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2. AFNVKREMEDOFBF OMFHA L IGRIEOBRFEICET 5558

B =

RNIZE D ZENTZ A TR, EERANTEEZ BT DA D= A LZONWTERBAARZ L%
W, ATFVREROEMERHLIL, AN, R, B ORERETRZRY | EEaROMRofEE,
RICE > THRARDN, TOEBITRIZMHA S TR, FIFERHCET D A F VKR O MR NEER) 4y
TR BN ST, IFHE TIEFERR e E OAFAEILFE STV RV, ZAVE TIZ A F/LKERD A
LA P L ABELZOEBIT LV FEENEBMINTETWVD, AF KT, KRE CIEEIZFIZ
T T AENTHIIEE (TR N—R) EOEB TN, REICT AR N =V ARNRE SN D ETITH
JAINTIE S £ SERAEERA ML ARE, BIRFREBEMDBEZ > TWT, 2D DARIGEDEGE L TE
RN RG A N BIREND Z ENE2BND, £, MELDE B I IRVMED A F LK
SRR TH, EMRSEZBEL L TODREMENH D, ARNITHIE L7c A FLKREITR I E# L S T
WA ZOARNER IR EEMEREOROEERMELE 705, ARETIZ, ANIZEY ZENTZ
ATF VKBTI AEFEBLT D A T = XA ORA T NIRRT DR DIGEA D= AL ER L, 61
ZORRE S LIZAFNVKBPEN GO TEEOYE, EEDO DO IRIBEFIEORE~ LR ST
LT EERERE LT, AFIKEBOEMRNENE, o 7 FVIRE, ARPEBERE 72 S12o0 T, KRR,
T NEEHNT RO L 9 RRE 217> T 5,

WFFRE AR & PR 1 2 EEOK T —~ BOERRIUI TR OEBY THY | 1ZFE L EofRNED
TWDHDIZONWTIE, FElA &R L7,

1. AFNKBEEOHIRREKEEIC OV T OMSREDFIIZE (EK 12—16 4F)

e g e
E=—— =
A St

.

3 RAt DML, Chinese hamster ffiffifd (v79) ., & b= %) (Hela) & Uf Chinese hamster S5 (CHO)
DA FVKREEFEMIT T DML, V79 Db i< A FVKERINGE 24 B LLNICHIRSEDS R E S
Too AT NVIKERES MR L0 B2 D IRK & LT, A FI/L/KERDOMBAPNE Y A F 35 oAb & #12 &
L7, MIEARTFREZ b, SHIZHREEZED TV D,

2. AFNKBORAIICEIT B MESICRIETHEICET 2% (FRk 12—16 4F)
Y T IGERIC RIETREICET AR E--
ot PSS FAMFEAE T Colin R. Jefcoate

A FIVKERD RN A RAE T A G T D i 72 b7 VSRR A MET 572012, <7
A PRI S ORREARHESERIRN T D C3H/10T1/2 flfnz FW T, AR BEAEIZ BB % RUE S 720 A T /LK ER
MR RS IR T 2 B IR A2 T\ b,
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3. AFNWAKBRIZL DBRLR bV RAEEOSFHERFICET 5K (FAL12—16 £F)
FfFkEy A = Jull 8%

BRSEA | L ADREE T 5 72 OERAIRE AL, A KGRI OHIRIP LI 0
FRNFIOBIE, 7o b — S ARSI ST 5 L 2 DD Y7 MREER OTRIE(L L OBIERE, KO
D BRI TR T2 T D,

4. TIBRIEAIZ AW A FNVKRBHEORR L IGRICET D8 (FRL 12—16 4F)
FfFRfEy = = MR R MR GRS fiE el

AR C7 K b — > R OB T 5 2 L A HER ST HIRR{LA Trolox 13 A T /L KERPEHIR
ERITFBO RN B OO invivo (IZFEWT b A FAKBAEIEI AP ARETH 5 2 &3, JRELFRIRE )
S LM o7z, BlD. invitro THERR S 72 A TV KERFFEDOFRE~DIE(L A b L 2D %528 in vivo IZ
BWTHAEA Sz, GEEIR)

5. HALAFNKBROME SN, BHREICLDAETRE., TRMRERK O R~OZETEET 5 AR
g (FRL12-14 5F)
i ' OK¥ EE R

PED A T IV KERIBETR OB IR R THER T 5 &, B, FBRICEENTEND Z & BNVRESRR,
WA B BN 72 o 7=, GE#EIR)

6. A X aFFRA L DOEREIZBET IS (ERk 12—16 £E)

i m kA S

IKEEARGIRTE LT /LTy MM TAZaF 434 M AEICERE L CTHENT 522520

Tro AXOT A RA 2 M FFROFURDIERICKII L, S HITMA X v T4 1A > OBEREIZB T 2 Fgt &
WHTWD, (FEMTZ L)

7. AFUKEBOAEKNEMLKIS (ERR 12—16 4E)
R E FIURET

Z7 MFBOAZ A AR har YT E2HWERIGHRZET v M@ hay RUTIDSH L, &
BALEOG D FFERALO—2M I hay R 7 Th b Z & NEFREREAZ F 72 E5RCHEE ST,
BAE, DBEZ v MU b2 RUTE2RIGHRE LT, AFIVIKEBOM A FAALEE L IEMEREEEARE O
BIEMEIC OV THRFT L TV 5,
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8. AFNVAKBHEMHEMCFEDOEERFICBTHHE  (EAK 12—16 £F)
BEASH-R  AME Ot il

AFINKERFEHT v b AW EEEEEE X1 6 BS T v b CTARFICHET 208, XvFr T
TR RAWTZREN D Z OO T~ |k Tld NMDA receptor DS MM O FEHIZ LR TEWW 2 &3 5 5
L2 0 | AR S EE O REIZ NMDA receptor DIEMEALNRS BIG-L T\ 5 Z & 3 e s e, GEMTE
i)

9. MERLEUBAFVABHRICRIETHEICET HH%E (FERE 12—16 4F)
EAME MR Ot Fm oME B

AFIVIKIROFIEIZ T DRV DREEIZOWTIRETT 2720, HEHET /L& L TOINERH
Ty FEER LTz, AFNVKEERG 217727 v b OFEEG 217> T\ D,

10. REFZRBNT D= DETF NENWIERF (ERR 12—16 4E)
=4 B BN EE YO B

RERIATICHND 8T AV 2= 7w T ARFAERD 1280, KB RERTRE (merA | merB) O
invitro ZBIFDRIART ¥ —DRF 217> T\ 5,
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TBRALH & A Te A FKRBHEOIRR L IGRIZBE T DTS
WHFEEEE FIRFRIE T (BRRED)
AR (HRIRED)
e LI (BRI
w O (EREATIER)
el e VRS R =R
flE o RER (REVL R R = A

(B )

TIVE CEEMIRE AV REHC LD RIBEA T LKEIT AR b= 2 (T s T L) %
HIHZ L, ZOTH =R IHiEE LAl (N-acetyl-L-cysteine, Trolox) DI[RIFFE G- THIfl s b Z &
Fo. ATFVKEBIRETEIZ L0 MRANTEERERES T 5 2 L 2B 6T L, in vitro 1BV T A FLKERHE
PEICEEA B L ABESBES LTS Z L AR L C&z B2 AR BBMIRICEV T A FLKERNE
Biic AT D Z L PR INTEZ X B OKEMEFEIRTH 5 Trolox VT, invivo [ZHBIT 5 A
FIVKERFEME DR REIZ KT DB LA b L ABEOREGIZOWT, AFAKETEHET v b & HOTRE L,

R53 L O E)

IFOARES LT >DZ7 > b (10 #H4, (KHE300—-325¢g) Zxige L,
() AFLKEBHIMEEHRE (20 ppm Hg Fa7KMRER
(2) AFLKEE (20 ppm Hg #57KHEEE) +Trolox 1 mg/kg #¢5-#f,
(3) AFKEE (20 ppm Hg #A7KBEEE) +Trolox 2.5 mg/kg 4 5-HE
(4) Trolox 2.5 mg/kg HMELH-#
(5) Control #%

AFILKERIT 2 8 HHE# H B 5, Trolox 1% 5 H/AHIZ T 4 BEFMERENEE LT,

BeEAET 1EM%. RERER, AL FEORRBE DT D KA, /MK, P (EDL (Extensor digitorum longus),
Soleus), FHf. NhE., BIROSMM LRI L7z, KM, /MK, BRI AL~ ) CEER, T 7 0 oaif
LI EL M 72 Mgt (Hematoxylin and eosin (H & E). Kluver-Barrera, Masson’s trichrome %4{%) 2179 & & H1Z,
/NMTE TUNEL 444,217 > 72, EDL. Soleus IZ#UREEI A 1C THMRILFHI 725 (H & E. modified
Gomori-Trichrome, acid phosphatase, PAS. oilred O, NADH, ATPase, succinate dehydrogenase (SDH),
cytochrome c oxidase (CCO), myoadenylate deaminase %eft) %#17-72, F7z. BMMRITHRKERR L OMEEKER
G EOWIEZIT > T,

(R3]

A FIVKEREE HRHETIX control BEICHE L, AERMREBD 278807228 Trolox FETIIMAEE D X INH]
ST, BRAZER ST A F LK ERE T ST H 7278, Trolox BE CIXEEINHI 23807, #K
REFEITE LITRT XL 912 . Trolox D A FILKERIT kT B P RITZERD B0y o 7o, i A N R K R 55
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EIWVWTNOBETLHMETH /-,

Trolox IIRERFHI L IRET TARBEME IR UERRMAZIRNH D 2 & B3 b NI o 7, BB EERN 722
BT, AFAKBHREHTIE. 1 7AZE5HI 2 Y 70O\ Soleus Teontrol (2L I Fay |
Y 7EEFR TéH 5 CCO, SDH IEMRADETARBO b=, DI by MU 7TEREEDIETI, Trolox
TERICIHE SN (® 1), Fo. FHERR TIIAIMBEREATFAKBIC L DB EBD 2D o128, #%
BERE, BRI TR, B COEMER<BHIZ, Tolox I OEEMHEI LI, &b
Trolox (LFEMERRICIONT H A FVKBEMEIK LIFIIRDB A OND T EBROITR 27, BIL,
INIRTG 7 4 YR ERWT TUNEL el K AT R b= ADRBEIToIo & T A, ATFNAKREME S
BECIT/MMERRB (SO T A b — Y R EBOTM Trolox REBETIET A b— Y 2Tl & niz (K2),

R BHEBICBT ARKEBEE

Tissue MeHg ' MeHg + low Trolox MeHg + high Trolox
| (ug/g) (1g/g) _ (ue/e)
Soleus muscle 10.7 £ 1.6 (5) 12.6 £ 1.7 (5) 123 £1.7(5)
Cerebellum 9.7+ 1.1(5) 9.8+ 1.7(5) 9.8+2.2(5)
Cerebrum 123+ 1.5(5) 12.8+2.1(5) 11.9+2.2(5)
Liver 37.8+10.9(5) 40.0 8.7 5) 37.6 £8.7(5)
Kidney 95.2+£7.8(5) 100.9 + 18.7 (5) 109.3 +13.6 (5)°

Values are means + SD, with the numbers of samples in parentheses. * significantly different from MeHg-treated

rats determined by one way Welch’s ¢ test. P<0.001

MeHg MeHg
MeHg + +
low Trolox , high Trolox '
L ? 3:»}:." {"'

X1 Soleus ﬁ*@{ﬁf’@]ﬁ % Fv 7= Cytochrome ¢ oxidase (CCO).
succinate dehydrogenase (SDH) &M% (Bar=100 pm)

¢
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MeHg MeHg + high Trolox Control

L. [ 4

X2 INRT 7 4 IR & AV TUNEL % (Bar=50 um)

(%)

A INECATAKREE T v & BEBERE T, A FAKBIL MRS D5k 5T
BHHRE BV THLHAOI hay R TREEEEORT2EI T E 2B LM LTE -, AEOKRE
T, AFAKBIZEDHADO I b2 N TERIEEOKTIIABMHE S I E TH D Trolox (2 L 0 EH
I S N5 Z ERB LT o T2, Trolox (XA FAKBIZRHT DHEHZRIT 2o T &b, AF K
UL DI by FY THEEMOETEBUERA FLRIZEZbOTHD I LHBHERIRES,

Trolox (1 & & TR, HRMBRECHIEHRER IV TH A FAKREN IS LIEIRERTZ &
DAL T, B1D, HBRBERCHBHEESORBEERO/MREOT R b —3 X1 Trolox IZX WS
Ml ENT-, TNOHDOFEEL, invivo IZBIT A ATFVKBHEDREBIZEWTHEER b L REENR
BELBREEB-THBIEERLTNS S,

S 2 1L, A FAKBEEOREICEITIEER F L ZAOBEES in vivo ICBW TR 37012, A
FKERE Trolox DEIFFZEIZTRETLTZ, SEOKREETIE, HERERRLZRICHHTEZLIXT
E Mo Tz, Trolox DESBEDORET L & bIZATFAKBEHEH SR 5720 DOF A — L Flig EABHERER D
HHERNEDHAZSERFTL TV FETHD, IHLIIAFAKBRELEITIHTBEEDRIZONT
DRI METH D,
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(&35 3CHK)

. Usuki F and Ishiura S: Expanded CTG repeats in myotonin protein kinase increase susceptibility to oxidative
stress. NeuroReport 9: 2291-2296, 1998

. Usuki F, Takahashi N, Sasawa N, Ishiura S: Differential signaling pathways following oxidative stress in mutant
myotonin protein kinase cDNA-transfected C2C12 cell lines. Biochem Biophys Res Comm 267: 739-743, 2000

. Usuki F, Yasutake A, Matsumoto M, Umehara F, Higuchi I: The effect of methylmercury on skeletal muscle in the
rat: a histopathological study. Toxicol Lett 94: 227-232, 1998

. Usuki F, Yasutake A, Matsumoto M, Higuchi I, Higuchi I: Chronic low-dose methylmercury administration
decreases mitochondrial enzyme activities and induces myopathic changes in rats. J Health Science 47: 162-167,
2001

. Usuki F, Yasutake A, Umehara F, Tokunaga H, Matsumoto M, Eto K, Ishiura S, Higuchi I, In vivo protection of a
water-soluble derivative of vitamin E, Trolox, against methylmercury-intoxication in the rat. Neurosci Lett 304:
199-203, 2001
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A F VKB P B AR DS BT I BT AR
MREEYE EAREE (BERI)

R s (Hskim)

B UMk o)
(BmY)
AFAKRBOBIRESAL, BREH, DNEH, MABTRRY, BESOA FLKBRECELFRENE
FUZELC D, ZUE, BMORERRE T, MEMIED 2 FAKBRIZHT 2BEIICERE L TND = & 2E
R HNDe TOBRRD—DNZ, TNVE IV BEFBEERD—D>THDH NMDA SHEENE X b5, ASEEIEL.
Eh. 7y NCHRAEMIOREL L bIZ, VT 2=y FORBRBRL, Ty METE., £% 2 BEGET
CORBBRBIERITILD, T2 T AR BRORAR D Wistar BT » b (47 2 B H(P2).16 B B(P16).
60 HH(P60)) DRFEFRHIZEIT S NMDA ZEEOFELOBRELRINT L HEHT. 5y MEOERE D
RITRAA T A AEREANT, F—EAyF 2 5 7T, NMDA HREOREN L+ 7 2 BN
OME (FA, B, HHE) %217\, NMDA ZREDEEIZ >N TR LT,

[kt & FE)

Wistar BEVET v b D&% 2 B H(P2). 16 A H(P16). 60 H B(P60)DRIERFHCI51F B D 7RI > 14 BT iz
UAT A AFEAERNT, "=y F 75 FET, NMDA FHREOREN S 7 2 BN ORE S
{To7. E72. P2, P16, P60 7 v MIAFLKSR(MeHg)% 10mg/kg/day T 7 H EIERER OB LR, &
U' MeHg+NMDA S & EDIEHTH 2 MK-801 0.1mg/kg/day REFEPIHE 58 4 18212, MeHg Sk 5.4% 8
HRNZAE L KB oA L~ Y VEFEEARZAVWT, HE Ly, 37 12 ) 7 REOREEZILSE
WMREZ T >Te, SBI2. AEFAT Yy hERAVT, KEED—RLER (NO) LIEMEE L ORIST
HEL DA% VEMBOEADEETH D= huF oL ORIER HPLC IEIC TIT » 7=,

(45 2) A P2 .

membrane potential (mV)

Amplitude of EPSPs (MV) TJ  membrane potentlal (mV)
‘ J

120 100 80 60 40
Membrane potential (mV)

1. NMDA BRMREN L FFREMLOLTIL,
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AT A ZREAKZ - NMDA B30 BUEM: S 7 ZEALD P2, P16, P60 T~ MIEIT HHRIERET
L. P16 1%, P2, P60 L0 LELEMEEBNOBNAEICKRELS o7z (K1),
#1 MeHg %7 v MIIlT 5 RET R,

Brain regions Treatment P2 P16 P60
Cerebral cortex MeHg — ++++ ++
MeHg+MK-801 — ++ +
Hipoocampus MeHg — S —
MeHg+MK-801 — — —
Brainstem MeHg + + _
MeHg+MK-801 — — —
Cerebellum MeHg — — ++
MeHg+MK-801 — — T+
++++:very severe; +++: severe; ++:moderate; +: mild; — : no change

MeHg FHET VT v MBI 2B L 2R G R 2 & 1 1RT,

RGP DORRET T, P16 12 W THEERAIRZ OB 23 P2, P60 £ 0 & IAHFAIZIRD vz, Z OKRMEZE
DAL OB P16 Tik MK-801 |2 & 0 BAZE (il S vz,

Fo. 2707 ) TR T, MeHg BB GRET, EMHLI 7 1227 ) 7 OGEE T80 Hiv7zhs, MK-801
BeGRETIE, ML 7 e 2 T OHBERIE SNz, 5= haeTFa v ORIETIE, MeHg Bl 5-
FECREADN RO B, MK-801 &R EGFETIE, ARG SN (F2),

#£2 =ZbeFod o HlERE

Treatment N. % NTYR
Cerebrum Cerebellum
Control 4 0 0
MK-801 alone 4 0 0
MeHg alone 4 0.162%0.061  0.092£0.010
MeHg+MK-801 4 0.016+0.001* 0.025%0.006*

Value are mean = SD. *significantly different from MeHg alone  *P<0.05
NTYR, nitrotyrosine
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(B£)

t b MeHg HEIZIIT DI SA L, BEEZ T I2la M. /N, A TR | B4
~% WD MeHg WRFE T bIRNENIAFEFICA L 5, ZiUE, IMOFEEEME T, MR MeHg (283 %
EEZMEIZENEL TWDZ ENREZOND, IV I VBZHEIRO—>TH D NMDA HIKIE, B M, 7
v NCHABOREL LHIC, YT 2=y FOREANET D, P16 DI T, KEEESCESREICLY, 7
JVE VRIS OFESIEAM R R BT D L. NMDA ZREATEME(L L3 < MR Ca A A48
WEFEA L, NO DEEA S, MEHIEEZEICEDL LD Z ERNEBEXLND, SRIOFIEENMGTIC, P16
£V MeHg ¢ 5 U 7= B D KW EE ORI % 23, B b HEE T 72 JAHFRIZ A U, 2 D% % MK-801
WNINHIT D Z ERA LN o, o, = huaFa v o EAE MK-801 A H Lz, ARy F o T
T ORFIN G, NMDA RO BN 7 ABALOZEAIT P16 DNic b KE WD E BN ST/~ 72, P16
7w MEIE, B MNRORAEFH~ZENAE YT 5, & MNaAEHIO MeHg HF T L 5 IREHH 2 IS 5
DFBEFTIZH NMDA ZAEEPES BIE- L T D ATREMED R S 47z,

(&35 3CHK)

1. Miyamoto,K., Nakanishi,H., Moriguchi,S., FukuyamaN., Eto,K., Murao,K., Wakamiya,J., Arimura,K., and
Osame,M : Involovement of enhanced sensitivity of NMDA receptors in vulnerability of developing cortical
neurons to methylmercury neurotoxicity. Brain Reserch, (2001) in press.

