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Abstract-Concentrations of 210Pb and 210Po in tissues of ,\bskans who t'at caribou meat are 
compared with the concentrations in tissues of individuals" hose diets do not include this meat. 
The levels of 210Po were significantly higher in those individuals who had eaten caribou meat a 
short time before death; however, only small diffcrenc"s were observed in the 210l'b levels 
between the two groups. 

The concentrations of 2topb and 2101'0 in lichen and in caribou bone samples which were 
collected prior to the advent of nuclear testing in the arctic were not found to differ significantry 
from the concentrations in similar samples recentlv collected. These l'l'sults indicate that 
nuclear fallout has not significantly increased the 210Pb levels in the arctic environment. 

INTRODUCTION 

ELEVATED levels of the fission products 90Sr and 
137Cs exist in certain Alaskan populations that 
include caribou meat as a portion of their 
diet. <1-5> These radionuclides enter the arctic 
ecosystem as fallout from nuclear detonations 
and are accumulated by lichens which are 
consumed in la1·ge quantities by caribou and 
reindeer.<2· 4> In addition to 90Sr and 137Cs, 
210pb and 210po 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 210Po have been 
observed. <s-9> 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 210Po. 
The latter, being an alpha emitter,is particularly 
hazardous in high concentrations with respect to 
internal radiation exposure. no> 

The body burden of 137Cs has been measured 
extensively throughout the caribou eating popu­
lations of Alaksa by whole-body counting tech­
niques employing gamma-spectrometry. <3- 5.ul 
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The measurement of the body burden of 210Pb 
and 210Po in this population, however, is 
considerably more dilf1cult. lVIcasuremcnts 
must be conducted on autop:,y tissue by radio­
che:nical techniques. The dillicult task of 
obtaining appropriate specimens is reflected in 
the scarcity of reported mcarnremenh. HrLL 

has reported the 210 Po concentrations in 1 g 
samples of human placenta,< 12> and the 210 Pb 
content of 3 bone samples from northern 
Canada. <s> In addition, HoLTZ~L\"1 has reported 
concentrations of 210Pb and 210Po in 3 placenta 
and l blood sample from subjects residing near 
Barrow, Alaska.<;> 

As a result of the absence of 21°1'0 and 210Pb 
measm·ements in tissues from the Alaskan 
Eskimo, it has been possible only to compute an 
approximate body burden of these nuclides from 
either the analyses of caribou meat with an 
estimated intake or from urine analyses. From 
the latter, BEASLEY and PAU!ER have estimated 
that the average 210Po body burden of people 
living at Anaktuvuk Pass, Alaska is 3.5 nCi. <9> 

It has been generally accepted that the source 
of the 2 toPb i11 the arctic ccosystell1, as in other 
regions, is from the decay of atrno:;phcric 
222Rn. <5- 9> Lead atoms so formed return to the 
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earth's surface primarily in rainfall and arc 
continually accurnulatf'd by the slow growing, 
long li\'ing arctic liclwn. Dming this timf'. 
21°1'0 grows into near 1·aclioactiv<' r·rp1ilib1·i11rn 
\\·i 1 h the 210 l'b. It h<l' I lt'cn suggestccl, hm\T\Tr. 
that a major fraction of' the 210 Ph deposited in 
nTent )Tars was prodttced in atmospheric 
m1clcar detonations i>y the reaction 208 l'b(2n,)') 
210l'b. (!4) 

The purpose of this study was to investigate 
the increased tissue lcn·ls of 210 Pb and 210 Po 
associated \1 itl1 the coJtsumption of caribou 
meat. In addition, to asn~rtain the significance 
of atmospheric nuclear detonations as a source 
of' 210 Pb in tJw ;1 retie, the !'OllCCntration of 210 Pb 
in recently collected lidwn and caribou hone 
was cornpan"d \\ ith the concentration in similar 
samples colkctf'd lwfore l 'l:> l. Radium-22() was 
ah> measured in these older samples so that thf' 
210 l'b cnncf'ntrations could lie corrected for 
ingrowth. 

