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VARIATION IN THE CONCENTRATION OF CADMIURI IN HUMAN 
KIDNEY AS A FUNCTION OF AGE AND GEOGRAPHIC ORIGIN 
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HILE analyzing human organs for trace metals, one of us (Tipton) ob- W served surprisingly large amounts of cadmium in the kidney.' This un- 
expected observation prompted a search for factors correlated with the concen- 
tration of renal cadmium. In order to explore the effect of age, kidneys of children 
from St. Louis were compared with kidneys of adults from St. Louis. In order 
to explore the effect of geographic origin, kidneys of adults from various parts 
of the world were compared with kidneys of adults from St. Louis. 

Liver was the only other organ which consistently contained measurable 
concentrations of cadmium by the spectrographic technique used.' Therefore 
both hepatic and renal concentrations were studied. Cadmium lies directly below 
zinc in the periodic table and the two metals are chemically similar; moreover, 
cadmium is quite different from any other metal commonly found in the human 
body. The concentration of cadmium, which has no known biologic function, 
was therefore compared with that of z'inc, which is essential t o  man. Accordingly, 
both renal and hepatic concentrations of both cadmium and zinc have been pre- 
sented. 

The ideal source of tissues for analysis would seem to  be healthy subjects 
who died suddenly and traumatically. Even in the United States, however, 
children meeting this criterion were difficult to find; while in places like the non- 
industrialized areas of Africa, no such subjects were available. I t  was therefore 
necessary to use hospitalized patients who had died of various illnesses. Any 
disease known to produce hepatic or renal abnormalities was excluded; moreover, 
only grossly normal tissues were assayed. 
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Since freezing seems to be the ideal method .of preserving tissues, samples 
collected in the United States were frozen. Unfixed human tissue cannot be 
imported; therefore fcrmalin was added to the foreign samples. The addition of 
any substance to a tissue raised the possibility of contamination, and the immer- 
sion of a tissue in any liquid raised the possibility of eluting trace constituents. 
Falsely high analytical values from contamination were excluded by demon- 
strating the purity of the preservative. Losses from elution were excluded by 
analysis of the preserving fluid together with each tissue. Moreover, comparisons 
were limited to tissues that had been similarly handled. Thus assays were per- 
formed on two aliquots of each tissue from the American adults. Frozen aliquots 
were compared with frozen tissues’ from American children, and formalin-pre- - 
served aliquots were compared with formalin-preserved tissues from foreign 
ad u 1 ts. 

- 

- 

MATERIAL 

. The kidneys and livers of 157 subjects were analyzed for cadmium and zinc. 
Organs with gross pathologic abnormalities were excluded. No subject was known 
to have had any industrial or other unusual exposure to metal. The,subjects  
belonged to three categories: American adults, American children, and foreign 
adults.* The American children were divided into three age groups and the for- 
eign adults were divided into eight national groups. 

The 24 American adults ranged in age from 46 to 77 years. The 38 American 
children were 12 years of age or less, and 7 were stillborn. All American subjects 
died in St. Louis and the autopsies were performed by the members of the De- 
partment of Pathology of the Washington University School of Medicine. Table 
I presents information about sex, age, race, and cause of death. 

The 95 foreign adults came from ten cities in eight different political units 
1 of Europe, Africa, and Asia. Their ages ranged from 20 to 79 years. The cultural . 

pattern of the 9 Swiss subjects resembled that of the Americans. The subjects 
from Ruanda-Urundi came from primitive farming communities with little ex- 
posure to industrial civilization; in addition their diets were unusually poor in 
protein. The Nigerian subjects died in the city of Lagos, but many had spent 
time in the interior. The Asiatic subjects belonged to relatively nonindustrialized 
cultures; all except the Indians came from coastal areas and may have consumed 
considerable seafood. Autopsies were performed within 12 hours of death by the 
pathologists whose help is subsequently acknowledged. 

