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- Radiocactive Food Chains in Arctic Reglons

Jorma K.Miettinen
Department of Radiochemistiry
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Investigations of bioenvironmental radioactivity in the arctic regions

9oSr and 15705

df Scandinavia and Alaska have revealed high body contents of
in animals and man. Large quantities of these radionuclides have been produced

‘ and spread into the stratosphere by the megaton-range weapon tests. Being

R "third generation” - fission products these nuclides are "bornm" from their

gaseous parent nuclides meinly in the stratosphere after the fireball has
spread and cooled and thus appear in a very finely divided, nearly monoatomiq
state. This fine dust comes down primarily by so-called stratospheric cold air
injectlons, which are stroﬁgest in spring, in April and May, and between 300
and 60° northern latitude.

Air curremnts from the west usually take ihe fallout to Lapland after it
has got into the troposhere somewhere above the North Atlantic, often within
the so-called Icelandic low-pressure area. The bulk of it comes down with rain
above the Nofwegian mountains, Fallout as well as the amount of rain is much
smaller in Sweden and Finland than in the mountaiﬁous parts of Norway; and
about the same er slightly lower in Lapland than in the southern parts of the
countries (Fig.1l). In the whole of Finland the fallout is in seneral about
1/3 to 1/2 of that in the middle Europe, e.g. Berlin-Dahlem Z—%;7. The inte-
graked amount of 13705 was about 20 ns/m2 in Swedish soil in 1960 [-2;7. Thus,
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the high activities of Sr and Cs in animals arnd people in Lapland are not

‘caused by exceptionally large amounts of fallout, but rather by unusual foed
chains,. '
For the elucidation of the arctic food chains, a Pinnish Atomic Energy

Commission-sponsored field investigation called "Project Lapland" was started
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{Cladonia and Cetraria species). These plants, which have nc veal roo

simple prothallium, grow very slowly (a four inches tall Cladoria lichor may be

fifty years old) and have a high capacity for collecting nutriernts ircon the ais
and from rain or show. In Lapland, the forest floor is generally ccverad by a
denée mat of reindeer lichens, which still retain most of the fallout that ras
come down during the Atomic Age. In densé patches of Cladeoniza lichen, wnere

1 kg of dry lichen covered about 1 m2, we found in 1961 4 nc 9CSP ars 33 one
13703 per-kgydry weight ZTB_;a At the end of the first test moraterium, in

1960-1961, samples of reindeer lichens collected from Inari, Finnish Tapland,
LETL

contained 3 to 10 (mean=5) nc 9OSrvper kg dry wt. and about 8 “imes move S,
10 to 60 (mea.n;-:l&o) ne/kg dry wt. LZ,Q_/- Most of the activity is in the greon,
living "top" part of the plant, which is eagerly eaten by the reindeer from
autumn to spring, i.e. during about 8 to 9 months of the year. Since sach
reindeer eats daily about 6 kgs of lichen (50 % dry wt.), its daily irtase was
in winter 1960-61 about 15 nc 9OSr and 120 nc 15705. More recertly the valuss
have greatly increased.

' Grasses, horsetails (Equisetum) and sedges (Carex) arc imporiany Tsrape
in Lapland for cattle throughout the year and for reindeer in the surmer.
Reindeer also graze Vaccinium plamts and leaves of birch and willcow ir the
summer. Results of analyses of some samples of these plants are compered wivc
a typical éample of Cladonia lichen in Table I. As can be seen, in 1901 the
annual parts of vascular plants had roughly 1/10th of the radioruclide content
of lichens., Slightly lower results for 13705 in lichens Trom Cweden have been
reported (10-30 ne/kg dry wt., ref.6), and higher ones from Horway, if allow-
ance 1s made for the earlier date of sampling (36 nc/kg in 1959, ref.7).

In Alaska the situation seems to be rathar similar to +that in Lapland.
In the northern part of Alaska the 9OSr on the ground, in 1950, 10-22 mc/mi?,
(=4-8 nc/mg), was about the same as in Lapland and low compared with lcvels found
elsewhere iﬁ the U.S. (25-99 aver.50 mc/mi2 (=20 nc/mg)) 178_7; T Q€0 Lichers
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from Ogotoruk Creek, Alaska, contained 2 Sr 2.0 ne/kg dry wi. and “Clos 26
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situation seems to be very similar in Alaska and Lapland.

