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The Correlation between the Precipitation and the Amo int of

137 C s in Milk in Norway,

The global distribution of the radioactive fallout from nuclear weapon 

tests has been essentially non-uniform. Due to atmospheric movements, 

turbulence and diffusion in the stratosphere and prevailing west-east 

winds in the troposphere, most of the fallout descends on the hemisphere 

in which the bomb has been tested, and the northern hemisphere is 

therefore the most contaminated. The radioactive particles will, to 

a certain extent, come down as a dry debris^, but the greater part will 

be brought down with rain or snow. The climate, the precipitation type 

and rate and the topographical peculiarities of a certain district will 

to a high degree determine the amount of fallout.

Among the various radioactive isotopes present in the fallout, Cs

is one of the most important from a genetic point of view. The main

routes of the radioactive particles from the atmosphere and the soil to

man are through plants and animal products. It is often considered that

about half of the body burden of ^Cs is due to consumption of milk

2) 3)
and dairy products, but as shown ' , this is not always true, although

137.a considerable part of the body burden of Cs in Western Europe is due

to the intake of milk. The concentration of radioactive elements in milk

is at a minimum in spring, when the cows are kept in sheds and partly
13 7

fed upon supplementary fodder. The biological half-life of Cs in cows
4)

is only about 20 days , i. e. the body burden will rapidly be reduced if 

the cows are fed upon uncontaminate’d fodder.
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From 1958 until the autumn of 1961 there were no nuclear bomb tests. It

therefore seemed reasonable to assume that in the spring of 1962 we

1 37
should find the lowest Cs body burden in cows and consequently the 
, 137
lowest Cs concentration in milk for the next few years, if no more

nuclear weapons were tested in the atmosphere. At that time the cows

were fed upon supplementary fodder and grass gathered before the bomb

tests were resumed in the autumn of 1961. We therefore started a

1 37systematical analysis of milk with regard to the Cs content, and these 

analyses were repeated on the same scale during the spring of 1963 and the 

spring of 1964. Spring means, in this connection, the months of March 

and April although a few of the milk samples were gathered in February 

and May.

The total number of dairies in Norway and the number of dairies from

which milk was sampled each year is shown in Table 1. It will be seen

that practically all of the dairies were included in the investigation.

Milk from 30 of these dairies has been examined regularly every month

since the spring of 1963. These 30 dairies, or 10% of the total number,

were chosen so that they were spaced as evenly as was considered practical.

Fig. 1 shows the location of these 30 dairies. Fig. 2 shows that at least

1 37in the period March 1963 to March 1964 the lowest concentration of Cs 

in milk occurred during springtime (for the significance of the numbers 

I, II and III see below).

Fig. 3 shows a map of Norway where the county borders are drawn and 

where the counties have been given numbers from 1 to 18. A line is 

drawn on the map dividing the country into three zones. This line follows
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the borders of the counties except in Spr-Trpndelag (14) and Nord-Tr0ndelag 

(15), where it divides these counties in a part near to the coast, included 

in zone II, and an eastern part, included in zone I. This division of the 

country into three zones is'due to meteorological conditions which will be 

described later. Except in (14) and (15), no dairies are situated near 

the zone line, as this part of the country is very mountainous.

Zone I : 1 0stfold, 2 Akershus, 3 Hedmark, 4 Oppland, 5 Buskerud,

6 Vestfold, 7 Telemark, 14 (a) eastern part of S0r- 

Trpndelag, 15 (a) eastern part of Nord-Trpndelag,

Zone II : 8 Aust-Agder, 9 Vest-Agder, 10 Rogaland, 11 Hordaland

12 Sogn og Fjordane, 13 M0re og Romsdal, 14 (b) western 

part of S0r-Tr0ndelag, 15 (b) western part of Nord-Trpndelag.

Zone III : 16 Nordland, 17 Troms, 18 Finnmark.

1 37Fig. 4 shows the average concentration of Cs in the milk in each

county in the three zones in the spring of 1962, 1963 and 1964. It can

137be seen from this figure that concentrations of Cs are different in

zone I and II and usually much higher in the latter. Fig. 5 shows the

137average concentration of Cs in the milk in the three zones each spring.

As discussed later, the precipitation rate and form are rather different

in the three zones. It seemed to be of interest to investigate whether

there was any correlation between the precipitation and the concentration 

1 37of Cs in milk.

From gammaspectroscopic measurements performed by us in our laboratory,

137we knew the amount of Cs in the milk from the same dairies at the 

same time of the year for 3 consecutive years. It was presumed that
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1 37
the Cs which was deposited in the soil until the nuclear weapon test

series in the autumn 1961, would give the same contribution to the milk's
j 37

content of < Cs in 1962, 1963 and 1964 due to the long physical half-life 
137

of Cs - 30 years - compared to the time of observation - 3 years.

137. , , . . 5)Cs is strongly bound in the soil and diminishes very slowly .

137 137Besides, most of the Cs ingested by cows originates from Cs

deposited directly from the air to the leaves and to a far lesser degree

from the soil via the roots The increase of the ^^Cs content of

milk therefore ought to be exclusively due to increased fallout.

The year, 1961, is therefore used as the basic year and to minimize 

local variations in the precipitation for that year, we have used the 

average precipitation for 1959, I960 and 1961 instead of the precipitation 

in 1961 only.

