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Remarks

The present report was prepared to update the former report

on naturally occurring radionuclides in human tissues (A/AC 82/G/L.1045)
with the addition of newly acquired information and to include
some old data which was taken from the 1962 UNSCEAR report for the
purpose of comparison. However, only limited data was included here
from these old publications because of the following reasons.

Some data is concerned with only total alpha activity. Other
with nuclide content in whole body ashe And,some data on nuclide
content in bone ash is included again in more recent reports by the
same authors.

The information in high natural radiation areas is still
scanty because of the difficulty of sampling human tissues in such
areas. Several old figures on Ra226 in the bones of inhabitants in
Kerala, India, showed a much higher value than in normal bones.
But there is little data available. (table 1)

The recent data on samples of teeth collected in the Arax4
and Tapira region of Brazil, where high radioactive intrusives are
found, revealed a tondency toward a higher content of Ra226 than in
other regions. (table 1) Further, the teeth of two Indian tribos

in Brazil that eat Byggil nuts, were found to show a several times
higher content of Ra than in those of the inhabitants of New Jersey
which were analyzed at the samc time. (table 2)

Pp210 jevels in bones of Canadian Eskimos who had beon permanent
residents in the Arctic were found to be considerably higher than the
levels in bones of Canadian Eskimos who had been residing in southern
Canada for some time prior to removal of the bone. (table 4) This
high value is probably due to the special food=chain of lichen—
reindecer~Eskimose The same phenomenon was also found for soft tissues
as the result of high P0210 content in placenta of Canadian Arctic
Eskimos. (table 7)

Attention B38 been paid recently to the cffect of cigarette
smoking on the Po content in human tissues. It was found through

research on various parts of lung tissuoc of smokers that there is a
considerably higher level of Po?l0 content than in those of non-
smokers. (table 7)
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Table l. 2262, in human bone

NUMBER OF ci/g (1073) ci/g (107°) ci/g (107°LOCALITY pCi/e (1¢ pci/eg pCi/g (10 ~) Sample Reference
SAMPLE fresh weight ash Ca type

U.S.A. 128 3.7 rib, skull, (3)
(mostly Illinois) (0.5 - 28.6) tibia,

vertebrae
femur, etc.

U.S.A. 14 | 1.5 rib (3)
' (Chicago residents (0.5 - 2.8)

last 15 yrs. or
more ) __

U.S.Ae
New York 64 3.2 vertebrae (1)
San Francisco 71 2.6 "

U.S.A.
(Rochester ) 9 364 + 0.4 clavicle

(1.8 - 4.8)

1.1 + 0.3 vertebrae (5)
(0.36 - 2.9)

U.S.A. 42 1.2 rib (22)
(0.5 = 2.7)

foot note: (1) + SE.

(2) figures in brackots indioate the range (Min. - Max.)



226n_ in human bone (continued)

 . = e143 =eNumbor of  pCi/g(l0~5)

~~

pci7g(Io™)  pci/gl(10~) Somplo yesance

 

 

 

 

 

Locality sample frosh weight ash Ca typo

UeSeAe 140 0.8 total
(New York City) s&éToton (23)

U.S.Ac 1 2e9 , total (14)

(Wisconsin) 1 165 skeloton

(SanJuan). 27 1.7 vertebrae (2)

UeSehe .

(Now England) 164 (26)

UsSeAe 32 2.8 (27)
(Illinois) (0.2 - 7-5)

 



 

 

 

 

 

 

 

 

2206p, in human bone (continued)

. -3 . 2 , -2NUMBER OF pCi/g (10 7) pci/g (10 “) pCi/g (10 “*) Sample
LOCALITY SAMPLE fresh weight ash Ca type Reference

U.K. 1 0.8 2 femur (8)
1 0.8 2
1 2.0 5

Germany 22 3.9 1.46 femur

(1.8 ~ 7.8) (0.7 - 2.9) tibia (10)

Germany 25 3.8 +1.2 1.4 + 0.4 femur (11)

Germany AT 1.30 + 0.90 1.30 + U.6v 4.0 + 2.0 foetal
bone, (12)(0.10 - 4.77) (4.39 - 3.16) (1.1 - 9.5) 4-10

months

Germany 1 5.4 1.2 3 (comp

composite

sample of 56 (24)
individuals)

1 4.8 lel 5 femur
(" 37 individuals)

age

@ Japan (7-19) 12 0.4 (0.0 - 1.0) rib, ete. (21)

%, (20-70) 27 1.4 (0.2 - 4.8)
o
“p.



