AFILKEBBEICKIBEZEICETSILEL—

FAEHFIERE HIRZ R ERT « AR =V R 2 - B0%)

kit A=

KRR DR R (19564) B 448 TOTHER I L. BL{ED H A TR IS 5 i
BEWEEBI X R T L0 A F KRB RITHIERR, —HTHRICHZmIT5 &,
BAA RS X OO A IR B D ASRBEH ARV TH 0 . A B HRITIC K B 15 Y & M+
Brw DREUCBIT 5 KEAK] MRS, AOREEBICHFATS L, EL L
DA F KGRI T o Th, M7 L2 5 T 0 B A AR E I
WARMME LR, MEaS— MFRORESBE SN TEE, 2L, IETEEAD
—EFICB VT HIE LA OBREICE D xR X RBESATED, EL A
MBTIC L BRIEY 27 ORFMARROGE L 2o TV, ABFETIE, BB L AR
B OIS E RIS S N B CRE S RIC L B — 2 R LEE L Bbn b
MEZEET 5L & b0, BlC AFAKBOBRMEA D = XAOMRICSNT, BYE
B K ORISR IS BT Sk L B = — IR LA 7,

BT OV TR, BRI O K RIG Y I RIR RSB T B MR @Sl B b
BERE A~OREBBICOVTER L7, AOWEY 271250 Cik, 8BRS O
WBICELT, HAEKE~OKBICET S A X MTOBEREE Sh, B2y
FHRIM T o7, AREKOAMMFMICBT 5L FE=F U o 72OV THEO N
BRHI AR L2, AOBRE L~V IERBEICH S 2 L ARSI, 204 R
Bt 5 RMEOME L RAEEABR THH 2 & RUD TR ST, AR O R EHE
EUT AT ARG HRR S OB RHEEICRE SR THBY . 20Xikos| A
B AN L, RRIT, BIERR E A T A F KR B A 0 = X A DR
FRME LTREM R L Ea— 2B LT,

F—U— R AFAKE, KPR, KREKN, HEKEREEME, BEA D=L LE2—

et 71 H
B (BKHR RS - 40 % #0%)
AHEEAN (KERZPEFROZER - fAEFARMAS: - A
XiEEE (SRR FEZE - AR AR ES - BU%)
EHE— (FHRRZEESE - fEPAREAEY - 913
AN (FESL KRR A et o 2 — 5« FriR R EmE)
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| AREM

TAENTAFNVKBRBICLDEBRREERETHDIKEHRERBR LI LG, Z
NWETAFNVKBOWRBELBICHT D2HEL REREZEEL TE, S HIT, HERBRED
KEVEY D RAME &2 0T, KEFIHICET2EBESH TH D TKRBICET 2 KHEEH)
(Minamata Convention on Mercury) O BAR{bZHE LD | 2013FIZK{RGH & L TREART
B - BA S (ITHEIZED) . 7277 L, ZOXAFAKBOFERICTOWT, BE
B EFEGEOREENE, BV VEED FIEICMA, BHEA D =X AOFEM OV TR
72 nEEnTnd,

T CARMZE TIx, HERIIAE O KERIE YL & B2 7 N & 85 1L E D O BRBEIF R B L O
ANDOEFERE (ZIC&BKE) . —REMICBIT D A FIVKBRGE L ZTORBERE, &
DICIREBARICSLERY A7 a3a=r—2a  ICEbIRFHBEHROIE L BB L Ei
LlEa—7528 T, KEGRICEOLIBERRAEZH NI L, BARNBITI NE
G, EEBIDOHY HFiZonWTEBHRERORMEZBEE L, 2k, ABREC
DWTIE, R R HWIRRER (B L M RATE IR b o S b EB AR T U M A LB X
bNDZE&nb, RIEHREZ P OISR EED 20, RITIEEAICB W THE L
RO A F VKRR EE R L OBEENER I TWDHZ b, RAILDNT
blbta—%EElL, 62, KEFROFEEDEIZOWNWT, A FLIKEBLII O IKEL
AW (a —mercury-acetaldehyde) TIL7e W& T2 HMENHTEHB O, Z OO 5 HR
WZOWTEBAZITo 7o, &EIZ, ATFAKBOBEA T =ALIZHONT, ZHETOH
REEBELEOL) RMFRNBESNDIONZRFNTL2ZEE2HAME L, EICEHHWHER
BLOMBRERICEAT 52X L B2 —IZBY AT,

