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A Study on Distribution of Heavy Metals in Normal Korean Tissues:

Lead, Cadmium and Copper Contents

Seong-Gil Jang, and Bynug-Yul Moon
Department of Chemistry, College of Liberal Arts and Sciences, Chung-Ang University,
Seoul, 151 Korea

Kyou-Chull Chung
Department of Preventive Medicine and Community Health, College of Medicine, Chung-Ang University
Seoul, 151 Kovea

For the purpose of investigation to identify the quantities of heavy metals contained in the
tissues of the Korean people, a series of analyses was conducted with atomic absorption spectro-
photometry to measure the amount of lead, cadmium and copper distributed in various tissues;,
such as brain, liver, kidney, heart, lung, spleen, large intestine, hair, muscle, fat, stomach, costal
cartilage, blood and urine, obtained from 30 cadaverous bodies who were believed not exposed
to the sald heavy metals during their life time either occupationally or therapeutically.

1. Lead content:

Inter-individual difference was noted in lead contents in each tissue, vis., the average content of
lead in hair was the highest with 14.90-£9.74 ppm. The next was in costal cartilage that contained
5.56+3.86 ppm. The average contents of lead in liver, kidney and muscle were the lowest in
value, showing 1.114-0.92 ppm, 0.7330.48 ppm and 0. 0630.06 ppm, respectively,

The lead contents in tissues of children under the age of 10 were significantly lower than those
of adults, and the higher values were shown in males than in females in general. The lead con-
tents in most of the tissues such as hair, costal cartilage, kidney, lung, fat, stomach, large intestine,
heart, muscle and urine were well correlated with age.

2. Cadmium content: '
The average content of cadmium in kidney appeared to be the highest of other tissues showing

20.724-9.82 ppm, and liver came next with the value of 1.17-40.99 ppm. It was estimated that
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83.9% of the total cadmium absorbed into the body was stored in kidney, 4.7% in liver, and
the remaining 11.4% was .distributed in the rest of the tissues. )

Cadmium contents in tissues showed difference between both sexes showing higher values in the
females than in the males, which was quite contrary to the lead content. Cadmium contents in
tissues steadily increased in amount with age, showing a significant correlation with age in all
tissues,

3. Copper content:

The average content of copper in hair was the highest with 10.364-2.21 ppm, and liver came
next with 6.31=+1.24 ppm. The copper that was absorked into the body was" distributed in each
tissue: 29.9% in hair, 18. 2% in liver, 5~11.0% n brain, heart and kidney, and 3.0~3.5% in
stomach, blood, and lung.

The copper contents in tissues of children under the age of 10 showed significantly higher values
in liver, kidney, heart and large intestine than those of the adults. The copper contents in brain,
costal cartilagé and. fat were well correlated with age showing the highest correlation coefficient"

of 0.870 (p<0.01) in brain tissue. There was no difference in copper contents in tissues between

both sexes, and the values were, in general, lower than those for Japanese.
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Table 1. The mean concentrations of lead in tissues

of 30 Koreans
(ppm. wet weight)

Tissue Range Mean+-SD -
Hair 2.00~53. 00 14.9049.74
Costal cartilage 1.15~18.23 5.57+3.86
Liver 0.23~ 4.00 1.11-0. 92
Kidney 0.08~ 2.00 0.7340. 48
Blood 0.02~ 0.79 0. 242-0. 20+
Lung 0. 06~ 0.47 0.21-40.14
Spleen 0. 03~ 0.82 0.19x0-15
Fat 0.03~ 0. 40. 0. 1340. 09
Stomach 0.01~ 0.35 0.100. 08
Brain 0.01~ 0.78 0-09+0. 14
Large intestine 0.02~ 0.32 0. 084-0. 07
Heart 0.01~ 0.30 0. 0740. 07
Muscle 0.01~ 0.25 0. 062-0. 06
Urine 0.01~ 0.18 0. 050. 05
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Table 2. The mean concentrations of lead in tissues of male and female subjects

{(ppm. wet weight)

T Sex Males Females
Tissue\\ No. of sample Range Mean+SD No. of sample Range Mean-+SD
Hair 20 2.00~53.00 16.123+11.44 10 4.20~21.00 12.555. 44
Costal Cartilage 20 1.15~18.23  6.317F 4. 46 10 1. 46~ 7.67  4.09732.49

