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Remarks 

The present report was prepared to update tha 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 
soma old data which was taken from the 1962 UNSCEAR report for the 
purpose of comparison. HOlrever, only limited data was included hare 
from these old publications because of the following reasons. 

Some data is concerned with only total alpha activity. Other 
with nuclide contont in whole body ash. And,some data on nuclide 
content in bone ash is included a,eain 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 
aroas. Several old figures on Ra226 in the bones of inhabitants in 
Kerala, India, showed a much higher value than in normal bones. 
But thero is little data available. (table 1) 

The recent data on samples of teeth collected in the Araxa 
and Tapira region of Brazil, where high radioactive intrusives are 
found, revealed a tondency toward a higher content of Ra226 than in 
other reg.ions. (table 1) Further, tho teeth of two Indian tribes 
in Brazil that eat ~~il nuts, were found to show a several times 
higher content of Ra than in thoso of the inhabitants of Now Jorsey 
which were analyzed at tho same time. (table 2) 

Pb210 levols in bones of Canadian Eskimos who had been 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 duo to the special food-chain of lichen­
roindoer-Eskimos. The same phenomenon was also found for soft tissues 
as the result of high Po210 content in placenta of Canadian Arctic 
Eskimos. (table 7) 

Attention ~fB been paid recently to the off ect of cigarette 
smoking on tho Po content in human tissues. It was found through 
research on various parts of lung tissue of smokers that there is a 
considerably higher level of Po2IO content than in those of non­
smokers. (table 7) 
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Table 1. 
226

Ra in human bone 

LOCALITY NUM13ER OF 
SAMPLE 

U.S.A. 128 
(mostly Illinois) 

U.S.A. 14 
(Chicago residents 
la.st 15 yrs. or 
more) 

U.S.A. 
New York 64 
San Francisco 71 

U.S.A. 
(Rochester) 

u.s.A. 

foot notes 

9 

42 

(1) ±. SE. 

pCi/ g ( 10-3) 
fresh weight 

3.4 + 0.4 
(1. 8 -::: 4. 8) 

1.1 + 0.3 
( o. 36-- 2.9) 

- 1 -

pCi/g (lo-2 ) 
ash 

3.7 
(0.5 - 28.6) 

1. 5 
(0.5- 2.8) 

1.2 
(0.5 - 2.7) 

(2) figures in braokate indicate the range (Min. - Max.) ·""' , I. . 

·\~ 
'"'·~· 

pCi/ g ( lo-2 ) 
Ca 

3.2 
2.6 

Sample 
type 

rib, skull, 
tibia, 
vertebrae 
femur, etc. 

rib 

vertebrae 
" 

clavicle 

vertebrae 

rib 

Reference 

( 3) 

(3) 

(1) 

( 5) 

(22) 
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226Ra in human bone (oontinued) 

Looa.li ty Number of pCi/g(lo-J) pCi/B(lO-') pCi/g(lO 'J Sa.mplo 
sa.mple frosh rreight ash Ca typo 

Roferanoe 

U.S.A. 140 o.8 t~tr1 
(Narr York City) s o oton (23) 

U.S.A. 1 2.9 total 
( 1'1isoonsin) l 1.5 skeleton (14) 

Puerto Rioo 27 (San Juan) 1.7 vertebrae (2) 

U.S.A. 
(Now England) 1.4 (26) 

U.S.A. 32 2.8 (27) 
(Illinois) (0.2 - 7.5) 
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226Ra in human bone (continued) 

LOCALITY NUM:BER OF pCi/ g ( 10-3) pCi/g (lo-2) pCi/ g ( 10-2) Sample Reference SAMPLE fresh weight ash Ca type 

U.K. 1 o.8 2 femur ( 8) 
1 o.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 .:!:. o. 4 femur ( 11) 

Germany 47 1. 30 .±. o. 90 1. 30 .±. u. 60 4.0 .±. 2.0 foetal 

( 0.10 - 4. 77) ( \. • 39 - 3 • 16 ) (1.1 - 9.5) bone, (12) 
4-10 
months 

Germany 1 5.4 1. 2 3 tibia 
( composi tG ( 24 ) 
sample of 56 
individuals) 

1 4.8 1.1 5 femur 
(" 37 individuals) 

~Q age 
0.4 (o.o - i.o) ~ Japan (7-19) 12 rib, etc. (21) 

~o ( 20-70) 27 1.4 (0.2 - 4.8) 