I HEAE

LHRT — # N— AMedline (PubMed) ZHAWT XA LL Eax—%21To7-, BMEIR
X202 TR T 7230 E L. BTFIN2022EThH > THEFRA2021ETICAFT
LA FMRBRNGLE L, &I, BIMERS I OMIEROERROMAIZESNT
BHEAD =X LOBHEEZHME L, BEICH > TR 2 EN L7-, TR OZEM
RFEIE, BETMELE,
(fff B~ o> B )

AT A ENT- LM ENRETHIHETH Y, HFRNFRE~OMEOEEILLE
E LW,

I HEHER
1. X OHERS

KB LA FAKBIZEHT 2R BB OB ZINET 22 L2 BRI L, EHEMR
kT — H# X— A T HMedline (PubMed) % {EH L. PubMed?» b fEfit ST %

[Results by year] Y —/LZ#EH L&ER L7,

MR R OMEFE L LT, PubMedlZIH STV D RMFEICHOWTHEKRT D& L b,
AT Web MR O FIMEME A2 B U728 80EHC X 283 2 B U 72 R 2 — s A fE LT
5 Z &5 (predatory publishers) . &8O FEMELK-T-MEBELEML -, FH
MEGEIZ R O@E Y & E L7z, & 112, EIT10004F D 7K R B8 # STk % Journal# © Y — kL,
EAEDBIFR30L FoME2EH L, & 212, % ® %12 Environmental Health
Perspectivesit s L OV H A4 52 O 92 3C5E  (Environmental Health Preventive Medicineit)
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DIRNDHZ M, 20200 EEAZEMLT, F3I12, SREOXLE L E2—THEY FiF
DN LN EEH SN TV DA HEED S B, IFN3.0LL FoMzkZ2 BN L7-, TORE. 43
uﬂu\ﬁ)*ﬁ*ﬁzfg&muk L/Ti%ﬂiéﬂf: (Table 1-1)

F1-1 MBXNIROFEHFED Y A b (43 35) & % @ Impact Factor

Journal IF Journal IF

1 Nature Reviews Immunology 53.106 23 International Journal of Molecular Sciences 5.924

2 Diabetes Care 19.112 24 Mikrochimica Acta 5.833

3 Nature Communications 14.919 25 Journal of Environmental Sciences 5.565

4 Biosensors and Bioelectronics 10.618 26 Marine Pollution Bulletin 5.553

5 Journal of Hazard Materials 10.588 27 The Journal of Biological Chemistry 5.157

6 Environment International 9.621 28 The Analyst 4.616

7 ACS Applied Materials & Interfaces 9.229 29 Environmental Geochemistry and Health 4.609

8 Environmental Health Perspectives 9.031 30 Metallomics 4.526

9 Environmental Science & Technology 9.028 31 Scientific Reports 4.379
10 Environmental Pollution 8.071 32 Environmental Science and Pollution Research 4.223
11 Science of the Total Environment 7.963 33 Toxics 4.146
12 Food Chemistry 7.514 34 Spectrochimica Acta Part A: Molecular Biomolecular Spectroscopy 4.098
13 Chemosphere 7.086 35 Journal of Trace Elements in Medicine and Biology 3.849
14 The American Journal of Clinical Nutrition 7.045 36 Environmental Toxicology and Chemistry 3.742
15 Analytical Chemistry 6.986 37 Biological Trace Element Research 3.738
16 Journal of Environmental Management 6.789 38 Environmental Health and Preventive Medicine 3.674
17 Analytica Chimica Acta 6.558 39 Materials 3.623
18 Environmental Research 6.498 40 ACS OMEGA 3.512
19 Ecotoxicology and Environmental Safety 6.291 41 International Journal of Environmental Research and Public Health 3.390
20 Talanta 6.057 42 PLOS ONE 3.240
21 Food and Chemical Toxicology 6.023 43 International Archives of Occupational and Environmental Health 3.015
22 Environmental Health 5.984

o »

