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Abstract: Radiostrontium, radiocesium and macromineral concentrations were measured in metatarsal or meta-
carpal bones from 78 reindeer (59 calves and 19 adults) in the Viga reindeer herding district in Southern Nor-
way. Samples were collected in the period August 1988 to May 1989.

Radiocesium concentrations increased from August through the winter. Radiostrontium varied slightly aro-
und an average value 1810 Bq/kg DM. Mg concentrations decreased through the winter, the concentrations of
other minerals and bone density showed only small variations. No signs of mineral deficiencies were obser-
ved. It is concluded that radiostrontium mainly originated from the Chernobyl nuclear accident.
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Sammendrag: Innhold av radiostrontium, radiocesium og makromineraler ble malt i reinsdyrknokler (metatar-
sus og metacarpus) innsamlet fra 78 dyr (59 kalver og 19 voksne) tilhorende Vaga tamreinlag. Provene ble sam-
let 1 perioden august 1988 til mai 1989. Innholdet av radiocesium wskte fra august og gjennom vinteren, mens
innholdet av radiostrontium var temmelig konstant (1810 Bg/ kg terrstoff). Magnesium innholdet avtok gjen-
nom vinteren, mens innholdet av andre mineraler samt knoklenes tetthet varierte lite. Det ble ikke observert
noen tegn pa mineralmangel. Mesteparten av det radioaktive strontium kom fra atomkraftulykken i Tsjerno-
byl.
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Introduction noscandia amounting to about 2% of radiocesi-

After the Chernobyl accident the contamina-
tion of mountain pasture and subsequent accu-
mulation of the radioisotopes 1**Cs and ¥Cs in
reindeer have been highlighted (Skogland 1987;
Jones et al. 1989; Pedersen er al. 1990). In addi-
tion to radiocesium the fallout also contained
radiostrontium (*°Sr) with an activity in Fen-
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um activity (Antilla 1986; Aarkrog 1988). The
concentration of this isotope in products from
farm animals has been below the action limit of
9%9Sr and has therefore not been emphasized by
health authorities to the same extent as radioce-
sium. Analyses of soils from high mountain
areas in Valdres, Norway indicate that the *°Sr
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deposition after the Chernobyl was comparable
in size to the fallout after the atmospheric nuc-
lear weapon tests (Bjornstad et 2/ 1990).

The Cs isotopes are rapidly recycled within
the body (Staaland er 4l 1990) and rapidly
excreted. Contrary ®Sr follow Ca in biological
systems and is firmly bound to the bone matrix
and may remain in the bones throughout the Ii-
fetime of animals. *°Sr decays to %Y, a [B-emit-
ter at a much higher energy level than *°Sr,
0.546 and 2.28 MeV respectively. 7Y has been
related to damage of the bone marrow and to
development of leukemia in man. It should also
be mentioned that *°Y not like Sr follow calci-
um in biological systems and therefore more ea-
sily can be circulated within the body.

In the arctic maximum concentrations of
most fallout radionuclides are associated with
the lichen-reindeer-man food chain (Hanson
1967). Most Sr is found in the reindeer bones
whereas Cs accumulate in the soft tissues. The
levels of both *°Sr and ’Cs in reindeer bree-
ders consuming large amount of reindeer meat
were only about twice that of other people li-
ving in the same areas both in Russia (Nevstru-
eva et al. 1967) and in Norway (Westerlund
1985). Apparently radiostrontium is more mo-
bile in arctic lichen dominated ecosystems than
radiocesium (Hanson er 4l 1967). Studies from
Norway (Hove and Strand 1990) and from the
Faroe Islands and Greenland (Hansen and Aar-
krog 1990) indicate that radiostrontium and ra-
diocesium can persist for long periods in alpine
ecosystems. This long retention has raised con-
cern about possible genetic damage to reindeer
and other parts of alpine ecosystems (Skogland
1990).