~~ 
~ 
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226na in human bone (continued) 

Locality number of pCi/ g( 10-3) pCi/ g( lo-2) pCi/ g( lo-2) Sample R3f erenoe 
samplos fresh woieht n.sh Ca type 

Canada 7 o.6 single 
(Vancouver) 

Chilo 3 3 .. 0 bone (23) 
(Santiago) 

as 

&ri tzerland 1 1.6 
(Zurich) 

U.S.A. 1 1.1 
(Denver) 

Venezuela 4 0.3 
(Caracas) 

Gorma.ny 
(!Coln & Bonn) 5 2.0 

Various countries 15 i.2 composite (23) (0.4 - 3.6) bone ash 

India (Kora.la.) l 7.6 cortical (18) 
l 10.5 bone 

l i2.7 
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Tabl~ 2 

LooD.lity 

u.s.A. 
(northern 
iTow ""JncrlD.nd) 

U.S.A. 
(:acw Jersey) 

226na in human teeth 

1~umbor of 
sa.r.ip lo 

25 
15 
20 
20 
20 
20 
20 
20 

Ago 
J (o - 10 yrs) 

ca.ch sample inclutos 
20 - 40 teeth 1 

1 (10 - 20 yrs) 

(20 - 30 yrs) 

1 (30 - 40 yrs) 

1 ( 40 - 50 yrs) 

n.voracc 

~,"') 
·-~ 
'~ 

~' 

- ) -

pCi/ G( io-2) 
ash 

1.4 
2.0 
0.9 
l.O 
1.8 
1.6 
1.4 
2.5 

pCi/c(10-2) 
Ca 

7.8 
1.2 

o.6 
3.8 

1.7 
3.0 

Ref or once 

(16) 

(19) 



226Ra in human teeth (continued) 

Locality 

----
Brazil 

Indian, Caiabia 

Indian, Caneoiro 

(Brazil nut eater) 

Brazil 

Guarapari 

il1eaipe 

Vitoria 

Number of 
sample 

1 

1 

average 

23 

15 

14 

Rio de Janeiro 13 

Po9os de Caldas 13 

1..raxa 24 

Tapir a 12 

Ji;x. and Tp. 16 
(high activity area only) 

- 6 -

pCi/g(lO 2 ) 
ash 

3.6 .±. 2.3 (0.6-10.4) 

2.3 ± 1.9 (0.6-7.7) 

3.0 .±. 2.2 (0.8-7.9) 

3.7 .±. 2.9 (0.6-12.3) 

1.5 .±. o.8 (0.6-3.1) 

8.o .±. 5.0 (0.8-20.4) 

6.C ± 4.2 (1.8-16.0) 

8.5 ± 4.8 (2.1-18.8) 

pCi/ g(l0-2) 
Ja 

14 

27 

21 

Reference 

(19) 

-------------·- ·---------

(17) 

and 

(20) 



TablG 3. 
228 228 . Ra or Th in human bone 

Locality 

GGrmany (Th) 

TJ. K. (Ra) 

India (Th) 
Kera la 

U.S.A. (Ra) 

.:), 
'"~.-) 
·'4. 

~~ 
'I~~ 

...,.,,_~. 

-·- ·--
NumbGr of :pCi/ g( 10-3) 

sl:l.m:plo fresh weight 

25 1.4 .± 0.5 

1 
1 
1 

1 
1 
1 

32 

7 -

I -2 :pCi g( 10 ) :pCi/g(l0-2 ) Sample Refer once ash Ca tY:PG 

0.5 .± 0.2 fomur (11) 

1 
1 f :mur (8) 
? 

2.8 
1.1 cortical (18) 
1.1 bone 

-· 
0.7 (27) 

(0.2 - 1.9) 
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Table 4• 210Pb ( HaD) or 210
Po ( HaF) in hur:w.n bono 

Loco.li ty 

U.S.A. 
(mostly Illinois) 

U.S.A. 
(Chicn.50 rcsidcntE 
last 15 yrs. or 
rioro) 

U.3.A. 

u. ~3.J.~· 
(Illinois; 

U.S.A. 
( JTc1r 3ncland) 

Humber of 
so..r:iplc 

128 

14 

5 

32 

25 

pCi/dl0-2 ) 
frosh uoicht 

(Po) 1.8 
(1.2 - 2.7) 

