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Abstract—Concentrations of *!°Pb and 2!9Po in tissues of Alaskans who eat caribou meat are
compared with the concentrations in tissues of individuals whose diets do not include this meat.
The fevels of 2!°Po were significantly higher in those individuals who had caten caribou meat a
short time before death; however, only small differences were observed in the #!°Pb levels

between the two groups.
The concentrations of 249Pb and #!°Po in lichen and in caribou bonesamples which were

collected prior to the adventofnucleartesting in the arctic were not found todifier significanthy
from the concentrations in similar samples recently collected. These results indicate that

nuclear fallout has not significantly increased the #°Pb levels in the arctic environment.

INTRODUCTION

ELEVATEDlevels of the fission products Sr and
137C's exist in certain Alaskan populations that
include caribou meat as a portion of their
diet."-5) These radionuclides enter the arctic
ecosystem as fallout from nuclear detonations
and are accumulated by lichens which are
consuined in large quantities by caribou and
reindeer.’) In addition to Sr and #7Cs,
210Pb and #!°Po 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 *4°Po have been
observed.{@-® For this reason, it has been
suggested that populations who consume a
regular diet of caribou or reindeer meat mayalso
have high body burdens of #°Pb and *°Po,
The latter, being an alpha emitter, is particularly
hazardous in high concentrations with respect to
internal radiation exposure,9
The body burdenof ’Cs has been measured

extensively throughout the caribou eating popu-
lations of Alaksa by whole-body counting tech-

niques employing gamma-spectrometry.S52)
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The measurement of the body burden of #4°Pb
and *°Po in this population, however, is
considerably more dilficult. Measurements
must be conducted on autopsy tissue by radio-
chernical techniques. ‘The diilicult task of
obtaining appropriate specimens is reflected in
the scarcity of reported measurements. HILi
has reported the 7!Po concentrations in 18
samples of human placenta,“and the 2!’Pb
content of 3 bone samples from northern

Canada. [In addition, Ho-rzman has reporied
concentrations of 48Pb and 7!Po in 3 placenta
and | blood sample from subjects residing near
Barrow, Alaska.”
As a result of the absence of“Po and #!°Pb

measurements im tissues from the Alaskan
Eskimo, it has been possible only to compute an
approximate body burdenof these nuclides from
either the analyses of caribou meat with an
estimated intake or from urine analyses. From
the latter, BEASLEY and PaLMrrhave estimated

that the average *4°Po body burden ofpeople
living at «Anaktuvuk Pass, Alaska is 3.5 n€i.

It has been generally accepted that the source

of the ?!°Pb in the arctic ecosystem, as in other
regions, is from the decay of atmospheric

222n.'8-9) Lead atoms so formed return to the
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‘of 29Ph in the arctic, the concentration of

 

earth's surface primarily in rainfall and are
continually accumulated by the slow growing,
long jiving arctic lichen. During this time,

“Po eraws inte near racdinactive equilibrium

with the "Pb. It has been sugeested, however,

that a major fraction of the "Pb deposited in
recent years was produced in’ atmospheric
nuclear detonations by the reaction *°8Pb(2n,7)
210} (14a)

‘The purpose of this study was to investigate
the increased tissue levels of 7!9Pb and #!°Po
associated with the consumption of caribou
meat. In addition, to ascertain the significance

of atmospheric nuclear detonations as a source
2190p},

in recently collected lichen and caribou bone
was compared with the concentration in similar
samples collected before L951. Radium-226 was
also measured in these older samples so that the
29P1) concentrations could be corrected for
ingrowth.

EXPERIMENTAL

The analytical proceedure employed for the
determination of ?°Ph and 7!"Po lias been de-
scribed previously.4#!® “The samples were wet
ashed in nitric acid and 72°% perchloric acid
and the 2!©Po was deposited on a 2-in. silver
disc from a 0.5 V EEG] solution containing 200

me of ascorbie acid at 84°C. The 4°Pb present

was calculated from the 7!9Po ingrowth, which

was measured by repeating the *!’Po deposition
on another silver dise 3 & months after the

initial deposition. ‘The alpha activity of the
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210Po deposited on the disc was measured in a

low-background (0,5-0.8 counts/hr) ZnS(Ag)

scintillation counter. The initial ?!?Po values

obtained were corrected for decay and ingrowth

from the 2°Pb to obtain the concentration at the

time of death.

