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Environmental exposure to mercury
and the risk management for the future

¥

Katsuyuki Murata *, Kunihiko Naxar** and Hiroshi Saron **
(* Division of Environmental Health Sciences, Department of Social Medicine,
Akita University School of Medicine,
** Environmental Health Sciences, Tohoku University School of Medicine)

Abstract

Health effects of methylmercury exposure observed in disasters of Minamata
Disease and methylmercury poisoning in Iraq has been long concerned. Thereafter,
cohort studies in fish eating populations have been conducted to assess the risk
involved and now the stage of risk management has come. Because of the insufficient
scientific data, large uncertainty factors perhaps politically determined are applied to
derive standards or guideline levels of methylmercury intake issued from international
organizations and US government agencies. The results of major cohort studies conflict
each other and health effects of low dose methylmercury exposure has been still argued
among the scientists. It is questionable that food culture of each country or region was
taken into consideration when the standards or guideline levels were derived under large
uncertainty factors. This report describes and discusses issues to be considered when
reference dose (RfD) or provisional tolerable weekly intake (PTWI) were derived and
propose the direction of risk management in Japan concerning methylmercury in fish.

Key Words: methylmercury, reference dose (RfD), provisional tolerable weekly intake
(PTWI), risk management
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Is an advice that pregnant women should not eat fish necessary?
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F=AISYT  Za—-V—F v FERRMEER
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BRI SBROBETHL 00, ABELH600
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Health and Methylmercury in fish
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I. KREZDIEEY

KPEEIR - FECTHERETHLME—DEBILE
T, WS FIVALALL 12EICET 52,
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S L9 l{{) L
e ik jES
Hiroshi SATOH

0. KEROERRE

MBZDOVH D, ERKEOKEK, 2140 mik
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Environmental Health Sciences, Tohoku University School of Medicine
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72k8E (Hg™) ko TlRELEEZ LNTWAEY,

M. AFILKEBEKRRBFDHEE

KA Z DDV EDREDEBETENL I LW TE
BWEELZHRETH b, BERYWEIIMEHREEOR
WAF VK TH ), FERRKETICH B LHOHE
HATEF N T W7z X F )V IKERDSEO v O B EEH I
FVBHINAORT AHICHEEICER I,
BRENBNEE2 KRBICEZHIBOERDS, &
BRI e % EHE T AR RICBA L 22,
BEEMZ ERLEREP) T, TRIEHE] KMER
ALY, THRIEEE] & JREINCTRER O R
BAERENTANEEE L TAF IV RFGUCRE S
NZ L BEWRT 5, ITITERICHE L &%
DEFI - THA OFEORENHL NI -T
WE, BERRERRO L # A ERIC B R EE L -
TWh, 20 L) RAERIZITE A CHRRERO W
B MAELLDOT, BALD HBRIBIZBWTA
FVAREBNDEZER BN EHSPI o 72,

V. —AODOKBADRE

KBIRD & 9 L RERLBBRT HA T 7 DAF VK
MpEWE, HETIIEEZDHEEZoTLES
75, WROL#M TIIARGUTIRE ST B A4 238
IR o TobFTlE v, FhUE, REST KR
BB EABE»Y ThORRE (LA
BEDH RABENDKPDATEZHOTWILI—HEE R
LNTw5) PRBEBERFICFEL, FICHEY
DIERTAFVREPERT A2 HTH L (K

] Environmental cycles of mercury ’

Hg® < (CH3):Hg

(CH3)::Hg dimethylmercury

high low
pH pH

Hg?* === (CH3)Hg* methylmercury

ATMOSPHERE

R T

WATER Hg’

—

Heavy arrows: biomethylation processes
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o ER SN AF VK, S SICKPOEY
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DR AL i SIS BT 5. L2hto
T, INLOBNHEELLZET H NI AT VKRG
BRELRKEVWEEZEZ LN TWA,

N4 DWRBEND DT A F VKT TR WY,
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TAYDERETIEF AT —VOFEHERDY LD
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BT B2LEIH A9, BEOBRERRE (ZOWEE
BAENP OO AT IVKBHENE) ©E 25 &~k
MNZBIFANAZ7IEEHBOTRVWEEZONSE, Ly
L, BEEOFHVINTH 2 IRIEHNBREDRZEICD
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HEAR SR L7, B OB 6,000 A %8 2
HEREINTVE, ZORBPEBORKEIE, X
FURPTHETHESININETH o720 THUEHE
HEHICLHED A 5 7 I EP BB SN -07
A, B RREIENEZELTLE -2

