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Variability in the metal content of human organs 

H. M. PERRY, JR., M.D.,' I. 11. TIPTON,  YH.D., H .  A. BCHROEDER,  
M.D., and M. J. OOOK, M.A. St. Louis, Yo., hnow'lle, Tonn., Ilanovm, N. E., 
and Oak Ridge, Tam. 

The mccn t ra iwnr  of tbe easedial mctak: magneaiu*n, oalaium, manganese, iron, wppcr, 
rinc, and molybdenum in buman organr wero found to be mora m i a n t  than ikc cowen- 
tratwna of the presently nonessential mciak : draniium, barium, aluminum, titanium, 
vanadium, chromium, rickel, silvcr, addmiurn, ifn, a d  lead. For ihe former tltc 80% range 
of cotnxntralionr for wah moial in eclah organ, Fzprcurd od rineiicilr perccniilo/lcnth 
pcrccnfllc, WIU ummlly lm than SA a d  almort always lem than 7.0. For ihs laiicr ilcc 
rangcs vmc wnatly greaicr ihm 7.0 nnd oftcn grcatcr ihnn 14. These rangcs w r c  
aquulla, valid for livor, kidney, lung, aorta, heart, 8plcm, and brain of 160 healthy adiclis 
who died swldody a d  vnezpeotodly in tho Vnitcd Statar. Tbe ranflea for the lama organa 
of 100 adults, man9 of whom were hronioaUy ill, from 8 difarent parts of Africrr, dsia, 
and Iurops were airnilor but somewhat Jarner. Tbo le00 papubtiow wore more dike wiih 
respect to  the absolute conaentrationr of srsential than of noncsscntial meiala. I n  both 
p o p l a t i o w  aluminum and tiianiwn ware rtrikingly armmulateti i n  the lung and cadmium 
in the wdnsy. 

- 

N i n e  cl iemid elemente wliiali occur in concentrations grcater than onc 
part per thousand-comprisc ovcr 00 pcr cent of protoplasm. Nine more elemciits 
which_ occur in smaller concciitratioiis arc known to hnve specific biologic func- 
tions. These 18 elcments arc drsignated essetrtinl. At least a score of additional 
elements are also preaont in small but mcmirablc conccntrations in many main- 
malian tissues. They are. currently dmignatcd nonessential since they arc not 
now known to be required for any biologic function. 
- Although the essential elements are vi&€ to living systcms, the concentrntioiis 
of aomc which are p m e n t  in rclativcly small amounts and of most noncwentinl 

- 

- 

From the Hypertendon Dlvlslon Department of Intornal Nedlclne Washington Unlvcrslty 
School of Medlclne, EL. hula, '  tho Dcpartment of Phyalcs, Thc bnlversity of Tenncssrc. 
Knoxvlllc the Depertmant of Phyalolo Dartmouth Medlcal Bchool. Hanover. and the 
Health P h y r b  .Divl&on; Oak Rldge fl atlonal Laboratory. Oak Ridge. 

Received lor publlcatlon Dea 16, 1981. 
Accepted lor PUbllostlon ILdrrch 6. 1l)et. 
*&tablf.hed Bvemt&&tor, dmcrtloan H M  hwclatloa 

2 4 5  

I 'I 3 3 b 8 t I  
4-00253 

Human Studies Project 



J. Lab. & Cliii. Mal. 
Aucust. 1962 

M c t d  

Il'nblo 1. Rniipcs of nictnl concci~trations in organs of Amcricans adults (frozen tissuc) 
10th a d  Both i 

Livcr Kiilncy I h v l  

Noncmeniid 
at 
Ba 
AI 
TI 
V 
Cr 
Ni 

cd 
8n 
Ph 

Ag 

0.008-0.040 
< .001-0.015 

0.62-4.4 
< .1-0.331 

< .002-0.051 
< .00-0.1!tt 

0.0091-0.030 
0.53-3.0 

0.011-0.03 
0.29-1.2 

0.033-0.14 

0.51-3.0 
< .001-0.029 

< .1-0.l2t 

< .09-0.191 
< .OK!-0.087 

< .0009-0.00931 
.13-45 

0.042-0.30 
0.31 -1.1 

0.050-0.10 
0.028-0.29 

29-190 
1.0-15 

< .02-0.28 
0.063-0.95 
< .09-0.48 

< .0009-0.004QI 
< .4-O.R9 

0.093-0.93 
0.062-0.68 

~~ ~ 

*Concentrations are exprosoad M micromoles of metal par gram or tlmue ash. Values cited 
arc llmit o l  detectability and nlnetleth rnrcentiie. Therefore < indicated that lesa than 90 
metal. 