Liver 20 0.25~ 4.00 1.21% 1.04 10 0.23~ 2.00 0.8970. 66
Kidney 20 0.08~ 2.00 0.817 0.52 10 0.20~ 1.50 0.57-£0.43
Blood 20 0.05~ 0.73  0.263% 0.18 10 0.02~ 0.79  0.1970.23
Lung 20° 0.07~ 0.47  0.227% 0.11 10 0.06~ 0.24 0.20£0.19
Spleen 20 0.03~ 0.82 0.24+ 0.17 10 0.03~ 0.21  0.10+0.11
Fat 20 0.04~ 0.40 0.13% 0.09 10 0.03~ 0.30  0.120.09
Stomach 20 0.01~ 0.35 0.10% 0.09 10 0.01~ 0.20  0.0840.07
Brain 20 0.01~ 0.78 0.10% 0.16 10 0-01~ 0.25  0.080.07
Large intestine 20 0.02~ 0.32  0.09% 0.07 10 0.02~ 0.21  0.0730.07
Heart 20 0.01~ 0.30  0.08+% (.07 10 0.02~ 0.20  0.06-£0.06
Muscle 20 0.01~ 0.25 ~ 0.07z= 0.07 10 0-01~ 0.10  0.04-£0.04
Urine 20 0.01~ 0.18  0.067 0.05 10 0.01~ 0.09  0.04730.03

Table 3. Thomentration in tissues by age groups

(ppm. wet weight)

s Awe growp 0~9 10~19 20~29
TN@& No. Range Mean+SD No. Range Mean+SD No. Range  Mean+SD
Hair. 6 2.00~10.00 5. 472.55 5 8.80~20.1 13.04+3.95 6 5.46~17.65 13.154:4. 39
Costal cartilage 6 1.15~ 2.07 1.61:£0.29 5 2.27~ 3.78 3.07+0.57 6 2.81~ 6.28 4.34-41.19
Liver 6 0.25~ 0.96 0.481%0.24 5 0.54~ 0.95 0.77£0.14 6 0.23~ 2.00 1.1070.63
Kidney 6 0.02~ 0.56 0.30:£0.17 5 0.41~ 0.80 0.56:+0.14 6 0.50~ 1.57 0.93=40.50
Blood 6 0.02~ 0.18 0.1040.05 5 0.03~ 0.72 0.36£0.27 6 0.04~ 0.30 0.17--0.08
Lung 6 0.07~ 0.22 0.140.06 5 0.06~ 0.35 0.22+0.10 6 0.07~ 0-‘70 0.260- 21
Spleen 6 0.08~ 0.23 0.15:£0.06 5 0.03~ 0.32 0.16=0.09 6 0.05~ 0.22 0.11730.06
Fat 6 0.04~ 0.08 0.062-0.01 5 0-06~ 0.23 0.13+0.06 6 0.03~ 0.30 0.133-0.09
Stomach 6 0.01l~ 0.04 0.0320.01 5 0.04~ 0.09 0.060.02 6 0.01~ 0.15 0.07=0.04
Brain 6 0.02~ 0.050.040.01 5 0.03~ 0.12 0.07+0.03 6 0.01~ 0.25 0.08=+0.08
Large intestine 6 002~ 0.04 0-03140.01 5 0.02~ 0.09 0. Obﬁi'()- 03 6 0.02~ 0.16 0.08+0.05
Heart 6 . 0.01~ 0.04 0.0310.01 5 0.02~ 0.08 0.056+0.02 6 0.02~ 0.20 0.08+0.06
Muscle 6 0.01~ 0.03 0.02+0.01 5 0.01~ 0.07 0.03£0.02 6 0.02~ 0.10 0.06+0.03
Urine 6 0.0~ 0.02 0.013+0.01 5 0.01~ 0.06 0.03F0.02 6 0.02~ 0.08 0.050.03




50~5!

S f\ge group 30~39 40~49 9 ..