EXPERl:\1 E~TAL 

The analytical proced1n·f' ernployed for the 
determination of 2 wp1i and 2 lf>Po has been de­
scribed pt'C\'irrnsly. (1.;. l<» The samples were \\'Ct 
ashed in nitric ;1cid and 7'2 "~ perchloric acid 
and the 210 Po \\as dt'Jl'"itC'd on a '2-in. silver 
disc from a O.:i Y IIC :1 soli11ion containing 200 
mg of ascorbic acid at l\.'"i"( :. The ~ 10 l'Ji present 
\\·as calculat('cl from the ~ 111 1'0 ingrowth, which 
\Ll' rnca sured liy rq w;11 i ng I he ~ 10 l'o deposition 
on another -,il\'IT di,,· :l ~ months after the 
ini1i:1l dcp"sition. The alpha activity of the 

210 Po deposited on the disc was measured in a 
low-background (0.5-0.U counts/hr) ZnS(Ag) 
scintillation counter. The initial 210Po values 
obtained were corrected for decay and ingrowth 
from tli'e 2LOp!J Lo obtain the concentration at the 
t imc of death. 

Any 11111sclc attached to the bone was re­
moved and the bones were fat extracted in 
anhydrous Lenzcne. Defatting the bones was 
performed in order to give a more reproducible 
bone sample weight,<L 7l and it was determined 
that neither 210 Pb nor 210Po was removed during 
the extraction. The average ratio of dcfat 
weight/fresh weight was 0.46 ± O.OB (S.D.) for 
30 rib samples. 

The 22 tiRa content was measured by the 
radon emanation method. tis.i 9> In each case, 
the 226Ra content was measured in the same 
salllplc used for the 210Pb analysis. 

RES UL TS AND DISCUSSION 

l luman tissurs 

In Table l arc listed the data for the Alaskan 
subjects from which tissue samples were ob­
tained for analysis. The subjects arc listed in 
the order of increasing caribou consumption, 
and the table includes the age, sex, residence and 
a brief statement on the frequency with which 
caribou was eaten. Although it would be more 
desirable to ha\'c knowledge of exact quantities 
of' caribou or reindeer consumed, such data was 
not available. 

Listed in Table 2 are the concentrations of 
210Po and 210Pb measured in the various tissues. 

Table 1. Human sample data 

Subject 
number 

1 
2 
3 

4 
5 

6 
7 
8 

.\gc 

() 

15 
40 

78 
65 

25 
55 
77 

S"x 

l' 
.'.\ r 
F 

.'.\[ 

.'.\I 

F 
M 
1\1 

.\laskan 
residence 

Platinum 
Anchorage 
Point Barrow 

and ,\nchorage 
Eagle 
;\kiak 

(n<"ar Bethel) 
Anchorage 
Kivalina 
Koyuk 

!:t;! :e•t: :t *# 

Caribou in diet 

l'\one 
None 

Ate caribou meat regularly at Barrow, but had lived in 
Anchorage the last three years where she ate none 

Ate caribou meat occasionally 
A few times a year 

Ate caribou meat once or twice a month 
Caribou meat was main diet in winter-fish in summer 
A steady diet of reindeer meat, but ate none during 

terminal illness of 3 months 

ct• :; : ::: ·$* 
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Subject 

2 
4 
5 
6 
8 

2 
'.l 
+ 
5(C) 
6 
7 
8 

l 
2 
3 
4 
5 
6 
7 

'.:'.Iupo 

lpCi.kf!. 

l!.'J ll.l 
4.5 0.) -
') 0 
...... \J .. U.:! 
3.:) ·- 0.2 
2:2 I 
9--·' I 

12.l .. 0.5 
13.6 = 0.4 
11.7 -':: 0.7 

22 __ I 
28 _I 
39 _ I 

188 _j_ 2 
249 ± 5 

10.2 -- 0.5 -
15.8 0.5 -
5.8 0.7 -
20 -- I --
-!9 = I 
51 _j_ 2 

166 _.'._ 4 -

21\fPb 

pc·;,'k! 

