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® To obtain the usual values of arsenic,
beryllium, bismuth, cadmium, chromium,
cobalt, copper, mercury, methyi mercury,
manganese, molybdenum, nickel, lead,
antimony, vanadium, and zinc in the nor-
mal human baody, the amounts of 15 met-
als were determined in 15 male and 15 fe-
male Japanese cadavers (average weight,

L]
Cu, 65 mg; Cd, 35 mg; Pb, 25 mg; Mn, 8
mg; Ni, 6 mg; Cr, 4 mg; Hg, 3 mg; Sb, 0.7
mg; MeHg, 0.4 mg.

Cadmium ang mercury were higher in
Japanese blood than in blood of other
People. Cadmium ang mercury were ab-
sorbed by the metabolic tissues; Cr, Ni,

centrations of Cd, Pb, and Hg tended to
be higher in females, and Cr, Cu, MeHg,
and Mn concentrations tended to be
higher in males.

(Arch Environ Health 30:487-494, 1875)

After World War 17, Japan under-

went rapid economic recovery
and industrial growth, resulting in
the releage of many pollutants, such
48 mercury, cadmium, sulfur oxide,
and arsenic, Therefore, it seemed
worthwhile to measure the concentra-
tion of a number of metals in the tis-
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sues of norma] J apanese people. Four
public hazard diseases that were
caused by the four pollutants men-
tioned above haye been recognized
by the Japanese government. Among
these four diseases, the three caused
by heavy metals are as follows: Min-
amata disease was caused by mercury
in waste watep from factories; “Itai.
Itai” was apparently caused by cad-
mium in water and rice from refiner-
ies (some questions stil] remain); and
arsire intoxication arose from arsenic
in air and plants, produced by mines.
Environmenta] pollution from these
and other heavy metals has been a
major problem in J apan,

It has previously been reported'®
that Japanese or Far Eastern people
had a higher leve] of cadmium, chro-
mium, and other metals in their tis-
sues than did white and black people,
The difference in these levels might
be due to eating habits, types of food,
geographical conditions, or map.
made pollution. This report presents
usual values of arsenic, beryllium, bis-
muth, cadmium, cobalt, chromium,
copper, mercury, manganese, molyh-
denum, nickel, lead, antimony, vana-
dium, and zine in normal body tis-
sues of Japanese people as of 1972, [¢
Provides values against which future
effects may be measured, hoth in Ja-
pan and elsewhere,

MATERIALS AND METHODS

The human tissues analyzed were ob-
tained from 3¢ cadavers examined at the
Department of Legal Medicine of Kobe

University School of Medicine from No-

apanese Tissues

vember 1971 tg May 1972, Al subjects had
lived in Hyogo Prefecture, in the central

water, and smoking.,

The causes of death of the subjects were
as follows: four died due to internal hemop-
rhage in the brain by trauma; four hag
fractured skulls anq brain injury; 12 died
because of blood loss; two were poisoned by
sleeping pills; six died of suffocation; and
two died of CO intoxication,

The age and sex distributions for the
subjects are shown in Table 1. The average
age was approximately 39 years. Twenty
different types of tissue were removed
from different subjects, but not gl of these
were removed from every subject. The tis-
Sue specimens that were removed were
rinsed free of blood with distiljeq water,
placed in polyethylene bags or glass hot-
tles, and stored unti) analysis at a tem-
perature below —10 (.

The following fifteen elements were
studied: As, Be, Bi, Cd, Cr, Co, Cu, Hg, Mn,
Mo, Ni, Pb, Sb, V, and Zn. Total mereury
(T Hg) and methy]-mercury (MeHg) were
treated Separately. Among the above elo-
ments, Cd, Cr, Qy, Hg, Mn, Mo, Ni, Pb, and

were analyzed in only 3 few samples due to
their high detection limits. Arsenic wag de-
tected in only five cadavers,

The total Hg and MeHg analyses were
carried out by flameless atomie absorption®
and gas chromatography," but were re-
ported separately.®