Foot notei (1) * number of samples 

pCi/c(lo-2 ) 
ash 

vi .6 
(3.7 - 45~4) 

trabeculnr(67r' 18.4 
· male (47)~ 19.6 
fcnalo (20)~ 15.6 

Cortical (61): 10.5 
nalo (36): 11.5 

fcr.iale ( 25)"'' 9 .o 

17.7 
(6.3 - 35.5) 

8.o 
( 1.9 - 18. 2) 

14.2 

(2) data arc 210pb unless otherwise indicated 

Sample 
typo 

rib, skull, 
tibia, 
vertebrae, 
femur, etc. 

rib 

lower tlu-acic 
vcrtobrn.e 

Reforcnco 

(3) 

(3) 

(15) 

(27) 

(26) 
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Table 4• 210Pb (HU:1J) or 210Po (RaF) in hur.w.n bone (continuod) 

-,.§~ 

Locality 

Puorto TI.ice 
(Caribbean Island) 

Poland 
( ~fo.roo.:-r) 

Goroany 

U.K. 

<J~ 

""~c 
~~ 

iTunbcr of pCi/ G( 10-2 ) 
snnplc frooh weight 

28 

pCi/ c( 10-2 ) 
nsJ1 

Snm:?la 
t;f!JO 

11.8 vortobrao 
( ,.,.. 9 - 23. 7) 

nnlo (19) 13.3 (6.4-23.7) 
fonnlo (9) 8.5 (4.9-12.G) 

20 4.05 (1.52 - 5.9) vortobrao 

20 

9 

(Pb ) 3 • 2 .:!; 1. 7 

(Po) 3.1 .! 1.0 

(Po) 1.7 

11 .! 4 for..ur 

13 .! 5 tibia 

vcrtobrnc 

Hofor::mcc 

( 4) 

(6) 

(11) 

(7) 



210Pb(RaD) or 210Po(RaF) ir. haman bone (continued) 

Locality 

U.K .. 

Canada 
(Eskimos) 

Number of 
Sample 

6 

Igloolik, NW Terri-
tory 

unknown 

Carberry, Man. 

Winnipeg, Man. 

Edmonton, Al ta. 

unknown 

Pakatawagan, Man. 

Nelson House, Man. 

Nelson House, Man. 

unknown 

pCi/ g( 10-2) 
fresh weight 

2.6 
(2.1 - 3.4) 

71 

38 
o .. 8 

1.3 

2.7 

1.2 

3 .. 7 

4.2 
4.0 

10 

- 10 -

pCi/g(lo-2) 
ash 

Sample type 

5 vertebrae 
1 tibia 

Reference 

(25) 

(13) 



Tabla 5 210Po in humen teeth 

locality 

u. s. ~'I.. 
(Northern New 

Jngland) 

·~ .. ~.~ 
.,,., "' "'. 

"1,.. 
< -1'' 
-,~ ... ~:.;,.,, 
"t~ 

~wnber of Sample 

;: 5 

15 

20 

20 

20 

20 

20 

20 

.... 11 ...; 

pCi/g (lo-2) ash Reference 

5.0 

5.7 

5. 2 

i.7 

5.6 (16) 

6.1 

5.0 

5,9 
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Table G. 226n · h f t· a in uman so·: issues 

riuabor of pCi/ G( lo-l) pCi/ .;( lo-2) ".I Rcforcncc 
Locality Tissue 

pv1 c; 
tcamplo fresh ueiJht ash On 

Cormany kidney , 1.0 1.0 o. 50 , 

testicles 3 0.9 0.9 0.46 

spleen 3 1.0 0.9 0.98 

intestine 3 1.0 2.2 0.83 

liver 3 1.6 1-3 1.60 (12) 

munclo 3 0.5 0.5 o.l].8 
pancroan 3 0.7 1.2 0.38 

o.vcro.cc 0.9 1.1 0.75 

Gorraany f octn.1 15 1.1 1.2 0.70 
coft tissue (0.5-1.9) (0.6-2.3) (0.31-1.49) 
(4-10 r:ionths) (12) 

Placento.. 9. 1.6 i.4 0.3 5 
(0.7-3.1) (0.7-2.4) (0.21-0.56) 

u. 3.J\. liver 9 1.8 .± 1.0 
(Rochester) 

akolotnl 11 0.5 .:t; 0.2 ( 5) muse o 

splcoa 9 1.0 ± 0.4 
kidney 11 1.2 ! 0-3 
ho art 9 0.7 ! 0.2 
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PL:~ASi~ NOTJ: - 13 [: ~ 

Tho coluim at tha bottor. of po.co 13 (Po210 in plr.oonto.) is roplo,cocl bJ tho follouinc tn.bL:l. 