= Major 43 journals

s Other journals
2500 25
~e—Hg in majora3 journals/Major 43 journals

00

120000

Figure 1-1 PubMed“C“*ﬁff'?éﬂZ)%f/l/*fEE@ﬁ‘ DB OHER., LB MRS LUV EH 43
il T’%%Zéi’bﬁ*ﬁ%g@@i@@ﬁ& FFE 43 FEDHSCHERIUT & 6D 25 7K SR B JE D 3T
BROFA, TEB : 43 SEICHEE SN TR OKBIZIRLT) o#fBESE L L

/Tl/f:o

AF LK (BILOKER) OLMEOHEREIZ ST, “mercury” . “methylmercury”
B LDV “methyl mercury” 2 XV K2 E L7z, RHFEITMA, EHEA3HEFE O B D
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HEB Z Figure 1-1 (LEEB) IR LN, EHLOMBICEBW TS TEITHMABE SR
oo 7272 L, MFEREORB LML T 0, B3I IN RO HER &
Figure 1-1 (FE¥) 2R L7z, £ 2 T433EICO W T, # IR ERIC B 1T 5 /K45 B 3E o k%K
DEIG ZFHE LFigure 1-UZBI L (Tt 77 7) o #SUHEEIC H O 2 K 3o F
Alx. B2 1E20004-1.75% ., 20104-1.64% ., 20204F0.99% TH V. 1-2%FEEZ HH T\ D
ol M E L TIR2004~20054E 2N L 72N, T ORI T A E o TS D
ENR ST, 201310 H I HKiRE S v 72 K AR S K0 O fifi kil 12 a1 C oK 81 BE oD STk £ s 1Y
MU, BAEDL XMEZOLOITHEML TWDH OO, BRI &5 D D E S 13 W e )
hsrbolBEbhi,

FHAMETEDO O L, b FEXRE L HE A “Human” TRV IAALTEHER (Figure 1-
2) . EDHHLHAEADNDLIEE I N XEkE A “Japan [Affiliation]” T 0 A A 72 #E5 R
(Figure 1-3) ZZN TR LTc, WTiud CEkEcE L CTINEm AR I, 2k
®THE MERSGE L SCHEIL. 20004-33.0% . 20104F27.1% . 2020%-37.4% T, T
LHEMRIEH DB OO, 2009FLUFE I IME A A DI, HARICERE LSS, 2000
30.8% . 2010450.0% . 2020%34.9% L FRICL D EN RE o7, HRICEIT 52021
O EEAMGE ICHEE SN EIZ4HmTHY, 202 b MEXG L L XEkIL16
W (39.0%) Th-oiz,
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Figure 1-3 % 43 MEFEBH T S 7z B A D B FAZ S N7 T A G0 O STk D HER
2. MEKIRIBICHE T HKERIF R

HER BB 3 1T 2 AKERIG G DN T . FAEEDIC BT 2 KMIG Y DB Ik
Lo REREBRBEIG Y. B R OKMRESICHEE T 5 L v o —EE A L7z,
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2-1) HEEY

HIERERBE DAY (ALY ~DOKEBORED I L, BERBEICLDIEEICKY TS
H DT, 20214EICHITENTZ 35D XL (7~ v THRB RO KBIHER A2 Z T =K E
AR, MM CHARBRDOGEEZ TS ARIKO Y EZ N LT TR Y
2T AICET D) IonT Lt a—%EE LRET D,