Any muscle attached to the bone was re-

moved and the bones were fat extracted in
anhydrous benzene. Defatting the bones was
perforined in order to give a more reproducible

bone sample weight,"” and it was determined
that neither 2!°Pb nor 2!°Po was removed during
the extraction. The average ratio of defat
weight/fresh weight was 0.46 + 0.08 (S.D.) for

30 rib sainples.
The “8Ra content was measured by the

radon emanation method."!81 In each case,

the 8Ra content was measured in the same
sample used for the 7!°Pb analysis.

RESULTS AND DISCUSSION

Thuaman ftssies

In Table | are listed the data for the Alaskan

subjects from which tissue samples were ob-
tained for analysis. The subjects are listed in
the order of increasing caribou consumption,
and the table includes the age, sex, residence and
a bricf statement on the frequency with which
caribou was eaten. Although it would be more

desirable to have knowledge of exact quantities
of caribou or reindeer consumed, such data was

not available.

Listed in Table 2 are the concentrations of

210Po and #°Pb measured in the various tissues.

Table 1. Human sample data
 

 

 

Subject daskan

number Age Sex residence Caribou in diet

l 6 } Planum None

2 15 MI Anchorage None
3 410 EF Point Barrow Ate caribou meat regularly at Barrow, but hadlived in

and .Anchorage Anchoragethe last three years where she ate none
4 78 MM Eagle ‘Ate caribou meat occasionally
5 65 NI Akiak A few times a year

(near Bethel)

6 25 F Anchorage Ate caribou meat once or twice a month
7 55 M Kivalina Caribou meat was main diet in winter—fish in summer
8 77 M Royuk A steady diet of rerndeer meat, but ate none during

terminal illness of 3 months
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Pudde 2. Concentrations af 2199 andPb in human tissuesfrom Alashu
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elu, 20Db “10P5 210p],