For As, 4, Cu, Mn, P, Sh, and Zn, pre-
treatment consisted of the ashing method,
The ashed solutions then underwent wet
digestion. A definite wet weight sample (20
£m as standard) was placed in a flask, 2 m]
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of hydrogen sulfate was added, along with low-temperature apparatus at 300 to 400 w detailed method has peen reported sepa-

moderate amounts of nitric acid, and the of forward power (50 to 70 w per chamber), rately in Japanese.
sample was then digested. For analysis of  with 300 to 400 ml/min oxygen flow, for ap- The spectrophommetric (silver carba-
Sh, a part of the ashed solution was di- proximately 48 hours. The ashed samples mine) method was employed for As. The
gested with perchloric acid. were transferred to a glass test tube with digested solution was made acid with HCL,
For Be, Bi, Cr, Mo, Ni, and v, pre 2% HNO, and exactly 15 or 20 ml distilled and stannous chloride was added. After
treatment again consisted of the ashing  water. adding Zn powder, H,As gas was caught in
method, with the solutions undergoing dry The extraction method was employed for silver diethyl—dithiocarbamate, and then
digestion. Five to twenty grams of the ma- Ca, Pb, Cu, Mn, and Ni. After digestion, 5 its solution was determined at 525 my.
jor tissues, such as brain, lung, liver, kid- ml of solution was adjusted to pH 4 with The rhodamine B method was used for

ney, spleen, intestine, and bone was put on diluted NH,0H, and extracted with 1 ml of Sb.5 The solution was completely digested,
a glass boat. The tissue Was then ashed by 2% sodium diethyl-dithiocarbamate and 5  and 5 ml of 6N HCI and 13 ml of distilled

ml isopropylacetone, saturated with water. water were added. It was extracted into 5
Measurement for Cd, Cu, Mn, Ni, Pb, ml of an isopropy! ether layer, shaken, and
r Table 1.—Age and Sex of Subjects and Zn was estimated by flame atomic.ab— determined at 545 my.
sorption speetroscopy- Sample solutions ESU
Group  Age, yr Male Female were analyzed directly or in the form of R LTS
0-9 extract by spectrometers with background In Tables 2 through 8, the concen-
Young _ 10-19 2} i 2 correctors. , ~ tration of each metal in each tissue is
20-29 2 B Measurement for Be, Bi, Cr, Mn, Mo, Ni, .
- . . shown as the average 1D each sex, the
Middle  30-39 4} 7 5} 7 and V was estimated by flameless atomic - both th I
40-49 3 1 absorption. Measurement by flameless nge "21 0 Se}:ﬁs' ; overs a.ver%
Old 50-59 ﬂ; 4 515} 4 atomizer was not yet in general use, but age, an the mediah. ‘he amount 0
Over80 3 the authors succeeded in developing it. The metal in each of the tissues and the
Table 2.—Arsenic and Cadmium Concentration in Japanese Human Tissues”
Arsenic Ccadmium
5 5w m e L e s ___________.___»_____.__,_____——
Organ or part Sex No. Average Range Mean = SD Median Sex No. Average Range Mean = SD Median
Cerebrum M0 0084 gop028 042 0083 0.1
Gerebellum 071 gos0-023 012%0057 010

0.13

Trachea

“+
0.044-0.065 0.72+=052

Heart 0.017-0.060 0.040 = 0.018 0.033 0.060-0.33 0.16 = 0.69

4 0.041 13 0.17

0.033-0.070

Pancreas F

0.033-0.085

0.015-0.065

0.045-0.085 0.074 +0,023 0.079

10-94

Kidney

3 0.077 15 58

Adrenal gland i ¥

0.40-4.1 1.5+1.0 1.2

0.095
0.11

Small intestine 0.090-0.11 010+=0010 0.1 0

14 1.2

14 0.38
0.49

Large intestine 0.13-0.98 0.43*=0.22 0.38

0.032-0.13

0.52 = 0.24 0.44
0.75=*=0.51 0.66

Testicles
Ovary

L
s
-

12 0.75 0.21-1.8

Muscle 0.075-1.1 0.29%+0.24 0.20

0.043-0.095 T i 14 034

14 0.30
12 0.35

0.045-0.94 0.32+0.28 0.22

017 =011

0.05-0.58

0.056 0.050-0.060

Rib (bone) 1 ¥ 1 ¥ 5 s g'gg 004021 00970086 0085
Fat =3 0065 0.045-0.065 T T 5 0068 0.035-0.13 T 7

* Expressed as micrograms per gram wet tissue.
+ Not calculated because less than five samples were available or because there was no mean (testicles and ovary).
i Not measured.
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Table 3.—Ch romium and Copper Concentration in Japanese Human Tissues*

Cerebellum

Trachea

Lung

Heart

Liver

Pancreas

Spleen

Kidney

Adrenal gland

Small intestine

Large intestine

13 0.093
Testicles 5 .
Ovary 3 !

