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Concentration of Lead, Cadmium, and Mercury in Scalp Hair, Cerebellum,
Cerebrum, Heart, Kidney, Liver, Lung and Spleen from Autopsy Subjects
-Relationship between Scalp Hair and Internal Organs-

Jong Hak Chung, Chang Yoon Kim, Joon Sakong, Joong Jung Lee,
Man Joong Jeon, Seong Kuk Lee*, Jeung Sik Kwak**, Sung Hwa Park**

Department of Preventive Medicine and Public health
College of Medicine Yeungnam University
Department of Preventive Medicine and Public health®, Department
of Forensic Medicine**, Department of Clinical Pathology”"",
School of Medicine Kyungpook National University

This study was conducted to measure the lead, cadmium and mercury levels in the
scalp hair, cerebellum, cerebrum, heart, kidney, liver, lung, and spleen of the 60 Korean
autopsy subjects and assess the relationship among those samples.

The mean lead level in the scalp hair was 12,29+12.51u/g and no significant difference
was detected in lead concentrations between the two sexes,

Among the internal organ tissues the cerebrum contained the highest level of lead. This
is followed by the cerebellum, spleen and liver respectively.

After which the kidney and lung showed a close similarity at relatively low concentra-
tions and the heart contained the lowest concentration.

There was alse no significant variation found between sexes in a comparison of lead in
the internal organ tissues.

The concentrations of cadmium in kidney were 127, 33+89, 36ug/g and considerably high-
er than those in the other internal organs. The liver contained the next highest level of
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cadmium. In both sexes, the consistent difference was noted in the cadmium concentra-
tions of the kidney, heart and spleen. Yet female cadmium level was higher than the
male’s.

The concentrations of mercury in the kidney and liver were 1.26+2. 89ug/g, 0.59%0.54ug
/g and considerably higher than those in the other internal organs.

The mean mercury level in the scalp hair was 1.29+0.64ue/g and no marked difference
was noted in both sexes.

The lead concentration in the spleen increased with advancing age, though not statisti-
cally significance, and most of the internal organ tissues that were examined showed no
evidence of increased lead concentration with age.

The kidney, cerebrum, spleen and cerebellum showed increased cadmium concentrations
with age.

Also as well as the internal organ tissues that were examined showed no evidence of
increased mercury concentration with age.

The lead concentrations in the liver and lung were higher in the urban area than in
the rural area, but the lead concentration in the kidney was higher in the rural area. No
difference was noted in tissue cadmium and mercury concentrations as to the area of resi-
dence either.

The physical workers had greater concentrations of lead in cerebellum than did house-
wives or the unemployed. Yet no difference was noted in the other tissues between the
two groups.

In the cerebellum, cerebrum, heart, and spleen, the physical workers had greater con-
centrations of cadmium than students or mental workers. Also physical workers had
greater concentrations of cadmium in lung than housewives or the unemployed.

In contrast to lead and cadmium, both the housewives and the unemployed had higher
concentrations of mercury in cerebellum and cerebrum than physical workers, but there
was no difference was noted in the other tissues between the two groups.

In the lead concentration, there was no statistically significant correlation between the
scalp hair and examined internal organ tissues.

There was a close relationship between lead levels in cerebellum and cerebrum (r=0. 465,
p<0.01), as well as a relationship between the cerebellum and the kidney (r=0. 300, p<0.05).

There was no statistically significant correlation between the cadmium levels in the
scalp hair and in the examined internal organ tissues.

Positive correlations were found between the cadmium concentrations in the cerebellum
and the cerebrum (r=0.5543, p<0.01), heart(r=0.480, p<0.01), kidney(r=0.376, p<0.01) and
spleen (r=0. 408, p<0.01). Also positive correlation was found between in the cerebrum and
the heart(r=0.377, p<0.01), kidney(r=0.484, p<0.01), liver(r=0.265, p<0.05), lung(r=0.458,
p<0.01) and spleen(r=0.483, p<0.01),

There was also no statistically significant correlation between the mercury levels in the
scalp hair and in the examined internal organ tissues.

Positive correlation was found between the mercury concentrations in the cerebellum
and cerebrum (r=0.760, p<0.01), heart(r=0.270, p<0.05), liver(r=0.425, p<0.01),
tung (r=0.488, p<0.01) and spleen(r=0.534, p<0.01). and also positive correlation was found
between in the cerebrum and heart(r=0. 376, p<0.01), liver(r=0.350, p<0.01), lung{(r=0.554,
p<0.01) and spieen (r=0.489, p<0.01),

Various epidemiological studies reported usefulness and reliability of using scalp hair as
a monitor of a environmental pollutants.

In this study, there was statistically significant correlation of lead, cadmium and mer-
cury levels in most of the tissues that were examined, but there was no statistically sig-
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nificant correlation between the lead, cadmium and mercury levels in the scalp hair and

most of examined internal organ tissues.

The findings of this study would suggest that it is still uncertain to using scalp hair as

a biological monitoring.

Key Words : Lead, Cadmium, Mercury, Scalp hair, Internal organs, Correlation
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A& Izt nid A {28, SEFE
op el ArAdElel EY, &, di7] Folx viFF &)
e, Sl E FHOME gl Bl FHolrt
A FEo A A7 BA A€ F2 FFgse 2
2219} AR U FHAN F2 ATFH &
o} H Aol FRE A4F AFE AAshs A4
Adel F7beh 1923dNH FAe] FAARA I}
Edel HrHE ole] HEUN oF 400UE o] de] A
o] ¥&Fe] {7 BF 99 dd F=HA =
tH(Waller 5, 1965; Casarette®t Doull 1975;
Eylenbosch %, 1984).

