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Mercury as a Global Pollutant and Mercury Exposure Assessment
and Health Effects

Mineshi SAKAMOTO', Masaaki NAKAMURA'! and Katsuyuki MURATA?

National Institute for Minamata Disease
’Department of Environmental Health Sciences, Akita University Graduate School of Medicine

Abstract Mercury and its compounds are classified into three main groups: metallic mercury (Hg'), in-
organic mercury (Hg?"), and organic mercury (methyl mercury: CH;Hg*, etc.). Metallic mercury is the only
metal that is liquid at ambient temperature and normal pressure, which readily forms an amalgam with other
metals. Therefore, mercury has long been used for refining various metals, and mercury amalgam has been
used for dental treatment. Mercury has also been used in measuring instruments such as thermometers,
barometers and blood pressure monitors, as well as electric appliances such as lighting equipment and dry
batteries. Large amounts of metallic mercury are still used in other countries as a catalyst in the production
of caustic soda by electrolysis. In addition, mercury compounds have been used in various chemicals such as
mercurochrome, agricultural chemicals, and mildew-proofing agents. However, the use of mercury has also
caused health problems for people. Minamata disease in Japan is a typical example. Also, since mercury is
highly volatile, it is discharged as a product of industrial activities or derived from volcanoes, and it has been
concluded on the basis of the findings of the United Nations Environment Program (UNEP) that it is circu-
lating globally. Therefore, with the aim of establishing an internationally legally binding treaty for the regu-
lation of mercury use to reduce risk, an intergovernmental negotiating committee was established in 2009.
Japan actively contributed to this negotiation owing to its experience with Minamata disease, which led to
the Convention on the regulation of mercury use being discharged as the “Minamata Convention on
Mercury” and the treaty came into force on August 16, 2017. In this review, we introduce 1) the Global
Mercury Assessment by UNEP; 2) mercury Kinetics, exposure assessment and toxicity of different chemical
forms; 3) large-scale epidemics of methylmercury poisoning; 4) methylmercury exposure assessment and
health survey in whale-eating populations; 5) elemental mercury exposure assessment and health survey of
mercury mine workers in China.

Key words: methylmercury (# 5 /L 7K#), Minamata disease (FKE&HH),
fetal-type Minamata disease (JlG /K £R55), Minamata Convention (FK£R4#Y)

i C & IC

XA 2017 4F 10 3 H, ZPE2017 410 4 12 H

Reprint requests to: Mineshi SAKAMOTO

Department of Environmental Science and Epidemiology, National HKERE L O EWx, &EKE (He), MHHEKE
Elstitutet f(;rm]\(;l(;gz;rr}ata Disease, 4058-18 Hama, Minamata, (Hg™), AN (x5 1K CHHg %) /X

umamoto 867-0008, Japan e e ey X . X

TEL: +81(966)63-3111, FAX: +81(966)61-1145 M%o SEKILH L TR TH HME—DORE T,
E-mail: sakamoto@nimd.go.jp ModEEBHCT v A H A HHRT L EnD, HL

[(258]



H##ak Opn. J. Hyg) 2873 % #2535 20184F9 J]

PO RS R OB b ER N B, KET <
B AGHEEHARIC L VWS TE e, Eie, KEITMAEE
A1 e RIERT « MERT 78 £ OFH ISR 5 X OTRBI g B8
T FoBRSESCL i TE i, SEKEIE, &
R RC X Aoty — X OAEFEICK T AL LT, &
THLWN TS RICHELIL TN 5, FOM, KFLEY
WHBEORF v (v—Fnzwa), RIESCH» )
FEOIFIFRFEHELTHIFIHSRTE R, L2L,
HREEOMRII A 2 W BFRFEE LG & Lic, HRICE
AR, FORICALDTHLE R D, Fi-
AR E <, KU b o BRBKICIN L, A%
B B ZETR B D L S T, HERBIB TR L, *
DOPEHEREE R LR, BN L O % & EDE BB R E
(UNEP) 3f&amfl i, £2C, KB2 L s 2 27§
D 1= DEHIT T O B % FEEE 7 KRR B3 %
49 E 2 BHH8 L, UNEP Zrhlac, 2009 412 B
RWT B DRE S W EEER G S i, KRER%
e U 7o b NENE RS RIS & OB Ic A S L, K
HAENCBE 2 &0 04 F, KRS % KRS
WCREZ N, 201748 A 16 HITFE & 7o o 1o AR
TlE, 1) UNEP I X 2 HiEREIEL O KERFE, 2) KR
RNEIRE & bt X OVREREEM, 3) KHBE7R x - K
A, 4) 2 F KRR REREENNC KT 5 %
PR & R, 5) TPEO KR EFE TS B
IR K SRR ER AT & (R FEA A, DN T 5,

