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210Pb AND ““Po IN TISSUES OF SOME ALIWI<AN RESIDENTS
AS RELATED TO CONSUMPTION OF CARIBOU OR

REINDEER MEAT

R. L. BLANCIIARD and J. B. JIOORL*

U.S. Depxtmcnt of Hcallh, Pducation and JVrlfarc, Public 1[raltl, Scrviccj
Environmental Conlml \rhninistration, I?wcau of Radiological I Icalth,

Cincinnati, ollio 45202, LT.S..I.

Abstract—Gonccmtrations of 210Pb and ‘l”Po in tissues of.\laskal]s f, 110(“at carilmrr meat are
compared ~vi(h the concentratiolm in tissues ofindiviciuds Itl]me diets do ]tot incllldc this n~cat.
The levels of 210P0 were significantly l~igher in those individuals ivho had vatcn carilmu mrat Q
short time before death; ho~~-ever, only small difl_crcnc(s ~vere observed i[l tbc zlO1~bIevrls
bet~~mm the t~vo groups.

Tbe concentrations of 210Pb and 2101’o in lichen and in caribou hol~e sat:)l)lrs ~v}iich lrcre
collected prior to the adwmt of nuclear testin~ in dlc arctic ~vcre not tburld (o dil~cr significantly
from the concentrations in similar samples rcccntlv collcctcd. Tllcs{ nsul[s i]~[licate that
nuclear fallout has not significantly increased the 2]oPb lm,ck in Lhc arctic cnvironmcrrt.

INTRODUCTION

ELEVATED levels of the fission products 90Sr and
ls:cs exist ill certain A1askan populations that

incluclc caribou meat as a portion of their
diet. (l–s) These radiol~uclides enter the arctic
ecosystem as fallout from nuclear detonations
and are accumulated by Iichcus Ivhich are
consumed in large quantities by caribou and
reindeer. ‘2’ 4) In addition to ‘OSr and 137G,
210Pb and 210P0 have also been observed to be in

high concentrations in lichens and in bones and

some soft tissues of caribou, while in the muscle
of the latter, high levels of 2101>o have been

observed .(6–g) For this reason, it has been

suggested that populations who consume a
regular diet of caribou or reindeer meat may also
have high body burdens of 210Pb and 2L0Po.
The latter, being an alpha emitter, is particular] y

hazardous in high concentrations with respect to
internal radiation exposure. [lo)

The body burden of 137CS has been measured
extensively dlroughout the caribou eating popu-

lations of /\laksa by whole-body counting tech-
niques employing gamma-spectromctry .(3–5’11)

* ,\drh-css: Radiological Engineering Laboratory,
5555 Ridge Ave., Cincinnati, Ohio 45213.
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The xncxrsureulcnt of the body burden of ~lOPb
and

~~”po in thispopulation, hotvwer, is
considerably more dilficult. Measurcmrmts
must be conducted on autopsy tissue by radio-

chemical techniques. T’he dilIicult task of
obtaining appropriate spcciumns is rcllccted in
the scarcity of reported lncamrcl~mnts. HrLL
has reported the ~lOpO conce]ltratioxls in 18

samples of human placenta, (l~) and the 210Pb
content of 3 bone sanlplcs fro:n northern
Canada.(8) In addition, Hcm’rzww has reported

concentrations of 2L0Pb and 210PO in 3 placenta
and 1 blood sample from subjects residing near

Barrow, Alaska.(7)
As a result of dm abswce of 2101)o and ~lOPb

measurements in tissllcs horn the illaskan
liski~llo, it has bcclL possible only to compute an

approximate body burden of these nuclides from
either the armlyscs of caribou meat ~vith an
estimated intake or from urine analyws. Froru
the Iattcr, I~EASL~>”and 1’ALWW have estinlated
that the average 210Po body burden of people
living at .lnaktuvuk Pass, Alaska is 3.5 nCi. (9)

It has been gcrlerally acccpttxl that the source
of the 210Plr ill the arctic rxx)s)stclll, as in other

regions, is from the decay of atr~]o:;phcric
222~n 16–9) Lead atollls so f’orrr~ed return to dlc
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Liver

1’2.1 .: ().5 9.8 : 0.8 1,2 “: {).1 I

.,
,,

Kidl]cv

1 10.2 u ().5 5.9 ~ 0.9 -1.7 ,:0.:3

(;011:1(1s
-.