Muscle

Skin

Blood

Rib (bone)
Fat F

0.013-0.18

0.025-0.15

0.051-0.81

0.020-0.36

0.015-0.23

0.01-0.30

<0.01-0.020

0.015-0.22

0.013-0.48

0.022-0.83

<0.01-0.040

0.015-0.37

0.015-0.25

0.016-0.080 0.045 0.018

<0.01-0.16
<0.01-0.035

Chromium
OrganorPart ‘Sex No. Average Range Mean =+ §p Median Sex No.
10 0.079 M 9
Cerebrum 9 0.030 <0.01-0.18 0.056 = 0.052 0.030 F 11

0.050 = 0.051 0.023

0.090 == 0.036

0.26 == 0.21

0.080 = 0.080

0.066 == 0.053

0.10 = 0.081

0.076 == 0,059

0.12+ 0,099

0.16 % 0.18

0.10=+0.10

0.095 = p.072

0.062 = 0.051
.‘.

Copper
—___‘—,
Mean = SD Median
5114 4.7

Average Range

2.9-8.4

0.37-1.2  0.85- .24 0.86

2.2-4.86 33067

10.0

2.1-23 99=+55

1.8-3.4 2.6=+0.38 2.6

1.4-4.4 21=%=0.82 2.1

1.3-3.2 21+0.48

1.0-2.6

0.61-1.2
0.41-1.3

0.41-1.7

1.7+ 0,40 1.7

0.94=0,17
0.97 =+ 0.28

0.92 +=p.29

027-1.5 071+ 0.29

0.79-1.7 1.1 = 0,24 1.1

0.23-0.79  0.52 =+ 0,21
0.24-0.28 T T

* Expressed as micrograms per gram wet tissue.
T Not calculated because less than five samples were available or because there was no mean (testicles ang ovary),

¥ Not measured.

total body burden of each metal are
caleulated by multiplication of tis-
Sue concentration and tissue weight
(Table 9). The statistical caleulations
were carried out by tissue concentra-
tion, sex, and the age groups in each
organ, separately. Results from some
metals are given below. The numer-
al indicateg micrograms per gram,
based on wet weight.

Cadmium

The highest value for cadmium
(Table 2) was found in kidney
(47 X 24). There was a significant dif-
ference at p= between liver
(5.7+ 46) and pancreas (2.7 + 1.7),
and at P= 05 between pancreas and
adrenal glands (1L5% 1.0) and be-
tween adrenal glands and small in-
testine (1.1 + 0.44). Blood contained
0.17 + 0.11. Brain, bone, and fat con-
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tained less. The levels for females in
all age groups were substantially
higher, especially in liver and kidney.
The kidney concentrations inereaged
with age in both sexes. Generally,
cadmium levels were higher as age in-
creased in women (in tissues other
than kidney) and in men (only in the
testicles). Tota] body burden was
higher than 35 mg. Of this amount,
the kidney contained 11.7 mg and the
liver contained 85 mg. Approxi-
mately two thirds of the total was in
these two organs. Cadmium aceumuy-
lation wag higher in females, even
when tissue weights were caleulated,

Chromium

There was a decreasing tendency
for chromium concentration (Table
3) in the following order: lung
(0.26 + 0.21), large intestine (0.16 +

0.18), small intestine (0.12 + 0.099),
muscle (0.10 + 0.10), and spleen.
There was a significant difference at
P=.05 between lung and large intes-
tine. Hepatic content was low at
0.066, and brain and blood contents
were even lower. Concentrations in
the organs of males were generally
higher than those of females, except
in trachea, hone, and skin. Higher
values were found in the lung
(P=.05) and large intestine (P=.01)
of the male in particular. The average
contents in the large intestine ang
muscle of the male tended to decrease
with age. Tota] body burden was
more than 4 mg, and half of it was in
muscle,

Copper

(Table
liver

Copper concentration
3) ranged downward from
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Table 4. —Total Mercury and Methyl Mercury Concentration in Japanese Human Tissues®
Total Mercury Methyl Mercury