These facts are important when considering the precipitation in the 

various districts from which the dairies receive their milk supplies :

The precipitation rate in Norway varies considerably from one county 

to another and is measured by a large number of stations. Apart from 

exceptional occurrences such as local squalls, stations situated near each 

other in a small, not too mountainous area at some distance from the coast 

will record only slight differences in the amount of precipitation, Stations, 

however, situated on the leeside of mountains or mountain ranges, commonly 

record considerably less precipitation than stations situated where 

the geological formations force moist air upwards. Where moist
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air is forced upwards due to topographical conditions, one will find that 

the precipitation usually increases with the height above the sea. These 

conditions very often apply to regions in Western and Northern Norway 

where stations are situated rather close to each other, but have very 

different precipitation rates. Observations from single stations are 

therefore not representative for their districts, and in the present study 

the average precipitation rates from several stations in and around the 

district in question have been used. The precipitation rate in the district 

from which the dairy receives its milk has therefo re been estimated 

as the average, probable precipitation rate measured by meteorological 

stations in and around the district. Differences from the true precipitation 

will be reduced by this method of averaging.

137Figs. 6, 7 and 8 show the specific concentration of Cs in spring milk

versus precipitation the preceeding year. In fig. 6 the average precipitation 

in the three years 1959, I960 and 1961 has been used, whereas in fig. 7 

and fig. 8 the precipitation in 1962 and 1963 has been used respectively.

In Norway, the grass which is to be cut for hay is usually grown during

May, June and July. Besides finding the correlation between the yearly

137precipitation and the Cs concentration in milk, it is of interest to
1 37

correlate the amount of precipitation in this period with the Cs 

concentration in the milk next spring. Statistical analyses show no 

such correlation in any of the three zones.

However, in zone II and III there are statistically significant correlations
137

between the yearly precipitation and the concentration of Cs in the
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milk the following spring. These correlations are significant in zone II 

for all three years, and in zone III for the last two years.

In zone I no significant correlation has been found. The coefficients of

correlation are shown in Table II. Several of these amount to statistically

significant correlations, but only those which are underlined are used,

as only those are consecutive. In fig. 9, with respect to zone II and

fig. 10, with respect to zone III, the relationship between precipitation 
137

and Cs is shown as lines of regression together with their 95% 

confidence limits ( in all of the calculations we have tried equations of 

first degree as well as equations of second degree but the curves turned 

out to be so similar that only equations of first degree have been used,).

Discussion ; * 1

The prevailing winds in Norway blow from west to east. At a distance 

from the coast, mountains force these masses of moist air upwards where 

the temperature is lower, causing them to condense and fall as rain or 

snow, favouring an increase of radioactive fallout. Fig. 11 shows the total, 

yearly precipitation in Norway averaged over a 30 year period. In zone

I a greater part of the precipitation falls in summer as rain. A considerable 

part of the remaining precipitation in this zone comes down as snow, 

bringing the fallout down with the snow particles. A certain amount of 

this snow melts and together with its content of radioactive particles flows 

away without contaminating the soil while the earth is still frozen. In this 

way some of the radioactive particles will be carried to the rivers and can 

not contribute to the contamination of milk. In zone II most of the 

precipitation falls in winter, but even then it falls mostly as rain i. e.
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in districts where cows are grazing or hay collected. In the counties 

Aust-Agder (8), Vest-Agder (9), and the southern part of Rogaland (10) 

some distance from the coast, the precipitation is more evenly distributed 

over summer and winter. In zone III by far the greater part of the dairies 

and also the districts where the milk is collected are situated along the 

coast. Here, too, most of the precipitation falls in winter, but a 

greater percentage than in zone II will fall as snow instead of as rain.

The precipitation decreases as one goes north and in the interior of 

Finnmark (18) the climate is rather dry; here most of the precipitation 

falls in summer and as rain. The precipitation in zone II and partly 

in zone III is greater than in zone I and will therefore presumably wash 

out larger amounts of fallout from the atmosphere.

Summary and Conclusions.

The prevailing winds in Norway blow from the Atlantic towards the east.

Along the west coast the peculiar topographical conditions will favour a

greater precipitation and also a greater deposition of radioactive fallout

than in the eastern part of the country. The precipitation in several districts

in Norway has been estimated for three consecutive years (1961, 1962

137and 1963) and the concentration of Cs in milk from about 90% of the 

dairies in Norway has been measured during the following spring (1962,

1963 and 1964 respectively). Along the coast statistically significant
137

correlations between the precipitation one year and the amount of Cs 

in milk the following spring have been demonstrated for three consecutive 

years. In the eastern part of Norway there is no such systematic 

correlation. Neither is any such correlation found between the pre­

cipitation during the months when glass for storage is grown (May,

1 37Tune and July) and the amount of Cs in the milk the following spring

in any district any year.
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1962 1963 1964

No. of dairies 342 342 327

No. of samples 272 297 292

Table I

Table 10 The number of dairies and the number of sample



Figo 1. The location of 30 dairies examined every month.
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Tig. 2. The average concentration of 1^7Cs in milk in each
zone in the period March 1963 to February 1964.
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Fig. 3. The borders of the counties and the division of 

Norway into 3 zones.
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Pig. 4.
117The average concentration of Cs in the milk from 

each county in the spring of 1962, 1963 and 1964. 
Zone I is represented by the group of columns 1 to 
15 a, zone II by the group 8 to 15 b and zone III by

the group 16 to 18.
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Fig. 5 The average concentration of 1 -^Cs in the milk in

the three zones each spring of observation
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Zone 1962 1963 1964

Precipitation

May-June-July

i .310 .008 .360

ii .312 .182 .373

in .011 .466 .273

Precipitation

Per year

i .009 .011 - .002

ii .413 .395 .500

in .299 .496 .436

i

Table 2. The coefficients of correlation.



Fig. 9.
The lines of regression each year and th 
corresponding.99% confidence limits in zone H
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Fig The lines of regression the two last years and the 
corresponding 95% confidence limits in zone III.
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Fig. 11. The total yearly precipitation in Norway averaged 

over a 30 years period. The curves are drawn for 

every 200 imn precipitation, and show the gross 

. distribution and amount of precipitation.