Subject (pCike, pC ike) 20Po/229Pb Subject (pCike} ‘pCike, CPO, “1ph

Lung Afuscle

] Uo WI 12 U1 U.S — 0.1 1 3.0 _- U4 2.) = U4 14 -- U3

2 4.5 - 0.3 5.1 - Ot 0.9 -- 0.1 2 18 - O02 1.5 ~ 0.3 1.2 + 0.3

4 2.8 U2 3.9 — Ot 0.8 = 0.1 3 1.1 — 0.3 1.3 = 0.5 G.9 - 0.2

5 3.5 - OP 3.8 -- 0.4 0.9 + 4.1 4 3.3 = 0.5 17 - 0.3 1.9 -- 0.4

6 | 7.0 +. 0.7 3.1 +4 0.3 5 1.2. 0.2 3.4 - 0.3 0.35 = 0.07

8 25-1 10.3 0.7 2ef = 0.2 7 6.1 =. 0.3 2.2 -. 0.3 2.8 — 04

8 10.60 - 0.7 5.0 - O4 2.1 0.2

Liver Spleen

12.1 - 0.5 96 - 0.8 lL - Gl 1 13 - Ov li -~ov 12. O2

2 13.6 ~— 0.4 15 - 0.1 0.92 - 0.04 2 3.9 -- 0.2 1.2 -— 0.3 0.93 -- 0.08

3 11.7 + 0.7 4.4 -- 0.5 2.7 =. 0.3 3 2.6 4.0.3 1.5 - 0.3 1.7 -- 0.4

+ 22 + ] 9.0 -- 0.5 Qt - 0.2 + 7.1 — 0.5 3.1 -- 0.2 2.5 = 0.2

5(€) 28 -- | 4 -- 1 2.0 + 0.2 5 5.6 —- U4 7.6 2 0.7 0.74 — 0.08

6 39 + 1 12 1 53.4 + 0.3 7 14.0 -- 0.7 7.4 + 0.6 1.9 = 0.2

7 188 + 2? °8 + 1 6.7 — 0.3 8 36 -- 1 23 + ] 1.6 -- 0.1

8 249 +5 31 - 1 8.0 + 0.3

Kidney Gonads

I 10.2 — 0.5 5.9 ~- 0.9 1.7 £ 0.3 1-O 10 . 3 5] 19 = 0.5

2 15.8 — 0.5 4.1 -- 0.4 3.9 + O44 2-1 6.8 - 0.6 4.7 -- 0.4 l4++40.2

3 5.8 = 0.7 3.0 =- 0.5 1.9 -- O+ 4-T 7.5 = 1.0 2] -- O.4 3.5 + 0.8

4 20 -- 1 4.4 +. 0.6 4.6 + 0.7 5-T 12. | 3.3 + 0.6 3.6 + 0.7

5 49 — | Gg | 5.8 — 0,7 6-O 37 - 2 9... | 4.1 + 0.7

6 51 4+? 10 —I 5.2 | 0.6

7 166 — 4 30 + 2 5.5 -=- 0.4 ‘Thyroid

8 213 -- 6 34 —~2 6.3 =: 0.3 Il 7- 7 “62 1, 1.1 + 60.3

3 2.6 — UO. 15 4+ 03 1.7 +0.5

Small intestine Rib

3 1.6 3. 0.3 16 + 0.4 1640.5 1 58 45 62 -- 5 0.94 + 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 +04 1.4 + 0.2 3 85 + 10 73 2. 12 1240.2

6 12.1 +08 5.5 = 0.7 2.2 + 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 17 182 —6 0.75 + 0.04

Blood

] 1.6 — 0.2 2.8 = 0.4 0.6 - 0.1

3 0,24 — 0.04 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; O—ovary; T—testis.
Errors are one standard deviation counting error.

 



 SIRIIEnOmee«-antesapereemnneell a

 

The order of listing is the same as that used in
Table 1; lower to higher caribou consumption.

‘The concentrations are based upon fresh weight
for the soft tissue and defat weight for the rib
samples. ‘The uncertainties shownare for a one
standard deviation counting error.

‘The values observed in the samples from the

Alaskan subjects, #1 and #2, who had caten no

caribou meat are within the nermal range of

valuesreportedfor unexposed populations, (8292)
Vhe lower lung and rib levels reported for #1

are probably dueto her young age, 6 yr. Hence,
if these two sets of tissues may be assumed

typical, then the "Ph !’Po body broaden
of an Alaskan whose dict does not inefude
caribou or remdeer meat is similar to Giat of

individuals residing in the conterminous United
States.
The 7Pb and 7!’Po tissue concentrations of

subject #3, who ate caribou meat while m

Barrow but none during the last 3 yr while

living in Anchorage, are somewhat less but not
significantly different from those of unexposed

USS. residents.@! 2) As Ilitn has reported high
40Pl) levels in 3 human bone samples from
northern Canada,"and considering the 2400-
day half-life of “°Pb in the skeleton,“it was
somewhat surprising, if the dietary information Is
correct, that the bone ievel im this case Is not

higher than that observed. Subjects #+ and #5,
who occasionally included caribou meat in their
diet, contained significantly higher concen-
trations of 7!°Po in the kidney and liver samples
and possibly in the testes of the fatter. The
concentration ofPhin the rib sample of #5
is high with respect to the other rib samples
measured: however, it cloes fall within the

concentration range reported by HourzMan for

an unexposed population.@”
The results showed significantly higherlevels

of 720Po in the soft tissues of subjects considered
to be caribou or reindecr meat eaters. Vhe
concentration ofPo in tissucs of subjects #6,
#i/7 and 48 were about 4, 14 and 18 times,

respectively, the values reported for tissues of
an unexposed population.'87920) Smoking data
are not available for these Alaskans; however,

their 7*Po lung concentrations are significantly
higher than observed even in the lung of
cigarette smokers." "The results in ‘Table 2
also show, except for bone, a general increase
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in the #°Po concentration with consumption of
caribou or reindeer meat.