M‘ No. Range  Mean=SD No. Range Mean+SD No. Rang Mean-+SD
Hair 6 7.14~20.83 15.40::5.09 4 16.60~29.20 21.90+5.06 3 17.07~53  30.3616.09
Costal Cartilage: 6 4.85~ 9.16 7.156141.55 4 6.37~10-23 8.797+1.49 3 '7.67~18.23 12.68+ 4.33
Liver 6 0.78~ 1.53 1.061+0.25 4 0.40~ 4.00 1.6473:1.40 3 0.97~ 4.00 1.99+ 1.24
Kidney 6 0.57~ 0.95 0.78%0.11 4 0.35~ 1.80 0.98%+0.60 3 0.51~ 2.00 1.09+ .65
Blood 6 0-14~ 0.79 0.33%0.21 4 0.06~ 0.26 0.14+0.08 3 0.28~ 0.58 0.40% 0.13
Lung 6 0.08~ 0.40 0.181+0.11 4 0.20~ 0.12 0.2040.06 3 0.15~ 0. 47 0.31+ 0.13
Spleen 6-0.08~ 0.35 0.2340.09 4 0.08~ 0.-31 0.1740.10 3 0.21~ 0.82 0.46+ 0.26
Fat 6 0.05~ 0.22 0.1410.06 4 0.06~ 0.15 0.0920.04 3 0.20~ 0.40 0.27- 0.09
Stomach 6 0.06~ 0.27 0.141+0.07 4 0.09~ 0.25 0.15+0.07 3 0.10~ 0.35 0.19% 0.11
Brain 6 0.05~ 0.10 0.07+£0.02 4 0.01~ 0.78 0.2330.32 -3 0.08~ 0.12 0.113 0.02
Large intestine 6 0.03~ 0-15 0.073-0.04 4 003~ 0.13 0.09%0.04 3 0.13~ 0.32, 0.224 0.08
Heart 6 0.03~ 0.15 0.08%0.04 4 0.02~ 0.30 0.14%0.12 3 0.06~ 0.09 0.073 0.01
Muscle 6 0. 01’~ 0.15 0.0710.05 4 0.02~ 0.22 0.09740.08 3 0.07~ 0.25 0.147 0.08
Urine 6 0.01~ 0.11 0.06£0.03 4 0.01~ 0.17 0.08-20.06 3 0.05~ 0.18 0.11% 0.05
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Table 4. Correlation coefficients of lead contents in
tissues with age

Tissue Correlation coefficient
gt e 108 UTY /J\fﬂ% Basd %
FEHFE Bt LT Htd BTolA dalz A Hair 0. 635%*
el e} (Table 3). Costal cartilage 0. 844**
MOl6s o> Liver 0. 557%*
Y=0.349+0.253X p %%
(Including all 20 results) Kidney 0.516
o 2r Females e—>> Blood 0.289 (not sig)
< 20} Y=0528+0126X .
S (Including-all 10 results) o Lung 0. 132 (not sig)
D 18r .
3 Spleen 0. 735**
o 16
3 Fat 0. 400*
e 4l
§ o o Stomach 0. 675%*
C
S b 5 o Brain 0.202 (not sig)
©
T sf ;o °. g Large intestine 0. 599**
8 .
s or ° Heart 0. 396*
2 .
3 AL 5 Muscle 0. 507%*
k] )
2 Urine 0. 617%*
i 1 j 1 1 1 1 1 .
10 20 .30 40 50 6O *p<0. 05
. Age in years (X) **<20.01
Fig. 1. Relationship of lead concentrations in costal 3] Bk ,@é}g X 60)%01 o] 27 AR B B
tilage with age. -
cartiage WL age T Egho) wol 4% EH A mimshel iz i

FWRERRY aERe S WY EME v
MEkEE %3t BB, 8§ 2% R, XE. B
gl IEfre =% HET MG E 0. 0D g

t}(Table 4).

3t ARBMR(BF r=0.943. P<0.01; =T r=0.956.
P<0.01)E el o JF(Fig. 1).
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Table 5. The mean concentration of cadmium in
tissues of 30 Koreans

(ppm. wet weight)

Tissue Range Mean-+SD
Kidney 3.52~35.60 20. 72-+9. 82
Liver 0.28~ 3.90 1.1720. 99
Spleen 0.17~ 1.52 0. 5510. 39
Hair 0.22~ 0.79 0.48+0. 14
Lung 0.15~ 1.06 0.4610. 28
Stomach 0.16~ 0.60  0.40+0.11
Large intestine 0.15~ 0.62 0.35+0.11
Muscle 0. 05~ 0.51 0.250.13
Costal catilage 0.02~ 0.24 0.07220. 04
Brain 0.01~ 0.22 0.0720. 06
Heart 0.00~ 0.15 0. 060. 03
Blood 0. 00~ 0.08 - 0. 05+0. 02
Fat 0.02~ 0.15 ~ 0.0470.04
Urine 0. 00~ 0-02 0.'014-0. 01

ol¥te] MY ASEFEEL
o] 0.5530.39ppm, FEEo| 0.48-0. 14ppm, kel
0.460. 28ppm, Kol 0.35-20. 11ppm, Fel 0.40%
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Table 6. The mean concentration of cadmium in tissues of male and female subjects

(ppm. wet weight)