thdlcnte that less than SO mr aent of the values. and blanka lndlcnte that le- than 10 Der 

elenicnts in hmnnn tiarrucs have not been wcll ctefind. Methodologic problems arc 
partially responsible ; chemical assay is cumI)oimme sincc clcments must be 
treated individually, while spectrographic analysis for inanp elemcnts simultane- 

3nsly is frcqiiciitly l ~ w  accurate. In addition, data which haw becn collected by 
diffcrcnt workers are often not easily corrclntcd bccnusc tlic conccntrations arc 
expressed in unih which are not compnrablc. Finnlly thc fcw availoblc survey 
of many elements havc not been pcrformcd systcrnatically ; in particular, most of 
the populations cxarnined have been chaqen because of their convenience to 
highly industrializcd areas \\.here exposure niag be nnusual. 

Large nnd unexpected differences in the coiiccntrntions of individual metals 
in humnri orgnns have recently h e n  observed.'** Tn seeking associated phe- 
nomena, a study \ v u  made of several variables, including the subjects' geo- 
gfnphic origin, age, BCX, race, and diseasc. Despitc uhortcomingr, both in the 
techniques of collection and in the methods of analysis, some striking correlations 
between the first two of these variables and mctal conccntrations were found, 
such as those reportcd for rcnal cadmium.' 

Further examination of the extensive data which have been presented clse- 
where'* * revealed P markcd difference in thc variability of concentrations of 
essential and nonessential metals. The material presented here involves 18 metals 
which are found in relatively small amounta but which are readily assayed by 

I 1 3 3 1 3 5  I 
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PdtaSntilSr 

AWlcl I nmrt I Splom I Brain 

800420 e o m n  280.010 
700-2000 66-200 70.200 

0.07a-o.ai 0.22-0.73 0.081-0.35 
a9.120 01-1.70 100-750 

0.79.13 8.9;7,0 1.1-2.0 
17-43 31-58 15-28 

840.600 
82-240 

0.18-0.58 
3n-80 
3.8.8.0 
8.0-17 

0.17-0.89 0.018-0.081 0.012-0.008 0.0057-0.049 
0.018-0.12 < .001-0.020 < .001-0.024 < .001-0.013 
0.76-55 0.37-2.6 0.30-4.4 . 0.22-1.4 
< .l-O.B2t < .1-0.10t < J-0.28t 

< .002-0.19 < .Q02-0.16 < .002-0.002 < .002-0.03~ 
< .09-0.34t < .0@-0.46t < .09-O.OnOt 

0.042-0.93 < .04*053 < .04-0.20 

< .0009-0.009Q < .0008-0.0048t < .ooo8.o.oo4at < .0009-0.015 
< -4-0.531 < .4-0.44t 

0.17-1.4 < .03-0.087 0.033-0.43 < .02-0.1n 

are tenth and nlnetlelh percemtllea of the maniple cxccpt where < occura In whlch cane vnluer cltecl 
Der Ednt Of the Valuem e~ualled or axcaaded tho mlnlmum mea8urable conantratton of a partlcular 

cent of the valuea equalled or exceeded the mlnlmum measurable concentratlona. 

emission Bpectrography. Their conccntrations ore considered in 7 human organs. 
The presentation is deaigncd to omphaeize mnrkcd differcnces in thc olx3crvcd 
runges of c m a n t t a t h  for individual mctala, in particular the grclltcr con- 
stancy among est-jential na cornpard with naeeecntinl ones. Thc samc Rpcctro- 
graphic m y  tcchniquc was used throughout in ordcr to rcndcr a11 rrxults 
comparable. Absolute vniuat of conccntrations arc cited for purposcs of orientn- 
tion, but they am justified el~cwhere.~ 

Two autopsy populations werc examined. The first reflecta the situntion in 
urban United States and consisted of apparently healthy American. adults. Thc 
second mas intentionally made diveree with rcspect to geographic origin nnd 
hence to race, environment, and also dieeaee; it consisted of foreign. adultR 1:1nny 
of whom had been chronically ill. Since, in nddition to the dif€erent method of 
choosing subjects, the tissues from the United States were preserved by freezing 
and the foreign ones with formalin, the analytic reedits for the two populations 
have been treated separately. 