CORSESIFERRES L INH, A F VKR
REDIEL L CERPAKBERESEL TCNDHT L
PHOLPICINLZEEREGERZED1IDTH -
720 BEBBHKBEIRVEBELZOP? Z0H
HIZROEIIZEZ LN, £, AF VKBRS
SFrOEBEGZEBPRICMDATNRTL, ol
BRI ATFNE EZOBOBENI R VEEZ
LNDEINETHL, €ITHE, BEOAEZBIE
WE ZAHRBBIEDRELRT &R DD, ThiZ
JCHRAEZBEPOLEMICRLIoTLYEED
BEART LD R D, TORE, TEEES A
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VI. WHO DU X7 Eii

WHO & 1990 4FIZHI4T & 1172 Environmental Health
Criteria 101 Methylmercury™® 2B W T4 5 7 ®
T YR HEBRLC, BRIABRED) R 7 5%
To7lz. ZORERE [HEEDOBZ2HKEIREO
Y— 2 %3 10~20ppm THEIEA~DBEIZ 5% D) A

) EBNCE, MiRKENRE & EBRRORRBEOKOES), %
HREEEDEALELPREE, N—<i b2 LobTsE
BORFLOMBETKEBREMITLTLE ) WRlER &
BESTLEHERN D L, £ 2T, HIRP ORI R HE
B ORI & ) ETELREOHRTIILD L OFERD
H BN, BELPEROOFMLEETHLHENE .
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BHbH] EVILDTHolze TOLNVDEEE
IREUREEITIE, A A F OV KEUEE O m B
SEOERWELZERTIENIBNTEIET L Z L8
Hbho LI oT, EBIIHEDLODEI B, b
LdHbETIUE TNREALEELO)», K&k
BAEFEDDURESZL L),

Lob, 457 ToOREBFMoOBEE, HITRG
REFEDORE - HIEEIERT, ZOWE T
LbBRTR, /-, EERPRETHLZ &
& XFSELRMERSER I NS, TR
ML ETHD EDEZTPYBROLHIITHTL S
ZLIZRY, W OhDEFEREIITHONLE I LI
Trolie BT, INFEFTUUHREIH IR TV AR
IR & 7%z 2k — PERERELZRIZOVTHER S,

VIL {5 E O 25

) Za—Y—F2 K

Za—V—=9 Y FTIE, ERERPIGEIC3 ED EA
EERTWS E LK 1,000 N\ORROEZKE %
WEL, 73 AR EREKSE 6ppm LLE) TH
AE &, BEfEid 8ppm THY, 2FBOEHE
1$196ppm TH o 720 TOBEOF I 4HED &
&2, 31 A®TF % Denver Development Screening
THETELY, ZORRER, IV PO VHTR
HHLRENPED LR 1T% TH B DI,
FIREKBEETIZ50% TH Y, FOZEITHEFMIC
bEBETholz, OB, FHPIHIEL 1HEH
IFRUZBFE LTz 6~TRDE XL, IHI—FE61A
DFf %, Wechsler Intelligence Scale for Children,
Revised (WISC-R) & Test of Language Development
(TOLD) THATEZY, MEEHHE0T LK
INnE, 3omaryiru—nVE 123 BE0ER
KRR EEAS 3~6ppm, H & D 2D1%, 3ppm UL T
T, TOHIHEO 1 DOEFATHIICERZHE, b1

DIAOBREFEOKWE) & HERINERE
AFNVKPRBREOFS NS L, FHRORENLE
ROBEDPREWD, FHEZRKEIRE 13~
15ppm THERBOE T LHET L E LTW5,
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2) 708