FIE g8 v vFFEoer HHoR M)
ZXHY FAEZE AP Fo 3] &
A g dd 9F%g v UAEZEE
A7 5E AAFIH HrlE, F93E 7% 8¢
o} (Piscstor, 1972; Nokawa &, 1987).

B S8 whgAe Eze U, 4AL A3
4, sFledRlE, Y, H5d, 289 A
& FEAIe A2 42iA gle (Gronka &,
1970), <€ 9 Jl=R oo s A% UEAQA FF
2 AtzARZE G e vUrtelga olglo]o]
Elo|¥l o]t (Nogawa 1987; Ratcliffe ¥, 1996).

olaidt I E2 WAERA AlgdlA 4z 9
HqE F F U FES 9% 299 =g 23
7] S8l E7), B, EYolMe AHPHY 2L B
& A v|Ale e AV g8 AE, 2§,
e IRFFE & dos vkt A7 (Tansy$t
Roth, 1970; Ohi ¥, 1974; Ohi %, 1982; Ma,
1989; Lee¥, 1989; Adaudi 5, 1990; ¥ %

%, 1996)7F A&=Ho] o1 Ut FF AMEES OiA
o2 JEEH ZRAHe] Yo A4y b £
B4 AR 238 &3] AMEEta glen, HS
o v FIF4S BNE 7 e BVl H
HoZ AgAol folay, A7Ite] HAHYHE
d&¢ F e T 2L MM ¥&7)Ee] HEUA
BJEY Fuos §8715d0 de A+ (Batest
Dyer, 1965; Hopps 1977; Chattopadhyay %,
1977) 7} A&y = ] sic,

Fuhle) nFAHE BN digt dFe 19674
olgi 2 WA /el e FToR ALLEHo]

on, A& FALHY Uiy RUHY Fdo=
AH87HeAd el tiE] BAE 2o HAoh

i 84 332 BAE5 i BHsta,
ej 2 A24do] HojAke w@e] ixw a3 A
A=A FFE FA g3, A, Aol foldt

£ A= 73 1ol (Hopps, 1977), ¥dHc
© BHAo R AMHT YAE SR AR 55
2o ARE ALgo] Ha Uk 53] 4, =%,
F& e AW HFAHHe FIFHY 4SS AL
9 ¥k F2u BT 834 =E&AlE FA4
W FrFE HFER] R Y FEe F3o2 ¥
M) B o Z29 AYE & + ke HH g
zZo) vjg) EEE FFE0] FF HoUd AW
FE4 T 339 g A9E BYErhe A4
< 73 sitke % (Chattopadhyay ¥, 1977)
= gl

AR 59 F FFE w2t AW S84 B
=g B3 wgdsteriel dside ol FEs
u3a 1A @t} Chattopadhyay % (1977), Foo
$(1993), Hopps(1977)2 Bate®} Dyer(1965) &
Fuo] AREFFS N FF& =€ 33
shedl AEE Agehe 4% ¥d Hammer §
(1971}, Ellis %(1981)3 Bos(1984) & <lAie]
ZFEHETE FP%E ANEEM FEE ol&dle
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Aol A AFr=E HFsh BdsiA] £3idkn F
Fatch

AF7H2) F2AE AR Al #d F
7% 5% EHRne YAV EAE F, 1982
ARE T, 1995 Fdu 4, 7= Fes=e
zt 9 Fr|ole] AABAE ZAlste Tl AU
8% FEE FHse AHT ANEEAY A
& A7 d& dunh

gl ol dAFe FZQ FHAE fAeR
o A&, Ui, 44, A%, %, o, ¥9F L =L
9l &, Jl=F % F2EEE &S Y, I3
4, AdYe vmstn, L9 A7), 2 A7z
FE5EE] 43AUAYE ZAEHT

ATTHA Y

QA 7 A7 4, Fl=g, $Lo] Hasxe
Zt A7 FFE T2y AT RAEY S 2AEE) 9
8] 19963 99 14¥E 19979 29 28YU7A] Wi+
BAA &A oBE PeldtmAdea EH7 A
6072 g2 A EE AU

FHA AN &M, O, A7, A%, ¥, =, 9
FE AE FRFE AL Y F FEE o7
224 FFAA BHE WA -20Ce Deep
Freezerell B33t}

BAA 4 A28 324 0.5mge FFe Az
71e1A 60CE 48A1F ZZF ¥ FAdY 10miel
438 Azl ¥ Microwave Digestion System

(MDS 2,000 CEM) 2.2 33A2 F 7IHEE A}
L33

FEe 2gRIE A 7R 0.5 cm HolR A&
¥ FHFE 135 1083 33, 0.1 M 2Na-EDTA
|02 13 10 ¥ A F, ol &8
o] Algtd Wizl AAHIIPH e A FHSE EH
o] At} wi7lz] Ak MHE FEE 60 ¢R
347 1EA7 3 0.10 mgs st ALl
10 mlel &3iAl7] ¥ Microwave Digestion
System (MDS 2,000 CEM) 2.2 38X|7] ¥ 717
B2 A3t (Clarke &, 1974).

a7 Jlege AFE 9 FF B F:A
(atomic absorption spectrophotometer, Shi-
madzu, AA-680G)E EA=Z & 9x13 Tdiz
(flameless furnace atomizer, Shimadzu,
GFA-4B) & ol&3ld o, ¥4x712 Table 13
Zo] &gt ¥ AAFZ 29 oM wEEAH3n o
Z3 X9} RlolAlgdE 5% ol EXE 3H)

Feo AL dAFFEEATAE BA=R ¢
Hydride Vapor Generator® ol-43t9jen, ukg
492 0.4% NaBh49t 5M HClE& ARE3FAT
Carrier gast Argone AHE3l0THTable 1).