Loonli tJ 
l!o. cf 
SQL1plc 

Or nn. ~:-, Iudaon's B~J Con.at (n) 6 

fl (b) 7 

ti jnlc;,rnl:1 ::curc.11 ( 0,) 2 

" (b) 4 

" "follo-,;lmifc.;:1:!. 'i,rr ( i:) 1 

" (b) 1 

" (o) 11 

U.K. J,onJ.on (c) 10 

Diet 1ilnas (r;,) nuc:1 roindc·:n~ n.rnl co..ribou 

(b) 

(c) 

souc " 
nornal diet 

" 

pc/ :.J 10-3) 
fros;1 Hci r;ht 

j{cf e:ro:100 

1111, 

115 

3 4.1 

l~" 4 ( 2G) 
2~.l 

3.5 

3.6 

3 .j 



Table 7• 210Po in human aoft tissues 

~o 
~~ 

Locality 

U. K. 

Gorma.ny 

u. s. A. 

Canadian Arucio 

South'lrn Cana.da 

Unitoi Kinz<iorn 

4>o~ 
~~ 

Tissues 

livor 

kiclnoy 

aploen 

lune 

skcloto.1 muse.Lo 

tcstia 

livor 

spleen 

r.iusclo 

kidney 

liver 

nusclo 

plaoo11ta. 
II 

II 

- 13 

l!unbor of pCi/ g( io-3) Rcferenoo 
so.nplc frosh woir;ht 

'1- 10 

2 7.1 

3 3.2 (7) 

2 3.0 

5 1.1 

4 3 .3 

3 13 

3 3 

3 2 (9) 

3 5 -
4 11 (3) 

2 6 

9 59.0 

9 5.0 (28) 

10 3 .3 
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210Po in human soft tissues (continued) 

Humber of 
Looa.li ty Tissues snnplo 

U. K. liver 4 (6) 
( oicarettc b1·ench. tree 4 (6) smoker 2; 
non-smoker) alveola.o 4 (G) 

mum luncr 4 (6) 

kidney 4 ( 5) 

cona.d 4 (2) 

pCi/ c( io-3) 
frosh uci{;ht 

20 ( 14.0 ~ 

7 .3 (3 .1) 

9.9 (3 .4) 

8.6 (3.2) 
20. 5 ( 15) 

3.9 (2.8) 

Rof oronce 

( 13) 

fici.mes ui thout bro.ckots a.re for oiljarottc smokers and those in bra.okots are for non-smo!~crs 
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'v 
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210Po in lunan soft tissues (oontinuod) 

Looalit;r 

U. fJ.A. 

'.Pio sue 

Peri bronchial 
lymph node 

( snol~crs + non-srnolcers) 

l unc; parcmchyna 
( ornolcoro 
( non-::mokors 

( major bronchi 
( se(£r.iento.l bronchi 

smokers ( upper lobe 
( oo~?llontal bifurcations 
( lower lobe 
( socrmontal bifurcations 

renal oortox 

liver 

splccm 

urinary bladder 

~~ 
o~ 
~A 
~~ ,, 

- l? -

;run ber of 
so.nple 

pCi/ cr ( 10-3) 
frosh woic;ht 

17 11 
(6-20) 

8 
12 (2-20) 

5 1.8 
(1-2) 

12 28 
12 53 

12 189 

12 318 

5 
(3 smokers 12 (8-20) 
+ 2 non-smokers) 

5 ( II ) 12 (8-21) 

5 ( " ) 2 ( 1-3) 

5 ( II ) i (o. 5-2) 

Ilof ct'onoe 

( 15) 
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llq>ri11tc·cl from Sc'IEKCE, August l. 1\l;)8, Yol. 128, No. ::l318, pages 2iiii-257. 