Lung 

1.2 0.1 
5.i (U 

3.5 - (U --
3.8 -- 0.4 --
7.0 0.7 -

10.3 .. 0.7 

Liver 

'l.8 = 0.8 
15 - 0.1 

4.+ .. 0.5 
9.0 ·= 0.5 
I+ = I 
12 =I 
28 _I 
3 I -= I 

Ki<lnn· 

5.9 ... O.'J -
4.1 0.4 -
3.0 .. 0.5 
H .. 0.6 

9 - I 
IO I -
30 -- 2 -

2101'0;21op1i Subject 
21op0 

(pCi.
1

k~) 

U.iJ - O.l 
0.9 - U.I 
0.8 - 0.1 
0.9 -- 0.1 -
3.1 - U.3 
2.1 0.2 

1.2 U. I 
0.92 = 0.0+ 

2.7 0.3 
2.4 0.2 
2.0 ::':: U.2 
3.+ ± 0.3 
6.7 = 0.3 
8.0 - 0.3 

3.U ..= l!.4 
•) 1.8 0.:! 

3 I. I = 0.3 
·l 3.3 .. o.s 
5 1.2 .. 0.2 

6.l = 0.3 

') 

8 

10.G 0.7 

l.3 ::c U.2 
3.9 = 0.2 
2.G __ U.3 
7.1 = 0.5 
5.6 -·- lH 

14.0 - 0.7 
36 -· I 

21011i, 

Ip( .i,il~e:/ 

,\ ('-"Cle 

:!.I = lU 
1.5 -= 0.3 
1.3 -· 0.3 --
1 -•• I 0.3 --
3.4 0.:) 
')" 0.3 --
5.0 (J..I 

I.I -= U.2 
·!.'.! 0.3 
1.5 =- 0.3 
3.1 =· 0.2 
7.6 ... 0.7 
7.·l - 0.6 
23 -'- I 

(;011acb 
---- .. ~----

I. 7 -- 0.3 1-0 JO 3 5 
3.9 _j_ O.·l 2-T 6.8 0.6 4.7 0.-! .. 

1.9 --- 0.-! .J-T 7.3 1.0 2.1 -- O . .J 
4.6 _j_ 0.7 5-T 12 I 3.3 O.G --

5.8 _;_ 0.7 6-0 37 .. 
,, 

9 I -
5.2 0.6 
5.5 - 0.4 Th\Toid 
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-------
1.4 .. U.3 
1.2 - 0.3 ... 

(1.'l 0.2 
!.~! ·•· 0.4 --

0.~1~ -- 0.07 -
2.B O.J 
2.1 0.:.' 

1.2 . 0 •) 

0.93 = 0.08 
1.7 - 0.4 
2.3 ::':: 0.2 

0.7t - 0.08 
1.9 - 0.2 
1.6 - 0.1 

--------
1.9 0.5 
IA 0.2 -
3.5 0.8 -
3.6 - 0.7 
4.1 ± 0.7 

8 213 6 3+ 2 6.3 0.3 
------ ---------

... - -·- 7 li I I. I () n - - -· - ..) 

.) 2.6 O.t l.:i 0" 1.7 ± 0.5 = - . .) 

Small intestine Rib 

3 1.6 :::'.: 0.3 1.6 ='= o.+ 1.0 ± 0.3 58 ± 5 62 - 5 0.9+ ± 0.11 
4 3.6 :::':: 0.3 1.2 :':: 0.2 3.0 ::':: 0.6 2 115 :::':: 6 129 :::':: 7 0.89 ± 0.07 
5 4.6 :::':: 0.4 3.2 ::':: 0.4 1.4 ± 0.2 3 85 ± 10 73 ::'.: 12 1.2 ± 0.2 
6 12.1 ± 0.8 5.5 :::':: 0.7 2.2 ::j: 0.3 4 107 ± 9 133 :::!-: 13 0.81 ± 0.10 
8 53 ±4 14.1 ± 0.7 3.8 ± 0.3 5 160 ± 7 238 :.:: 12 0.67 ± 0.04 

6 107 ± 9 169 :':: 17 0.63 ::'.:: 0.08 
8 137 ± 7 182 :::':: 6 0.75 ± 0.04 

Blood 

I 1.6 :::':: 0.2 2.B :::':: O.+ 0.6 _:: 0.1 
3 0.24- :::: 0.0-t 1.2 :.::: 0.2 0.20 ± 0.05 
4 0.32 :::':: 0.05 0.8 ::'.: 0.1 0.40 ± 0.09 
6 1.8 = 0.1 2.1 :::':: 0.3 0.9 ± 0.1 

C-Carcinoma present; 0--0vary; T-testis. 
Errors are one standard deviation counting error. 