Organ or Part  Sex No. Average Range Mean == SD Median sex No. Average Range Mean == SD  Median
Cerebrum “f:‘ }g 3:351;9 0.039-047 0100042 0.097 Y . g:gffg 000150089  0.016=0014 0012
Cerebellum . by g'_:;:;g 0.048-023 0100045 0093 ” = g'_gfg 0.0015-0.006  0.019:0020 0014
Trachea o 1 g:ggg 0.015-011 0,047 0.029 0.036 f i - ¥ t
Lung o i g:g?fé 0.015-030 0,080 0,054 0.070 M : gzgggg 0.0023.0.015 0.0065==0.0034 0.0060
Heart - 0054 0o23.013 0069 0028 0069 b ? g'_gg]g?, 0.0030-0.027 0.0092 = 0.0086 0.0070
Liver o 1 g'-gg 04613  047=026 042 - e 0.058  0,012.0.080 0.044==0.019 0.042
pancreas i 1 0077 0023.029 0083 ooss 0077 0 1% ogoto ° 2.0033  0.0100.0078 0.0083
Spleen s 1 g'_g'éi 0.021-044 0.0680028 0.062 ¥t t i t
Kidney " L. ‘1’:3: 0.18-2.6 11+067 098 “F“ b g:gfg 0.010.0.080 00230015 0019
Adrenal gland b 1% 012 o308 0M= 0.073 0.15 1 ¥ i i T
Small intestine “rf - g—_ggT 0024019 00890037 0.064 . i g'lg}g 0.0030-0.069  0.014==0.017 0.0082
Large Intestine = g.'g;a 0.032-0.16 0.083 0,037 0075 L i g:ggig 0.0018.0.026 0.0065=0.0061 0.0044
Testicles 14 0067 0028-0.12 00670029 0070 ;
Ovary W 14 00es 0028013 00690028 0070 L ¥ ¥ t T
Muscle NS ozr oosr 4§ 00090 g0041-0.010 0.0078= 0.0043 0.0064
Skin A 0051 go17-0.45 00590034 0.048 t $ 1 T
Blood W Sa  Poean oo =008 o008 M ¢ 0012 go0360026 0011 0.0073 0.0092
Hair i o 14150  A1=26 34 e 4 0.63-10.4 pp=21 20

* Expressed as micrograms per gram wet tissue.
1 Not calculdted because there were less than five samples available or there was no mean (testicles and ovary).

1 Not measured.

(9.9 £ 5.5), cerebellum (62 % 1.2),
cerebrum (5.1 * 1.4), heart (33X
0.67), and kidney (2.6 = 1.2). There
was a significant difference at P=.01
between liver and cerebellum and be-
tween cerebrum and heart. Higher
concentrations of Cu than of any
other metals were found in both por-
tions of the brain. The values in or-
gans of males were generally higher
than those in females, except for the
cerebellum. The concentrations in the
lung, heart, and muscle of the male
were significantly higher (P=.05). In
the older groups, the levels tended to
be a little lower than in the young or
middle-aged groups. About 70 mg of
Cu was estimated for the whole body,
with one third in the liver and brain
together, and another third in the
musele. The rest was dispersed in
other tissues.

Total Mercury

The results of analysis for T Hg
and MeHg have been reported in de-
tail separately.”’ Contents of T Hg
(Table 4) tended to decrease in order
of kidney (1.1 0.67), liver (047X
0.26), adrenal glands (0.14 + 0.073),
cerebellum (0.10 = 0.045), and cere-
brum (0.10 0.042). There was & sig-
nificant difference at P=.01 between
kidney and liver and between liver
and adrenal glands. There was also a
significant difference at P=.05 be-
tween adrenal glands and cerebellum.
Individual averages in the lung, cere-
brum, spleen, and hair in particular
tended to be higher in the male, but
the average in all other tissues
tended to be higher in the female. No
difference with age was found. Nor-
mal Japanese people had more than 3

490 Arch Environ Health—Vol 30, Oct 1975

to 4 mg total mercury in their whole
bodies, and about two thirds of this
amount was present in the muscle (1.4
mg), liver (0.7 mg), and brain (0.13
mg).