R DRk 2 fe WIS E T B A A O BB 1T8), ATEERRICKBIBEBE O EN KA T
WHZERHRESINTWD, M7 AV IOBFAEEWICE L X, EEOWEERICEDRA
MOKBPIEEZ TR MEITH DN, BBNOFEAEMEZRTHELEZ D OIFD RV NEF
ThHD,

South America

& ¥
&

& A .
MPCLUN Brazil

Figure 2-1-1 Study area showing the geographic locations of nest birds in the middle Madeira River
(Brazilian Amazon).

Dias Dos SantosH2F. WEEHICH AT~V IO ~F A F )ik (Figure 2-1-1)
TAMIEE T < BARIEEN R O KBIB YA MR S - IR I A B3 2 K &6 & A&
B (Figure 2-1-2) DIRN O KR E 27, KERIZIWT L IISME R EICAER
L, aCEHRREE2HARET I, 703 FAVTECKBEZ2E0BHOREERD,
2017T4ETH ORI, 22TEAE DK (=) Ya$F850, =% ahF12, ¥4 ¥ F
0P, 7AVA~ET23P, oA AT28P, b AT HFP) Ermar K30
PaWE L, PE, Mk, W, T, B, OE. W, sz, HEBIV
Z DO D fiias £ 0 KER (AR FUROE LR & AT KR (MAKR @5
JF) KXo THELE, ZO/E, F 110, RAKRREICELT, fiNEPEDOM,
HLIEMENEBOMICHBBEMRRRD v, P O KB EILT AN~ O KRR HE
ZHEE T HIIE L R D 2 ENRENT, B2, WETOKEEEICEHALT, Z7uoay
Kv (9.93ug/g[iBERE/MER]) ITKE (3.07~4.05pg/g[IBEE/BERE]) LV EF
<, ZHEEYEE EOMIM LGB LEFERTH o7z, FH 31T, PEORKERE LK
EOM, BIOPEBOBAKERLREEBORBICHEIZE 7=, DEVAHREA KT
FEPEFTORKBRENE N &3, FLRBEOREBIZET 2P ETORKE
REOMICHAEZITRPo7o, H 412, PEPORKEBIREIL, WNIK, Mk, KoK
SRIBEE L 0 < G > PN > B > il > Ok > i > ik > M) . 45 B O oK R R
(] P2, 86 u g/g, "EME1.00u g/g, MMO0.29u g/g) (. B LEFAAEMICKREFENE
5 2 5 FME (FFi23 1w e/e, BhE16ug/e, MM3.7T9ug/g) LVEWETH-=, PELEH
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WOMAKERIEREE I, WE : HR=16.34: LI L T, FEBEIF4:1TH O . HMOKAKER
BEICEL T, LREICEEDR AN b U YOF— 2 %28 LT 5 &, KD 4
KO ORAKIBIEEI1X0.119ug/g (AT, EE/MERE) . ~27 b7 U 30.616ug/g
Thy, BN ENRRINTWVD, BB, Kim L TIEEMFIEDOFEM AR TR NE T
Wal, ERRTIIMEASCIEDHFH AR L T2,

- SRR

Figure 2-1-2 SRA&AX G & e > 72 B (G E I EIE Wikipedia (2 X 2)

