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BEOHEEZHF L TP FETH D,

(ZE 3R]

1. Richter C P, Woodruff B G (1945): Lumbar sympathetic dermatomes in man determined by the electrical skin
resistance method. Neurophysiol 8, 323-338.

2. Wakamiya J, Mabuchi K, Fujimasa I, Miyake H, Arimura K, Osame M, Igata A, Takizawa Y (1999): Study on
standardization of analytical method in thermography.Biomed Thermol 19, 74-80.

3. Wakamiya J, Mabuchi K, Fujimasa I, MiyamotoK, Murao K, Arimura K, Osame M, Igata A (2000): Study on

standardization of thermographic diagnosis.Biomed Thermol, 20, 59-63.
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1 3) KR BEFRE] ORMHRIRE DR —REARLFREZ HNT— (R 14 4£E)
e s s G e (BRARH)

Z E GEUERRTEE)

K R RO - )

TB BT GRRK - [E)

e oot (RRAKR - [E)

ok ZEpl (RRAK - [2)

(WF5E H /)

AR BE DR IEED . BRI RIEHR CIER <, EFHIETH 5 HLEZENCHKT 5 & ot
P E T2, Etoetal. I3AREFEIMRAEY 2 HHBard5 Litic, 2y - w—Fk v &AWV AF LK
PR ERY TRM MRS E 2 MR Lz, SEEIT 1) KREHREE K OSTRENZ OV T, FIEES o 5
72 DIER 2 BT U CHRART R OFEDOH ML Y 2) ARG E R R OF 2 | SRRk
Bt % -V CTE L7,

(WFFERT G S OISR 071

REA K P 58 D AR 9 BAFRFIRR ] 450 BIOH D5 1971 HE~1975 FEATHIR S AL KRBT 9 1,
ARG 5 B (Group 1), K TN 1984 -~ 1887 AT HIMR S VT2 KRR 5 B, /KGR 5 B
(Group 2)DFH A ARMRATRRET, AIARARRE, BRI ZAFIE 5T LT, WU RBIIIER 1 IR LTz,
DU IR i D R B H B & 2 FEAERG 2> © OFRIEARIE Group 1 T 3 4725 18 4, Group 2 T 10 £ 5
29 AR LR IRVVERE A 7R LT D, AR I 29 RO AR & R < & 46 mfi~92 ik £ TIRHPAIZH - T
W5, etald~r a7 7 —rO—kHiKR E LT PG-MI(CD68), KP1(CD68)% FH\ LSAB #£ Tt %17 -
7oo Fio. PLPGP-9.5 « UHFHR Y 7 v — ik (PGP-9.5). HL Neurofilament (NF-210), T S-100 D4
PR RO &2 AT o 72,

(WFFERCR)

<77y —YOREOFLE % 4 B (3,2,1,0) (2548 L7=, Group 1 D/KEIFEE OBIRMREE (B
5 2 B FEPEAEERAED PG-M1 L OVKP-1 i~ 7 v 7 7 — VORI A b, PGM-1 Yt T
AITARARRR T L L CRRARRIC K 0 3RV A Sz, KP-1 Yefa T RARE A 2~ L=,

FHREHBRAEIZ DUV T, PGP-9.5 Bufa Tk, ZAMEAMRIHED R AMEDMET LTV D DT, KIRIH OIEFIZ
BWT, BRARMRESERMRICH L TRV RVIREZ R L TS Z ERFE Sz, £72, S-100 4uth
"C. Schwann ML HENAS, PRARIRRRIC 1 0 R < FER S 47, —EBRTIRBI O H1Z b 2 O 2 2 5
FEBI23 & o 7=, Group 1 D KR B O BIARARHRE K ORARAIRR AL AR E DY E RN R R TH 0 |
PHRRHRAEYL 2,00 NF-210 TlX, ATRMERICH L CTRABMROYAMEII AR R Th > 72, S-100 T Schwann
R DEAE T 5 & | RIARARICIT LD 220D AR IS IRy O &2 7B 7=, 29 FEAELE LTk
DR IKARIR B DR AR ENC BT D PG-M1I KON KP-1 TliX, 7077 —VORMIRECH -7,
S-100 Jefa Tid, RTRFERICITEZE N e < BIRMRRICITTEE O OINN R bz, xtplo
HZ & ARSI S OV ARAIRRIC . BITARAFRRICHE L CH B MNTIR A 2380 DIER b H o 7,
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(B£)

VL EDRGED G KRR BE ORIEARRAGE I, FRARRE T D BB BIRAIITZ S 4 D 23
HY | BIARRRIC R U T O 2 T RRARFRRR DIR Z DSR2 FfEss Lo, BAIRMPRRET L2 Rz 2
A H D=, U —F =D REEMITEV &5 2 B4, dying-back axonal degeneration & & &3 5 &
ENRdb D, 612, REIRBENC/ D & SIRRE] O R EAEE O 2 O P L CIEKRE O 2 W XN #E T
DT LR TE R, FIRKHZ 5T T, YD BEE LI REARMROANAEH LD D WILES
FHERBAPRRARHE O FT R, SRR L RS CIERE CE e oz, BEIC, Fox DMT o 72 BEARIMR
WA TH D Z B LT,

FIRREI T, JEICED £ TICE K ORFARMRIGEFICEALE L, ATFVKEFRICE DD, F
7T Z DMORFIZ L D b DO OHEi 2 WEEIZ LT D, RIMRBERICHAET D121E, WEDORE
WA T, RBREEDPBEGTL5ELE26N15,

FIRRBI CHELE LTEGNISEIZ R D F TORBARE B L EAHAEICE LDIEFIN KIS TH D,
Z DOFFT BIER 20 Far < AR L CHRIEMRBRANIC~ 70 7 7 — UL TS Z bR
%o KARBY DA LT AKBFREBEIL, ERICIHZ DD EROMEREIIR TV ELbh, 5
BFAEICESTZ L L TEINWEE R 5, ATFAKETZE CTRIBARAPRDEGE SN 0E0T, B
ZHWEEBRCIENT 5 Z L BNUEN ORI TIEE B 2 D,

ez lx, ZEOKBIFEBELR OFIRA 2885k LT, FIBBNZ I T 2 RN RARRLIHR 2L D I OIEF] 2 KR
i EHIWTT 5 2 L, RARETH D MM Lz, L7~ TR - HiE S I30ER D B IRBL 2RI KRR
LW HI12iE, PRERIRA (BEREF « fORE - FUOETE - BAEAE - /M) R S e Z A
HERKF ThHoToZ L EWREL TE TN D,

U EORBFHIFT RN OB Z D & BRRBNTKEIR & T 2 I IR R RS OFEDO A TIIHREETH
V. BRI 51 (1976) FLAREIZ, WHECRIGDIKREIEENOIEE D28 LWEE LB R I TV RN & &%
25 &, W52 (1977) RS, BREEEICZ T, o FHARIHRZEDIFIER H > TXLH T
ARG L2k 5, EOHWISMTHLIEROHMAEENZY THDL EEZXHLND T & NWH Tk S
iz,

PR AR L AR (R 7 JRTE IR 28 D 72 N Lt AR RO FIR IS & | ARAH B AR DR 2 3 7
HID Z EINEZ, FIER 10 FRlHE O KGIREEBIL, BTRMRRINA & BRI A & i35 & B
O NITEBIRDIRE D IRS B DALz, L LR b, FIER 20 FERTL RS L 72 KRR EE TIL, 20
ZEITHIIR & T, ATRARRE & BRI O DT I RIFREE DR & A DM A o o 7=, xPRFIOFIZE . B
DINDIRR (EERHEE) B2 0N TV DRI E L T 20EM S H o7,

SRR A2 T, SRR AR A R T 5121k, BOFR T2 WH LR DT DITHR TR
MNEETH Y, BHARRNFRETH D ERERIC L OMBRNLELEZ D,

205E L) RWDHNCHIHI TR TED L7z N, RN TZRICHEES N TE Y, REH DRV A
IIEEEZR LT ERICE ST LB O, FIRBITBERREZELIZRELRLIOTHA D,

(3]
1)_Eto K, Tokunaga H, Nagashima K, Takeuchi T (2002): An autopsy case of Minamata disease (Methylmercury
poisoning) — Pathological viewpoints of peripheral nerves. Toxicologic Pathology 30 (6): 714-722.
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2) Eto K, Yasutake A, Korogi Y, Akima M, Shimozeki T, Tokunaga H, Kuwana T, Kaneko Y (2002):

Methylmercury poisoning in common marmosets — MRI findings and peripheral nerve lesions. Toxicologic

Pathology 30 (6): 723-734.

3) AKARFEIG(1999) :  BERE AR A BEARAE & BT AP RIR B BN OAHES, REEARER 10(1) @ 5-12,
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2. AFNKREHEOFEBUEF OMP LIGRIEOBRR BT /5

W FeA 2L

AFOUKERIL, MIRNTEEIERERSFEMHEERAL, ZO/RR, EERX N LRIRE, BB 175
BAEESI &R T, T LT, EARRESHE L TEENSREERIGA ICHEN BRI NS B2 b
Lo LnL, ﬁm%%%%t STRVRED A F VKSR T | ARINELZBREL L T D ATREMER &
%, Fio. AEENIC ”Lt%%wmﬁﬁﬁ%’ﬁ%Méﬂfw<ﬁ IRAE LT BRSO FHF S b, K
PR MEIRER ORI, MR TEX 2V, AT NKEEBDOTMERBA = X L2V TIE, &ir. iz
WIER 5 F D — O#Hméﬂé LIk, ZO—IEPH LN EIIUI LR, BUERB AP Z &0
2N, AFNAKBOERMEREL (M) 13, BAH, m%% ZH O KR TR | F ol
Mg OFEEE, ERICE > THRARDH, ZOA LREHSITITHH SN TOVRY, RRETIX, AT
JVIKERDAARNER A 1 = X L OFFBAI T T, MMWXBVX AR S b, W EdEs, MIRLsE, A
TS 72 EICE S EZ Y TN b, BEMER, 7 EWREHO, A FAKEOAEERNZEE R L O
TERIZ DWW TR 21T > TV b,

1) KEALEY DORBIN AT & S PO RET
B HAIC BT D A FVKEEEEUED, 72 BOMENEREREDIK FIIKFELZHDTH D |
ERpfE28 U7~ 52185 (conditioned medium) DEF5- L T\ A AIAEM: &7 L7,
2) A FIVKERFENEDO MR K ITIEIZ DWW T O SR F M5
BRSO VI9 FICEIER SN D A FILKERIZ L DHBATED , BEMEEE N DIXT RN h— A DH]
REMEZ 7R L7228, "6 2 W - RET CIE 2 O mTREMEN G E S vz,
3) AT IIKERDFREAMIC Téf*fﬂﬂ’ﬂﬁz\ﬂ: CRIF TR T BT
— BRI BT D ¥ T T AR KA T I B4 D i —
MFgEfYSE ot A

~ a7y —~GAb T D FEEIREED U-937 Ml T, cell viability DX T, 3 L OSSO = %
AFIVKERREZH 5T LTz,
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4)

5)

6)

7)

8)

9)

AF NIRRT L DIRAEA b L A EE OG5 FRERERF I B3 D 4158
WS E IR

~A7a7 LA ZHNT, A FIVKBIBEER, BHICRBINELE T 586 TICET 5 1EHRE2 5T,
Fo. ATFNAKEBBENS TR b= ZANEZHBEBRICBWVWTER A MLARE I o TWAHF]

REMEA R LTz,

PURAEAN 2 I T2 A F KR T3 O HE & IGHRIC B D 9
B PR

7 v b HWIZZEER T, HUBRIEA Trolox 78 A FA KRB RORINIRD T L TEH . RS
MRz RS Z LB bhroT,

A 2 v F A3 A v OEEIZBE T DA%

AT IERA L ) v I T TR~ TAEHAWNWEIERT MO A X aF 4311 2 1 &K KIREE
WEOVABICHEESND Z L 2R L GEER),

A F IV IKER D AR N R AL

BES 2y U T E AW LSO IZ 3T D E AR R LER O RN ATl & N
TR E R L, FUSICRT 53 b3y KU 7 OERE - TEMES MR L > T—HETh

W EEHEE LT,

A TV KGR P A AR SE D45 H BT (2 B D WFSE
WFFEH S AR

A F NIRRT AR 5 E 25 NMDA 2 AR DIEMEAGIZITIRE U . p-T v A o DIEHEAE L,
7 NV O RZRE D THEITT 5 Z EMHEE Shvie GERIL)