2. Nishioku,T., Takai,N., Miyamoto, K., Murao, K., Hara,C., Yamamoto,K., Nakanishi,H. : Involvement of caspase
3-like protease in methylmercury-induced apoptosis of primary cultured rat cerebral microglia. Brain Reserch,
871: 160-164 (2000).
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AL A FOVKERO HAEME - 1BPEIRER (L D AEFHARE - PARARRER K QYR A~ 222 BA 3 2 JEAfEF 5T
e E 2R W LR
KB [ER (BRR i B =3 )
B R (R B BARY)

(H )

R A T LIKER (MeHg) DOAEKEEIZOWTIEL, B MBI OEREWY THZ < OFREPEHE I LTV
D0, AKREN O EIIREORBIZ OV I ELEERARE L TV D, HiRERE R IMRR % FEH
EFT DO L, REHKEERE ClIte LABBAEN L 22 Z L bitranTiy || BEL UL -
TlX, MeHg OEMIERNZEDYD 55 Z & HRBEITWD, 22 TIHERE MeHg I &2 U A7 %
B LI T CTT Y FORE 2D IS Z S0k, BRICHENIBBEORZELBIER LT,

(WFFEI71E]

4.5 WD Wistar 527 v b (M) % 0, 0.5, 1. 5ppm Hg ® MeHg & Tefa/KICCTHIHE L, 11.5
FIUCAh. (MERE, 1:1) S P GEHM) 265, DIBESFERIC 115 i B IR 2M 0 kL, F
HRETEEL, FMROBREHFIT 18 # (EFOBEL) FTE L, UTICOWTRE LT
EHER~DEE [T~ SO 7 78, FELORINR, FBERE EEROMBEER, B EE., 7V T4
¥ (GSH), A uTFAxA Ly (MT) Loy, RO MEHT A 2T ar SHEEREALVEY (LH) &
ORI VE > (FSH) JREE., S OITHBRBLE VEHME L, #EZ > R OIEREIZ OV T HIRET L7,
HHRAPRE R~ DB < I OBBRLARE ., GSH, MT L~ULDfth, 5 AL SV T, 17EhER (Morris
water-maze test’) T FRE~DBEA T L7,

B S OV g~ D 5% - I OFERTE M 5 WMTIRFEEHR (BUN) BLO LT F = Loyb, fHfkE
. OEMEIEE. GSH. MT L~L 20 3l L 7=,

F 72, BRSOV T, MeHg 2> B IRAE U 72 SEHKER (He™) OEREEA~DOEGITOWTRFT 5729,

WSRO M, He™ WP 2 M7E LTz,

(FE I & B4

AR 18 s E T MeHg MR CTld e < BFIIBIE I N o720 1 F4%I2I1%. 5 ppm Hg BEOREIZ,
BUN &7 L7 F =0 LD ERDRO Hiv, BHEREEENRIE S U7, WERAIC IR ERIREELE DS
D HAL, MeHg 7 HIRAE LI He o kB b o g aniz, —7F, MOBI T, HEX D & KRR,
BWIZH 20 b, MBRBEITEL D RER O TH Y | HEFIRO KEEHFEHEITT T 2B O EN 2
EDRB I NI, ERORBIIRE, mAETHRT 2 F A7 1 2 O LH B KERIBRE O BITER S e
N Tz,

B~ DO - B T RLAE D T v M, BRFHINS MeHg IZIBE STV DI H b b, Wit
DOHARITINT b SMER L ARIRFRITITIREIRE O LENRO LT, S EIORE L~V T, MR
B DATEREREIC B L RIS W2 ElbnoTz, L LAann, § o 1 LTS ppm He BRFEREHE
Ty MTBWTIE, VR, KRS & - ks OB NEEAICRO bR (K1),
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M1 B ZHRT v FOKE
A: xHEBEE; B, C: Sppm Hg RIERE, B B X GICHEITT 5 & C DIRIEIZAR B,

o, FAT 4 v e HIRLBEFORBLEBHEEN T, He RENBEEThH-7-2enb, ZORFIX
MeHg LW bir LA, IRELT- Heg” ICK BRTEEMEMN TR E N, BEHD Z LI OO RE TS it
DHT, BEZRUVOFENHNRDOT v P TIHBEEINR-oT, BT, FHARD 5 ppm Hg BRERETIIM
PR T A NRAT oV REOBOBRO LN, FA4T 4 v b HROBEEE L RRINLN, Z0HEL
LY, B, FEUMHRTIIBRINE» o7, —F, MEH LHBERIOThOMRICEDNTLEERE
fbiddedote, ZoMh, HETIEWTROMRIZBO TS, JRAE L H? I2X5 b0 LR SN 5 B
ENBUN, 7 L7 F= LD ERNORBEINEN, HREEIBEE R bOTH-7, iz, &
HAE~OARREOHEI TAOHRIC BN T LR b b o, o
wiZ, B, BEHROBEABIC OV T, MBI TKREHEOMHICHF S TS MT & GSH D L~/ L
THREZ1To7. MT it EHHEENTH ICX-> THE SN, ZOEEL NG 5 NEHEBEmE D—
ST D, T MIERNEEBOBEENEBARETHA L, EL & bITTN 5O LTV
<o BHBOMT LIV B ZORBIBRTRELEHTH LN 2 2 bbh5d, BELREAIZBNT, K
HIRTEIZ LD MT %‘%ﬁﬁ%‘ﬁ%o TmOIIRBREBB TH o712, HREICETRD bk otz Bk
BB LI, FRICBOTI, A% 2 BEE TROONTOEAEE (BRI >R 2. MLy
(A L7, BPIASE OMBE DR > T, MT DRBAIERITAR S 2 L XTI Sh, AEROBRESN
M, P ELEO MT RBNTIZIZLAEEE L 2LV THDLZ Enbnrd,

=%, BRI GSH L~Ubit, WO HRIZEWTYH, BIRICBW TOLBREREAEWELZRL, KR
IREEIC X B A SR ORENTRENTA, 20 ERRC L0 HREOERZRED bnirorz, B
7 GSH A RDEERETHD y-I AT INVATA T ¥ —PENIE, MeHg, Hg™ WFhTh LR
TBEDM, b LOEROKENTE L THDONTHETTE 2N,

ULORRIY, KEROAFAKBRERGET CiE. TOEMAMBITRHRERIV L LARED D
WIHHE THH I L. BIBZOEE) MeHg D bDTiER< | AN TIRE L= HPIC L B 2 & 5T
MEnic, BHRT v N TROONIEREER, BB TRBAR IR o BRI L TR,
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AEOKERIET HOBIUTTER, GSH. MT A DRBIRNEAE KMBEE T ORIEAE Z D SR L
EAREMESE X DB, ZOMAISROBETHS, "

100 2500 |
Brain Liver
> 80 - 2000 - *3
3 N
s i .
g) 60 | 1500 i~
o ‘
5 40 - 1000
€ j
=
£ 20 - 500
o | l - l l 0
1 2 Weaning

400 300 &
g - |
g 300 - s
5 A 20 -
2 | RN ;

200 .
E) } "l sff E
Q * %, . 5
£ A 100 - .
~100 i h
= i i

|
k
0 L ] | ol | | I ]
1 2 Weaning 1 2 Weaning

X2 HAENSHAHFE TOFE _HRT v MR MT LXLDZEA L,
O: xIHRE; @:5ppm He BREEE, 6 ICOFHE & EHERZE TIER, AREIL * (p<0.05)B LT **(p<0.01)
TR LT,

(%3]

1. Yasutake A, Nakano A, Miyamoto K and Eto K, Chronic effects of methylmercury in rats. I. Biochemical aspects.
Tohoku J Exp Med 182: 185-196, 1997. '

2. Morris R, Development of a water-maze procedure for studying spatial learning in the rat. ] Neurosci Methods 11:
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i A 2 v F AR A v OAEPRRIMEREIZ B3 5 IS
MR E Ll B LRENFSER)

KB ERE (B R 2E M)

K B CRAEKRT: - 3E7)
LD
ARNERIRICIE S AT D A X aF A R4 > (MT) IFESESCBILA N L ATHESR SN D ¥ o8
JETHY ., EERFMEETT V) — T D INARELSEOFEERBROMENCE ST S, MT (23 4 FEEO R
(I ~IVED) SEEL. 7 2 BOBRSIREIER. &2 WM ORI TR > TnD, 2095, MT-I
IR TH DN, P ZOHRITZEAENA vV — L LD LD THY, X "I HE L

HAFF D MT-VIL ISR 2 FERF AR OB IS B D IF IR L T %, IR, B RCRRR

ARNVATEGICHFESND MT-VI & 8720 Mmui%%én&w EVWIOIBELHD, T 2T,
TNETITHSI LI T L7 0~ T 7 4 =2k D MT-IL D4 « 8% 2T, KERKIRE S
yh%@MﬂH@%@%MﬁM&%@L@#%\anﬁémﬁ%@_owfﬁﬁbtoé%K\MHH
DORREN DA 2D ETIEAARE LW ZDHE-MTL T /7 v F— A HiEOIERIC O T LG4 5,

(FEBR 515
1. Z v MM MT-II OFFE O

10 EEOHET, 7y FOMMTIZZDIFEAEN MT-IT TH Y | KEFRKTIRETLZ L1k (83
mg Hg/m® x 15 B¢[]) . MT-VI ABEEICFHFEE SN 53, MT-I OFENFI LA LB RNV LE2R LT,
LinL, RFEET VT v FOMMMT X 3% b EHAZHERE L TBY ., *ZOMO MT 71 Y~ —OLEH)
EBET D010, KERFEK TA. \15%&0225@ﬁ%&¢%#%HgMT%%@L MT 7 A
=Dy ﬁ%ﬁ“toMT74/7—® THE - Tk, 10EERE LI FPLC A7 L7~ 7T 7 4
—FRE RN\,

2. MT-II ¥ REE ) 7 0 F— A HURDIER

MT-III ¢DNA Z#AIAATET T A I R pGEX-3X # KI5 E. coli  (BL-21) (Z3EAL, MT-III & 7 /L4
FAS-F 727 2T —8 (GST) LO@EERE MTIIGST) & L THBLSE, K MT-I/GST
MAEAEEZ~ Y AEHF LT, " 7Y F—=nbE /) 7 ar— ik z G, JURORRMIT, £ MT
TAYV~—0GST MaERE %L 7 /VEKKENIE, Western 71 7 7 THER LT,

(R & BE)
1. 7 v MK MT-II OFEOMERR

T v NEIKEARZ T T B, FE 15 RIREE T 2 &0 BRI TE A IZIIMOR MT L3k 2 %12
FATLIN, ZNEHI T LI u~x NI T T 4 =KD 0HER D MT-UIL OFFEICE 5 2 L3> T D,
LU, BB TH 22 H B BICRIMICE W T, #FE SN2 MTUI ORI3KE <Jdb 9228, MT
VAUIERIR & EfiE (BREERTO 1.8 1) ZHMERFT 2 (M 1 R OB E K 5 @iEA MT-VIL O L~ LD
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EROATEMATE R, ZORERIT, e & bRE% 22 A BOMICBOTE, MT-IT OFE L2
S2TND I ENHERIND, ZORRND, AREBEASBEFICL V. BHIITIMT-VI MEENICHEEIND
A5, EEHEEE &3 2 BHEATRO¥BY THL O L VETHET 5 2 L. BLUMT-I OFHIT LI
ERIETITRWVA, BFRFHE AN L) 22T Two< D &RV, 22 BRIZIEL LA MT-II OFEDFHH
FHEICBRINDZ ENDND, ZHET. i MT OFEICETAIREFIID R o122, B, B
FRST 48 REITRIC < U A M MT OFEMNBE SN TN, &5, BETRCTHEIND DI MT-VI OHZT
HY ., MT-IIL OFFITBZ S0, ERERTTONATVD, *AREEM ST, MT-Il OFEL BRI D20
CiE, ARG CRER. S7h< L LKA OBEEEALETHE I LAELBNS, M OFEA,
BEHBHETIERI 5T, KERTRE CHRABINTZEWVWIBREJHTI2HEAL LI, OBwE (<
TAET Y ) OB, OFEFE BT EARER) o, OBSEN (8L 22 AR oEL
EREZ DD, WTIUCE L, INET IHEIAR] EEX ST MT-I A, KEETREIC
Ko THEESND D, LVIFEIRRENZ L EXbND,

180~ , 60- - g
o ! : i —— CTL “1/. MT-1lI ;
2 ) z —o— D1 !
<) S ]
E o 40~ —&— D22 . R
g S}

- i
£ £ |
[ o

> o0
> B 207
— =
s =

CTL Di D22 50 51 52 53 54 55 56 57 58 59 60 61 62
‘ Fraction number

M. KEEKRER . 2BEOT v KIMCBIT AR MT & 74 Y 2—DLH

2. MT-iil FFRIE ) 7 0 — A FEDIER.

MT-Ill OBEEZ T D LT, BIREE L FATL T, HEBRNICBT 2 0HEMETLIZ L HLETH
0. ZORDIIIHRNTEIITAROERTH D, ¥R TEELY ., MT-Ill ORITHFET DFHRORT
I BES RS Y IRTTF REAK L CEOTMBERERALTE N, FERATELELZLITTE
Rinolz, Tiud, AU IARTF ROLOMNE#EE (274 A—Tary) H6T Ly MT-IIT EEE O
FEAO LD L —BLARNEHEEZbND, £ T MT-I AFEDHDEFIRE L THTURDIERZ RS
oo F9. MT-Ill © cDNA A HiZAAE T T 2 3 FEKIBEICEA LT, GST & DBAEAKE & LTk
X MT-I A BRS¢, BONCHNESEL~ Y A58 LCRISERERSB T, 0L LTALR
T R DB ATERT 57200, TIETICHE SN TVDHLTO MT 74 ¥ ~<—, MT-L, MT-li, MT-III
BLOMT-IV 27 VERKEN%, Western 710 v T 4 2 7 &24T o 7= 8. MT-III & OARIET 5 Z & 23ph
o (X 2), ZOFRFRIT, AFEISEBLZZBN T, MT-IIl ORHEREDI-DOFRRTa—T7LkD
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25T L ETFRT,

123456
36. 7K~ _
28.1K P
16.5K=»

83K

X2 H-MTGEETo—TL LIEMT 74 Y~=—0 Western 78 v 5 4 o 7,
I pFE~<—H— 2: MT-UGST BAEAHE. 3: MT-I/GST MAEHE. 40 MT-II/GST MEEAHE. 5
MT-IV/GST ft &R B'E. 6:GSTERYE

(BE )
1. Uchida Y, Takio K, Titani K, Thara Y and Tomonaga M, Neuron, 7: 337-347, 1991.

2. Masters BA, Quaife CJ, Erickson JC, Kelly EJ, Froelick GJ, Zambrowicz BP, Brinster RL and Palmiter RD, J.
Neurosci., 14: 5844-5857, 1994.
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3. AFNKBOKMREEITE 5 EBRABTSE
B

AF VKR, FRTHED A FVRRRE DRI LT E DR E 5 2 % 0> %2 3 i
9% Z Lid TIPCS90 [I/RENTi@Y Th D, Z ORI T2 mIERwELEZD
EE, ARG (ehRteriia, AGEeriiia, g eriiig, MEERIE) ~OE MR
BRSO REEORmEPOROEERTLINELOTH D, YLD L ARETIE
OEYM DOAREHIBERE D —> T b L EARkRE & IHERITKE T2 A FV KRR B % i D
WIFREFIE TN T2 2 LITMA T, @ZNOHIFEFIED R & MR 5 72 OB O w3t
WREHIEZ TS Z AL LTS,

HARBZIZ, OARBIIERT OFF OB D A F /LK SRR RSB F15 2 TR IR
Wit ER 21TV, R, CHER oMIla LARRE, ARG, AETEEERE~ DR AR
DIFMERE & Rl 2 AP JE 2 31T LTV D, IR T, @fE A FVKERIREEIC & 5 5
PERCE 2 R 2 8T FIEZ B39 2 B D721 BUR O BCHiiFFE T4 CTREAM 23 K #E 72
AFEERHIAG A hh oD & L To Sl ~ O E B E B 2 it L, IR B 2 it - 5 F
%@@%ﬁ@%w%éﬁﬁwﬁﬁiﬁ%%% MESLL LD & LTWD, £, EREWR
MO o CHEMER B E (00 U7/, ML Bed L O LW EBRERGH 2 AR T 2| 2 217 -
TV,

WFZE TR & Rk 12 SEE D BMFIET —~ OEBRPIUILL T O Y TH 5,

(1) ZEFEFERE & RIS 3 2 AT AT 72

AR (PRt ZESRERHIG, fopeEriiie, Mgl ~o BT ARk
~OP RN <. T O TS AT IR IR BB LT 5 Z &b, ZHUSH
T OMEREE DR BREFHET 5 2 LITHEERMERETH 5, AL E TIRBEICANIZ
FTCER L CE W TFEZ O TIRIEHL, B RIS IS 1 2 A FAKRO KR8
%, TN AEFERERE~ D BRI O AR R0 B TR 9 5,

1. BMEREIC L SRIEREEICE T 2 AR5 (FAL 12~15 4£%)
) ' ik el RKR ETR FBE #or Kk seRE fRE OB

afrv—Fty FEEL-ULATFILKER (~0.5 ppm Hg/water) BREESM T CHEF -
R L, FAV AR GUCATE, R, AL FENFIECIBER OB L RFIT o 7eoic, £7
R AT U CIFIREESAE T C 2 BEEOHPE - BfFLZRE L7z, £72, 24F4RY 1 ppm Hg
@ﬁﬁ% Z ool C & TMEHERDOZREUC Ko T 2 BHOMAERZS, 4% 3 » A BICRET &

(AR U, FRRKERIRERHIE B L OVRE IR R 21T o 72 & 2 A, KB TIEBE. BiE
%ki@%ﬁ%ﬂ@%®& D7) A — T ANPE IO B v, BT R
D= ANVFERII KO v~ F o OREDBIE ST,
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2. WA T 2 AEFFNRBRITAE (FR 12~16 )
40 B BRI mAE BRSO EE R R B A

DT TES)OM A I TAFERMNL T & 2 IR A5 (PGCs) O HLEER L%
R L, BHERFIEC OV TORRMFEOMET 21T - 7ol R, R 2 EERE RTE, B TR
AT DI LN TS, £, Tzl 52 ik - TAETFHE (FERIRKA
L) OERHEIEIC GRS L TV D, 7272, AREBSRZ W TT 2 & A FLKERIZ K
B MRS OBIE L, PGCs DREFR T~ 2 MHEZF A O B PRAFIR RIS RTED & - 72

(CRIEIZFHE DS BNAELIINRE BT 5 Z LN TE R o Te7eD, SREFELIBEDR
BTH 5,

(2) PREMREEIC & 2 BB O BIRHME OB JEMT 52
BAF DOWITEFIED R 2 RIS 5 e DI OB B IE 2T 2 Z L2 A L
L. S8R 2 7 30 B CREA 2 BRI OB RIFTE 21T > TV D,

1. KERPEICE T D AETEFROERITE (FAK 12~16 FE)
40 B B R mAE ER B R R B A

FFIE D PR A T AL IER T 5 7= D10~ 7 AR % FIW T PGC A 5248 L CAEKHNICBHET
BIEORE 21T - 12, EeME% 7. 8 BB XUV 13, 14, 15 HiR%E W T PGCs HAED
B D7 912 PGCs & AR DIEIRLT % B AN E T ITEBES D HIEA LR EAEIKIC S
W T OFFNT 2 MR EIITAT o 72 & 2 A Y e TR 8 AR TH D EE 2 B,
TR Z OR% 15 A F THIRKG S & CRRFEICEARL T O 2 RFt Lic & 2 A,
OB IR NI IAENTND Z ENBIEINTZZ LM PGCs & AR A MMETH
BICHEATHZLEHAEETH D LHETE D,

2. KELAHOHIRNGAG & EZHEORS (ER 12~16 FE)

T

e o

<y

TV OB TR CIIA#E TR b - & AR TH 5, 22T, H#
Y #IfE D Chinese hamster V79 #lfEZ VT, HIFEBEFE OB A 72 6 B FH I O FfE & |
AR 23 5ot OGS 1) 2 3 & CHEGE S 1 » TV 2 E W ORI D A F 7K SRS 1M 2 il i 75
PERIEH#EE (Dojindo Cell Counting Kit) % W TE# U725, sl o Mg o
MR EFHOMAD LD b L0 @2 & SRR R,
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3. TEHFHBMERWZKEOERFEMDR 7 Y —=27 (ERL 10~16 £E)
o M+ BHE OKF W BBk

FEE DT 72K ERIC X 2 BEFMERHMIE A BRI T 2 BT, AX D EHWTATF
JVIKERD I BRI DOF I L AR L L TO A FIVKEROMMTEEM 2 587, KF D X F LK
SROEY IAZEE R L OHEHHEIZ DN T O T FER ATV, ERIFOK GIRE % 0.1 ppm
EIRTE U TR A DIRERERE A T L7 R, BEL ML TII e B DR A G, 27
L. FRKBOPEHIEEIZB L COMITRERD D RSB AR T ORMEFER O FEMiIL 5%
SOITHRETZ BT 5 Z LAV LTz,
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B A F LA RO BB
FEmSE wR B (EmEem)
WRE RE (SR
WK EE GRSk - E)
TH BT GREX - &)
ik K (fEAK - E)
RE R (- RAWE)

(B#Y - Fik)
AT —EEy PEELVSVAFAKE (~0.5 ppm Helwater) BRBERAET CHET - &
AL, HEREZHMRITE, RE, AP FECRBEORBYRANT 5, EBICERT
REREBMIL, BITE 2 OBV DHTHH 0, ETHRBERIETF T 2 EOLE - BILAEE
(CNEIBEABET D) Licth. A FAKBIRE 5 BT 5,

(ERR 12 EERFREARRE S & O

1. 0.5ppm IEE

11 FEEA LM 280 (BIFA. B) OF, EEAZIFRERETC2EDME (- 2
B, ETABBROR, £ 3 - AR ICREE, FENE, KRR - RE - B - BILE. 0.5 ppm
He ORARELMMAL, MPKRBESZT=/— (B 1E) Lk, BEBISSG 4 5 A &I
SEEMEL, 55 1HA A RICHE, BRARBEZREL: (£R), HKB IR
BRMET T2 EOHERZKT LIiEh ) THY | BALE 5> TRAEIC 0.5 ppm Hg ORI
BBt 3, | ,

A rATrv—Tty MIEE 2 BEHETHY ., FIICKI B 3EHENES. E
FERETDHOR 2 FOHRTHD, SHICEDHE, HABOKEL/ISS . 0= LA
HAEPLHILE TORME, TEICLEETILEXOND, EEADHEL~E-
T2 2BIZOWTIRE T A BRE 21T > Ty,

2. lppm B :

AFROBRIT 4 7av bu—n b LT, BE 2420 1 ppm Hg OEKEE S 6T
MR (A GRBEIEE T S h—Th D . SRR EonT, SEERL. 2
SADMER B, £ 3 y ARICRT L bICHS L, MEARRERNE (£R - RE -6
) B L UIRERSERRR LT o 72 (BFE - 0k - KR - TRE). XHEB & Hode L C AR 1ot
HEAT, HE., BEFER L OREENISORED Y F— ARPEEIRAD LN, E
BT, REEEHEAIIO = v 2 VIR L OB 0 F L OBMMOERE S -,
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WMREEI BT 5 AT BRI 78