7 = — (Faeroe) afiBix, 41 20k, Abif
LHbT -7 HDORETH L, ZOEDERI,
TYRw oY% EL, AFVABRICBRESIRLTY
72DTC, REBIF— M X BREEEE X F kg
BORBOREI LR T D, FHIE 1,000 A4
hold (Big) THYH, 95 15% DEBOTEK
SUBFEAS, 10ppm T A8 2, BB Mo KRR B I,
B 350 ug/l Thotze TORLDHH 90.3% DI
& T SAT/NER AN R A AT b 2,
MEESLEURES (132ASTEH) ~OHE
HUD, #REMMEENRE, SR - BEORA,
pattern reversal visual evoked potential, brain stem
auditory evoked potential (BAEP : HEM: B s %58
L) DEH, BEHIROMRE, BEMIER O
D7DITLER RREBOEE b FAO NIz, MHifF
DRI E LT, Neurobehavioral Evaluation
System 25, ¥y ¥y 7 - HE - EHROWR -
fil %, + continuous performance test (35t St
M) OMAEDAITHLIIz, F 7= Wechsler Intelligence
Scale for Children, Revised (WISC-R), Bender
gestalt test, California verbal learning test, Boston
naming test, nonverbal analogue profile of mood
states GESFET TR L —FA7r—)) »{Tbih
720 BEHLOZRAMEAE D Raven's Progressive Matrices
THE STz,

fERd, MREAESRREIIBWT, BAEP2YEE
RAOHFRRERLEY, F72, WL
HFETIE, oy Erys, FRBRIGHH, WISCR,
Boston naming test, California verbal learning test
DERE TV DD DIEENE B RO/ E
RL72 IHOHOBERET, EOEV45D 11
HOROBEEMOKFEED AL /A L, TEE)
(continuous performance test), &g (Boston naming
test), ECJ& (California verbal learning test), 128
W, KEEREOBEVIROEEIEIML Tz, &
72, BHOFEZKFHKPRED 10ppm 2 2 5
BEBROTOW LR BERKTH o7, 856
(ZRER OB ZKHUKERIRE TIE, SIS I X
DHEERREEFEERL DD vEmZ R L
720 72, PCBANORELZ R bNIzH, TOF
BREILALEROW bl dhT Y,

3) 1 o IVERIE

YA v VEFIENL, 77U AWM Y FEOEE
THELETHALPEATHE, T2 TIHEIEI 2
F VKRR E O ABOFREIIRITT TR — FRAD
FThhTwb, =2 TiE, pilotstudy Z&EDHTL
DOPORERREIWE SN TVRBEY, ERHRITL
TokBy T, KEBEOEEBIIIZILALAONT
Wiy,

WHEREDN6SHIH (MEZNEN2HOMWEE FR
) D& FIAThNAREE, BRICHTE 1>
% ¥ a2 —, Fagan Infantest, Denver Development
Screening Test (SLETHL) LMBELEMLRBET, 4
Bid, UToLB0ThsY, BREOEZPOKHE
fild, F¥H59ppm T25/8—k v 7 4 vk 758—
s A VD EE 6ppm T H o 7o Denver
Development Screening Test (X, 737 AD WA= T
L, 953 AR 11 APEMEHE SN,
MREERRED, 735 A0 9 H 710 AW ER & @
SN, 25 A%, EEZVUITEERMEHE S,
PR DRI S, BE L HEShHHIZ
BAHEWITI6ANED D072, 22T, FHHLE
WEZ VAR e BbnsHBH Y R TH
W L7, KMOBBIFEBIZE RO LN o7,
Fagan Infantest O£ b, KEPORLBIZHEE TR
Polze

BHICAEBIOARL 29 P HECak— %8
L 73 &% i3, Bayley Scales of Infant Develop-
ment (BSID) Mental and Psychomotor Scales <% 29
# F124d BSID Infant Behavior Record & #35 & 11
720 F72, I9WADAL VIV 2 —-Tit, £/ 5147
H & O MEe 5 A b (Raven Standard Progressive
Matrices) 23frbi/z, FEREOFTE S, Home
Observation for Measurement of the Environment
(HOME) |2 & - TiThb 7z, 19 % A @ BSID T,
R OEZFRPFIRE THF721551%, JBIEE2F
VKEBBEOEENRON o720 LAL, 29
7% H @ BSID Infant Behavior Record @ Activity C
&, BEROBRIRBIRE THULBAE, b
CIRTOMEmAEH Y, ZEEECRBRORELET
RPOBRDPBEETH o7z, THUSICE, HRR
DS (HOME OF ) SRR E L3R E o
Tz,
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66 7 A (Ritk6 4 H, 7:72L5AiE72~797 H) 12,
McCarthy Scales of Children's Abilities @ General
Cognitive Index(GCI), Preschool Language Scale (PLS),
Woodcock-Johnson (W-J) Tests of Achievement, Bender
Gestalt test, Child Behaviour Checklist (CBCL) %5
PEEENL®, YoFA PEAS, AR LW
(AR O KRR R O & BE L CHEORT L
TWab0E% L, L LAMEBOKBREORR
BEOEDITHI N, RBORRERLTWAZ b dH o
720