_ Males Females
Tissue \ No. of Sample -Range Mean+SD No. of Sample Range Mean-+SD
Kidney 20 3.52~32.65 17.514:9.33 10 12.96~35.60 27.13+7.65
Liver: R 0.28~ 225 0.80-£0. 46 10 0.52~ 3.90 1.901.36
Spleen 20 0.17~ 1.47  0.400.27 10 0.21~ 1.52  0.87-20.42
Hair 20 0.22~ 0.59  0.4240.11 10 0.35~ 0.79  0.600. 14
Lung 20 0.156~ 0.49  0.3120.10 10 0.18~ 0.06  0.75--0.31
Stomach 20 0.15~ 0.60 0.37-0.10 10 0.36~ 0.58  0.47-50.09
Large intestine 20 0.15~ 0.52  0.3070.09 10 0.28~ 0.62  0.440.10
Muscle 20 0.05~ 0.43  0.20%0.11 10 0.19~ 0.51  0.3640.10
Costal cartilage 20 0.02~ 0.24 0.072%0.05 10 0.05~ 0.10  0.0830.02
Brain - 20 0.01~ 0.18  0.06=-0. 05 10 0.03~ 0.22  0.09+0.07
Heart - 20 0.00~ 0.15 0. 05--0. 04 10 0.04~ 0.15  0.070.03
Blood 20 0.00~ 0.08  0.05220.02 10 0.04~ 0.08  0.06-0.01
Fat 20 0.02~ 0.10  0.067-0. 02 10 0.05~ 0.15  0.090.03
Urine 20 0.00~ 0. ) 10 0.00~ 0.02  0.01-0. 00

02 0.01:%0. 00
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Table 7. The cadmium concentration in tissues by age groups

(ppm. wet weight)

S Age growp 0~9 10~19 20~29
M No. Range Mean®+-SD No. Range Mean+SD No. Range - Mean=+SD
Kidney 6 3.52~12.96 5.4742.27 5 8.96~21.41 15.6244.75 6 13.27~32.64 21.6716.58
Liver 6 0.28~ 0.52 0.403-0.09 5 0.58~ 0.97 0.76+0.15 6 0.75~ 1.72 1.1270.39
Spleen 6 0.17~ 0.25 0.20%0.03 5 0.10~ 0-41 0.50=0.31 6 0.32~ 1.02 0.60+0.29
Hair 6 0.22~ 0.38 0.3120.06 5 0.36~ 0.58 0.49+0.09 6 0.48~ 0.78 0.620.09
Lung 6 0.15~ 0.24 0.182-0.03 5 0.23~ 0.94 0-43220.26 6 0.29~ 0.97 0.5571+0.25
Stomach 6 0.15~ 0.36 0.271+0.07 5 0.30~ 0.49 0.3840.07 6 (.32~ 0.54 0.43+0.08
Large intestine 6 0.15~ 0.28 0.21%0.05 5 0.28~ 0.39 0.321+0.04 6 0.29~ 0.50 0.38:0.07
Muscle 6 0.05~ 0.19 0.10+0.05 5 0.10~ 0.29 0.1920.08 6 0.10~ 0.44 0.30+0.12
Costal cartilage 6 0.02~ 0.05 0.04+0.01 5 0.05~ 0.08 0.06+0.01 6 0.05~ 0.09 0.0730.01
Brain 6 0.01~ 0.03 0. 02:+0.01 5 0.02~ 0.05 0.04+0.01 6 0.04~ 0.08 0.06%0.01
Heart 6 0.00~ 0.04 0.02+0.01 5 0.03~ 0.05 0.04+0.01 6 0.05~ 0.07 0.0640.01
Blood 6 0.00~ 0.04 0.0240.01 5 0.03~ 0.05 0.04-+0.01 6 0.05~ 0.08 0.06+0.01
Fat 6 0.02~ 0.05 0.03+0.01 5 0.04~ 0.08 0.06+0.01 6 0.06~ 0.10 0.081+0.02
Urine 6 0.00~ 0.01 0.00%+0.00 5 0.01~ 0.02 0.-01+0.00 6 0.01~ 0.02 0.01=0.00
N_gegr& 30~39 40~49 50~59
Tissue Sample No. No. Range Mean+SD No. Range Mean-+SD No. Range Mean+-SD
Kidney 6 19.84~34.52 25.9675.21 4 23.69~35.60 29.8114.29 3 28.57~34.31 31. A84i‘2. 41
Liver 6 0.79~ 3.90 1.40%+1.12 4 0.75~ 3.85 1.78+t1.24 3 0.78~ 3.65 2.23+1.17
Spleen 6 0.31~ 1.52 0.660.43 4 0.39~ 1.47 0.921%0.48 3 0.37~ 0.82 0.5610.19
Hair 6 0.34~ 0.52 0.4530.06 4 0.34~ 0.79 0.49%0.18 3 0.47~ 0.67 0.5820.09
Lung 6 0.30~ 1.06 0.59+0.33 4 0.38~ 0.98 0.58+0.23 3 0.36~ 0.55 0.4520.07
Stomach 6 0.34~ 0.60 0.47+0.10 4 0.39~ 0.58 0.45-0-08 3 0.31~ 0.46 0.4130.07
Large intestine 6 0.28~ 0.62 0.42+0.11 4 0.30~ 0.53 0.3920.09 3 0.33~ 0.52 0.410.08
Muscle 6 0.23~ 0.51 0.33%0.09 4 0.22~ 0.47 0.312=0.10 3 0.30~ 0.43 0.3610.06
Costal cartilage 6 0.04~ 0.10 0.08+t0.02 4 0.06~ 0.10 0.07%0.02 3 0.10~ 0.24 0.14%+0.07
Brain 6 0.05~ 0.10 0.07£0.02 4 0.06~ 0.21 0.15+0.06 3 0.10~ 0.22 0.162+0.05
Heart 6 0.04~ 0.24 0.08+0.04 4 0.045~0.11 0.08--0.02 3 0.08~ 0.15 0.10%0.03
Blood 6 0.05~ 0.08 0.06%0.01 4 0.05~ 0.08 0.07F£0.01 3 0.06~ 0.08 0.07-+0.01
Fai 6 0.06~ 0.15 0.091+0.03 4 0.08~ 0.10 0.09%0.01 3 0.07~ 0.13 0.090.03
Urine 6 0.0l~ 0.02 0.01:£0.00 4 0.01~ 0.02 0.01+0.01 3 0.0l~ 0.02 0.013+0.00
Table 8. Correlation coefﬁéient of cadmium contents Stomach 0. 519**
in tissues with age Large intestine 0. 551**
— - e e Muscle 0. 685**
Tissue Correlation Coefficient Costal cartilage 0. 535%*
Brain 0. 793**
Kidney 0.809%* Heart 0.723%*
Liver 0. 650** Blood 0. 789**
Spleen 0. 460* Fat 0. 686%*
Hair 0.419* Urine 0.647**
Lung 0.483* *P<0.05  **P<0.01
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Fig. 2. Cadmium concentrations in kidneys by age.
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Table 9. The mean concentration of copper in tissues:
of 30 Koreans