( 
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The order of listing is the same as that used in 
Talile l ; ]own lo higher caribou consumption. 
The concentrations arc based upon fresh weight 
for the soft t is'ltC and de fat weight for I he r·ib 
samples. The 1mccrtainties shown arc for a one 
standanl de·\ ial ion counting <Tror. 

The va]ut's ohscrn:d in the salllpks from the 
Alaskan sulijcct-.;, # 1 and #2, whn had ('a ten no 
carilio11 rnc;tt arc within the norlllal range of 
val11cs reported for U!l('Xjlm('d popul.tt ions. t H.211.211 

The lower lung and rib kvds reported for· # l 
arc probably due to her young age, Ii yr. l lcnce, 
if these two sets of ti,s1u·s mav lw a."trnwd 
typical, then tlie ~ 10 1'1> -~ 10 l'o liody lnmlcn 
of an Alaskan \dime diet doc·-, not i 11d 11dc 

caribou or reindeer nwat is similar t11 tliat of 
individual:; residing in the conln 111i11ous U nitnl 
States. 

The 210 Pb and 2101'0 tiss11c cnnccnlralions of 
subject #:l, \1ho ale carihnu llll'at while in 
Barrow but none during the last :l yr while 
living in Anchorage, arc somewhat less but not 
significantly diffl'rl'nt from those of unexposed 
U.S. rcsi<lcnts.' 211 ·21 ) As Ihu, has reported high 
210PIJ levels in :l human Gone samples from 
northern Canada, rs> and considering the 2·lll0-
day half-lite or WlPb in the skcleton,a:J) it was 
somewhat surprising, if the dietary information is 
correct, that the bone level in this case is not 
higher than that observed. S11lijt·cts #'~and #5, 
who occasionally included caribou meat in their 
diet, contained significantly higher concen­
trations of 2 l 0 l'o in the kidney and liver samples 
and pos,ilily in tlw testes of the latter. The 
concentration of 2 10l'b in the rib sample of #:'i 
is high with respect to the other rib samples 
rncasu1Td; hm1-cver, it docs fall within the 
conccnlratio11 range reported by I IoLTZ:VL\N for 
an unexposed population. 121 ) 

The rcsulis :.hm1cd significantly higher levels 
of 210Po in the soft tissues of subjects considered 
to be caribou or rcinckrr meat caters. The 
concentration or 2l0Po in tissues of subjects #6, 
#7 and #:l were about +, 14 and IB times, 
rcspcctivc!y, the vabtc·s reported for tissues of 
an 1mcxpn,cd population. (H.w. 21 ) Smoking data 
arc not availalilc for these ,\laskans; however, 
their 2101'0 lung concentrations arc signilicantly 
higher than olJscrvcd even in the lung of 
cigarette srnokers. 12J· 22l The results in Table 2 
also show, except for born., a general increase 

in the 210Po concentration with consumption of 
caribou or reindeer meat. 

Subject #7 ate caribou regularly in winter, 
and, as he died on December 19, had included 
caribou meat in his diet for 3-4 months prior to 
death. Subject #6 included caribou meat in her 
diet a few timPs each month, while #8 ate 
reindeer regularly until 3 months prior to his 
death, dming which time he had eaten none. 
It i> quite interesting that although these three 
subj(-cts had elevated 210Po soft tissue levels, 
their 211>pJi bone concentrations do not show a 
proportional increase, and fall within the range 
1rportcd liy HoLTZMAN for concentrations 
olJscrvecl iu human bone samples of residents of 
the conterminous United States. c21 > It has been 
reported that although caribou bones, liver and 
kidney contain high concentrations of 210Pb,< 8> 

the concentration in the meat is low, :J-16 pCi/ 
kg, ts) and not much diffrrcnt from that observed 
for beef in the conterminous U nitecl Statcs.<211 

Consequently, unless the subject had consumed 
an extract of the caribou bone or a soft tissue 
which concentrates 210Pb, as liver or kidney, the 
2lOP!J skeletal burden would probably not be 
expected to be much higher than for individuals 
who consumed no caribou meat. 