Subject #7 ate caribou regularly in winter,

and, as he dicd on December 19, had included

caribott meat in his diet for 3-4 monthspriorto

death, Subject #6 included caribou meatin her
dict a few times each month, while #8 ate

reindcer regularly until 3 months prior to his
death, during which time he had eaten none.
It is quite interesting that although these three
subjects had clevated #!°Po soft tissue levels,
their 2"Pb bone concentrations do not show a
proportional increase, and fall within the range
reported by HorrzMaAn for concentrations
observed in human bone samples ofresidents of
the conterminous United States.2” It has been
reported that although caribou bones, liver and
kidney contain high concentrations of *!¢Pb,“
the concentration in the meatis low, 5-16 pCi/
kg,'® and not much different from that observed
for beef in the conterminous United States.
Consequently, unless the subject had consumed
an extract of the cartbou bone or a soft tissue
which concentrates #1°Pb, as liver or kidney, the
*0Pb skeletal burden would probably not be
expected to be muchhigher than for individuals
who consumed no caribou meat.
The *!°Po/*!Pb activity ratio exceeds one and

is generally much greater in soft tissues of the
subjects who ate caribou or reimdeer meat.
Sunilar results were recently reported by
KaurRAneN and Muirrtinen for reindeer breeders
living in Lapland.@ These high activity ratios
are especially significant in the case of the lung
for which activity ratios of less than one are
usually observed.@” Since the ground-level air
concentration of 7!°Pb is about 10 times greater
than #!0Po,'°these results suggest exposure by
a route other than inhalation and by a source
containing Po in excess of 7Pb,. These
observations support the conclusion that caribou
or reindeer meatis the principal source of 21°Po
for this population.

Whenlarge quantities of 2!°Pb are ingested,it
is concentrated in the skeleton with an effective
half-life of about 2400 days.@) During this
time, the *#°Po grows into near radioactive
equilibrium with the ?!9Pb and serves as a
reservoir for other body compartments.'?
‘That is, sorePo is translocated from the
skeleton to other body tissues which sustains the
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*10Po in the tissues for much longertimes thanis
reflected bythe effective half-life of the particu-
lar organ. Inthe case of the caribou meatcaters
as observed here, only *4°Po was ingested in
larger than “‘normal” amounts. Consequently,
there is no skeletal reservoir of “°Po supported
by %°Pb, and once the subject ceases to eat
caribou or reindeer, the excess 7!©Po is excreted

quite rapidiy froin the soft ussucs of the body.
For example, the ICRP lists the effective hali-

lives of *Po in liver, kidney and spleen as 32,
46 and 42 days, respectively.“ This probably
explains why the body burden appears “normal”
for subject #3 who ate caribou regularly while
residing at Barrow, but not while residing in
Anchorage during the three years preceding
death. Except for the concentrations in the
kidneyand liver which appearto be significantly
higher than normal, the same reasoning can
explain the apparent ‘‘normal’” 7!Po concen-
trations in tissues of subjects #4 and #5. In
addition, the #°Po tissue concentration of
subject #8 who ate reindecr regularly until
three months before his death was undoubtedly
much higher while eating caribou than was

observed at the time of his death,
The body burden of *!°Po 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’’.23) Onthis basis, approximately 60% of
the total body mass was analyzed. ‘The con-
centration in the remaining 40% was assumed
equal to that in muscle. ‘Phe *!°Po body burden
of this subject, so calculated, was estimated at

death to be 1.7nCi. Taking 7p 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 assumedthecritical organ."

