diet, now in general use (UNSCEAR (1977)), is 

Cdj(i) = bjf(i) + t4f(i-D + b^Ee-^fU-m) 
90 Where C .(i), pCi/gCa, is the concentration of Sr in foodstuff j in year i, 

2 90 —1 
f(i), mCi/km , is the annual deposit of Sr in year i and U yr. is the effective 90 mean life of Sr in its availability for plant uptake, including radioactive decay. 

The contribution of foodstuff j to the total transfer factor P-„ from fallout to 
diet is 

j p J

2 3 - V v v v - £ V 
Where U, is the fractional contribution of foodstuff j to the total Ca intake. 
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nilk ve^etasies root grain Kiscellaneous Total 
oaraneter predicts • fruit vegetables cro-ucte foocfs diet 

t>. 
ARGEWIttA 

1.4 .2 6.7 1.6 2.3 t>. 1.2 1.4 .2 6.7 1.6 2.3 
b* 1.1 .9 O 6.4 1.8 1.3 
** .2 .2 .4 .3 .07 .1 
f. .19 .13 .26 .04 .02 .09 
& 3.3 3.6 1.5 19 6.8 4.9 
VJ .57 .13 .13 .10 .07 1.00 VJ 

1.9 .5 .2 1.9 .5 
4.9 a*i 5.0 
4.9 

b, 
AUSTRALIA 

.6 no data 8.4 no data 2.0 b, 1.8 .6 no data 8.4 no data 2.0 
b» .9 0 w 0 n 1.0 
t, .3 2.2 a .9 n .3 

-A .07 .25 * .10 n .07 -A 6.9 B.3 a 17 n 7.5 

%4 
.79 .09 .01 .05 .07 1.00 

%4 5.4 .7 (.2) .9 (.2) 
7.5 

*si 7.4 
7.5 

b, 
MEW ZEALA M) 

no data no data no data no data b, 2.2 no data no data no data no data no data 
bi .1 a i* n a a 
b» 1.0 a a it a a 
»». .30 a rt n a a 4. 5.1 a • a a a 

& & a 

**4 
a 

b, 
0ENP1ARK 

1 

2 . 6 ^ 10<2> .9 1.9 1.1 b, 1.0 

1 

2 . 6 ^ 10<2> .9 1.9 1.1 
bj .5 0 .5 2.5 .4 1.2 
bj .2 .9 .5 .03 .3 .2 
»*; .13 .06 .02 .02 .15 .08 
S. 3.1 17 33 4.7 4.2 4.4 

.4 .05 .01 .48 .02 1.00 

1.4 .9 .3 2.2 .1 
4.4 

* • « . 4.9 

(1) all vegetables; (2) fruit 

Parameters of the transfer functions for the main components of diet, 
90 derived by regression analysis of measurement data for Sr in deposition and diet, 

are given in Table 7 for Argentina, Australia and New Zealand (Beninson (1973 etc.); 
Bullock et al (1975a etc.); N.Z. National Radiation Laboratory (1978)). Results for 
Denmark are included for comparison. The measurement data for Argentina and 
Australia, together with the fitted trensfer functions, ere plotted in Figure 13. 

The contributions, U.P^.* to the transfer factor, P-,, and the magnitude of 
the trenefer factor itself, differ between countries. Tor Argentine and Denmark, 
milk products and grain products are the most important contributors to the intake 

90 
of Sr by the populetion. For Australia, milk products predominate and it it their 
contribution that leads to P„. for Australia being some 50% or more greater then for 

1 Argentine and Dsnmsrk. Nsw Zealand, too, has a high value of Pi~ for milk. 



90 The relatively high uptake of Sr into foodstuffs in the southern 
hemisphere has long Deen recognised (Bryant et al (1959); Kulp et al (1959)) but 
it has rot been the subject of specific Study. 

90 Transfer of Sr from diet to bone can be described by a transfer function, 
90 the parameters of which are age dependent (Bennett (1972)). For transfer of Sr 

to adult bone, the expression in general use (UN5CEAR (1977)) is 

C b(i) = cCd( i) + g £ C,(i-m) e m»o a 

-Vm 

90 —1 
Where C (i), pCi/gCa, is the concentration of Sr in adult bone in year i and "V yr. 90 is the effective mean life of Sr in bone, including radioactive decay. 