1. HhERIRIB D KER B LA
UNEP (3 3 Bk BLAE o 7K R 5F il 2013 (Global Mercury
Assessment 2013) X 1D X 51 DT 5 (1),

2010 SEBAE, KER O KK~ OPEH Fix NE o 4EpETEE)
BRI X A OpVER 1,960t EHEE I TR D, 4E[H

1144

IR/ A B
ﬁmﬂ:a‘ DR

KRB R (ANRIOAPETEE) & AR OPeH RO
BRE»L OB &) DO 30% Y43 %5, Al
DA PETRBEY SR D KR PEH B Tl KD b DN RS
B X b oT, AR o4 TGk O R KSR EE
HEOR 62% MY L, HRABE &k« FREke B A4 pE 2
ki <

MR A % &, AN OEFEFT) K OKEPEH O
A% THH 7 o7 05T, £0 5 bhE»D OFEE
75% (kR ORRAEEPEH R 13 1Y) »ho 5,
F 7o, NRBLSEIED S O RS N INE T, Bk
DN FGWELEDOT 7V h DD HEENKE L o
TV EHETEEINT S, TORE, EHTHEME O R
7 o7, a—u v 8 bk L ko KGR 13l
DI X 0 &<, FEEEENES T, LRk KR A KR
PR Bk 0 o, HIEREUE C D KSR Pk 13 pE 2
WAL, HEINL CE L HEEI R T Y, JLE ok
DRBEEDEE > TETW5H T &, Global Mercury
Assessment ZHEBBOE RV > HITO—2>TH - 72,
KL S e @Ry, Bb S T flio
Bk, ek cEro—f rn 2 Faib LT, £
R L CEBEM O 2 FAKBIERT S ), an
AP BU D A E ute 2 - A KBTI RS TIEME X R,
ﬁ%;‘@ﬁﬁ@ifjpgb\;@/i‘/ Ny A rhearr Ty Ny
C\wottthz oS, suxrua, 2HUF Yk
DARIFRH, v 2 XA 70 & OB AT S T E
EREINB, KRIDHEOKBE OIS L, BEOWwE~
DRPDOTEIE R BHETR & 72> T B, BREET R 1L
PEEEGHEB LT 2 & 2 ~3fF &MWL, KD
W EEAE Y O KSR B 3 P AN e T BIFE Ciedy
0~ REOEITHLZ EnD, B 757V,
W7 OSEHIZERLTWLKED S b, FIHTH 2%
GADAPEIREIRR E 3D, o, BRI 19 ~

3700 - 2;;
HMEER {tv j:ii& ABER . I 56
R A "
A F T dm O
e il
Hifir - ¢
ABHHEH
. ABMRE
S TR - TR
< 600
R

1 HhERIRIEDKERTEIR (UL . UNEP. Global Mercury Assessment 2013)



H##ak Opn. J. Hyg) 2873 % #2535 20184F9 J]

20 eI T, 2 —wm v %, ok, w7 ICHKT S
EHEE I N T\ %, KPEHEHUISIC R, B v ik
DUFE DKL OWINIEL DO & T, HeM7 Y7
DTEE—FH LT\ 5,

e D LJE 100 m DAKEREEE (L —HEfLAT D 2 f5 T, e
VERE L B X 0 ST 10 ~ 15% @\ EE T, Ko |
JEDD FEADDP - & Liclila KL T 5 &5
Zbhb, BRELT, BHEAWHCE T 2 KRR L
10 ~ 100 FEHALTD, > < h & LIl EER IR 5,
Fte, K& D OAKEPEH S TR G AR
METLTH, K& b O+ S OB H I
N4 2 KB DFET, KR KEREFARE L ~1id
Pol D ELMEF LW EELDNRD, 22T, 4
DE /e B RKAANDOKIEPEH OHINL, RN E - TR
FFECWIE « KFERTMOWEEE~EKRYEL Y 2 5]
BEERH D, ZhbOHERTA L - T, UNEP IZ/KEOPE
HFCI Y el 47 Thbh, TEIOEITHKIER
WIEYD o wEETEEEL TS (B),