PEARIVE D8 A F KRR LIF BT 20058
WFIEH Y B R

7 v FaRAWIZERNG LERVE AR GICED | FPRICK L TAFAKERREEEISS T 55
BRSO, SORDIMFTELEL L TND,
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1 0) R DT= D D E T L BB

b

il

WHEHYE =4

A

BB~ U R EEE~ T ZORIRE TIT A F VKSR G % OKRREEZHAE 2ED RO b T,
7o, MR HROKEIETCEESRRE (merA,merB) D4R F XM FLERAIA N THDITHKRE L2 o 72,
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6) A X aFARA L OBEICET D (FEAL 12~16 £5)
ey wR = (GEEEREE)
BE A (BER)
g e (R RIEER)
wIl THR (ESIBRBE)

(WF5% H #Y)

HEENTIEH, R Far R T~ 278 Y —MIBT HIEEmBEEAR MG 2 P E L-ZF DM
ERONT U APRT-NTEY | ZONT U ARELNTZRRCEEIIA RV ABET 5, HERIEZ, A—
R FF P A RORALE =Y, WET—F, FAEFF o~ FF 2 —F Lo hi e REERERER
SOOI NETFF AT ERA Y (MT) EWo Tz SHILEWIZ L W RS LD, Bk ClEh & 7
— BRI NG TF AT A —BIEMEDN KRR R D SR e, T ETF AR MT
X DHBLER DX TFENRRENWEEZ X DNLD, MIZIE MT-I~L OT A Y~ —BF1ET 55,
205 H MT—ILEMHARIZ BN TORR FEBLE5H (Uchida et al. 1991), F£72 MT-UI (X, MT-I/II
NES BB A L RAZE > TESGICHEEER SN D D3I L, dFEA MmO THEECTH L Z & b4
53U TV 5 (Ono et al. 2000)

INETIZT v hEAWEFERT, SRKEAKICE2BEDRMTOFEICE THH 2 & E2@iE
L7 (Yasutake et al. 1998), 8.3 mg Hg/m D /KIRAK T, 5 HRICHT= - Titk 15 MR E# T 5 2 Lok
V. BEOKMTIZAN 2 512 EFR-3 223, B EATL2DIIMT-VITH S, Ll MTITS O F 7Tl
&péﬁxhﬁﬂ WO HD, Flo, ER LEMT-VIN 2~3 B LANIZEDIC M2 9 OIZk LT, MT—1II

3L EIZH T > THRIE ORI EFH 3% (Yasutake et al. 2003)

MT-null = 7 2 I MT-VIL G FORB LTI N TV AV 2=y 7w T A TH D, KR~ 7 A LB
X~ 2 (WTC) 1T % & KRS MEIC SRSz M2 7R 3772Y (Yoshida et al. 1999a) . (i3 MT-I/II
FAE L7202 8D KERZR IR EE % O MT-TIL OB A fEHT 95 DI L T2 MT-null ~ 7 2 LT WTC
~ U A xENCREMIFEIT L VIEA L, AKREAKIREIZFR ATV, M2 T 5 MT §FiE I USRS
B DEALAA N L AT OWTHRE LTz,

WF7E 515

& B K SRR RNRE O EERE IR SR I CTH D MT-null~ 7 A (TR ZEAZPE B (Yoshida et al. 1999a) .
Z 2T, RBEEICHT AMEESZ B E LC 2 il T vaﬁ'ﬁ%ﬁoy‘:o WREE 1 0.1 mg
Hg/m’ x 1 hr/day x 3 diwk Th 5, ZD#%, AIE#E % 4.0 mg Hg/m’ x 0.5 hr/day x 3 d/wk D4fHC 11
1Tolz, BREEAE T 24 I, JITIR. BIRZ R L, - 80°CTIRIF L7z, FAMKERIRE X, MebRIE
BT VA D JRAOEERI CHRIE Lz, MTE EIRFEREPEHCL, & F VN 72 Cd/Hg B H#R:1Z TITWV ., ARk
T HKEBTF AR A o ~DOFEGKEREN OMTIRE 23K D7- (Yasutake et al. 1998), » % 7 —EBIEMITEIF
T N U T LDOS R FEIEIZ (Thomson etal. 1978), 7 /L& T4 L~ 4 F o 4 —BIEHEIINADPHO
2/t (Lawrence and Burk 1976) 75 {HIE L7z, W {LAEE L ~/L1EOhkawa et al. (1979) DHFIEIZ LD
F ALY — VEEROGHEME N B RIE LT,
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(R & B 52)

IREERE T 1 D M K ORI O /K ERR B (I~ » AT 72 2213580 b o 7225 B (1.5
P)k;UWM(zwﬂ‘fi“ncvﬁxwﬁ#ﬁ% MT-null ~ 7 A L 0 EVMiEZ 7R L7z (Table 1),
RERZELIRERIZ LV, MTnull ~ 7 ARICET D MT (22T MT-IT & L CTHFAE) 13 19%D E5-% F7=203,
wm77XTi@MT#ﬂ%LﬁLtmgn IKERAK LR TERTO WTC ~ 7 2D MT D 70~80% 1%
MT-III C5® 5415 (Yasutake et al. 1999), WTC < 7 ZBIZ351F 5 MT-IIT & FH-3E (T MT-null = 7 R &
% (£)20%) LB DML, T1% O MT EHREBZ 5729H12iE, MT-VIL A 2 f55< B LT
LZENHEESND, ZHUE. Ty P TCEIESNZBIE (Yasutake etal. 2003) EREETHY, ZD XD
I STz MT-VI 23 KERFHHRICH 53572012, WTC v~ U A TE Y EiREOKBEMNPBILE Iz
HDEBZBND,

MT (ZARHRRN CRAKIRZ XL — N L CEOMBICHGT L2 ENMONTND, KIRRTRTE L
e, ~ U AR RIVEPEE 5 D KERDK) 90% 28 MT & fEA L CEET D (Yoshida et al. 1999b) , b AT

PR 53 DIKERIEEE &8 MT L~bn b | KEZRKIREE~ 7 A Tl KRG MT O HERMRH &
BMT D 6~7%ThHdZ ENFHEIN, IZEAERTHID D VITEFESRIE U CTHEET D 2 LR X
N5,

Table 1 Tissue Hg levels of Hg’-exposed mice

MT-null WTC

Blood (pg/ml); 1.86 £ 0.75 1.51 £0.24
Brain (ug/g)

Whole tissue 3.85+£0.14° 591+0.74

Cytosol 1.46 £0.05° 3.24£0.39
Liver 0.750 £ 0.073 0.704 £ 0.052
Kidney 7.34+£1.10° 20.50 £ 2.01
" WICE DFEZE (p<0.01) Zm5R7,

250
- a ] Before exposure
o
;?:" 2007 B After exposure Fig. 1. Brain MT levels in WTC and MT-null
S 450 mice before and after Hg" exposure.
E X a Mice were exposed to Hg” at 0.1 mg Hg/m’ x 1
% 100 hr/day x 3 d/wk for 2 weeks, then at 4.0 mg
5 Hg/m® x 0.5 hr/day x 3 d/wk for 11 weeks.
— 50 Twenty-four hours later the final exposure,
= brain was excised.

0 Significant differences (p < 0.01) were shown

WTC MT-Null by a (from non-exposed mice) and b (from
RO RFAITMOM, HhE T HBIESNDM, FkdH D Z L2, IR CIIKEERN MT 777E
0)75@5 WD BT, MR~ T ATESERRBO LR (Table 1), EHIZ, WIC v U 2D T
F. KERZK *H;?‘s“ IZE U MT UL IS5 EA LTV A oIkt L, i Clde EARslgIn
b\@gﬁ P AREROAFENENRE DS B gt & AT TR S <D Z L RREN D,

21



200
Fig. 2. Liver and kidney MT levels in WTC

|:| Before exposure a

E"-‘ mice before and after Hg" exposure.
D150 . After exposure ) 0 ;
E Mice were exposed to Hg at 0.1 mg Hg/m” x 1
E hr/day x 3 d/wk for 2 weeks, then at 4.0 mg
C 100+
— 00 Hg/m® x 0.5 hr/day x 3 d/wk for 11 weeks.
@
a Twenty-four hours later the final exposure, liver
E 507 and kidney were excised.
Significantly different (p < 0.01) from
0,

non-exposed mice.

Liver Kidney

REUTAERANTEREAIA B L APRE 720 5 5, FF I MTnull = 7 Z I MT-V/I A RE L TH DS 7201,
AL A B L AZHT D EEZ DR W E RTINS, L LaRL, Bligko s % 7 —BiHtkn sk
&b, KA KIREE :otof;m“m ZEHL7zDA (Table2) T, BO I NVETFH L~ AF &
—BIEME, ﬁﬂﬁ@ﬁ‘/v&%ﬁy&/wﬁﬂev&*_ﬁ 715 7 —BIEMEIC IR O ENRRD Loz
(Table 2, 3)., WRALIEE L~ VIS A EOZEBBIE S L7200 (Tabled) Z &b, REROD
TRERAR KR 5 oté@&“ﬂ:ﬁ’a% FUABRRO TRREO LD TH D Z ERRIBINT,

M, SEIOFERIT, 3 » HICh 2@ MgRE ThH o722y, R AZE L T, (KE, 1TEIEICITKE
ARRIRBEOBEN R BIEINR o7, LRROBEA NV ADIEEOREMEE B2 HOE DL &
R EORD TNSWKIRZASBHBETT LV THDH Z PR EIND, £, HBHEREITITE A LB
SNBRNEDD, AKIIUZ X DM MT OFFEITITZNRATH Y . KM TIER, FELmO TREEE S
7 MT-III D8 & P IC B S, AMERE O TR BHEIREICE O T H AERAZ N M-I OF

WA T D Z ENFEFEI T,

Table 2  Effects of Hg” exposure on catalase activities (unit/min/mg protein)

MT-null WTC
Liver
Before exposure 141 £ 23 166 £ 17
After exposure 145 £ 37 147 £ 16
Kidney
Before exposure 77.1+21° 88.0+13.6"
After exposure 93.7+6.3 1142 +£11.5

TKERARKIREERE L DA EZE (p<0.05) ZRT,
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Table 3  Effects of Hg” exposure on glutathione peroxidase activities (unit/min/mg protein)

MT-null WTC
Liver
Before exposure 255+ 15 255137
After exposure 252 +£28 248 £ 11
Kidney
Before exposure 161 £8 180+ 13
After exposure 173 £26 169 £ 16

Table 4 Effects of Hg0 exposure on TBA-RS levels (nmol/mg protein)

MT-null WTC

Liver

Before exposure 0.195 £ 0.051 0.211 £0.063

After exposure 0.157£0.033 0.186 £ 0.075
Kidney

Before exposure 0.507 £ 0.056 0.582 +0.120

After exposure 0.476 +0.063 0.541 +£0.124

(2%

1. Lawrence RA, Burk RF (1976): Glutathione peroxidase activity in selenium deficient rat liver. Biochem
Biophys Res Commun 71: 952-958.

2. Ono S, Cai L, Koropatnick J, Cherian MG (2000): Radiation exposure does not alter metallothionein III isoform
expression in mouse brain. Biol Trace Elem Res 74: 23-30.

3. Thomson JF, Nance SL, Tollakson SL (1978): Spectrophotometric assay of catalase with perborate as substrate.
Proc Soc Exp Biol Med 157: 33-35.

4. Uchida Y, Takio K, Titani K, Thara Y, Tomonaga M (1991): The growth inhibitory factor that is deficient in the
Alzheimer’s disease brain is a 68 amino acid metallothionein-like protein. Neuron 7: 337-347.

5. Yasutake A, Nagano M, Hirayama K (2003): Alterations of metallothionein isomers in Hg’-exposed rat brain.
Arch Toxicol 77: 12-16.

6. Yasutake A, Nakano A, Hirayama K (1998): Induction by mercury compounds of brain metallothionein in rats:

Hg’ exposure induces long-lived brain metallothionein. Arch Toxicol 72: 187-191.

7. Yasutake A, Satoh M, Tohyama C, Hirayama K (1999): Selective and simple quantification of metallothionein
IIT in mouse brain. J Health Sci 45: 222-225.

8. Yoshida M, Satoh M, Shimada A, Yasutake A, Sumi Y, Tohyama C (1999a): Pulmonary toxicity caused by acute
exposure to mercury vapor is enhanced in metallothionein-null mice. Life Sci 64: 1861-1867.