I 

~ 

, 

COLLECTION AND PREPARATION OF TISSUES 

At the time of autopsy, an aliquot of renal tissue from each American sub- 
ject, both adult and child, was sealed in an individual polyethylene bag and 
immediately quick frozen. Hepatic tissue was sealed in a separate bag and frozen. 
The samples remained frozen until just before drying and aahing at the Oak 

~ L -  

*The term “American” daatgnstes aubjects from the United St.tc9 and the hrm “foreign’” subject8 
from the Emtern Hemlaphere. ’ 
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Ridge National Laboratory when they were thawed, trimmed of fat and con- 
nective tissue, and cut into cubes approximately 1 cm. on a side. Each sample 
was then placed in a tared silica dish, weighed, and dried a t  110" C. for 24 to 
48 hours. Thereafter the dried sample was reweighed, ashed at 450" C. for 24 
k o u ~  or longer if necessary, and reweighed again. The gray arh waa then tram- 
ferred to a 15 ml. polyethylene bottle where it was thoroughly ground and mixed 
by shaking with platinum beads in a pipette shaker for 30 minutes. After the 
beads had been removed, the ash remained in the bottle until analysis. Table 
I indicates the percentages of kidney and liver which were ash. 

At the time of autopsy, an aliquot of renal tissue from each adult subject, 
both American and foreign, was trimmed of fat and connective tissue, placed 
in an individual polyethylene bottle, and preserved in an approximately equal 
volume of formalin. Similar amounts of hepatic tissue and preservative were 
placed in a separate bottle. Each sample and all of'the formalin in which it had 
been preserved were removed from the bottle at Oak Ridge and dried a t  110" C. 
for 24 to 48 hours in a tared silica dish. Thereafter the dried formalin-preserved 
sample was handled in the same manner as the dried frozen tissue. 

Except for stainless steel scalpels, nothing but polyethylene, fused silica, 
and platinum touched frozen samples from the time cf collection until they were 
mixed with graphite and internal standard just prior to analysis. Before use, 
all polyethylene bottles and silica dishes were washed in five parts of concentrated' 
nitric acid and one part of concentrated sulfuric acid; thereafter they were rinsed 
in metal-free water, soaked for 24 hours in a solution of ethylenediaminetetra- 
acetate a t  pH 11, and rerirised five times in metal-free water. All water used in 
the procedure was distilled in glass and then passed slowly through an ion ex- 
change resin before being stored in polyethylene bottles. 

Except for the addition of formalin, the other samples were similarly handled. 
Metal-free formalin was specially prepared by E. I. du Pont de Nemours & Co. 
Aliquots, equal to at least thrice the volume added to any one tissue, were stored 
for several months in bottles of the type used for tissue collection and then an- 
alyzed for zinc and cadmium. For the analysis 100 mg. of spectroscopically pure 
sodium chloride was added to the formalin and the mixture was dried, ashed in a 
muffle furnace a t  450°C. for 24 hours, and then handled like tissue ash. No cad- 
mium or zinc was detected in the formalin. 

SPECTROGRAPHIC PROCEDURE 

The spectrographic analyses were performed at the University of Tennessee. 
Five milligrams of ash from each tissue was mixed with an equal amount of spec- 
troscopically pure graphite to which indium oxide had been added as an internal 
standard. Each sample was then placed in a crater 5 mm. deep and 1/16 inch in 
diameter in a spec. pure 1/8 inch graphite electrode. The electrode was made 
the cathode in a 10 ampere direct current arc and burned for 10 seconds, after 
which all the cadmium and zinc were gonc from the sample. The region of the 
arc 1 mm. above the cathode, "the cathode layer," was focused on the collimator 
of a Bausch & Lomb Littrow spectrograph with a slit width of 20p. The spectrum 
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from 2,400 to 3,400 A was photographed on Eastman SA-2 plates which were 
developed for 3 minutes in D-19 developer, fixed for .16 minutes in F-5 fixer, and 
washed for 30 minutes in running water. The intensities of the 3,345.0 A zinc, 
3,261.1 A cadmium, ahd 3,039.4 A indium lines were read on a densitometer 
which had been modified to read intensities directly. 