(ppm. wet weight)

Tissue Range Mean+RD

. Liver 4.78~ 9.06 6.31+1.24
Brain 1.88~ 5.50 3.81+1.02
Heart 2.21~ 3.97 2.931-0.44
Kidney 1.67~ 3.21  2.450.37
Lung 0.57~ 1.92 1.1920. 29
Spleen 0.55~ 1.34 1.0440. 20
Costal cartilage 0.31~ 1.13 0.751+0.25
Stomach 0.39~ 1.76 1.0520. 31
Large intestine 0.78~ 2.49 1.7520.53
Fat 0.23~ 1.57 0.83%0.30
Muscle 0.45~ 1.25 . 0.93+0.20
Hair 6.58~15. 68 10.36+2.21
Blood 0.79~ 1.46 1.14+0.19
Urine 0.07~ 0.15 0.1140. 03

Table 10. The mean concentration of copper in tissues of male and female subjects

(pp. wet weight)
Sex Males Females
Tissue No. of sample Range Mean=+SD No. of sample Range Mean-+SD
Liver 20 4.78~ 9.06 6.334:1.35 10 4.99~ 8.21 6.2511.05
Prain 20 1.88~ 5.50 3.851. 11 10 2.32~ 5.21 3.74--0.86
Heart 20 2.21~ 3.90 2.8240. 43 10 2.65~ 3.97 3.1410. 38
Kidney 20 1.88~ 3.21 2.4640.37 10 1.67~ 2.95 2.4470. 40
Lung 20 0.57~ 1.92 1.20+0. 31 10 0.76~ 1.52 1.1740. 28
Spleen 20 0.55~ 1.30 1.02+0.17 10 0.67~ 1.34 1.094-0. 25
Costal cartilage 20 0.31~ 1.13 0.73:£0.28 10 0.48~ 0.99 0.7840.19
.Stomach 20 0.39~ 1.76 1.10-4:0. 31 10 0.51~ 1.21 0.944-0. 27
Large mtestine 20 0.95~ 2.45 1.8270. 50 10 0.78~ 2.49 1.60+0. 58
Fat 20 0.23~ 1.57 0.83+0.33 10 0.56~ 1.26 0.83=0.24
Muscle 20 0.45~ 1.19 0.930. 20 10 0.66~ 1.23 0.954-0. 22
Hair 20 6.58~12.62 9.3811.73 10 10.28~15.68 12.34+1.72
Blood 20 0.78~1.46  1.1370.20 10 0.82~ 1.39  1.14:+0.18
Urine 20 0.07~0.10 0.1040.03 10 0.07~ 0.15 0.111£0. 03
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2 o5& P2 6301, 24ppme] gl vt (Table 9).