PR 7 L~ 7 AL EHHFEERERS LT, BARREICHEDRHE A 2 BICH
LT, PE, BLIIFENOKBIRE EABREEBOEELZRET 2 XMITEEI DD
HOHEN, FNOLOMOBEEOHFEIIFMICL > TEBL - TV, £ 2 T, Carravieri b,
FEIRRET O 7 L~ B AT DK EBML (K3 L TIESMI [scaled mass index] &
RiLEInd) | IERE, MERRELOBEEIZOWTHE LR, ZHhETIZ, EB7 L
CHEANDKEOE B LR WME TRV, BKEO Fnr=v 27— K7 R
(FIFETIEES3Sy, HARS1EE104y) Z Wl & ¢ 2 icHite i 7 L~ B € A (Figure 2-
1-3) OPEOKBRIEEIT, 2.41+0.83pg/g CEMELIERERFE) ThH Y. MoK E
FEIX. 1.38%0.43 u g/g CEMMEEIEHERZE) Tholo, PEORE T, MHIZHET M D
NOPIEOKPIRED 5L, BFEOXF o D0.3370050.75u g/g CEEHE) L&,
KoY 7 hEAD2.91ng/eg CEXHE) ELWVETHY, AVANTTVFHIXFXRY
D5.4Tpg/g CEHME) LVIRWETH -7, 7272 L, 2T CIEAREEITH
REN TRV, PEFOKBREEOFE T, EETHHBOARER EEEOHBERL
DEWVIZLDLDOEBRINTWVD, RFEOMBTHDHMT L~ HE X DKIBRE
EAXF T IHELSBRDBDIFEERLS, A7 - AHEZRERDILDIEEFHVE WV B
DFEVIEF L Tz, il LTiF OKEBIRE L B (ZERLERMEIITICELILE
YE O E) (BT AT — % &5”7 (Figure 2-1-4) , 7272 L. HIE Sz KRR
EHEBLOBMI, SIE&E, SMEFOMICARRBEEIIRD NPT D, FE LT,
R 7 L~ 7 E A OEEEE O DOERIZONT, KEBOBBEETIERLIASEIFARDL Z
EMTERDPOTEARBREERICHD LHML TWD, 2L, SEIOMHTIL, ZHEME
BB EME R PORNEREOZBIIBZEINL TV ARV, 5T, BITHIEIC X
HE, 7n)XIELRKEODXAY XL FXRIZBWT, PEFOKBIRE (4200513
pneg/glPHME]) LHEOERTHOMICARBRZAOHBENRD biv, £io, BEMmICHET K
FBOax FUICBNT, MPOKBRE (2ue/¢[FHE]) LarFazxrimr (b h
USAOENY) CTRIB DD RWENDIIATEA REALEY) RFECITEHREE ORIZZENZE
NEBREOCHBEANRBO LN, —FH, T AV HITHELIYIEIEA, =Y A RY,
UIATADMAKERE (2.9 518.6 u g/g[FHMHE]) & AEKRSATEI ORI B I8
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BINRPoTZENMAM SN TEY, KEFRFEOKBICHL T, MBT7 L~ IEAD
SEBE DD B R OB B OTHOR LT OLLEZBIIMET 2 /M08 K->TWVWD LER
bb,

Figure 2-1-3 Fr Y=V 7F— 7 REBXUOEM 7 /L~ 7 E X (wikipedia)
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Figure 2-1-4 Relationship between red blood cell Hg concentrations (Hgsiood) and red blood cell §'°N
values (8'*NBiood) in egg-laying Antarctic petrels from Svarthamaren, Antarctica.
Coefficient estimates and confidence intervals of the represented model are given in
Table S3.

