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Biologically active metals in human tissues

II. The effect of age on the concentration of cadmium in aorta,
heart, kidney, liver, lung, pancreas and skeletal muscle
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KILPIO, M.Sc., and SEPPO S. SALMELA, M.Sc.!

VUORI, E., HUUNAN-SEPPALA, A., KILPIO, J. O. and SALMELA, S. S. Biologi-
cally active metals in human tissues: II. The effect of age on the concentration of
cadmium in aorta, heart, kidney, liver, lung, pancreas and skeletal muscle. Scand.
j. work environ. & health 5 (1979) 16—22. Specimens of aorta, heart, kidney, liver,
lung, pancreas and skeletal muscle were collected at autopsy from 86 traumatic acci-
dent victims. After dry-ashing, the cadmium concentration in each tissue was deter-
mined with atomic absorbtion spectrophotometry. The cadmium concentration was
highest in kidney, the level becoming less in the different tissues in the following
order: liver, pancreas, lung, aorta, heart and muscle. The mean (geometric) cadmium
concentration of kidney samples in the age group of 40—50 years was 86.9 ug/g of dry
weight, corresponding to approximately 26 ug/g of wet weight in kidney cortex. All
values for cadmium in kidney were well below 200 ug/g of wet weight, a limit
considered tentatively as a critical concentration in kidney cortex. When the effect
of age on the cadmium concentration of tissues was studied, the same general
pattern was seen, i.e., the median values were low in the early years of life and
increased thereafter. In the cases of heart, kidney, lung and pancreas a maximum
was found at the age of maturity, but the median concentration in aorta, liver and
muscle reached the maximum in older age. The cadmium concentration of muscle
showed the best correlation with age. From the data obtained from the correlation
matrix of cadmium in the tissues investigated, a clear irend was noticed; if the
concentration was high in one tissue it was likely to be high also in other tissues.
The cadmium concentrations show that the exposure of the general public in Fin-
land to cadmium corresponds to that found in other nonpolluted countries.
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Cadmium is a nonessential trace element
that is known to accumulate in human tis-
sues with increasing age (6). For people
not occupationally exposed, the most im-
portant source of cadmium is through ab-
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sorption from food (6). The normal tissue
cadmium concentrations of a given popu-
lation are affected by several factors, e.g.,
degree of exposure, age and smoking hab-
its (3, 9, 10, 13, 17). Cadmium is known to
accumulate in human kidney, and kidney
cortex is considered as a critical organ,
showing the highest concentration at the
age of 50 years (6).

Cadmium causes tubular damage in kid-
neys, where the critical concentration is
tentatively considered to be 200 ug/g of



wet weight (6). Other chronic harmful ef-
fects of cadmium are anemia, hypertension
[although doubted in the case of humans
(14)], liver disturbances, altered calcium
and phosphorous metabolism in bones, and
carcinogenic and genetic effects (6).

Most studies on cadmium in human tis-
sues have been limited to kidney cortex,
liver and pancreas, and investigations
concerning other tissues are relatively few.
In most cases, due to the low levels, it has
not been possible to give exact concentra-
tions since the levels have been below the
limit of detection (4, 9, 10, 18, 19). In order
to get more detailed information on cad-
mium in human tissues and to estimate
the degree of exposure in the Finnish pop-
ulation, we have analyzed the cadmium
concentrations of aorta, heart, kidney,
liver, lung, pancreas and skeletal muscle in
the present study.

MATERIAL AND METHODS

Autopsy specimens of aorta, heart, kid-
ney, liver, lung, pancreas and skeletal
muscle were collected from 86 humans
who had died in an acute traumatic acci-
dent and who were at autopsy verified
not to have suffered from any chronic dis-

eases. The autopsies were performed at
the Department of Forensic Medicine,
University of Helsinki. The material has
been described earlier in detail (20). In
this context two aspects must be empha-
sized. First our sample of kidney repre-
sented whole kidney taken as a segment,
and second age affects the dry weight/wet
weight ratio. Thus, when our results are
converted to wet weight, age specific val-
ues must be used for the ratios (table 1).