(WFFERCR M OEERRIR L)

A F VIR AEFEHNE DT R 5 2 % 548

Ul

JEHAEE 4 B CLEETIEE)
BTEREI (RRAK - )
rfEE R Ok - EBRO)
Pk 5 OMIE - RAEGTEAT)
AR IETS  (REAIR « 24T
W — (AAKX - )

ERRETT D720 B E AV AR

DOEILMERRIN T & 72 2 el (2 E B U CIAERIINC 61T 2 A FE R FIRIIEIZ 3 2 1%

B A T LK ERIR TR D

REREEREX

M -
ﬁ’?&?ﬂ%% SRR (PGC) PGTJTLHE*EME’;'W' ~NobT
£ AR Y Hﬂ'ﬁ 5 Ke=p L)

FAQBIZE>THEIKRBEL
T-PGCHEDBEMESH A
BITE, BAOT-HDBIETFH
HORBFHEREFELRY

HW=7 b U AR

B L 72 PGCHI KD K72 D L, ChiTk>T. RERITIRE.
T, ZOfEROAGREN % HREOHENALT S,

sy LIE

FaEt L7c, IR > PGCs LR %
FEL7ZRER (1), BLEERREICRI L C
IR ME N B BN O PGCs 1368 0% 10
um®DFA LT 4 VE—E T A T
U PR ARLE & B IIRER D4
T CHEBEFRECH D Z ENHIA LTz, =
72U, AR OV RIS B W TR
1 PGCs DEMBIRIZ A 72N 2 & N DH A5
PGCs % HEIEBRINT 5 HIENEY Th -
2o ZOFEEFEHLT, K277 &
I NZAH T PGCs ZHL THEB L 7

PGCs / BC (%)
s
B

X1 :
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BB 2720 (TR MEFEEE TOERBRMIEFIEZ T

BHEOFPTESHORM
B A TS A
b % Bk JE L B A
~ (PGCs) D HiERERLE
TN EHALE EODOR
‘ JERR & R, BRRIC I
=URY TRT AR,
RTARTA b L OE
ARKKDADIEED
T DR T I DI T
(Z71v=KU) @ PGCs
(20 FH AT RE 7 BB
BB L OHRSIR IR &

%P OPGCLHLE

(means = se)

(N=10)

PGCs 2SI 53 DG 2t Licki R, Je4ER
P& 13~15 2N HFEMEICRIE TH D 2 L3530 2,



R—URIZBHT D Z LIk >TH
fiL7= PGCs HISRD /AT B84 15

HTEWTET,
st WO RAE T LT, BRI L
TWb=U kYU PGCs HiERTFIEE
JICHTEDDIXT AT, RTHRUA
FTHoTm, /N PTHOWTITEH O
HORERERIZ L > TlE & A ED PGCs
WA 9 57010, BRI A
L 72 W BB C RS PR A7 L TR TZ 1T
= FEA1TH = LI ko TAETELEDK
i HRAREL 2T, ZOHEIEmLT
PGCs M8 2D 72 WA D FRIZF ) C
HIRFRICAEN CTH o7z, HITHE A
F VKRR K 2 IR B DR EIC
SUNTIE, PGCs D52 I A3 2 #
2 O BURE (RAFIR BB I RE Y &
S 72 72 DN KIEI FHE DS A
IR EFT A LR TE o,
M2 AHOAETE PGCs &AL 7 h— IR L, RIS, AR O & WL
AP A 7 B A SR USSR Ko T, N9 2 TeDIET U ARRENT PGC
BHEROE O AETFREAZ DR L B 2 LT bk U CAKRNICBIET 2 H LD
et B AT o7, IRTHERE T, 8 A5
L V13, 14, 15 BIR%Z VT PGCs HAJEDBIFE D 72IZ PGCs & [RBE DALk % 5
IR FE T ITEEAAN BIEA L, R IEATIRIC O W T OIS Z 41k FH AT 72 2 A, -

MNTHEY 7R ENIX 8 IR TH D B2 DN AMEREGT,

Yot
~ R
[E1:NT g g 2 S48
Stage 13-15 e
H

(2% 3k

S4B, SEIRRVERII ORI, & 0 EILIRIESR . 431 390-396, 1998.

Hamburger, V., and H. L. Hamilton, A series of normal stages in the development of the chick embryo. J.
Morphol., 88, 49-92, 1951.

Kuwana, T., K. Hashimoto, A. Nakanishi, Y. Yasuda, A. Tajima and M. Naito, Long-term culture of avian
embryonic cells in vitro. Internat. J. Develop. Biol., 40: 1061-1064, 1996.

Naito, M., Matsubara, Y., Harumi, T., Tagami, T., Kagami, H., Sakurai, M. and Kuwana, T.: Foreign
gene expression in the gonads of chimaeric chicken embryos by transfer of primordial germ

cells transfected in vitro by lipofection for 24 hours. Animal Science Journal, 71: 308-311, 2000.
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KEULE Y ORI 3T & BRZMEDRRET
e SE R e (BRRERTIERD)

FEUREE  FRR 12~14 R Al E M EEIC BT 2 AR

(FZE AR K ONEERR )

IR FENE DR EIEIZ DWW T ERIT 3 O (HeLa,CHO.V79) Z# M\ aw=—ik
X° LDH %, MTT 75, R U R T —ERp 2 oW TR 21T > 7228, ARliE MTT &0
WRAITHD WST-1 ZHW\ T, A F/LKEROEENBIE S D F T ORI O FE A7
IZOWTHRET LTz, 2 ORI AN OBk ERESE OIGTEZ HIE L CAMBOE S %3
ET2H DT, MOFIEITEATHEREE THRIFLIC A FAKEBOME~DREL BDH Z &)
ks,

Z O JETH 2 OB D A F VKSR ZEZ R Lics 2 A, an=—]kT¥
B B & ZTIRFRIIC A FOVKERESE MR IZ ZE M AL B e v o 72 V79 M, CHO a7z
LR ATFKBEFFHIIINZ T2 E&Z GBEFRFH LN ERN R oD Z &R nh
STe(K), ZOZ LT OWTHIFAN O A F/VKERIREE 2 JE L7 fER, V79 Milaicix HeLa
iR & X0 BIEDNTE L OKRBBGFIET H Z & 2R LT,

YRk 13 AREEIE, VT MR A F LRSS MEAM D fE & 572 > TV B JREIZ DWW T
HImPN O SH 872 & DOEWIZ OV TREFT LT,

18 |
16 |
14
12

—&— log phase cells

08 | —— plateau phase cells

06 r
04 r
02 r

0 2 4 6 8 10 12 14 16 18 20

methylmercury concentration (1 M)
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KBOERFHDOTEFHEMERANRT ) —=27
MBS E A T GEZETIER)
B B GRAUR - BERTaEs - Sosm/tan)
Wy BERE CRORUR - BefTieind - Sesm i)

WEAEFLIZ S| E i E A X I OB EWATLC, 2 ha— T —4 %W >ob b, BifE
FCICBIZ LTI T 12,695 8. A% locus 2L 37,118 fHTH Y . Z D & TEMERSE
HRIT 12.6%, FZURIERIIT 4.58 X107, A(FLRZEREIL9.01X10° Th -T2,

Fo, KFORAFNIKEOIY IAFHE IS X OPEHHEE I DWW T O T EREIT- 72,
AL T AFOVKERRNAK 2 BIZHLT20 mL) FCA rFaX—Tz L, fill, FFiE.
AEFEEL K O AR DK ER B DRI L &2 3R D72, 6 ppb USII TITAEOKEREEIT EH L2
DD, MOfgEs TIEEALB R o Rd o7z, £72, 1ppm IRINITIL 1 FEHOEE T4 EH 1
B, 2 BiLL E T _ToOMEE, 0.5 ppm IRMMTIZ 3 HRIT4 R 1R, 4T 4 2
3 RN L, B LR, WIS O KRR 30 ppm LA EIZEL TU,
—7J7. 0.1 ppm FI TIEEMEEF ORI IZHA SN EF/- L, 2 SEHOA v Fa—
2 U CHILE LIeERIZ R o7z, BLEDORERNG | FZERIFOHR G- EEIL 0.1 ppm & RE L
7=

T & X AATIE, MEOKEBRREIX 10 0FRE TR L, £ OBRIKREIZHA L,
JFIR DSBS 1L 8 e e THIRRE L CHIIMBIM 2R L7z, KSR & N O KERIREE L 4
KT 7 h—IE#E Lo, —HAATIE, . JIBROKBRENRKREZ R LIZOITEN
AU 1R, 3 REEREEE CThd v | FFIEIE 2 FEEL SR L R CLRIE T T h—I2e b7 &
FALIFELS BRRDERENE N, 29 LEESNED X ) RBEHIC k> TEL O
IARHTH B,

257 — gill r5 257 rl
== liver — gill
B _— i € == liver
220} ’te/sm"A 20 H0.8
Z Tauscle ) = ovary
=] o
;% .8 — mus,
S15¢ 3 =15f 0.6
~ -+
= 5]
g g
g10f 2 g10r [0.4
S o
2 £
3 2
25 * ] 25 r0.2
(] [
= =
O- L L L 0 O L L 0
0 120 240 360 480 0 60 120 180 240
0.1 ppm male Time (min.) 0.1 ppm female Time (min.)

B 1. AFILKERIRTEIC L D BN~ DKL E R
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he

301 _ —gill
—_~ oT] 1 .
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= = 251 == ovary
g ]
£ 20] = — muscle
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o
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& 510, — z —
=
g E i \\
D
e 2 3
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pulse-chase male Time (hour) pulse-chase female Time (hour)
(0.1 ppm) (0.2 ppm)

X 2. A F VoK 4 REfRIRREE T2 O KSRk

WIT, [FREDRIET 4 B A v 22— a3 > LTEEEZ VT, RIS L7 kER
DY 2 ER AT o7, AR OKEREN W E ERMEEZFET D &
KEPDOBAR T A TN D OB~ DIAEFEZ HTWDL DL 62 1858
WD, IPEHR ORI T, EAKP T I8 KEHILL LEE T 2 &R U2y, R o
TR T 24 BERIFGE L C OB Lo 7o, 2 OIRIE TITFEBRBALAIC +0 22 72 IR EE DMK T
L7z S 13N 2720y, 24 BERIDL RIS K CRIE 35 & IREEE 1| HoT7 — 2 B 7e<
o TLEIDTAHE LRV, BERFHF G ZO THRHTO2L6ENH D,
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4. AFIVKERHE - FLEHIRE D ) R 7 FHED 2 DEER - FFEAIHTSE

B

AFIVIKERDIETR T L - THAT DREEREFE KON 27 ORAEOFHmIXE R L~ L COAREE N 0L
LoL TO—WERBADFER ORI EnAg VR T « T —T 1281 2 Bt CR B OR 2 S T & 72
%, AT, BRIRITHT 2 A FAKBEOREMRETOEENEL IPCS OEIETHIY LiFbhTng, Fexldk
(2 A FIVIKERTGGE N e B UK L 2o T8RN 30 47> 6 34 F /KR T, IR OUKRIFR T O A3 s L
BRIV S LIROEN LD -T2 2 L 2WE L EORRNER Sz, ZORRIT, FREHIIS A TO2RWAE
RINCIBT 2 RO IR b BIRITE < TiPE - FEEFIC L > THERMNKEN2T2DTH A D &
HERI S 7o, BT, B R HIR Lo 2RISR T BDAEFEDOPEII IR ISR LB 1.7 E@E - T
720 T OHEFD 30 FE00 5 34 FEOTEY e HIR L Do T REC AR F 07 VO Bl A C O RSB 2 DN AR
B DRGET O 2 OFEFHIREHI A F/VKBORIRE B2 D L CHEERMIIE L L TF — ZIUE & fiftr
EHEDTND, Flo, BENDLDATF KL L ETLESBEATICE DM « SRR 2 7 32
T HAFFEIE, BBV & FLIRI G SRR B DREITKAF L CO DR TR 2 23 & R AT LT A T
WKERDOBATITEWDE DO TR E VI BRIZTE > TOH DT, EBREMWIOH72 5T HEERICE O
B0 5 2 LIk o TTI, ZOX 57 Mb OBRBRBUTRE2RF 2N oA v 74— A K- 2
RV MERDPEETHDH DT, EOIE LB E ORIRIO G EZ FER ST/ LD BERPHIFE NS,
[FIRELC, BRI L0 BRI « BRI A FLKERICR T 2 OB & D V) 2 7 FHZ B3 058 41T
9. Flo, BL & I— RRZDOAFIVKBOFMIEREBLZ BRI 2178 BT 5, BT, ZEOFEEFK
SRIREE 22 34T L B AR N OIEIAE & 5377 2 3K D | IEARFTREZR 2 MEIZ 36 1T D A F/L/KERIREE D U A 7 FAHi D 2% D
FEREER L 95,

TNENDOT —~ Z & OWFFERE] &K 12 FEOHEPRIRPUL TRLOEY TH Y | 1ZFFE & F oo fERM
HEOoNbLOIZEE L CILEE AT 5,

L. AFVKROMVIRRER B O FIIZE (PR 12 4-16 4F)
WIFEHE SR IR (EPRTSERD)

Rk 12 AEEEIXIEFN 25 4R HIEFN 27 4R F COMMRHTOMAZET — X OERFUEEAE T Uiz, Fiz, B
48 FENHIERN 53 FE F TOKRHTOMAZET — & ORRIfEE LS T Uiz, AL 13 FEEOFHEIL, BEF0 54
R DORRTT O MAEZET — % OESFC/EE AT 2, BN 55 FEESKMRTT Tl Tt /e — AR D
F—HAEAT, BRI 30 42005 34 4EDTEY DI b L TR A £ 7= R O AR O REREIRAE D51
RS D, BEFOFROKEMEE ~ > F o 7 L « RISBROT 217 5,

2. BHEDLDAFIVKIREFLETDEGRBATICE DRI - FLEHIHI Y 2 7 FHl B9 240158

(CFRk 12-16 4E)
WFge S R I6E (ERTSEE)
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Wk 12 RIS (SR A 2 BE L CIFRICHAI L CH B 9 720 DA v 74 —L R - arvtkr b
DVERRZEIT 72, BT, BBV, LD/ SA A~ — B —OWRIE T ORI OWRTE 72 SIRBE & OBFFEH
TINBEORFEEAT 270, PRk 13 IR I R, MR R 215 5N o ROV CER 8 4 %
D ENTRHAIL, L, FLRMED A A~ — I —DOFBE LN S DA F~—T—FORAKEE, A F /L
RERDWEZEAT D,

3. BB« FAERIMD A F KGRI T DI D & D U A 7 3 B 2% SEBRAVBFSE
(CERL 12-16 48)
WFZedE Y AR T (EAFgein)

RR 12 R, Foxid, 7 v MEERTIIIMA~DREENAE U LULTH HKERE LTS5 ppm D A F /LK
& E TR A TRRT DRI S 2. EENTAFOES) - ZE I N OMRGE A~ DR EE 2 RE LT,
FI. MET > MIKERE LT 5 ppm D A FLIKERE G Tk 2 AHRRT & 52 IR O KSR N ZIE
7 b —lZ72 o TR CAES ST, TR AL © 8L T » MTIL 5 ppm D X FILKERE Skt 2 5 2 it
BEFLIE DIFIC b B E e & RfAEN 2 52 72, 6 TN EE U 7 C B L OV OF TR AR 21T 1=,
7o, HEES L OMEILRE (30 B OBLEAF, 10 B, 20 B, 40 X O55 HEROFOlfas KSR %
BHIE L. RRABHE I ORREFLEY A FVREROBAT AT LT, £, ZAVENORERCOF ORI &
1Ttz EENTAFTRRE R & OBDMER 2R 2 L2 R & FREICIERIC RS Lz, HPEEEZOFD
MK SRR 1 4.5 ng/g TRERORI 145D S Th o712, Ll BILPIIIF~DKEOBITIZIEFIC
D77 ATFORMHFKERIREE X 10 A CIL 14 LT E TR T L, BEFLZERZ B4R 5 LiR2ICE <720 55
I C2ugg &7eoT-, ITERIEIRBE ClIr—4 « vy N & ZBhEIREE CTxHREE L ORICEN R D, i
haRIEED K OO B RIS BRI B3 8> 2 FTREMEDS RIR STz, SRR SR T, /INIMEERGL O R Bhi
Ze o RPTHITE R & 23588 B AT,

A. WIFEEH)

BN ONTHAENIE, A TFAKERIKTT DA VR « T—T T, BRROA 77128 D AT LKER
HRTIIWD D D B RHK BRI LT, FAITFEDIIET, 7 v MR O RN D 2 F /KR
EEGTHZEICED B FOBEMKEE TROND K 5 e PR ORI IA D 2 JAGA R A 2 4 U & &
LT EITHIIL TS, ZDE DT, AFIVIKEZMOFEINRINE > TRET L2 LIZL > TORY
P OARAE I ILAS B JAFIR IR AR 1T LS5, FERROKRIZBIT D IaRMEOBE b IR IR, 1
TRHNZITRERIFLANC A FOVREROIRRE 2321 Tz, £io, BEHOMIESZER NI & THH BT
%o AL, EHURIREE 2 TV KERETE OFEORA~D U A 7 3O 7= DITAEYRAT DI, B %%
8 U CRlER CIIRSRICEBO 22V VKER & LT 5 ppm DIRIEED XA FLKER%E 52 TEOKBOF IS
F~DORAT, FOiEE « FE W Ok ~DF B OB 21T T,

B. WF5E1E
THEEOMET ~ R 10 PLic—PEYS7-0 . HK 16 g DASRE LTS5 ppm D A FLKERE Gkl 4, i
SVLIIKERZ G st z, 2 » AfG 2. 1 AR DB A T 72, 2 LT, K10 P& 5
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Hg (ug/g)

ST, AR ONTIR AL O B RS LT,

A FNTAFTBERL L B[R CEEFC 6 i E TG L7z, HZERMRE B IF ONCBERLRE (30 AR 12 3 Lol
& TNTEN 4 VESODIF R L, AR O KSR A JE L7z, £7-. 10 Hills, 20 Afis, BEFLRE, 40 b,
55 HEOBRELTENEL 4 IEOMED T2 -V TEARMEFR OKEHREZRE Lz, £/, SRS TENLE
AL 2 VEDAF DR DWW TR FRIRER 21T o 7o, IS, KSR GHE L RIRBEDN S T X Az En i 6 It
%mmb 5EEROREET, 10 tpm O —4 « 1w N XD hakiES), 6 MEoORE R CARKES & OBl
WHEIZ K DB OB AAT o 7o, AR OKEREEOWE, MMEFHRE, n—% - vy N, KEKEK
Uxﬁﬁﬁ&i&ﬁw NETORE LT-HSEOFHICHET 5,

C. WA
ISR L

Fig. 1 125 ppm D A FVKERE Giefifhz 2 - A MBS E7- & & ORBIOMKR 72 1 - K ERIREE K& OV
PEIEL S & BEFLRFIM P RERIRES, 20 B (HIZERES) . 10 H, 20 B, BEFLFF (30 H) . 40 HXUNSS
HIEOF O ML HKSNRE 2R LT, REROMHKEHREEL 2 » A TIRETT b—D 46.4 pg/g (T L1273,
HIPEIE A OREBLO M /K ERIE 1 21.1 pg/g 1K L QW e, HAEBEZROFOMFPEEIL 1.6 f50mS (33.7
uglg) Tholz, & AN, BAWOFOMHF7KENEEEITE D% U, BEFL U CIEAERAH IR 2 12
ERLTER, —, BELEZR ORI O M KEREEE 76 ng/g I EA- LTV e,
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80 B Pups

70 - 6

60 - 5

50 |-

a0 | = 4 OMothers
30 - E" 3 B Pups
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® "N & CJ Q ) )
6\5' bé 80* {\\0 bo* 85‘
K & © <:
&
Term b'sf"
Q,Q
Days
Fig.1 Changes in Hg concentrations in blood Fig.2 Changes in Hg concentration in the brain
Fig. of rat mothers and pups of rats for mothers and pups

2 iz e

L% & BEFLRE O REBL OB P KSR K ONHAERS 10 H, 20 B, BELFE (30 A). 40 H KLV S55 HEOF DM
KSR 2 s LTz, HEEEAZ O RBR O /KERIR 13 3.31 pg/g T, BEFLIEIZIZIL3.82 ng/g &0 LA L
TV, HEEERL O ORF/KRERIREIT 4.5 pg/g TREROK 14 5D @E S Th o 70, BAMIDITFORMFKER
BT 10 B TIX 14~ U TFE TR T L, TO%GBAIZEL< 720 55 B T2 ugg L7272,
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) - PR

Fig. 3 |2 5 i1 DK GRE L R BRE O n—% - 1 v FRBOFEREZ /R LTz, 3 BIOFHOEF T,
60 FOLL b —% - v R ECHATHIRT AR 13K ERF 58 T 6/18 THRIFREED 14/18 & x 2fE TH E(p<0.01)
DAEDRD LT,

:(‘l_w

80
~ 60 <
ae N
o &
e 40 L
£ 5
g ¥
! o
[
K 0
Control Control
Fig.3 Percentage of rats ( six rats per group with Fig4 Percentage of rats entered into
three trials) reaching the criterion of 60 sec the dark box in which they had hocked 24
on 5rpm of rotarod hrs before

Fig. 4 12 6 FMRIZI1T 2 AKERE 51 & *HRBEDS %Eﬁﬁ%@ﬁ%%Tbtoﬁ%ﬁfma 200 V OE
WA Z T TR DI 5 & TR & T HBIEMIMINIC A S T-DIF 1/6 TKEBBEGRECTAST=DIE 5/6 & 3 2
@iﬁﬁ%&%mmmﬁ%%htoK%%ﬁ&?@ﬁ%ﬁ%@%%h&ﬂoto
FARR IR