Age] £4 9 $AH AFL SPSS-PC+ T2
Wg ol g3l 7 AR HF 4, JI=F, FL
T2 7} AT FESGExe AuBAE B
sk ot

=

Table 1. Analytical conditions of the atomic absorption spectrophotometry to measure of the lead, cad-
mium and mercury in the human hair and organs

Parameter Pb . Cd Hg
Wave length (nm) 283.3 228.8 253.7
Lamp current (Ma) 7 4 2
Purge gas Argon Argon Argon
Slit width (nm) 0.5 0.3 0.7
Readout mode Peak height Peak height Intergration hold
Temperature program

Dry(C/sec) 100/30 100/30

Ash(¢/sec) 300/25 300/30

Atomise(C/sec) 1,400/3 1,500/3
Prespray time (sec) - - 40
Intergration time (sec) - 10
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A7y FHAELS AT 367 (60%), AR
247 (40%) °1om, AtA] A8 40tz 74
Bten (26.7%), 20th, 30ud, 50th o]Xdel 20%
B v $£F o, 10t} 13.3%=2 714
AJch.

AFANERE AIEY olde] dEA AFA7) 50
Hog 83%& Ao, TG ol AFAz}
10922 17%% A9

e YL /TR £ Aol e AS
7t 49 o2 40%E AR EH e, 2 9 SHxFA
7} 1678 (26.7%), TAYs AME3e] 59 (8.3%), &4
o] 475 (6.7%), AAw]/de] 1178 (18.3%) °1Uch.

Al e Alnu o] 4B 73.4%% A
A stg o, AAAF 159 (29.4%), AQInAde] 1
o] ANt (Table 2).

A7t S A FEe 1229412 51u/g
ojlen, duztd Aele gtk ZF FriERE
oA 1.35+2 92ue/ge 71 Egten, A
AMe 0.51%0.57ue/gelt. vlZa} o] bzt

Table 2, Distribution of the subjects by general

characteristics
Characteristics No(%)
Sex Male 36(60.0)
Female 24(40.0)
Age -19 8(13.3
20-29 1321.7
30-39 11(18.3)
40-49 16(26.7)
50- 12(20.0)
Place of Urban area 50(83.3)
Residence Rural area 10(16.7
Occupation Physical Workers 16(26.7)
Mental Workers 9(15.0)
Students 40 6.7
Officers 5( 8.3
Housewives or None  24(40.0)
Unknown 11(18.3)
Cause of death  Natural death 15(24.9)
Accident or Trauma  44(73.4)
Unknown 1L

0.45+1.85 wg/g, 0.43+0.61ug/g2 ¥=F =&
ojem, AAdA 0,12+0.18u/g, A%l 0.19
+0.24 wg/g, MM 0.18+0.19 w/gelAth, A}
A7) Fell Ut A 59 #F4% Aole g
(Table 3).

AN Ft=ge FEe AR PR A
A ZAE A A0 127, 33+89. 36u/g0]
Sow, dAxtelA 160.05+98.20u/g2 BAte]
105.51+76.81ug/gel w13l festA EUTH(p<
0.05). ZHAolAME 8.60+9. 12ug/golRom, o3z}
b 11.17=7.24ue/g2 E2F 6.88+9.91ug/gB T}
%ot EAAHCRE {o% Aole gt 2 ¥
ANE AFME 0.3249. 19uw/gem, g9
alole AR 0.39+0. 20ue/g, FA 0.27+0.17
ug/gE ozt FejdtAl EUTH(p0.05). ¥l1Fol
Az 9zl7} 1,35+0, 96ue/g2 EAF 0.79+0. 63ug
/gReh feldtAl Eheh(pd0.05). A¥ 9} ixdelA
T BARCE ®oF £FL ohiler} oxleA
EL ¥5F 29 (Table 4).

F&9] ¥Rk 7l=ge A9 sfRriAE A%
2 7ol Azt 1,26+2.89ue/g, 0.59+0.54ug
/R 7HE 5L BEE RYeH, ¥ A7 2R o
A <t e FEE HAou HAF zlole
olgict. AAIME HAFFEE7F 0.12+0. 16ue/g
olRen, a7t 0.18+0.23uie/gd EA 0.09+
0.07ue/gBtt FA3tA EXtHp0.05). ZolA
= 0.16+0.17ue/g, thdlA 0.13+0.13uwe/g,
oA 0.36=0.69ue/g, HI7NA 0.16+0.22us/g%
o olg 7]l EFoA F£2] FEr} JAtl|A
= 2o /¥ 8L ol Fite
HIFE FEE 1.29+0.64u/golneny, Fizt
o #2l% xole U (Table 5).

ATz AN FEFE FEde AARAE =
AR A3 A9 7359 ¥ (r=0.278, p<0.05)F* F
W(r=0.271, pc0.05) <A <3t A#AWAE Eo
o, 2 9] rleMe dEH 4 = FHAGe
k. FI=RAME AFAAN FFEEAFZY AH
A (r=0. 444, p<0.01)E EHow, iy (r=0.421,
p<0.05), ®1F(r=0.313, p<0.05), 2 (r=0.282,
p<0. 05) M = FBEA AE Aoz ZAEAL
FedMe Bt 2 AN AgHY FLEETe
ARPA e Aoz AU (Table 6).
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AFA WE Fr)e] d FEE AR A3
I Hoja AlEe] o]l dmAIA G AHFEJAI}
Z}z} 0.4610.66ue/g, 0.19+0.20ue/g2, T
olslellr] AFEA} 0,24+0. 16ug/g, 0.11+0.03ue
/gB2t FEA EL AT ZAFHU U (pC
0.05), AFclM s HEAAFAANAM 0.15+0. 13ue
/g, =29 oIkl AFAlA 0.39%+0. 46ue/g %
232 Bt (pd0.05). FI=F F2MEe AF
AW Zh A7le] Foldt FEAtole RAEA] &gt
(Table 7).