29ke) gkl AR B 3811 02ppm, LM
2.933-0. 44ppm, EBE 2. 4520.37ppm, KB 1.75E0.
53ppm o 2 W Eoka, el 0.1110. 03ppmo.
2 sl Aol EhE gl

Zate] SRR T AeRe 2 B
B, M, W E 1.04~1.19ppm, L3 Bk,
TeWi, MiKcle IppmATY EA B SF=S 9
128

LEaAST ARy 4HEF 2 BH) 29.90
%2 7} 7 o] BTS2 A 18.18%, Hfen
11.00%, ol 8.45%, Mol 7.07%, KBl 5.04
%)= B, Mg, Wkkd s 3.0~3.5%, WhikdE, MR,

B, EErRdE 2.0~3.0%, fEE St dgle

WL,

o, Repol A# 0.30%7 &FH AT Folrh

@ SWBEHP BHERS R R
% 9 AsEHe wel ARBAMD THL RS
Bkl 2R 8155 (Table 10).

Table 11. The copper concentration by age groups

(ppm. wet weight)

S Age group 0~9 10~19 20~29

WN R MeantSD No. Range MeantSD No. Range  MeantSD

Tissue 0. ange eant- 0. g * g et
Liver 6 7.17~ 9.06 8.241+0.64 5 6.55~ 7.45 7.0310.31 6 4.97~ 6.50 5.69+0.54
Brain 6 1.88~ 3.05 2.4540.37 5 2.95~ 3.85 3.2530.35 6 2.98~ 4.17 3.63220.39
Heart 6 2.81~ 3.97 3.32+0.35 5 2.37~ 3.22 2.7030.29 6 2.21~ 3.03 2.69:0.28
Kidney 6 2.50~ 3.11 2.77£0.21 5 1.94~ 2.46 2.31+0.20 6 1.67~ 2.86 2.182:0.37
Lung 6 0.99~ 1.50 1.13+0.10 5 0.76~ 1.46 1.0320.25 6 0.57~ 1.70 1.22740.38
Spleen 6 0.90~ 1.32 1.10%0.16 5 0.67~ 1.34 0.940.22 6 0.55~ 1.26 0.99-0.24
Costal cartilage 6 0.31~ 0.51 '0.45%0.07 5 0.48~ 0.99 0.6820.17 6 0.31~ 0.93 0.7620.22
Stomach 6 0.84~ 1.26 1.08:-0.14 5 0.55~ 1.12 0.85+0.19 6 0.39~ 1.76 1.09-£0.46
Large intestine 6 1.88~ 2.49 2.1940.25 5 1.25~ 2.27 1.5740.41 6 0.78~ 2.20 1.46-0.51
Fat 6 0.48~ 0.90 0.73%+0.16 5 0.43~ 1.20 0.637:0.29 6 0.23~ 1.26 0.81%0.34
Muscle 6 0.65~ 1.25 0.96:0.21 5 0.66~ 1.23 0.86%+0.20 6 0.45% 1.13 0.83%0.22
Hair 6 6.90~11.64 9.63+1.69 5 7.45~12.53 9.70-+1.70 6 7.80~13.43 9.307%3.39
Blood 6 0.99~ 1.48 1.2474+0.13 5 0.78~ 1.21 1.05%+0.15 6 0.82~ 1.46 1.08%0.24
Urine 6 0.07~.0.15 0.11#0.03 5 0.09~ 0.13 0.11=0.01 6. 0.08~ 0.15 0.102-0. 03