Materials and methods 
Material for a d p i n  waa obtained from 150 Americans ovor 20 ycrra of ngn who lind 

no evidont dilwese prior to tlteir mdrlen accidental denths. One hundred nnd ten were Cmmisoid 

*Throughout the pmntat lon  the term "Amerlcan" refers to subjects from the tlnlted 
eta- and the t a m  Vorat@* to 8tabjocU Zrom the evtsrn hemlmhera 
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J'crble IZ. Rruigc (80 per ccnt) of mctnl coiiccntrtrtions in American orgnn8' 

Iiuoitial 

w 
ca 
Mn 
Fo 
cu 
Xn 
MO 

Noncmcstiol 
l3r 
Ba 
AI 
Ti 
V 
Cr 
Ni 
Al: 
cd 
811 

Ph 

2.2 1 .9 
3.1 a.a 
4.Q 3.a 
4.5 2.8 
4.1 1.8 
2.7 2.4 
4.4 2.4 

I .o 4.a 
> 15 >= 

7.1 5.0 

aa > 10 
5.7 3.4 

16 0.9 
41 5.2 

2.1 
2.5 
5.4 
4.7 
8.0 
2.1 

a.8 
10 

15 
> 18 
> 15 

6.5 

10 
11 

2.1 
2.0 
4.2 
4.0 
2.8 
2.5 

5.3 
0.8 

13 

> 95 

> 10 

7.6 
R.2 

2.1 e.1 
a.7 2.8 
3.3 9.8 
2.1 4.7 
1.8 1.8 
1 .o 1.9 

0.5 5.5 

7.0 12 
> 20 > 24 

> 80 > 31 

7.3 
13 

2.1 
2.0 
3.2 

2.1 
2.1 

4.a 

8.6 

6.3 
> 13 

> 19 

> 17 

> 9.5 

*Whcncver tlic raluc of thc tenth percentile WM below tho nilnltiwm iricanumblc concen- 
tratlon the full 80 per cent range lor a mctril fn R tlrucue coulcl not be dctermlncd. 
In t h d  sltuatlun a value for the 10 por n n t  range IIM been tcrbulatcd only IC the 
nlnctletli wmxmtile exceecled the mlnlmum menartrable concentratton by a factor Of at 
lcast 7. The > indlcatea tha t  the tabulated vnluen arc mlnlmum ones oC thls type. 

and the rmt woro Nogroid; 112 wcre men. Thcy c ~ m c  from 8 targo metropolitan nreaa scattered 
throughout tho continental Unitcd States. Their avcrnge nge wan 44 yarn. Further data about 
mce, wx, nnd gcogrnphio origin are not prossntcd here l m u s o  thcy war0 not obviously correl- 
ntcd with rnotal coiicmitrations ; liowwer thoy are tnbuhtcd ollmrhcrc.1 Altliougli, evon nmong 
mlultn, mctnl contont ~~)Rri(?d oomewhnt with q c , ~  tlic cffcct was rclntivcly rmnll and ia not 
Eonniclrrcd licro; lion-cver, it too is tabulatcd olrcwlicrc.1 A mmplc of evcry organ \VM not 
availnblo for  cvcry subject, but mor0 than 100 snmplee cncli of liver, kidncy, lung, aorta, Iicnrt, 
splcen, and brain n-cro collectcd. 

Mntorial for nnnlpis m also obtained from 100 subjccts ovcr 20 y a m  of agc from 
R difforcnt geogrnpliia arcas of Africa, Asia, and Europe: Ruanda-Umndi, Nigeria, Indin, 
Formom, Tliniland, IIong Kong, Japan, and Bwitzcrlnnd. h c e ,  nge, SCX, nnd some information 
dmut  tlin cnuw of death hnrc pmiously h e n  tabulated for 05 of tlicoa aubjoct8.s A anmple of 
evcry organ waa not avnihble for every subject, but 67 or more nnmplca each of liver, kidney, 
lung, aorta, hart, spleen, and brain were aollectcd. Moreovor at loast 5 ~ m p l e s  of each organ 
woro collected from 7 of the 8 gcogruphic areae ; no aortas and only two brains were obtained 
from Ruanda-Urundl. 