Although the highly efficient food chain lichen~reindeer-man probably is

the most important one in Lapland, it 'is not the only one, Efficient hydrospheric
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of pray have been found in Lapland in the last few years éfé7;7. In summer 1963

1
rike and perch contained in Lapland 10 to 15 nc 37Cs/kg fresh weight, twice the
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summer-value of this nuclide in reindeer meat., Highest values have been obtained
in fish from lakes with a high humus but low cation concentration . Nearly as
high 137Cs contents as in Laplend have been found in fish from similar type of
lakes in southern Scandinavia A—é7,28,29:7 while about ten times lower avlues have
been found in fish from lakes of the "rich" types Z729;7. The factors causing
these great differences in Finnish lakes are not yet known in detail.,

Other interesting food chains involve the radon daughters RaD(EIOPb,

2loPo, half life 140 d.). Redium-226 is always present

half life 19.%4 y.) and RaF(
in the soil from where its daughter, radon-222, diffuses into the ground level
air, PFrom there the radon daughters are brought back to the soil surface by rain
or aerosols as "natural fallout" and are absorbed by lichen and pass further to
reindeer and man. Reindeer meat and bone have exceptionally high contens of RaD
and RaF, meatvabout 0.2 pec ZTEO_?; bone about 5-10 pe/g dry wt. of each
éf}b,ﬁi_?ﬁ Beef contains only about 0.0l pe/g dry wt. RaD 4—32;7. On the basis

of known facts about RaD resorption in man Zf32;7 and reindeer meat consumption
by Lapps [f3,2;7, Lapps ° RaD content can be estimated to be about 10 times higher
than the Northern Hemisphere average. bones have not been analysed yet but
for one single Eskimo bone 2.3 pe/g ash / 33/, a value about 15 times the
American average 473247, was reported. Assuming for Lapps a ten times higher
RaD+RaF body content than the general population average, the effective dose to
their skeleton from these two nuclides alone may be estimated to be of the order
of 120 mrem/y. (based on facts in refs 32 and 34). '

The present results of our "Project Lapland and the corresponding studies
in Sweden and Alaska can be summerised in the following way:

1) They have given interesting information about terrestrial and hydro-
spheric food chains of fission product nuclides, information which is also applie-
able to the environmental problems of peaceful atnriic energy power programs;

2) they have given precise information about the present radiation Jose to

Lapps and Eskimos from internal contamination by articifisel radionuclides, and



3) they have made possible répid calculations of future situations,
should new nuclear test series or accidents také place.

New nuclear tests which would produce large amounts of fission products
should not be started, however, since a considerable number of people may

7

exceed the ICRP level of 3 Je 1 Cs alone due to the fallout which already exists
but has not yet reached the man. In the next twenty years even larger groups of
people living in the reindeer and caribou meat-consuming regions of Alaska,
Canada, Scandinavia and USSR may exceed the tighter genetic maximum permissible
level for large groups of population, 5 rem, within 30 years, when té total
integrated radiation dose from all sources of artificial contamination is
reckoned with. The situatidn is made more grave by the fact that the very same
group of people evidently have a considefably higher than normal body content

of the natural radionuclides RaD and RaF.
References

171_7 "Observations of Radioactivity No 2", Year 1962, by the Finnish
Meteorological Office, Helsinki 1963.
LOW,K. and EDVARSON,K., Nature (London) 187 (1980} 736.

L2/
/ 3/ JOKELAINEN,A., PEKKARINEN,M., ROINE,P., and MIETTINEN,J.K.,

Z.Erndhrungswiss.? (1962) 110.

/ %/ PAAKKOLA,O. and MIETTINEN,J.K., Ann.Acad.Sci.Fenn.,Ser.AIT,
Chemica, No 125 (1953).

/ 5/ SALO,A. and MIETTINEN,J.K., Nature (London) 201 (1964) 1177.

[ 6/ NAVERSTEN,Y. and LIDEN,K., 2nd Symposium on Radioactivity in Man,
Chicago, Ill., Sept.1962.

/ 7/ HVINDEN,T. and LILLEGRAVEN,A., Nature (London) 102 (1961) 11k&.

[ 8/ COMMONER,B., "Nuclear Information" 3 (1961) Nos.:-7,p.9.

[/ 9/ MIETTINEN,J.K., JOKELAINEN,A., ROINE,P., LIDEN.K. and NAVERSTEN,Y.,
Ann.Acad.Sci.Fenn.,Ser.AII, Chemica, No 120 (1963).

/16 / SALO,A. and MIETTINEN,J.K., unpublished.

/ 11/ HESKNEN,E. and MIETTINEN,J.K., unpublished.

[712_7' "Radiocaktivitetsmitningar pa livsmedel 1962", Medicinalstyrelsens
stralskyddsnamnd, Stockholm 1962,

/ 12/ LIDEN,K., BENGTSSON,G. and NORDKVIST,M., 3rd Symposium on Radio-
activity in Scandinavia, Lund, Sweden, May 1963.

A—iﬂd7 CHANDLER,R.P. and WIEDER,S., Radiological Health Data 4 (1963) 317.

AU :
N [
[N



4715;7 VIRKKUNEN,V-E.J. and VUORINEN,A.P.U., Suomen Kemistilehti B 35

(1962) 35.
716 /  STAHLHOFEN,%., in "Sonderausschuss RadioaktivitHdt, Symposium iiber

™~

Radiostrontium” held at Bad Kreuznach, Germany, Oct.1959. Tn “"Strahl-

enschutz” No 18, Gerbach & Sohn, Minchen, 1961,

/ 17/ MIEPTINEN,J.X.,11 Nordiska kemistmdtet, p.133, Turku, Finland, 1962.