== Age group 30~39 40~49 50~59

Tisst? \w' No. Range Mean+SD No. Range Mean®SD No. Range Mean+SD
Liver 6 4.78~ 5.79 5.21+0.33 4 4.89~ 5.79 5.4210.38 3 5.53~ 6.04 5.78£0.21
Brain 6 3.76~ 5.02 4.3910.48 4 4.61~ 5.20 4.8970.27 3 5.04~ 5.50 5.2540.19
Heart 6 2.73~ 3.26 2.9940.20 4 2.35~ 3.39 .2.9970.41 3 2.26~ 3.03 2.60-0.32
Kidney 6 2.05~ 3.21 2.61750.38 4 1.88~ 2.62 2.360.28 3 2.11~ 2.67 2.4174-0.23
Lung 6 0.77~ 1.43 1.1320.23 4 1.0l~ 1.47 1.201+0.17 3 1.10~ 1.92 1.43%0.35
Spleen 6 0.80~ 1.21 0.997-0.14 4 1.01~ 1.24 1.23+0.08 3 0.89~ 1.31 1.09%0.17
Costal cartilage 6 0.67~ 1.10 0.9240.15 4 0.76~ 1.10 0.95+0.12 3 0.79~ 1.13 0.9140.15
Stomach 6 0.51~ 1.28 0.93£0.25 4 1.12~ 1.41 1.22+0.11 3 1.06~ 1.56 1.2570.22
Large intestine 6 0.86~ 2.32 1.81740.63 4 1.08~ 1.98 1.414+0.34 3 1.57~ 2.14 1.943+0.27
Fat 6 0.68~ 1.57 0.96220.31 4 0.78~ 1.11 0.92+0.12 3 0.68~ 1.26 1.02+0.24
Muscle 6 0.63~ 1.15 0.921+0.16 4 0.87~ 1.19 1.042-0.11 3 0.96~ 1.12 1.062£0.07
Hair 6 6.58~15.68 9.897%3.00 4 9.85~12.62 11.54+1.03 310.26~11.86 11.112-0. 66
Blood 6 0.99~ 1.46 1.21+0.18 4 0.88~ 1.35 1.0570.18 3 1.05~ 1.22 1.13::0.07
Urine 6 0.07~ 0.14 0.117-0.03 4 0.08~ 0.16 0.1174-0.04 3 0.07~ 0.15 0.10-0.03

- 104 —



2
o

&

(3) ek #hil LR
SRR meEe] FRigne W& 2T

Mgl =} 2ebA W, = #mste AR Y=,

=9 @Ee nolx @A % glgch(Table 11).

I, s LB MEES FEve) wor AFE W

stgl, B R BhES MeES S ol dd] B

Table 12. Correlation coefficients of copper contents
in tissues with age

Copper concentrations ppm wet weight (Y)

Tissue Correlation coefficient
Liver ~Q. 842%*
Brain 0. 870**
Heart —0. 560%*
Kidney —0.278
Lung 0.142
Spleen 0.122
Costal cartilage 0.691
Stomach 0.224
Large intestine —0.191
Fat 0.135
Muscle 0.238
Hair 0.216
Blood —0.126
Urine —0.094

*P<0. 05 **P<0. 01 -
Males O———2
V_=2.2528+ O.0606X
(Including all 20 results)
Females @——s>

Y =22810+ 0.0516X
(including all 10 results)

i 1

10 20

N 1 :

30

Age in years (X)

Fig. 3. copper Conentrations in brain by age.
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Table 13. Lead, cadmium and copper concentrations in tissues of normal Japanese and English

(ppm. wet weight)
Ceographical area Japanese
Heavy metals Lead Cadmium
Tissues Sex No. of cases Average Range Meand-SD Sex No. of cases Average Range Mean+SD
Har % &% ws o - - F & o oo~sm -
ngﬁgﬂage ¥ . 03 0.13~0.82 0.35%0.18 N 8 0-11  0.04~0.21 0.097-£0.036
Liver M B 0 0.16~1.00 0.46:0.24 1} 2 32 1. 1~23.0 5.7 +4.6
Kidney B Y& 0.16~1.200 0.4700.23 M mx® 10~94 a7
Blood M 10 -6 0.10~0.53 0.20:£0.13 ¥ 12 %18 9.05~0.58 0.17%0.11
Lung M - 0-20 0.098~0.81 0.30:0.20 M 1B 0-%8 0.15~2.3  0.72%0.52
Spleen M . 0-12 0.080~0.33 0. 2:£0.83 I\Ifl 9 0-40 0.20~2.4  0.81::0.69
Fat M S om 018~2.00 o0.84t1.00 M 3 0 oo 0-035~0.13 -
Stomach I\P(I _ _ —_ — 1\;} - - — -
Brain M 018 oui~o6z 026016 N 1 0-984 .02~0.23  0.12:£0.06
Leme & 15 072 g aons0 ososr M M 038 o430.08 0.43+0.22
Heart M 15 0-30  0.065~0.98 0.32:40.25 i 018 0.06~0.33  0.1620.69
Muscle M S -2 0.09~0.52 0.2620.16 ) N 0-22 0.075~1.1 0.20:0.24
Urine M = T 0.005~0.09 0.039 Moo — 2.0%2.1ugt
Geographical area Japanese English
Heavy metals Copper Lead
Tissues Sex No. of cases Average Range Mean+SD  Sex No. of cases Average Range Mean
Har Y 102 Tk 6.4~85.8 Moo 8 asT~8.30 18.65
O age 1 ! 048 .23~0.79 o.s2021 ¥ 39 588 0.012~28.50 7.768
Liver ¥ 12 100 21~ ooxss N 0B 0-%% 0.03~3.13 0.838
Kidney 11 n 27 1s~34 26t03 M 38 087 0.012~2.20  0.603
Blood M B oeme~n7 ko ¥ 22 0.01~0.79  0.189
Lung M 15 L2 osi~Lo 1.340.24 M a8 S, 0.01~0.59  0.208
Spleen M N 12 g83~17 123023 M 03B 0-25 0.03~1.43  0.222
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Fat M S o6 0-24~0.28 - M 6 o oe 0.01~0.40  0.115
Stomach M - - — — M 1 099 0.02~0.65  0.116
Brain M 5 >2  29~84 5lxla M 4 012 0.01~0.78  0.132
e ¥ B B wewse toew ¥ T © o -