Methyl Mercury

The range of MeHg (Table 4) in the
tissues was from liver (0.044 £ 0.019),
kidney (0023 % 0.015), cerebellum
(0.019 % 0.020), cerebrum  (0.016 =
0.014), and blood (0.011 £ 0.073)
to less than 0.01 in the other tissues.
There was a significant difference at
P=.01 between liver and kidney. The
concentration in hair was 26+ 21,
and only three female subjects among
14 showed less than 1.0. The level in
all viscera tended to be higher in the
male (in contrast to the level of T
Hg), and the difference in the kidney
level was statistically significant

Metals in Body—Sumino et al
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Table 5.—Manganese and Molybdenum Concentration in Japanese Human Tissues*
Manganese Molybdenum
Organ or Part Sex No. Average Range Mean+SD Median Sex No. Average Range Mean =+ gp Median
M 10 0.28 M 5
Cerebrum F 10 0.34 0.11-0.46 0.25+0.098 0.25 E 4 <003 Tt T
M 10 o339 ¥ N M 2
Cerebellum F 10 0.9 0.12-0.53 0.36 == 0.11 0.39 F s <0.03 + +
M 11 o019 i e M 5
Trachea £ 3 0o4 0.083-0.34 0.20%0,092 022 F 1 <0.02 t t
M 13 0.28 _ i M 14 4
Lung F 15 o047 0.067-0.38 0.22=:0.091 .29 E 11 + <{0.02-0.05 + t
M 12 0.24 = M 13 5
Heart F_ 45 0.19 0.083-0.83 0210084 019 £ 9 i <0.02-0.04 i T
Liver woas N 0.45-2.1 12036 12 Mo 15 os 0202  057+025 gs0
F 15 1.2 F
M 15 0.73 % ¥ M 5
Pancreas E 15 0.81 0.26-1.3 0.77+0.24 E 1 <0.02-0.025
M 8 0.082 M 8 !
Spleen p 0 o.org  9.010-0.13  0.080 = 0,032 F g <003 i +
‘ M 15 0.59 M 14 0.18 -~
Kidney i 15 0.54 0.11-1.0 0.56 == 0.22 0.58 F 0.075-0.30  0.16 = 0.060 0.15
M 2 M
Adrenal gland F 0.66 0.22-1.25 0.69 == 0.34 E 1
. . M 14 ppgg M 8
Small intestine E 14 1.02 0.86 == 0.051 F 9 <0.03
z " M 14 1.3 M 8
Large intestine E 13 11 0.23-4.0 1.2=0.93 F 9 <0.02
Testicles M 13 0.20 0.08-0.33 0.20 == 0.069 M 2 <0.02
Ovary F 6 0.19 0.78-0.40 019012 0.15 F 1 ’
M 9 o011 M 5
Muscle E 10 0076 0.014-024 0,090 p g5 E 3 <003
: M 8 010 M 6
Skin F 10 o017 0.030-0.46 0.14 %011 F 3 <0.02
M 13 0.082 M 2
Blood E  1g 0048 0.012-027  0.064 =053 F 1 <0.02
Rib (bone) M7 oo <0.01-0.17  0.074 == 0,056 W e
F 9 0.11
Fat F 3 0.054  0.041-0.065 0,054 = 0.012 T t i ¥

" Expressed as micrograms per gram wet tissue,
T Not measured.
i Not calculated because testicles and ovary had no mean.

(P=.05). This was not remarkable in  tjo Wwas not more than 40% in any tis-  higher (P=.01). Other tissues had al-
older groups, hut the middle-aged  gye of any subject, and the ratio of  most the same values, In lung and
group of males had higher MeHg ley- MeHg/T Hg in the whole body was  small and large intestine of the fe-

els in the kidney, smal] intestine, Jesg than 10% to 15%. male, an increasing tendency wag
muscle, and hair thap did females, found with age. Total body burden
More than 400pg MeHg was present Manganese was about 8 mg in the average Japa-
in the whole body, and about 50% of Manganege occurred (Table 5) in nese. Musele had approximately 30%
all MeHg was contained in the the tissues in  order of liver of this amount, liver had approxi-
muscle, (1.2 + 0.36), large intestine (1.2 + mately 20%, and the digestive canal

0.93), small intestine (0.86 £ 0.51), haq approximately 15%.