““IO _ 3 5 1 1.9 ,: 0.5
6.8 .,.0.6 4.7 -,- ().-l 1.-J + 0,2
7.3 --- 1.0 ?.1 :: O.-J 3.5 + 0.8
1? 1 3.3 +: 0.6 3.6 z 0.7
37.2 9.’1 4.1 + 0.7

2 15.8 ~ 0.5 4. I c 0.4
3 5,8 ~ 0.7 3.0 ;, 0.5
4 20 ,Z 1 1.4 ,.. 0.6
5 49=1 9Z1
6 51+p 10D1
7 166 + 4 30+2
8 213 _ 6 34=2

3.9 + 0.1
1.9 ,:. 0.4
4.6 + 0.7
5.8 = 0.7
5.2 ~ 0,6
5.5 c 0.4
6.3 Q 0.3

Small intestine Rib

58+5 62 .. 5 0.94 + 0.113
4
5
6
8

1.6 + 0,3
3.6 & 0.3
4.6 + 0.4

12.1 + 0.8
53+4

I1.6 + 0.4
1.2 n 0.2
3.2 + 0.4
5.5 + 0.7

14.1 + 0.7

1.0 + 0.3
3.0 z 0.6
1.4 + 0.2
2.2 + 0.3
3.8 ~ 0.3

115+6 129 * 7 0.89 + 0.07
85 + IO 73 + 12 1.2 + ().2

107 & 9 133 * 13 0.81 + 0.10
160 + 7 238 u: 12 0.67 + 0.04
107 * 9 169 A 17 0.63 -+ 0.08
137 *7 ]~~ ~ 6 0.75 + 0.04

. .

6
8

Blood

J 1.6 ~ 0.2 2.8 = 0.4- ().6 x 0.1
3 0.24 = 0.04 1.2 G 0.2 0.20 + 0.05

,.. . 4 0.32 + 0.05 0.8 C 0.1 0.40 + 0.09
.“

‘ .< 6 1.8 T 0.1. ..., 2.1 & 0.3 0.9 + 0.1
,, . . .

,, ’,. ,.
C—Carcinoma present; O-ovary; T—testis.
F,rrors are one standard deviation counting error.,,
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.,, ,.. . . . ~lOPo in the tissues for much 10USCL-til]~cs than is
,. !.,, -, ”., reflected by the cII’cctive half-life of the particl i-

,..
lar organ.. . . In tl]c case of the cariljou meat czrtms

., as obscrvctf here, only ‘lO1’o \ras insysted in
Iargcr than “norn]al” amounts. Collscqucnlly,
there is no skeletal reservoir of ‘ 2101>0supported
by 210pb, ~lld ~>ncc tile su]]ject ceases tO ~Zlt

caribou or reinclcer, the excess 210J?o is cxcrctcd
quite rapidly fro]n tllc soft tissues of the body.

lor exrnlplc, the ICRP lists the cffecti\,e ball:

lives of 210Po in liver, kidney and spleen as 32,
46 and 4!? days, respectively. ’13) ‘Illis probably

explains why the body burden appears “normal”
for subject #3 lvho atc caribou lc~ularly \vllilc
residing at Barrow, but not while residi~l~ in
Anchorage during ~he three years prcccdirlq
death. Except for the concentrations in the
kidney and liver which appear to be significantly
higher than normal, the same rmasoning can
explain the apparent “normal” 2101)o conc.cll-
trations in tissues of subjects #-! and #5. In

addition, the ZIOpo tissue concentratiorl of

subject #8 who ate reindeer regularly until
three months before his death was undoubtedly
much higher ~vhile eating caribou than was

observed at the time of I]is death.
The body burden of ~lOPo was estimated for

subject #8 by summing the products of the
concentration observed in each tissue multiplied
by the tissue mass, based on the 70 kg “standard
man,, (13) 011 this basis, approximately 60 ~{ of

the total body mass was analyzed. ‘1’he con-

centration in the remainin~ 40 ~~ was assurnerl

equal to that in muscle. The 210Po body burden
of this subject, so calculated, was estimated at

death to be 1.7 nCi. Taking & the ICRP

recommended value for an occupational ex-
posed population as the maximum permissible
body burden for the general population, the
estimated body burden at death, 1.7 nCi, is
about one-half the maximum burden if the
spleen is assumed the critical organ. ’13)