/18 /  SCHULERT,A.R., Science 136 (1962) 146.

/ 19/ LIDEN,K., Acta Radiologica 56 (1961) 237.

/ 20_/  NAVERSTEN,Y., McCALL,R.C., and LIDEN,K., Acta Radiol.l (1963) 190.

/7217 WIETTINEN,J.K., JOKELAINEN,A., ROINE,P., LIDEN, K., and NAVERSTEN,Y.,
Radiological Health Data 5 {196+) No 2.

/22 / JOKELAINEN,A., Thesis, to te published.

/ 23/ ALBA,A., Suomen Kemistilehti B 35 (1962) 205.

Zﬁé# 7/ SALO,A., ALHA,A. and MIETTINEN,J.K., Nature (London) 200 (1963) 1119.

4725_7 LIDEN,K. and NAVERSTEN,Y., IAEA Symposium on the Asscssment of Radio-
active Body Burdens in Man, Heidelberg, May 1964,

/ 26/  PALMER,E.E., HANSON,%.C., GRIFFIN,R.I. and ROESCH,".C., Science 142
(1963) 6k,

[ 27/ HAESENEN,E. and MIEPTINEN,J.K., Nature (London) 200 (1963) 1018,

™~
e
98]

N

LIDEN,X., 3rd Symposium on Radioactivity Investigations in Scandi-

navia, Lund, Sweden, May 1963,

HASANEN,E., KOLEHMAINEN,S. and MIETTINEN,J.K. unpunlisned.

™~
n
O

HOLTZMAN,R.B., perscnal communication.

| ™~
N
© i
l\l I

Stahlhofen,%., 3rd Symposium on Radioactivity in Scandinavia, Lund,

i~
ot
)
K

Sweden, May 1963,

[ 32 HOLTZMAN" R.B., Health Physics 9 (1963) 385.

/ 33/ HILL,C.R., Health Physics 8 (1962) 17.

4f34d7 RAJEWSKY,B. and STAHLHOFEN,VW., Nature (London) 198 (1963) 960.
L~§5;7 International Commissicn on Radiological Protection, Report of

Committee II on Permissible Dose for Internal Radiation, Pergamon

Press, London, 1959.



6°1 hh°O B0}t 92°0 il doy TTIY seAge (BUBU BINYRd) UYOIIq JuasMg
2 [o2°1 | €Lol <ol 1¢ 188407 (e2®PT STATA'A) Axaeqmog
¢*2 |61°0 | 92*0{ 0T Of #°G JOATI (sTTT3enbe Xodw)) oSpeg
T°T | 50°0 | €80} lo*o| L'¢t ayeT (9TTIBTANTA DH) TTe19S8J0H
8¢ 22%0 @N.O G1°0 0°g MOpBSU JoMm ssedd prIM
O*te | 00c| e2'v| <2 ge BUTATR

-qns 013aa (sTayssdTe 1D %0Q) SUSUOTT BTUODET)H

M b 1M

" Rap M \.n&@ :1¢) Aap

B3 /ou 3 /ou a2y /ou 3/ou} jo % 1e1TqRy a1dureg

*0)¢1 *o6 Hs®

(G) 6961 asuums ut puRTde] USTUUTH ©TJdBU] woay sedures TeordLy ug mowm._” pue ,Hmom ‘1 sTq®




’ 00009 { 000°GT - - " " =€ 1961 ,
” 000* Lt | OOK°TT - - y " TT " o
" 008" % 006°T - - u " y) " -
" 0000 | 000°0T - - " u 7=~¢ 961 T
u 0019 00K e - - " M 6 " ,ww
xVHH.Qﬂ 002*LT | 00L°G xvmm xvomH " u f 2961
xVOH.m 0on* L 0.9z xvmw xvomm Jeou " " "
0t - - 000°¢CH 08¢ auoq " 6 "
xVOH.m 000°QT | 006G} ‘xvim xvomm q®oW | J9spUTad ¢ 1961
" onl. H6T Gt T RICED " " "
i " - - - a2 suoq Moo 8 . <
" 00£*S¢ | ogeg ee 119 Jesw u " "
% - - 00% 8T €12 auoq N A 0961
" 000°02 ~ - - Jeau " " "
Gt - - - 002 auoq | Jsapursd -1 6661
£mwww *aM ysaay
*Joy B/od | y3/0d 9y/od | epl/od ongsTs S— ap— Taok !
*01ct 506

"6G6T 90UTS ‘pusTUlg €Ideus

UT MOD pUB J89PUTAL JO BUOY Pue €W UT mQNnH pue pwom *II 8198l