9. Yoshida M, Satoh M, Yasutake A, Shimada A, Sumi Y and Tohyama C (1999b): Distribution and retention of

mercury in metallothionein-null mice after exposure to mercury vapor. Toxicology, 139: 126-136.
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8) A F KB EMFRRAIIAIE DS ERFIC BT DA%

MRS E EARRE R (BRI
e e (BRIRER)
R tin (FRRE)
e UK - )
#%iE IEE (BREK - %)

(H)

AFVIRERPFRIZ I 1T D BRI B A5 5 DI 28 o0 A | ARBE SR INAE & L L T2, IREERIMIEIZ 31T
D AR A AS ER I B T R e —BMLER (NOYR ED 7 UV —F U HNVORESRHE ST
WD ZEND, ATFNKBREIZBWN T RROETFNEH TV D RENE 2 b D, Fxld, 2
F T FEEEE P I D IS BT I 7 2 2 VIR RIROD — D TdH HNMDASZ IR DIE
PEAESEES LTS 2 & 2 BN L722 AAFZETIE, A FL/KERTE TNMDASZ R DTEMEALIC

u-Z1 LA INEM LS L, M ERERE THDL 7 4+ R O MNRAE L 202 1T-o 70,

(ki & Hik)

Wistar BT~ kDA% 16 HERP16)IZ A T /L /KR (MeHg) % 10mg/kg/day T 3 [EIE RS O35 5-8F (3d),
7 [ELERERE N SRR (7d) . 7 BEEGGR 0 #5-% 3 B BEAE (10d) 35 X O Control £ 4 #EZ %1512 3d, 7d
FEIL, Bofse 5163 L OV 10d BRI 1% 3 A BISRE] L 72 IR AR C, Western Blot fEHTIZ L 5. -
AN 0 T RY OB, EYa CRIMEBEICRIT D0y — v 285 Lz, 72, K
Jibd. 7N o> HE YL AR 381 2 i BEAR R F OB 21T - 72, *jf MeHg & [Fl1C NMDA 5% 25 (A
EHITdH 25 MK-801 0.1 mg/kg/day & EHENE G- LI2BEOp-T1 L3 A 2 7 4 B U > 0 Western Blot fiZHT
I B PR 21T o T,

(R & B 52

figi7) L 72/ Western Blot fi##T T, 76kDa Du-751 V734 > O3 ELT Control AEIZILEL L, 3d, 7d B CTH
L<HINL, 10d BECTEBNTREA Lz (K 1), E7o. p-J b3 A » OIFMEARIC K 2 Mt & 0E
+ FU ORREW TS 150kDa D/ R S, 74 B U OFEBLUL, 3d, 7d BETH#iE L, 10d
FECITEDICHEMLZ (M1, K2F, G),

—5 . RESERR ARG I, 3d. 7d BET » FOKRIK, /K E B BT RITZ RS T2 B 7o 723, 10d
¥ TIFFFIZ Occipital Cortex <2 Parietal Cortex (Z 5V VHARAIIASE DHEIE - Bk 2580 Hiv7e (X 2B, C.
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1. Nishioku T, Takai N, Miyamoto K, Murao K, Hara C, Yamamoto K, Nakanishi H (2000): Involvement of

caspase3-like protease in methylmercury-induced apoptosis of primary cultured rat cerebral microglia. Brain
Res, 871:160-164.
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(2001): Involvement of enhanced sensitivity of NMDA receptors in vulnerability of developing cortical
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in developing cortical neurons following methylmercury treatment. Dev Brain Res, 142: 105-110.

25



26



27



3. AFNVIKBOEFMERE R R REZEIZEE T 5 RREITIE

W e

AT VKR, FRCHRED A T ILKSRIRE DR VIS LT E DR FBMEE 5 2 5 D & sl 425 2 &
1% IPCS90 (TR ENT=EBY THDH, ZOMRITHMMICH T2 HERELZE X D L&, KFBME (i
AR, CEFEERAING, S, M) ORI RO B DB S h SR EE
RTLH2RELDOTH D, FRICHBER, EHEICRIERICEE L 5 2 5 I A MR H 2 A % 2kt
T HRMEFMIXIEE A TR TE TR, M T, ZO5E CoOREEMROFHOMIETIEOR TS
A BRI LR T RIFIZBA TV D DORBIRTH 5,

bz & aEx, ARBRETIE, OEWORENIFERED —DTh 5 AFiHkRE & IRIRIZxH3 2 2 F
JVIKERFFNE BB 2 S ORFJETFIE TIT 5 Z 212 T, @ 2N HIFEFIEDRA 2RI 572 D
FROBEREMMELZBRE TS E2EME LTS, BRAICIT, ORZEFTOFIRF D A F L
K SRR R SR 15 2 VTR IR RIIMEEREE 2175 Z &Ik v IR, e R oMl &k,
AETEAIAG, AETEEERE A~ DR RSO BB AT L TV D, AT, OE A F/LKERETEIC
LM E T D I TR BT 2 B O 72D, BURORHIIE 15 TRl 25 IR 872 E i
M % a5sD & L 72 S eiiia~ D & ERY BB A et L, IR 2 AT - 2 FIECREEL D =V 38
AR ORRFFIEORBHEREZIT-> T\ D, Eio, EREYRIEO T CRtE AR E I L7 Rt &
RRET L OH LWEBRR G A BT LTV 5,

BT SRR & Rk 14 4R O KT —~ OEPRILUILL TOEY Th 5,

(1) AFEkgRE & IR RIS 2 SEREITI 52

WEARIZ S| &t & . AMEFE b B EIEDBIE DT 0 ORI 2k L T, —EDOREEZRITHZ &
MTET,
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HOD, WRTFNAY TTF Rat A hOSLICRIFTREIIR 2D LN Lz, £ WT
NOFHETTHLAY ITFT o Rt A MI2 HENPOHBLLIZZ Lnn, AT TR T TIEA Y
FFFaY A NOJIEDZ A I TPNERNICBIT L5 A I 7 X0 RN Ebboro Tz GEliER),

29
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(R 5 e OV 1)

2HELL B A TFOVIKER Z FG/KIRER (1 ppm Hg/Water) L7-REBINOHPE LTZE 2 8% % 3 » AICREEL
IR LT, RIM. /K, RS OV IR O AR 7K $R S OVEERE /K SR B 2 JE L, IR BRI SR 21T -
7o PR RIEESIZES L C. JEREAYIC HE Y&, Kliiver-Barrera (KB)Y: {4, GFAP it RA§#H#EIZ1X. HE
Yt KB o, ~v Vo b 7 m— B a8, KK, /s, TFis OB i 27k SRR Rk b7
Bt aiT o7z, Flo. KK, /NM R OV #ik 2 BB BRI I TR SR L=,

(WP ZERR R

1) FERR KRR

K. 7, TR OV IR D K ERIREE (ng/g) TR DEBEY ThHDH, WTILOMEBRIZI N TH RITREE
FU BIEVEEZR LT,

KN 7N Ji gk Mk
FEB 12.59 (20) 13.13 (22) 34.47 (55) 130.81 (82)
A 6.72 (8) 5.19 (8) 9.34 (14) 20.22 (44)
B 6.06 (9) 6.48 (9) 14.00 (20) 25.93 (55)

o TP EEOKEMEDO R (%) &2

2) BRI AL

RER O IATE BIFEF IS & 7 ) F— 3 Z 2RO HIREN 2. 3, 5JBIZRFH L TWD DI
LT, MR CIIREE S ORE2EICkA TV, £z, Bo/Efkic, oFEesrrsr =
MR Z R R (BER) BB oz, X5, EhiREIc 7 vy cfifloBENH Y . 5
BRE MR TE o, MR T, OBRMRRIZEZRS (Schwann HEFEEZ - #RAESEMAREZ) DOHEN
D3 & MTRHRB L D HEIN L Tuviz,

REGHARA LTSS TlX, REBLO KM, 7N TN S OV g2 3R BE D Bt it L & 3R oD 7, IR B W TIEL,
KM TIEARHKE 25« fdEE BAC /NI EE EARICH B CBRMERT R 2RO 5725, KE - #iEIZITE 00
72U, R CUE FR DR IR 00 JE PH I LEER RO BRI 72 B5 e AT R 258D . B C I R A R NI TR D |5
PR R 2 R T2,

BEARICIL, VR D Nissl FURZ O BT « TS, FEBLE D B <RD bz,

30



(B%2

REBID 2 F L« —FE v FO A F KRR OV TIEERCHAED 2 L2, R ok
EIXZIITIEVEZE R L7z, WA, BOEREDSREE L VIRV OIX, AT ORI S ORENME -T2
TLARBLTWALDEEZBND, A, BOWHT R TIZ, ALY 85 v N TAF KL IRE
L7ZRO/NRICEBO 7= L R D, BIEME - BEARZBR L, KMICB O T, HRIEEBIRE ORZE
IEREBUC T 2 LB O NS EOIF LT > 72, TR ORAEICBER L TV D EE X D,
Fio, ORI EIT ALy, FOBBAPRIZIHE 2P ANRD b,

THETOAF KRB ERNS, 3 ~—F¥ v FORIERMEIZMT LT 5~6 pg/ml & #
TE SIS ARG OREBLUX 1 ppm Hg/Water & W 9 A F/LKEROBRER SF T C2 0L EIZi>72 - T 3 pg/ml
AIE DIRIFEE Lo L-L B HERF L CTE 7203, %%EF% BRENEM U772, KR L~
AR 53pgml ECERL, BELELDOTH S, £io. WEZMEOEWEKCTIE, [ URESMA T [P
LU 6 pg/ml & ERID . 1 FLUNTHRIET 20005 o72, BIfE, BEL L% T T, 0.5 ppm
Hg/Water DIEFE SN T CABLERZ1TV, VIR #f52 THOITEMBIERE 21T > TV AR BIEETH L Z A,
BEEE DRBIIBIE SN TR, HREFICIE, AE0E A, B OFERIZ, £ORTT 72y bue—
NELTHEREEZLND,

(% 30K
1. Eto K, Yasutake A, Kuwana T, Korogi Y, Akima M, Shimozeki T, Tokunaga H, Kaneko Y (2001):

Methylmercury poisoning in common marmosets — A study of selective vulnerability within the cerebral cortex.

Toxicol Pathol 29 (5), 565-573.
2. Eto K, Yasutake A, Korogi Y, Akima M, Shimozeki T, Tokunaga H, Kuwana T, Kaneko Y (2002):

Methylmercury poisoning in common marmosets — MRI findings and peripheral nerve lesions. Toxicol Pathol
30 (6), 723-734.

3. Sakamoto M, Kakita A, Wakabayashi K, Takahashi H, Nakano A, Akagi H
Evaluation of changes in methylmercury accumulation in the developing rat brain and its effects (2002): A study

with consecutive and moderate dose exposure throughout gestation and lactation periods. Brain Res 949, 51-59.
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RIS RIE T & 72, £7o, mHREDBINED T2 D IZBFE L T X 7o AR RS 28 % O Rt
ATV, RIS A e L <Pk L. AR SRR & U CRAIR ARSI 2 B5 R T &
DARHEIC LT, AL O L9 7ol 2Emia & b AR 2 LR85 Z LI kv | MifapER -+
REEWINT D 2 e BAIFAESERII S BN T 5 2 L 2R A L, £/, ZORHREICOWTUIAEA
FEANR OHFEIZ DWW CHBMEDR B D Z & e Y EEZ WD Z LIT R0 | B ST bl AR SRR i
MNHEDOMBOMEZHRFL TS Z L bR T,

3) THFHBMZHNIKBOERFEMD RS ) —=27
MgER YA n e GEZEARIERD)

B B GRETK - Be - Braei - Sodmd )
W HERE CREUKR - Bt - Bk - Setndan)

KERIZIZ DNA ~DWEMERH D Z LN ENTWS, LnL, BEEEICHOWTITMEE2M# -~ 7-=
A D RIERCHE AR DAl gk Y /R 22 (SCE) DOBIZZIZ L > T DNAEEEHNRE I N TND HDD,
AR BT D ERFYECOWTOT —Z id7e 0,

AMFFE TITHRIR I KB OBIRE B DO G L Z ORREZ MR T D722, TEFHEEY %2 72 KB
BRIFVEDOA 7V —=2 T %7,

WEEFEBGE R D A X DI LT 7o D, il 5250 TERMART T 503, Bl CTOMEEEL
X, B 450 AR (D HEEIIATREME (AL 1 100), T A X —30 EIRTH 0 | FEERBIIAIC LB 2R 5 A 57~
FTITE STV,