ZAL BgAe] AgdE d w2E v A
AMollA A x=F27E 0.57x0. 39ug/gi A &
2 7P F5e] 0.35+0. 25ue/gETE B2 FHog 2
AR e (p€0. 05), 1 919] A7)elxe et At
ol {1t} (Table 8). 7FI=g¥Ew 43, why,
AZT v ZANA A, AFFE 2227F 2442 0.08

Wi

+0.05u/g, 0.07+0.05u/g, 0.19+0.10ue/g,
0.50+0.33uw/gE AT 0.22+0. 15u/g,
0.17+0. 14ug/g, 0.37+0.25ug/g, 1.26+0.99ue
/gETk felsA BiA 2AE e (pd0. 05), ol
NE 227 3.2 7R FRAM 0.99+50.3Tue/gs &
AxEA 1.33+0.61lu/gRtt Fo3tA @2

(p0.05) 71=F ¥5& BYti(Table 9). 2%
Te a2 didelx BA Ee MFFRIF 242

0.21+0.21ug/g, 0.17+0.18ue/g2 |/A =FA}
0.10+0.08ug/g, 0.08+0.05ug/gRtt £ AL
A 2m (p€0.05), I 9 A7|AHE frele 2

ol g1%1ch(Table 10).

Saw 24} 71 @ w2 ABIAL Ae
Aoz EMHUT. 7 zpmoﬂb a3t oix
(r=0.465, p<0.01), A& (r=0.300, p0.05)°] A&
A7 AReH, wssh A2 (r=0.379, p<0.0D),

o

Table 8, Mean concentration of lead in organs and hair by occupation (unit @ we/g, wet weight)
Physical workers Mental workers Housewives Unknown
Organ (n=16) (n=9) and none(n=24) (n=11)
Mean=*=SD Mean=+SD Mean=+SD Mean=+SD
Cerebellum 0.57=0. 39 0.43+0.38 0.35+0.25* 0.83+1.10
Cerebrum 1.16+2.63 3.50+5.41 1.11£2.18 0.39+0.21
Heart 0.08=+0.06 0.24+0.40 0.12+0.13 0.09+0.10
Kidney 0.17+0.16 0.26x0.24 0.17+0.28 0.18+0.07
Liver 0.25%+0.20 0.55+0.78 0.52+0.81 0.35+0.06
Lung 0.13+0.07 0.21+0.14 0.19+0.26 0.18+0.04
Spleen 1.00£3. 32 0.15+0.18 0.36+1.10 9.41%£0.07
Hair 10.97+5.61 8.24+4.31 15.48+17.57 10.55+10.31
* p<0.05, compared with physical workers.
Table 9, Mean concentration of cadmium in organs and hair by occupation (unit * ue/g, wet weight)
Physical workers Mental workers Housewives Unknown
Organ (n=16) (n=9) and none (n=24) (n=11)
Mean+SD Mean=+SD Mean=+SD Mean=+SD
Cerebellum 0.22+0.15 0.08+0.05* 0.16+0.10 0.13+0.12
Cerebrum 0.17+0.14 0.07+0.05* 0.11+0.08 0.11£0.09
Heart 0.37+0.25 0.19+0.10* 0.34+0.13 0.29+0.21
Kidney 157.08+116.80 95.08+64. 08 124.57+80.85 116.45+176.31
Liver 13.05+14. 50 6.21+3.72 8.78+6.27 3.67+2.94
Lung 1.33+0.61 1.43+0.85 0.99+0.37* 1.04+0.57
Spleen 1.26+0.99 0.50+0. 33" 1.15+0.81 0.78+0.70
Hair 0.09+0.05 0.16x0.26 0.10+0.11 0.07+0.10

p<0. 05, compared with physical workers.
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i 9 2 (r=0. 505, p<0.01) el ABEA 7} 2
At} (Table 11).

S SlEBEEs oE Ay AUAE gl
e Aoz A EHP e, & A ztele A% 9} i
(r=0.543, p<0.01}, A7 (=0.480, p<0.01), A%
(r=0.376, p<0.01), ¥ (r=0.408, p<0.01)3 #2
g AgEAC ik =% i el A (=0, 377,
p<0.01), A1Z(r=0.484, p<0.01), ZH(r=0. 265,
p<0.05), = (r=0.458, p<0.01), ¥I&(r=0.483,
p<0. 0D Atelell Relgt AwdAr Az, A3
2% (r=0, 524, p<0.01), & (r=0.307, p<0.05),
B2 (r=0. 618, p0.0D)Alelel% Rl AgaA s}
At A 2+ (r=0.402, p<0.01), #H{r=
0.310, p<0.05), ¥l (r=0.633, pc0.01)Ake], 2+
T v A (r=0, 424, p<0.01)Atelolx #oF SRTA
7} 11k (Table 12).