If it is assumed that the 210Po is distributed
uniformly within the organ and if 10 is used as
the RBE for 2101?o alpha particles, then the dose
rate in mrem/year is numerically equivalent to
the concentration of ‘l”Po in the units of pCi/kg

of tissue. Consequently, the dose rates delivered
by ZIOPO to these tissues may bc read directly

from Table 2. The soft tissues which contain
the higher levels, kidney and liver, are exposed

to only a fe\v llundrrxl lllrclll/year. .Althouqll
thrw c105c rates may lx ~[[llllcr tlmn p[-cviously
cslil]latrd for thfjw uitirl,q caribou ll]cat, it

S11OU1CIbe rcn]cullxwxl [ll:lt, mcc])t fir #7. the
>Lrl)jcc(s available fbr tl~i$ invcs[iq.ltio]l \vcrc ~lot
caLiIlq Caiix)u or IY2indcc!r I1lc,L1on a daily basis

at the Lillm of their dcatl], .~wl~r))illq the
elrcctivc half-life of” 2LOP0i~l tllc liver aIId !iidncy
as 32 ckrvs and M days. rcspcctivcly, the col;-
(.crltratio!l of 2101’0 ill tllcsc t]vo ti>sllcs of subjc. ct
#8 three ]nonths prior to tl,is (Icatll \vllc,l llc
is reported to have stol)ped catiuq caribou
lueat ~vas almtrt 1730 pCi/kg all(l tWJ pGi/kg,

respectively. ‘1’his corresponds to a dow

rate 01 al)out tlvo and 1 rc]n/yr, rcspcc-
tivcly, if (lie assu~nptions nlc]ltit)]lcd al)ovc at (:
correct.

In ]nakiug the above cxtr:ipolatiou to estimate
the tissue concentration 3 months prior to drattl,
it was assumed that t}le metabolism durirl,rg tllc
tcrrninal 3 lnouths of illness ~vas ]lorlnal, the diet
during this interval contained no food with
abnormally Iligh Icvels of aLOPo, and ttlat the
biological parameters given by ICRP R)r ~lOPo
are accurate. “1’hc first assll]]lptiorl Inay not br-

truc arl~ t]lc ~LOI)() txcletion ro(c ]Ilav hare bce~l

dif~ercnt than that of a llealtlly pcrsou. It is,
however, unlikely that thi, illdivid(]al consrr[tlcd
food during hmpitirlizatioll ~vllich contained
high concentrations of 2L01’o, and the ICRP
va[ues, although possibly Ic(llliring some revision,
are the best prcscndy al-ai]ablc. G.rnscqncntly,
the person who consu]ucs caribou meat daily
will probably receive krrgcr dose rates from the
‘l”Po during the time of ingestion than is in-

dicated by the results sho]vu ill Table 2. Tissue
levels for such individuals ~vould be extremely
valuable; however, autopsies are rarely per-
formed on subjects of’ this population, and to
obtain autopsy tissue samples will be extremely
difficult.

Lichens rrnd caribou

In order to tfeterminc if thermonuclcar-

explosions in the arctic contributed significantly
to the Zlopb levels in the arctic ecosystelll,

samples oflichcu and caribou (Ranyfcr twandm)

bones which had been collected Lre&tire the
advent of nuclear testing in the arclic ( 1951),
were analyzed for 210Pb and 22GRa. The collec-
tion data and analytical results flrr the lichcrr
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samples an~i , ;ii i ),)11 I)o]lt-s are given in ‘1’ahl(.s (S.D.). The data in Table 4 indicate that lichens
... .