4) MRESRMIML DL - FEEICEE T D HEE R R AnE OB RIS
RS E RS S CERERFIEE)
BIAH 53R (R AT
EA 2 (EEK - H)
rk S (EEK - 3K)

(BF5E B /Y]

AFIVIREREMEIT R T 2 IR R BV TEW Z 6T WD, A F/AKRO LRIEN T
& D FARARRRRIZIN TR, ZORFH, ML ACHIGE, /b, FEL TR, T bIZRIET =M
BEZFHET 2 Z LITEZETH D, AWIETIE. WILERF. AT O bR L 7oA e 2
AWT, e 07U 7Hld OB RE~ — 0 — BB OA(LITIER L, A F LK)
FRRERAME DI, FEIZ T TR L), RN T 5 72D O SEITTE 2 21T 5,

33



(WFFEXT R K& O 5 IE)

AAEREE, BG4 18 HHO T v MRBREERD SR LIRS 5 7Y Tl o e, FEEEIC K
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g B B2 M & : BERAEE OWIE 1L SRL Inc. (Tokyo, Japan) TAiTi4L7=, HEEIZ Folch [10] @ ik ThiMH
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0.5M HCl THIZk 73 fig L7, 7 U —HENIRIZ 7 v e AR L A CHiH &4, 04M 7 U &7 A
ARFYA R/ AL =LK 14wt%3-7 bR TR A X /) — M LY RN % A
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Figure 1. Time-course changes in Hg concentrations in whole blood of female rats during 8 weeks before
pregnancy and after parturition and those offspring at birth and during suckling. For 8 weeks, female rats
were fed a MeHg-containing diet (5 ppm Hg as MeHg). The female rats were mated and continuously
fed this diet during the gestation and lactation periods. The delivered offspring were maintained by

mothers until weaning on postnatal day 20.
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Figure 2. Time-course changes in Hg concentrations in the brain of maternal rats during late gestation and suckling

and those in offspring at birth and during suckling.

25
20 - O Mother
M Offspring
w15 -
P
3
T 10
5 [
0
. . Q Q
o & & & & & QN &° &
?"’6
Term

Figure 3. Time-course changes in Hg concentrations in the liver of maternal rats during late gestation and suckling

and those in offspring at birth and during suckling.
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Figure 4. Time-course changes in Hg concentrations in the kidney of maternal rats during late gestation and

suckling and those in offspring at birth and during suckling.
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LMD BE KRR E MR~ T- R E LT, S—~DEENEZ S5, 20 KU EOERT S—< %

DT TWD ANDEIGIE, ZHETIEEHED SHEICEoTz, R—RIZEENDITF AT Y a2 b — NMIFEE)
HAKBEFRET L Z EBMEINTWVWS (Yamamoto and Suzuki 1978), Z D EIZDOWTHERT D728
R= TP TR EEDOEEZE, BAROERRE T HNIZHN DN TND S —< R TR L, /KR
IREEZMIE Uiz, 1 B0 CARERIREE TR 30%ED L, WH ARV IR$ LRRIREITS HITRT L
(Fig. 3). KERREE DK FIZBEZEREOEAAIPIE CHLH LN R o7, N—~ENTT-EBEZTIIER
ERODKERIREE 1 XA ER L 0 B EAFEICEm D o 72 (p<0.001) 28, ZHUCH LT, N—=<Z T T RN EE
TIEED LD RFAERITA SN o7 (Table 4), N—~ N TZEBEZ L DT TORWVWEEZDER IO
WG % Fig. 4 (279, /S—~ & T TWHEBETIE, MO LAEIZELY ., BLEOFITEKBEED
KFLTWDZ Enbhd,

(%)

SEIOFHEIZ. AARDO—BARDEEZKPRELZFTE LD THY . RICANFEBREZEB U AT
JVIKERIREFE L~ UUIZOW T ORSET — 2 L5, ﬁf\ﬁﬁﬁﬁ%%%bﬁ# ﬂﬁ¢f%é AlEl D
5 HUI OFE S T, 2otk ds L OB D B EZKERIRFE D AT 1413 1.43 png/g 35 L UN2.55 ng/g L BE ST,
N BITETHE SNT-FCKREE OfE XLV &y (Sanzo et al. 2001; Guallar et al. 2002; CDC 2003), Z #UlE

ICRBEEDOEWNIEID2bDLEZXOND, ZO/RBEOFFOERIZ OV T L1 A F LK ERIREE O
U2 7EBOGEND S BITHRETT20ER & D,

SEIOHERE LT XTRT 7 4 7T, BRIEROFAD RN NV—TThHo, LoT, SEDHR
IZARD—ARDEZKBL NNV ERTEEZOND, LPLAREL, EROBIUCY 7o o TILEE
ZIMEEZ O TV RO T, [AIS0NA T AR TWHAREE D EETE R, ThThH, 4
[BIOFHARG R TIX, BEKBREICHEGENEO bz, TEICEFEL TS Z &1E, E2DRFIZD
WTHIEZ T 78 b, BEKRREZ LA SELAERNTFThHoTz, ZOHID & X5 50

B LTWANEIRHATHL, 77— FOHBIZAS TV 7o b0 REENEEL
TWAHBEMER S D, WTIUTHE L, —RARD X FILKERIREE L~V OFEIC Y 7o > TITHHER A D
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LOVEDEBETDMENRDDLDN, N—~DEETH DL, N—~and DL BEKERET 50%1%
FIRTT 20T, BZZHWKE LNV OREICEHRREELZ LI TRNURH D, S EIOFHAETIL,
N Ze T T AR I, BEAKERIR EE ORI A % 9 TRWER L Sk & $ 12 25%(K0 > 7=,
L7e3> T, & ANDIEMERKEIRTE L~V 2 RET D72 OIIEEREEH VN DLER DA D,
AEIOREBRITBRBARAORETEKM LI LD LB LD, BARADKEIYPNENFHOER
% i@ UC EPA (1997) /NRC (2000) OE)E L~V B2 TAFNVKBREZZ T TNDN, Zhickd
HR B ~OWIERERRIEN & D L2 D MBI, L LG, 10 pg/lg # B2 5 BEKREEZ R L
7= HERTBEER O MED 5 B E (04%) D7 A—7 Tlix, EE - HPEICEE L Cid, BIE~DEE%
[EEd 5720, BT 2HBOEDH L WITEEAZ AR T 5 0ERH L0 LLRV, SEIOMKRIE, A
MIEOEE) 72 E A8 LT, n-3 REFEIAEEZ: & ORERBIE LEE Lz, RKELN RN O RAE
EEBEZDLIZTHHRbDERDLTHA D,

(23R
1) Cox C, Clarkson T W, Marsh D O, Amin-Zaki L, Tikriti S, Myers G G (1989): Dose-response analysis of
infants prenatally exposed to methylmercury. An application of a single compartment model to single-strand
hair analysis. Environ Res 49, 318-332.

2) Guallar E, Sanz-Gallardo, M I, van't Veer P, Bode P, Aro A, Gomez-Aracena J, Kark J D, Riemersma R A,
Martin-Moreno J M, Kok F J (2002): Mercury, fish oils, and the risk of myocardial infarction. New Engl J
Med 347, 1747-1754.

3) National Research Council. Committee on the Toxicology Effects of Methylmercury (2000): Toxicological
Effects of Methylmercury, National Academy Press, Washington DC.

4) Sanzo J M, Dorronsoro M, Amiano P, Aguinagalde F X, Azpiri M A (2001): Estimation and validation of
mercury intake associated with fish consumption in an EPIC cohort of Spain. Public Health Nutr 4, 981-988.

5) The Centers for Disease Control and Prevention, United States (2003): Second National Report on Human

Exposure to Environmental Chemicals.

6) EPA (1997): Mercury Study Report to Congress. Washington, DC. United States Environmental Protection
Agency.

WHO (1990): IPCS Environmental Health Criteria 101 Methylmercury. World Health Organization, Geneva.

7) Yamamoto R, Suzuki T (1978): Effects of artificial hair-waving on hair mercury values. Int Arch Occup
Environ Health 42, 1-9.
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Fig. 1. Distribution of the hair mercury content among the total population. Open bar and solid bar

indicate female and male populations, respectively.
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Fig. 3. Effect of artificial waving on hair mercury levels. Non-artificial permanent waved
hair samples from 4 women (A to D) were treated with waving lotion up to 3 times.
Hair mercury levels were determined after each treatment. Each value represent the

mean = SD of 3 measurements.
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Fig. 4. Whole length analysis of hair mercury levels. Mercury levels of whole hair strands from

two women (with and without artificial permanent waving) were analyzed at 1-cm sections.
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TABLE 1. Geometric mean and range of the hair mercury content in five geological populations
Hair mercury content (ug/g)

Residence Sex N - -

Geometric mean Min Max

Minamata F 594 1.23 0.09 7.33
M 344 2.39 0.22 10.56

Total 938 1.76 0.09 10.56

Kumamoto F 327 1.33 0.14 6.20
M 388 2.23 0.20 19.18

Total 715 1.57 0.14 19.18
Tottori F 209 1.40 0.26 12.52
M 616 2.32 0.00 10.21
Total 825 2.04 0.00 12.52

Wakayama F 303 1.46 0.00 8.09
M 417 2.32 0.10 20.66
Total 720 2.04 0.00 20.66

Chiba F 233 2.30 0.14 25.75
M 255 4.79 0.26 26.76
Total 488 3.37 0.14 26.76
Total F 1666 1.43 0.00 25.75
M 2020 2.55 0.00 26.76
Total 3686 1.96 0.00 26.76

TABLE 2. Factors that determine the hair mercury content as a dependent variable by a multiple regression

analysis
. Standardized partial Partial correlation Multiple correlation
Independent variables . . . .
regression coefficient coefficient coefficient

Sex 0.162 0.170
Age 0.264 0.352
Daily amount of total
fish/shellfish consumed 0.190 0.245
Artificial hair waving -0.185 -0.252 0.585
Usually consumed fish ’

Tuna : 0.058 0.167

Bonito 0.063 0.068
Residence

Chiba 0.281 0.242
p<0.001
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TABLE 3. Cumulative frequency of the individual hair mercury content
Sex Age Mercury concentration (ug/g) Total
<1 <2 <3 <5 <10
Female All 464 1161 1473 1612 1659 1666
(27.9%)  (69.7%)  (88.4%) (96.8%)  (99.6%) (100%)
15-49 200 453 542 577 585 588
(34.0%)  (77.0%)  (92.2%)  (98.1%)  (99.5%) (100%)
Male All 162 724 1206 1716 1975 2020
(8.0%) (35.8%) (59.7%) (85.0%) (97.8%) (100%)
Total All 626 1885 2679 3328 3634 3686
(17.0%)  (51.1%)  (72.7%)  (90.3%)  (98.6%) (100%)
TABLE 4. Ratio of hair mercury levels at the hair tip to the root in female Minamata citizens
Artificial waving No (38) Yes (98)
Hg Ratio: Tip/Root 0.92+0.21 0.56 £0.22

Numbers of hair samples are shown in parentheses
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BEINTWD, KIEEHIIELR D OERNH Y | KIERFOFERH & ZDJRR Y ZF LT, Fv Y
AKIRTL 0 BPEH STz A FIVKROIEBCRILO R & £ D& hA~ORBOREZMITT 5 Z LIC X
D THE DO AFILIKERYEH R K O PR OZE I 5 R EE O )\ HE~ DO YEBusE T & KRR
TR DFESE & OB 2 MGE L 72V, REAIREEE S0 THIB S AL KA OKIRFIERIL, HIMRIZ L - T
O TKIRIFTH D Z L BHER SN ANET LN BIREDNREARRERTH 5 & 5 BRI 2R
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(WFFEXT G S OMIFFE T 15)

FEARZEEEZAER CTHIMR S 72 450 SEGI O e B  FEAERFH] M O E MU O fERR T & DIEGI 2O L |
PRREA AL DR EE & DB 2 i~ 5, FEAERFIITREE R O/ & BV 123817 2 MUK I O AL AN AL T By
WL LTWD, F v YKRRTED G AFNKEOKEE~DHHZ DPEKEE D KRN A~DZEFLINZE S |
KR B DR « U e OYRAE DR CRAN, /MMOBNICIENOHEE TEZ 1705 50 5 B
TEMI) ZENT T2 2 LIS X0 KRS R R AR O MUl A I QN IR RO RRIE & 2 DR OFEEE & oo B
ERRETT D,