Working curves were made by burning, under identical conditions, standard 
samples which had been prepared by adding known quantities of trace elements, 
including cadmium and zinc, to a synthetic tissue ash. The synthetic ash was 
composed of 56.2 per cent KPOs, 38.2 per cent NaCI, 2.5 per cent CaCOa, 1.7 
per cent MgO, and 1.4 per cent FeCl,. Spectra of standards were included on 
every plate of unknowns. 

To  estimate the precision of the spectrographic method and the recovery 
of cadmium and zinc a t  the concentrations in which they occur in tissues, sam- 
ples were prepared by adding known quantities of the two metals, both alone and 
in combination with known quantities of other trace elements, t o  a well-mixed 
composite of several different tissue ashes. The observed cadmium and zinc con- 
centrations for 32 analyses of such samples during four months are shown in 
Table 11. The minimum measurable amount of cadmium approximated 50 y per 
gram of tissue ash. No check of the spectrographic method-was made by colori- 
metry or wet chemistry. A complete description of the method has been pub- 
lished.' 

VARIATlON OF CADMIUM CONCENTRATION IN KIDNEY Volume 14 
Number 2 

' . 

TABLE 11. RECOVERY AND REPRODUCIBILITY OF METHOD (32 ASSAYS) - 
I I I 

Cadmium 159 257 98 1,150 99 1 
Standard error f4 f7 f 40 

Zinc 5,m 
Standard error f 160 

7,400 2,400 
f 240 

All tabulated values fu6 av-e concentrations of metals found, or their standard errom. e x p r m  
88 7 per gram of Mh. The amount of metal recovered is obened by subtracting the eD0dmentallY 
determined value for the composite t h u e  oah from the expedmentally detarmhed value for the COm- 
pooh ssh plus added metal. 

RESULTS 

The Effect of Age (Frozen Tissues From American Subjects).-Each of the 
24 adults from St. Louis had measurable concentrations of both cadmium and 
zinc in the frozen aliquots of both liver and kidney. The concentrations of cad- 
mium in kidney ranged from 560 to  4,300 7 per gram of ash, and the median 
concentration was 2,075 y. The median concentration of renal zinc was 3,700 Y ' 
per gram of ash. The median concentration of cadmium in the liver was a sixth 
a~ much as in the kidney, while the median concentration of hepatic zinc 

~ - 
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exceeded that of renal zinc. The first part of Table I11 includes the medians' 
and ranges of renal and hepatic cadmium and zinc for the American subjects, 
and the second part includes the means and their standard errors. 

Among the adults, no apparent relationship was observed between sex and 
renal or hepatic cadmium or zinc; moreover, figures for the single adult Negroid 
subject approximated the average of the entire group in all four parameters. 
Specifically, the 10 females had a median concentration of 1,950 y and a mean 
concentration of 2,010 y cadmium per gram of renal ash; the Negroid subject 
had 2,000 y of cadmium per gram of renal ash. 

- - 

TABLE 111. cADHlUM AND ZINC &NTENT OF 62 AMERICAN  KID^ A N D  LIVERS (FROZEN WUE) 

! I  KIDNEY I W E R  
NO. OF 

AQEGROUFtl 1 ,8U& I 1 
ZINC 1 CADMIUM 1 ZINC - CADMW 

I 

- Medians and &vu.- 
9,OOO (3,600-21,000) 0 (0-0) 3f000 (1r450-s'200) 

(O0) 3,950 (1,950-5,ICjO) ~ . / 45-450days 10 0 (0-780) 2,950 (1,75O-5,5OO) 0 (0-0) 
0-45 days 17 

450-4,500daye 11 360 [0-2,200) 3,700 (1,1M)-4,900) 50 (04,000) 3,700 (1.400-8A00) 
>45 yeara 24 2,075 (56M,300) 3,700 (2,150-6,oOO) 360 (5b1,200) 5,400 (2,4*13,300) 

M m n ~  and Their Standard Errmi.- 

0-45 days 17 0 3,850f 490 0 9,800+ 1,235 
41r150dsys 10 86+ 74 3,150+ 318 0 3,875 k 399 
4504,500days 11 63lf 192 3,465f 292 178+ 76 4,760+ 694 
>45 yeara 24 2,150f 170 3,810f 194 335f 62 5,735 + 498 

The metal concentrstlons are expressed as y per gram of ash. 