M7 U RO TIx, BT O A AV i i R A B K )RR B Sk o K ER I X B iR
FEB RN s S TWb, FfEEICHET At lantic Goliath Grouper (U 75 7 /L—s3—,
Figure 2-1-5) [ ERBICHEEEZBD SE TR, TOFEKE L CHLE, MEARIRD
AL, ANBRIFEOREEHY: ENETF 5N TV, Malinowski &Y%, EAEKRED & kR
BEOHBEZBL7-DIC, 7a )XW T TT 7 —"— (KEST~219cm, 44
~196r) o4, I, B, A, IFEOKBREEZFHAE L7, EINMF (5H) | PEIN
B O(TANBH9H) | FEIIHIE (10H) [CAFbI0EME L, RE 2B LD BEICEL
oo MAKRMOFEHRRE (WEE) IMFE (6.18ug/g) >MHAW (1.12u g/g) >F T
(0.41ug/g) >HF (0.39ug/g) >k (0.20pu g/g) DINAIZE < A F /KR E LT
W (1.03ug/g) >HT (0.47Tug/g) > & (0.31ug/g) >80 (0.29u g/g) > MLk
(0.18ug/g) Tholz, ZDOHILHATOKBIEE (1.12ug/g) X, ARXF < n
0.69ug/g. ATV F1.00pug/gkVm<, ANTF () 1.45ug/g X VIRVWETH -
oo o T, 7R UAMOIY T T 7N — — (T, fhafE s X TEBEDKBICHRE
ShTwpefimahn, ERELANLICBWT, ABE~OKEIRERR TIL, BER
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DEMBRMOF TR ER L FOEIMEEDRKNE R I ENREINTEY, HAM
T OMKBIREN0.51H1.0p g/gbh ETHEINTWD, (E-T, TV T T 7 —N
— (TP OREL 12ug/g) 1T, AHFEZRTEEOKBICIBINLTWD EHEEI
Too Flo. MEOPEIIRTZICI T 2 AEMKBIREOEIZ LD | KERINTBAT L7 & HE
HENDHF—F20nE6NTWS (Figure 2-1-6) . DML OMBKBEEEIZ, ~~ 27 U vk
e BADOMHBEZRL, FPERE Y NEREIEDOHB A2 R L., BT O KSR E XTI
Bds~rar7yr—VEEKROHEEOMBEE R L, ZOMEIFX, TV 7T 7L —R
—TiX, AEOKBREDEMT DI ONGEKEICMONOREL 5 2 TGN
WD EHM ST, BF%EIE, SV T T A —N—RNHRADR T B H &
FECTAKIBIZIBBES N, TOREITAMEEEGEFEZLEOTIEERE VI AR S
Nz, 2F 0, GLESCHARREOZ(LIZ T TR, KBOBRBEL IV T T 7 L— =0
BRI I B E 52 TWD 2 ENRBES N,

éi: : S a ) /( ‘rL{L
o VRVQ %ﬁﬁ
Atlantic Goliath Grouper a2 /J/fa%fa
- )

Epinephelus itajara

]
Z/Q:/,‘\éfa\, ) -
e f b

Figure 2-1-5 T A 7 A7 )L— =%, KWEPFEL KEFHEICERTIERZ2AZO | T, 50 F
FTLSEETDHIERTE, REETIHEEAL T 7 ) XEWEICEK T2 L0
Mob, EH, HENESRIN TS,
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Figure 2-1-6 Boxplots showing significant (p<0.05) differences in mean egg total mercury (THg)
concentration (pg/g, ww) in Atlantic Goliath Grouper Epinephelus itajara by pre-
spawning month (May), peak spawning months (July—Sep), and post-peak spawning

month (Oct). Different letters mark significant differences. Note: ww=wet weight, THg=total Hg
(sum of methyl-Hg and inorganic Hg). Range=vertical dashed lines, median=bold horizontal lines in box, first
quartile=area below the line in the box, third quartile = area above the line in the box. The upper and lower ends
of the nominal data range is defined as the respective interquartile distance (IQD)+1.5 IQD. Open circles=points
that fall outside of this range.
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2-2) IMNRESERLICEE L - IREME

BTN BT 5 ORBHIEETKENFHAINDILERNH D, £ 0O LI TKIE
AR UCTREICHM SN2 KENSHERBEL 1T 2 KBOEE RGP L 72> T
W5, B EN L & BT S KERTE AR KT D720, PubMed T {[mercury[Title] or
methylmercury[Title]} and {gold mininglall field] or goldmininglall fiels]} |
DR LR L B2 — &2 T o7, 20214 FITH T S 7 SCEITALIR SR8 S . %@W
AR %&ZFigure 2-2-11Z/8k L7z, Figure TiL, A& & EIEEZHF OEB OEH LT - 7=,