(FFE R R 38 L ONEE IR I )

F9°. 2001 FRTICE T B AKRT ROV ORI ET 5 KRR EERIER L 1960 FI231T 5 [EEGH
EREADOZHWTHEM L, KRHEETH 2%, ERARITK 4%, FALITH 1.5%, B #TH 1.7%,
HKTIR 0.8% Tdh o7z, HIRAICITAKREITEHX TR 15%., FALETZ0 B TR 12%., KT K 38%
& WEEIRATFE O i\ O T O R FEORAEDN B TH o 7,

ek, AERBIZEIES & D & KRATRMIX TlX 1956 24 ©— 27 & L 1959 4E & g4 ICARIC | 4R
WD LT e, 07, HEAURET 1959 LA I RAE LS BN L 1975 47 & Tfklie L CRIEDE Z -
T, FACET G AT SIZIERERZREIC & o 72, RERRIS KN OV NI O W U 3iE 4 LLETT
& o To BREF OFEIF1XFE & DIKE LI T 1956 FFAEH TIX 11 FIF 10 FINEE ThH o7, —J7, H
AR KOS ACRT I 1959 4E 0D 2 B30 K ONEZRARHT 1957 4R 1 41l % RN CRBIDEE Th - 72,

F v VKR TG B A FIVIKEROYE & KRB B IARARINA~DOEE LIZDW1958FIH ThHbHZ L&
Bz % L 1959 LU OHZARITCH ALHT CORIERM & Ry e —E R A bz, L L, EREBREO
FREVRHX TH D Z LN DHELET D LAKRE TOHERITIEFICERE CTThH o e NERA, FAET &
JRAS o T VB YT IEIRIZ IR DS © T2 8 E OUHE DL S 12 X D3R TRIFBIFE I I@mBE ISR b iaho Ttz 2 &
DRE I D, EBRIT, AR EHEK R BE OIAEDFE E D 1955 725 1959 4R 5 -] THARAR
HICIX1 A4 ThoTeZ b —8T 2, £/o. ZOYRBIE I AN O & KR TTRHIX 0 2
TOHRTHH T,

(ZE 3R
1) Takeuchi T and Eto K (1999): The Pathology of Minamata Disease —A tragic story of water pollution-.

Nakayama H and Sumiyoshi A (editorial collaborations), Kyushu University Press, INC., Fukuoka, Japan

2) Sakamot M, Nakano A and Akagi H (2001): Declining Minamata male birth ratio associated with

increased male fetal death due to heavy methylmercury pollution. Env Res, Section A, 92-98.
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DIDS |2 & » TKEEEIZFE L EH Lz, DMA IZIZEMN > 2RI AN ehoT (K2),

WAKBEISHE T D 7 3 N KD KEHBIROIHIZN R & - 72 Z L IXREBIR e DB 52 5 3ot
DH. POKBEISTETIRF L A LR, KOV ZHWRBRTHLLEZbND, TV T A~
IZ X DRERED EFMHMA R ST 2 &b, REEI BRI X o TKERA M S HPEH LTV 5 AThe
MY D, WK, HEKBIT TR R S 072 DIDS 13HHEA 4 > & IREEA 4 v OB ZRDOERTH Y |
ZHUDKERIRIE 7 B SIS OV TIIBIRE R TR TH 203, HHEA A OB E BN A F/LKER
DENE LI O NOREEZFF OO S LILZRVY,
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) Gill (ng/om2) Gill sol.

14 0.5
12 W
10
8
6
4
2
0
(ug/g) Anterior Intestine (ng/em2) Anterior sol.
0.7 04
06
03
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04
0.24
03
02 o)
01
0 0-
(ug/g) Posterior Intestine (ng/cm2) Posterior sol.
1.2 0.5
1
04 _
0.8
03
06
0.2
04
0.
02
o °

1. 0.1ppm A F/L/KEREHE T 90 Sy AR L 72 1% O K SR AL J I UM & i L 7o KR
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Gill Gill sol.

300 700
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250 7
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200 ]
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504 100]

ol ol
Hg Ouabine DMA DIDS Hg Ouabine DMA DIDS

Anterior Intestine Anterior sol.

800 1,200

7004 1,000

600 ]

1 | 800

500 1T ]

400 600-

3004 400

] 200-

100;]4_ |

B LI wra -l—f—.

Hg Ouabine DMA DIDS He Ouabine DMA DIDS
Posterior Intestine Posterior sol.
600 1,400
5 [ 1,200
1,000
400
800
300 [
600 I
200
400
1004 200 1
: Lo ome B
Hg Quabine DMA DIDS Hg Quabine DMA DIDS

®2. A A Wk IEH O
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1) c. KRB DKBEFEACHE D5 F L RBERBT L
WHFEREE A R (CEEENFZERD)
I G OuK - S IRBR SR )
KA S GREUR - LHRIFFERL)
I #9% (UK - IS AEMEER)

(WF5E B #Y)

HRARBIZRAAFIZ DIV AKREUTIHR S, DO~ R ORITE U Z B WL EOKEEDHEFE L |
KFEBORNEEBERD Z LTIV AKEFPABI SR Sz, BRRICESTMEOFIIE, KA
W ofR L, HREMEOSBKBAKICEZ T, BOOAEFEL TWDHRENOIY RN TV AHHIE (KR
FIALME) PFELTWD, ZHETOMNTET, KIEEETIE, KEILAWITTROIE 2 R o 7o il <o
IKERAEFEA LA OENG ASKEREYE D 72 W LR TEW Z E VI LTV 5,

I O K SRIEIA VBB 1L, merR, merT, merd, merB 72 & THER ST\ 5, /K LAY DAL
BB E, NS, merB \Z X VIELN AR (V7 —8) MW T, KA DR L KIBOFES
UL, TORRAET D 2MOKEA 4% merd DEYTHD L E 7 X —LIZL o T, KIFEKIC
B S NATOIND,

Z T, ABFETIE, 2O OKREHEFBEHIE 2 KEYG I LD . KRBT, £ &) RBiniZE
ZZTHBLL, KEBOKBIEER TED L S BB ZHE L TWDHENEH 6T 5,

(T FERS A

ZIVE TOMIE T, AKIEBEHEK D HEEL L 72 M-1 £ O KERFEFRAVIE S 1-#E mer operon DAEIE 3 & 7>
272> TWD0, M-1 BRIZABAKSIL G 2R T HICH DL, 2L E T 472 mer operon
HUZ A AKER S FREAR T merB ZRFF L CTWD Z EDRH LN TS, £ T, KFEEIX, merB &
Z DI HOW T, B FHE O 21T - 72,

AER Y=Y —FICL D BERID merB BAR T ORIFHIRAHER L, degenerate 77 A v~ —Z ikt L,
PCR %17V, 210bp @D merB Wi #BUfG Lz, ZOWihZ7a—7& L, WM 2170,
merB %510 3.9kb O Hindlll Wil % am =— A 7YV XA B = a qECLY, sn—=07F252L
MWTETz, /7a—="7 L7z 3.9kbp DFEIKIZONT I —4 v AENT AT S T fER. merB FBIZIZ =
D orf PFEL, RERT—RBOFER., 5D orfld merB & & H1Z. mer operon Z L L TV 5 T
EMHA LN o T2, T D merB FNFEIR D A1 > % mer operon B, SCIZFENT D72 STz merd &St
mer operon % mer operon A & L7=, mer operon B |21 merT2, merP2, merT3, —DDEL TS merB & i
FzEFINTHFELTEY ., IHICEOTRICIE, mpd, N TV AR—B—RLFRER O—2RTHY
TEIATFAEL TV, 2O R 7 AR—B—RZA KO, meroperon A D tmpR, L Y )L_"— 23 & HIZ TR
D KT AR R T HBETFTHY . M-1 £D DD meroperon 28 k7 L ARV Elza— K&
. KRR AT O ATREME 2 R D 2 L 2 RIB ST, v — v ARIT OFE R M-1 £RIZ -2 D mer operon
ERFEFLTEBY, Zo0F e P, merT Bio 1% =2, merP Bin 1% _OFFD L) R /G
S TWDZ ENRP LN T,

merT 3 N merP DEBGET HBLEFICOVWT. TI /B LT AREny—%li L7 2 A,
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merTI-T2 ] C 67.1%., merT2-T3 [#]C 38.6%. merT3-TI [&]C 44.1%, merPI-P2 [H] T 552% Coh o7, =
DB B A BARF P EEIC K> TBIEL N FTREMEIMR W & BR ST, 2 ORER M-1 RO —>D mer
operon [FER T DEMIZ L > TRAELNTZDO TIE7e < HRO R 25 =20 operon 3 /KFARTKIZ L - T
M-1 BRICA VA TE DI IR i ST,

5.7 kb
Mer AfEig @*Mw
tnpR merR merTI merP1 merC merA merD
i 3.9 kb :
Mer B §fHigk I |
tnpA merT2 merP2 merT3 merB

P. haloplanktis M-1¥k D 7K &R 73 B 1=F

RIZ, mer operon A & mer operon B DAL EBAFRIZ DWW THNT 21T > T2, FEATICIZ SV AT 4 — )L R
IWVERKEZFH L, o070 % — A ONWTH Y Ui 21T o 72, T ORER. BamHI ALK A
50kb DK E X2, merd B X OV merB W5 D> 7 )V a4 51072, Bglll MALWr /Tl 17kb 12 merd. 25kb
\Z merB, EcoRI LTI, 26kb |Z merd, 32kb (2 merB O 7 TN EGELNTZ, ZNHLDORERENG, —
DO RFFEFACIER S 1T BamHI B i 50kb HHUTAFAE L ixdK 20kb L EEENL TV D 2 E S BNTR 5T,

(ZE 3R]
D) PAFBEZ(1992):  HEEKERIGY LAY BREERFEREE S5, 1-14.
2) Nakamura K, Silver S(1994): Molecular analysis of mercury-resistant Bacillus isolates from sediment of
Minamata Bay, Japan. Appl Environ Microbiol 60, 4595-4599.
3) Iohara K, liyama R, Nakamura K, Silver S, Sakai M, Takeshita H, Furukawa K(2001): The mer operon of a
mercury-resistant Pseudoalteromonas haloplanktis strain isolated from Minamata Bay, Japan. Appl Microbiol

Biotechnol 56, 736-741.
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D d. AR X OREREFIREAROLFERRHIBEIEE DB
WFEHSE SRR TER (EES - AEHHIEEs)
e BN (FERAFFER)
B G (R - B - HERBRBER )
Horvat M. (A B _=7 3t ~7 X777 - BREERF)

(W55 H )

AREEERS K OREEREI I E ENHRKBO ST T —F OB b3, ZOHH - EHE DT IR 5y
i Z IEREICHEIR T 5 2 L d, KRS X D AR AR RN I L OREE TR 1T D KERENRE & £ D A
=R LOITE & L0 EFERNBELE L 2o T DT <Y Uitk a1 U &9 5% EEICRT
B BERABIC AL D KERIC K D BRERVE YL & D NKIRBEICE LT 2 52T L, T OHWFRIEXIRICET
LTI EEPOBLARFEO -2 Lo T D, 4 H F THA KT LA F KB HTIEN
BETSHMESN TV, WIRLbRENRDH D, ZHEHEOEY) - BREEHIEA B TE ., 28
DFREE RV BE OB T HRE L HE LGS RHAR O FIENZENLTWD, 9 LEEBE,
O, ZHETARBEE (EZEAT. iR, IR, ) B X OBRERE OKE., AKBAEY, KB, i
W, W) 2RI, PF Y UM—ECD A A7 u~ b T 7 4 —IEIC K BH LD A FILKER
AT ONCIR R R SR T WROETE IS K 5 @& TR 2R KR A DB At T & 1o, SF
IXE ST, BEHREOBEN DNV LRIEO B A ATEERIRY Ve $5 2 L 2 SFICE &, KR
G COBREE - AT =4 U v ZIZbiRIA <M TE D K 5 A 3BHT B 722 BiTALER & 5 T o3 BRVA K
AENEDOEL - AL E XD LT, EEIZGHE b —EHOFELRHE L T =T, 74
U v & EORIGHITIZ 31T 5 K85 e D FEREHRE O 72 3D O 3L [FIFR AR I8 & 2 L 72,

(R ZE RS R )