All samples wero collected at autopsy urd individually preserved, the Amoriean onel by 
frcozing and tho foroign ones in metal-free formalin na previously doscribed8 All samp:ca 
n-ore a n l i d  by tho unme tachniquc in one Irrhoratory; all of the preserving formdin \VM aahed 
with each foroign somple.1 Tho Rsh waa than analyrod rpcctrogrnpliicnlly by both nnorle nnd 
cntliode layer tccliaiquea for n total of 18 metals, 7 eascntial nnd 11 noncssantial. Tho details 
of the analytic method, including standardization, recovery, and reproducibility, are described 
elaewherei4 For  most conwmtratiou of moat metab, the standard deviations of the levels found 
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on rrpmtrd nnnny wen! lolu thnn 20 pnr crnt of thc nnrount known to IM prcscnt; nioroovcr 
pm.iaion dnrrcriln?d in this way did nnt c\cpird on con1wntrntion.4 

In tnbulnting tho dntn, ench of tlir 18 matnle in mch of tho 7 orpnn wns connitlrrcd 
~ p m a t c l y .  For onclr of tlro rcnulting 126 CIUOH) tbn t i i ~ l i o n t  10 pcr cent nnd tho losvrnt 10 Dpr 
cont. of tho indiriclanl concnntrirtionw wnm ciircnrcioil in odor to nvoid n clinprnprtioiititp nff~rr.t 
from n fmr nhrmnt  rcaultn. Tho only nlinoluh enncrntrntinns cltcd k l n w  irro thu rcwaltillg 
~ I u m  for thn tenth nnd irinntieth prcentiirw of tho nnmplco or thc lintits of cii?toctnl)ility crhan 
tonth poreentiles wcm not mceaurnIiIe. T.IIO AO per cant m n p  of concoutmtions nrr rntioo of 
tho ninotieth to the trnth pnrcentiles. Wlirn this mngo wan nnrrow for o pnrticulnr mctnl in 8 
pnrticulnr orgnn, moot nubjcctn iind rolntivrly rimilnr conccntmtioaa. On tho othrr bnncl, n 
large rnngc indicntd thnt concantrations vnried consiilcrel~ly from mbjcct to sulbjcct. 

Results 
h r e r i c o n  organ8 preserved by  freezing. Table I citca the rnngc, f c n f h  an& 

ttinetieth pcrcentiler, of conceiitrntions for each of 18 mctah in cacli of 7 orgnns. 
The rclntivcly low conccntrntions of thc nonwcntiaI inctals iirc olnGous. Jliirlccd 
accumulntions of cndmium in the Iddncy and of aluminum, titnniuin, nnd pcr- 
hapR vanadium in tho lung rcflect unusually high orgnn specificity. 

Table I1 indicatm the 80 pcr cent rnnyc of conccntrntions, ninetieth zw- 
centile/tenth percentile, for cach metal in cach organ. Essential mctnls toiidcd to 
lilrve smaller rnngce than nonoRRentin1 ones. Spccifically, of the 4-4 rniigrs tab- 
ulated for mcntial  inctals, thrce fourths wcrc lcsa tlion 3.5 and noiic cxccrclcd 
twice that vnhie, in fact nonc cxcccdcd 6.6. In contra& of tlic 50 rangas in which 
no~icasential metnla had at least a 60 pcr cent oecur~cnce, most ivc1-e grcntcr than 
7.0 and a quarter exceeded 14. 

Foreign orgnns preaeruod irr formdin. Tablc 111 citca tcnth and nincticth 
percentilev for cach mctul in mch organ. Thc formalin-prmcrvcd forcigii ti.smw 
rescnibled the frozen Aiiicricnn tiaqum niorc clo~~ely with rrspcct to CKsriitial tliun 
non-ossentinl mctals. Thc minimum rmiccntrations of tlic former wcrc particularly 
similar and the maximum concentrritions of the iattcr particularly diwimilnr. 
Only for splcnic manganm and nortic copper among the wcntial motnis (lid 
the Amcrican and foreign tantli pcrcciitiles differ by R factor of more thnn 2 ; 
 hem the tabulated niiietietli pcrcriitiles of noncrcscntial mctnls usually diff crcd 