Methyi Mercury-Total Mercury Ratio pancreas (0.77 + 0.24), and g drenal

From the facts mentioned above, it glands (0.69 + 0.34). There wag a sig- Nickel
is obvious that the ratio of MeHg to T nificant difference between the large The results for Nj (Table 6) were as
Hg is higher in the male. In both intestine and sma) intestine at p= follows: bone (0.23 + 0.068), lung

sexes, the MeHg/T Hg ratio was high 5. Contents of blood (0.064 + 0.053)  (0.16 + 0.094), large intestine (0,14 +
in the haijr (59.9% in the male, 56.1%  ang spleen (0.080 + 0.032) were low, 0.099), small intestine (0.13 + 0.067),
in the female), in the blood (20.7%, but Mn was almost uniformly dis- ang skin (0.10 + 0.083). There was 2
15.4%), and small intestine (19.7%, tributed to most of the tissues, with signifieant difference at P=05 be-
14.2%). little difference. The values for skin tween bone and lung. Other organs

The ratio was low in the kidney  ang small intestine in the female contained less than (.1, The value in
(3.6%, 1.9%) and colon (10.6%, 6.2%).  were higher than in the male, and  liyer was 0.078 + 0.046. The metabolic
Aside from hair, the MeHg/T Hg ra- only in lung were the male valueg organs generally had low contents of

Arch Environ Health—vq) 30, Oct 1975 Metals in Body—Sumino et al 491



Table 6.—Nickel and Lead Concentration in Japanese Human Tissues®
Nickel Lead
Organ or Part  Sex No. Average Range Mean==SD Median Sex No. Average Range Mean = SD  Median
M 2 0.062 M 6 0.18
Cerebrum F 1 0.025 0.015-0.11 0.050 =+ 0.11 0.025 F 9 0.31 0.11-0.62 0.26= 0.16 0.19
M 1 M 7 0.16
; + & = —+
Cerebellum F 1 <0.03 t ! E 9 0.35 0.08-0.63 0.27 =017 0.22
M 3 0.086 . M 8 141
Trachea F 1 011 0.060-0.11 0.092 #+0.022 0.098 F 4 057 0.15-3.2 0.94 +1.04 0.58
M 15 0.21 M 14 0.20
Lung F 15 <010 0.038-0.44 0.16=* 0.094 0.16 E 15 0.39 0.098-0.81 0.30 = 0.20 0.24
M 15 0.30
% 5
Heart i i + t Eoo1e 0.34 0.065-098 032025 024
M 14 0.10 M 15 0.55
Liver E 13 0.053 0.028-0.22 0.078 =% 0.046 0.068 F 15 0.37 0.16-1.0 0.46 = 0.24 0.44
M 6 M 15 0.47
pancreas p y <01 t t ¥ E 15 0.5 016-1.5  050=037 037
™M 1 <03 . M 4 0.12
Spleen T i f F 8 0.24 0.080-0.33 0.20=0.084 0.9
. M 14 0.095 o M 14 0.42
Kidney E 14 0.10 0.012-0.30 0.098 = 0.070 0.081 F 14 0.52 0.16-1.2 0.47 = 0.23 0.44
i g t t t i : o9 02425  12%079 087
; M 5 0.11 M 11 0.34 -
Small intestine F 5 015 0.05-029 0.13= 0.087 0.12 E 12 0.74 0.16-1.3 0.55 == 0.36 0.49
i . M 5 0.14 M 15 0.72
Large intestine E 5 015 0.040-0.30 0.14 %= 0.099 0.11 F 13 0.98 0.20-2.5 0.84 = 0.57 0.65
Testicles M 1 0.05 t ¥ ¥ M 8 0.35 011-0.75 0.35=% 0.23 0.28
Qvary F [} 12 0.34-3.2 122141 0.82
M 5 0.1 M 8 0.22 5,
Muscle F 5 0.090 0.020-0.27 0.099 == 0.083 0.076 E 5 0.31 0.09-052 0.26= 0.16 0.18
. M 4 0.086 " M 14 0.75 n
Skin E 2 014 0.023-0.22 0.10 +0.083 0072 F 10 11 0.23-20 0.88 == 0.49 0.72
M 3 0.055 N M 10 0.26 i
Blood F 3 0.084 0.040-0.12 0.069 = 0.028 0.066 F 10 0.32 0.10-0.53 0.29=0.13 0.25
- M 6 0.19 M 4 0.34
Rib (bone) F P 0.27 0.13-0.35 023=* 0.068 023 E 8 0.35 0143-0.82 0.35=* 0.18 0.34
Fat F 3 <0.01 1 T F 3 0.84 0.18-2.0 0.84=+1.0 0.34
* Expressed as micrograms per gram wet tissue.
1 Not measured.
i Not calculated because there were less than five samples available or there was no mean (testicles and ovary).
Ni. The liver of the male had a higher ~ have the highest value, contained  glands (0,073 £ 0.14), and lung