2. KEIBOEANENRE & TS LURETMH

KB L OF o L&, +ofb g X v kW
BRECH IR0 D (4-6), BEBAKSULHR T KK
[RETe BN, MG X - THEDOKBRLIDFET S,
P ATINLBE LB EE (e b Tl 80% L) T
NI X %, KERZRG Tl 23 T\~ 72 o IR 4 RE
ARG E UIMAERET 50T, iR T
BElEER & 7 B BRI, FRINERCH R T
NARTG—EILL o T2t I s itk - T
B EFEZDND, 2 fiKSIEEM I &\ R CH T
T, B BEIREE & Te B, ERIEICLE 5 KRG YL,
Lo HH I N5 SBEAKEIRE TIN5 o
LT X B Ao o KEEHEGTH b, T V)
whLhET 57500, W77, 77 0H, £
NEETRKREIEEMEE D OOH D, T, &7 <L
B AT NEL Cou B AIFETRECE U % mEE DK
KANDBEBEIREIN TS (1), SBAKEHKZOE
ERAAEE T Do OEMRIEEE L Ui, R REREE
BE L b s,

2 i DMK G (B2 X, F7R) 13, B
LTHCBRTERBEND LY, EXW - FFEXE
T, SEEORKAERT S L, nliE - IHIEOKH
P2 O AP ER A 9 5, KO MEE T
WS VB % BRI T, BB AKER & B 70 ) ek~ D
DA e, FRENGERRBE AL, SRE - £
BOBRE T, HEEOBIRMEEEIC X 22K, IR,
BN wk o F, BHOKBOBERAHEET D004
IR L Lk, &BKIRAROBE R LRk, K
HERBEE N X L b 5,

KRBEETHYT, EERP L b DR T b MM
B AFARBTH D, —EOHRASCHNMHL R

(260)

LRI KT HKEOR Y AZDFE ENANEBRTH
Do A FAKEITHCEBIPR G L, MLHREA~DF
WEBATDEIETH H, TOMEE LT, A F KN
ATAVEREELTHET 2 2 BoXEREY L TR
B Wik Inb7cdEE2 bR TS (5), #F KR
1, SAENDOREKIZ I DK 0% PRt h, »51
KB O AW FE8 70 B (&4 % X 0K,
FEE) ThH, ~TRO 2 F LKL, BNESEENL
T FEvr 5 &, BIEICIE U RPN O KB 13—
WK s (5), » F KRBT B BEIC—EDOE
BTV AEND, KND 2 F VKRR EH 5\ 133
Bt 2 F U KEHENE A HEE T AT DAERIEEE & LT
i, MESEEZTROKBFREL I SHCBRD (8),

3. KRR A FILKEBHPESEH

HARFEE, 7 b 7T e FELETE Ol - U CH
W AT S, 2 F A RS EIE S R
THHEK & KRB PR & TR & 753 L,
ERE I 2 F A RERICTE Y S Rl N B & BT
HI LWL o TlEI A F AKBFHBIETH B, Bl
b h DR X OVEIEANOBLE & R\ BE TSN N S 7o
O L7l T, e IeBRBEiH g & @R B ME A %
2% L CHEMER, AEORELINTS (9), K
BCIEKRE & 5 XD TRASEM TN eiigiliie, &%
3 TR 100 kg D # F A KBRS hic EHEE S h
Tk b, WERI34GFAE O BIE B35 9 AL P T338 nug/g
(96.8 ~ 705 ng/g) &\ 5 ERIE OBEFOKEEE &R
Lz (9, MEED 7 & b 7 45 v FAETEND OHEK
W& BIKRGRE L, BT IR o BT IR C b FEE L T
F 0, WM TEIT, # 3,000 4 0OREBENFEEL
T2o FT2, KEH CIRABICERAE L I dnd - T
BETHDHICorbbT, BRI O AR TIGE
PWARERBENFAE L, #F A KEORM A 5 B
OEENEROTEH EED I (10),