- by a factor of morc than 2. Morcover in 11 instnncca, all involviag bariuiii, 
aluminum, and titanium, thc foreign nincticth pcrccntiles wcrc morc than 5 
times the American valuw Of thc nonessential metals invtxtigatcd, lcod wns 
much- more conccntratcd m Aincrican than in foreign aortas, but tin w i n  thc 
only metal more conccntratcd in twcral organs of thc Amerireti sul).jccts. 
Chromium, nickel, ailver, and cndmiiim in addition to barium, aluminum, nnd 
titanium were more concentrated in sevcral organs of the forcign subjccts. 
- Unusually high concentrations of renal cadmium nnd pulmonniy aliimiiiurn, 
titanium, nnd probably vanadium wcrc agnin ohncrvcd. hlorcorcr codmiuiii was 
4 times tm concentratcd in the liver nR in any other organ except the kidney ; this 
distribution characterized the American as \vel1 as the foreign material. The high 
o w n  specificity of thc other 3 nonorsential metals may have involved aortas 11.9 

well m lungs. 
Table IV indicates ninetieth percentile/tentli percentile for each mctnl in 

each organ. A comparison with Table It indicates that ranges of conccntrutions 

- 

- 
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were larger for the foreign organs than for the American organs. I n  general, 
however, the ranges continued to be smaller for essential than for noneasential 
metals. Specifically, for most essential metals, the tabulated ranges were less 
than 3.5; only 2, both involving iron, exceeded 7.0. I n  contrast for most non- 
essential metals, the tabulated ranges were at least 14; only 5, three of which in- 
volved strontium and one barium, were less than 7.0. 

Discussion 

The variations in concentrations tabulated above could presumably be 
lessened by more precise analytic techniques and more homogeneous sampling. 
Although it might seem ideal to limit subjects to healthy individuals who died 
suddenly and accidentally, as was attempted for the Americans, and to limit 
samples to single types of cells, or perhaps single fractions of such cells, it was 
difficult to obtain even the leas adequate material considered here. The difference 
in the method of preserving the American and the foreign material was ap- 
parently relatively unimportant; analyses of both frozen and formalin-preserved 
kidney and liver from 24 subjects failed to show significant differences related 
to method of preservation. The data for cadmium and zinc have previously been 
presenteda and are typical of the data for the other 16 metals considered here. 

Since the populations under discussion had no recognized deficiency of a- 
sential trace metals nor toxicity from nonessential ones, the observed 80 per cent 

Table ZZI. Rangea of concentrations in organs of foreign adults (formalin-preserved 
I 10th and 90th 
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I Heart I Splrcn Aoria 

I’arkbility irt ritctal cowtent of hunmrr orgniu 2 5 1  

Rrnin 

rniigcs of tlic mchh placed some limits on concentrations incompntil)le with 
noiinal function. Control iiiccliaiiixms required to asmrc corrcct mounts  of 
cwcntial tracc nictala for epccific vital procwcs may explain tho rclutivcly sinnll 
rangce of concentrations oE anch mctnls among the cntirc group of RnbjccLR 
cxainincd. Tho grcntcr upper Ziniifr of coricentration thn t wcrc found for nlont 
nonwcntinl trace mstn l~  among foreign as co rnpad  with Amcricnn snhjrctu 
may ivflcct the chronic ilhma of tlic former, but morc probably it rcflrcts tlicir 
wider cxpmurc to unusual cnvironinontal conditione nesociatcd with thcir wider 
gcoyraphic dietribution. 

Thc apparently unircrsally higli pulmonary concentrntions of nluminum nnd 
titanium in nditlts may \vel1 OCCUT bccauxc these inetnls enter tlic body pm- 
dorniiiantly via tho respiratory tract wherc they are immol)ilizcd. By analogy 
with equine kidney,’ it acorns likely thut the renal cadmium is Rtiwngly bound 
to a protein, but tho underlying reasons for the predilection of this mctcil 
for kidncy remain uncxplaincd. Finally, the nrbitrurincss of thc distinction h- 
twcen essential and noncsacntial metals must be re-einphnsirfid. Chromium, with 
its cffcct on glucoee rnctabolism,T~eem particularly likely to be traiisfcrrcd from 
the nonessential to thc essential category. Vanadium, which is caqcntinl in soine 
protovertebrates and which increases both phospholipid8 and monamine oxida- 
tione in mammalian tissues, is another candidatc for such a transfer from non- 
essential to easential. 