The purpose of the present study was there-
fore to measure bone radiostrontium and radio-
cesium contents and to examine possible seaso-
nal variations in their concentrations in reinde-
er in an area heavily contaminated with
radioactivity from the Chernobyl accident.
Comparison is made to the values observed af-
ter the global fallout in the 1960’ies. Results
obtained are furthermore compared to varia-
tions in concentrations of major bone minerals.

Material and methods

Metacarpal or metatarsal bones were collected
from 59 reindeer calves aged 3 months to one
year through the season from August 1988 to
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Fig. 1. Radiocesium (1¥Cs) and radiostrontium (*Sr)
in metacarpal or metatarsal bones from reinde-
er in the Vagd reindeer herding district in so-
uthern Norway. Fully drawn lines between
open rings calves born in May 1988, black
dots adult animals of different ages. Vertical li-
nes one S. D., figures beside S. D. in second
diagram from above number of animals. These
figures apply to all diagrams in Figs. 1 and 2.

Fig. 1. Radiocesium (¥’Cs) og radiostrontium (*°Sr) i
metacarpus eller metatarsus fra rein tilborende
Vigd tamreinlag i Ser-Norge. Heltrukket linje
mellom dpne ringer er fra kalver fodt i mai
1988, fylte ringer stammer fra dyr med forskjel-
lig alder. Vertikale linjer tilsvarer ett standard
avvik. Tall ved siden av de vertikale linjer i det
andre diagrammet ovenfra er antall dyr under-
sokt. Disse tallene gielder for alle diagrammene i
Figurene 1 og 2.

May 1989. In addition samples were taken from
19 adult reindeer of different ages. The animals
were from the herd of The Vagd domestic rein-
deer company in Southern Norway.

About 8-10 c¢cm of the middle part of the
bone was used for analyses (Fig. 1). Soft tissues
were removed and the bone marrow expelled.
Cleaned bone samples were dried at 105°C to
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constant weight. The density was measured by
submersion of bone specimens in glycerol of
known density.

After cleaning and drying the bones were
crushed in a steel mortar. One subsample was
used for measurement of the two isotopes 1¥7Cs
and *°Sr and another for measurement of the
minerals P, Ca, Mg, Na and K.

Radiometry
137Cs was analyzed in approximately 10 g of
crushed bone, using either a Canberra Ge-detec-
tor (20% cfficiency and 2kev resolution at 1332
kev) or a Packard 3’’ Nal Gamma counter
5000 series.

The concentration of *Sr in the samples were
determined from analysis of °Y concentration,
assuming radiological equilibration between *°Sr
and °Y (Bjernstad er al. 1990). Following gam-
maspectrometry the samples were dry-ashed
overnight at 600°C and dissolved in HCIL. After
addition of carrier, Y was isolated by liquid

- extraction (Peppard er al. 1957). The extracted
%Y was back-extracted into 6 M NHOs. The
Cerenkov spectra from °Y were couted using a
low-level liquid scintillation counter (Quantulus
1220 LKB Wallac, Finland). Chemical yields
were determined by compleximetric titration.

Chemical analyses of P, Ca, Mg, Na and K
were performed at the Chemical Research La-
boratory of our University. Bones were ground
and ashed at 500°C and the ash dissolved in
aqua regia. The concentrations of the elements
were determined by Inductively Coupled Pla-
sma Spectrometry (ICP).

Statistical analyses of the data include calcula-
tion of the standard deviation of the means and
the Duncan multiple range test (Ray 1982).

Result

In 5 animals chemical composition and content
of the radioisotopes were measured in the two
metatarsal and the two metacarpal bones. No
significant differences in either chemical compo-
sition or isotope content was detected (P> 0.05,
Duncan test). Therefore either the metacarpal
or metatarsal bone was used for the rest of the
animals. )

The average bone “°Sr activity through the
year was 1814+270 Bq/kg dry matter (DM)
with no apparent seasonal trend. Also relatively
to Ca %r levels (Bq *°St/mmol Ca) remained
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stable between 0.28 and 0.31 from November
to May (Fig. 2, Table 1). The concentrations of
137Cs  increased from August-September to
May. Since K concentrations remained almost
constant through the year, also the ¥’Cs relati-
vely to K increased through the winter (Fig. 1).