F 72, 1970 ERDOFDITA T 7 1 F\ 0 TRBIE R »
FOLKRAPFEMAFEA Le (1D, BiEE %% 6,000 A
B2 HEREIN TS, ZOKEPHFEHOFEREL,
A F VKR THB I NN NETH - 7o, S [H
FEM) s, MEEHERN O A T 7 I HED DR
NI DOTH -7, BRIENEH TRV BT
BN, AFAKPHHBCTR T, COEE, KkEvF
AR — R L o TR T, &R ok
WA R OBIELE, AR TR 25 mg, MBS TR
50mg, REEREE TR 90 mg, HERE TR 180 mg, FELCIC
BIL Cix#9 200 mg DL E EfEZI T b (5), ITiREp
WY NE 2 T REB B4 i Tt ie b o,
KRR & R IR B DO BENTEE Lz, Tk, Zoff
YN DA T IEEE L A <A vV EE TR IO T
FRENTED, x> “Frzu” Fribote, LnL,
4772377 ETEBTHY, O 2 v “ArEE



Hfak Jpn. J. Hyg) 2873 % 26375 20184F9

HFRTZERERNEB L T ote, IhaE 2
T, EEEALAS O 5 O FRIc B B AR =
7 2 (GHS) #Z#h& L, Wi bsmfakatt s X ova Fik
P RILMOFIR LD L5 K E Il X T, Be
FT—4%3v—F (SDS) ITHFIRTH L HITls -1,

4. REDKBPIELICE T2 LBKIBRE & RFRAE

BtETY, 4L oRBEA EEO/NRKGHNLITIESE
OB FIRC A X5, KT X 5 BB YRR
Wb BIEEE O O MERA~OEHE EE I
TW5, 1o, TEOMEMICAE T 5 EIMNE 30
OINREBGRILIIATFAEL TR D, KEHILEES D4

2 FEBEMEO/NREKERIEIL TE OKRILEFERIERE

4000 5000
BAHIREADOBRT & BB EI B2 ST 5 (R2), B oy 3
ARG DB A E T EIC X Y AficEEIE S T " € 4000
VBRI LD, KGR O & AR s X sk < 9000 8
DRSSPI L ORI bR TV A 005 " =000
ETANRG) , & 2T, FEOPHEOBRED LT = 2000 £ >
to, KEEIIEREREIC B b BB~ OGN 3 . Za000 o
LRSI BT B E A AT 5 (12-14). £ 000 ooz
Sakamoto © (12) 1%, 11 4 DKBILK & 16 % D KR . g 1000 y
ILAREBRIESEE % 35 X ORI A~ 200 km PA_EEER Tu . ey ¥ | .
BRAMCERET 2 2 4% b a— 1 BHE L, &8 T b R, b
KRR DB A SN Les —HC, KGO P e PR O

B O N DERIC R 1T 5 IR OKFEE L, 4pgL
EENnTW5 (6) 28, MU ORER P LETSHa v b
n— LM 48 4) ISR B SRR IEE D& F
b 2.1 pg/L L&D oty —75, K3 WWrRT Lo, K
BELL (10 4) O JR s A 8RB B oo 5% fo °F 39 fif 1k
182 pg/L (119 pg Hg/g creatinine) & i\ MEA R L7z,
I, KERELE ORERIERE (184) D RPIKSBE O
KT fE L 320 pg/L (338 ug Hg/g creatinine) & JEH
CENMETH > 7oo B @RISR 1L 3,662 pg/L
(4,577 ug Hg/g creatinine) 122 L, Z OfEixHx 2505
BRO Tl b @R FRKEREERE T, WHO D &b 7o ik
RSB A EE O H 5 TR & 45 (50 ug Helg
creatinine) (6) D 90 5 DEH X TH » 12,

Fw OWFFE 7 v — 7 D Iwata B (13) 13, KRG
BE DA AR B TR BB B R A T L 7,
FLIERT Lo, ALK 27 AORFPEKEEE D
EBWEILEEEZ I, avian—n 24) CHRTTE

B 3 KERFRILGER, KERIEEAEIRIEEE IS BT D IRPRIBRE
o (= EAESE)