2265, in human bone (continued)

 

Number of pCi/2(107>) pci/g(1072) pCi/eg(1072) Sample Reference

 

 

 

Locality samplos fresh woight ash Ca type

Canada 7 0.6 single

(Vancouver )

Chile 3 3+0 ash® (23)(Santiago)

Switzerland 1 1.6
(Zurich)

UeSeAe 1 lel
(Denver )

Venozucla 4 Oe}
(Caracas)

Germany
(Koln & Bonn) 5 260

Various countries 15 | 1.2 composite

=

(93)
0.4 ~ 326 bone ash

India (Korala) 1 726 cortical

=

(48)10.5 bone

12.7
 



 

 

 

  

Tabla 2 226. in human tooth

_ Fumbor of pci/g(1072) pci/e(1072)
Locality samplc ash Ca Reforonce

UeSeAe 25 1.4

(northern 15 2.0
ow “Tngland) 20 0.9

20 1.0 (16)
20 1.8
20 1-6

20 1.4

20 2.5

Age
rele } (0 = 10 yrs) 7.6
slow Jersey
each sample inclutcs 1 (10 - 20 yrs) lee
20 = 40 tecth 1 (20 = 30 yrs) 0.6 (19)

1 (30 = 40 yrs) 3.8
1 (40 - 50 yrs) 1.7

AVOLAGC 3.0

y

tp



 

 

 

2262, in human teeth (continued)

hocality Numberof poi/a(10 ey poi//a(10"*) Reference

Brazil

Indian, Caiabis 1 14

Indian, Cansoiro 1 27 (19)

(Brazil nut eater) average 21

Brazil

Guarapari 23 3.6 + 2.3 (0.6-10.4)

Meaipe 15 2.3 41.9 (0.6-7.7)

Vitoria 14 3.0 + 2.2 (0.8-7.9)

Rio de Janeiro 13 3.7 + 2.9 (0.6-12.3) (17)

Pogos de Caldas 13 1.5 + 0.8 (0.6-3.1) and

iraxa 24 8.0 + 5.0 (0.8-20.4) (20)

Tapira 12 6.C + 4.2 (1.8-16.0)

Ax. and Tp. 16 8.5 + 4.8 (2.1-18.8)
(high activity area only)

 



  

 

 

 

 

 

Table 3. 228, or-2m, in human bone

. ~3 ; ~2Number of pCi/g(10 ~) pCi/g(10 *) ; -2
Locality sumplo fresh weight ash pCi/g(10 “) Sample Referonce

type

Germany (Th) 25 1.4 + 0.5 0.5 + 0.2 fomur (11)

J.K. (Ra) 1 1
1 1 f mur (8)

1 2

India (th) 1 2.8
1 1 1.1 cortical (18)

Korala 1 lel bone

U.S.A. (Ra) 32 0.7 (27)
(0.2 - 1.9)

“25

tn,
®
4 wt
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Table 4e 210py, (Rad) or 210D5 (NaF) in human bone

~2 -2a. Number of  pCi/g(10°°) pci/e(1o *) Sample |
Locality sample fresh weight ash type Reference

Uedehe

(mostly Illinois) 126 14.6 rib, skull,
(3.7 = 4524) tibia, (3)

trabecular(67)" 18.4 vortebrac,
male (47), 19.6 fomur, ctc.