None of 17 idants less  than 45 days old, and only 2 of 10 infants between 
45 and 450 days old had detectable renal or hepatic cadmium. In contrast, renal 
cadmium was found in 9, and hepatic cadmium in 6, of 11 older children; more- 
over, each of 4 children 6 or more years old had cadmium in both organs. Renal 
zinc varied less with age, as did hepatic zinc after the first few days of life, when 
nearly twice the adult concentration was present (Table 111). 

The metal concentrations in the formalin-preserved and frozen aliquots of the 
tissues from American adults were very similar. The figure presents individual 
concentrations of cadmium and zinc as cumulative frequency graphs for the 
formalin-preserved kidneys of the adult Americans and the eight foreign national 
groups. The graphs define ranges of values for both metals and cite median 
values. Table IV indicates the means and their standard errors for renal and 
hepatic cadmium and zinc in the formalin-preserved tissues. The same table 

The total range of cadmium concentrations in the kidney extended from 150 

The Efect of Geographic Origin ( Formalin-Preserved Tissues From Adults).- 

includes the ratios of renal cadmium to  both renal zinc and hepatic cadmium. . > -  

I '  

I 1 3 3 b 2 3  
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to 17,000 y per gram of ash for the 95 foreign adu!ts; thus there was more than a 
hundred fold difference between the maximum and minimum values. Within the 
individual national groups, however, variation was less; in fact, for each of them 
a factor of 10 encompassed 90 per cent of the concentrations. The median renal 
cadmium concentrations of the national groups ranged from 720 t o  5,300 y per 
gram of ash. The large intergroup differences suggested several distinct popula- 
tions; for example, exclusion of the single relatively high concentration among the 
subjects from Ruanda-Urundi eliminated all overlap between that group and the 
groups from Japan and Hong Kong. In general the foreign Negroid subjects 
tended to have less renal cadmium than the American Caucasoid, while the 
foreign Caucasoid subjects had similar amounts and the foreign Mongoloid had 
more (Fig. 1). 

TABLE IV. MEAN CADMIUM AND ZINC CONTENT OF 119 ADULT  KID^ AM) LIVEUS (FORMALIS-PRESERVED TISSUE) 

Number 2 

, 

' 

j the medians 
-ican subjects, 

tween sex arid 
adult Negroid 
r parameters. 
Z-md a mean 
?groid subject 

R 

ZISC 
RATIOS I KIDNEY I LIPER 

bouNTRY O? 
DEMISE 

ZINC 

4,680+ 620 
6,950k 1,150 

5,580+ 502 
3,510f 2M) 
5,660f 780 

18,600+ 3,000 
7,990+ 1,980 
5,900f 570 
7,640k 1,450 

4,150f 710 
4,2!30f 570 

4,110f 279 
3,290f 330 

'4,330f 840 

19,4005 4,270 
8,190k 1,380 
5,470f 400 
6,200f 670 

70+ 40 
100% 30 

360+ 54 
2GQ+ 40 
190% 30 

710+ 170 
470f 240 
67Of 150 
540% 90 

0.24 14.7. 
0.40 I 24.9. 

Ruanda-Urundi 
Nigeria 

United S t a h  
India 
Switzerland 

F~~ 
Thailand 
Hong Kong 
Japan 

m ts be tween 
ntrast, renal 
ldren; more- 
-gam. Renal 
of life, when 

w Adults).- 
pots of the 
s individual 
phs for the 
ign national 
5te median 
r renal and 
same table 

:admiurn. 
xi from 150 

The metal concentratlons are means, expressed m y per gram of aah f one standard error of the 

*Five patients from Ruanda-Urundi. 3 from Nigeria. and 2 from India had no measurable hepatic 
mean. The tabulated ratios are the average# of the individual ratios. 

cadmium; hence they were omitted from the calculatlon of renal to hepatic cadmium ratios. 

