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Strontium 90 in Finnish

Of the long-lived fission products

Grass and Cow’s Milk

found in agricultural produce as a
result of atmospheric fallout, gosr and KWCS are generally considered to pre-

sent the major hazard to the consumer. Therefore we have started a research
project to gain preliminary information on the amounts of these nuclides
in the most important phases of the food-chain soil-plant-animal-man in
Finland.

In this paper results are reported on the ‘OSr in the first series of samples.
Most of these samples have also been analysed for 137CS;the results of these
analyses will be published separately (1).

In most western countries, in which 65— 85 ~0 of the calcium in the
average diet derives from milk and milk products (2), the most important
links in the above-mentioned food-chain are grass and milk. In Finland,
the proportion of the dietary calcium provided by milk and milk products
is among the highest in the world, 85 0/0 for the urban (3) and 84.5 ~. for
the rural population (4). This percentage is of the same magnitude in the
other Scandinavian countries — e.g. in Norway also 85 0/0 (5), whilst in
England it is 75 % (6, 7), and in Germany (West) 75.9 ~. (8).

To obtain information both on the general level of 90Sr in the milk and
on the magnitude of the local variation in a country, two kinds of survey
should be made (6): a j}country-widej} survey, in which samples are collected
and mixed to represent the milk consumed by a large part of the population,
and a })special area)} survey, in which samples are taken from individual
farms in which the 90Sr content of the milk is suspected to be higher than
the average. The )}country-wide)> surve y of the British Radiobiological Labora-
tory (6) comprises milk samples taken fortnightly from over 200 milk depots,
which represent more than 40 0/0 of the total milk produced in the United
Kingdom. The ))special area}) survey made by the same laboratory comprises
6 farms in regions having a high annual rainfall, three of the farms even
being located at an altitude higher than 400 m. Both British (6, 13) and
Norwegian (11 ) investigations have shown a good correlation between the
amounts of annual rainfall and of 90Sr deposited per kmz or present in grass
and milk. Recent studies in different countries have also shown a pronoun-
ced seasonal variation in the 90Sr contents of grass and milk (6, 9, 10, 11,
12). The peak values of 1958 were found in England (6, 12) and Germany
(9) in June-July, in Norway in July-August (1 1).

In this survey our aim has been to obtain preliminary information both
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Fig. 1. Annual rainfall in Finland in mm, mean in yeQr9 1886—1935, ucc. to V. V.
KORHONEN (21).

on possible variations in the ‘OSr content of milk and grass in different parts
of Finland and on the general level of ‘OSr in the milk of the region of highest
milk production at the end of the summer season 1959.

Regarding the annual rainfall no great local variations exmt m Finland

(Fig. 1). Nearly all the milk is produced in areas where the annual rainfall
is between 500 and 700 mm (Fig. 2). More than half the total milk produc-

tion takes place south of the line Savonlinna-Jyvaskyla- Vaasa.
The general level of ‘Sr in the milk in this area was studied by taking

representative skim milk samples (Table 1, Nos. 10— 15) from two milk
powder factories, )>A>),Nastola, and J}B}>,Somero (Fig. 3). Each of these sam-
ples represents one day’s milk intake — usually 60— 80,0001. — from more
than ten big dairies located within ea. 100 km radius around the factory.

The samples from factory }}A>)(ATos. 10— 13) can be considered to represent
the general or }>country-wide>) samples of Southeast Finland, those from >}B)}
<Nos. 14– 15) correspondingly the general samples of Southwest Finland.

.s .,. .. . .
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Fig. 2. Milk received by Finnish co-operative dairies in 1958 in millions kgs and as
percent of total received (1.722 milj. kg). – Co-operative dairies represent 79.3 ‘%

of milk received by all dairies (2.172”milj. kg).

The local milk and grass samples were taken between Aug. 29 and Sept.
6, 1959, from 8 experimental farms located between latitudes 60° and 67”N
(Table 1, Nos. 1– 8) and from a private farm located at lat. 69”N (No. 9).
Experimental farms have the advantage that all data on farming, e.g. the
diet of the cattle, can be checked at any time, even later. On the experimen-
tal farms selected for the present study the soil type and pH are fairly
comparable (Table 1). The calcium status of the soil, exchangeable soil cal-
cium as CaC03 tonslha in a soil stratum 20 cm deep (Table 1, last column)
is satisfactory or tolerable. Maenpaa’s farm (No. 9) is tolerable regarding pH
but its calcium status is poor. In each case the cattle had been solely on
pasture for about three months, except for 2— 3 weeks in August, when ca.
10 ~. additional fodder, usually cereal grown on the same farm in the previ-
ous year, had been given because the pastures had been exhausted (the
summer of 1959 was exceptionally dry in Finland).
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Fig. .3. Location of the experimental farms (Nos. 1— 9) and milk powder factories

(A and B) used in sampling.