concentration than that of the fe-
male, but the kidneys had almost the
same concentration in both sexes.
Differences among age groups were
not remarkable. More than 6 mg of Ni
was calculated for the whole body.

Lead

The highest value for Pb (Table 6)
was found in the adrenal glands
(12 0.79), and the next highest val-
ues were in trachea (0.94 4+ 1.04), skin
(0.88 * 0.49), large intestine (0.84 £
0.57), small intestine (0.55 % 0.36),
and pancreas (0.50 + 0.37). Two males
had 3.0 in trachea, but in other organs
the range of values was primarily be-
tween 02 to 10. Blood contained
020+ 013 (29pgx 13pg/ deciliter),
and rib, which has been thought to

492

0.35 + 0.18. A few fatty tigsues had
comparably higher value at 0.84. The
average content of the female tissue
was higher than the male, except in
the liver. Significant differences were
found in small intestine (P=.01),
lung, brain, adrenal glands, and
spleen (P=.05). No difference with
age was found. The whole body con-
tained more than 22 mg of Pb, an
amount less than reported by other
researchers, possibly because of the
low value of bone, which was not
tubular, but flat.

Antimony

All averages of Sb (Table 7) in each
organ were less than 0.1, and some-
times below detection limit (0.01).
The skin (0.096 % 0.10), adrenal

Arch Environ Health—Vol 30, Oct 1975

(0.062 £ 0.056) generally had higher
values, but metabolic organs, such as
liver, kidney, or pancreas, Were lower.
No differences were found in values
between sexes and age groups. About
1 mg of Sb was present in the aver-
age Japanese body, and it was charac-
teristic to find a great amount of Sb
in the skin.

Zinc

The highest level of Zn (Table T)
was found in the muscle (60 £ 10.2),
liver (56 + 16), and kidney (55 £ 17).
Also high were the levels in the pan-
creas (35 % 88), adrenal glands
(28 * 8.2), heart (25 £ 5.7), and small
intestine (24 £ 4.5). There was a sig-
nificant difference at P=.05 between
the pancreas and adrenal glands and

Metals in Body—Sumino et al



Table ?.-——Antimony and Zinc Concentration in Japanese Human Tissues*

Antimony Zinc
== = = = = - - _—‘——\ - e — SR== = __——_——1
Organ or Part Sex No. Average Range Mean + gp Median sex No. Average Range Mean + SD  Median

<0.01-0.07 0,017 = 0.024 <p.01

Cerebrum

Cerebellum <0.01-0.10  0.030 0.032 12-20 1524

Trachea 0.02-0.09  0.045 = 0.031

Lung <0.01-0.20 0.082 -+ 0.056

Heart <0.01-0.12  0.032 =+ 0.038 11-37 2557

Liver <0.01-0.07 0.023 = 0.026 21-82 56 = 1p

Pancreas <0.01-0.10 0,030+ 0.029 21-52 35-+g8

Spleen <0.01-0.07 0.029 = 0.025

Kidney <0.01-0.14  0.043 = 0.041

Adrenal gland <0.01-0.43 0.073 = 0.14

Small intestine <0.01-0.15  0.039 =+ 0.044 23

Large intestine <0.01-0.21 0.047 =+ 0,062

Testicles
Ovary

<0.01-0.10

<0.01-0.35 0.096 = 0.10

<0.01-0.06

0.016 = 0.022

2.7*19 2.7

* Expressed as micrograms Per gram wet tissue,
T Not calculated because there were less than five samples available or because there Was no mean (testicles and ovary).