A% 20 H - 40 H - 55 Bl 7 » M CIEL 6 Bl 3 B/ IMMECEIZ focal 7RIERERT AGR80 bivlz, &2
Tl folia O—HC, AT T 7> NEERLE NI BRRCHIRR S EE Loy T 2t 2l CilEik L, HH 0

13537 % HRIRIT R & FERLRE S AMEESUIRIE. T 70> S AFAE S D4803388 BTz, [RE Tl Purkinje ABARAS KL L
T, F72thod folia Tl Purkinje A &5 % 5312 Calbindin £ AR5 EO KAUSEATRILLS, FERzfENIZ D
e bEUL Sz,

I

D. &%
AlElE, FRER TR IS O RV KERE LT 5 ppm OIRIEED A FAKRE T v MG 2T, IR
RO HPE, #2350, BESLORH DT 1 7 « 20 %38 U T O A FIVKEEOREBA~OEFE « (F~DOBI TN
ZOAF~DOTEE) « 7 - AR~ DL Et L,
IRERTREE
%2 7 AR OfRENOBECCHERER O M A KSREEIXIZIE T T b—IZZE LTz, L L, ZOREDOK 1 7
AWOIRZE RS, HE LR T v FOMmHKERREITK 12 128D LTWe, 2O &b, IR
DOIREOREICE VT » N OKSEFZIZ L2 U A7 PSR U= TREMES R XD, —J7, HERES
DOAF DI KSR IIREBO 1.6 [ TH o7 2 205, (FO M /KRR 2R T 244, 10 H s,
20 HEORES OO KSR 1T AR O 1/6~1/7 (IR T UL I RO R B DK ERDELY

..l
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ZHMIEFIARNZ L3RRI D, W, RERO M KSR X HERFOK) 3 5Ll LICETEA L, #
FLIT & o TREBLOKERPMF~EAT L TA FAKEBOAR N D ThHAH D L) TllldES L, BRLEL
TOHF~DKEROBATHIFF DN b b 67, WADTOZ DI Z TR L LTk
FEREESTLE D OTIE RV EHEE I L, BEFLRIEAEBH I MR 2 I KSR TS < 72 o T
W o T, BETRRERIREE HIRITMAKEIREE & FER2 8 & & A7, HAEEZOM T /KRRE IO 1.4
BORS Thole, TDORIFORMHKIREEE IXHAERFOK) 1/4~1/5 OIRFEITIK T L, BEFLZIBEEBAGIZ
VRZZIREN R 7e o Thvo o, BT, REBLOMMH/KERIREE & HER L 0 IZ00m < oo Tz, BLk
DN HRIZ K > TRHROKERITAFOTTITEAT L. RERD A FIVKIRITHRT 2 U A7 TS D,
— 05 ATFORGHKERIREE I T ERF O R L 0 & <L ERRIEREBL K V70 A F VRIS T2 ) 27
DEWZ ERFE AT, Loy ULEFUINZIIREED O OKEBOBATH D70 < | AFTIKEIEE ) R SN &
FIIRREIZ R > TCND Z EAVRIB S LTZ, E R THLIDOE IR ENEI > TWVDHDONDIHONTIIAED
WG & U720,

JHEE) - R

ITERABR Clde— 4 - oy FRBRC, KERIREERED o BRI Hoise AR O T L, i e o fRE A
R STz, ZDZ X, RN T DR RIRR R T/ MBI IR E R R SN TR G b 3R S D L b,
FEFER I, ATAIZ 200V OEEZZIFTC LD L THAHICAD T v MAVKEMREERECTE | mkss
BEREREE O FTREMES R S 7z, UL ED X5 TR Tl B0 Hi7ey KER & LT 5 ppm OFEEIOEBEIT S |
FOFEBCFEIITEENBENGDL Z RN oTo, 2O X, HEEEE OO /KRR X
4.5 nglg TREBLOK 14 f5O@E I TH -7 Z LR T 2 X 9 I REHRE SRR L @< 222 Z il
K95 D0, FEHF OO N ENZ L2 LD DD, ZFOMITOBIZ LD HDODNIEHE OISR
e LT,

HHAR AR SR

FERR AT NIMBCE OF Sy HTERUSR B 235588 B AL, ZAUTSNERIE D> & PNFERLIE ~ O R Hifa O i
EZLDHb0EEZ LN, ZOBENT Bergmann glia DL A K& U CHEEM OHARIIThi
LHIEEFMEOBEN TH D, T ORI A F/LKERITIRE ST, i bIMHKERIREE S E) >
TEHARMRICER SN b D EE X b, £120872 03 5 Purkinje AR OO E S HBIZE S 7z, Traq D
b MaREIEESTH, 2 ORFME Purkinje MRS BECERIENIC LIX LITRD b, ZOBEIEER
BN TE7,

E. #&f

FRER CIICATENCEE 25 E R Z S WVED A F KR TYH, RBBENICHICERE LB OK
LA fEE WK EREZ R L, MM TER AR 2 & Z NIRRT 2 Th A O MhithREE KR 425 2 i 2
Lz, Fio. ZEGERER CII AL L OMICFEENOERRD biv, MO &mREREIC b FE
H 2 T ARtk mme &,

F. WFIEHE

1. FwCHEER
1) Sakamoto M., Nakano A., Kajiwara Y., Naruse 1. and Fujisaki T.: Effects of methyl mercury in postnatal developing
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rats. In “Neurobehavioral methods and effects in occupational and environmental health” (Araki S Ed.) p.p. 829-836,
Academic Press, San Diego, 1994.

2) Sakamoto M. and Nakano A.: Comparison of mercury accumulation among the brain, liver, kidney and the brain
regions of rats administered methylmercury in various phases of postnatal development. Bull. Environ. Contam.
Toxicol. 1995, 55, 588-596.

3) Wakabayashi K., Kakita A., Sakamoto M, Su Mu, Iwanaga K and Ikuta F.: Variability of brain lesions in rats
administered methylmercury at various postnatal phases. Brain Res. 1995,705, 267-272.

4) Sakamoto M, Wakabayashi K., Kakita A., Takahashi H, Adachi T and Ikuta F.: Widespread neuronal degeneration in
rats following oral administration of methylmercury during the postnatal developing phase: a model of fetal-type

Minamata disease. Brain Res.1998, 784, 351-354.

2. FRFER

1) Sakamoto M., Nakano A., Kajiwara Y., Naruse 1. and Fujisaki T.: Toxicity of methyl mercury on neonatal rats. 4th
International symposium, Neurobehabior methods and effects and effects in occupational and environmental health,
July 1991 (Tokyo)

2) Sakamoto M., Nakano A. and Fujisaki T.: Deficits in cerebellar growth and rotarod performance in rats induced by
methylmercury treatment during the brain growth spurt. Annual meeting of the society of toxicology, March 1993 (New
Orleans)

3) PRI, TEEERE. RATERS ; 7 v FOFAEFITIT 2 A F KRG L D/ ER L r—4 -
7y REENOXKIEF IS EERE ¥ any—r R yav s, R4 F 11 A R

4. BL b a— RRZTDOAFIVKPEERBUCET T 2028 (CFRk 12—16 4F)
WFZER Y R REYE (JLERRIFZEER)

ok 12 AR DORFFERERITILL N OB Y Th 5,

1) AEEREIO A F KRR, T T — FEEEEZ T I b A FLKREZ TR S, MLl T L,
ECD H A7 v~ 7T 7 4 —Toth§ HlEOME 2 ER/., ECD A7 u~ F7T 7 1 —ikIC
£ DGR D A F VIR T, R OWEZERNIIILAET D5 Th %, IEIRG ObrEs
& LT, AR A TE Y — 2 TR iR L, R THRI L7, ~F 40 hrx o Calofhit
BRELRAT, WA a~ 87T 74— %2 5220 L~ L E TORRN OREIIRS Th -
723, BERG & RIFFZ A F KRB I &5 Z &3y o7, pH 28 8 HiltR TH 0 b A F L kER (2
DACFIEDE R S dUEht & 5) I3RS VDT, Witk Y —Z 12 K DK ROFER, A 4
Ay (S27) NEEL, EAATFKIBY LT 74 K (ZOMERITESEREICHE SR D) %
B LD ThA >, —FH EEREITe b snihotc, Lo Z et BB EZREL
Tob, &/ 3 — FERZINA I VLA F VKB EZTRR S D Z L1372 o7, ENIRGy D3t
FOT, &/ 3— NEEEZINZ 3 VLA F KBRS, B & 3 U2 FAKER % R
L. IROBPECHBERRT 5 Z LT LTz,

2) Ty hERAWT, Wity —Z X0 EEORY, T VBO—HETHLEL S ATF A= D,
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3)

5.

AFIVRERBEIEDOFEBAMENZ B3 2 B—5 BB A it L7z, 12 A4 H S mgHgb.w.-Kg D A F /v
KERZEFH LT, AT IVKIROFER IR (X T LKER : 60 mgHgb.w.-Kg) #H5LTH, L/
AF A =% Se & LT 1 mg Xid 5 mgSe/b.w.-Kg 20592 Lo Erpdietk b 2E/EFHRD
L EMER LT, FTo, BIRTATFIVKEROEELREIE (X F/LKER 1 60 mgHgb.w.-Kg) ZH5 L
ThbH b, £0O% 1 mgSebw.-Kg/day DBV ) AFF =0 B LTRD L, BERAEERTT v K
2/6) HLHTL W56 44 (5/6) Liz, LEDXHIZ, BV AFF= 03, FEFITHRNA T
JVIRERDFEMEFEBUIHINE 275 LTz,

YA DBV E X IV E ORHEEMBGERITE TR TH S,

R V27 O LA AN 61 £ B IR TR OMRERRIEOBIREICBT 20158 (P 12— 16 4F)
Wroe s P BNE (GERENIER)

SR 12 R ORI F D £ 50 Th 5,

1)

2)

3)

b N OMER IR, IS 2 BRI 23R T, RGO BLM-CUES . IRAFEE R OYREES 2 i
L7,

TEHEDIHIEDOBRFHIIBN T, AREHCERBEAEHIAFAET 2 5A & DItHRIL ICP B &AHTEHT & 0 JlEw]
REL 2o TV DM, Bl & I— FOSIENHIL TE T, BUEbF ZED T\ D, L Uatiicix
bt A BRSO DT VT LAOEANE, I— RN Z R/ INRIZIZ 5 22327 F A4 —0
daEEHEDH TN D,

AKERHTIZHRN T, B LRERRHTETH DRI L0 | JEHOKER & HHKERE SRIERT 5 )7
IEOHENIZ B LT\ 5%, BB TuvD Magos DHIENR D 5 A3, BEHOKSROFHAT I IAES 5 A
FIVIKERDBEA T/ U CTHRKER & U RIS N A REDRH D, DA FIIKERDREA FAAERIE, K
SRA L OBITCUMERT D — AR T DIEINUKF L TND, FH—RARA A OIETIE, RO
I CIXF—ARA A ORFETRE D08, EEORECIIAFT 2R oW IC L 0 fie O 8%
T D, T T, ZOWETCHME ORBELBIRT D42, B ¥y I IS X DAL (REEC,
KEBETL SRV 2R, FEFHICHITHDLZ END ot £io. 2D X 9 KBOAHEE & %
FEORIERIZIE, T REOFHANC EMERE ORI ERE & FF - 7o KERFI LB CH B,

44



6.

FEEZKER L~V O FRRE CERk 11—13 4)
WRgEE L0 HE GESAEFSERR)

11 AR L 7oK R OREHZ SO T O T R ORI 24T > 7o, A RIOFHA TR b7 ik,
FUMEREIIE, BRAKRREIILTOLEY ThD,

Bk RO (g/ day) BEKRE  (ppm)

i B % L) % L) % At
0 33 50 152 254 1.47 1.33 1.38
10~ 33 42 30.6 43.8 1.66 1.34 1.48
20~ 33 64 322 35.6 1.99 1.14 1.43
30~ 38 96 49.2 40.2 2.83 1.43 1.83
40~ o4 95 64.6 475 332 1.60 2.29
50~ 55 76 85.3 95.1 3.51 1.70 2.46
60~ 48 89 133.8 80.3 3.56 1.63 2.31
70~ 27 70 96.9 61.2 3.09 1.59 2.01
80~ 6 12 145.8 82.1 3.79 1.57 2.31
337 594 68.5 55.6 2.84 1.51 1.99

A EFRA U 72 KR T RO BEZKEREE OFEIEIL 1.99 ppm T, & Z—12055 Lo HARANDFL)R
J£ 327 ppm £V HIKD T2,

FIPBEEIREII S L L b ENRIE ED < EADP LR DI ONTEL RDOHAA RO, —
FEREZKEBREE X, BYETIT 40 (R O TN EBEE & RIS L L bicHn L7223, =
ML EOFRTIXIE—ETH o7, ZHUTK U TR AL DO BEKEREE XA EEIE) D T8
IND X VIR o7z, ZAUTIT 20 RELEDOZMEDIZ E A LD R—<ZNTTNDH Z ENFEELTWD
LEZBND,

ZDRIZOWTHERRT D708, _—vIRLIRIZ L 5 BEKRRE DB 2 ERIZ L - TR, £
DOFER, —BDO/ =< E T = DRSS 2 om T EIKEE LIZERN D b, [FRROSRE S
naTnsd,

¥, AEEORBHRIHLT & UCHEA, @, BEL FiEkL, e, K. TIEOSH T A%
EL, TNENOIE - ERHEFERITHIMKEZIT > T\ D, FHT < OMAE DB ITKFH O

BaBTND,
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5. KERZBEY DREFFERIAFIE

o=

AKERIT B ARFUCTE < FFAET 2 B2 ORI DI ATERE e BiALKERDOIERETH D L b Tnd, UL,
Ol OIERIC L B Al b D%, . N7 T U T EOERIZE » TAF ML E 2T D BIG0NHE S
NWTWD, ATF AL LTKEITEYEEREICA Y | EMIRIEZ T 5,

AR 15 MY 22 K SRTE Y & 2 M EREIAS 0 /K SR41E Bk o0 R RE 5 & N5 Ye Hhisk o0 B3 5516 71 4 1H B
IZAILT, KRIRBRHEINE O B2 £ KD KEVGEROMBE AR HHkE 7 +— /L FE LT, BRER
HTOKEDOBE), WG L O FEREZS LI BT 20752 & . 15 Y T35 & o0 K SRIF1IN (- B
T O, & L CHEDOKBEEIZB T DKEGYOERETIE L ORI TWD, BT —< 12U
ToLEYTHL,

() BB CoKRBOBEF L O EE(L
1. KEBIZBT D KBOB)HE
. IKERIEER O A ERAL
. BT BT DK ERENE
- NI T TR DK A AR R AR 7 O B & A RRIC BT D& BI O
- AEREUELS L OB RBHI & E 1 DI EKER DAL IR E 15 OB
(2) BREGETE
6. IRIEINBEIC X %55 DR & KSRO BRI O B
7. T T Y TR X D BB KRR B O B
8. JHHRERIH Lz A FILKEBOMEA F AALDOB%E G
G EIZIIT D IKETG YLD FEREFH A

o kW

TNHDOWIET —~ DN 12 IR T 2R ROBMBEIC OV TLUFIZSNET 5, £o, £&F
STERD B D b DIZHOWTITFEM 2 R IR 2,

(1) BEDYTOAEOBEIR I OMLERER(L
1. KEEBIZBITEKBOEHE (FERL 12-14 5)
fRE REE e T &R B LR ' ORK R

AKAR VB A AR A B AR A & Rk 8 AR R AR | B & ICFEM L T D, AL, Fak 10 4
JERIZFENE L7225 2 [BIFRA OBEREL O3 - [FIE & T 217> 72,

KRB OAEIOFRERE R A 1997 FOHO L HKET 5 & BREARGER (StK) & o/ Rl
(St.S) TREEMEEMLTWD, ZDHH St.S TIEHEERIIHD LTEY, A4 XO/NZ W EEKH
WMLz Z LB 9 hvbinnd, £72, StK & EOHKRBMRI(SLG) TEERMED ERB A5, FEERH
EOEERD & ZHEENMED L, bo THZEMNEML T2, BMERITIE, JEEAE
D UTEEREEPHEML TV D, &7 E~OBEBEEDRN K E PR U CREEMEOTWEE B3
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ATV LD, WBRERRSNICRSTEARENEB A OGN D, 12120, b ORISR 10 Fi21T
DITALYI Y MORE OB DN, 8 OFELEOFIPHN 72 D72 {5 72 DI IT ISR O A
Z e ) R D D

—Ji. TN A& 2T D 5 6, B EREIZOW TINERAKERIRE ORIE 21T > T\ b, BIED
EZAH ETAIT=RANATHONTRHLBRENESEALTND, —flELTETA Y H=DihE
3E®@*¢%%%ék IKARIE DWARAT DKRFRE L~IUTERL 4 SE X VIR T L TR Y . Bli Tl

FIFBUTNZ 22> TV D, L L Z ORI #sk (e RALHIT 0 RIG AR BT 70 &) OfE & 0 %
BN L HEFIFZEEV, AROBMPER S5,

2. KBIEROEMMERILTE (R 12—13 5)
AR M Tkingura J. Guimaraes J.R.D.

AR LT THEGH P RN T 3R 2 T RO /K — JRESRIZ T D A FVKERD AR & 4347 ) OFRE
FINZ 3T D IEREKERD A F LD ER % JIDK & JEE %rﬁﬂ%‘/\j’)’é’ﬁ%Tﬂ/;ﬁé’ﬁﬂb\f{EUﬂi Lto
T OFRER, ERERZANTEET VR TIEH, T v Y HAZRE AT RITEHERT A FLKEBOEEMNN 1.5
~2fEL Bvotz, GEMgR)

3. BYESRAICRIT BKREE (FRL 12~15 )
o Hey R ' RE ORE

AL A F LKA TN L2 K B OB TS 7 F X% 85 LT, KT OKREEEE DLAL & 7 F IR
TOKIEDLAT A FIX TN D, 0.1ppm DAL A F IV KERZ RN LIS EE O EBRTIIE LT 5 7 FEN
%<, ROV FERNMEL NIRRT, T2 THEIMNT HKEEEZ 0.010ppm £ TE T S50 TH
FEIR U B A ke L T\ b,

4. N7 T VTR DKREUCFEBRBER RIS F O HBEFF &L BRI D REIDOBIFE (FErk
12~15 %)

W

hR E WIS KK B

AAEFEIX, TKIRIE O RS FHEE D 53 FERBFHIRFIE) DR T, ARMRIED HERIR U 72 KSR A
Pseudoalteromanas haloplanktis M-1 £ D /K $R4EFA LB AR T O % AT L 7=,

5. AGREER XURERBHIE N SMEBABROLFHOBRELEORFE (Fk 12~13 ££)
A TR il A

AEREEL 2 & Tokk & ZRBRBE B O K ERIR FE 2 203 1 < IEREIZINE 3 2 HiED BRI TR BRI A Y |
B 72 AR K-> Th b 272 B O /KEEHIE FIE~AT A2 ENTE R, SFEITSHITE
D BN OEEY OV E B L L TREDOMAS D ERCEKIGAT v 7O RE LE{T- 71,
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—HKARBIZBWCTEED a7 7K e ZFILL, ZNHICE TN DM EKEDER %2 EK
MRBXOARaR=7 « 27 7 7 UAFEFTIC CRIFICHE i L7z, TOMNER/RIZTZHOD TIElLTEBY .,
W7 DRNEEAF DKUY Z MR T E 7=,

(2) REEHE
6. RIEMBIEIC X 255 HROERE L KRENNEANTOBAFE (FAL 12~15 F)
A ERE Rl BA

E N O/ LIS ERTG YL 138 OKEEWIHIEEE 250ppm) & W T Bifb&iisin (& 1 %)
2 L D IRIEINBVLEL R 21T o 7=, AR E LT, BAAER L H1T, 300°COIMEMEE TR 30 4L
P52 LIk, KBORERINITHET LAKEBERERL LT I8WLL EAG LI, AR LT
BOEEERWTC, BREAERE 46 BOTIEIC L=, KEBOIEHFEBR 21T > CIARH O /KR
ZIE U7 R, BRETE S KER D HIE/ B YL Y & L TR TV 5 0.0005ppm Ziifi e SE5H Z &N T
7,

F RN AMLEL L 300°CLL T OIRESMETIZdH 548, IEVLERLIC X - T 48 KB P o kR
EBRET DI EDDABFUIIRAET HARRIED & D X A 4% 2 U ROMAREE H A 72 & & E & LAk
LTRBBERD D, T2 THE, BIMIHE LMBE T Z > & AWT, Bido T+
HE 2 REICAER L 72D F A A U U ROMRIE T A DA R ZE Uiz, HIEICH L7 21T, 1
— & U= (INEYFA) NESOKEHRAT A, A7 T X—TKIPEHELT2H L OBEHFTAD 2
FEXE & LT, TORER, MBVFNERO N AL, XA 4F 2 DN EHED 5 (F0 5 10 [FREE N
SN, LaL, W AP CIIEEREZE T ERIZEEICE TR LT e, FEEICEZo
Vel 7 AT S 9 — B, THMEIRWGEES 2/ H L CREH S5, BIE, ZORKEHT A IZE N
HEAFX YV UREARETTH D, FEERICANE ERIIRONDEBEEDL A X v E
ENTNWEZ D, ZOXATF L NIREOFEHKOFT THENOEH LI D EEZ 2 b5,
I HIT, LHETIET O X A A %, PSR EEIZHA 17100 LUFITET LT,