Analyses of the milk samples

Ten-litre samples of bulked whole milk, representative of one day’s
production of the cows, were taken at the farm% ZO ml Of 3.5 ~0 formalde-
hyde added for preservation and the sample sent by mail in a polyethylene
bottle to the Kuivamaito Oy factory at Nastola, where it was dried to
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powder by the spray method with a laboratory machine (NIRO Atomizer).
Samples 10– 15 were taken from the product of the two factories of the
Kuivamaito Oy. They were similarly dried by the spray method on a
commercial scale from skim milk.

The milk powder was burned to a semicarbonized form over Bunsen
burners in porcelain evaporation dishes. The final ashing was done in quartz
dishes at 450”C in a muffle furnace. For each analysis 15 g of ash, correspond-
ing to about 2 1 of milk, was used.

In the chemical separation of ‘OSr the procedure of Bryant, Morgan and
Spicer (14) was followed, except for the following phases.

The manipulations corresponding to $ 8 of Appendix I 2 were made as
follows: strontium was precipitated as carbonate by adding solid ammo’nium
carbonate and heating on a water bath. The precipitate was separated by
centrifugation, dissolved in a small amount of 6 h’ HC1 and transferred to
a 100 ml polyethylene bottle with 20 ml of water. 1 ml of yttrium carrier
was added and Sr-Y equilibrium allowed to form for at least 14 days.

$ 9 was omitted.
$10 was changed to the following: The solution was transferred from the

bottle to a 40 ml centrifuge tube and made alkaline with C02-free ammonia.
The clear centrifugate was transferred to a 100 ml measuring flask for a
flame photometric determination of strontium. The precipitate was dissolved
in 6 N HN09 and diluted to 10— 15 ml, 10 ml of strontium-carrier was added
as a hold-back carrier and a new ammonia precipitation was performed.

(Strontium carrier was added to prevent co-precipitation of the remain-
ing active strontium on the highly absorbing Y(OH)3 precipitate. ) The cen -
trifugate was rejected. The time of the first yttrium precipitation was
noted.

Strontium recovery was determined by a flame photometer (Zeiss) using
the wave length 460.7 m,u. The determinations were based on 3 strontium
standards.

The radioactivity of the yttrium precipitation was determined with a
Tracerlab anticoincidence counter CE 14, which had a background of 1.2—
0.6 clmin.

Calcium was determined as the oxalate from a part of the samples grav-
imetrically by the method of Bryant et al. (14), from a part of the samples
by dissolving the oxalate precipitate in 2 N H2S04 and titrating with 0.1 N
potassium permanganate.

The dry weight of the milk powder was determined by drying it for 24
hours at 105”C because the humidity of the milk powder samples varied
from 1.9 to 3.8 ~O.

,,..,-.
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Analyses of the grass samples

Grass samples from the farms (Nos. 1—9) representing the plots on
which the cattle had been kept during the last 2— 3 weeks, were dried on
the farms in a dust-free place and ea. 10 kg of airdry grass was sent in a

paper bag to the laboratory where it was burnt to ash in the same way as
the milk samples. 10 g of ash was used for each analysis.

The chemical separation of ‘“Sr was made by the method of Bryant et al.
(14) with the same exceptions as in the milk analyses (see above). However,
the grass ash was dissolved in a mixture of perchloric and nitric acids by
the method of Bryant, Chamberlain, Morgan and Spicer ( 15). The yield of
strontium and the radioactivity of the yttrium precipitates were determined
as for the milk samples. Calcium was determined permanganometri cally, as
for a part of the milk powder samples. For dry weight determinations the
grass was kept at 105 — 110”C for 20 hours.

The results

The results of the milk analyses are represented in Table 2, those of the
grass analyses in Table 3.

Table 2

Results of calcium and %3r analyses of the milk samples of Table 1,

Sample Ca ‘OSr, ‘Sr, ppc/kg of ‘Sr,
No. % of ash /_tpc/g of ash dry weight ~~c/g Ca

1
2

3
4

5
6

7
8
9

16.6
15.5

17.5

16.2

14.3
16.0

16.8
16.6
17.3

0.61
1.00

0.79
0.67
0.52
0.78

1.12
0.98
2.01

35.2
55.4

45.0

35.3

30.0
43.7

61.6
53.0
96.5

3.7

6.7
4.5

4.2

3.6
4.9

6.6
5.9

11.6

10 16.5 1.61 118 9.8
11 16.8 1.63 12,5 9.7
12 16.4 1.31 96.3 8.0
13 17.4 1.47 118 8.4
14 17.1 1.36 106 7.9
15 16.5 1.41 109 8.6
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Milbourn et al. (17), 0.10–0.14, or by Cragle and Demott (18), 0.15. We
have no explanation for this difference.
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