230-920 430-800 270-590 
360-1900 76-350 67-290 

0.11-0.69 0.Bi-0.080 0.19-0.74 
29-260 81.200 130-1300 

1.9-12 3.4-8.5 1.2-3.8 
15-54 26-49 15-36 

0.1 2-0.87 
OJMS-0.50 
0.04-51 
< .1-2.3 

< -02-0.065 
< .002-069 
< .09-0.8.6 

< .0009-0.0s# 

< .04-0.21 
< .Od-O.l6 < .02-066 0.023-0.48 

< a4-1.31 

a factor of more than 1. Otherwise. the conventlons are those of Table I. 

0.014-OJ9 
0.01 7-0.24 
0.87-20 
< .1-0.6$t 

0.0068~0d8 
< .QR-0.3Rt 

< .0009-0.011 t 
< .4-0.88 

< .04-0.13 t 

0.013-0.11 
0.009-0.18 
0.85-18 
< .1-0.59t 

< .ooa-o.i4 
< .OD-O.Sl t 

<. .000B-O.O12t 
< .4-1.1 t 

< .04-0.11 t 

200-490 
67-290 

0.26-0.62 
47-04 

4.7-10 
8.7-27 

0.0064-0.096 
0.015-0.19 

0.3A-10 
< .l-O.&t 

0.003-0.f2 
< .OD-Od4 t 

< .0000-0.022 

< .0’2-0.30 t 

t f 3 3 b 8 b  
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Lung 

parcmtilcn Infant 
(nddtx) rncdinn 

10th and 30th 

J. Lab. L Clin. Mrd. 
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Tnblc ZI'. Roiigo (80 pcr cmt )  of mctnl coiicentrations in foreign organs. 
VOth/lOih pcrcentiir 

~ i o m  1 h'idncy I ~uwn I Aorta 1 ncart 1 Splccn 1 Brain 

Rmmfial 
Mg 
cn 
Nn 
FO 
cu  
Xn 
hi 0 

N onearcnticrl 
Sr 

A1 
Ti 
V 
Cr 
Ni 

ccl 
En 
Pb 

BR. 

4 

0.1 
4.0 
28 
8.0 
4.1 
6.3 
3.8 

4.1 
> 120 

14 

41 

> 37 
> 17 

10 

1.0 
B.8 

9.9 
6.0 
5.0 

2.n 

8.0 

3.4 
0.3 

an 
> 8.4 
26 

> 10 
12 

B.4 

2.0 4.0 
9.6. 9.2 

a.4 8.8 
5a 0.1 
2.8 3.0 

5.3 6.a 

2.2 7.2 
5.0 14 
0.7 64 
ZD > 23 

> 14 
11 > 300 

> 7.7 > 30 
7.0 0.4 

> 10 
0.7 8.0 

2.0 
4.7 
3.2 
3.2 
2.5 
1.9 

14 
14 

.> 23 

70 

> 12 

13 

2.2 1.D 
4.4 4.4 
3.0 2.4 
10 8.0 
3.2 2.2 
2.4 3.1 

8.2 15 
20 13 
10 20 

> 74 40 

> l a  > 24 

21 > 10 
*Conventions are the mame ad in Tnble 11. 

.The nguru are mlaomolea of metal per gram of tissue ash. Numbers In Itallcs Indlcate 
when the infant median WM more than 10 times the adult ninetieth percentile or leu8 
than one tenth of the adult tenth percentile 

The collection of tiseues from Africa WM nuppotted by Grnnt H-2577 to Dr. Perry by 
the National Heart.Iastitato, United Btates Public Health &mice. The collection of tissucs 
from Europe and Ada WM sapported by a grnnt-in-aid to Dr. bhraeder by the Lasdon 



I“ni1ntlnt iciii, Yonkim, Ncw Pork. lkivii l  
~ ~ r ~ n c i ~ l i t  niid Qvorge Ogiirn, .l)riircr, Colorn& ; IV. AI. Nirkry, .I r., Iticlinrd hI. i X ~ i i i n n I l ~ ,  