Pubmedi®%& 417
{mercury [Title] or methylmercury [Title]} and {gold mining

[all field] or goldmining [all field]} , 20214 AR
—§ﬁiﬂkmu§T6%ﬁQ#L%EE |

6" [\ ez
752058 () . RV FLHEMELUE (R)

e |ehEZRY VST
aavEe7aE (A/HF+%) . _RUL—2% CKE22AR) . 75201E (A) .
AFYAlR (F) . F2R2V1UR (RA)

AR [ Sl e
H—F3% (FE/KE/HFX) . aaryE7LHRE (RA)

214 BE=-XYUVT

! 7S5OM5E (A) . H—F488 (FH—F3@/ZA0R=71HF) . a0V 736 (RA2E/ 2~
AVIR) . 74VEY2® (R/BER) . h7 %2 (A) . A Fx¥71/ (BXR) . ¥7
FUR (75VR)  ~—1F (A) . 742z V71HE (A) . T/7FLE (R4 R)
Figure 2-2-1 /NEBLAHLILICREEE L 2021 IS S 72 SCEROBEZE. 5l A o [F] & G S0

a7 2 (R/AFH) ik, 2o
FTOEEEHRIZaa T 1. T H

SAEFZOEMNOEF EIT -T2, Bl :
BT CHEMTITON XN 2HwH 0 .
IwWTHDHZ L ERT,

4FRD 5 b — KB R B2, HiERICET oA IRE R & ANDOMREZEICET
Lo, ANOBRBELLOE=XY U IRETR. S01L5@E ORE L~ T
TOWMEAR, LA OREE =Y L 7HEICEHTIRE2R TH o, R E LT
O WAL OFERDOREE L~V E T TR BICET 2WE LT 7 OV E2EEICHE K
LOHRENHFLTHDLZE, Q7 7YV D TEIT—TICTEHTLIIENSZ N L, OWFED
FERICERBTALEHELZOL L ITFHEHRONEE THLH 2. @HAKDOFIEE MNEH
EHLLCHEGLEHREI2RE COHDZ L, ThoTn, BEREEBICHEITIHRETITIT IV
ADBEDLENEEZ N DD, 20 ) bAthiER — 7V —7 I L2 ETHY ., 77
CNT DLy Ry vy EEECER L EE ROV T, HEREZ EICHW
ELEZLbOTHDHYS, 4D I B, AV FAEMEBLIOL Y Ny L7 jfEEE M CHEE
SNTEEFHEL RN —FT LV RESNTERBEET =) 7T 2ROV TH
5,

2V FAIEFMEEFE T AV BIAEEBICMNE L, 7T RAEXT T ETTIUONRE LR
L, miE. AOHICHET AV B CTRROOMYETH D, BFEMOICITIEEBICHRIIKFEL.,
o IR —%% A4~ (FAIF) SE>SANE AlMERo TS, HNEEH
R KBIL LN H Y, MIMERZERL TWVWDHEEZLNTWD, £ THEEE E 54

(27
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D TR INTEREFO IR — FHEOBREREB L ZXNLRLE LT, WE, BFE, KEKE
FEET I =R TIEAE S AF] 2 PERE B (abnormal birth outcome; ABO) % H|E
LTHBMESE L, BERE 2% N EFERE) ICBT 0, BEKBENEGVD, %
AEAE S E U CNT L7z BEAKBOMIZ, HERKETT.9 we/g (IQR 3.7-11.0) X
L. ®FH#EL. 4 (0. 7-2.3) ThO, EFERETEP-T, T2 L, ZZEEMT TABOL
B L 72 FEHE I, KEBL AL TEHRSEFRIKETHD (Table 2-2-1) | TOHFRITITH
BRSCHERBFVEROFENREVWZI LR RB IR, T72bb, KEBFEOLEL
O EMEFBE SN ro Tl ERHEIN TS, EEIZ, BEREDO 7 V—713,
HPFUHKBHERENH LIV RBIIN TSI DT TIEARL, BHEOarx— FHAEDOT
— X EIEH LTI L-@E B2 6Nn5,

Table 2-2-1 Crude and adjusted odds ratios (OR) with 95% confidence intervals (95% CI) for adverse
birth outcomes and for preterm birth.