7. N7 T TR X B BB KSR BENRT OBRCER 12~15 )
TR ORE B EE HE E

il
A
adl
\md
bt
TH
\
/

AL, LT O 2 EIC W TRE LT,

O/KSRFEFAVAMEE 2 FH U 72 K ERTG Y A BRE AT O B8 12 B9~ 5 Bt
ZOWFETIE, KRB GEE L 7K SHEFRALHE AT L, fx OSSR 5, KRBIEE
DKEBOBRERISNZ DWW TR 21T o 72, GEMZR)

OWRIRASA A~ ZARLER O T2 8 O 1 BE 72 AR BB L2 B3 2 ZRR o
ZOWFETIE, KRB DRI L2, fix O 2 FLKEHEREME 2 W TRORH 2 ENDD
A FIVKERBR BSOS 2 Wt U725, 90% L o> 2 FLKERDS, 24 BEREICBRE S D 2 L AVH)
L7,
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(3) BdEICRIT DKFIEGOEREBRECER 11~12 F)

(172 | A A N SV S R - VR A 7 NINRC o
iy RN Uk R lin FET o PR e

AEFIL, LT O 4 EIZ W TRRE LT,

@O HIWE (AFAKRE) 50 (No.717) OFFEFAINIZE

@ KRBRFEDIZEBIT 5 e N HAE KX (Hormomya mutabilis) D /K ERIEFE B3 5 PR

@ KRB FIHE OFEA T KRR DOV T

@ IKARIBE D DY L DK ERPEFE (2 B9 5 R

IO DOWEZIE LT, KEIFIRIE YR O EE RISV T, HEL PRI KERE ORI E 7 & %
Tolz, GEAEIR)
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AR TR Z AWz, fJIHDK—EERICZEIT D A FNVKBOERE 5370
WHIEESE RA PR (EBR - aarseiEn)
Tkingura J. (Z/LT AH T — LK -« HEF)
Guimaraes J.R.D. (VU A7 ¥ % 1A mdFK - £ Er)

(ARY]

IKERO AW a3 K ERIGIHBR D H 72 53 —IRERFIAKIBIC BN THIASRBO b D03, REXIE
ROBHE S TN A TR AT LORE S H Y | £ OISOV TI AR SR L, BRETIZHT
% IRERDEW AN 2T & 202§ 2 7201213, EEROKENZAAET DI L L OKIROZHE TS0
T, EEREKERD A F IV KERA~DZALIE T EN D D RG22 EEINCHRET 5 & & b, Fb i
FRICRIE TR A BB OB 2T 2 Z LN EETH D, ABFE TR, IO EER L UK%E
it > THREBGRZWK L, W) IDK—IRERICEB T 5KMOATF AL L T ORI iZ, ZHETHEH
— T LW B2 EATE SR CE L T Y Uiitl—E 7 n~ 79 7 0 — 2G5 08
T B TR & 2 MR E O IERE - AHOKIRO D RIHTEZ W THRET LT,

(WF5E 7 1)

DA & R 2, EEICIIE R Y Y 0.7ug/g DREBORSHERN tHE ((®HeClL) %Mz TH
< B4 U727 Jenkins Tube(PNES 80mm x 5 & 300mm D A 7 AR HAEZNC VIV, ZHUSHIK 1L %
FCHEE L, WL OO TIZ 11— 13 COERWENT21—-38 HiEA > F 2— K L7,

A U F a— g VOFRMEIT, a. 285 & R & IAAQ25ml/min), HFRIEETIZA v FaX—hLizb o,
b.ZEH N A R EIAZ(25ml/min), BEREMETICA v FaX—FLZb D, o GRS TFIZEAL
MEANNLTHE LD O, BLOAJEEZ AVTJIIKICH & [F U RO BEEKEZ X 726 D0 4 FifH
ERE LI, A vrFaX—ra 1%, BEHEFRTFIEZERE L CRER L OUKH ORRKER, MK
RIS LA F/VIKERIREE 2 E U TR ALIC B L 72,

(FER & B52)

a. CILJERE T CRKERED 9.9—13.8%, KHTH L 66%0 A FNKIRTH-72, ZHUZxLTHT
IFEEHT3-63%, KPP TIEM%ThoT, 2D & X aD/KFPRKBEITb.OZID 2—5 fFEVME%E
LTz, 72 o Tl AKPOERKIIEEN abll b _XTE > 720, THITEE T oA OFENIC L
HHDTHAH, KIZTE AN ATk, EBRFAGIRFICEA LI2KERO DT D 1.1% LAavKHIZFE > T
WD o Tz, EOHO X FILKERDOMBAREITTT T 2 HIG 13 43% T, bATILE T 2 TH - 72,

C.DFEBRITHEA LT EAAEMT BT 2 EMIRMEHER A R T2 &0 KROWREITH LTI A F/LKER
T 1970 fi5. #AKERT 620 fi5 & o7z, —HIEKEDOKEEEITH LTI A TF/AKEET 1.38 5, #KERT
0375 CTh o7z,

DX 9z, AP CTEERZELIPTIET D E A TFIVKBOARP T &\ 5 BLIRREOGER 255 2
ENT&E T, BEHERE EZEZIEN T 5 2 210k - T, BIRE COH-OEMZRAKEREFELE W2 &
W, RO EIIED 572,
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(2% 30K
Guimaraes J.R.D., Ikingura J. and Akagi H. Methylmercury production and distribution in river
water-sediment systems investigated through radiochemical techniques. Water, Air, and Soil Pollution, 124:

113-124, 2000.
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AARER L UREREHIE T h 2 MEARBOLERIRIEE OB
MBS E RR R (EER - REHFIEE)
B B (BIREKR - B - HERBRER)
LpE TR (BIREK - B AR
Horvat M. (Au_=7-3t 7 A7 77 - BRERS)
fal AN (ReRlFgER)

(B#)

KEBRBEHPIC I T B /KERENRE IR 2RI STy, O RKE RFEHO—2Z /KRB L OVEEIC
EHENDEORAKE (T-Hg) B ELORAF K (MeHe) & HIE T 2 i CTIEME 2 FIER B £ Tl
<. EEfRPEMPEBEIN T RN EWIFERD D, AT T, I KEESEOBAKRER L O
WEARGREHIE N B KRN ER L, 150 O /KERAIE 2 W 2 RITAEREZ 205~
OWFFEER CRAE L, EREOEEEZMRT 2 Lo, FRBHCE N 5 HHKER - KR
HifzRkoOZ L2 HE LTV,

(WF5E 7 1)

KRB L OVRATI, KBS OB ST BUAE A B & | WAKRDOKREHI N> &2 -V T
JEKZERY | WK EHZ DUV TIEL GO-FLO = A F 8K 22 -V TKEE 1m 38 XV 10m 2~ HERER L7z,
FREEHE LT L, TNENOFERICIE O CTRI%E S L2l B O K ERO M - A1 B o4 T
EE AT Lz, %t % — (NIMD) O/KEFEF T-Hg 35 L O MeHg O/ #rikld, Bk~ > 7
CERHLALERSS, KEMLAWME DTV AL LT LTt L, 20— AR AR AR L
IR RIEEEZRHWT T-Hg ZE &, MO D 1T NapS TERICHERE L, RM: T2 Ny sl &
DIBEID S A AU EBREGRHIE DT Y UHIALE LTORD ML il LECD—H 227~ h 75
7 4 —%HAWT MeHg ZHIE LTz, —J, ApX=7 37 A7 77 UH%EHT (US)TO T-Hg OE
BRI 2 B R R T RAIBIC K 0 AT A A RKERAR E — BT~ A A A L LTRML. 2h
ZINEAL CHIET 5 HETH D, £72. MeHg (ZOWTIE, BEMET CH,LCL fliH L/KARICERE# NaBEt,
T F UL L CHFIRTH A~ N7 7 4 —HAI 7 A (Tenax) ([ZIEME L. ZHEMEVL CTHBES L
THTL KB % B iR U5 e mpriBic & v e L=,

(R & B52)

BEEREIO T Th BRI KERHTIZ Y - TIEZ O& BB R ng/L) Th 572 DICE L DY
B, FORMLEREE L CORMERENLETH Y, TOFRMEOBBETa s ZI4_Z LYL ., Thimnm
Ak L T-Hg ([Z2W CIEMERANEM 2GS D IS1E0 72 0 OB AT L, A7ek, ERERJIE % ATREIZ T DK
B T-Hg 35 O MeHg O i CRE EE o i@ WVHE FIEOBIR IXEZE R MR & 72 > T 5, A,
ZHETNIMD BELOUSIZEBWTENZIME IR LR Z MM CTE RO FEZHANT 21
ROKEFE 2 8T U AR 21T o 72, 5 b v fli 2 O KB T-Hg fEI1E, 227K H 0.98—42.80 ng/L,
TEE K TR (FFEYE)0.45—5.79 ng/L ¥ K ONFEEM 1 (W AEPE) 0.78—42.40 ng/L %7~ L., MeHg flIZ4/KH
0.02—0.51 ng/L, &K FHERMENE)0.04—0.29 ng/L 3 L ONFEEY) 1 (W A5 1E) 0.00—0.32 ng/L. DFiFH T -
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72o NIMD & IS M TINODORERAFAICIR LT Z A, ZRENITFIEITES BioT0nDH
DO, FFHNTHRER R, TEEKRED T-Hg OS2 ERVTid T-Hg i3 L U° MeHg fE 382
THEBTHROD TIW—EE R L A EO FEOF AR vz (B 203, 22/KF T-Hg: r 2=0.9865 ;
MeHg: R?=0.9895), 4 [Eljfi & IAED i 57— O A H D T-Hg fEIC DWW TiE, AL oEEE
HBo THRIELTZICO Db b7, ZRTHRE YT Y 7 o7 sk, 650V ITEREY
VDR OEEBIRICB T 520 2 X560 EZ BN, ZOMESWTIISH S HICEM
2T — 2 D SERFEC %ﬁéﬁﬁ%im\%@ﬁﬁ%%%#ﬂbfn<%m?%éo

E =34
Tomiyasu T. et al.. Mercury contamination in the Yatsushiro Sea, South-western Japan : spatial variations of

mercury in sediment. The Science of the Total Environment, 257, 121-132, 2000.

KIRRFBELRFORMNE, ~Fr, BREOKFEL IOV REOHIEICET M54
(ERR 11~12 £ )
1. HL #& (AFNKE) &5 (No.717) DIREFHIHIZE
WA R ORRT (BRI

NE BRFD (TH b ERAEA )

TR R

AR FERS (ERR - S rsEE)

HEp BT (ERERFZEE)

Tk e (REAK - %)

xLoiz)

KRIEDOARFE IL, Bl —F v VSRR TG EFPL R 3 X O Mk EERTO#E 4 ©
NRERARH O PR D LI L9 B E TRBREFT~E T 2 e S 72085 31 (1956) 45 A 1
BeEnTWa Y, B3I 34 (1959) 4 7 A 14 HICREAKZE LK SR IR HE D A H K R 2 R 2 L
7=, FO—HE%O 7 A 21 Bz, MK SIXHLE Gl - FOEXTFOM) &40 b Fiig
TGBER AR ORRICHR Y 23T T, WERIEO R EL RS 5 FZRA R Lo, B OMIERITA L 220t
400 5 & IEEN, FIERITEH S TWDY, ZOIEFOHIRAT IR AR THh -7z 2,

Z OB S IXFBRAZBML T, 3 10 IBOWEREZB /o> T b, SEFRSNERIL, fE
KRR P LR IERFR O RGN~ DO BRI, TR EAENS RO b0 TH Y )1 K250 Fn
37 (1962) 43 ARHIBEE LV BEICRDIFY . B 43 (1968) G DA K ER 23 BUR 2~ AL
ELTARINTOEMEIT, BIRFOREAR R FE SRS B N E B a1k s, R—F%
(BRI 2 AT LI L DR TH D, TO%, £ 1 Ffl L7ziEgFn 45 (1970) 410 A 13 HIZH)ITERIE
e CARIRES Nz, L L7 b, ZOFBZENIR 40 FlTbiz W AR SNV EFIThR > T,

(BFExige & J51k)
HL 7INES BITREAR R PRI R ST e TIREEIR & Ak & b 5 BEik 2 5 B 20 ml Jf D
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AEIZ2NT TG LT, MMRMERE, PREEES), EiEE), JRlE, Rk, AR, MEOREA B L, %
JE% S B BICER LTz, B I3RGF STz HL-2 iR % AR & SRETRI /5 1T CTRKER & A T LK
SRIREEZWE Uiz, F£7, RBEROTLESNEITo 72, WELITIE, R~ U U ICHEE - RIFSHT
W2 KM, /M, AT, Bz ded T L TNT 7 ¢ R 2R L C, ~~ bR U v e
F T e R OUKRSEARA L P ROG A2 i L7z, F 7o, MR I2IE Kliver-Barrera (KB)Y: (2 K O Glial fiber
acidic protein (GFAP)Yeta %17 o 72, Kligs DR /KER, MEREAKER K O A T /LK ERIREE 201 7E L 7,

(T FERRR]

NE L FR S OFRERC L AUX, BRI 35 45 11 H 28 BICHEUR 0% 5-BA% 46 BB (BEFD 36 4 1
HI2R) IZBEMEZECIED L0 RERORBEERZL A, S6I21H 14 BIZIIZREESIZ-& D &
BANVEEAITRR (LA E) 2wz, 1 A 17 BITIFRBRRE S EN (KT 72 X 9 Z0ER) KO
PRER S L D AVEAR S o 7o O TR UTo, BERBEG-RTORE 2.2kg I3MAFHIRFIC 1.4kg & 800g DR
ERAD % LTz,

H.L-2 KD BB « BRI O KSR 2 H1E L=, SR CRMMERT L2720 A FLKRERIT R
ERIE LTIZ LB Z HDD, HEREDORKEVRHER SN, MOTHEST bIToTe, LA L
BIROREZIT2, BELUROX U o NI &z o7z,

JREAAR IR B O R, BHIFA L~ VEE S T DICRERII AR TH D23, KIKNKZ
BIATEFIZ B W TR OB & MRS ZE O LIV & D | GFAP Yefa THI O MBI & il LT 7
VA= ADFRD BTz, /MBI ITERLAR L E ORI O JE & OB E ISRk O 2 b2 7R bz,
GFAP Y6, W oMoy Tk OERfE I 7 Y A — AR bz, RGBT, RN, /M
ZREEN O 7 ) TR R S D03, BEICZ Y THRIZE SR,

IKERFRRRAL A LOG OFE R IR I ZAFHIAE S O Kupffer AIBRIZHREGVERT A2, L L7 s,
KB, NI, BB W TR EOERKIEOETHIT & 20 vb & TR I I X995 MERT 7L L M5
NIz oi=,

(BE)

AREEFROAEFT IOV TIE, BRIV 2 0FEICTRH ST D DY, MK O Z 0EBRO
BEE TTHAANENE RBDIN ] L5928 Tholz Y, AEBRO/NT A S MER 400 513
FIER IR ST, TooTmO—BICT ERNES HHE, o, WEFANRED LW EE NN TV
7=z, THBEBRNERTH D EWET BITIEE > TV Rho72 2, 72, TRERZEERC®RSE L
THRIELTH, ANMEEN L TRIET 208 hOPHEZIENT 2 FT e ban e | TIHNEO Kkt
EZIFTNEY, &I, BINEREZMETEFO VEFIN 717 5TH 5,

ARBEHIZIE, BEOKENEENTODENS -T2, BTN TS 100 1 g/g DKIRMRE T
WAEEZBA LTV, 40 < BRTREENT-T-00, AFAKBITIEELTNDEHEDEEZ D
N5, £l-, MOGTLHESHT T, FIHOFEKE L TEZONTEEL YRR Y U ARKRE ST e
FEHP L7z, Lo, B TIIKEBRED &SOAMEC NEFREICIEE L RERE N & b
PPHI L7z, B L A3 A F KB EHEZIHT 2 2 & b5 TR Y B, ARSI B
LT, FFHSC Mo A BRI B 12 H ] LB BS AT LS5 DAV AS . KBM. /1M B OV ik C 1 S/ SR
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FEVCAR Y DR ICHERT IS SN o tz, ZHIEREMMOFR L~ U VEERRFICED LD EH
A Hd,

JRERFT RAZ DWW TIE, GFAP Y hifimed TREBICEEMEFT R A 2 L7 2 & T, MiRRROBFRA, &
2 WK EHERRA b BOG C b 2 W R & Bodvio 2y sHHRBIO KIMN, /NI CIIBEE O Z- 2B T s A
SOOI L, EBREITIIHAL MR EIC S ) A= 22RO -H T, BB A FILKRPFHEONFHE
2l E T ERHkR-FEIEEThH o,

ARFEFRZBEL T, MIKOBEEREZEX (DTN ETHRFEEONSG L SfEARE L TONIGOE
FEEVE D ER R D, BHEOHIN A L <, EEREERICE 52 Mk - FIXEE L 59
(N ETAAN

HIEE - A~ U CEEMEA R OBER 2, TS A BB 20 U C ZRHTHE £ LcsEIl —%
A THEARIEH A L L ET, £, B2 RRICANIEIC 2R Sz NHK s E
FRICEL LY BLAdR~FE T,

(51 FH STk
1. ARRFACBAT S, KR - FHALEBEAT S S EmEZ RS, AKEIBFIR, pp. 321, 1982 48 A,
2. EHIES : AREHR— KRR E R —, KRR Z 5T 52, pp. 135-136, 1970 4
3 H,
3. AKMRIE—20 FOWIE & 4 B OfE—A BB HER. §ME. pp. 270-272, 1979 41 A,
4. KEFRMEO+HE—FTDOFEMEES> T—, Fv YHERSHE DKERMEO+HAE) WEZES,
1970 412 A,
5. NHK A~y )b §if% 50 4E2 D & & AARIT, NHK iR, pp. 169-174, 1995 4F 11
A,
6. WkAZEE— L ORER—, W H BRI E S AR, AR, pp. 259-260, 1995 410 A,
7. EOLXOHT—#EE 50 4F 45 BT RIARR. 0 ST, pp. 205-247, 1995 4F 11 A,
8. MHIEEZ : H/KIEH O =+FE—5 5 L OEA— NHK iR, pp.135-152, 2000 4 1 H,

2. KRBREDIZEBIT 5 e\ HA E R (Hormomya mutabilis) D 7K SR8 FE 2 B4 2 G
(ERR 11~12 £ BE)
WEFEHES S g OBl (RRIRED)
i F CEAENRIELR)
e HeF GEFRRZEED)

(BF7E B #Y)
REA KSR Ao PR B8 AL 1L 0 2 b o 7 — (TRR I S U7 AK(R9 JE A 2 IR R & 7o AT 5 )
DK LV L AREDOHEZIT D,

(BFFERR)
REAR AR BRI I L RO B BRRAF STV, ZOFNT, KIREFEDIZEIT S e
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HA € R (Hormomya mutabilis) 3% 55 € T 1SHDOMRE STV T2D T, Z ORR/KEREE 2 HlE LT,
T D BRI R AR 35 (1960) 4EIHIE L Tuv Y,

A ELERANCHRARERIRE 2 HE L, IZIEFEBROFE RGOz, KEBRBEITARICEVMEEZ R L T
WDHM, FBESRHX CTH 5 B BN T 2ppm 278 L TR YV HHEPWIKRE ChH LIt L, BDR
JE30C 10ppm APE STV B OMBER Shd.,

(%% 3CHk)
KIS Bdh7e b N Eiskigas 1 o KRBT 2L oo gE, REARIERGE, 34 (M 2).

119-135,1960.

3. AKRBAEZOERBKELLIOE L UEBEIZOWT (FRR 11~12 £)
RS R ORRT (RRRSED)

W e GEPRAFIEE)

TR ' L)

HEF fERE (JLRERFITED)

(WF SRR

1956 IR SN~ H A, asvna, =T Q). Y~AHX SHHA (5K ORKRE X
O KERB L OB L UVBEAZIE L., ~ A A BL OV~ A X RERBEOKRMEEZ R L, Lol
RINH=T L2 ML E BITRAMEOEEMIBIHIELL T ThoTo, 7 VITENERTH Y | 7o E - EAKE
BKEITTHER S IVTOTZREICEBA NG AV I SN B2 HiD, 1958 T s v X A
(2 E) RT7, ARXX W=OKPBPEREZITo72, 1990 FIBRIM SN (vF A . 7ak1,
AL A FRA L XFUF) BB STV T, fRKERE K OMERE K SRR E 2 ) E
L7c & ZARWVMEZTRT b DX/ o7, FEARRIL 1974~1990 FIZ 5T TRME O#MR L OO
CITHE%ToT-, ZOEBCAREOKBEENMEFLEZLDEEX S,

4. KRERED O R OKBEEIZET EBRSF (ER 11~12 ££5)
WFE Y 3 FiR L (BRERER)
AT HREE (JREERFZEED)

(IFZER )

REAR R FEFIBITLRAT S AU TUN 2, 1958 4R ICERE S AV 72 I D /KSR 2 I & L 7=,

et 02g % 50ml DY T NF 2—T2E D ZTHIZ 6MHCIE % 9.6ml & 0.2g @ FeCl; + 6H,0 % 0.2¢g
AN —BERIRICHE U, 25, EEIKRAEZR Y . NaOH THIRI L TR CTHIE L7z (R,
LIF ORERBATF Bz,
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F 1. PRI & Rk SR

BT K SRR
KR 2052.5 11 g/g
KIEEBIFEELS 339 g/g
Pl T 24450 1 g/g
KEH T 1221 glg

(BE)
1960 =D K[l O (CTHK) 12X 2 & KIRENOWETE 1728 2,010ppm 27~ L TE Y | AEIEE S
FREIEFRILbDEEZ LD,
1963 FLUE DR T D KERIREE & A 0115 bV T HERREE 2 Hie 32 & | KRBT KOG T O /KEE DS
FiRD TN T E oo Te,

E 3TN
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(3) Pathogenic Potential and Toxic Chemical Degradation by Burkholderia cepacia.
A. M. Chakrabarty
Department of Microbiology and Immunology,
University of Illinois,
Chicago, Illinois 60612, USA
CPk 12477 7H)

2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) is a herbicide which is quite recalcitrant to microbial degradation.
By using a highly selective chemostatic enrichment technique, we isolated a strain of Burkholderia capacia that
could utilize 2,4,5-T as its sole source of carbon and energy. The complete pathway of 2,4,5-T degradation by
this strain has been delineated. This strain metabolizes 2,4,5-T via formation of 2,4,5-trichlorophenol,
S-chlorohydroxyquinol, hydroxyquinol, maleyacetate and 3-oxoadipate. 3-Oxoadipate is finally metabolized by
the chromosomal [ -ketoadipate pathway. The genes for various steps of this pathway have been cloned and
sequenced. These genes are partially clustered as three sets on the chromosomes of B. cepacia AC1100.
Pulsed-field gel electrophoresis analyses of whole chromosomes of this strain demonstrated that the genome is
comprised of five replicons of 4.0, 2.7, 0.53, 0.34 and 0.15 mega base pairs (Mbp), designated replicons I to V
respectively. The #f genes are located on smaller replicons: the ##AB cluster is on replicon IV, #/fEFGH is on
replicon III while copies of the #/fCD genes are found on both replicons III and IV.  Strain AC1100 is capable of
removing large amounts of 2,4,5-T from 2,4,5-T-contaminated soil and restores the soil condition. B. capacia
strains are also useful for application as biopesticides. Many strains of B. capacia are, however, pathogenic and
are often isolated from the lungs of cystic fibrosis patients or patients suffering from chronic granulomatous
disease. Thus there is great concern that release of B. cepacia in an operon environment may greatly enhance
and magnify the infection process. There is a need to assess the pathogenic potential of bioremediating

organisms such as B. cepacia. Approaches to this effect will be discussed.