After drying at 105°C overnight, the
samples (about 2 g wet weight) were ashed
at 450°C for 48 h, and small amounts of
concentrated nitric acid were used to com-
plete the ashing. The ash was dissolved
with the use of 2ml of 4 M hydrochloric
acid and gentle warming. The crucibles and
covers were rinsed with deionized water,
and the samples were diluted to the final
volume of 10 ml (20). The cadmium con-
cenfration was measured by atomic ab-
sorption spectrophotometry (AAS) with the
flame AAS method (Perkin-Elmer, model
300) and the electrothermal AAS method
(Perkin-Elmer, model 300, HGA-70 or
HGA-2100) depending on the concentration
of cadmium in the samples. Deuterium
background correction was used. Bovine
liver (reference material no. 1577, The Na-
tional Bureau of Standards, Washington,
D.C.) was used as a control. Our mean
result from eight determinations was 0.31
ug/g of dry weight with a range of 0.28—
0.34 ug/g, i.e., a value slightly greater than
that certified (0.27 £ 0.04 ug/g) by the
Bureau. The practical limit of detection for
cadmium was about 0.03 wxg/g of dry
weight in tissues.

Table 1. The median dry weight of the wet weight of tissues (%) and the number of subjects

studied in each age group.

Age group (years)

Tissue
0—9 10—19 20—29 30—39 40—49 50—59 60—69 >0
IN=3) (N=16 (N =24 (N =12) (N=14) (N =17 (N = 4) (N = 6)
Aorta 31.0 29.0 28.4 28.2 27.4 26.3 26.9 24.8
Heart 21.8 20.5 21.7 21.9 21.4 19.5 20.9 21.9
Kidney 20.9 20.4 21.1 20.1 20.4 19.9 18.3 17.0
Liver 27.8 26.2 28.2 29.8 28.8 29.8 27.7 28.1
Lung 20.7 20.0 21.4 20.3 20.9 20.2 18.2 179
Muscle 24.0 23.6 24.1 24.7 25.2 24.7 27.9 249
Pancreas 21.7 21.1 22.5 24.6 24.3 27.0 31.3 34.9
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Table 2. The correlation matrix of cadmium in the tissues examined. Cal-
culated from log values; the missing values have been replaced with age-

specific median values.

Pan-

ta i
Aor Heart Muscle Lung creas Liver
Heart bt

Muscle oy i

Lung EL 2 *kk LT 2

Pancreas s NS * o

Liver * NS NS ¥ TEE

Kidney *kx * * *kk Rk e

* p<0.05; * p<0.01; ** p<0.001; NS not significant.

RESULTS

From the total of 593 cadmium determi-
nations two results were excluded from
the statistical analysis (one cadmium in
aorta, 19.8 ug/g, and one in pancreas, 47.3
ug/g) due to the exceptionally high re-
sults. The results were regarded to be un-
reliable because further analysis revealed
that the cadmium concentrations in the
other tissues of these subjects were not
exceptionally high. However, high single
values for heart, lung and liver tissue
were included in cases with concentrations
above the medians in every tissue investi-
gated. This practice is justified since cad-
mium has a good correlation between tis-
sues, as can be seen in table 2.

The average cadmium concentration
was highest in kidney, the level becoming
less in the different tissues in the follow-
ing order: liver, pancreas, lung, aorta,
heart and muscle. The fraction above the
limit of detection/number of cases varied
from 1.00 in kidney samples to 0.62 in
heart samples (table 3).

The effect of sex on the cadmium con-
centration of tissue samples ought to be
evaluated in each age group separately.
However the low number of females in
most age groups studied did not allow us
to make such a comparison.

When the effect of age on the cadmium
concentration of the tissues under investi-
gation (both sexes included) was studied,
the same general pattern could be seen.
The median values were low in the early
years of life and increased thereafter (ta-
ble 3, fig. 1—2). For the heart, kidney, lung
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and pancreas a maximum concentration
was found at the age of maturity, but the
median concentration in aorta, liver and
muscle reached the maximum in the older
decades of life. The cadmium concentration
of muscle showed the best correlation
with age (N = 86, r = 0.404, p < 0.001).
However, if we limit age to the 50th year of
life, the cadmium concentration in kidney
shows an even better correlation with age
(N = 63, r = 0.580, p < 0.001).