3 and 4. l-fs[ll:,til .[~. [’[lc ‘loP[) rcslllts havc i)~~n collected prior to 1951 had 210Pb concentrations
,. .!” ,. , corrcctcd !; II ] ,.( Ii{,acliic clrcay to retlcct the ranging from 3.41 to 34.5 pCi/g dry weight with

..(
conccntr:]li,, ns :1( tllc titllc rrfcol]cction and the an average csf 16 -+ 12 pCi/g (S. D.). Thus, there
Zlopi), coIl[lli)lll I ([ I)v [11(:Cz(;l{a since the time of. . ~vas no apparent increase in ‘l”Pb concentration
collcctirm. ll<t~ 1,! 11 sul)trartcd. due to nuclear testing activities. Further, the

‘~l~e ~101>])l,i, [ , ill 14 illa~k:~tl licllcn samples range of values (9.68–39.5 pCi/g) for lichen
ccrllcrted {)\-Ir IIl. last [1 yr have bctm rcport- samplrs collcctcd at Anaktuvuk Pass in 1949
eci. (’’oz(’) ‘I Ilri, ,aricd fio~ll 3.44 [0 69 pCi/~ bracket the 14.9 pCi/g recently reported from
dry weighl iii I I I aIL avrraqc of 13 + 8 pCi/g the same area. ‘9)

‘1’c’hI’, : ‘,. [;OJW~ ,J[j(l[io?ly of 2101~lj and z26Ra in Alaskan [ichen samples collected before 1951

Sarnplr

L’(trarirr i Ilan(ii, II

(letrmia rirhrzrd,orrii

.4[ectrrrir7nitiflnl,l

“.
,. Parmc[i(l ompha[o({cs

Gtrrvio deli.,ci

Cldoni(i .fI(fr7ilalII

CZsdonia rmrirzli.s

Cladonirr cenrrfca

.—. —_ —
Date

Location Colfcctcd ‘]OPb, *pCi/gt ~Z8Ra, pCi/g?

Point Barrow 1948 17.3 * 0.2 0.050 + 0.011
71’19’N, 56 °40’\v

Point JlarroJv 1948 12.2 + 0.1 0.045 + 0.010
71 ‘l!) ’N, 56°-10’l\’

~\n2ktuvuk Pass 19[9 35,0 + 0.2 0.043 * 0.010
68°1 ()’.N, 51°5 [’t%’

.b]:i!it(lvrlk Pass 19+9 9.68 * 0.12 0.125 * 0.009
W’1O’X> 51°5}’\v

.\I]:Iktuvuk I’:lSS 1rJ~g 39.5 + 0.2 t).0~8 + 0,004
(i8°10’X, 51’’5l’\V

J\”aitIIttight
70 39’.\r. 160”IV

0.034 + 0.011

1923 7.30 + 0.10 0.122 + 0.008

\-m)rvik-on Kobllk I<iv{.r 1923 3.41 + 0.06 0.032 + 0.006
66 ‘ k!)’~, 161°6’JV

( 21P(, l“orne 1923 6.2 L 0.10 0.031 + 0.006
(;I’’2WN,]t35’\v
—.—.

* ilctivity corrcctcd to date of collection and the ‘2ERa contribution subtracted.
~ Dry }teight (tlricd at 900(1 for 24 II.).

Table 4. Grncrntrrztioru of ZIOp~ and ~ze~a jn caribou bone collected before ~9.51

—

Sample Date
number Location collected collected Age Bone type ~l~Pb( pCi/g)* *z8Ra( PCi/g)

Oc-ol Lonqhcad Island 8-16 ,idult Metatarsal 15.4 + 0.2
77”20’X, 105” IV

0.21 + 0.01

C)C-02 Ellcsmcre Islaml 3-35 ~idul t Occipital 8.08 * 0.13 0.25 + 0.01
7i)03’.S. 85°\$’

0003 Tcslin Dist., I’llkon Tcrr. 11-12 .Idult kfanible 5.4+0.17 0.24 + 0.01
tio’2’x, 1?2’.5O’IV

0(:-0 & X(t(illit,q Lake, llafIln]and 8_~5 Fa~vn Ulna 1.51 + 0.08 0.065 + 0.006
W26’X, 71’\\’

0(:-05 Xcar (lcorqc 1<., Quebec 9-49 l:a~vn Scapula 2.08 + 0.12 0.11 +- 0.01
“. 53’’; 0’>-, 66 12’\\’

.“-. ‘,. . . . . ,.. . * ~~ctivilv ~orlcctcd t{>date of collection and the ‘2eRa contribution subtracted.,,”~.