FLETIAME 2 e A0 AudAe

YAk Zt B7)Aele AHet did (r=0.760, p’
0.01), A%(=0.270, p<0.05), I+ (r=0.425, p’
0.01), #{(r=0.488, p<0.01), W& (r=0.534, p
0.01) = ol ABBAZE UNeH, el 44
(r=0.376, p<0.01), t&H(r=0.350, p<0.01), = (r=
0.554, p<0.01), ¥l (r=0.489, p<0.01)°] K2J8&
FREAZY AN AT 23 (r=0. 294, p<0. 05),
# (r=0. 304, p<0.05), 174 (r=0.339, p0.01) Atel
A= feolgt FBFBFA UReH, ANAI 7%
{r=0.256, p<0.05), ) (r=0.288, p<0.05)Alolol=
ol A@FAAC A E=2EH ¥ 8
{r=0.333, p<0.01), 3o} ¥)7F(r=0.502, p<0.01)4+
ol o g ABBAY} UATH(Table 13).

)

i

W) Fol @ 29 HRE AFA izt

Table 10, Mean concentration of mercury in organs and hair by occupation (unit : ug/g, wet weight)

Physical workers Mental workers Housewives Unknown
Organ (n=16) (n=9) and none(n=24) (n=11)
Mean:*=SD Mean+SD Mean=SD Mean:=8D
Cerebellum 0.10+0.08 0.14+0.14 0.21+0.21 *0.16=0.15
Cerebrum 0.08+0.05 0.12+0.09 0.17+0.18 *0.15+0.10
Heart 0.12+0.17 0.09+0.02 0.14+0.20 0.11%0.10
Kidney 0.62+0, 30 0.68+=0.46 1.67+3.90 1.80+3. 52
Liver 0.46+0. 23 0.52+0,27 0.71+0.72 0.55+0.55
Lung 0.29+0, 33 0.18+0.06 0.29+0.22 0.78%+1.51
Spleen 0.12+0.13 0.10=0.05 0.21+0.26 0.19+0.29
Hair 1.19+0.67 1.45+0.46 1.21+0.55 1.50+0. 88
* p0.05, compared with physical workers.
Table 11, Correlation matrix of organs and hair in lead concentration
Organ Cerebellum Cerebrum Heart Kidney Liver Lung Spleen Hair
Cerebellum 1.000
Cerebrum 0.465** 1.000
Heart 0.218 0.022 1.000
Kidney 0. 300" 0.379** 0.123 1.000
Liver 0.210 0.505"* 0.077 0.195 1. 000
Lung 0.124 0.207 0.180 0.163 0.095 1.000
Spleen 0.161 0.240 0.061 0.172 0.145 -0. 004 1. 000
Hair -0.076 -0.032 -0.170 -0. 047 0.122 0.148 -0.021 1. 000

* p<0.05, ** p<0.01.
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Table 12, Correlation matrix of organs and hair in cadmium concentration

Organ Cerebellum Cerebrum Heart Kidney Liver Lung Spleen Hair
Cerebellum 1. 000

Cerebrum 0.543* 1.000

Heart 0.480** 0.377** 1. 000

Kidney 0.376** 0.484*" 0.524** 1.000

Liver 0.196 0.265" 0.307* 0.402** 1. 000

Lung 0.142 0.458** 0.125 0.310" 0.030 1.000

Spleen 0.408** 0.483** 0.618*" 0.633"* 0.424** 0.160 1.000

Hair -0.017 0.098 0.019 0.040 -0.039 0.194 -0.135 1.000
* p<0.05, ** p<0.01.

Table 13, Correlation matrix of organs and hair in mercury concentration

Organ Cerebellum Cerebrum Heart Kidney Liver Lung Spleen Hair
Cerebellum 1. 000

Cerebrum 0.760** 1.000

Heart 0.270" 0. 376" 1. 000

Kidney 0.000 0.162 0.158 1.000

Liver 0.425™* 0.350*" 0.294* 0.256* 1.000

Lung 0.488** 0.554*" 0. 304* 0. 288" 0.249 1.000

Spleen 0.534** 0.489** 0. 339** 0.084 0.333** 0.502** 1. 000

Hair 0.177 0.239 0.068 -0.034 0.194 0.051 0.007 1. 000

* pX0.05, ** p<0.01.

A fEfEn X pae] BE FrldA del HAEHe
g ¥ 4 U (Rosner®t Marrowitz, 1985;
Hansen %, 1989). %8 JvgelA 2= m, =
227 238 e Ae, ¥ dFEe dxAe
F4AGe] EY F A 2 493 w2 Aoz
B (A4, 1991) H3 les, ¥ 5(1996)9)
ZAte] W2d PN 244 BEYFY @ =
T 4.96 ue/g o1 om nEFo] HE AFAY 9
#A9L 0.01 ue/gelAdrt.

ol AT AT T HoA Alag] ol
9] qEAR el AFgAIL 2EY oA AF
PR} R EL d¥EE BYgort, Al
Me @A 2AEJY. BF =R FLEET
QEAIARFH 2 oD AFate] ArldA
FE9] RolE HolA] gttt ol HA AFA A
e o F gle FAAe dFAE 2A=2 43
o BAAF A F 7|7e] TFHA RPow, F
@9 olste] AFFAte) 7 Ho el B9

2% AFE FASA R3ln BHE F F&

¢

Ko

2% of A e A e] gloit

AAY & 1/32 NERE, 2/3& X E, B
2RE EFrdEvin B # 3oy dA2RE do
e gi¥ fede FE AGE Bl ojFo)A
. 8% T2 A B Afele F2 A3
AFPH ZEE AFE0] F57F AXY, ¥F FEI}
FolRA Aafo2RE Bujyt AlZgda f@ic
(Goldman %, 1987).