Density of the bones increased from 1.77
g/cm?® in calves sacrificed in August to about
1.85 g/cm? in the winter. Also total ash content
showed a similar increase from autumn to win-
ter and spring. There were no significant diffe-
rences between calves and adult animals in bone
ash content (Fig. 2).
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Fig. 2. Mineral concentrations (£ S.D.) in metatarsal

or metacarpal bones from reindeer in the Vagd
reindeer herding district in southern Norway.
For further explanations see Fig. 1.

Fig. 2. Mineralkonsentrasjoner i metacarpus eller meta-
tarsus fra rein tilborende Vigd tamreinlag i Sor-
Norge. For naermere forklaring se Fig. 1.
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Table 1. Mean bone composition * S.D. (n=78).

(All data pooled).

Tabell 1. Gjennomsnitilig sammensetning av reinkno-
kler £ S.D. (n=78). (Alle data samlet).

Density g/cm? 1.83 £ 0.04
¥Cs Bg/kg DM 474 * 346
“Sr Bq/kg DM 1814 + 270
Ash g/kg DM 7009

P mmol/kg DM 3977 = 109
Ca mmol/kg DM 6291 = 154
Mg mmol/kg DM 161+ 11
Na mmol/kg DM 282+9

K mmol/kg DM 16 £3
Sr/Ca Bg/mmol 0.29 + 0.04
Cs/K Bg/mmol 29+22

The most consistent seasonal variation In
bone mineral concentrations was found for Mg
where a pronounced downward trend was ob-
served from August to May in the calves. Valu-
es for adult animals were significantly lower
(P<0.05), and the data indicated the same
downward trend through the winter (Fig. 2).
For Ca an apparent opposite trend was obser-
ved with the lowest concentrations in the au-
tumn and higher values through the winter
from December to May. Phosphorous and K
were apparently only subjected to minor and
usually insignificant variations in concentra-
tions, but K was significantly higher in calves
slaughtered in August and March (p<0.05,
Duncan test). Also for Na no apparent seasonal
trend in concentrations could be found, but va-
lues obtained from adult animals were slightly
higher than for calves (p<0.05 in August and
December). Concentrations of Ca, P and Na in
March were unexpectedly low and K high com-
pared to values obtained from February and
April.

Discussion

Reindeer bones collected in northern Norway
in 1956 and 1958 contained about 0.15 and 0.22
Bq/mmol Ca of Sr (Hvinden and Lillegraven
1961), whereas values from the early 1970 ies
were about 0.50 Bq/mmol (Westerlund 1985).
Our value, about 0.29 Bg/mmol (ie. 1800
Bq/kg dry weight) is between these values from
reindeer bones in northern Norway. The radio-
strontium in these bones came from atmosphe-
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ric nuclear weapon tests in the 1960 ies (Fig. 3).
The physical half life of *Sr is 28 years and the
estimated biological half life in reindeer bones
between 7 and 9 years based on data from Wes-
terlund (1985, Fig. 3). Data on the deposition
of radiostrontium in Vagd during the nuclear
weapons tests do not exist. However beeing a
relatively dry inland area levels may have been
comparable to those in Finnmark. Extrapola-
tion of radiostrontium data from Finnmark in
the 1970"ies and early 1980’ ies give rise to pre-
sent day concentrations in reindeer bones of
about 500 Bq/kg of %Sr (Westerlund 1985).
With measured values of about 1800 Bq dry bo-
nes the conclusion is that the Chernobyl acci-
dent contributed significant quantities of *°Sr to
alpine ecosystems in addition to the well recog-
nized radiocesium contamination. From a phy-
siological point of view *°Sr closely follow the
seasonal trend of Ca.