Due to the great effect of age on the
cadmium content of tissues, it is difficult
to compare our results with those of ear-
lier studies if the age distribution has not
been given. However, table 4 makes possi-
ble the comparison of our results for cad-
mium in kidney with those of earlier stud-
ies from the 1970s, with the average con-
centrations in the age group of 40—50
years as a basis. To make such a com-
parison simpler, we have converted our
geometric mean to represent only cortex
by multiplying by 1.5 (9), and we have
used an age specific value for the dry
weight/wet weight ratio to determine wet
weight (table 1).

DISCUSSION

The method by which our material has
been collected has been discussed earlier
in detail (20). Smoking habits have been



shown to play a role in the accumulation our subjects. Smokers have been shown
of cadmium in the human body (3, 10). to have a higher cadmium concentration
Unfortunately it was not possible to ob- not only in kidney cortex but, in some
tain information on the smoking habits of age groups, also in the pancreas and liver

Table 3. The average cadmium concentration in the tissues examined (geometric means and me-
dians), the ranges and the number of samples above the detection limit/number of samples in
each age group; both sexes are included.

Age group (years)

Tissue
0—9 10—19 20—29 30—39 40—49 50—59 60—69 >170
Aorta
Mean 02 0.05 0.20 0.53 0.41 0.50 1.03 0.15
Median 0 0.11 0.36 0.38 0.56 0.57 1.38 0.47
Minimum 0 0 0 0.17 0 0 0.20 0
Maximum 0.15 0.60 12.0 9.49 5.31 4.54 5.96 0.82
N 1/3 10/16 19/24 11/11 11/14 6/7 4/4 3/5
Heart
Mean 0 0 0.05 0.06 0.09 0.06 0.22 0
Median 0 0 0.09 0.09 0.22 0.10 0.21 0
Minimum 0 0 0 0 0 0 0.14 0
Maximum 0.03 0.38 0.89 0.74 0.56 0.32 0.42 0.63
N 1/3 7/16 16/24 8/12 10/14 5/7 4/4 2/6
Kidney
Mean 6.73 25.3 49.4 78.1 86.9 83.7 87.1 58.7
Median 15.8 24.9 54.9 74.5 99.3 78.7 100 76.2
Minimum 1.11 11.4 2.40 33.0 17.8 49.3 48.7 21.8
Maximum 17.4 44.6 197 150 239 178 123 143
Nb 3/3 16/16 23/23 9/9 13/13 /1 4/4 5/5
Liver
Mean 0.25 2.44 3.06 2.69 3.72 2.39 4.47 3.38
Median 1.40 2.41 3.36 2.75 3.69 2.85 4.39 3.57
Minimum 0 1.24 0.57 0.38 0.97 0.12 3.09 0.54
Maximum 1.61 4.73 10.5 10.6 9.31 15.6 6.72 10.3
N 2/3 16/16 24/24 12/12 14/14 /17 4/4 6/6
Lung
Mean 0 0.27 0.66 1.35 0.67 0.73 0.87 0.03
Median 0 0.96 0.96 1.76 1.43 0.89 0.87 0
Minimum 0 0 0 0.07 0 0.21 0.53 0
Maximum 0.07 3.36 7.57 4.95 6.80 2.40 1.51 1.71
N 1/3 13/16 20/23 12/12 12/14 /7 4/4 2/6
Muscle
Mean (] 0 0.04 0.03 0.08 0.07 0.29 0.04
Median 0 0.03 0.07 0.06 0.18 0.11 0.29 0.08
Minimum 0 0 0 0 0 0 0.17 0
Maximum 0.03 0.22 0.39 0.17 0.29 0.48 0.50 0.4%
N 1/3 9/16 16/24 7/12 10/14 5/7 4/4 3/6
Pancreas
Mean 0.14 0.50 1.94 2.29 2.31 1.30 2.21 1.68
Median 0.47 0.83 1.90 2.23 3.05 0.64 2.31 1.44
Minimum 0 0 0.43 0.70 0.30 0.36 1.30 0.56
Maximum 0.85 1.89 10.3 9.71 9.08 8.13 3.41 3.46
N 2/3 14/16 23/23 12/12 14/14 7717 4/4 5/5

a2 0 stands for “under the limit of detection,” which was about 0.03 uglg dry weight.
b Due to an accident in a series of analyses, four results of cadmium in kidney are lacking (sub-
jects 26, 28, 31 and 32).
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Fig. 1. The total range and median cadmium
concentration (ug/g dry weight, log-scale) of
kidney as a function of age. (stars: females,
dots: males)