‘female (20) 15.6

Cortical te 10.5
nale (36 11.5

fomale (25)" 9.0

UeSeAe | 14 1707 rib (3)
(Chicago residente (6.3 = 35.5)
last 15 jrse or
nore )

UseBSeAe 5 (Po) 1.8 lower thracic (15)
(1.2 — 2.7) vortobrac

Ue Deiie

(Tllinois, 32 8.0
(1.9 - 18.2) (27)

UsSsehe

(Mew England) 25 14-2 (26)
 

Foot note: (1) * number of samples

(2) data are 210pp unless othorwise indicated
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Tablo 4. 210py, (Rad) or e105, (RaF) in human bone (continued)

. —2 , -2
, umber of  pCi/e(i1o-*) pci/s(10 *) Samvlo Pann

Locality sanple frosh woight ash type Reforonce

Puerto Rico 28 11.8 vertebrac
(Caribbean Island)

(A.9 2367) (4)
mate (19) 13.3 (6.4-23.7)

fomalc (9) 8.8 (4.9-12.6)

(Saree) 20 A605 vertobrac (6)
— (1.52 =- 5.9)

Gcornany 20 (Pb) 302 + 1.7 ll + 4 fonur (11)

(Po) 361 + 1.0 13 +5 tibia

Uek. 9 (Po) 1.7 vortobrac (7)

2
tpOF
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2105»(Rad) or 2105o(RaF) ir. hmman bone (continued)

Locality Number of pCi/g( 107*) pCi/g(10*) Sample type Reference
ample fresh weight ash

U.K. 6 2.6 5 vertebrae (25)
(2.1 - 3.4) 1 tibia

Canada

(Eskimos)

Igloolik, NW Terri-

tory ral

unknown 38

Carberry, Man. 0.8

Winnipeg, Man. 1.3

Edmonton, Alta. 2e7

unknown 1.2 (13)

Pakatawagan, Man. 3.7

Nelson House, Man. 4e2

Nelson House, Man. 4.0

unknown LO
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Tabla 5 21056 in human teeth

Locality Number of Sample poi/g (107°) ash Reference

Ue. Dele éz 5.0

(Northern New
Sngland) 15 5.7

20 5.2

20 4.7

20 5.6 (16)
20 6.1

29 5.0

20 oe,

“EY

4os

FO
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Table G- 2260, in human sof: tissuos

, ~ -2 ne
, famber of poi/e(1o7t)  poai/e(1o7*) pci/s Reforonce

Locality Tissue vample fresh weisht ash Ca

Cormany kidnoy a 1.0 120 0-50

tosticlss 3 0.9 Oe9 0.A6

spleen 3 1.0 0-9 0.98

intestine 3 1.0 202 083

liver 3 1.6 1.3 1.60 (12)

muscle 3 0.5 O- 5 0.45

pancreas 3 Oe7 1.2 0.38

Average 0.9 lel 0675

Gornany foctal 15 lel lee 0-70
soft tissue (0.51.9) (066-203)  (0.3141.49)
(4-10 months) | (12)

Placenta 9 ; 1 06 1.4 Oe3 5

(Oe7=301) (Oe 7204) (0621-0. 56)

(aos livor 9 1.5 + 1.0
Rocheator

nBis3 etal il Oe5 + 062 (5)

sploon 9 1-0 + O04

kidney 11 lee + 003

heart 9 Oe + 0.2

 



PLUASE NOTE

Tho column at the bottom of pase 2B (P in pleconta) is roplaced by tho following tablo.

 

 

Locality sotpia pofsl20) Reference

Ornals Tudson's Bay Coast (a) 6 Lia

" (b) 7 115

" inland, rural (a) | 2 3401

. (») 4 Led (28)
H Yollovimifo,.eT (a) 1 2A.)

" (b) 1 305

" (c) 11 346

UeKe London (c) 10 303

Diet Glass (a) nuch roindesr and caribou

%, (b) sone

%, (c) nornal dict

%

tt 't



 

 

 

 

 

 

Tablo 7. 2105, in human soft tissues

Hunber of p0i/e(1073) Reference
Looality Tissuce sanplo frosh woight

U. Ke livor 4 10

kidney 2 Tel

spleen 3 322 (7)

lung 2 3-0

; elRUssTeo" J 1
testis 4 303

Gormany livor 3 13

splocn 3 3

muscle 3 (9)

cidnoy 3

Us Se Ac liver 4 11 (3)

nuscle 2 6

Canadian Arucic placonta 9 59 0

Southern Canada " 9 5.0 (28)