Common Strontiam Content 

of the Human Skileton 

The geochemica and biogeochemical 
behavior of the dement strontium is 
important in uncle-standing the move­
ment of fission-prociict strontium-90 into 
man (I). Several investigators (2, 3) 
have analyzed hurrnn bone from differ­
ent locations for srontium. The avail­
ability of a large collection of bones 
from the study of rorld-wide fallout of 
strontium-90 made convenient the ex­
amination of this 11rameter in greater 
detail. This report ~) is concerned with 
( j) 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 extl'Sion of information 
on geographical vziation. Samples con­
sisted of a variety if bones from eleven 
individuals, whole-keleton ash from 133 
New York City caavers, and composites 
from 16 localiti~ each representing 
equal weights of lne ash from 4 to 33 
individuals. 

The analyses we performed by an 
emission spectrognhic technique modi­
fied from that oTurekian and Kulp 
( 2) . The standan used to define the 
working curves we actual samples of 
hone a~h which ~re analyzed by the 
isotope dilution ethod (accurate to 
within 5 percent) \.11 sampks were run 
in duplicate and ·c reported as parts 
of strontium per rJion. The reproduci­
bilitv of these arirscs is estimated to 
h(' a.bout :': 10 pcrnt. 

The a,·crage strtium contP11t of ad­
ditional samples fn previously investi­
gated areas (2) waound to lw about :rn 
percent lo"·er. In <er to chPck tlfr.; dis­
cff'pancy, some ohc original samplc·s 
were rean~dyzcd bttc present mdhod. 
Tlw rw"· analysps·crc also about 30 
pncent lo\\·cr in :h case. Syn1 hct ic 
standard- similar <hose usrd by Tu­
rekian and Kulp'; \\'Pre analyzed, 
using the present 'king cun·c defined 
bY isotope dilution 1hsPs of bone ash. 
.!:he rern;t, indica 1ha1 a rn:itrix dif­
ference !iet\\·ccn bs :rnd chemically 
precipitated phospl is responsible for 
the higher valuC's Htcd in 1he earlier 
"·ork '( 2 In vie" 1his nbsnvation, 
1hc samnks of Turn ancl Kulp were 
C(1mpo,i.t<-d by Jct,· and rt·dctcr­

mincd. 

The distribution of common strontium 
among the different bones of individuals 
was examined by analyzing the femur, 
tibia, fibula, humerus, ulna, radius, hand 
or foot bones, skull, pelvis-sternum, ver­
tebrae, ribs, clavicle, scapula, and knee­
clbow 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 I. World survey of common stron­
tium in human bone. 

Location 

Boston 
Boston 
Boston 

;\ew York 

Houston 
Houston 

Denver 

Vancouver 
Vancouver 

San Juan 

Guatemala 

Recife 

Guayaquil 

Cordoba 

Santiago 
Santiago 

Caracas 

\Vt·~t Germany 

Copenhagen 
Copenhagen 

Zurich 
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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 Sr90 /Ca ratio 
throughout the lifetime of the individ­
uals. 

The histogram (Fig. l ) 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. Th<'re 
appear to be small but significant dif­
fen·ncrs 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 Stitch ( 6) on a limited number 
of samples from England analyzed by 
neutron activation gives results which 
arc consistent within the experimental 
and natural variation of those reported 
here. Their work shows a lower stron­
tium concentration in young childr('ll. 
This is expt'cted as a result of fetal dis­
crimination against strontium ( 7). An 
examination of the presPnt analys<'s 
shows that for adults there is no age 
dfcct. 

The average world-wide value of 
(%Sr)/(%Ca) x 10" in human bone 
dnivcd from Table 1 is OAS± O. l. The 
\aluc (%Sr/%Ca) x 10" in average 
rock or soil is 7 ± I ( 8). The discrimin;i­
tion factor between soil and skeleton 
for the strontium/ calcium ratio is there­
fore 15 ± 2. The experimentally dcter-
111ined discrimination factor for stron­
tium/calcium between soil and plant is 
about unity ( 9), between plant and milk, 
about 7 (JO), and between milk or vege­
tation and human bone it is about 4 ( l). 
Thus, if in the average urban world 
population, half of the calcium in 1lw 
dirt comes from milk, and half from 
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Fig. I. Histogram of common strontium 
in ash of whole skeleton from New York 
City. 

vegetables, the predicted over-all di> 
crimination factor would be 16. This 

2 

figure is in good agreement with the geo­
chemical value of 15 ± 2. If strontium-9(1 
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. 

The relatively uniform distribution of 
common strontium in human bone re­
flects the uniformity in human diet. This 
observation means that variations in 
strontium/ calcium ratios 111 different 
areas will not be an important factor in 
the distribution of strontium-90 from 
nuclear tests in the world's population. 
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