R i d  ErncNt nooth, I)nllns, Trxna; IY. A. I ) .  ljlitlcrroii, IEol)crt J. l’oppiti, tilid I\en C. IYiIlnrd, 
J r., Minmi, Floricln; Ruwnctll 8. Firlivr, nnltirnorc, Alnrylnncl ; Geoffrey T. hlnnii, Ria-linioiid, 
Vircinin; ( h l t r  E. Wilson niid Irving ~+1i1111,nrg, Scirtt.lc, ~ n a ~ ~ i i i g t o i i  ; Clinrlcs 1’. I,iirsnn, 
Tnaoinir, \Ynrliington; I \ i l~*rt  E:. Wnrrrii lrlltl l lrnry I). Mnon, Han I!’rniici8en, Ctiliforiiin ; 
IVdtcr H. Slicltlon nncl 1)nrrcll Aycr, AtJrLiitci, Ocorgin; Frnilcoin C. Rrulii, Ilcrii, Mwikxcrliinil ; 
Antlrr I’irnux, Usurnburn, Runiicla-IIruiidi ; 8. 0. Cowprr, Ligos, Nigeriir ; 1’. It .  liliiiiiotknr, 
nonilmy, nnil (3. 8. Aiitcl, Now l)clhi, Iiidix; Norig Ting, Tnipci, Fonnosn; I’rndit Tiinnunit, 
nniiAkok, Tliniln~icl ; ]IOU 1’110-Cliang iincl c. C. I in ,  IIong Kong;  Tcburo Yokoynm n n i l  
IC. Bupni, Tokyo, nnd €iisat.o Yorrliirnurn nnJ M. Arnki, Kyoto, Jnpnn. The nsliing o l  t l i i r  

tiwiica \vas clono nt t,lic IIcaltli Pliysics Division of the Onk Ridge Nntiniinl I,nliorntory, Oiik 
%dgc, TcnneRncc, by 1C. I<. McDniiirl under tho suprrvirion of Aiinr Cook. Tlic spcwt rogrnpliic 
niinlywin of tisnuc wn.q donn nt tlic Ikpnrtmcnt of I’liysicr, IJnivcrsity of Tennvsrrc, liiios- 
villa, Tciincrnec, I,y I)r. Tipt.nn with the trchtiicnl iwnirtnncc of Joliniinn Folniitl, Joliniinn 
Rittacr, nntl Snrn Fentrtras. Tlic inatnl-frco forninlin \VIM prcrpnrrd tliroiigli t lw coiirtrsy of 
Dr. I’nuI Austin, E. I. (la Pont t i n  Nrinours 8i Co., Inv,., Wilniingtoii, I)eln\rxrc. 

Atldnndum. Tlirrn nre no rxtiniiwivc tlntn for  chilclrcn conipiirnlilc with thnsc )irtwiitr(l 
for R i l l l l t S ;  howcvcr, the livcrs, ki(Jiic!ys, niid lungs of 10 infnnts \vlio dird i i i  Ht. h l i i s  ( % i l .  
clrcn’a or Matamity Honpitnls n t  lrns tlinn one mont.11 of ngc give sonir mensurc of thc rlinriges 
in nictd content wliicli dcpnnd 011 ngc, Tlicso orgnna mern yrrscrvcil i n  tlic sanit! niniiiirr i in 

thoso of tlir American nclults nncl nnrc nnnlytrcl by tlin snmc lnl,orntory with the WIIIII(! tt!t+. 

niqurs; but, unlike the Amcricnn nelultn, thn Pirtieiits werc d l  froni on0 g r o p q h i c  nrvn nntl 
t h y  wcrc not lirnltliy inimcdintcly prior to dcniim 

T ~ l i l e  V indicntes tlic 3.4 inntniices wlioii thc mcdinii vnluc for tlic infnntn \vn* iiitiri’ 

tlian twicc tho ninctirtli prrcontiilr or leas thnn Iinlf of tlic tnntli prrcontilc previously t.itri1 
for Amcricnri ndults. For rcnnl cnilinium and pulmonary aluminum, tlic infnnt nicdinii wnn 
ha  tlinn one tcnth of the n d d t  tenth perccntilc, suggcsting t . h t  tlicre nirtnls nrcuniiilntivl 
daring cliildliood. Tho aignificnnro of tlir mnrkedly incrrnsed Iirpatic silvcr in infatits i R  not 
clcar. 
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