Bt oW R iEvE B L ONE LR b— W R BOkIE OB T R T U L A RRAKER T FIE O B OfE
R REHPKIRZ R DT FIEORHBRA, AT 2 RIEIC s Lz, fE2 I HETE 2
FERE LN, G, A8 - BEEEH0.5g LA T) % 50ml A RAEFE i 7 Z A 2 i Cigig — B R
— e (1:1:5) RZHNDZ EICED 200CDK >y b7 L— bk 30 M CTMEV N TE T L, mkAk
HAKEMZ TER & THUTRBRIAR S Hsk B3 D &0 2 fliE R E N G o, £/ &8
RLE TR RO T, R P — e r—7 A A ViEORKEEZN T2 > 7 2 L CTEHR E L,
AEHATRICETCHI 2 W L TR % 30 MRTEER S KRR OKHNBE 2 —(bk, 2 v 7 20N
TEAE R VEATEHFREFE L, SbicvA 77 ut vy —Hlc X 28E0Bibz
D | FEROFERAUTIEAR TRV REPOEEE T, MELICHETE 2EELTRIETDL I LNTE
Too AIEETOKBDHIL 1 LN THET L, KRFETORBRIL 05ng/g THDHZ &b, ZET
ZEDKKIEIHT O FB L U CKIBIBROBRREE =4 V) Vv IO FHESFILEAIND b0 L)
b,

—J5, AFVKERGHICE L CiE, 7l U AR e ERBFO RIS U7 AT A i 2 L2 kD
ZO®KITILHE L TUF Y UL Y — FHRE— T F Y BRI LD A TV IKER A S BEREERLL |
ECD-GLC # W TERT D & WV I BEOE VR SIEZ TR EE L Z N TE e, RIETOMM
FRFUL 0.1ng/lg RETH Y | FAA CRTOBEOREHICEEND A TFAKBEEELHETE DL Z
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EbfER SN, Fo, AMABREEE LTEECTHY, ROTFEDOZWEEP A FILKIGHTIZE L
TiE, RREHEEFRNC, s t— = o —ECD-T A 7 v~ 77 7 4 —EIC X 5 i Tk
RTIEDNHENL ST, T B O HOH TIEIFEEC, BEKREYBBEICER LT\ 5 7~ Y ik
EIIUD, 2o¥=T7, 740w, A FRIT, RbF LA, FEHEDELL OEL BT % KEE
YD FEREFAA C/KER D BRESENREMIZCICTE Fl S 4L, EORRAR RG-SO H 5,
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2) a. (EIEAMMBYAEIC X %153 HROBEE L AKROEIEANR O BESE
WA AEE AR (EER- ST5EE)
LA (Rt 7ER)

(FZE 2K

I, FTETERIAME L TE TV LR EEOKSGYICBHE LT, ZOHRERRE & 61T, BHTR
JEYHYL % 52 T T Ml oD T8/ [ 5 DIV % S O T2 LB AN OFENI DA R ERFREE o TS, b %
SFEZFAIT, TRk 8 A~ AT T BREA KRBT - JEE D D OKERBREIZ B 5 HERERY
WF9E) 24T o7, B, TG KR OBRE (ALEk) FEDOAIMB OAFIE T ISR DOZEFFEEZ R L T,
PER D BIRNNEVLEE OINEMEFE 600°C~900°C) 2k, KB IRV INBEFE 280°C 20 C H o 4LFRIFH
& LT RSB X 0 B EKR CTH - THIZIF BRI ETE 2 TE (CIRIKIR B &
FES) & R U, WRINE RSB EE 72 & Bl WL IC DV CENERE L OHTPICERE L 7o/ VlE
TNT T N AWTHRMLTE R, S BICARFR T R ZIGH LT, BIfE, RERFEET
T EE G OECKEEE T HME L 72> TV D BEROLE 72 /KRG A BRI OB R L, &R Y YA
7NV OBLEZ BN LT LWVBREAT Oz &2 B LSRRG 21795 2L & LT b, 2 2 TIEAEL,
IR MBVLER Z IS LT L KHRD ABA TW D BEEOEE D Y A 7 Vo AT M BT 2 FERERIBFZERS R
D—FRIZDNTIRR B,

(W% H )

HFxoHoEY THE HODLN TV AENATIZIE, MERKBEREENTNDL-OFTRIGKRE
XU E LTHEETIIHFMOIZDBEEY & 72> i EE OIS E L TV D, —RICKBOEHE
W, EK IR ETHOWOLNAEE T—AHT- 0 10mg FEE, Z O &EIIHK A — N THE A WFEBIE DA,
PERIZHARENT O TESH 2D L TE WD, L LEBTIEZO/RMERBLIOAEEI A M 2B ET
LEFHALTWAKBELZHOTZ LIFAMRETH, <R LTLE D Z LIFBIEHRZR Y, ZOHE0k
T2, BICRE LWABEEZ T 7202, OBRRD L XL SN D EME DR TERBRY T %
MHWLNTED | SAKBOEWEE LTEHIN T DO mEEI L T L (LY 2 — L
5) B ZOENITH T ADBNRANIRETEIL, 3V A 7 AR AREL RV EFEL LT HRNLT
D BREIND ZONTF =T ERICEEME 23 £V DB RITRE 2R L 2 B0,
BRI Z O E—OHIZKBRERE L T D720, VA 7 VHON T ZEEET TR 2Ry
=B HKBEZFRE LR ITNT R 60, DRETIEL, EXEEWE U VA 703 5855 O HHUE
& U CREEREE I O CTHEYE (R HRER CTRERDOE 0.005mg/kg LLT) BED HALTEY , FEEIEAT
UV A I NVTHEE, HIKTH ZOEETHE ST TEBIMERH D, LEB>TIFA I LT RT
LOBAFEAT I Gier, T ABEBIET TRINU T —=H GO T EROFMEHRE ST LN TELH Y
AT LTRIFNTR B, IS JERIEZOBEBIAS KO BTV DL HFTERY X7 LADBAFEIL,
Yt F =Nk TR EE ORBEEOTZOIZBYE LT & I RIRMBVLE % 459 =T
LHRELREERLPDHY . SBOMEHIFEL T RETHDLEERXD,
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(R & EBRTE)

1. ke

FERICH W RO E X, KRT RVt shz b ox v, Rtz S I IBEcHh s
TEY, ARL LTETMRICELSEHESNDGEE T Tl h—20 T4 Vg ERix A OE ST
MmNEEh T\,

2. FEBRIGIE

Tg HEMEA - ERFE  FRAsEA— b

> ’—/Iﬁ %t?jﬁ'l'

%{ W — &’ FEAR
BEELY i ;l@ l

A
[] S . EHRER
. FREL—4&
MEHER AR BIUHAVEAYD ST
SRR ES LR
(KERIEEER)

—1  JNEAGEER R
< EBRGA >
< NN 280°C—300°C

- AEENET) T HE CEENT 2RV OERE)
- AEE NPT R 500ml,” min—600ml,/min (FENFZEERZR)

o JINEAHE R 45min T—1E
- B E 10g,/ 7]
« AN fidb#k 1% 0.5 % EELTEII,

FROMBAERR R L OEREM T, BERILE OMRIC KT 2 BMBI OF Bz T T XA —2 L L
TR ER A B -7, W, EBROFHITABRTE 2B 1T 2 KBORKEEZ ., I L UUKEE
HEEOZEIC IV B I 2 o7c, AKERRIE O ST I LFRHE & 2 i R - iR I X 2 R ARIEIC K
VD R AAT o ot SEAVER — A RIRINC £ 2 W RFBOE 0T & Uie, AKRESRESH BITBRERE 558 13 51
SV TRIMBE 2T o 7214, IHEE-fRfE-B~ > H B h U 7 A X DLy LB 21T\, ke Ra
XINT I UETINO%, EESE L THEE — A XTI X 2 @R kv g & Lz,
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(F R LB

x—1 MBULEBEEXEERFER

A WEE KBEE 7img kg BHKEEE 0. 028mg L
h slr g o R = A iR = BFREE

[P — MEREIKIE = LIEZADEKEIE /KRR S X

E mg/ kg E mg/ L (%)
AmAE L 4.4 0.025 94.3
w1k £ 1% 2.2 0.0037 971
B 80. 5% 2.6 0.0021 96.6

K- 1TICERGERZELO D, ZORREID . REOKBOIIREIL 75mg, kg dry wt & IEH IZmiR
FEOKBEZH L, BHED 0.022mg/ L & REBBEWI L5, MEVLELRE OMEIZ OV TR
Az M Z 72 WA, KEBOGHREIL4mg FRE LK N2 6 OOKEBOEHEMEIZ OV TITHIWIfE &
FEAEBEDRBO LI hoT-, LvL—K, WINAIZINZ 7255813 KIBOEH &S 2mg AiRIIK T
T2 28, AR KSR ORI B IK T LESEFESEM IO N CRYETH 5 0.005mg L 22T DICE- 72,
S midbgkz i U CmBVLEE S 25 Z LIk 0 . BN L7206 OKEEOE TR 1,710 FREE (i
S5, ZTHTFEIRCHOARELZ AT LKMBMAZIND Z LITL D, KHFA~KE S DBATT D 03%
7L TV D EEAKIRICR LT, BALSRASINEAEA L T~ DB U SN D e FRIREE IS L 0 | AKERDBMEFIK
AR 2 LIEARER & 7o o THEEIL SN D7D TH D LHEE SN D,
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2)b. JREHERCHIE 2R A L 7o KRG I LA DO BASE I B4 £ AT 5
WHEEREE PR O CERENTIEER)
AHRIEE (GOR - T)

(52 H 1)

YA ALF TEN D OKERPEHIC X D BREEEYIC L0 KRR S & 2 SR & 7r o7z,
BIE, AR D% < OE A T, FHFEFTCSEIEY 72 & CRE~OKEIGEBEZIUL L TV D, Fiz,
KT LRI STk E LT, HRDZ S DET, AFAKERT = = — VKRR EDOHE
KEULEMIZ L DY I 2> T D, BREPORENIL, HO TR EDH LIADEIZL VAT
BILTWER, INHDOHETHZEOBRAZE L, ERCEELT D1 Tldieno, RARNfER
WX B\, —F, K THERINTZEREICER L TOAMAEY., FrHEOFIZIZKER & i~
DHEEMRZITV, KRESBRLERLEEL Z LIk, BRROBEELIER 21T > TWO D HE M F
FELTWDZERMBNATWS, 22T, ZNUOHMEZFIAL, XM AT 27 /7 vny—OFEEERA L,
TR AR ERTG Yl D JUBREANT D BHFE 2 B BIIHFFE 21T 9 o

(WFFEAE )

AEET, KIRBUEKD O BE LT A FNAIKEREFERILTE D Alteromonas J&DAMF (SW-22)Z FHU Y,
KEMT TN SPEH SN TL DROEM 2 HBRIC LTz A F VKRR EIEDOERLO 72 OF 2 DR
21T o7,

O SW-22 BRI R
EHBHKTHIX =T U PV EERT D0 42 ECTEILDNBZ D, 207, 45 D 50 EO
M, MEZ D7 F—F BB L2 UE2 b7y, 207, 40 B, 60 FE 80 FEIZI 1T 2 AHEE
DEAFERERF Uiz, ZORERE, 60 FEL 80 FETIX, 5 M THIRT HZ ENHHLE, —H. 40
FE S RICIE, BERD, FEAEEDLRNWT LAV L,
@ FNOWERTRE & 7 VNSO KERO PR
KWEREZAT O & EEE(T VL, T TRIFFBIHFES NSO T, RENDR BT L%FH
TOLAMESCERICLDIEMCIANRET L EREZONLTOMNIMEOH L7 VNEE L
W 1.5% 1 T F—=F TN 15%FEROT ML, L HIZHRENML ., 3.0%FERT VI, BRI
FHIVIRNA . IPEIZZ Lne®, BEICIE, Rl7E o7z, 3.0% 0 7 X —F 7, L
BRAOVE CRlTZ B2 bz, £72. KIBOFIVN~OPEEIL, 1 FERTTRI 70% D KRERD 7L NI
Bi%E LT,
@ VN YT 7= OH LA T AKBORRE
1.5% 0 7 F—F 7 TlE, 30 59T 66%. 19 BT, 72.9%DKENHRESHZ, 3.0% 0 T X
—F U VT, 3045 T51.6%., 19 BERC, 71.8% DKEEMERENT=,
@ MOEHDDOHEL A FIVKIBOFRE
1.5% 0 7 X —F 7 TlE, 30 5T 46.7%. 18 BEE1 T, 75.4% DKERNRESNIZ, 3.0% 0 T X
—F VT, 3047 37.8%., 18 BER T, 75.4% DKEENERENT=,
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® FOENDORTIRAET 2 KEBIRE O 2
REVIEE 10 g/ml TlE, EODEEL 72AD0EH O BIEICIEE A EDOKEDEFEL TV, 1u
g/ml TIE, =00 L 72 OEIT O IEIZ 76.2%45, AKERIEEE 0.1 u g/ml TiE, 25.4%IZ300 LT
77

(ZE 3K
1) AR EZ(1992): K ERVE YL L B BRI A6 5, 1-14.
2) Nakamura K, Hagimine M, Sakai M, Furukawa K (1999): Removal of mercury sulfide from Minamata Bay

sediments by a combined method of chemical and microbial volatilization. Biodegradation 10, 443-447.