If it is assumed that the 2!°Po is distributed
uniformly within the organ and if 10 is used as
the RBE for 7!°Po alpha particles, then the dose
rate in mrem/year is numerically equivalent to
the concentration of 21°Po in the units of pCi/kg
of tissue. Consequently, the dose rates delivered
by #®Po to these tissues may be read directly
from Table 2. Thesoft tissues which contain
the higher levels, kidney and liver, are exposed
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to only a few hundrea mrem/year. Although

these dose rates may be snaller than previously
estimated for those cating caribou meat, it
should be remembered that, except for #7, the

subjects available for this investigation were not
eating caibou or reindeer meat on a daily basis
at the time of their death. Assuming the

clfective half-life of “Po in the liver and kidney
as 32 days and 46 days, respectively, the con-

centration of “Po in these two tissues of subject
#8 three months prior to this death when he
is reported to have stopped eating caribou
meat was about 1780 pCi/kg and 840 pUi/ke,

respecuvely. ‘This corresponds to a dose
rate of about two and =! reimf/yr, respec-

tively, if the assumptions menuoned above are
correct.

In making the above extrapolationto estimate
the issue concentration 3 months prior to death,
it was assumed that the metabolism during the
terminal 3 monthsofillness was norinal, the diet

during this interval contained no food with

abnormally high levels of #4Po, and that the
biological parameters given by ICRP for 74°Po
are accurate. The first assimption mav not be
truc and the 7!°Po cxeretion rate may have been
different than that of a healthy person. It is,
however, unlikely that this individual consumed
food during hospitalization which contained
high concentrations of 7!°Po, and the [CRP
values, although possibly requiring somerevision,
are the best presently available. Consequently,
the person who consumes caribou meat daily
will probably receive larger dose rates from the
*10Po during the time of ingestion than is in-
dicated bythe results shown in Table 2. Tissue
levels for such individuals would 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 and caribou

In order to determine if thermonuclear
explosions in the arctic contributed significantly
to the “Pb levels in the arctic ecosystem,
samples of lichen and caribou (Rangifer tarandus)
bones which had been collected betore the
advent of nuclear testing in the arctic (1951),
were analyzed for 74°Pb andRa, The collec-
tion data and analytical results for the lichen
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. samples andi cai oou bones are given in Vables (S8.D.), The data in Table 4 indicate that lichens
an 3 and 4. respectis ly, Uhe?”’Pbresultshave been collected prior to 1951 had #!°Pb concentrations

corrected for rclivactive decay to reflect the ranging from 3.41 to 34.5 pCi/g dry weight with
concentrations at the time of collection and the anaverage of 16 + 12 pCi/g (S.D.). Thus, there

210Pb, contribu cl by the 28Ra since the time of was no apparentincrease in #!0Pb concentration
collection. has beon subtracted. due to nuclear testing activities. Further, the

The 29ph level, in 14 Alaskan lichen samples range of values (9.68~39.5 pCi/g) for lichen
collected over the last ¢ yr have been report- samples collected at Anaktuvuk Pass in 1949
ed.792) These varied from 3.44 to 69 pCi/g bracket the 14.9 pCi/g recently reported from
dry weight with an average of 13 +8 pCi/g the same area."

Table 3s. Concentrations ofPb and ?**Ra in Alaskan lichen samples collected before 1951
 
  

 

Date

Sample Location collected 210Ph, *pCi/et 2tRa, pCi/gt

Cetraria islandica Point Barrow 1948 17.3 + 0.2 0.050 + 6.011

7I°19'N, 56°40’W

Getraria richardsonii Point Barrow 1948 12,2 + 0,1 0.045 + 0.010

FIPLON, 56°40°W

Alectoria nitidula Anaktuvuk Pass 1919 35.0 + 0.2 0.043 -- 0.010

+Cladinia sp. 68° 10°N, 51°5 PW

Sphacropharus globosus Anaktuvuk Pass 1949 9.68 + 0.12 0.125 + 0.009
68° 10°N, 5L°S UW

Parmetia omphalodes Anaktuvuk Pass 1949 39.5 4+ 0.2 0.028 +. 0.004
GB°LO'N, SIPS PW

Cetraria deliset Wainwright 1949 12.2 4+ 0.1 0.034 + 0.011
70° 39°N, 160°W

Cladania subulata Cape Nome 1923 7.30 + 0.10 0.122 + 0.008
61 287N, 165°W

Cladonia uncialis Noorvik-on Kobuk River 1923 3.41 + 0.06 0.032 + 0.006

66° 19°N, 161°O'W ;

Cladonia cenotea Cape Nome 1923 6.2 + 0.10 0.031 + 0.006

64°28'N, 165°W
 
   

* Activity corrected to date of collection and the ?**Ra contribution subtracted.
t Dry weight (dried at 90°C for 24 hr).