For the five groups of Negroid and Caucasoid subjects, the concentrations 
of renal zinc were relatively constant in comparison with the corresponding cad- 
mium concentrations. This constancy was manifested by median concentrations 
which varied only from 3,100 to 4,200 y per gram of ash, and by a total range of 
concentrations which varied only from 1,600 to 9,000 y per gram of ash. On the 
other hand the Mongoloid subjects tended to have larger and more variable 
concentrations of renal zinc (Fig. 1). The highest mean concentration of zinc 
was the approximately, 19,000 y per gram of ash found in the Formosan kidneys 
and livers. The highest mean concentration of cadmium was the more than 
6,000 y per gram of ash found in the Japanese kidneys, with three of 17 samples 
having twice that amount. For the subjects from Hong Kong and Japan, the 
ratio of renal cadmium to renal zinc averaged 0.96; half of them had ratios greater 
than unity, but only one had twice as much cadmium as zinc. 
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Fig. 1.-Cumulative frequency graphs of the renal concenmtlonr of cadmium and zinc for each 
of the nine national groups compriaing 118 adult onbjects (formalIn-prswrved tissues). The distribution 
of the individual concentrationo is shorn for cadmium by heuvy linea and for h c  by fine linen. Figurer 
cite and arrows point to medIan values. The vmical d e  indlcata the numberof patients. For instmce. 
in the top graph each of the 11 aubjectd from RuandrUrundi is mpreaemted by one of the rtepo. The 
horitonW d e  b 1og.rithmlc. 
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STATISTICAL ANALYSIS 
I 
I 
I 
! 

The comparison of the American children and American adults with respect 
to renal cadmium concentration needs no statistical analysis to  demonstrate its 
significance. Not only is there no overlap between the youngest children and the 
adults, but the gap which separates them is great. On the other hand, the cam- 
parison of the renal cadmium concentrations of the nine national groups of 
adults has been analyzed statistically in an attempt to  indicate which of the 
observed differences are likely to  be significant. 

The 119 adult subjects were divided into nine national groups. The distri- 

i 
I 
I 

I 

butions of their renal cadmium concentrations were found to be skewed. Trans- 
formation of the actual concentrations to their logarithms reduced the skewness 

1 

I 
; and produced homogeneous variances for each of the nine groups (Bartlett’s 

chi-square test: x2 = 8.59, DF = 8, P > 0.25). Analysis of variance of the fog- 
arithms revealed highly significant daerences among the means of the nine groups 

Below, the means of the logarithms of the individual renal cadmium con- 

I 

(P < 0.001). 
‘ 

centrations are ranked in order for each of the nine groups: - 
n .  VI z W 
3 I- a 4 0 z 
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The multiple comparison procedure described by Kramei  indicates that  any two 
means which are underscored by the same line are not different a t  the 1 per cent 
level of significance. Similarly any two means which are not underscored by the 
same line are significantly different a t  that level. A t  least three different popu- 
lations seem to be present. Subjects from Ruanda-Urundi differ from each of 

, the other eight groups of subjects. In contrast the groups from Nigeria, India, 
the United States, and Switzerland apparently do not differ among themselves. 
Similarly the four groups of Mongoloid subjects do not seem to differ among them- 
selves. As indicated in the diagram above, a t  the 1 per cent level of significance 
there is some overlap between the second and third populations, possibly due to 
the small sample sizes. At the 5 per cent level of significance, however, there is 
a distinct difference between the Caucasoid and the Negroid subjects on the one 
hand and the Mongoloid subjects on the other. 

An attempt was also made to determine whether the nine national groups 
differed significantly with respect to  renal zinc. The distributions of zinc con- 
centrations within these groups were highly skewed, particularly among the 
Formosans. The use of logarithms reduced the skewness but did not cumpletely 
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remove the 'significant heterogeneity of the variances. When the Formosans, 
who had a much higher mean zinc concentration than the other groups as well 
as the largest variance, were excluded, the variances of the remaining groups 
were homogeneous (P > 0.05 by Bartlett's chi-square test). Analysis of variance 
based on-the eight remaining groups revealed highly significant differences among 
the means (P < 0.001). The means for the Formosans and the Thai, who had 
the highest zinc concentrations of the remaining eight groups, differed signih- 
cantly (P < 0.01) when considered alone. I t  was therefore presumed that the 
Formosans differed significantly from all other groups. 