The 2l0Po/210Pb activity ratio exceeds one and 
is generally much greater in soft tissues of the 
subjects who ate caribou or reindeer meat. 
Similar results were recently reported by 
KAuRANEN and i\hETTINEN for reindeer breeders 
living in Lapland.<23 l These high activity ratios 
arc especially significant in the case of the lung 
for which activity ratios of less than one are 
usually observed. !2al Since the ground-level air 
concentration of 210Pb is about 10 times greater 
than 210Po, 12 ·il these results suggest exposure by 
a route other than inhalation and by a source 
containing 210Po in excess of 210Pb. These 
observations support the conclusion that caribou 
or reindeer meat is the principal source of 210Po 
for this population. 

When large quantities of210Pb are ingested, it 
is concentrated in the skeleton with an effective 
half-life of about 2400 days.<23 l During this 
time, the 210Po grows into near radioactive 
equiliorium with the 210Pb and serves as a 
reservoir for other body compartments. l25l 
That is, some 210Po is translocated from the 
skeleton to other body tissues which sustains the 
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210Po in the tissues for much longer times than is 
reflected by the effective half-life of the particu­
lar organ. In the case of the caribou meat caters 
as observed here, only 210 Po was ingested in 
larger than "normal" amounts. Consequently, 
there is no skeletal reservoir of 210Po supported 
by 210Pb, and once the subject ceases to cat 
caribou or reindeer, the excess 210Po is excreted 
quite rapidly from the soft tissues of the body. 
For example, the ICRP lists the effective half. 
lives of 210Po in liver, kidney and spleen as 32, 
46 and 42 days, rcspecti\-cly03l This probably 
explains why the body burden appears "normal'' 
for subject #3 who ate caribou regularly while 
residing at llarrow, but not while residing in 
Anchorage during the three years prccedinu; 
death. Except for the concentrations in the 
kidney and liver which appear to be significantly 
higher than normal, the same reasoning can 
explain the apparent "normal" 2101'0 concen­
trations in tissues of subjects #-! and #5. la 
addition, the 210Po tissue concentration of 
subject #B who ate reindeer regularly until 
three months before his death was undoubtedly 
much higher while eating caribou than was 
observed at the time of his death. 

The bodv burden of 210Po was estimated for 
subject #U by summing the products of the 
concentration observed in each tissue multiplied 
by the tissue mass, based on the 70 kg "standard 
man". 0 3l On this basis, approximately GO/~ of 
the total body mass was analyzed. The con­
centration in the remaining 40 /~ was assumed 
equal to that in muscle. The 210Po body burden 
of this subject, so calculated, was estimated at 
death to be 1. 7 nCi. Taking / 0 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, I. 7 nCi, is 
about one-half the maximum burden if the 
spleen is assumed the critical organ. n3l 

If it is assumed that the 210Po is distributed 
uniformly within the organ and if 10 is used as 
the RBE for 210Po alpha particles, then the dose 
rate in mrem/year is numerically equivalent to 
the concentration of210Po in the units ofpCi/kg 
of tissue. Consequently, the dose rates delivered 
by 21opo to these tissues may be read directly 
from Table 2. The soft tissues which contain 
the higher levels, kidney and liver, are exposed 

to only a few lnmdreJ mrcm/year. Although 
these dose rates may he smaller than previomh· 
estimated for those eating caribou meat, it 
should be rerncmbned l h~tt, except for # 7, the 
subjects available for thi, imTstig,ttion were not 
eating caibou or reindeer meat on a daily basis 
at the timc of their death. :\'>surlliau; the 
effective hal!~lile of 2wpo in the lin:r and kidney 
as 32 days and 4fi days, respcctivclv, the con­
cc11tration of 210 1'0 in these two ti-;sucs of subject 
#B three months prior to this death when he 
is rcponed to have stopperl eating caribuu 
meat was about l 730 pCi/kg and IHO pCi/kg, 
respectively. This corresponds to a d<he 
rate of about two and 1 rem/yr, respec­
tively, if the assumptions mcmioncd above are 
correct. 