94



(4) The total genome of thiobacillus ferrooxidans (gapped) versus partial, gapped and complete genomes of
other environmental microbes, and mercury phytoremedation using bacterial genes in higher plants.

Simon Silver

Department of Microbiology and Immunology,

University of Illinois,

Chicago, Illinois USA
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The first completed bacterial total genome was released less than five years ago, and there are currently almost 50
complete genomes available in open Internet sites, with perhaps four-times that number either complete but
not-available (mostly held by commercial interests) or more often partial (frequently Aessentially complete@,
which more than 90% of the total sequence available). Of the 31 complete genomes available on

http://www.tigr.org/http://www.tigrorg or the 234 complete or partial annotated genomes listed on

<http//wit.integratedgenomics.com/WIT2.FE/ about half are for environmental microbes of interest and the other
half for pathogens. There is currently an active discussion of the relative merits of using approximate the
equivalent effort and cost for 10 essentially complete or Agapped genomes@ versus one complete genome. This
discussion is basically similar for the April 2000 release of a gapped version of the Drosophila genome as it is for
human an for microbes. The first released total human genome (which is projected to be released before the end
of this year) will contain approximately 100-thousand remaining gaps.

The newly published genome of the biomining bacterium  Thiobacillus  ferrooxidans,

http://www.integratedgenomics.com/FE;>http://www.integratedgenomics.com/FE//www.integratedgenomics.com/

FE; E.Selkov et al. 2000. Functional analysis of gapped microbial genomes: amino acid metabolism of
Thiobacillus ferrooxidans. Proc National Acad. Sci. USA 97: 3509-3514 will be presented in terms of information
content, analysis and the more general question of future genome studies. The 7. ferrooxidans genome is
approximately 96% complete, with 2612 kb of sequence available and approximately 100 kb remaining in 1350
gaps, that are on average estimated to be about 75 bp each. 2712 predicted open reading frames (OFRs) were
found and 2159 of these were assigned predicted functions, using newer and more powerful analytical software
plus the rapidly increasing available data based of complete and partial genomes. Probably 99% of the total 7.
ferrooxidans genes have been obtained at this stage, with error rates for identification and assignment
indistinguishable from that of published complete genomes of E. coli and B. subtilis. With remaining time, we
will briefly update progress in using bacterial genes for “phytoremediation” of mercury pollution in soils, with
two genes found in Minamata Bay isolates, those for mercuric reductase and organomercurial lyase, now adapted

to poplar trees and cleaning both methylmercury and inorganic mercuric from soils.
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The Survey of Health Effect of an Environmental Mercury Pollution Caused
by a Chemical Factory in Guizhou, China

IYoshiaki Yasuda, 'Atsuhiro Nakano, !Akira Yasutake, 1Fusako Usuki, 'Ryoji Aramaki,
1Masako Yamaguchi, 'Kazuhiro Yamane, Hirokatsu Akagi, 1Yukio Takizawa, 2Qu Liya,
and 2Xion Jiling ‘

1National Institute for Minamata Disease, Minamata, Kumamoto, Japan, 2Guizhou
Institute of Environmental Protection Sciences, Guiyang, Guizhou, China

Introduction

Maotiao River runs nearby Guiyang City, Capital of Guizhou Province, China (Fig.
}2. It has two artiﬁcial\lakes,' Q.I}ﬂ. runs into Chang-Jiang River via Wu-Jiang River

(Fig. 2). There is an irrigation canal

meets with the river between the two )

lakes, Hongfeng Lake and Baihua Lake 18- 2

(Fig. 3). In the starting point of a waterway which lead the canal, there is a chemical
factory with acetaldehyde plant which has been working for 30 years using mercury as
catalyst. The factory waste is discharged into the waterway and the canal, then flow
into the Maotiao River (the portion between two lakes is called Guodi River) and reach
to Baihua Lake (Fig. 8). The lake is used for industrial water, electricity generation,
fish bleeding, irrigation, and drinking water for village people around the lake.
Furthermore, it is issued to utilize the lake water as drinking water for Guiyang citizon.
We studied water pollution caused by factory waste; soil which receive irrigation and
health effects on residents around the irrigation area, Guodi River and Baihua Lake.



Study Area

The drainage of the
factory runs from
Shanbeihou where the
factory  exists, into
Dongmengiao River at
Dongmengiao after
running down 3.5 km
(Fig. 3). An irrigation
canal diverges at that

point, where  the
wastewater flow into the
irrigation. The

irrigation area is 180 ha.
The irrigation canal
joins Guodi River at
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754 . ongiag Huagiao (Fig. 3) after
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gy s g Shanbeideli o pm e mra River flows into Baihua
- e % Lake is called Yajiao,
, Sl Sution T, and the place central of
1 Baihua Lake where a lot
Fig. 3 ' of resort facility and
wharfs exist is called

Laojiutu.

Methods

Factory waste, irrigating water, lake water, sediment, soil, fishes, and hair sample
from residents were analyzed for mercury concentration. Health effect survey by
interview on residents was also carried out after questionnaire investigation. )

Environmental samples were taken from six points (Baihua Lake, Laojiutu, Yajiao,
Huagiao, Dongmengiao and Hongfeng Lake as control) and two outlets, Dongmengiao
River side and Zuocha River side of the factory (Figs. 3 and 4). On the fish samples, we
obtained them from a fishfarm in central area of the Baihua Lake, as well as those
angled in upper reaches. Bled fishes and angled fishes in Hongfeng Lake were also
obtained for control. Soil samples were taken from rice field near;the factory and 3 km
downward from the factory.

Water samples were taken 2-8 L in each point and mercury was extracted into
dithizone-toluene solution at Guizhou Institute of Environment Protection. Al
environmental samples were brought into Japan, total "mercury concentration has



then been determined by cold vapor atomic absorption spectrophotometry.

The mercufy concentration of hair samples from 300 people chosen randomly from
villages. They answered to questionnaire about their health when hair is collected.
Eighty-seven people who complained of neurological symptoms such as numbness,
sensory disturbance -and muscle clump were interviewed about their; health states.
Hair samples are wg[shed with neutral detergent prior to quantify total mercury
concentration by flameless vapor atomic absorption spectrophotometry.

Results
Water Samples

‘Total mercury concentrations in water samples were 1.5-8.7 ppt (ng/L) in Baihua
Lake 46.5 ppt in Yajlao, 13.5-60.4 ppt in Huagiao. Compared with water sample from
Hongfeng Lake included 2.5-4.4 ppt mercury. )

The factory has two outlets (Fig. 4). One of them is common drain contained 15.5 ppt
mercury. But the other one in Shanbeihou, which is from acetaldehyde plant,

contained 2198 ppt mercury when analyzed with suspension. It was still contained
1466 ppt total mercury in

Dongmengiao (Table 1). o , .
V.Vastewate; was then filtered Do o Organic Chemical (hostic acid, He)
with glass’ wool and analyzed.

Total mercury concentration in
filtered water was 3.4 ppb
compared with 174 ppb in
‘non-filtered supernatant which
omitted suspended materials by
sedimentation sitting for overnight.

This comparizon tells as that Pongmendizo bridge
suspended materials attaches
majority of mercury in wastewater. Fig. 4 }
Sediments and Soils
Total mercury concentrations in sediments Sampling Station T-Heg
ranged 1.96-4.69 ppm (mg/kg) (dry weight) in : ng/t
- Baihua Lake, 19.43 ppm in Yajiao. In Huagiao, Bail}ua dom 0.0036
hard bottom was scrapped since sediment was [Laojiutu 0.0015
not accumulated. It contained 1.16-1.52 ppm Yajiao ‘ 0.0158
mercury. Control sample from Hongfeng Lake .
contained 0.33-1.56 ppm mercury. Soil from Huagiao - 0.0604
rice field was 164 ppm nearby the factory and [Dongmengiao ) 1.4664
13 ppm in 3 km'downstream. Overflow_Dongmengiao 0.0155
- ' Overflow_Zuocha 2.1978
Fish Samples (Table 2) - i
Total mercury concentration (wet weight) in 1 ongfeng Lake 0.0025

year-old (around 30 cm length, 600 g body Table 1
weight) and one and a half year-old carps



Table 2°

1Sample: Length- Whole Estimated T-Hg
Station Species | No. (cm) weight (g) | age (V) ppm
Baihua Lake |Carp 18 304 * 25737.7+1236/ 1  10.026+0.005
Baihua Lake IT/Carp 10 427 + 1.7 1416+ 152 1.5  [0.023+0.003
Crucian - :
Yajiao carp 5. 122.4+26 201.7+0.17 | 3~6 |0.167+0.142
Hongfeng Lake Carp 3 33.7+5.0 /583+257 ?  [0.030+0.012
Cartp | 6 1357+39 635136 2 10.024+0004 |

(around 43 cm length, 1300 g body weight) bled in Baihua Lake was 0.026+0.005 ppm

and 0.023+0.003 ppm respectively. Wild crucians (21-27lengh, 150-360 g body weight,
estimated at 3-6 years old) angled at side contained 0.075-0.4 ppm mercury. Bled fish
and wild fish from Hongfeng Lake contained 0.01-0.06 and 0.02-0.04 ppm mercury

respectively.

Hair samples

Total mercury
concentrations of hair samples
from residents were 0.15-11.8
ppm. It was, though, below 1
ppm in 90% of people living
around Baihua Lake. On the
other hand there were 30%
each of below 1 ppm, 1-4ppm
and 4-12 ppm populations in
residents living just around the
factory. Finally, a tendency
had been detected that .the
mercury concentration level
increased from the Lake to the
factory (Fig. 5)

Discussion

Guizhou Organic Chemical
Factory had engaged a drain
treatment = facility using
sedimentation method since
1981, the rate of omitting
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mercury is announced as

Fig.5 95%. The majority of
- remained mercury after
the treatment (2 ppb) is
v thought to be attached to
s suspended matter. That
g4 . .
Tables o is, after  removing
i)rdumm': Bale in ozd |
the specific o 1 suspended ~matter by
.Egggm:’(emi ) sedimentation or
nercury {pmu} in . '
bair slsem as ﬁltrat;on, mercury

rinssified .
concentration decreased.

to 1/10 or 1/100. The
mercury attached to
suspended matter could
be removed from the
waste by sediment when
passing through the
irrigation field.

The water in Baihua
Lake continuously
exchanged with the water
from Hongfeng Lake,
which is five times larger
than Baihua Lake. The
- { 2a o | wastewater from the
Daareal fuctorN T irrigation canal is diluted

' R drastically. These are

BEREBMBRRACAE Tt the reasons why the
# Sampling Stalion .

= lrrization Canal mercury  concentration

level in Baihua Lake was

[RE

o4

low. \
The questionnaire investigation against residents showed that they eat fishes only
twice or three times a week (Table 8). The bred fishes in the both lakes are usually

shipped to Guiyang, then, residents always eats wild fishes, scarcely, though.
Therefore, there was no tendency of accumulation of mercury.

Conclusion

On the mercury pollution of Guiyang region was that of the period before the waste
treatment remains in the sediment of irrigation canal or soil in the irrigated region up
to 3 km from the factory. However, the water in Maotiao River and Baihua Lake
contains mercury lower than the Japanese water quality standard value. In addition,

the investigation of mercury concentration in hair of resident showed no indication of
- health effect.
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1. Background

This is the report of the collaborative mission carried out by NIMD (National Institute
for Minamata Disease) in response to the request of WPRO (World Health Orgamzatlon
Regional Ofﬁce for the Western Pacific). .

On 28 November 1998 a ship arrived in Sihanoukville with 2779 tons of waste from
Taiwan. According to information obtained from the Ministry of Environment, in
Cambodia the waste is old byproducts from battery production. The English Ianguage
newspaper Cambodia Daily described it as “waste which was left over from treating
alkaline with mercury and had been encased in cement in Taiwan for two decades”. It
had been impossible for the Ministry of Environment to obtain any more exact
information on the content since the Taiwanese Company, Formosa Plastic, has refused
to cooperate.

The ship was unloaded on 4 December and the content, rather huge, solid plastic bags
were transported to a site approximately 15 kilometers out of Sihanoukville and dumped
on a field 500 meters from Road no.4. About 200 workers were involved in the
transportation and unloading of the cargo. In the process the plastic bags were opened
and taken as valuable items and much of the solid content broken into pieces of various
sizes creating a lot of dust and sand like particles.

According to the Director of Health in Sihanoukville there has now been 10 patient
admitted to the provincial hospital with symptoms of poisoning and 1 has died. The
main symptoms were vomiting, diarrhea and dyspnoe. The patients have all been among
the workers who transported the waste or local people who took part in the looting of
the plastic bags.

It seems plausible that the process of opening the bags created dust particles that was
inhaled by the workers and this may have caused an acute poisoning. The symptoms are
compatible with mercury poisoning but more detailed patient histories should be
obtained.

The blocks are of highly variable sized, from approximately 1/2 cubic meter down to
brick size. The waste cover approximately 500 square meter and an earth wall are being
constructed around it. The site is sloping slightly and is situated in a hilly area with
lower lying land surrounding it. The workers constructing the earth wall with heavy
machinery used plastic gloves and paper face masks (some in a rather useless way). The
soldiers and policeman guarding the area had no protection and just a few hundred
meters away there were children playing and cattle grazing.

The main purpose of this investigation was to. make preliminary recommendations to
avoid possible risks to the environment, population in Sihanoukville and workers in the
site. Five samples of the waste and 3 samples of water from well and tap water supphed




to the people around the site were collected for further analysis in Japan. The
evaluations of the potential hazards of mercury exposure to the port and site workers
were performed by analyzing mercury concentrations in red blood cells, serum, urine
and hair. As a control, 5 hair samples of villagers working in the center of the
Sihanoukville about 5 km away from the site were selected for the purpose of
comparison. All the samples were analyzed at the NIMD to determine the mercury
concentrations. Waste samples were further analyzed for cadmium, manganese and
nickel. In addition, Dr K E Mony and Dr P P Raingsey from the Ministry of Health
interviewed health conditions of the port and site workers. This report summarizes the
results of the findings.

2. Mission objectives

The objectives of the mission are as follows:

1 to make preliminary recommendations to avoid possible risks from the waste in
Sihanoukville.

Il to carry out analyses of the waste samples for mercury and some other metals.
I0 to carry out analyses of the water samples for mercury.

IV to carry out an health assessment of the port workers and soldiers to ascertain
whether they are suffering from mercury poisoning.

V to make further recommendation to avoid possible risks from the waste in
Sihanoukville standing on the results analyzed in NIMD.

3. Survey
3-1. Samples for the study

Sihanoukville is about 10 km south of the dumping site of the waste. About 3,000 tons
of the waste was dumped on the hill. We collected two slightly different properties gray
solids, which were main component of the waste, two black solids and sand-like waste.
Water samples from the wells and tap water near the dumping site were collected. Hair,
urine and blood samples of 9 port workers who have complaints after the work of
unloading or cleaning the waste were collected. Hair, urine and blood samples of 5
workers/soldiers involved in the clean-up operation at the site were also collected.
Hair samples from 5 villagers at the center of Sihanoukville were collected as a control.

Waste



However the plastic bags were a part broken most of the waste in the bags looked
homogeneous. Predominant constitution of the waste was fragile and gray solid, which
will occupy more than 95% of the whole waste. Also, the fragile and gray solid
contained some broken coal-lilke pieces, which were black and very hard. Remaining
about 5% of the whole waste was sand-like brown waste.

About 100 g of waste samples of each property was collected into pre-cleaned plastic
bottles and stored in icebox with ice cubes.

As shown in the picture the property and color of the samples taken were:

@ Fragile and gray solid (A part of main component of the waste)
@ Fragile and gray solid (A part of main component of the waste)
® Hard and back solid (Pieces found in the main waste)

@ Hard and back solid (Pieces found in the main waste)

® Sand-like brown waste (A small part of the waste)

D and @ occupy more than 95% of the waste.
Water

Samples were collected in a 100m! pre-cleaned bottle. The samples were stored in an
icebox, avoiding sunlight exposure until analysis.

Samples of water were taken from:

@D the well water 200-300m below the site (supplies both drinking and washing for
woodcutters).

@ the tap water in Pagoda (supplies both drinking and washing for priests and solider
working in the site).

® the well water 200m below the Pagoda (supplies both drinking and washing for
inhabitants of a small village) '

@ the tap water for inhabitants living 1.5km far away from the site; another side across
a Road no.4. (As a control without the contamination of the waste).

Blood

About 10 ml of blood sample were corrected by syringe and transferred into sample tube
including heparin. All the samples were stored in icebox with ice cubes.

Urine

Urine was collected in a paper cup. From that cup, 5 ml of the urine was _transferred'- into

10



sample tube. All the samples were stored in icebox with ice cubes.
Hair

About 0.5 g of hair samples were cut with scissors from the root and taken into small
sealed bag.

Health condition

Two doctors from Ministry of Health of Cambodia also interviewed workers at the port
and site for their health conditions.

3-2 Mercury analyses

Total mercury
(a) Biclogical samples

A known amount of samples (1 - 10 mg of human hair, 0.5 g or less blood, fish) is
placed in a 50 ml volumetric flask, to which 2 ml of nitric acid-perchloric acid (1+1), 5
ml of sulfuric acid 1 ml of water are added and heated at 230 - 250°C on a hot plate for
20 minutes. In the case of urine sample, the mixture of these acids are placed first in the
50 ml volumetric flask, to which 1 - 5ml of urine sample is added dropwise with stirring
the mixture and then digested in the same manner as described above. After cooling, the
digest samples is made up to 50 ml with mercury free water. An aliquot of the sample
solution is introduced into automated circulating airflow system with addition of 10 %
stannous chloride solution. After air circulating for 30 seconds, the circulating air is
measured with a cold vapor atomic absorption spectrometry. The detection limit is
around 1 ng/g for 0.5 g samples.

(b) Water

For water analysis, preconcentration is carried out by dithizone extraction. 100 ml of a
water sample in a separately funnel is mixed with 0.5 ml of 20 N sulfuric acid and 0.25
ml of 0.5 % potassium permanganate and allowed to stand for 5 minutes. The treated
sample is then neutralized with 1 ml of 10 N sodium hydroxide and 0.25 ml of 10 %
hydroxylamine hydrochloride and allowed to stand for 20 minutes. After addition of 5
ml of 10 % ethylenediamine tetraacetic acid tetrasodium salt, the sample is extracted
with 0.5 ml of purified 0.01 % dithizone in benzene. The sample was left until it
separated and the water layer is discarded. A known volume of benzene layer is
transferred into a 10 ml volumetric flask and evaporated to dryness using a rotary
evaporator. The residue in the volumetric flask is digested with nitric acid - sulfuric acid
- perchloric acid system, diluted and measured by cold vapor atomic absorption
spectrometry in the same manner as described in above.
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(c) Others

Total mercury in other environmental materials (0.5 g or less of biota, 1 - 2g of
sediment) is measured by the same method as outlined for biological samples.

(2) Methylmercury

The procedure for methylmercury analysis developed in our laboratory is based on the
combined techniques of dithizone extraction and ECD gas chromatography. For hair
methylmercury, we have developed a simple and rapid technique by the combination of
hydrochloric acid - benzene extraction and ECD gas chromatography.

Gas chromatographic conditions for the methylmercury measurement are as follows.
Column: Glass column (100 cm X3 mm 1.D.) packed with Hg-20A (Gasukuro Kogyo
Inc., Tokyo, 60 - 80 mesh) and about 0.2 g of NaCl crystal on the top of the column,
Column temperature: 150 - 155°C, Injection port temperature: 180°C, Detector oven
temperature: 200°C, Carrier gas (N2): 35 - 40 ml/min.