DSDHEIIKREL o Tz, Tl TOLDZILHT
L% 1~6Hz 10~ 14Hz THIIL Tz BT,
SLIL 97 B 27 44 CIR PR KER LS & BAIRIF O 24T W)
FhHE & ORICg W IE DB RS b v, Araki B (15)
DREFEIAIC X D HREYRE S 2 — i g, BiE ) M
DOFEEIC X Bl RetEn®E 2 b vt

b, dLFEZEE O Li Bk CHEE T, Rk
EEOEWERE 17 2 OERERAEZERL, RbK
BT DS EFEEDORFP2-3 7 v r 07 ) v YPREEN
W EERRE L (14) (K4, ZoKE»L, &F
KR A 2 B 5 | U7 KRNI LI E R, B~ D
2 i D MR KSERGC X 0, B O FRANE T RIEE HME
TLTWSZ EAREI T,

®1 KBHEUEEEOFOIDR (FHLEERE)
HEFosdz TESHETE

av bu—aAff

(H2) (nes2) (n=27) P
Total 0.172+=0.077 0.234=+0.111 0.006
1-6 0.071x=0.019 0.090+0.038 0.004
6-10 0.143+=0.063 0.160+0.063 0.258
10-14 0.071x=0.051 0.112+0.076 0.007

[261)



H##ak Opn. J. Hyg) 2873 % #2535 20184F9 J]

12004

r=0.85, p <0.001

g

Urine B 2-MG / (pg /g creatinine )

. ¥ ¥ 1 r L ¥ L T T M Ll M 1
0 1000 2000 3000 4000 5000 6000 7000
Urine Hg (pg Hglg creatinine)

B4 KEBILILEEE (17 ) ICBIFTBRHBPKIBBE L p2-3
sasa7y) ViRE

5 XFILABSRERHICHITS
PRERATM & @R E

~7mu, hoFihEoKMERR, Hclr ooea
A Te EOWBTEMFELEIY L, KERED O 2 5 L KRV
W EHIT X o THRNICER S, KERE S5 Z
ERHBR TS (16), (il RilifE 1 T T
W, W7z UIFTReA A ERBEAT A AEEOS L
LR B AT )L 2 7 v KR SR R R A M
L% %2 bh, Nakamura 5 (17) 1%, 2009 4 K H1 T 3
R 724 % D B2 KRR IE R & e s 2 e L
7oo K SICRT X 5 ICHRE RIER O BEZFKIREE D
KT H D 9.86 ug/g, LHED 622 ng/lg T, HA
ANDFGE (B 242 pglg, 137 pg/g) X H 2/
D <, WHO ZLHE (5) CTREE ORIk 23T 5 B hn
BHETH50ug/g & 16 H B2 TTe,

R IIRE 2 FE U7 194 4 (BEKSYEE D&
P 14.9 pg/g; 50 pg/g Bl 12 44, ImifE 101.9 ug/g)
ICOWT, BEKEE & OBIRZ BT Lk, Wb
PO MESERE (HEEE, 55 %, K, BRSNS
W, AR, IRBYE, TaSERAIE RS ML AR
MBEZR U, UL, BEEKERE & AECHET 2
HRFEBRIIFRD B Te o Te, L vid»x F KRN
T A LB T w5 (18), B2 %521z 23
T KERIRE &+ v v BEIXCHERE RIEOHBE 2R
L, ¥rcfdotr v/ Koer it 1 LLFTH- 7o,
I b DRERN G, KHH R T b ) 7ol 20 /]
bt HBEO—2I, W2 IS5 REILAF LK
o bT v VERED SN2 b, [FARFCE
LT 51 L v 2 5 L KSR o 3 F B B A i i~
T BBV R E I te,

110+

-1 .
Bl 90 -
E BO - ¢ o

70 0
% 60 - + .o ' 0.0 ngig
& « " MATHEER
g R "y HENEONS
@ 40 - o . ‘.:' o ol . BIE
“.p 30- .l 8 : .

20 o fop
.

LY .
LY IR 0 ¢y "
10 - ve v o gl by
o m-&...a;.-_b.ag.-!hﬁ -
Q w0 20 30 40 350 &0 70 B0 SO T

Fhn

it T

60 50.0 pg'e

s BN THZEIR
HIRASEIDNSD

miVE

BEXREE (1w

1.37 pg/g

HFEAZED
0 10 20 30 40 S0 60 T 80 90  mu.