In White-tailed deer Rabon (1968) observed
that radiostrontium levels in bones decreased
with age. Fawns aged 0-11 months had twice as
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Fig. 3. Comparison of radiostrontium in reindeer bo-
nes from Finnmark in the seventies, open
rings (Westerlund 1985) and present data from
the Vigd reindeer herd, black dot (Table 1).
Fully drawn line indicate the loglinear regres-
sion of Finnmark data:

Ln(Bg/kg DM) = -0.0845%*(year) + 174.06; r
= -0.92.

Fig. 3. Sammenlikning av radiostrontium nivdet i rein-
knokler samlet i Finnmark i syttidra, dpner rin-
ger (Westerlund 1985) med dagens gjennomsnitt-
snivd fra Vdgd, flt ring (Tabell 1). Den beltru-
kne linjen indikerer loglineer regresion av
Finnmarksdata:

Ln(Bg/kg DM) = -0.0845%dr) + 174.06; r = =
0.92.
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much %Sr and *%Sr in long bones as had ani-
mals older than 3 years. Our data suggest about
equal levels in young and old animals which is
also to be expected if Ca and Sr behave similar-
ly in biological systems. In Rabon’s study,
which was performed on deer at the Savannah
River plant in South Carolina radiostrontium
ranged between 10pCi/g weight (i.e. 370 Bq/kg)
in old animals to about 20 pCi/g wet weight
(740 Bq/kg) in young animals.

The radiocesium levels in the bones reflect
dietary radiocesium intake, ie. being high due
to lichens in winter and much lower due to
green vegetation in summer. Contrary to blood
values from the same herd which remained con-
stant and decreased slightly, bone values for
137Cs apparently increased through the winter
(Garmo er al. 1990).

This may indicate that accumulation into bo-
nes occurs at a slow rate compared to the rest
of the body pools, accordingly that bone Cs is
less readily exchanged with the environment
than soft tssue radiocesium. The lower values
found for radiocesium in bones from adult ani-
mals than for calves correspond to a body size
effect observed by Rabon (1968) for white tai-
led deer. The bone content of radiocesium do
not follow the K values and it 1s well known
that K is a bad tracer for radiocesium (Oughton
et al. 1991).

Very few data on bone mineral composition
are available for reindeer. Mineral concentration
in femurs from reindeer calves collected in the
Elgd herding district in the eastern part of sout-
hern Norway showed similar seasonal trends as
in the present study (Staaland and Szbe 1987).
In particular a decrease in Mg concentration
and an increase in K concentration was obser-
ved from fall to spring. Bjarghov et al (1977),
which examined metatarsal bones from coastal
areas found no change in bone Mg from fall to
spring. In an experimental study, however,
Bjarghov er al. (1976) reported slightly increased
K levels in plasma of reindeer calves fed a pure
lichen diet through the winter and decreased
Mg levels. In the Elgd material Na levels in fe-
mur bones apparently increased from fall to
spring, but average values varied between only
220 and 240 mmol/kg dry bone against a mean
value of about 280 mmol/kg dry matter in the
present study (Table 1). In the Elgd area there
is a presumed low availability of Mg and Na
(Staaland and Sazbe 1987). Higher values found
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in the Vaga reindeer could result from the use
of salt licks or be an effect of higher levels of
these minerals in lichens from the Vigd area
(Garmo 1986; Staaland and Szbg 1987). Also in
sheep (McDougall et a/. 1974) Na depletion re-
duce bone Na levels. No signs of P or Ca defi-
ciency were detected, the Ca values were almost
identical in Vaga and Elga and bone density va-
lues indicated adequate Ca intake because inade-
quate Ca in diet decrease bone density in sheep
(Field et al. 1975).
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