3) Nakamura K, Aoki J, Morishita K, Yamamoto M (2000): Mercury volatilization by the most mercury-resistant
bacteria from the seawater of Minamata Bay in various physiological conditions. Clean Product and Processes
2,174-178.

4) Nakamura K, Iwahara M, Furukawa K (2001): Screening of organomercurials-volatilizing bacteria in the

mercury-polluted sediments and seawater of Minamata Bay in Japan. Clean Product and Processes.3, 104-107.

73



2)c. ﬁﬁﬁ%ﬂﬁbt%?wmﬁ®%%?wm®%%(Iﬁnyﬂsﬁﬁ)
ERitEEg

ﬁ

T (FERERFZEN)
(FLREAFFFEED)
(BT FEER)
A (LR KH L - %)

X
o

E E W
O 5 of
s
RN

(W55 H )

AFNVIRER VKRB D K5 72, EIZB W THHERFL D b > 7o BRI K EITFE L TV 5 AlhE
HENRBEZBND, ZOXIWEE LV R DORREICEZE LY 52 W HIETHFEET 2FIIRER
BERNODLEZZDNLD,

A F VIR & B AR TR RHUTARIZIR D A F IS K R DR & LTEEN NS D,

A FIOVIKER72 & OBREERER 113 B RS T Tl B AABAHRO R e 7e & O BTG C & 97, K
FRO A F AL A T VKON TFAT L TR I D EB X OND0., BEOKEIEEIINGR e &% H
WEEEIZ L D & AT AKEBO LT HF BN TWD Z R TS, ZHUlifi7e X
78 E OB A W 0iUXE R S K& < K0 BB LA (RE R D FTREMER B 2 bivd, AR
TIEA F VKR & DS FIAT o~ R 72 STt UX#R &2 VT A F A ESIZ DWW T O JEpE R 38R
ZITOHLDTH D,

Fx TBTEE TOTARIERICIBWN T, A FAIKEEKEEIRO X MRS L0 . X AR b U 7 %
BARROAER A HEGE L T\ D, ZOREL, BIfEL < EFARE R EOBWE I BT 2 BUR B &
EHER L T D DITBEVRETH D,

Flo, ATFNVKEEFZ AU LT pH OFELKBKTICE ENL8TEA 472 EOWEIC
W TR IC B 2 5 2 DR FAZ DWW THENT & 1T o 7o pHA AR HEIR 2 BRUNC L 1E & A & DOIKIEIK TRt
B L 72 KSR OB A 5T 5,

(FF0RE 3 & ek

IKARTE DI OHEK B L OB OB v 2 — T OWKB LOATHEK, & SICKEIN TR
KREBE L TATFAKBIIML . X BHZEOBEEAREZRE L72L ZAH, DT E A EDKIEFIR & [F
U & 9 ITHREICHA L7 KRB MR R stz (X),

F-RIEEH L7 KSR O C, pHA BEVERR 72 TR LD E U o T 2 2220 T, FIZE N
TWD 7 HANVBIC L > THBLESNTE AR H D Z L h | 7 X VBRI B O LS — KB %
WML, XA 2T o 7203 ARKEIIR DR e o 72,
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. ~H20
gﬂ 15 -= PBS

5 > - pH4

< § 10 —=pH9

o s : —= PBuffer
"g £

< 0

(ol

0 10 20 30 40 50
X-ray dose(Gy)

Demethylation of x—irradiated methylmercury

PRI T D A FIVIRERO TSR X D Bl
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6. KRFICBET DALFERIBIGE

W FEA

KARIFIZ BT DAL RIS T, KEWOBENLS HIZEDETOMZEL T, KEZIZILD
T HRFERAMIRICIBNT, KEFOREIZLY b7 b SNk et B BOERES, WEOR
AEBRIZOWTORGE « BREITH, T D ORIE% % U CRERFFOMACZ ORBEAE 0 60
2T 5 L& BT, ZZTHRLNEENE 2N 6 OBRBERBEOMREICE LI TOND LT D, £z,
4 BIZBT D KRBOBREEMEIZ OV T SRRSO 2 O & HEtET 5,

L RERRHEE DR - fFhi 22K & s £ B9~ 5 i g

BRI E W Az (IR - RO

KA DT ER OB L AMICERRWELZ L7 L, BEICDI > THARREIZIAHE O P
BHZ, ZREBEENELRE LD L, S6I2ENET TR, MR IcB 0T, ZRIeRA,
FIEORSLZ2EIZL Y, EREICOEANZENTEL, TOREIIkL O TH HIZE D F CHilbr:
2N TWVD, KIEEFORELOHTT, HE - EHFEICKT 520 - fFi & itz 055 Wr « %32
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2. Cadmium-Induced Tumors of the Male Rat Reproductive System: Relevance to Humans

National Institute of Environmental Health (NIEH)
Micheal P. Waalkes
TRk 14 4 6 7 26 H)

Inorganic Carcinogenesis Section, Laboratory of Comparative Carcinogenesis, National Cancer Institute at

the National Institute of Environmental Health Sciences, Research Triangle Park, NC 27706 USA

The heavy metal cadmium is of great environmental and occupational concern. Human exposure to
cadmium occurs both occupationally and environmentally. ~ Cadmium is a cumulative toxin and its toxic effects
often occur through interference with zinc metabolism.  Cadmium is classified as a human carcinogen and
occupational or environmental exposure has been linked to prostate cancer.  Prostate cancer is a leading form of
cancer which is often deadly and has a complex etiology. = Cadmium has been established as a prostatic
carcinogen in rats. Relatively high doses of cadmium also can have remarkable effects on the rodent testes,

causing initial hemorrhagic necrosis with subsequent atrophy and loss of function, including androgen secretion,
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and eventual tumor formation.  Circulating androgens are critical to the maintenance of prostate structure and
function.  Several studies show that prostate tumors induced by cadmium in rats occur below the doses which
perturb testicular function, creating and complex dose-response where response in the prostate is lost at higher
doses. In addition, pretreatment with zinc, which blocks cadmium-induced testicular effects, facilitates the
formation of prostate tumors in rats. ~ Mechanistic studies on cadmium as a testicular carcinogen in rats establish
that this is through a secondary mechanism involving overstimulation of remnant testicular tissue by the
neuroendocrine system.  As such it is unlikely to be of relevance to humans.  Studies on the mechanism of
cadmium-induced prostate tumors shown that it acts directly on prostate epithelial cells to induce malignant
transformation. The direct effects of cadmium on prostate cells include aberrant gene expression and
perturbation of apoptosis.  Thus, although cadmium likely acts through epigenetic mechanisms in the prostate,
these are still relevant in the human, while cadmium-induced testicular tumors are unlikely to be a major issue in

exposed human populations.
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4 . Toxic Signaling Pathways of Dioxins

Department of Environmental Toxicology and Center for
Environmental Health Sciences.
University of California-Davis. USA
Professor and Director ~ faff Uk
PRk 14 429 H 26 H)

Dioxins are unusual chemicals since their actions are not associated with specific target proteins or organs
the way many other known toxins are. ~ Rather, they have been found to cause many different effects in various
species, organs, life stages, and sex. ~ Thus to understand the nature of their actions, it is very important to view
their actions from the standpoint of basic cell biology.  In this presentation, I will describe key findings in the
study of the action mechanism of TCDD, the most toxic form of dioxin, and analyze those events from the specific
viewpoint of its toxic effects on signal transduction activities affecting many major cellular programs.  The
major messengers transducing TCDD signal include: Ah receptors, growth factors, their receptors, and their
phosphorylation signaling cascades, C/EBP nuclear factors, and inflammatory autocrine factors including TNFa
and hormone receptors. In this view, the function of AhR is believed not only to increase detoxification
enzymes but also to act as a major coordinator of concerted cellular program changes so that affected cells can
cope with toxic challenges brought by these chemicals in most cases, the need for cellular changes lasts for only a
short time, but in the case of TCDD, cells are forced to sustain the message for extraordinarily long time periods
because of the persistence of TCCD in the body.  This results in a need to bring in further long-term shifts in
cellular programs.  The consequences of these long-term changes are potentially serious from the viewpoint of
nutrition, hormonal homeostasis, immunological competence, aging, and other health problems. There are
several types of dioxin-related compounds in our environment and many of them are very persistent. ~ Therefore,
it is very worthwhile to invest our energy in understanding the mechanism of cellular responses to this important

class of environmental pollutants.
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SRFEEERZL TS0 EEDbR D,
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7. BEREMURICBITAREY 27
—HEEYE LD DIRIBHLaIa=Fr—va VOEE—

PR RS
Bh#dz Ak ooty
CERISE1H 15 H)

R BAROFEEWE 2 < Hidik, BREDEBOREN, TS T 2ERORIGEZ, VA7 a3 a
== a OEE] LOWOBLENOOT L, SBOMISOH Y HICET LR E R LT,

B A7 20 < Hikik, EE, BUROELE L B 2572012, 22Tk, 1975~95 05 B Fill o
ERIRRGGE T — & & 1968-69 4, 1997-98 4D 2 BRI HS>WTOF —Z 2 HE L1z, B DOTFT—4 1L,
20 FEFE ORI 22 b . BB DT — 1%, £ 30 ORI 2R 7- 2 BalEick i 2 55
WEREZ D < D58k & RO H 0 FOMEZ I ST 5720 Th 5,

BB T NBOWEN LT D L AETFWEICET 2FE. 70 FRPIECL - H %<
80 FEARZ1E L Tl 3 523, 90 HARIC /2 2 LHIMEIICER U 5 2 & 30D, FE b FWE OB
ERLE. D EOHRM T, BT OMENEAL TND I ENRTERND, 20 4/ %28 U TEE L
TWDHDIE PCB - v 7 v - FERWERETHY . ZOMOWEITI S NTREHI R RENR LD,
70 FERILHETITES B, HbFEAT Y V72 ENBNED, 80FERLIETIZ, 7ARZX M FYZnon=x
FLre R nmaRAFY A XL 72 ERNHND, 00 FERICADL & 7 - BBYERROEE O HN
NHHETH D,

ZOEHITAHATL DL, AHMEL TS K57 TBRER/LVE VB ORMBRD72 0 FHOIEICH
L2 METFMEDOT R TDOA =2 =030 BWEEICHZEA D ZERERESND, LnL, AFR
BEOHIE Lo T, BEEY A7 ICET 2 RIST RO Y — o b TLE -7 2 & b E72fE
M CToh D, 70 FRYIFAE COBPERIAFIT T 2 FER - TTBEREEITRIR E LTI D23, 2h st o
WEIZOWTIE, BERZOBRECHELII T2 00, HESTIERT S, ZhbD ) 27 BREHIT
ICEBRBEIZERTE L, D VE, HIEREERICHEZ KT 2 LIHER LV THERS LW, RAN
ANIE6 SO I N R CAONSYIN A NSl

—J5 T, 80 A @ U TRBEHE & L TORPEERFASHEMEHHIALSEE L. Ax Dby
BT DI MR B I 2. B ITIBME RO RME R E DA RO L b D Lo T o Tz
EWVIHI BN DD, PAED X 12 70 AL NS 80 FANE TH [FEon Rl Tho7z L9l
Gi% ., BEOIZIFFOZENTE S, ZNLMNT, W OO EZIERTE D ETIUILLTO L D IZ
259,

1, AEFWEIC K D8EIL, SIBARDOL S A REOEFERICRM T Z LN TE N, 1THE
Hub & L7 OO/ E VIZ LY | AFERZRER E T 58 F TR LTnE, & LAERER
ADERINE DY AT OFAENEIGINTHIML TWD E W) Z LB TE o, AEFEANRAERLE D
LA TH, BERNR2REAIERE SN WGEAMEN L CWD, ZOBRTY 27 3Rk L, F2ik
BMLTWbHDTHD,