Multiple comparisons among the remaining eight groups were performed as 
before with the results presented below: - - n v1 

n 

n 
u z 
0 z 

< s 
n I Y < 4 

4 2 z 0 w e: 
c z 2 d w 

z 
z 2 0 4 5 e: 3 z 3: c.l 

n 

3.49' 3.56  3 . 5 9  3 . 5 9  3 . 6 2  3 . 7 3  3.77 3 . 8 4  

w *  c z 
cl v1 a 

I- 

z 
=1 
e: 

- 

: n z 
2 

i : -  
- 

- - 

The lines underscore any means which do not differ at the 1 per cent level of 
significance. At least two populations are indicated. One includes the Caucasoid 
and Negroid subjects and the other includes the Mongoloid. The Formosans, 
of course, comprise a third population. . 

COMMENT 

There are few published data on renal and hepatic cadmium and zinc with 
which to compare our results: The mean concentrations reported here for the 
24 American adults with various diseases approximate the highest concentrations 
observed by Koch, Smith, Shimp, and Comer," who found considerable variation 
in 8 normal American subjects. Our data are similar t o  those reported for 3 normal 
British subjects by Smith and co-workers16 and for many sick American subjects 
by Butt and associates6; however, comparisons are difficult because of differences 
in the manner of reporting. Finally, there is no evident conflict with the semi- 
quantitative results of Stitch.' 

The greatest dificulty in interpreting the data just presented stems from the 
possible effects which various iIlnesses might have on tissue metals. Our prelimi- 
nary investigation, like that of Tietz and his collaborators,6 has so far failed to 
reveal abnormal amounts of cadmium or zinc in the kidneys or livers of patients 
with infections, neoplasia, cardiovascular diseases, or the miscellaneous causes . 
of death involved here. On the other hand, decreased hepatic zinc has been de- 
scribed in cirrhosis of the liver,g and further differences in the tissue content of 
metals are likely to be discovered in specific pathologic conditions. 

Since renal cadmium is a function of age among adults, with the maximum 
concentration occurring during the fifth decade,lO the difference in age between 
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American and foreign subjects might have some significance. Very small amounts 
of cadmium have been reported in infantsll; our failure to  find i t  may merely 
reflect the insensitivity of the spectrographic method. The high concentration 
of hepatic zinc which was reported here for newborn infants is in agreement with 
prior observations.12 

The chemical similarity between cadmium and zinc and the reported biologic. 
competition between them13-14 suggested that  cadmium-to-zinc ratios might be 
significant. Low ratios of renal t o  hepatic cadmium in experimental animals 
after cadmium administration,l6-" even in small doses over long periods,I8 
prompted tabulation of the relatively high human ratios. 

* 

SUMMARY AND CONCLUSIONS 

Renal cadmium apparently accumulated during childhood. Whereas the 
kidneys of American infants had no demonstrable cadmium, the kidneys of 
American adults always contained more than ten times the minimum measurable 

The concentration of renal cadmium depended on an individual's geo- 
graphic origin. One group of African adults averaged about a third as much renal 
cadmium as their American counterparts, the difference being statistically sig- 
nificant; yet the two groups were similar with respect to renal zinc. Whereas 
individual Caucasoid and Negroid subjects had a more than thirty fold variation 
in their concentrations of renal cadmium, the invariant presence of considerable 
amounts of renal zinc limited them to less than a sixfold variation in the con- 
centrations of that metal. Mongoloid subjects from several different areas had 
considerably higher levels of both renal cadmium and zinc than did their American 
counterparts, with the Japanese averaging more than twice as much renal cad- 
mium and the Formosans more than four times as much renal zinc. 