AL A A9 BE Avio] A=Y o
ZAL ANF dEAA 1, 35m/go 2 Y B 5
£ 294, ol A4Z 519829 0.09us/gol H|
8 #A3 Ekor, Barry®t Mossman (1970) 2
A7l did=AelA] Fat 0.12u/g, AR 0.15
1g/g T B2 F£FEolh

AR e A FEE FAA 0, 12u/g, Akl
Al 0.13ug/g2 Barry®} Mossman (1970)¢] 2%t
A7) At 0.07us/g, <A 0.08ue/gith &2 A
o2 ZAEon, AAdME 0.21uwe/g, 0.15u
/g2 Barry% Mossman (1970) 9 2§ 79 &
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2t 0.67ue/g, 0.50ue/gRTt Wtow, gedrxe
0.42ug/g, 0.43us/g% Barry$t Mossman (1975)
o] 0.98ug/g, 0.63ue/gRr} Fdeh, #olXE 0.17
we/g, 0.20ue/g2 Barry$ Mossman (1975) 2
0.20ue/g, 0.22ug/gst ®|&¥ FFolRQ oW, ¥FG
dMe 0.26ue/g, 0.73uw/g2 Barry®t Mossman
(1975) 9 0.25ue/g, 0.18ug/gB 1}t E34rh

kel ¢ AuolA diZl & Alte] BAEn
PAE 2L grzig ek Aue] ALH
AR ge 2 RE Zejgrt T2 437 §<¢ 3
Fol 0.2-0.5 mmA=H 2z ol ¥, s},
xS F9o thARM Ee| xFso] JgE WAH
o, WRzAe FHLLEL vmy AL, o
A Y ot PAEAE v YRS &
Hgate Z3tg Euzde o FALY dAERE
wred e} (Hopps, 1977).

E W, ¥, 28 T & od s
G ZFF A9 w8 M L Fo] Fidolg)
£ Bl ok (Weiss 5 1972). ol dFoMx
3o o ¥E0} 12.20ue/g2 ThE A7) of nl#
108} o) el FEE BHglow, o £ FEF A
Fee AAE 5019829 14.90ue/g ¥Ixd &
Z olglen, Barry®t Mossman (197008 g7l
A Qe g YA E27 QUG @A 18 44
/g, 97 19, 07ug/gROtE Re FFoIrh

AAE 5(1995) ) Aol TH1A FF2F44

4 Ee] FEU @ FEE 7 1Tw/gollen,

o] Ae) 194 o)3tTolM Y BT A FE 8.43u
/gell W18 <kt Wt Aoz Bangct

2499 AHME ddez I AIME d¥ol
Z71gel wet A9 =t #A JEbgn A g
Z2E 23R el g@okn Eayrh(Elinder
5 1976). & AFolA Futn} ulgoA] AFe] F
Vel wat A st 7l ARRAE BYe
dl 7 d#4E Bolx& ¥t .

HZ de &3 7)o WIS Ao ARE
udez & 5 A HdAM ojeiste g d 52
& 74099 AE2 FFuAtste AT} Btz
A 9o, Bate9} Dyer(1965), Chattopadhay
S (19773 Hopps(1977), Foo $(1993)2 4=}
AW 8 A7) Fe A3 FI4 = vlnw
BAsle] Fuale] ARAAE AAgozM Fidol

ARFTZFE g8l F3&5 =8 FHsled
A A gl TP

a2y Ellis®(1981) & dAe] $34%%%
2Qsle AR FEE olgsle Aol Y
FEE A e REAgn F e,
Bos(1984) 2] 94723 x ol& A #AFAUt =
3 Hammer 5(1971) & 54U F3% €82 A
A ZAW 0.5-1.0% Axold, Z+ =AM FF
& 23 zA EYHoR olFoPog BE
S5 B P FE5 v F8HA
& HEsplole Tdsdn g8

ol ZAlA e FE thE AV A Fx9
F@BAZ gle ez ARG ayn 2z A
7|Aleloll e AM e} Ay, A et A7, dide} A
%, dix e} ERAlelelM e A FEIbl AudA}
de Rz 2AEAEH ol o ATl =
&9 AL Ae BE At ARAAST UARL
R AZ2H AR}

Fle g Q3 HEzE AAVE At D )
%, 4335 AENE F don, B ERe A
+ 38 Z3Pe AFez geid Udch(Piscator,
1972; Elinder %, 1976). oyl Aol =AY
Z Fl=89 %27} AN 127.33we/gE 7HY
wo, oA 8 60uwe/g2 THE A7l Fxel
vjs} WA g ¥ 2Ych

ol2] g AlAtoM el v TS RANE A
o2 & A4H $(1982) 2 20.7we/g, %8(1980)2
17.33ug/gi 1} E3ko™, Yukawa F(1980)°1 ¥
Bl ZAME 56, 00ue/gell BB % o} $evt
2he} o] B0 Zxbe] Wis] Fh= ol 2§ th7)
240] ¥ Az#A Aoz ¢t

Flego] F£8 A4 3 P FHFHE ok
%3 ZFo| 9+ metallothionneinclgle &Y
3 Agsted NFZRF Fof 75% ol £¥5 1, T
Az Fo 4R/ F¥=H0] WEelgn Rud
Syverson(1975) 2] ZAbe} v]5gh ool

Farol Aol Sl EEE 0.10k/gE & A7
Eoll vld dsten, $EH(1979)0] ¥IAL A
Aoz ¥ ZAIM EARYG AZFA 2.08uw/g, F
A9 AFA 1.11Lw/goll ¥ E vi$ ZHhE
FEolAt. =de AHfo viag #HE o Wil-
helm %(1991) 2] AFoA Fidel FlI=gF =T

r

— 581 —



0.9ue/g9 3, 90+ 0.60ue/gelA T (Wilhelm
3 Ohnesorge, 1990). =& olWlo] ZAlE A3}
F29 g vxdd v E dx AddgEoe=
e Fe Frgo ol 4% FEEEC B
o o ¥&Fdde ¥+ (Chattopadhay %, 1977;
Hopps, 1977)¢} Avtd Ao oA AdF
Syverson(1975)¢] ZAtA Fl=ge| 2% A%
I Hge] Ae] diREo] FAHe ZHAR AT A
o2 qzZtEY.