(2) Human hair

Hair samples (10 - 20 mg) is taken into 10 ml test tube with screw cap, to which 2 drops
of ethanol, 5 ml of 2 N hydrochloric acid then small amount of cotton are added to
prevent the floating of hair sample. The test tube is capped, and then heated 100°C for
five minutes. After cooling, 1 m! of the 2 N hydrochloric acid extract is transferred to
another 10 ml test tube with screw cap and extracted with 4 ml of benzene.
Methylmercury in the final benzene extract is measured by ECD - gas chromatography.

(b) Other biological samples (Fish, Blood, Urine etc)

A known amount of blood or fish (usually 0.5 g or less) is digested with 10 ml of IN
potassium hydroxide in ethanol in a 50 ml screw-capped centrifuge tube at 100°C on a
water bath for 1 hour. The digested sample is mixed with 1 ml of 20 % ethylenediamine
tetraacetic acid tetrasodium salt (EDTA) and then slightly acidified with 10 ml of IN
hydrochloric acid. After washing with 5 ml of n - hexane, the methylmercury in the
sample is extracted 5 ml of 0.05 % dithizone - benzene. Urine sample (usually 20 ml) is
simply shaken with 10 m! of IN potassium hydroxide for 15 minutes using a mechanical
shaker. The sample is mixed with 1 ml of 20 % EDTA and then slightly acidified with
10 ml of 1 N hydrochloric acid, followed by the extraction with 0.05 % dithizone
benzene. Each benzene layer is then washed twice with 3 m! of 1 N sodium hydroxide to
remove excess of dithizone in benzene layer. An aliquot of the benzene layer (usually 3
ml) is transferred to 10 ml test tube with cap and back - extracted with 2 ml of 5 ppm
sodium sulfide in 0.2 N NaOH - ethanol (1+1). After centrifuged, benzene layer is
removed, 1 N hydroxide acid is added dropwise until a blue color appears with bubbling
nitrogen gas thorough the solution, and bubbling is continued for three more minutes to
eliminate the excess sulfide ions as H,S gas. To the sample solution, 2 m! of Walpoles
buffer (pH 3.0) is added and the mixture is re-extracted with 0.05 % dithizone in
benzene purified with equal volume of 0.2 N sodium hydroxide just before use. The
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benzene layer is washed twice with 2 ml of 1 N NaOH and subsequently with 4 ml of
distilled water. After acidified with a few drops of 1 N hydrochloric acid,
methyimercury in benzene layer is measured by ECD - gas chromatography.

(¢) Sediment (waste)

Sediment samples (1 - 5g) is simply shaken with 10 ml of 1 N potassium hydroxide for
15 minutes using a mechanical shaker. The treated sediment sample with 1 N potassium
hydroxide in ethanol was bubbled with nitrogen gas through the solution for 5 minutes
at a flow rate of 100 ml/min., after acidified with hydrochloric acid. The sample was
then mixed with 2 ml of 20 % hydroxylamine hydrochloride and 2 ml of 20 %
ethylenediamine tetraacetic acid tetrasodium salt and extracted with 5 ml of purified
0.05 % dithizone in benzene followed by cleanup procedm'e using sodium sulfide
solution, re-extraction with purified dithizone in benzene, and ECD gas
chromatography.

Determination of other metals

Powdered samples of 0.200g were exactly measured and placed in sample tubes.
Samples were digested with 3 ml of HC1 and 1 ml of HNO, . The digested samples were
diluted to 1/500. Manganese, lithium, zinc, lead, iron and copper were measured by the
method of ICP-emission spectrometry (ICP-Emission Spectoscopy Optima 3000XL,
Perkin-Elmer Co. Ltd.). Cadmium d and nickel were measured by flame-less atomic
absorption method (Atomic Absorption Spectroscopy, Z-5100, Perkin-Elmer Co. Ltd.).
Background absorbance was corrected by done with

Conversion factors

1 ppm (parts per million) =1 pg/g
1 ppb (parts per billion) =1 ng/g

4. Results and discussion
4-1 Total and methylmercury concentrations in waste sampies.

As shown in Table 1 total mercury concenirations in the gray sampies were 496 ug/g
and 726 ng/g, respectively. Total mercury concentrations in the black samples were

2497 ng/g and 3984 ug/g, respectively. Total mercury concentrations in the brown
sample was 97 pg/g.

Mercury concentrations in soils and sediments are summarized in Mercury
Contamination in Man and his Environment (International Atomic Energy Agency,
Vienna, 1972) as follows; In Sweden the mercury concentration in the soil ranged from
20 to 920 ng/g, with a mean of 70 ng/g (Anderson 1967). Stock and Cucuel (1934)
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- regarded 100 ng/g as normal but gave ranges 100-290 ng/g for forest soils, 140-1000
ng/g for cultivated soil, 30-34 ng/g for clay soil and 1-29 ug/kg for sand. In vicinity of
gold, molybdenum and base-metal deposits, soils were found to contain 50-250 ng/g but
sometimes 2000 ng/g. Thus, mercury concentrations in the waste was very high
compared with the environmental levels. The average mercury concentration of the
whole waste may be around 500 to 700 ppm since the gray solids were predominant in
the waste

Methylmercury concentrations in the waste samples, except the sand-like waste, were
lower than detective level (0.01 ng/g). Methylmercury concentration in the sand-like

sample was 33.7 ng/g, suggesting the contamination of surface soil or some other
organic matters.

4-2 Metals in waste samples

Table 2. shows cadmium, manganese, nickel, lithium, zinc, lead, iron and copper
concentrations in the waste samples. Cadmium concentrations in black samples were
below 1.0 ng/g. Cadmium concentrations in the other samples were 9-26 ng/g. The other
metals concentration were as follows; Manganese 83.3-1779.6 ug/g. Nickel 10.6 -76.7
ug/g. Lithium 7.5-147.6 pg/g. Zinc 101.8-698 pg/g. Lead 35.1-499 pg/g. Iron
23058-87525 pg/g. Copper 35.1-323.3 pg/g.

Cadmium, manganese and nickel concentrations in natural soils and sediments are
summarized in Trace Elements in Biochemistry (Bowen 1966) as follows; Cadmium
0.01-0.7 pg/g. Manganese 100-4000 pg/g. Nickel 10-1000 pg/g. Lithium 7-200 pg/g.
Zinc 100-300 pg/g. Lead 2-200 pg/g. Iron 7000-550000 ug/g. Copper 2-100ug/g.
Thus, almost all the cadmium, manganese, nickel, lithium, zinc, lead, iron and copper
concentrations in the waste samples were within the natural soils level. However, lead
concentration in sample 2 was slightly higher than natural soil and sediments.

4-3 Total meréury concentrations in water samples.

Total concentrations in water samples are shown in Table 3. The mercury concentrations
in water samples in wells and tap water were from 4.2 to0 6.3 ng/l.

Even the water of the well near the site was 6.3 ng/l. Tap water from 1.5 km far from the
site and another side across Road no.4 was 5.5 ng/l, which was considered as a control.

Representative values for dissolved total mercury are: open ocean, 0.5-3 ng/l; coastal
seawater, 2-15 ng/l; fresh water rivers and lakes, 1-3 ng/l (WHO, 1990). The
concentration range for mercury in drinking water is the same as in rain, with an average
of about 25 ng/l (Lindqvist er al. 1984, in WHO, 1990). All the water samples around
the site showed natural levels of total mercury suggesting no leakage of mercury from

the site. Dry weather at the present in Cambodia may be a redeeming feature in a tragic
affair.

On the other hand, the whole water near the site was 153.2 ng/l, suggesting the
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contamination of the well water with the dust containing mercury. The well water was
suspended with some small particle, which should be the dusts of the waste carried by
the wind from the site. In the procedure of mercury analysis, mercury must be extracted
from the waste particle under the acid condition. However, mercury can not easily
dissolve from the waste under the natural condition. As a matter of fact, the mercury

concentration of water itself was still low, suggesting the stability of the mercury in the
waste.

~ 4-4 Total and/or methylmercury in red bfood cells and serum

Total and/or methylmercury concentrations in red blood cells and serum are shown in
Table 5. Total mercury concentrations in red blood cells were 13.1-25.5 ng/g for port
workers and 10.5-17.0 ng/g for site workers, respectively. Methylmercury
concentrations in red blood cells were 11.8-22.4 ng/g for port workers and 7.5-14.0 ng/g
for site workers, respectively. Total mercury concentrations in serum were 1.96-3.59
ng/g for port workers and 3.26-4.58 ng/g for site workers, respectively.

Methylmercury concentration in red blood cells is one of the best indicators of the

cthylmercury pollution. It is said that certain groups with a high fish consumption may
attain a blood methylmercury level (about 400ng/g) associated with a low (5%) risk of
neurological damage to adults (WHO, 1990). Methylmercury level of non-exposed
populations is about 16 ng/g for blood cells. The methylmercury concentrations port
workers and site workers were similar to the low level. The methylmercury
concentrations in the former workers looks higher than the latters, suggesting the
inhabitants in Sihanoukville consume fish often. However, methylmercury levels of port
workers and site workers were lower than about 1/20 of the critical level.

Serum mercury concentration is a good indicator of inorganic mercury. In the cases of
inorganic mercury exposure serum total mercury increase. As the results, serum mercury
percentage against methylmercury in blood cells becomes higher. In this results, Serum
mercury percentage agamst methylmercury in red blood cells are slightly higher,
suggesting the slight inorganic mercury exposure from the waste. The mercury
concentration in serum that never used to eat fish was about 2.7 ng/ml (Birke, 1972).
The mercury concentration in the serum of the port and site workers were almost control
level, but about 1.5 times higher than the people who never used to eat fish.

4-5 Total mercury in urine

As shown in Table 6 urine mercury concentrations were 0.82-3.43 ng/ml for the port
workers, 3.83- 6.53 ng/ml for the site workers.

Mercury concentration in urine is one of the best indicators of the inorganic mercury
pollution. Mercury levels in urine correlate with mercury vapor only after long-term
exposure (Cherian et al., 1978 in WHO, 1990). The urine mercury concentrations of the
port workers and site workers were similar to the normal level (approximately 4 ng/ml
for non-exposed populations, in WHO, 1990). The urine mercury level was higher in site
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workers than port workers, suggesting some more mercury exposure during the work of
removal the waste.

According to WHO (1976), recommended maximum individual urine mercury
concentration is 50 pg/g creatinine corresponding about 25 ng/ml of urine. The urine
mercury concentration in site workers with the highest value is about 1/4 of the
recommended level.

4-6 Total Mercury in Hair

In this mission, mercury concentrations in hair were analyzed to know the possible
adhesion of mercury contaminated waste.

As shown in Table 6 mercury concentrations in hair was 2.17-5.08 pg/g for the port

workers, 1.29-4.32 ng /g for the site workers and 1.68-3.55 pg/g for the control
inhabitants.

Mercury concentration in hair is also one of the best indicators of the methylmercury
pollution. It is said that certain groups with a high fish consumption may attain a blood
methylmercury level (about 50 ug/g of hair) associated with a low (5%) risk of
neurological damage to adults (WHO, 1990). Fish consumption is the main source of
mercury accumulation in human. Since the people of this area eat fish daily,
methylmercury accumulation of these populations was similar to that of Japanese. The
mean mercury concentrations corresponds to fish consumption patterns as follows: once
or less a month, 1.4 ug/g; once every 2 weeks, 1.9 ug/g; once a week, 2.5 ug/g; and once
or more day, 11.6 ug/g. (Airey, 1983 in WHO, IPCS, Environmental Criteria 101:
Methylmercury, 1990). The mercury concentrations were similar to normal levels
(0.8-2.5 ng/g) in Southern Hemisphere. '

4-7 Complaints of the port and site workers

Complaints of port and site workers were shown in Table 4 and 5. According to the
two doctors, the present health conditions of most the site workers were better than at
that time of accident.

Since the symptoms developed soon after work began, it is quite conceivable the cause
was environmental. However, the cause of the symptoms in port stevedores and/or
engaged in wastes disposal operations must be found in other than mercury.

Table 4 and 5 show symptoms such as dizziness and visual trouble, symptoms that
suggest a disturbance of consciousness, together with headaches and weakness
common to the patients. Judging from the working environment, heat stroke and
hypoxia must be thought as the differential diagnosis. If so, it would be only
reasonable that patients would complain of abdominal pain, diarrhea and chest pain.
It would have helped had data been available on body temperature, blood pressure,
pulse, findings from electrocardiogram and chest X rays, hematocrit, urine and serum
electrolytes. But such would now be impossible. Therefore, one can only say at this
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juncture that the symptoms would have occurred due to the heavy physical workload
undertaken in such a dusty and hot environment.

However, the above differential diagnosis is no more than an analogy. Since urine
and blood samples, not to mention clear data on body conditions, are presently

unavailable, we consider it impossible to pinpoint the exact causes of the symptoms
even were a thorough investigation conducted.
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5. Conclusion

1 The total mercury concentrations in the waste sample was very high. The other metals
concentrations in the waste were within the normal concentrations in natural soils.

2 The total mercury concentrations in water around the site were normal natural levels.
It was suggested that the well water near the site had been contaminated with the dust
of the waste. However, the elution of the mercury from the waste should be limited.

3 The total mercury concentrations in red blood cells, serum urine and hair of port
workers and site workers were normal. They were similar -to those of the general
population in Asia.

4.Since typical health effects due to mercury exposure were not specified in the

complaints of port and site workers and since none of the human samples showed high
mercury concentration, it is unlikely that they suffer from mercury poisoning.
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6. Preliminary recommendations from the investigation of the waste site
in Sihanoukville by Dr M Sakamoto, WHO temporary adviser, National
Institute for Minamata Disease, Japan and Dr G Petersen, WHO
Representative to Cambodia, 25" and 26™ December 1998.

Samples were taken of various parts of the waste for further analysis in Japan. The site
was tested for radioactivity (alpha- and beta rays). A test was also done for mercury
vapor. Water Samples from water sources in neighboring village and a well used by
woodcutters just 200 meters from the site were taken and tested. The preliminary tests
of airs and water showed no abnormal level of radioactivity or mercury. The result of
tests on the soil samples will not be available before Dr Sakamoto returns.

Results from analysis of a soil sample taken previously and sent to Singapore for testing

was given to the team. It showed high level of mercury (675 pg/g) but done not specify
if is inorganic mercury and/or methyl-mercury.

Samples of hair, blood and urine were collected from port workers complaining of
sickness after handing the waste and of soldiers engaged in the Clean up operation.

The available data are not sufficient to make any film conclusion of the toxicity of the
waste. It may contain toxic organic material or toxic metals.

However, based on the size and location of the site, out observations and tests so far and
the information given to us by the Department of Health and the Smgaporean test results,
we make the following prehmmary recommendations:

1. The waste site as it is today does not pose any short-term threat to the population of
Sihanoukville and there is no need for any special precautions directed towards the
general population. There is no need to evacuate anybody. Neither does the waste
pose any threat to the water supply of Sihanoukville. There is no danger of
contamination of any food produced in the province or any fish or other seafood
from the waters outside the province.

2. As the waste may pose a long-term risk for the population in the area, it should be
removed as soon as possible in a safe way. To speed up the process more heavy
machinery should be employed and the waste stored in larger containers. This will
reduce the number of people exposed.

3. The local authorities should do its utmost to calm the population and dispel
unfounded rumors about the danger of the waste.

4. The dumpsite must be protected securely from possible scavengers, children and
other unauthorized persons.

5. The workers/soldiers employed in the removal of the waste must wear protective
clothing: long sleeves, gloves and facemasks. Any solid gloves protecting against
direct contact and dust will do. Paper masks plus a tight krama is recommended.
After work thorough body wash is needed. Working clothes should be washed every
day after use.

6. No special precautions are needed for the population in the closest villages.
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Their water source seems safety.

7. The well in the woodcutter’s camp very close to the site should be closed.

8. As there may be long term health risks from the waste, anyone possessing
ascertained parts of the waste should notify local authorities so it can be collected
and disposed of property.

9. Workers and soldiers exposed to the waste should be followed up medically if they
develop symptoms of poisoning. Guidelines for this should be developed.

10. Domestic animals should be kept outside the waste area.

11. Fish in the pond next to the site should not be consumed.

12. After removal of the waste a layer of approximately Scm topsoil should also be
removed.

7. Further recommendations after the analysis of samples

1 As the mercury concentrations in the waste was very high and it was dumped on the
hilly area surrounded with a pagoda and some villages in lower lying land, it should be
removed as soon as possible in a safety way. Waste should not be heated in order to
avoid the mercury vapor exposure.

2 The workers/soldiers employed in the removal of the waste must wear protective
clothing: long sleeves, gloves and facemasks in order to avoid the inhalation of the
dust and the direct skin contact.

3 The contamination of the environment of Sihanoukville would not be worried if the
clean up of the site was properly carried. No special precautions are needed for the
population in Sihanoukville and in the closest villages, since their water sources close
the site were not contaminated with mercury. The well near the site should be closed,
since the water was contaminated with the dust of waste.

4 After removal of the waste a layer of approximately 5-10 cm topsoil should also be

removed. Check of the mercury contamination would be necessary to know whether
the clean up was properly done or not.
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8 Continuous monitoring

After removal of the waste a layer of approximately 5-10 cm topsoil, checking of the -
mercury contamination at 15 points of surface soil was carried out. Then, the soil
containing more than 20 ppm was removed again. Finally, all the monitoring points
became lower than 20 ppm. Monitoring of the well water near the dumping place was
also continued for 2 years. The mercury concentration in the well water did not show
the significant increase. All the monitoring was completed in August 2000.
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Waste Samples

23



Table 1. Mercury concentrations in waste samples (dry weight basis)

Number Property Color Moisture Total Hg Methyl Hg
(%) (ug/g) (ng/g)

1 Solid Gray 28.4 496 -
(fragile)

2 Solid Gray 26.4 724 -
(fragile) X

3 Solid Black 114 2497 -

(hard) _

4 Solid Black 1.3 3984 -
~ (hard)

5 Sand Brown 31.1 97 33.7

-: Below 1.0 ng/g




'Table 2. Cadmium, manganese, nickel, lithium, zinc, lead, iron and copper concentrations in waste
samples (dry weight basis)

Number  Cd Mn N L Zn Pb Fe Cu
(ng/g) (ug/g) (ng/g) (ne/g) (ng/g) (ng/g) (ng/g) (ngl/g)

1 26 979.0 25.5 111.2 1018.6 194.7 51451 323.3

2 11 1779.6 27.6 448.7 968.3 499.2 87525 306.5

3 . 445.4 10.6 147.0 187.8 87.1 23058 92.6

4 . 83.3 19.9 75 1028 35.1 26834  35.1

5 9 1140.6 76.7 99.5 561.9 134.9 48807 317.9

-: Below 1.0 ng/g
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Table 3. Mercury concentrations in water samples

Sampling point

Total mercury in water

@ Well (200-300m below the site)
(@ Tap water in Pagoda (1km below the site)
@ Well (200m below the Pagoda)

@ Tap water (1.5km far from the site,
another side across a Road no. 4)

(ng/)
Supernatant fluid Whole (suspension)
6.3 153.2
3.7 3.6
42 8.3
5.5 2.2

2%



Table 4. Complaints of port workers

Object  Gender Exposure period Complaints Complaints Condition
No. (age) (days) (hours) (after the work) (present) (change)
P-1 Male 1 4 Stomatitis, dizziness, Weakness, stomatitis Better

(32) , cough, weakness
P-2 Male 1 5 Vsual trouble, Visual trouble Same
| (42) weakness . |
P-3 Female 4 8 Headache, weakness Headache, weakness Better
(40) | | |
P-4 Male 2 8 Dizziness, headache, Dizziness, headache, Better
(34) diarrhea diarrhea,
stomachache, cough
P-5 Male 2 5.5 Weakness, Weakness, Better
(33) stomachache, stomachache,
headache, stomatisis _headache
P-6 Male 2 4 Dizziness, weakness  Dizziness, weakness Better
(55) |
P-7 Male 1 4 Visual trouble, Weakness, Better
(30) feeling sleepy, chest
pain ‘ ‘ .
P-8 Male 1 4 Weakness, cough, Weakness, Better
(31) body pain pollakiuria,
) stomachache
P-9 Male 1 4 Weakness, chest pain, Headache, sore throat Better
(35) headache

Interviewed by Dr K E go:% and Dr P P Raingsey
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Table 5. Oo:.__._&:a of site workers

Object  Gender Exposure period Protection Complaints Condition
‘ (age) _ (days)  (hours) ) (during the work) (before working at the site)

S-1 Male 4 16 Sore throat, dizzy, chest pain, thoracic Healthy
(25) oppression,

S-2 Male 4 16 ~ Chest pain, Healthy
(28) thoracic oppression,

S e B asthenia o

S-3 Male 4 16 Thoracic oppression, “dysuria ABEQ. mg:_q

(26) pain and burning during urination), «
) e o _sore throat, headache L

S-4 Male 4 16  Nomask Sore throat, trouble of vision, chest mas:_q
(28) _ pain, skin irritation

S-5 Male 4 16 * Thoracic ovuamm_os trouble = of mam:_Q
(28) | vision, headache, skin irritation,

Wound on the finger caused by the
broken part of the waste

Interviewed by Dr K E Mony and Dr P P Wmimmo%




Table 6. Mercury concentrations in human samples

Object RBC (Total Hg) RBC QSQE;, Serum (Total ~ Urine (Total Hg) Hair (Total Hg)  Hair (Methyl

(ng/g) Hg) (ng/g) Hg) (ng/g) (ng/ml) (ng/g) Hg) (ng/g)
P-1 19.0 17.1 261 327 3.87 2.29
2 16.3 14.3 2.94 1.96 3.39 3.22
-3 22.2 21.0 3.27 | 1.80 445 3.32
-4 19.6 15.7 2.94 1.63 3.63 3.18
-5 20.9 18.1 3.59 3.43 3.39 3.25
-6 25.5 224 2.94 1.47 4.79 421
-7 13.1 11.8 1.96 2.12 2.17 1.58
-8 17.0 15.7 2.29 0.82 5.08 3.26
-9 19.0 177 3.26 3.43 4.68 3.60
S-1 14.7 112 3.92 | 5.56 3.44 2.12
2 170 13.4 3.26 441 1.64 1.30
3 10.5 8.1 3.26 6.53 3.71 2.06
-4 11.7 7.5 4.58 3.84 1.29 1.16
-5 16.0 14.1 3.26 water 4.32 —
C-1 227 1.89
) 2.89 2.84
3 2.36 2.21
-4 1.68 1.59
-5 | | | 3.55 3.37

P: Port worker who has complaints.
S: Site work at the site.
C: Control who works E the center of Sihanoukville
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Report for the cooperation about Hg monitoring at Chittagong Chemical
Complex (CCC) in Chittagong, Bangladesh

We, JICA experts carried the final confirmation of the project at CCC for 9 days from 30/10/00 to
7/11/00. The confirmations are as follows;

1) The final confirmation about Hg monitoring technique by the JICA experts.
2) The confirmation about the necessary matters to continue Hg monitoring in future.
3) The reconfirmation about the necessity of Hg monitoring in CCC for future.