Fhb
X5 AHHETER 724 20 BLZAIEEKBRED

6. D X FIVKEREE R EREDER

Ji 2 D B R RS M S e, R I (A YR ) 1,
FHAMIZ LT 1.5 ~ 2 5@ KB RE (Farin) TH
% (19,20) = &5, BRIEIE # F A KERBRER T4 %
A4 ) A7EMERRIN TS, KERSA T 7 D25
U RERFRE TlLL 2 7 L KR O B R E R ER I X B FRIKE
BINEH R B2y, FEER2PMERELTWE L1
2 F VKRR TR THREFHZ A T 2 00E s (RE T
BHE, EDUVRAD X F KB TR ENE NS
D) DT 1990 FFAUEN & TEDTled - T
COWFEREIC LR CHUY ML A, 1986 F LARRIC H AR
ak— MFEERVD FF DT v v —2 « A F v ek
FEKRERTF 2 AZ—KFOMIEFETH D, FHRIT
Brzzun—FELref vl EBEETH- I
(21,22),

ek Lieh % 7 = v —34 5T, ERSEELE
AT LTV Ry 2 oS HRIEL, BAKELTAL
T, 2027 07 WO Y ) BERETH-
T L Hb B F, HA 3 R — b e S 1,022 £ O i
MK SR 12 e S 24.2 (0.5 ~ 351) pg/l (REBLO
EEKRBIETO02 ~39.1 pglg) THotoo ZORNGLE
DT, 147K, 22 BRIC TR - 7o W 5 TR 8 i Ay (o
RENEBHFBAL, MO TEIR T, AR A AT )
DR Ehte, 7 =a—HAak— 5T 7EED
AAKS SN 72 1997 AR LUK, IR¥REE » 5 LK ERBRER 1
I o FERENRE IS L OIS, —H L



H#Ek (Jpn. I.Hyg,) 5573 % #5375 201849 A
THEI N TE R (23-26),

A Y NS A v = VB, BEKEEDMb
D7 7 ) HFHEEEERTHLTEL, »oBRExEaT5
BHEAETAETHY, 17198 LEar— L LTSS
&, 97K, 19 IR > FRER TR OIEEEORR A (B~
TRIgER D) 2MThivlc, HER O REBIFEEZ AR 1L
1568 (0.5~267) pug/g THoteh, 7=u—iEE
Dak—bPEE IR D, v v v, SIAEIFIRYIEE
(EPA ®° DHA), PCB 7% E OJIE TN T, ®
1 v = VIR R T /N RAEME T, R A 1
HRERMEFR I X 2R B A b vt S e
(27,28),

b, Rich Rt im0, Hieciibn
fet A v = MNRIEGERAEDIIETH D, PER ORI >
B IIGE S e AT R TR IR AL & REB B 22K SRR
% LBV BOC AT B2 BRATRS R 03 F83% S ute 2008
EDOZ EThote, Tinbb, ZMaFIIEIEEERE T
g DL, AF KGN ROMRETEERANGE & H
A OBE# AR LI 29, CHICL D, (KEE x5 1
AR DR B WIRTRIC X » T/NE ORI NS B A 32 T
LG ENDH DB ENRLSROOND LS ITnoTe, #F
KSR DR IRINRTR I X 2 FEFBCBI L Tk, bE
THHALa A — P FEDNEINCAT > TR D, #F 1K
AT T € b VA IRATE), A ) — SRR R
TR LHT L WAL TS (30,31, LIXFE %,
KB ERFEIFE Tlt » 5 VKD o E L8 (B,
PCB, VU viglk) O « Fipofl, BOFE « Bipk
B ELHRCKRESEET LI LN, bR
NI E ISRl L < 7o TW B DORBLRTH
%,

BbH I

[KERICBE T % KR EF0 1 112017 4F 8 [ 16 HIT %)
Lo, KIEREREBR L HATIE, KEOMEH A i
EIcA CTHII L TH D, KEFD L 5 BRI
BEInsZ ikl E2bh5b, 72751, UNEP A,
FEIBREY 7o B D FH 2 % 38 U CHBER B o0 K SRR ek L ¢
o MTsAEAF 2 Fo DL, IR TORPHL LG
BLTOZETHY, RREIC ALK DO PEHEIEL
R T b & E P35 L, o RIc X
B SPEICINE S B HUERIRE T O IKER R E O iz o
TLHLEHR L2,