(3). In muscle samples no significant differ-
ences between smokers and nonsmokers
have been found (9). It is known that smok-
ing is more common among males than
females in Finland; in the age group of
18—54 years 52 %o of the males and 22 %o
of the females have been reported to be
daily cigarette smokers and 309 and 68
%/, respectively, never smoke regularly
(16). It has also been shown that smokers
are involved in acute accidents more often
than nonsmokers (2, 3, 5), and thus the
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Fig. 2. The total range and median cadmium
concentration (ug/g dry weight, log-scale) of
muscle as a function of age. (stars: females,
dots: males)

prevalence of smoking might be even
higher in our material than in the general
population.

Cadmium concentration has been shown
to be higher in kidney cortex than in
medulla (12), and therefore Kjellstrom (9)
used a conversion factor of 2/3 when
converting his results of cadmium in
cortex to represent whole kidney. Our
kidney samples were taken as a segment
to represent the whole kidney, the cortex
and medulla in equal proportions. The con-

Table 4. Average cadmium concentration of kidney cortex in the age group of 40—50 years in

the 1970s according to different authors.

Mean .
(uglg wet Sexd Reference Geof::;)hlc
weight)

28a M Anke and Schneider (1) German Democratic Republic
152 F

29b M—F Piscator and Lind (15) Sweden

29¢ M Hammer et al. (7) United States

29¢ F

85 M—F Tsuchiya et al. (19) Japan

22 M—F Elinder et al. (3) Sweden

60 M—F Iwao (8) Japan

262 M—F Present study Finland

2 Converted from dry weight to wet weight (multiplication with 0.20) and kidney cortex (mul-

tiplication with 1.5).

b Converted from dry weight to wet weight (multiplication with 0.20).
¢ Converted from ash weight to wet weight (multiplication with 0.014).

d M = males; F = females.
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version factor of 1.5, which we used when
estimating the cadmium concentration in
kidney cortex (table 4), seemed rather to
overestimate than underestimate the actual
value.

Our determinations of cadmium content
in tissues are in good agreement with re-
sults from Sweden (3, 9, 15), and therefore
the exposure of the general public to
cadmium seems to be of the same magni-
tude in the two Scandinavian countries.
Only one study on the cadmium content of
Finnish people has been published earlier
(4). In that study tissue specimens simi-
lar to those analyzed by us were exam-
ined, but no distribution according to age
or sex could be made because of the limited
number of cases investigated. The median
cadmium concentrations of kidney, liver,
lung and pancreas tissue were above the
limit of detection and were 40.7, 3.78, 1.14
and 0.85 ug/g of dry weight, respectively
(4). These earlier results are also compar-
able with those of the present study.

Schroeder and Balassa demonstrated
that kidney showed the maximum cad-
mium concentration in the age group of
40—50 years (17). It is also known that the
cadmium concentration of kidney varies
with the geographic location (13). This
geographic variation can also be seen in
table 4, in which the average cadmium
concentration in kidney cortex is summa-
rized from studies done in this decade
@, 3,1, 8, 15, 19).

The variation in individual values is
striking (table 2), and much greater than
that found from the same material for
copper (20). However, the variation of a
nonessential trace element can be assumed
to be greater than that of an essential
one, because the levels depend largely on
the degree of exposure and are thus main-
ly externally controlled (11).

The cadmium concentration of kidney
bears a good correlation with age up to
the age of 50 years (17). In the case of
liver the increase has been shown to con-
tinue up to the age of 80 (3, 8). In our
material the cadmium content of muscle
showed the best correlation with age when
all age groups were included (fig. 2).

The correlation matrix of cadmium con-
centrations in tissue (calculated from log
values) shows a general tendency for a

high cadmium concentration in one tissue
to indicate a high concentration in other
tissues as well (table 2). This phenomenon
is understandable since cadmium does not
appear to have any essential function and
its concentration in tissues is determined
by the degree of exposure.
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