Heart M e 38 22~a6  33xoer ¥ 3 0 o 0.01~0.31  0.074
Muscle M 12 bA 04~L7  0.920.20 Y 7 0-98 0.01~0.23  0.055
Urine M - - - - M b 0% 0.01~0.13  0.045.
B 2 miks AEoRS ARARD £4.1/4.9 (2) 10BERM olelo] FWBRMMTS BARL WA
W 1/3.42 of el B4 S ‘%ﬁk oA M) B wokm, HHld K3 58 She
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B} 1457 B9

EFHBERAY @5 st=EAEL BEAA BERA
ol A& th3ke] kel H¥kuct ¥ HEE vehiich

(3) M ‘

BERA TR, e T a8 HAkAd Kty
#% 1/1.5~1/1. 324 SRBEMARSH 7 S, =

Bo
A

B WL, LB B A, G, WK B
B BAAS Az dzstgos BB SRR
& BAART L4 E5%

HHEA B BEH @i’sj fﬂﬁﬁﬁ SR
A ET dex stdod FES 2R kg, #
Aol g HmBEIAA 13735/\ BEP T MERS
ol BEReh BF ¥ HAE 2ich I He
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37 e,
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HiJo 8 £ BEfer BLEM £ES do
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1. #i9 &8

(1) #HRAEASRN Y a8

B2 A4 28
o A8 iy ghHE-L 14.90£9. T4ppmo & A& %ok
i, 2 922 MikE2A 5.5743. 86ppme] gt
FHL B 2 fine I35 048 £4 1.1110.
92ppm, 0.7320.48ppm, 0.062-0.06ppme] g £},

KRG Bl A a2 A ek
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sk BT ARG ol gl
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O FHA HHA FH 7h=F &2 20. 72209, 82ppm
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2 ez 2 THEEL 1.17+0. 99ppmo) g o

%%%}%ﬁmﬂ HaEE %7}51";%4 83.9% = Bl
2T 4.7%% FFiol 2= o) dgm YA 11.49%
7b 29k oo WA S g Aol gk

(2 ZWRERHE /I=F 48 Bl wa) 2R
7t BEA R, Bruch gl B A ek
wA el afaE BB ¢

(B =3 7t=FaEe Fi 9 %*t?ﬁ}%i
B HES R o BEEREESERY A=
WAz sl HES NG P<0.01)E UrEP
Fedl B AL MRS E r=0.8442 A3 F gt

Pa = N ]
VT
W}
M

3. $me &

k:

FEEe 1 e &L 10.3642.2lppme w  &ZF
HEMPAA A & e e I g
o 24 6.31+1.24ppme] ¢l c}.

fBAd Wike FES) FEBHBN o RKEE
o EHol 29.9%9 FBY 18.2%= A =gz B
L, B, KBdE 5~11.0%, B, ¥ 2 Fkd
© 3.0~3.5%EE/ Ah= dgd.

L0BERHE olalelol Ao KB ARE e Fl, &
B, L. KiBel SREE-S 4 ¥ sl=EdE HBEY
oz Al Wt BESA oo A doA
£ 608te) o) 27 7hA 4Efihe) WE EAE Wy &
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