E f

KRRk, 55 87 ol H A4 &4 (2017 473 3 26 H,
HE) vy ROy A [HESBMIEEONS XN
CRTAHARELREDEEDILDTH D, v v EDY
A AREE N, COBMFEOREE L IS s E e
A RHRF KT BFEIERD B X O ARRGLAEE

(263)

(ENZBREDIZEAT BREL Y A 7 « It v 2 —) I
AL LT E 4, 4, ABRRICEERIMSELK
SV E L IUTHed (EHRERER A EEa v
P74 v 7 (HESTIC)) WCR&GHH L LiF %4,

ABFFE R B FIZEAT S Te

X [

(1) UNEP. Global Mercury Assessment 2013: Sources, emis-
sion, releases and environmental transport. Geneva: UNEP
Chemicals Branch, 2013.

(2) NRC: National Research Council. Toxicological Effects of
Methylmercury. Washington, DC.: Academic Press, 2000.
UNEP. Mercury—Time to act. Geneva: UNEP, 2013.
WHO. Mercury. Environmental Health Criteria 1. Geneva:
World Health Organization, 1976.

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

WHO. Inorganic mercury. Environmental Health Criteria
118. Geneva: World Health Organization, 1991.

UNIDO. Protocols for environmental and health assessment

(3)
(4)

(5)

(6)

(7)
of mercury released by artisanal and small-scale gold
miners; 2008.

(8) WHO. Guidance for identifying populations at risk from

mercury exposure. Geneva: World Health Organization,

2008.

(9) Disease Study Group of Minamata Disease. Minamata Dis-

ease. Kumamoto: Kumamoto University, 2008.

(10) Harada M. Congenital Minamata disease: intrauterine

methylmercury poisoning. Teratology 1978;18:285-288.

Amin-Zaki L, Elhassani S, Majeed MA, Clarkson TW,

Doherty RA, Greenwood M. Intra-uterine methylmercury

poisoning in Iraq. Pediatrics 1974;54:587-595.

Sakamoto M, Feng X, Li P, Qiu G, Jiang H, Yoshida M,

Iwaia T, Liu XJ, Murata K. High exposure of Chinese

(11)

(12)

mercury mine workers to elemental mercury vapor and in-
creased methylmercury levels in their hair. Environ Health
Prev Med 2007;12:66-70.

Iwata T, Sakamoto M, Feng X, Yoshida M, Liu XIJ,
Dakeishi M, Li P, Qiu G, Jiang H, Nakamura M, Murata K.
Effects of mercury vapor exposure on neuromotor function

(13)

in Chinese miners and smelters. Int Arch Occup Environ
Health 2007;80:381-387.

Li P, Feng X, Qiu G, Li Z, Fu X, Sakamoto M, Liu X,
Wang D. Mercury exposures and symptoms in smelting

(14)

workers of artisanal mercury mines in Wuchuan, Guizhou,
China. Environ Res 2008;107:108-114.

Araki S, Sato H, Yokoyama K, Murata K. Subclinical
neurophysiological effects of lead: A review on peripheral,

(15)

central, and autonomic nervous system effects in lead
workers. Am J Ind Med 2000;37:193-204.

Sakamoto M, Itai T, Yasutake A, Iwasaki T, Yasunaga G,
Fujise Y, Nakamura M, Murata K, Chan HM, Domingo JL,
Marumoto M. Mercury speciation and selenium in toothed-

(16)



(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(Jpn.J.Hyg) 5673 % 235 20184E9 f

whale muscles. Environ Res 2015;143:55-61.

Nakamura M, Hachiya N, Murata K, Nakanishi I, Kondo T,
Yasutake A, Miyamoto K, Ser PH, Omi S, Furusawa H, et
al. Methylmercury exposure and neurological outcomes in
Taiji residents accustomed to consuming whale meat.
Environ Int 2014;68:25-32.

Sakamoto M, Yasutake A, Kakita A, Ryufuku M, Chan
HM, Yamamoto M, Oumi S, Kobayashi S, Watanabe C.
Selenomethionine protects against neuronal degeneration
by methylmercury in the developing rat cerebrum. Environ
Sci Technol 2013;47:2862-2868.