de] a2 oxjeliA A, AFH H|Fe
FtegEmrt gl sl felstA wgich E=§
HE AAg 2 Ar|MZ Folg FFEL& oA
T Aol f £& F=E BAh °l+ Sumino
(19753 AAE 51982 AFNME oA
A FEET H 52 FlEREEE Eve Bae
R =0

2%, A, vl dEERH ot Fl=F F
o Aol7} gl viole} ol & Brle] Fl=EI
o ATEA BAL ¥ A3 AFdMe ABAHS
0.444, tidolA 0.4218 FFE ol4e] ABTA
g B2gon, axdrx (.2822 o4 ABRAE
ol Aol Frhgel whet 417, tid, Ao 7t
=F =t I/t A2 AU

T & A7)zt e R dude 3
watg ot 1 9 A7) Aleldle dAFoz Aad
A7F AR,

T2 wjde AL Bt ARpACA o=,
Ax#o 2 wjdEHy, & 7Bt 437 113
o ¥4 FAHE Age] Ut (Joselow 5, 1967;
Sumino &, 1975: Yukawa %, 1980; Matsuo
%, 1989).

ol AT E 2139 F&o] 1, 26ue/gZ A
0.12ug/g, Z&x9] 0.13ug/g, >, B3] 0.16ue/g
Ho} 10uAE g2 Ao FAEen, BE 23
%o] g Arldl 1MAES THE TR EAF
The T2 1. 20ug/ge} ¥I&d FA R ZAMEU

589 Afole rl=e Schultz%(1996) ol &1
718 W3R A9¥es & B FI=gS FA
o ¥, 9 7} Arle] &3 Jl=f FEE v
3 A3 23 Fl=go) 7B wA FFHS e A
£ 33 AFoltin Rmstged, AAS gt
o2 F o ZAS} Wl B o £ FEE B

1719 7% IFA 0.35u/gE 7HE EROH,
A7ZA 0.09ue/g2 THeo 2 ¥ FEIoY
A AF olH ZAYA Aol 1. 26we/gE 7Y
233 o2 2 0.59%ue/gel wolih

Abgel Az 7 2 AANA o] g2
ZA7le] vid] 2 FE2 FHETE AL o)u) o
A+ (Joselow &, 1967; Sumino %, 1980;
Yukawa'd, 1980; FAZ &, 1982; A%, 1984;
Matsuo 5, 1989; Suzuki &, 1993)7} st} o]
W zALe] Mol 2% % Nylander $(1991)
o] B31gt (.28ug/gqll BIBIA £ FEHoH, =
de] Opitz §(1996) 2 0.29uz/goll ¥IEINE &
=9

olZF AFe FUATHE HizEHE o HE
(1980) 2 0.31ug/gET) 4l 71 ¥ =8 HY
o}, Joselows(1967) ©] =I5 FAAE g
B2 XA 2. T5ug/g, Yukawa 5 (1980)°] ¥£<l
HAANE ddez A 2 20ue/g, Matsuo %
(1989) 2] 2. 30ue/goll Hlsid &= ke,

B Ao sz Adel Aozt vebrd &
71 A3l A&7 0.18uwe/g2 FAE 0.09ue/g
Hok 2 74 A RAEQAeH, 1 9] ArleA
= fog & oA BEF ARlAMN E2
g 29

o] Sumino %(1975)¢} ¥&A RHAE i
22 ZARE AT7A Ao e =7 g} (.97
w/g A7 1.24ue/gst NsE P4 o
E 2 YE9 Yukawa 5(1980)9 A79s o
8k et

oellete} 2 Fne AL de DA )
420 A wgsin AilEe] EAde 2
71480 EAXe BEA &AW gFe] edeu &
woll Eojzt frleee] FaHo Frlele] E A
o2 FF "} (Matsuo &, 1989).

Muramatsu®t Parr(1988)& 2s19% 34
ol FESETE AR ZAn 543 4173w Ak
F&559] Fog 4FAA ok Basiyc)

ol AFoME olde UxHez $a ¢ 7
A71te] £& I Agdde gdded, A%
I FEE AT A ZAPPIIRFOA F7|zh
£ Aol e Aoz ZAEAEH 53 &N
o} izt BF@ALY 0.76002 2T FBAAS
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Bt

ol AF ZHAuelA YEEH HUE e Fgo
2 2 o87HsA dolEdl AN Fdle &
FEIF O AV1ET el FuE Ae s AL
Hed ole FHW F3% =7t AU FE&
TEE W dtte A7 (Bate®t Dyer, 1965;
Kopito &, 1967: Weiss &, 1972) &3} At 2
g By,

nl=el Schultz%(1996)°] Ex7ld +&&
HegCLYH 2 6.4uw/ke 3 CdCl, ¥eie] 7l=&
4.0ue/ked AAASR FAVslq APEE A &
9 #& R FlugrEst U9 2 4 J=FE F
EE ARG 2AF @3 22 FA F 7-129
F HE SN HnAd =g en, F&of 7
A FHHe Frle TR A3Zolden, 1 9
o8, BB ¢ oldrh MY ¥ 1569
o ZAA a2 FFRINGY. Ft=Ee A=
I A 7V A FHEALH, FAF F 2443
olujol] A =lo] 335¢ o F fzte] Fx Wt 3
Az Basigch, 283 A A7) F g A
e & Fxe AL FAYE 7IFE0R 156Y 7}
A MAME] FrtEleu, vlge] S 8dA Hulx
o ol2¥ltt 11 o|F MAF Hadhe AL B
o A A= FAFF Fxol A3 FolEit
30Y ol ¥ thA] A3 fadte A%E Bt