United Kingdon " 10 303

%
%©
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21055 in human soft tissuos (continued)

Tunbor of pCi/g(107>)
Locality Tissucs sanple fresh weight Referonce

ve Ke liver 4 (6) 20 (14.8)
cigarette ,

smoker ¢: branch. treo 4 (6) 7.3 (301)

non~snoker) alveolas 4 (6) 9.9 (3.4) (13)

mean lung 4 (6) 8.6 (3.2)

kidney 4 (5) 20.5 (15)

gonad 4 (2) 349 (2.8)
 

figupes without brackets arc for cigarctte smokors and thoso in brackets are for non=smokers



 

 

21056 in tunan soft tissucs (continued)

. ine Junber of poi/g (1079) -
Locality fissuc sanple frosh woight Reference

Ueisehe Peribronchial

lymph node 17 ll
(snokors + non-smokers) (6-20)

lung parenchyna 8
{ snokora le (2-20)
non-smokers 5 1.8

(1-2)
( major bronchi 12 28 (15)
( segnental bronchi 12 53

smokers { uppor lobe
( semmental bifurcations 12 189
( lower lobs
( scgmental bifurcations 12 318

(3 smokors 12 (8-20)
renal cortox

liver

splocn

urinary bladder w
m

A
n

A
n

O
W

+ 2 non~smokers)

( if

( i"

) 12 (8-21)

) 2 (2-3)

) 1 (0.52)
 



Reprinted from ScIENCE, August 3, 1958, Vol. 128, No. 3318, pages 256-257.

Common Strontium Content

of the Human Skleton

The geochemica and biogeochemical

behavior of the dement strontium is
important in undestanding the move-

ment of fission-procict strontium-90 into
man (7). Several investigators (2, 3)

have analyzed hunan bone from differ-

ent locations for srontium, The avail-
ability of a large collection of bones

from the study of torld-wide fallout of
strontium-90 made convenient the ex-

amination of this frameter in greater

detail. This report ¢) is concerned with

(i) the distributionof strontium among
the different bone in an individual
skeleton, (ii) the «stribution of stron-

tium in the populaion of a single city,

and (iii) the extesion of information
on geographical vziation. Samples con-

sisted of a variety>f bones from eleven
individuals, wholekeleton ash from 133

NewYork City caavers, and composites
from 16 localiti, each representing

equal weights of tne ash from 4 to 38

individuals.
The analyses we performed by an

emission spectrognhic technique modi-
fied from that o'Turekian and Kulp

(2), The standan used to define the
working curves we actual samples of

bone ash which #re analyzed by the

isotope dilution ethod (accurate to

within 5 percent) \ll samples were run

in duplicate and-e reported as parts
of strontium per rion. The reproeduci-

bility of these aryses is estimated to

be about + 10 perat.

The average strtium content of ad-

ditional samples fn previously investi-
gated areas (2) waound to be about 30

percent lower. In cer to check this dis-
crepancy, some ofte original samples

were reanalyzed the present method.
The new analysesere also about 30

percent lower m ch case. Synthetic

standard: similar those used by Tu-

rekian and Kulp’) were analyzed,

using the present sking curve defined
by isotope dilution alyses of bone ash,
The results indicathat a matrix dif-
ference between bs and chemically

precipitated phosp! is responsible for

the higher values reted in the carher
work (2 In view this observation,
the samples of Turn and Kulp were

composited by ety and

mined.

redeter-

The distribution of commenstrontium
among the different bones of individuals
was examined by analyzing the femur,

tibia, fibula, humerus, u!na, radius, hand
or foot bones, skull, pelvis-sternum, ver-

tebrae, ribs, clavicle, scapula, and knee-

elbow from eleven skeletons (5). Al-

though the average strontium content of
the whole skeleton varied by a factor of

3 among these individuals, there was no

systematic difference in strontium con-
tent between any two bones of the body

outside of the experimental error (stand-

Table 1. Worid survey of common stron-
tium in human bone.
 