concentration. The concentration of renal zinc varied less with age. - 

Drs. Perry and Schroeder were respdnsible for collecting the tissues. We should like to ac- 
knowledge with gratitude the help of the following physicians who actually collected the foreign 
samples: Francois C. Reubi of Bern, Switzerland; Andre Pinux of Usumbura, Ruanda-Urundi; 
S. G. 'Cowper of Lagos, Nigeria; V. R. Khanolkar of Bombay and G. S. Mite1 of New Delhi, 
India: Nong Ting of Taipei, Formosa: Pradit Tansurat of Bangkok, Thailand; Hou Pao-Chang 
and c. C. Lin of Hong Kong; Tetsuro Yokoyama and K. Sugai of Tokyo and Hisato Yoshirnura 
and M. Araki of Kyoto, Japan. The collection of tissues from Africa was made possible by a grant- 
i i-aid from the National Heart Institute of the United States Public Health Service (H-2577). 
The collection of tissues from Europe and Asia was made possible by a grant-in-aid from the 
Lasdon Foundation of Yonkers, New York. The ashing of the tissues was done at the Health 
Physics Division of the Oak Ridge National Laboratory a t  Oak Ridge, Tennessee,' by K. K. 
McDaniel under the supervision of Miss Cook. The spectrographic analysis of tissue was done 
a t  the Department of Fhysics of the University of Tennessee at Knoxville, Tennessee, by Dr. 
Tipton and Mr. Steiner with the technical assistance of Johanna Foland, Johanna Rittner, and 
Sirs Fentress. Dr. Allyn W. Kimball, formerly of the Mathematics Panel at Oak Ridge National 
Laboratory and now Professor of Biomathematics of the School of Medicine and Professor of 
Biostatistics of the School of Public Health a t  Johns Hopkins University, advised us as to the 
statistical section of the manuscript.' The actual statistical analyses were performed by Barbara 
Bartels Hixon, Lecturer in Biostatistics, Department of Preventive Medicine and Public Hralth, 
Washington University School of Medicine. The metal-free formalin was prepared through the 
courtesy of Dr. Paul Austin of E. I. du Pont de Nemours & Co., Wilmington, Delaware. 
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A&fendum.-The data presented in the table below became available after completion 
of the report. The methods of collection, preparation, and analysis were 'those described for 
foreign tissues. Although these data are few and their explanation and significance remain 
unknown, they substantiate the findings in the body of the report, namely, that African Negroids 
have less and Asiatic Mongoloids have more renal cadmium than American, European, or Asiatic 
Caucasoids. The renal cadmium concentrations of subjects from South Africa, Uganda, and 
Ethiopia were low and resembled those found in subjects from Ruanda-Urundi. The concentrations 
of subjects belonging to a primitive society in Gabon were higher and resembled those of Nigerians. 
Mongoloid Filipinos had much renal cadmium and resembled the Japanese. 

RENAL CADMIUM CONCENTRATIONS (Medians and Ranges) 

COUNTRY OF DEMISE 
RMAL CADMIUM* NO. OF 

PATIENTS MEDIAN RANGE 

Part I : 18 Additional African Negroids 
Union of South Africa 4 500 380-960 
Uganda 4 755 380-1,300 

Gabon . 5  1,850 1,200-5,300 
Ethiopia 5 760 265-1,400 

Part 11: 4 Additional Asiatic Mongoloids 
Philippines 4 6,450 2,1OO-l4,OOO 

*All concentrations are 7 of cadmium per milligram of ttasue ash. 

We are indebted to Drs. T. D. Leontsinis and George Warren in Welkom, Union of South 
Africa: J. N. P. Davies in Kampala, Uganda; Ermino Codeleoncini in Addis Ababa, Ethiopia: 
Albert Schweitzer and Jan Bertram von Stolk in Lambarene, Gabon: and .lugusto J. Ramos in 
Manila, Philippines, who collected the tissues. 

I 

REFERENCES 

1. 

2. 

3. 

Tipton, I. H., Foland, W. D., Bobb, F. C., and McCorkle, W. C.: Spectrographic Analysis 
of Human Tissue, Phys. Rev. 91rl. 1953. 