BT, BREOKEIZ, RFREIERE R E ORI « EEEREEND . BT PRI I D R
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&L BRIEO R, FEROPED ARt ~EBITLTWD Z ENbholo, AR K D Rtpg
FBOWDRHIEOEEHIRTEED, LM L—FHT, #iic/e) A7 OFRAHBITIEH L, HEZOLO
DORHET TN DD, BESOEREE VI Db TALD [RE] ZlEFLSED,

=T, BNy « BRI E D O FRROWE O PR S HEKELRBITL TWDH Z &, AXIC
Lo T TRZDBD) THoWEN TRV D] ~Elifb L TWH I EERLTWD, EOR
ARV E RO BB L2 WEEIC L, FPEB RO E OB 2 A& T D, Zhc B
L THETIUR, ERCHMEBFE - BEFEE DN RE R SIH IR > 705 B I B R REE S 4L 58
RO, UAZMRIIBT AH B O RO —E, Z AL DL TE LD,

IS, FBAEHEOIBOFEBIZLY, VA7 OREATIERLT 2FIT2Y . BALOFEN RV
ThdIZ N, BORBIKINC LD U A7 5z WL ST\ 5, BORRIKISER E HTH, ZDOHH)
PEDR R SN H5E B,

2O LB, # U T 70 FEREBEFLURICREN T, THEE] Tk TV A7) 20<0a3ia=r—
TarNEMLTELZEEZRLTNWDHDTH D,

8. KBAEKDER~NDEE . A ¥ T A XA ) v 7TV MU RAERAVWEZERFHS
HOARF 5L

S BUORF EFER ERE 2 R
#z BHE EH
(R 15451 7 30 H)

BB Rk % 726 THAET DRI, ARICHRVWEELZ R TR®B DO 1| D Th D, FrTEE, R T
VIV BN DIAET D AKEBEROERA~DEENREIN TN D, KEBEKIRFEIC L HAEE~DREL
LT, SVERREE CITPER IR L O AR e, B CIIREEEN MmO TV D, Ll Zhb
DEFHRFEIR OTE R H D lds « MO ER L OSEEE O/ A H = X LI LM EN T
W, BT, Fox OFRETIE, B SNIATUKENERNTED X 9 o8 (BAT) 270,
g « MRS E DX D B ERTICOVTINE TRBELZED TE -, ZOBE, MkEEOH#EITE
B¢ 2 kD 2T 5L LT, #R2, EREAT-AESBEA XY 0 F 4324 L (MDICESE2 YT, O &
B OKER) oY T E L TOREOEE, @ ARKEORT~DOFE, @ miREKEAIIBHEOS
i~ 7 A~OEBRPRC BT DHIRMEEREA D =X L, BLO@® KEBATBEROBTRIIBIT S
AP AT F A v DJHIE L E A EREE & U T & Fhits L7,

2—8 mg Hg/m3 D/KPARKIC 1—3 BEFIRE Li-~ 7 2250\ T, O fifi#s - Ak oGk FAFT 7.
@ KEBPEEL L OZE DA (BTE : Autometallography %) . @ MG EFRA A I =X LICEEHET 5 AT
BB A RV ADIRE, 7R M=V RE), @ AZaTFAxA 0 ORIE (REHHKIET. in situ
hybridization) , 3 X U® AALFRIBITIZOWTIRET 21T o 72, ZOFER., R TOKBEOFRE, BiEx
Wi U 72 KERO IR 7R NgEs - ARk O, IFIsE, B0, BiR) ~oEfE, i L0~ 7 A RN O
U REROT R b= APTR, KRR S gy - MRRIC IR D A Z e T A RS VERADRIE, &
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SUKEROBLTE R 2 LT~ DRBAT I ERR S 4172,

9. KEMBEDOEE —KFRTIRE X T DEFHNE L UBMEROBFEN D

H<U 7o FERK
Bh#dz HFH R
CERC 1541 A 30 H)

KB L DR EITE LML TWD, HBEICHBW TS, BRATNCIIRE 2 ORIk TH
KNI AEL TWD, §RiE, KEFIEA L ZEIZERE T OKEIG I LOPEER T SN 5K
SROFBE~DEENEZINTEEH STz, Tk, KEBIC K DB EIIHEHT 2EEORD ., Tk
BCOMBEE, EEEE, EEREEH L Vo BEEOKRICLY, REETIHFEALALN
20, LanL, ENLENRERIROESIIE, BIERKETEEE PN ET D, B ITFPKEIR
FEFHE & 2 WK EERE 21T > CO L EEF KBTI ELH A LI, 2RO DBFIIT LF AL,
R, ONKE VST AKRTEOZREMEZZ LTV, TTHKBEREEEORLEET, Z0/&
FHOFRIHRERECEIBEROEK T2 o7t (7 %K) B0, ZOREFIIKBIZEILIEELZ X
DivTo, REBLHBRE 7223 DRI R o (RNKERART R S MW 2 &b | SRIRFKERA AL & @i L,
JEIRICERE L7 Z LT LB OFREMN S &V, AT, FrERMICE T 2 KEBOBREITZOHRDOFET -
FFEICREREELHZ D52 E0NMLNTWD, /NNEOTERIZ R &H 2 WA R oW ok R
BIEICL > THELZORELONIRHTH D, ZNHDOREEMHT 570, 8as HWTIRIENS
B O KRR 2 MGt L7ofE R, BRI AE Il W COKIREZ 5 B L b D&
Z b,

10. 7y MEBREZIEEL Ui n-3 JRIIRRLARE OB

1A B RR St~ L 2 A 7 B GE AT L AL A 3 BFSESS
FAEMEE SFEfE
CERC 1552 A7 H)

Rat~x¥ =B (DHA) % &1 Omega-3 (n-3) AEIFINENGEEIE, HARTH ORI IE )M
B L, MR LEERRHZRZLTWD, £ZTTy F&2HWT 03 BViBRRZIZET 55H
HE~D 2 DHA K2 ORIE 72 5 ONTIMEERE O a3 I SV TR Lizon-3 IERE K Z 7 v B,
FRREES N L, T OMEMIT IR EERDIC LN > THE T -7, —J7 n-3 EIIBRR Z AT v
MZ n-3 5 & AR 2 52 5 & yE. BFlE o DHA L-Lid, Bt o EEIfE 5 2 M T, 1 3E
100% B L7212 b b 63, i, #@ES DHA L~Lid, 8 % T b e 2R EE I35 bR h-o
Too FTo. HERE L~V TORETTIL, n-3 BN E A SR OBEIC & v 2E BT U= S v, M DHA &
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HEMAEE T B O BRI X > TIZFERICEIE TEX 2V 2 LR ST,

Z v FEHAEEZ)D n-3 EBRZ N LA TEE L, KN DHA LSV ZRE L& 2 A, NLEF
BA%hT. L Y #r 2 I DHA L-UUIE T U, BEFLRFIC I REERALAE & B L T 60% £ CIRF LTV iz, 2D
DHA LU, T CICRBEE, BAMENMET L TWARETH D EE 2 b, ZHUERER O DHA
LAL3NK BHIEFE THHANIZ DHA RZICED L) RBFEEH 2T\ D LEEE FRARKIEDIK
TEEIFTARMEDH D Z L xR L, HAERD 57 03 TRV i b U 22 iR 2 23 7= 012
HECTHHIEERLIZBDEEBZ TS,

11. HREMKEBRICKBITS ER A ML AHIKSE

ENT RS o ¥ — W2 IIFSE 5 ¥
=k M &
CERE 1542 H 28 H)

Unfolded & H., ZHREH7E D ER (Endoplasmic Reticulum) TOEFEIE, ER A h L AZFHEHE L, Ire
Z LT INK OFEME(LS° UPR (2 & 5 Bip/Grp78 OB K, 707 7V — LRI K DHMROMENE
2%, EESOBEIFCSRN 53 ThRnE, B LR R EZFEST 508, 2 OMIIEICIT
ER ([ZJRTET D0 A3—F 12 OGN RBEN TS, TOFEER, ER A LA X, B A= 120
TEMHEALORREE N L TH A NR—E 8 ZIHM L L, Bid Z /LT, F b7 a—2Ah C/hAN—8 9 ZiEtE
IbT 2D — O OREPIFET 22 RPN E R o7z,

—H N TF VR TR E O BTN RRMIRIC AR ) v E I OB BRSNS, £,
ME LR 702 I A3MREN, R, BLOENIZRY vy I OlEZ AT, Mtz
FHET L, RY TAZ I EERE T, I AN—F 8,3 NIEHE LEHEN TIEMALT 28, B A —F
DFREH] (zZVAD) TIEZOREZRTIH TE ooz, 2O & X0 BIOMISEOHENFET D

TLEWRMERE N, RY ZHE I BRI INK OFEPE(L, Bip DREBI R/ Y ER A L AZEHE L
BOEAIZIE I ARX—F 12 DIEMA LR ERT Z LB LN e o oTz, Flo, ZOHANN—E 1 2 DIEFMEAL
I A= B HEATIEZERICHH TE R o7z,

BIfE, BER A b L AIZ X 2 MIfSEOBRE A OB 5 K OV RE A EREIC X DR ER B OTRFR KO A]
RRIEICOWTEESERRFADRTTOLNTND,
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6. ZEMFEEETLH
1. AFIKEBOSGFRIREEFROFFE

Kl FEoh  CROCEER R FHEME TAMAY T2R Bd%)

KERIT A ARFUTEBAICAATE L TV D78, Tl - BIERICAERICEREIN TE Y | RIS
UK, B0 KT B ORIESLCHINEE D BHERBA~ELR2NETH, ARICEEL KT L
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RHEICBIET DA & CHEFICR R D Z LA L, MIRaAMEFEIREED b (b~ tD 0 b D IR ICE M E D 5
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2. KRB OKBERICME D7y T A BFRIFE
NIl Bk FUERFSHEDLY R B2

I O KRR VIEIE 1T, merR, merT, merA, merB 72 & THEL SN TV 5, AHEKEELEY DFESR
EROGIE, wANS, merB IC L WIEGNDEEE (V7 —8) M)W T, AHKEILEY DR & KBRS
GEOWr L, ZOREAEL D 2MOKBA 4% merA OEMTHD L 7 X —BIZX-> T, KKK
AW S TON D, AWFZETIE, 26 OREFILME 2 KEHIIC LD . KRBT, ok H%
BB ZZ T HBL L, KREOKIEER CTCED LD BB ZH L TV ENEH 60T 5,
IKARE > HEEL L 7= Pseudoalteromonas J& DAl O merB &5 & % O JENFIBIC OV T, B FHED
AT 2 T o 72, HERY—F—FIZL 0, BEHIO merB #Bin 1 ORFHEKZ R L, degenerate 77 A
~—%Z it L, PCR RLZATVY, 210bp @ merB #iWrh G L7z, ZoOWhz7n—7& 1L, ¥
HENT AT, merB 2 & de 3.9kb O Hindlll Wiy 22w =—nA TV XA B—a RICED, 7 r—
ST HIENTE I, 7 a—=27 LTz 3.9kbp OFEIKIZ DN T o —7 > AN 21T - 7o /5 F. merB
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AR HOWNWT (FD 1) TA AT v a DDl BT 53
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ok oR

116



(9) SEEEER AR AR B A
(FRIRER  =A #f—RB)
a2 FILVKERO IR BB BT 2K 7 0 R Y 2 - 0T T OREDRIZE T % SEERIBFE

(1.0) UMIRZRFBE TR AINE R REF
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1 1. EMAERRE

¥

DA L ¥ —DHE

1. ¥ =
CYY)TH HAL T
AN 1 O 1 1A 1 2 1 B4R 1 4 4
(661,249) (613,008) (642,249) (616,962) (627,288)
pLA = b= 629,462 610,220 637,759 647,685 656,118
(258,970) (250,313) (251,691) (250,977) (254,760)
A Gs 2 258,636 255,931 257,656 260,226 264,965
( 98,982) (120,203) (114,176) (97,319) (90,750)
= R ¢ 105,324 100,818 101,401 104,899 97,162
(303,297) (242,572) (276,382) (268,666) (281,778)
I ¢ 265,502 253,471 278,702 282,560 293,991
(1,802,000) 0) 0) ( 0) ( 0)
i ¢
0 0 0 0 0
() AEX1X. WHIEHE
2. 8 A
A 1 04 1 14 1 24EfE 1 34 1 44
RS R 4 4 4 4 4
[EEE - A FEE 7 7 7 7 7
Hifg AR5 7 7 7 7 7
FEHERE TR 7 7 7 7 7
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