In making the above extrapolation to estimate 
the tissue concentration 3 months prior to death, 
it was assumed that the metabolism during the 
terminal 3 months of illness was normal, the diet 
during this interval contained no food with 
abnormally high levels of 2 wPo, and that the 
biological parameters given by ICRP for 21opo 
are accurate. The first assumption mav nr1t be 
true and the 210 1'0 excretion rate may have been 
different than that of a healthy person. It is, 
however, unlikely that thi, individual consumed 
food during hospitaliLation which contained 
high conccntratiom of 2 t0 l'o, and the ICRP 
values, although possibly requiring some revision, 
are the best presently available. Consequently, 
the person who consumes caribou meat daily 
will probably receive larger dose rates from the 
210po during the time of ingestion than is in­
dicated by the results shown in Table 2. Tissue 
levels for such individuals would be extremely 
valuable; however, autopsies arc rarely per­
formed on subjects of this population, and to 
obtain autopsy tissue samples will be extremely 
difficult. 

Lichens and caribou 

In order to determine if thermonuclear 
explosions in the arctic contributed significantly 
to the 210Pb levels in the arctic ecosystem, 
samples oflichcn and caribou (Rangiftr turaru!us) 
bones which had been collected before the 
advent of nuclear testing in the arctic ( 195 l), 
were analyzed for 210Pb and 226Ra. The collec­
tion data and analytical results for the lichen 
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samples ami , ;u 1 J•>II hones arc given in Tables 
3 and 'L n·sr•1:i·ti\ ·h-. l'l1c 210Pbrcs11Jtshavc been 
corrected f;,r 1 .«li<>acti\T decay to r·cflcct the 
conccntrali<•ns :\t tl1c ti111e of collection and the 
210Pb, contnlrn1, r[ IJy tile 22 GRa since the time of 
collection. Ii.is I;, ·n suhtrar:ted. 

The 210Pb !1·\, J, in 14 AJa,kan lichen samples 
collected ov<'r 1 Ii,. last :: yr have been rcport­
ed.<7·9·2"' '1 hes<' ;aricd frmn 3.4,J. to 69 pCi/g 
dry weight \1i1 Ii an avrra£;c of I '.l ± 8 pCi/g 

(S.D.). The data in Table 4 indicate that lichens 
collected prior to 1951 had 210Pb concentrations 
ranging from 3.41 to 34.5 pCi/g dry weight with 
an average of 16 ± 12 pCi/g (S.D.). Thus, there 
was no apparent increase in 210Pb concentration 
due to nuclear testing activities. Further, the 
range of values (9.68-39.5 pCi/g) for lichen 
samples collected at Anaktuvuk Pass in 1949 
bracket the 14.9 pCi/g recently reported from 
the same area. t 9l 

Tab/, ::. Co11rmlllllio11s of"' 0Pb and '"Ra in Alaskan lichen samples collected before 1951 

Date 
Sample Location collected 210Pb, *pCifgt ... Ra, pCi/gt 

C!'traria i.1lm11/i1<1 Point Darrow 19-rn 17.3 ± 0.2 0.050 ± 0.011 
71° J<J':\T, 56°40'\V 

Cetraria rirharr!rnnii Point Harrow 1948 12.2 ± 0.1 0.045 ± 0.010 
71' I 9'N, 56°·!0'\V 

Alectorirz 11itirl11li1 :\naktuvuk Pass 1919 35.0 :'.:: 0.2 0.0·13 ± 0.010 
+Clrzrfinia sp. 6ll0 IO'N, 51°51-'W 

S/1!wrro/1homs globo.ll/\ . \naktuvuk !'ass 1949 9.68 ± 0.12 0.125 ± 0.009 
6B'IO':\T, 51°51-'W 

Parmdi11 omphrzlodtJ .\naktuvuk Pass 1949 39.5 ± 0.2 0.028 ± 0.004-
GB 0 IO'N, 51''5!'\V 

Cetraria dcli.1ti \\'ain\\ right 1919 12.2 ± 0.1 0.03). ± 0.011 
70 '.l'l'N, Hi0°\V 

C!adonill sulmlrztr1 Cape Some 1923 7.30 ± 0.10 0.122 ± 0.008 
I)! :.>B':\', 165°\V 

Clarfonirz 1111ciali.< '\oon·ik-on Kobuk Ri\'l'r 1923 3.41 ± 0.06 0.032 ± 0.006 
G6 'ttJ'N, 161°Ci'W 

Cladonia ce11olca ( :ap<' :'\ome 1923 6.2 ± 0.10 0.031 ± 0.006 
fi1°28'I'\-. 165°\\' 

* :\ctivity corrected to date of collection and the ""Ra contribution subtracted. 
t Dry weight (dried at 90°C for 2·1 hr). 