TABLE B ; Parameters of the transfer function for 
between diet and adult bone tissue 

90, Sr 

parameter Australia Northern 
hemisohere 

c 
g 
•v 
P54 

0 
,028 
.20 
.15 , 

.023 

.031 

.25 

.16 

90 The transfer factor for Sr from diet to bone is 

P34 - c + 

1-e -V 
Parameters of the transfer function for Australia, derived by regression 

analysis of the measurement data for diet and bone, are given in Table 8. Values 
obtained by UNSCEAR (1977), representative of countries in the northern hemisphere, 
are included for comparison. As expected, the two sets of parameters show no 
important difference. The measurement data for Australia, together with the fitted 
transfer function, are shown in Figure 13. 

90 The transfer functions for Sr from deposition to diet to bone were 
assembled with the HASL Box Model to enable description of the fate, in the 

90 Australian environment, of Sr injected into the stratosphere in the nuclear tests 
by France and China. The starting point for this analysis was taken as the first 

90 high yield nuclear explosion by China, in Dune 1967. The Sr released in that, 
and subsequent, explosions was superimposed on the contamination already present 
in the environment from earlier nuclear tests, mainly by USSR and USA. The undistributed 

90 residue from the earlier tests comprised the Sr content of the stratosphere at 
December 1966, in equilibrium between the two hemispheres. 

The outcome of the calculation is displayed in Figure 14 where the 
contributions made by the national programs of nuclear testing by France and China 
are shown separately from those made by the earlier programs of USSR, USA and Britain. 

..../17 
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90 The measurement data on Sr in deposit, diet and bone for Australia are included 
90 for comparison. Dose commitments from Sr, and current dose rates to bone tissue 

of Australian adults, are given in Table 9. 

90 TABLE 9 : Sr from nuclear weapons tests and radiation doses 
to bone tissue of Australian adults 

Period 
of 

deposition 

90 k 
Sr in adult bono tissue in Australia I Ataoapharic nuclear 

tast prograa 
Sr integrated 

daposit in 
Australian 
dairying areas 

•Ci/W 

Period 
of 

deposition 
Cose co.T.iritn.ar.t'1' \ Dose rata' 1' in 1979 ! Ataoapharic nuclear 

tast prograa 
Sr integrated 

daposit in 
Australian 
dairying areas 

•Ci/W 

Period 
of 

deposition red bona 
narrowi mrud 

bone lining 
calls, mraa 

9 0 S r pCi/oCa 
1979 

red bona ; bone lining j 
narrow, arad/yr.I cells, arad/yr. j 

USSR, USA 4 
Britain 

17.9 1953-73 
1 

25 i 34 
1 

.4 
I 

•• .8 

Francs 3.6 1966-79 5 7 .2 .2 .3 

Chins .a 1967-82 1 1.5 <.1 <.1 .1 

TOTAL 22.3 1953-82 31 42 .6 .9 1.2 

(1) P 2 J 7.5 pCi.y/gCa par sCi/Wa ; P J 4 .15 
» „ 1.4 arad par pCl.y/gCe for red bone narrow (UNSCCAR (1977)) 

w 1.9 " for bone lining calls " 

The analysis reveals that the programs of atmospheric nuclear testing by 
France and China,to date, uill contribute some 16% and 4%, respectively, of the 

90 dose commitments to adult bone tissue in Australia to arise from Sr in fallout. 
The remainder uill come mainly from the earlier nuclear test programs mounted in 
the atmosphere by USSR and USA. The fractional contributions to the current dose 
rates to adult bone tissue are 25%, 7% and 68% respectively. The analysis confirms 

90 that about 80% of the integrated deposit of Sr in Australia uill come from nuclear 
tests in the atmosphere of the northern hemisphere. 

These conclusions cannot be applied to other countries in the southern 
hemisphere without qualification; for example, both the magnitude of the integrated 

90 deposit of Sr and transfer of the radionuclide to dint vary from region-to-region 
90 in the southern hemisphere and so, too, uill the dose commitment from Sr. 

However, the fractional contributions by the national programs of nuclear testing 
can be expected to be less variable throughout the hemisphere. 

CONCLUSIONS 

From the vantage point of some 25 years of fallout monitoring in the 
southern hemisphere, three main shortcomings can be identified in the data now 
available 

- all of the substantial bodies of information are for countries in the 
temperate zone, supporting western cultures and western-type diets; 
few data were obtained for the tropical and sub-tropical regions of 
high population, ,../l8 
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- insufficient attention was given to the determination of external 
Y-radiation dose from trope-spheric fallout and 

- few data uere obtained on tropospheric fallout in the period up to 
1958 - no data at all for 1 3 1 I in milk supplies (UNSCEAR (1958)) -
when, at that stage of nuclear weapons development programs, heavy 
fallout probably entered the southern hemisphere from explosions in 
the Central Pacific Ocean. 