4) TDHOIZE

Tru—=t 4 v T, RSV TW
bo 7 rU—TI URIBOWESTLNELY, #
BB RS EMAEORKRIL, 7TERID DR RS
TWABD, B IKERRE & 14 I8 o FUG KB

BELRBEREH Y, THROBICES N ERE Rk
DIERTH o7z Tz, TBRICEOEIRIREE R
U7- TS A S AL D R ER L Tni2™, L
ML, A Yoo 9FEROFTIRER, KEERE
EEBELREEDD B D DERVEER TN,

X. RERRRES (EPA) OUT 7L 2R
=X (RfD)

JaREA A F VAKBIBBOEBOEB IOV, B
EDOBBEL NV TIEHREBENEWEEZ SN LERIC
BWThH, LX) ITHIGRIC L o TREEPELD
HamidHcwiv, L L, AREELOMES L
T, FEBUOFIZA FUKBRBEOSVRENERS
R AE OB AEHIEE8%5 L CT\w5b, EPA L,
Reference Dose™™ (RD) & LT 0.1ug/kg /K5 - H
ZRED LTBD, I 2003 4E 0 JECFA 2
TH - ICRE SN T L6ug/kgthE /H (=0.23u
g/kgRE - H) 0B BEVETH S, 0.1u
g/kg KE «- HOAF VRPERE DS & TEHFIR
B OEZKBRELETE T 5 L 13T 1ppm 1THY
ThHEEZLND, BORORBTICLZARADEE

EY U7 7 LA F—2Z (Reference Dose=RID) &I, kEZR
BRER (EPA) 2 RETL -HBRLETCLEERE
WHEWEEZLNLFEEPOBDOZ &,

e} JECFA &1, EIREE CH 5 WHO & FAQO ORI OB
B&T ERENMSEENEOREERET ZORERS
THhHaA—FTyv 7 ARERET D,

147

FOKERIBIE % 1™ IRT A, Ippm &V IREEE
RAEADAANDBEKPIREDIZITI0O N~ ¥
A NMEICHYETH T &Ik b, DL, TOHkiErH
REWICHEIET 5 &3d, PR L HE 2
HZEWZRY, FFEEEE LTEEREH L0
PEERNCE DL EL 252w “HRLW e oTL
9,

X. 73 FNVTHFI—-FTH14T X
(NAS) DU R %7 554

KERZETH7I— (NAS) &, hTTolklE
A FIVRKBBREOEBDOEEBIZOWTONEL T
L0, BEORIVMDS [ & THEIN
&{E (IFHEIZ1E Benchmark Dose & %@ 95% {51H T
) 2B L Cn5b, ZOMEITFET 2O
WA Z LR B, HIRPORBOEZKIEE
ELTIEIF6~200ppmBEWLE DD, FTDE LM
10ppm BHIETH Bo L7D3-> T, +8ppm % [H
i) &ZE2 BT L, BYTHLLEEZ HLNS, EPA
DRD A01ug/kgBE - HE w9 Dix, [ BE]
ETHEIRESEEPRGBEIOABETVTE
OKFREICHET HHEARTFIE L, lug/kg K
EHBREVWIELZHLT, 251210 &v ) R
FERECTHEE L2HRTH 5,

X. RHEEFRBEZOER

ZTNTIE, BETHEERK T 25 (EBRICIEE
BHTWEH52°) OTHA»H0? FTHERK
(uncertainty factor) &, & HIA O EAEZE R EKZ
VR DAL, OV T — 2T 8 F & A S

1

Cumulative frequency of the individual hair
mercury content (Female).

.. Mercury concentration (.g/g)

Age oy <2 3 x5 <10

Total
All 464 1161 1473 1612 1659 1666
(27.9%) (69.7%) (88.4%) (96.8%) (99.6%) (100%)

15-49 200 453 542 577 585 588
(34.0%) (77.0%) (92.2%) (98.1%) (99.5%) (100%)

(From Yasutake et al.)
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