Table 4, Concentrations of *°Pb and ***Ra in caribou bone collected before 1951
 
  

 

Sample Date
number Location collected collected Age Bone type 7°Pb( pCi/g)* **Ra( pCi/g)

OC-01 Longhead Island 8-16 Adult Metatarsal 15.4 4.0.2 0.2! + 0.01
77°20'N, 105°W

OC-02 Ellesmere Island 3-35 Adult Occipital 8.08 + 0.13 0.25 + 0.01
TBO3N, BOW

OcC-03 Teslin Dist., Yukon Terr. J1-12 Adult Manible 5.4 + 0.17 0.24 + 0.0!
GU°2’N, 132°50°W

OC-06£ Netilhng Lake, Baffinijand 8-25 Fawn Ulna
66°26°N, 7ISW

OC-05 Near George R., Quebec 9-49 Fawn Scapula
53°30'N, 66 12’W

1.51 + 0.08 0.065 + 0.006

2.08 + 0.12 0.11 + 0.01

 
  
 

* Activity corrected to date ofcollection and the #*Ra contribution subtracted.
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Table 5, A comparison of the “1°Pb content in old and recent caribou bones
 

Concentration in recent (1965-1966) Concentrauion in pre-1951 caribou bones

 

Latitude caribou bones ( pCi 2pb/ajy from Table + ( pCi 29Pb/e}

<60°N Range: 2.1-5.6 (1-1) 2.1 (fawn)
Mean: 3.1 -+ Oot

60°-65°N Range: 2.1-7.5 (26) 5.4
Mean: 4.5 + O.F

~63°N Range: 4.9-13.1 (15) 15.4. 8.1

Mean: 7.0 - 0.6 1.5 (fawn)
  

{
\

Note: (a) The numberof caribou are given in parentheses
(b) The uncertainties are the standard deviations of the mean.

‘The next step in the arctic food chain is
caribou, which should also reflect higher levels

of *!°Pb after 1951 if nuclear testing contributed
substantially to the #®Pb levels in the aretic
environment. ‘UVhe *!°Pb results for the pre-1951
caribou bone samples given in ‘Table 4 are
compared in ‘Table 5 to adult caribou bone
samples which were collected during 1965-
1966.Due to a possible increase in the 74°Pb
bone concentration with increasing latitude,’
the results in Table 5 are arranged in three
groups according to latitude. Except for sample
OC-05, a fawn, the results of the pre-1951

samples are within the range of values reported
for the recent samples.
As it has been reported that the *"Pb skeletal

burden of fawns is only about one-half that
found in the skeleton of the adult,{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 does not appear to be any substantial
increase in the #°Pb skeletal burden of caribou
following the advent of nuclear testing in the
arctic. Consequently, it scems unlikely that
arctic testing of nuclear weapons has had any
significant effect on the amountof #!°Pb 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 of 219Po for Alaskan residents, and that, in

general, the intake of ?Pb and #!°Po 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
“10Po unsupported by its parent, 7Pb. ‘This
produces high “Po bedy burdens only as long as
the subject continues to eat caribou or remdeer
meat, and when the meat is climinated fromthe

dict the 2!°Po will be excreted within a relatively
short period and the body burden will approach
that of an unexposed person.
Phe Pb concentrations in lichen and

caribou bone samples collected belore 1951 were
comparable to concentrations in similar samples

recently collected. “Whe data tend to discount
the iinportance of nucleartesting in the arctic as

a significant source of 24°Pb.
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