the adrenal glands and the heart.
Cerebellum (.05+21) and blood

(12 £ 3.2) levels were both low. A

tissue analyzed contained more than [— Table 8.—Beryllium, Bismuth, Cobalt, angd Vanadium
10ug, except for fat, Each organ had Concentration in Japanese Human Tissues*

almo§t the same concentratmn, LTox Organ or Part Sex No. Average Range Mean = sp Median
spective of age ang sex. The whole i
bOd.V burden was more than 1,800 mg, s\
and 70% of it existed in muscle. Lung 6 i 0.01-0.03 f t
The concentrations of Be, Bi, Co, “
and V are in Table 8. The Liver 0.023 0.012-0.056  0.030 + p,0gp t
_\

-

shown hpﬂ 3
amount of metal in egch of the tissues ) M 3
and the tota] body burden appear in Kichney F 2 f il e !
Table 9. Cobat
. M 14 0.029
COMMENT Liver - 16 0,096 0.013-0.062  0.028 = 0,011 0.025
M 8 0.016
F

Kidney 0.01-0.035 0.015 == 0.0098 0.012

Most of the analytic values fel 8 0.013

within the ranges reported earlier. Vanadium

The values of Bi, Co, Cr, Mo, Ni, and Lung i o 0.1-0.33 0.1 0.1
Zn in the liver and kidney accord wel] “_1_“————3 .
with the observations of far Eastern Rib (bone) F 3 i 0.1-0.20 f i

2 * Expressed as micrograms per gram wet tissue.
ues of Cd, Cu, Mn, and Ph In our anal- T Not calculated because there were less than five samples available.

nE

<4
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Connective tissue

Digestive tract

55 kg
Values as determined
by Schroeder!!

70 kg

Table 9.—Contents of Heavy Metals in Organs and Whole Body, mg
Average
Weight Cr Cu Total Hy Me Hg Mn Ni Pb Sb Zn

<6 100 il 7 20

* Not calculated because there were less tha

Table 10.—Statistically Significant
Correlation Coefficients Between
Pairs of Elements

Correlation
Coefficients

.96
.88
.62
.56
.53
.52
52
.51

ysis were lower
ot al. However,
liver and kidney in

Hammer and
the United States.
ence between our s
Tipton and colleagues
the range of tissue conc
our analysis,
tration was usually not ove
um, and was never o
times. In their data, the con
m several hundred to sev-
eral thousand times over the
{mum, even in e

Only a few data have
about the normal H
but our values coinci
with the report by Jos
There have been few previous ana-
es of the concentration of
and Sbin the human body,

tion was fro

Arch Environ Health

than those of Tipton
Cd concentrations in
Japanese people
arly higher than Curry and

findings in England, or
co-workers™ values in
The biggest differ-
tudy and that of
was regarding
entrations. In
the maximum concen-
r ten times

ssential metals.
been reported
g concentration,
ded fairly well
elow et al.

—Vol 30, Oct 1975

centra-

n five samples available.

and there are few data for compari-
SOIL.

Table 10 shows the correlation coef-
ficients (above r=.50) between the
average concentrations of various
pairs of metals in all tissues. Ex-
tremely high correlations are found
between T Hg and Cd, and MeHg and
Cu. The correlation coefficient be-
tween T Hg and MeHg was .56, but
became .95 when the kidney was ex-
cluded. The correlation between Cd
and Zn is 52 (significant, P=.05).
Zine, Cd, and Hg belong to the Be
group, and the higher correlations
with each other may be based on this
fact.

From the behaviors of heavy met-
als in the order of aecumulation in the
tissues, Cd, T Hg, MeHg, and Zn were
found in large quantities in the meta-
bolic organs, whereas concentrations
of Cr, Ni, and Pb were greatest in the
tissues exposed to the exterior. As for
Cu and Mn, a relatively constant dis-
tribution was observed throughout
the whole body.

As to the difference between sexes,
the concentration of toxic metals,
such as Cd, Hg, and Pb (except
MeHg), tended to be higher in the fe-
male, but that of essential metals,
such as Cr, Cu, and Mn, tended to be
higher in the male. This may reflect a
difference in general metabolism.

Japanese people had relatively
higher concentrations of Cd and Hg
in their blood than did American and

European people, but they also had a
much higher concentration of Cd and
Hg in other tissues of their bodies.
This may indicate the extent of pres-
ent environmental pollution caused
by Cd and Hg in Japan.
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