1. JICA experts.
The following four JICA experts visited CCC.

Dr. Atuhiro Nakano National Institute for Minamata Disease

Dr. Mineshi Sakamoto National Institute for Minamata Disease
Mr. Tosiyuki Endoh Sugiyama-Gen Iriki Co.,LTD
Mr. Kentaro Yanagi - Kyushu Environmental Evaluation Assoc.

2. Schedule for JICA experts at CCC.
The following schedule was decided after the meeting with CCC staffs (Mr. Mohshin Uddit

Takukder (Deputy Chief Chemist), Mr. Santosh Kumar Sil (Deputy Chief Chemis"t) and Mr. P. N.
Waddader)

Schedule for

10/30 (Monday) v
Meeting in CCC for the schedule of Hg monitoring in this time.
Brief checking of the Hg-analyzer condition.

10/31 (Tuesday) —11/1(Wednesday)
Settlement of the troubles of Hg-analyzer (Bubbling in the water level detector).
Adjustment of the condition of Hg-analyzer. '
Blank and standard checking.
Calibration for Hg analysis.

11/2 (Thursday) —11/3(Friday)
Holiday.
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Making a manual for Hg-analyzer maintenance.

11/4 (Saturday) —11/5 (Sunday)
‘Checking the accuracy of sampling from monitoring points.
Checking the accuracy of Hg measurement.

- 11/6 (Monday)
Technical transfer for Hg-analyzer maintenance.
Technical transfer for trouble treatment.

11/7 (Tuesday)
Assessment of the Hg monitoring in CCC up to the present.
Discussion about the possible cooperation for 5 years from now.
Discussion about the possible problems in future.
Discussion about the provision of the spare parts for Hg analysis in future.
Requests for the future monitoring from JICA experts.
Requests for the future monitoring from CCC site.

3. Activities
3.1 Inspection about Hg analyzer

JICA experts carried out the inspection about Hg analyzer. As the result of inspections of all
circuits of the analyzer, some troubles were found in the analyzer. Exchanging their parts solved the
troubles. The analyzer became good condition after using all the spare parts reserved in CCC. And
we solved some pfoblems -(bubbling in the water level gauge, Hg peak telling), which happened
when we visited CCC at the last time.

Further, we made the maintenance manual for Hg analyzer in CCC. Staffs in CCC could

understand the method for the maintenance.

3.2 Assessment of the Hg monitoring technique. ,
JICA experts and CCC staffs confirmed the sampling points and collected samples. CCC staffs
were collecting samples with good understanding about the meaning the monitoring.

Further, we confirmed the technique of the analysis of CCC staffs using the samples. The
calibration, blank test and standard were carried out accurately by the staffs. Their analytical
technique level was sufficient enough.

Next, JICA experts checked the results of Hg analysis reported from CCC. The level of Hg in
each monitoring point was almost settled. The water at points No.1~No.3 the upstream from the
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laboratory and the water at points No.4 and No.5 did not show any Hg contamination until now.
Therefore, we decided to stop the monitoring from the 5 points. We confirmed the continuous
monitoring for another 3 point that showed high Hg concentration. We also confirmed the
continuous monitoring for all the well water with the understanding for the significance. -

3.3 Confirmation for the necessary matters for the continuous Hg monitoring

We confirmed that Hg monitoring was carrying out with three CCC staffs. The technique will
be transferred even if one or two staffs move to anther section in the future.

For the maintenance at this time, we used up all the spare parts, which were reserved in CCC as
mentioned in 3.1. If the maintenance of Hg analyzer is necessary once in two years, we have to
supply the spare parts in a year. In addition, we must supply the chemical reagents (SnCl,, Sn,
Hg-std) that are impossible to keep for a long time. Also, some frequently used expendables
(Fintips for 10ml, Printer-ribbon) are necessary to supply. About the supply, we decided to discuss
with the staffs of JICA and JBIC.

3.4 Confirmation for Hg monitoring in the future
JICA experts and CCC staffs discussed about Hg monitoring in future
The contents of discussion are in appendix (Material for the final meeting). The following 5 staffs from

CCC joined to the discussion.

Mr. Ezharul Haque, GCM (OPR)
Mr. Saifullah Chowdhury, GM (MTS)
Mr. B. K. Chowdhury, Addl. C. E (Mech.)
Mr. P. Wadadar. DCME
_ Mr.Santosh Kumar Sil. Dy. Chief Chemist.

The pivot of our discussion was JICA® cooperation to continue the Hg monitoring for 5 years in
future. There seemed some differences in the understanding about the monitoring between BCIC
and CCC’ staffs. CCC staffs seemed that tﬁey were urged to do Hg monitoring. For the further
monitoring in future, they were thinking that JICA’ backup was a matter of course. It is necessary
for JICA and JBIC to reconfirm immediately about the backup.

4. The summary of this project

Hg monitoring-staff in CCC have enough knowledge for the necessities of Hg monitoring. Also,
they have mastered how to using Hg analyzer. We can conclude that Hg monitoring technique was
transferred enough. We feel that 95% of the object of this project was completed. However,
remaining 5% is a matter of anxiety about the monitoring for 5 years in future.
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The maintenance of the Hg analyzer is essential to continue the monitoring. Without the support
for the maintenance, it may be impossible for CCC staffs to continue the monitoring. In BCIC, we
emphasized the importance of the monitoring. And the staffs of BCIC also wanted the further
support for the maintenance.

[Material for the final meeting]

JICA cooperative matter about Hg monitoring in Chittagong Chemical
Complex, Barabkund, Bangladesh

Subjective: According to the agreement between OECF and CCC, CCC must report the
environmental Hg contamination from the disposal area of an oil plat for caustic soda.
Technical transfer and equipment arrangement for Hg monitoring should be established with JICA

cooperation. After the acquirement of the techniques, CCC must report the results of Hg monitoring
to OECF for further 5 years.

Assessment of the Hg monitoring in CCC up to the present.
Technical transfer for Hg analysis was carried out 3 times in Japan.
Hg analyzer was set up in CCC and monitoring points were selected.
Technical transfer for Hg monitoring was carried out 3 times at the field in CCC.

~ Technical transfers for sample collection and Hg measurement were achieved to sufficient levels
the cooperation of this project.
(Mr. Salim Mia and Mr. Nesar Ahmed under Mr. S. K. Sil are mainly engaged to the work and send
the results of the analysis.
They have acquired enough skills for Hg sampling of analysis through our training in Japan and
CCC)

Technical transfer for Hg analyzer maintenance was carried out in this dispatch.
Technical transfer for Hg analyzer maintenance was achieved to sufficient levels.
(Mr. Endo, a technical expert for Hg analyzer mainly trained Mr. Salim.)

An interim report about Hg contamination:

Hg concentration in the main drain is still high.

Hg concentration in the well waters nearby the old plant is high.
Monitoring should be continued once a month for more than two years.
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The control surface and well water are not contaminated with Hg.

Therefore, we can reduce the number for collecting surface waters.

(Sampling should be continued in the main drain, in rivers just under the main drain, upper and
down streams.) _

In order to continue the monitoring for future 5 years, maintenance of Hg machine and providing
some spare parts and reagents in future are needed. "

Expendables and reagents needed to supply in the near future;
1,000 Fintips for 10 ml, Printer-ribbon for Hg analyzer, SnCl, 500 ml, Hg-Std. 100 ppm.

Discussion about the possible cooperation for 5 years from now.

Discussion about the possible problems in future.

Discussion about the provision of the spare parts for Hg analysis in future.
Requests for the future monitoring from JICA experts.

Requests for the future monitoring from CCC site.



International cooperation on mercury environmental monitoring in Bangladesh

Yanagi. K” Matsuoka. NV Endoh. T Sakamoto. M Aramaki. R” Nakano. 4P
(1)Kyushu Environmental Evaluation Association, (7)Sugiyama-Gen Iriki Co., LTD
(3)National Institute for Minamata Disease

In Bangladesh, conversion to the ion-exchange membrane method from the mercury
electrode method has been performed in caustic soda production. In this process, the
mercury environmental pollution caused by mercury from the old factory, which had
been using the mercury electrode method needed to be investigated, and
environmental monitoring would have to be carried out also in the future. However, in
Bangladesh there is no basis to carry out such environmental monitoring. Thus,
international cooperation was required to do the’ monitoring. Then, the Japan
International Cooperation Agency (JICA) recognized this issue as an important
international cooperation project, and made the joint-work for environmental
monitoring commissioning National Institute for Minamata Disease (NIMD) and
Kyushu Environmental Evaluation Association (KEEA). Local training has been done
now four times in Bang]adeéhu, and the training of counterparts three times in Japan.
Mercury measurement equipment installation, field survey, and monitoring technology
transfer have been were completed. '

The focus of the international cooperation was the Chittagong Chemical Complex
(CCC). Caustic soda production at the CCC factory was began with the mercury
electrode method in 1966, and converted to the ion exchange membrane method in
1988. We were concerned about the environmental pollution caused by the leak of
mercury from the electrolytic cells. While we jointly performed a local survey with the
local CCC staff, a technology transfer was made concerning analysis (the 1st phase).
The old factory (mercury electrode method) was dismantled during the 1lst phase, at
the end of the 1st phase, environmental monitoring by the local staff has been carried
out up to the present (2nd phase). The monitoring has been down on the water sample
of groundwater and river water, and the results have been periodically reported to
- Japan.

From the reéults reported to date, the following facts were revealed. A quite high
concentration of mercury (total mercury) has been observed in the groundwater near
the old factory and the concentration variation with time has also been seen (Fig. 1). In
the groundwater more than 100 m far away from the old factory, however, the mercury
concentration has been very low. So it can be considered that the mercury from the old

factory has not dispersed a long distance (Fig. 2). Although some contamination was
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seen in the sewer water adjacent to the old factory, no contamination has been observed
in the neighboring river water.

It is important to continue the monitoring and evaluate the pollution dispersion,
especially observing whether or not the natural barrier will be effective in the future to
prevent the mercury dispersion in the underground system.

Fig. 1 Mercury concentration in the underground water ciose to the oid factory.
Fig. 2 Mercury concentration in the underground water far from the old factory.
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Fig.2 Mercury concentration in the underground water far from the old factory.
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The neurological investigation of the residents with high mercury levels
in hair in Amazon basin as a member of JICA

Junji Wakamiya, Ken-ichirou Miyamoto

Para University asked JICA to examine neurological findings of the residents with
high mercury levels in hair in Amazon basin. . We, J. Wakamiya and K. Miyamoto,
went to Brazil from 5 January to 1 Fébruary. We went to the field, upper basin of
Tapajos river, in which the team in Para University follows up, and examined
neurological findings, electrophysiological studies, and asked anamnesis to the residents
with high mercury levels.  As a result of neurological examination, there is no patient
with Minamata disease among 31 residents who we examined. There is no man who
was suspected to have neurological findings caused by methyl mercury without 3 men.
Their hair mercury levels ranged from 2.7 to 48.3 ppm. _

In this case study, the sample size is one-third in the village. = Many men with
higher mercury levels than the residents we examined were reported in other areas.

~ And facts to which the government takes policy are not enough. Therefore, we
proposed the following study method and organization.

 The objects are the effects of the environment and human health. The organization
of the cooperation study including database and sampling system was needed. And the
case control siudy was needed. To say concretely, in environmental study, the
condition of pollution, for example, distribution of galimpo, mercury levels in the river
and fishes, and ethylating was inve.stigated for a purpose of estimation of the pollution
and restoration of the environment. The study on fetal effects was urgent.

The committee was organized, included Para University, Evandro-Shaagas institute,
DNPM, CETEM, and the Para state government.

Para University wants to have collaboration study with us. And JICA plans to
propose them to progress this study plan.
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The Vietnam - Japan Seminar on Minamata disease

Noriyuki Hachiya' and Mineshi Sakamoto®

! Department of International Affairs and Environmental Sciences
2Department of Epidemiology, National Institute for Minamata Disease

The seminar on Minamata disease is held in developing countries since 1996 by Ministry of
the Environment for dissemination of health, social and economic impacts of environmental
pollution based on a Minamata experience. It is conducted as an international cooperation
program according to the statement of Prime Minister on solving the problem with Minamata
disease in 1995. The aim of the program is to provide information for people of developing
countries, where environmental destruction is worried about in the progress of economic
development, to recognize the serious effects of environmental pollution in various aspects
and the importance of environmental protection by introducing the experience and learning of
Minamata disease from different standpoints of scientist, government administrators, and the
patients and victims. The fifth seminar was held in cooperation with Ministry of Science,
Technology and Environment of Vietnam on March 7, 2001 at Hotel Melia Hanoi in Hanoi,
Vietnam.
Fourteen Japanese were dispatched to the Vietnam seminar. They included three victims, an
NGO staff and a citizen sent from Minamata and Niigata by Earth, Water and Green
Foundation, two government administrators by governments of Niigata Prefecture and
Minamata City, and Director Hara, Dr. Hachiya and Dr. Sakamoto by Ministry of the
Environment. Prof. Niimi, who had been in Vietnam for the purpose of a JICA project was
joined to the member in Hanoi.
Nearly two hundred audiences came to the seminar. Government administrators, scientists
and physicians of research or medical institutes and universities were invited. The guidance
video of Minamata disease was shown prior to presentations and photo panels of S. Kuwabara
and of Minamata City and photograph collections of Minamata disease were also exhibited.
The title of presentation was the followings:

The outbreak of Minamata disease and issues in the early stage

N. Hachiya
Minamata disease and anti-pollution measure N. Hara
The Message from a patient of Minamata disease T. Sugimoto
Impression concerning Minamata disease problems M. Ishida
Thinking of Minamata dlsease from a stand point of a community resident

T. Koyanagi
Minamata disease problems and measures of Minamata City

M. Fukuoka
Niigata Minamata disease and measures of Niigata Prefecture

M. Tomita
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Victim supporting activity of NGO for establishment of “environment human right”

H. Takano

The message from a patient of Niigata Minamata disease for descendant
' K. Higuchi

Environmental problems and measures in Japan I. Niimi
Pollution sources, dynamics in environment and thuman, and toxicity by three
chemical forms of mercury M. Sakamoto
Environmental pollution of mercury and contamination level in human blood, hair
and urine . *Nguyen Khac Hai
Measurement of mercury in serum, erythrocyte, hair and urine for clinical diagnosis

*Le Lan Anh '
Food contamination of chemicals and its surveillance and managemert system in
Vietnam *Tran Dang

*.speaker from Vietnam
Hara, Hachiya and Sakamoto visited Institute of Hygiene and Epidemiology, National

Institute of Occupational and Environmental Health, and National Center for Natural Science
and Technology of Vietnam and discussed on further cooperation.
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Cooperative Study on Environmental Pollution in Vietnam (1990-2000)

Komyo Eto, Akira Yasutake and Mineshi Sakamoto

On May 16, 2000
Dr. Nguyen Xuan Thanh mailed the problem of poisoning in Vietnam to our Institute. He

suspected the poisoning concerned to mercury. And he sent us the next paper.

1. Preliminary results of investigation on the Minamata-like disease at a gold
mining area of Vietnam.

‘Nguyen Xuan Thanh
Institute of Hygiene & Epidemiology, Vietnam

I . Introduction

Although the Minamata Disease (MD) has been detected in Japan and other countries with
thousands of cases since 1956, it is the first time the disease is investigated in Vietnam. Ata
gold mining area in the North, liquid mercury has been used to extract metallic gold from gold
containing stone after milled by miners. The outbreak of MD-like disease with predominant
symptoms of nervous syst;:m was registered officially in 1990. Up to now, it is estimated
about more than 3,000 cases. Most victims are suffering from muscle weakness and the
sensory disorders with tendency of more serious at distal portions of four extremities (glove &
socking sign). Some developed symptoms of cerebellar lesion such as ataxia etc. There is no
research work conducted for MD in the country so far.

We have investigated victims to verify whether they are suffering from the MD.

II. Patients and Methods
A. Patients :

Among 250 victims with complaint of sensory disturbance, we have selected relative typical
35 patients with one more adding symptom based on the Diagnostic Guideline for Minamata
Disease issued by Environmental Health Department, the Environment Agency, July 1977,
Japan. They are examined for clinical features, biochemical date and blood mercury levels.
Twenty blood samples from healthy staff members were taken in parallel to analyze mercury

levels as controls.
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In addition, sediment, fish, shellfish, frog, snake specimens in the areas where patients are
living with are also taken for mercury analysis. ‘
B. Methods

~ Doctors of Neurological Department examined clinical features. Blood samples were
drawn during investigation time for mercury analysis by using AAS according the same method

described elsewhere.

I0. Results
* Clinical features observed in 35 patients

+ Sensory disorder with glove & socking sign : 35

+ Sensory disorder at oral area : 35

* Muscle weakness : 35

« Tremor of lips and tongue : 33

+ Tremor of bilateral hands or legs : 21

* Dysequilibrium : 15

* Hearing impairment : 12

+ Ataxia marked or suspected : 11

* Bila. concentric contraction of visual fields : 8

* Nistagmus : 6 '

* Mercury concentration in some tested specimens

(Assayed by AAS) |
Specimens from site 1 & site 2 :
Sediment : 3.14 ppm, 2.68 ppm
Shellfish, fish : 5.5 ppm, 5.94 ppm
Frog, snake : 6.69 ppm, 10.34 ppm
Note : site 1, site 2 : a lake and a steam where miners have dumped Hg containing waste (upper
layer contains milled stone powder after separated gold into liquid mercury) and burned to
collect gold amalgamated into the mercury. Most patients have caught fish, shellfish, frog
from the sites for their meals.

+ Mercury levels in whole blood

Patients group (n ; 24) : 41.5 = 12.21 ppm

Control group (n;20): 0.5 £ 0.14 ppm

IV. Discussion

The prerimilary results showed that the patients have symptoms similar to MD according to

The Guidelines. Because it is the first cases in Vietnam, we could not confirm the diagnosis as
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MD though mercury levels were rather high in whole blood. . Mercury values has been

analyzed in only one lab. That is not experienced before.

It is necessary to have the same

specimens retested at other laboratories and consult the results at institutes with experts for the

MD.

Table. List of 43 hair samples

CODE NAME AGE SEX Me(u g/8)
1 BVT 28 M 0.95
8 BTN 38 F 1.39
10 BVQ 11 M 1.21
11 PTT 43 _F 1.32
13 NTH 40 F 1.76
16 BVQ 14 M 1.29
20 BVY 41 M 1.30
21 BTT 38 - F 1.41
25 BTM 47 F 117
26 BTX 37 F 1.06
29 BTB 45 F 0.97
31 BTN 43 F 1.01
32 BVT 36 M 1.08
39 BTH 27 F 1.61
40 QTC 38 F 2.74
45 BTL 37 F 1.39
46 BTC 29 F 1.30
47 . BVT - 5 M 1.97
49 BTN 28 F 1.13
50 BTD 30 F. 1.28
62 BTS 26 F 1.58
63 QTH 48 F 1.45
78 BVD 47 F 1.61
80 CTD 35 F 1.93
85 BTN 27 F - 173
111 “BTH 35 F 1.11
116 BTM 41 F 1.18
117 NTD 44 F 1.08
124 BTN 52 F 1.59
133 BVT 41 F 1.78
134 BTS 46 F 1.90
450 NTV 50 F 1.66
451 BVH 39 M 2.56
452 QTD 35 F 1.54
453 NTT 31 F 1.34
S.C1 BXD 45 M 2.19
S.C2 BVL 43 M 1.84
SC3 BNL 45 M 2.93
S.c4 BVH 43 M 2.23
S.C5 QTB 30 F 1.52
E7-1 DVH 45 M 248
E72-3 NTH 17 F 1.72
E72-9 PDB 40 M 2.94
161+ 052



2. Analyze of methylmercury in the hair samples and sediments at a gold mining of
Vietnam ’

Akira Yasutake and Mineshi Sakamoto
National Institute for Minamata Disease

Dr. Thanh sent our Institute 35 hair sample from the patients who had reported in his paper
and other 7 samples from victims with sensory disturbance only. He asked us to measure
methylmercury level and to give his information relating to MD in Vietnam.

All hair samples were washed 3 times by using distilled water / dry with vacuums dryer at
30°C and keep dry before transferring to our Institute.

The contents of methylmercury in the samples showed in the Table. The contents of

methylmercury showed 1 -2 1 g/g.

Mineshi Sakamoto performed another analysis of mercury in the sediment. Hg in site 1
was 4.8 ng/gw was 52.1 ng/gw in site 2.  Gw equals gram at wet base. These concentrations

are normal levels.
Comments :

We have made a suggestion for Dr. Thanh to measure the samples except mercury like lead

or other toxicant levels.
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