., ,,,
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7>zMr5. .t <oIn/mrisonof the ‘lOPb contrnt in old and recent cmilmji LIOIICS

.—

(bncc]ltmtion in r(ccnt f 1!)65-19(;6) Collccutrati On in prc-l!lb I c2ril]o(l bones

Latitude clrilmu Ilonrs ( p(. i ~]ol’b~,;)’(;’ frrun T:li)k 4 ( p( i 2101’b/gj

‘., .,. , .
., ,

,,

.:~(j’~ Ranqc: 2. l--.(i(i ( 1 }) 2.1 (fl!\n)

llr’an: 3.1 ! 0.1
600--65’s Ran:c: 2. 1-7..5 (26) 5. i

lIcan: 4,5 .~ 0, 1
.,~~-x Ranqe: 4.!)-13.1 (15) 15,!. 8.1

Nlcall: 7.G -- 0,6 1.5 (lil\\ll)

Note: (a) The number of caribou arc ~ivcn in parcnl}]mcs
(b) The uncertainties me Ll]c sta~]rfard deviations of the mean.

‘Ile next step in the arctic food chain is

caribou, which sllorrld also reflect higher levels
of 210Pb after 1951 il’ nttclcar testing contributed
substantially to the 210Pb lCVCIS in the arctic
environment. ‘1’hc ‘l”Pb rcstrlts for the prc- 1951

caribou bone samples ,givcn in ‘~able 4 are
compared in “1’able 5 to adult caril}ou bone
samples which ~vcre collcctcd during 1965-
1966.(6) Due to a possible increase in the ‘l”Pb
bone concentration widl incrcasilyg Iatittrde,(’)
the results in Table 5 are arranged in three
groups according to latitrrrlc. Except fi]r sample
OC-05, a falvn, the results of tllc pre-1951
samples are within the range of values rcpurtcd
for the rcccnt samples.

AS it has been rcportcrl that the 210Pb skeletal

burden of fa~vns is only about one-half that
found in the skelctou of the adult,(~) the two

9 samples from fawns, OC-04 and 0(2-05, are

undoubtedly low mlativc to adult caribou from
the same areas. .4s in the case for lichen samples,
there does not appear to be any substantial
increase in the ‘l”Pb skeletal btrrdcn of caribou

following the advent of nuclear testing in the
arctic. consequently, it seems unlikely that

arctic testing of nuclear weapons has had any
significant effect on the amount of ‘l”Pb in the
arctic ecosystem.

SUMMARY

.41though there were relatively few tissue
samples avaiiablc for study, the results indicate

“.
..-. that caribou or reindeer meat is the principal

,<‘.,., ,.. . . source of210Po for Alaskan residents, and that, in
., ’..

+..
! ,,

general, the intake of 210Pb and 210P0 by inhal-
ation is about the same as in the cmrterminous
United States. In addition, it was illustrated in

* .

tllc case of these subjects that corrsun]crs of
caribou ]ncat nlay ingest Iargc quantities of
‘I”l’o unsupported by its parcrlt, 210Pb. ‘l’his
prod{lccs nigh 21[)P0 body buudcll~ only as long as
tile subject continues to cat ca[ibou or reildcer
rnc~t, au(l ~vhcn the rncat is cli-llinltcd fro]n the
diet the ‘l”l’o will be cxcrctrxl ~vidlirl a relatively
short period and the body burden will approach
that of all unrxposcrl pcrsou.

‘1’hc 210Pb conccntrtitions in lichen and

caribou bone samples COIICCLCLIMhrc 1951 were
comparable to conccntrati(jus irl similar samples
rcccntly cullectcd. ‘1’lw data tcutl to discount

the importance ofrluclrar tcstiug in the arctic as
a significant source of 2101’b.

ilck~~ouledgc)~zcnt—c~heauthors thank P1rr~rrJ.vrrmv,
.Naskan ~-aLivc Xlcdiml (kmtrr-, ,b]chora~e and
D. J. JVEIDIJZ, /\lmkm Saiive IIospit~l, KoLzcbuc,

for suppl} ing the tissue saroplcs; ~lASON HALE,

Smithsonian Institution, \VashinSton, D. C., for the
pre-1 951 Iichcn samples; P. M. YOUNC2MAN, National
Museum of Canada, Ottawa, for the prc- 1951
caribou samples; and B. KAIIN, ot’ this laboratory, for
helpfd suggestions during the preparation of this
paper.
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