Tipton, I. H.: The Distribution of Trace Metals in the Human Body, in  Seven, M. J., editor: 
Metal-Binding in Medicine, Philadelphia, 1960, J. B. Lippincott Company, p. 27. 

Kramer. C. Y.: Extension of Multide Ranee Tests to  GrouD Means With Uneaual Numbers 
of Replications, Biometrics i2:307, 1956. 

Koch, H. J., Jr.. Smith, E. R., Shiinp, N. F., and Conner, J.: Analysis of Trace Elements in 
Human Tissues. I. Normal Tissues, Cancer 91499, 1956. 

Smith, J. C., Kench, J. E., and Smith, J. P.: Chemical and Histological Post-Mortem Studies 
on a Workman E x d  for Manv Years to Cadmium Oxide Fume, Brit: J. Indust. 

4. 

5. 

f 1 ' 3 3 b 2 9  0 \ 
. I  



t 

J. Chron. Dis. 
August. 1961 

after complction 
)sc described for 
:ai ticn ncc rcmai n 
:\fricaii Segroids 
-opcin, or Asiatic 
cn, Uganda, and 
he concentrations 
$e of Nigerians. 

IUM* 
RANGE 

380-960 
380-1,300 
265-1,400 
1,200-5,300 

Union of South 
baba, Ethiopia; 
;to J. Ramos in 

raphic Analysis 

1. M. J.. editor: 
mpany, p. 27. 
?qual Numbers 

ce Elements in 

Iortem Studies 
k i t .  J. Indust. 

tal Patterns in 
: in Laennec's 
edicine, Phila- 

Spectrographic 

.e Elements in 
1957. 
Metabolism in 
hemical Find- 

im, J. CHRON. 

nals and Man, 
Trudy Konf. 

t 

i 

Volume 14 
Number 2 VARIATION OF CADMIUM CONCENTRATION IN KIDNEY 271 

12. Butt, E. M., Nusbaum, R. E., Gilmour, T. C.. and DiDio: S. L.: Use of Emision Spectro- 
nraDh for Study of Inowanic Elements in Human Tissue, Am. J. Chn. Path. 241385, 

13. 

14. 

15. 

16. 

17. 

18. 

...... ~, - - 
Exper. Biol. & M. !k 331359, i955. 
tion by Zinc, J. Endocrinol. 15156, 1957. 

Parizek, J.: The Destructive Effect of Cadmium Ion on Testicular Tissue and Its Preven- 

Princi, F.. and Geever. E. F.: Prolonged Inhalation-of Cadmium, Arch. Indust. Hygiene & 

...... ~, - - 
Exper. Biol. & M. !k 331359, i955. 
tion by Zinc, J. Endocrinol. 15156, 1957. 

Parizek, J.: The Destructive Effect of Cadmium Ion on Testicular Tissue and Its Preven- 

Princi, F.. and Geever. E. F.: Prolonged Inhalation-of Cadmium, Arch. Indust. Hygiene & 
Occupat. Med. 11651, 1950. ~ 

Fribern. L.: Further Investimtions on Chronic Cadmium Poisoning, Arch. Indust. Hygiene 
& Occupat. Med. 5130; 1952. 

Proc. Soc. Exper. Bioi. & Med. 90113, 1955. 

of Cadmium in Drinking Water, Fed. Proc. 158240, 1956. 

Forney, R. B., Bunde, C. A., and Burch, G. R.: Tissue Storage in Cadmium Treated Pigs, 

Decker, L. E.: Tissue Cadmium Content Following Administration of Low Concenfrations 

& Occupat. Med. 5130; 1952. 

Proc. Soc. Exper. Bioi. & Med. 90113, 1955. 

of Cadmium in Drinking Water, Fed. Proc. 158240, 1956. 

Forney, R. B., Bunde, C. A., and Burch, G. R.: Tissue Storage in Cadmium Treated Pigs, 

Decker, L. E.: Tissue Cadmium Content Following Administration of Low Concenfrations 

I 
. s -  

' !  

I 1 3 3 b 3 0  \ -  
I 