Sakamoto M, Kubota M, Liu XJ, Murata K, Nakai K, Satoh
H. Maternal and fetal mercury and n-3 polyunsaturated
fatty acids as a risk and benefit of fish consumption to
fetus. Environ Sci Technol 2004;38:3860—-3863.

Sakamoto M, Murata K, Domingo JL, Yamamoto M,
Oliveira RB, Kawakami S, Nakamura M. Implications of
mercury concentrations in umbilical cord tissue in relation
to maternal hair segments as biomarkers for prenatal expo-
sure to methylmercury. Environ Res 2016;149:282-287.
Grandjean P, Weihe P, Jorgensen PJ, Clarkson T, Cernichiari
E, Videro T. Impact of maternal seafood diet on fetal expo-
sure to mercury, selenium, and lead. Arch Environ Health
1992;47:185-195.

Davidson PW, Myers GJ, Cox C, Shamlaye CF, Marsh DO,
Tanner MA, Berlin M, Sloane-Reeves J, Cernichiari E,
Choisy O, et al. Longitudinal neurodevelopmental study of
Seychellois children following in utero exposure to methyl-
mercury from maternal fish ingestion: outcomes at 19 and
29 months. Neurotoxicology 1995;16:677-688.

Grandjean P, Weihe P, White RF, Debes F, Araki S,
Yokoyama K, Murata K, Serensen N, Dahl R, Jorgensen
PJ. Cognitive deficit in 7-year-old children with prenatal
exposure to methylmercury. Neurotoxicol Teratol 1997;19:
417-428.

Grandjean P, Murata K, Budtz-Jergensen E, Weihe P.
Cardiac autonomic activity in methylmercury neruotoxicity:

[264)

(25)

(26)

7

(28)

(29)

(30)

(31)

14-year follow-up of a Faroese birth cohort. J Pediatr
2004;144:169-176.

Murata K, Weihe P, Budtz-Jergensen E, Jorgensen PJ,
Grandjean P. Delayed brainstem auditory evoked potential
latencies in 14-year-old children exposed to methylmercury.
J Pediatr 2004;144:177—183.

Debes F, Weihe P, Grandjean P. Cognitive deficits at age 22
years associated with prenatal exposure to methylmercury.
Cortex 2016;74:358-369.

Davidson PW, Myers GJ, Cox C, Axtell C, Shamlaye C,
Sloane-Reeves J, Cernichiari E, Needham L, Choi A, Wang
Y, et al. Effects of prenatal and postnatal methylmercury
exposure from fish consumption on neurodevelopment:
outcomes at 66 months of age in the Seychelles Child
Development Study. JAMA 1998;280:701-707.

Myers GJ, Davidson PW, Cox C, Shamlaye CF, Palumbo D,
Cernichiari E, Sloane-Reeves J, Wilding GE, Kost J, Huang
LS, Clarkson TW. Prenatal methylmercury exposure from
ocean fish consumption in the Seychelles Child Develop-
ment Study. Lancet 2003;361:1686—1692.

Strain JJ, Davidson PW, Bonham MP, Duffy EM,
Stokes-Riner A, Thurston SW, Wallace JM, Robson PJ,
Shamlaye CF, Georger LA, et al. Associations of maternal
long-chain polyunsaturated fatty acids, methyl mercury, and
infant development in the Seychelles Child Development
Nutrition Study. Neurotoxicology 2008;29:776-782.

Suzuki K, Nakai K, Sugawara T, Nakamura T, Ohba T,
Shimada M, Hosokawa T, Okamura K, Sakai T, Kurokawa
N, et al. Neurobehavioral effects of prenatal exposure to
methylmercury and PCBs, and seafood intake: neonatal
behavioral assessment scale results of Tohoku Study of
Child Development. Environ Res 2010;110:699—704.
Tatsuta N, Murata K, Iwai-Shimada M, Yaginuma-Sakurai
K, Satoh H, Nakai K. Psychomotor ability in children pre-
natally exposed to methylmercury: The 18-month follow-up
of Tohoku Study of Child Development. Tohoku J Exp Med
2017;242:1-8.