AAE ez old EEQEI}AHA ATt
E7Fsd 2k Arluick a4 F5AI7], £34)
7], WEA7IE ¢ v flov Yo FEAMYAn
€ B9 54 %] & A7 OE F5
A, 4 F& WirE 7R3 glen AbEA|v)e
Z23% oS AN FFE) FES T )
S @Al Burg sHeAlol A& Rez 3 ¥
Fx Qith ol EE YA F=27} ohd wigA
e Z2Y AE olagt siMo] A g
Re g Azrert,

ER Opitz §(1996) & £2 ¥ F5dE +&&
HEgor Yo BXIA A%, F& v ¢
20] kot S B3 wiEH Yo7} A3
Mz AU} ok MAE] HEHER F
2 34 gYUle FEEEE £ E2E B9GE
F UA T PG Z2A G ede FAY ko &
T2t AL &Y FH A AW

FEFEE FHsede APSA gdn FEs
At olgig W Zh Frige] 2 P o)
Zoll Uit A7) £ A= o8 5 UL Aoz 4
Zr e},

F349 R wEMR oW AFAIGA
Ehd A go] A 29 Aol FdoMe &
Tt g A7ie FxEch AX 8 Fol YA B
Ye#EY Faez 7hsAol AR, =g B+
' A9 A% e A Fdels ol F 22
H&E ZAgoRM FU sl=g FEE AW F
2HFE 7 o2l g Aoz dzEn

ol Y #HFE o FHo2 gl AFE
Hammer %(1971)8 |7z T F8%
FFe Ha =22 ZAsHe HLo) FHa, zH =3
M FF& FHo] A EYHo R o|Ro
A7) gl BE FF&0AM 54 A7 FE5E
FEo FRBAE BL7)de 2ty FRE
Ao, Fe]l 7+ Frle FE% Fxo AEER, &
2 BHedd tiy BUEY $dog9 o|8rts
doll daire Fd A n2irt Has, FF
2YPH ZFay FAE2RY EZ2APP7 WEd o
2 AN 7 FIHER Fo PINY EF,
%3, 9z17] Fol g 479 o1& nF 4
N4 Faate) A gt A7 % wiAPA
WA ZZAET] Hig AT Fo) o]FojAor & A
oz Azt

2 8

T2 P 6078 Ao 3l 4, ui,
A%, A%, %, W, ¥ R FE9 4, Fl=F
R FEEEE FF EA%a ojgd F=E 44,
d%d, ¥R vimstn, $EI Fr), @ A
el FESFRS FEAYYE A AFEHE
898 et 2

FAA Fod HE @ $E€ 12.29+12. 51
/gelen, Jduzlel zole i z F7rd=
€ tidelA 1.35+2.92u/g2 7P} ERoH, &
Aol ME 0.51+0.57me/goIA. =AM 7] Fol
HUzt @ =9 {4 Aele g

B710e FlEEY FEv A% M 7
w3hem, 2zt 1273389, 36ug/g, 8.60+9.12u
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/gelct. Aol A= 0.32£9. 19ue/g% 2™,
oA felatAl Esoh

Feo] FEE FIEFY A9 e A%
2 7HgelA 2z 1.26+2.8%ue/g, 0.59+0.54ue

A7}

/g2 VY B FEE !;*_93\0111 £ ] 2% o
AolA e e sgoy §o3 Aole
ohigich.

Sute] PESS FEE 12940, 64u/gl R0

D%, @ zhel] fe1g zfele 3121@

B3 Z A7 TS wme] ARBAE
A}I:l Az do] Ao v|Fn Fid 1 Jm} e
AE 2eon, 1 8 M 98H A =
el g@Ade] iich

FI=RedA e A%, g, ¥FI ih—loﬂfﬂ |y
I ARTAV sle Rz Ao A
v 54 9 ArleA A% FRnte *haraarzﬂ
7t gl AeR ZAIEIH

AFR] d2 A7lel 4 =25 A% A %
Z HellA Al o4kl tEA|RHe] AFgALTt
Zvzt (.46+0.66ug/g, 0.19%0.20ue/g=, T9Y
olgloll A} AFFAL 0.24+0. 16ug/g, 0.11+0.03ue
/gBct FoA B Aoz ZAE e, AlFd
Mg A AFRCA 0,15+0. 13ue/g, 9 ]
BlAFAoN A 0,39+0. 46ue/g 2 23] Wkl

FIegd F2dXe AFAE ZF Frle fes
FE Aoy ZANHRA] ¥t

ZAL FAA ] APYHE Q4 FEE vuy Fn
J_kloﬂﬂ EAx=F27F 0.57+0.3%ue/g2 3 &

& MY FHR 0,35+0, 25ue/gHtt & HAogE
AtEllen, 219 ArldMe #od Aele §L
Ak,

JIEBSsEe 4, o, A% vl g4
# AMF2 2R 242 0,08+0.05ue/g, 0.07+
0.05u/g, 0.19+0.10ug/g, 0.50+0.33ue/g3E
AweFA} 0.22+0.15ug/g, 0.17+0. 14us/g, 0.37
+0. 25ug/g, 1.261+0,99%ug/gBtt FolstA A =
At en, HeMe 72 T 7P FReA 0.99
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