Trzble 4. Concnzlrations of"0Pb and ""Ra in caribou bone collected be.fore 1951 

Sample Date 
number Location collected collected Age Bone type 210Pb( pCi/g)* mRa( pCi/g) 

OC-01 Longhcad Island 8-16 Adult l\1etatarsal 15.4 ± 0.2 0.21 ± 0.01 
77°20'0:, 105°\V 

OC-02 Ellesmere Islam! 3-35 Adult Occipital 8.08 ± 0.13 0.25 ± 0.01 
713°'.l'.\, H5°\V 

OC-03 Tcslin Dist., Yukon Terr. 11-12 Adult Manible 5.4 ± 0.17 0.24 ± 0.01 
(j()'2'.\, 132°50'\\' 

OC-01 :\"cuillinr; Lak<'. Haffinland 8-25 Fawn Ulna 1.51 ± 0.08 0.065 ± 0.006 
61) ':.!()''\, 71°\\' 

OC-05 '\car (;cnrgc R., Quebec 9-49 Fawn Scapula 2.08 ± 0.12 0.11 ± 0.01 
ST'JO':'\, 66 12'\\' 

*Activity corrected to date of collection and the "'Ra contribution subtracted. 

:p: !! :: :: t 
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Table 5. A tom/Hirison of the 210Pb contrnl in old arul recent caribou bones 

Latitude 
Conccutr:ttion in recent !l '165-1 'lGG) 

caribou bone' ( pCi ~lOl'bf'.;)";, 
Concentration in pre-I 'Vi I caribou bones 

from Table ·l ( p( :i 21opb/g) 

60°--65".'\ 

Range: 2.1--5.ti (U) 
.\lean: 3. I ' OA 
Ran.r:c: 2.1-7.5 (26) 
.\kan: 4.5 _'- 0. l 
Range: 4.'l-13.1 (15) 
l\lean: 7.G - O.G 

2. I (fawn) 

5. l 

15.L fl.! 
1.5 (fa\rn) 

----------- ---~--

Kotc: (a) The number of caribou arc given in parentheses 
(b) The uncertainties arc the standard deviations of the mean. 

The next step in the arctic food chain is 
caribou, which should also reflect higher levels 
oP10Pb after 1951 if nuclear testing contributed 
substantially to the 210Pb levels in the arctic 
environment. The 210Pb results for the prc-195 l 
caribou bone samples given in Table 4 are 
compared in Table 5 to adult carihou bone 
samples which were collected during l 'J(<i-
1966. <6 l Due to a possible increase in the 210 Pb 
bone concentration with increasing latitude,<Gl 
the results in Table 5 are arranged in three 
groups according to latitude. Except for sample 
OC-05, a fawn, the results of the prc-1951 
samples arc within the range of values reported 
for the recent samples. 

As it has been reported that the 2 l0Pb skeletal 
burden or fawns is onlv about one-half that 
found in the skeleton of the adult,!6> the two 
samples from fawns, OC-04 and OC-05, are 
undoubtedly low relative to adult caribou from 
the same areas. As in the case for lichen samples, 
there docs not appear to be any substantial 
increase in the 210 Pb skeletal burden 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 2toPb in the 
arctic ecosystem. 

SUMMARY 

Although there were relatively few tissue 
samples available 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 210Po by inhal­
ation is about the same as in the conterminous 
United States. In addition, it was illustrated in 

the case of these subjects that consumers of 
caribou meat may ingest large quantities of 
210 Po unsupported by its parent, 2 l0 Pb. This 
produces high 2lDPo hody burdens only as long as 
the subject continues to cat caribou or reindeer 
meat, and when the meat is di·uinated from the 
diet the 2101'0 will be excreted within a rcbtivcly 
short period and the body burden will approach 
that or an unexposed person. 

The 210 Pb concentrations in lichen and 
caribou bone samples collected before 1951 were 
comparable to concentrations in similar samples 
recently collected. The data tend to discount 
the importance of nuclear testing in the arctic as 
a significant source of 210l'b. 
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