From the data that are available, however, it is evident that 
- populations of mid-latitudes, from 20 to 50 S, have the highest 

dose commitments in the southern hemisphere, both from short-lived 
and from long-lived radionuclides in fallout, 

- while there is about a fourfold difference in dose commitments to 
populations in the southern hemiaphere and northern hemisphere 
(UNSCEAR (1977)), the difference does not relate simply to the 
magnitudes of atmospheric releases of debris in the two hemispheres; 
about 80% of long-lived fission products in the southern hemisphere 
derived from nuclear exploaions in the northern hemiaphere and 

- for some countries in the southern hemisphere, with high environmental 
transfer factors for particular radionuclides, dose commitments 
epproach those for the northern hemisphere. 

The programs of nuclear weapons teating conducted in the atmosphere by 
France, by China and by USSR, USA & Britain are estimated to be responsible for 
16%, 4% and 80%, respectively, of the dose commitments to the population of the 
southern hemisphere from long-lived fission products in stratospheric fallout. 
Deficiencies in data collection, diacussed above, make it uncertain to estimate 
doae commitments from short-lived fission products in tropospheric fallout in the 
southern hemisphere. However, the available information suggests contributions 
of about 60%, nil and 40% from the national programs of nuclear testing, respsctively, 
at least for the Australian population. 
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FIGURE 1s Locations of the main sites at uhich nuclear weapons tests were 
carried out in the atmosphere* 
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FIGURE 2s Schematic representation of the stratoepheric circulation ae 
deduced from radioactive tracer studies (List & Telegadas (1969)). 
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FIGURE 3(a): Debris trajectories from a nuclear explosion in the Central Pacific 
Oeean during the northern hemisphere winter (Trefry (1975)). 

FIGURE 3(b): Debris trajectories from a nuclear explosion in the South Pacific Ocean 
during the southern hemisphere winter (Trefry (1975)). 
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89 90 FIGURE 4t Average ratio of Sr to Sr in monthly fallout deposit for atationa 
in the latitude band. 8 9Sr waa not detectable during the perioda • . Further 
deta are available for the perioda • » but no measurement for fl9Sr waa made for 
the years o . 
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FIGURE 7f Population-weighted average rediation doaee from abort-lived floaion 
produeta in tropoapheric fallout in Auetralia. The external Y-radiation doaae 
ara summed to on* yaer from depoeition of the fallout and include provleion for 
ehialding effacta. Both the whole-body doees and the thyroid doaaa ara plotted 
agalnet the yaar in which the doee commitment wae incurred. Short-lived fiaalon 
producta ware not detectable in fallout in Australia in the perloda • . 
Weaeurements were not mede in the yeara o . 
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90 FIGURE 8: Sr inventories of the stratosphere in the northern hemisphere V 
and the southern hemisphere ̂  . The data on stratospheric injections of 
'^Sr are taken from Tables 1 & 6. 
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FIGURE 9: The HASL Box Flodel of atmospheric transport. The transport between 
compartments follows first order kinetics s\i = .116 month-1, X 2 « .0693 month"1, 
X 3 • .693 month"1 end k = .0116 month"1. For injections of debris into the upper 
atmosphere - well above 21 km - the model assumes rapid mixing end immediate 
interhemispheric exchange, with equal partitioning of debris between compartments 
A k A*. 
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90 FIGURE 10(a): Sr inuentories of the stratosphere of the southern hemisphere, 
measured ^7 and predicted by the HASL Box Model—. 

FIGURE 10(b)s Annual imposition of' Sr nveracjod over the latitude band 20 to 40 S, 
measured—and predicted hy the HASL Box Modnl—. 
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FIGURE 11: Annual deposition of Sr averaged over the stationa in the latitude 
band. Heasuraments uere not made for the years O . 
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90 FIGURE 12*Annuel deposition of Sr averaged over stations in the latitude 
band 20° to 40°S (21 stations), Argentina (3), Australia (the aix major 
dairying areas) and New Zealand (9). Measurements were not made for the years o 
and eatimated values are included for Australia to extend coverege to the 
commencement of 'Or- fallout in the southern hemisphere. 
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90 FIGURE 13: Sr in CG,p> pnts of the Argentine and Australian diats and in 
bone tissue of adults of the Australian population. The transfer functions 
are shown as fitted in the measurement results • . 
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90 FIGURE 14: Sr in the Australian environment from nuclear ueapons tests in the 
atmosphere by France D , by China fl and by USSR, USA & Britain G8 . 