Sr in bone ash
: vo. of

Location amples
samp ppm Av

North America
Boston 37 101
Boston 38 109 105
Boston 62* 117

New York 134* 162 162

Houston 14+ 125 152
Houston 12 190) ~

Denver 337 203 203

Vancouver 17} 164
Vancouver 12 117 14

San Juan 5+ i79 179

Guatemala 29 156 156

South America

Recife oT 344 344

Guayaquil 17 i79 179

Cordoba 18 160 160

Santiago 37t 160) 160
Santiago a4 160

Caracas 377 187 187

Europe

West Germany 307 137 137

Copenhagen 2T 242 253
Copenhagen 4 256

Zurich ly 140) 140

Rome OF 168

Rome 10 258 206

London 4y 187

London 21 136 160

Ava

Tokyo 36 206
Tokyo 21% 199 206
Tokyo at 23

‘Taiwan 19+ 191 .
Taiwan 6 179 18;

India ait 176 .
India 12 “14 187

Africa

Durban 13 194 195

Liberia 1 324 324

World av 172

* Samples run individually, ¢ Samples reported by
Turekian and Kulp (2) rerun as composites.

ard deviation of 10 percent). Thus a
single bone can give a valid estimate of

the common strontium content of the

body at this level of certainty. This
would also be the case for strontium-90

distribution if a population ingested a
diet with a constant Sr®°/Ca_ ratio
throughout the lifetime of the individ-
uals.
The histogram (Fig. 1) of the stron-

tium concentration in 133 individuals
(whole skeleton ash} from New York

City shows a nearly normal distribution
with a standard deviation that is only

about +32 percent of the mean of 162
parts per million by weight. The nar-

row spread reflects the averaging of food
sources In a city environment,

The data on the concentration of
strontium in human bone in various geo-

graphical localities are summarized in
Table 1. To show that the use of com-
posite samples is valid, the samples from
Boston and Tokyo were run individually,

and then equal weights of bone ash were

combined into composite samples. There

appear to be small but significant dif-

ferences from one locality to the next,
The average for any given locality falls

within a factor of 2 of the mean of the
data (172 ppm). Recent work by Sow-
den and Sutch (6) on a limited number
of samples from England analyzed by

neutron activation gives results which

are consistent within the experimental]

and natural variation of those reported

here. Their work shows a Jower stron-
tium concentration in young children.

This is expected as a result of fetal dis-

crimination against strontium (7). An

examination of the present analyses
shows that for adults there is no age
effect,

The average world-wide value of

(%Sr)/(%Ca) x 10% in human bone

derived from Table 1 is 0.45+0.1. The
value (%Sr/%Ca} x 10% in average
rock or soil is 7+ 1 (8). The discrimina-
tion factor between soi! and skeleton

for the strontium/calcium ratio is there-

fore 1522. The experimentally deter-
mined discrimination factor for stron-

tium/caleium between soil and plant is

about unity (9), between plant and milk,
about 7 (10), and between milk or vege-

tation and human boneit is about 4 (73.
Thus, if in the average urban world

population, half of the calcium in the
diet comes from milk, and half from

poe ARCHIVES



 

      
0 40 AO 120 160 200 240 280 320 360 400

PPM STRONTIUM

Fig. 1. Histogram of common strontium
in ash of whole skeleton from New York

City.

vegetables, the predicted over-all dis-

crimination factor would be 16. This

2

figure is in good agreement with the geo-
chemical value of 15 + 2. If strontium-90

becomes uniformly mixed with the soil,

as may occur in tilled fields, this factor
will permit prediction of human bone

level directly from soil analyses.
Therelatively uniform distribution of

common strontium in human bone re-

fiects the uniformity in humandiet. This

observation means that variations in

strontium/calcium ratios in different

areas will not be an important factor in

the distribution of strontium-90 from
nuclear tests in the world’s population.

D. L. Tourser, Jf. L. Kuve

E. Hopcrs, P. W. Gast

J. M. Wamper
Lamont Geological Observatory,

Columbia University, Palisades,
New York
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