Adverse Birth Outcomes (Yes vs. No) Outcome Preterm Birth (Yes vs. No)
95% CI 95% CI
Crude model p-Value CrudeOR "~ Crude model p-Value Crude OR - -

LB UB LB UB
Indigenous vs. Tribal 0.039 1.72 1.03 2.87 Indigenous vs. Tribal 0.035 191 1.05 3.47

Adjusted mo.del with all p-value Adjusted OR 95% CI Adjusted quel with all p-value Adjusted OR 95% CI
covariates LB UB covariates LB UB
Indigenous vs. Tribal 0.007 311 136 7.08 Indigenous vs. Tribal 0.017 3.23 124 8.44
Paramaribo vs. Interior 0.820 112 0.44 2.86 Paramaribo vs. Interior 0.366 167 0.55 5.07
Age in years 0.517 0.99 0.94 1.03 Age inyears 0.004 0.92 0.87 0.97
Parity no vs. 1+ previous live 0319 L 070 207 Parity no vs. 1+ previous live 0220 058 021 130

births births
Education primary or not vs. 0.649 082 035 192 Education primary or not vs. other 0793 088 033 235
secondary and up
Household income <1500 vs. other 0.767 0.88 0.39 2.02 Household income <1500 vs. other 0414 0.67 0.25 176
First antenatal visit <12 vs. 12+ 0,541 081 041 1.61 First antenatal visit <12 vs. 12+ 0533 078 0.36 171
weeks weeks

Hg exposure 0.119 0.92 0.83 1.02 Hg exposure 0.357 0.95 0.84 1.06

Final adjusted model (stepwise p-value Adjusted OR 95% CI Final adjusted model (stepwise pvalue Adjusted OR 95% CI
procedure) LB UB procedure) LB UB
Indigenous vs. Tribal 0.001 3.60 170 7.63 Indigenous vs. Tribal 0.004 343 148 7.96
Hg exposure 0.011 0.88 0.80 0.97 Hg exposure 0.027 0.88 0.79 0.99
Age inyears 0.040 0.95 091 1.00

Annual gold production in Ghana and the percentage contributions
by ASGM
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Figure 2-2-2 Annual gold production in Ghana and the percentage contributions by ASGM (Minerals
Commision 2019; The Ghana Chamber of Mines 2019)

—HT, TITVNDONRITNET < F AN, 2T ar)E~TA ?JHEL’EE?
HEFERBETCHD LY Ry 7 EOE-E#CTORBAESTIZ, 200 N OFFESINE 2%}
T/f VA —mEEL, BE 7kfﬁfﬁ€’/ﬁﬂ;£ L7z (1.492523.9ug/g. 6.0 g/gU\Lé’

RBEREE T D E57T.9% % Hdiz) o BERE (122l E) IcBWwW T, . XA, FiET
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CRET D ENREN, T U BTDEOEEREALIE L., JoE RO @ % ik
RIDZENEELERSINL TS, 2L, ZOLY Ry LT EExtSE LB
HETIE, 12T 4%z b0 5) ZRSEHATHTI 21T > TWD R, £ THER
ENIENZ . SHICZO0ORNMNLERIN T ZED K& WD & (ki A%
ELTHARAENTVDEIHEOD) 226, RO TITEELRIY LA LENLS LI
RN, B, LY Ry v REBHOBEIZOWTIL, OO THIENT D,
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Figure 2-2-3 Top 10 gold mining countries in the world and their average annual Hg use in ASGM
(AMAP/UN Environment 2019; The Ghana Chamber of Mines 2019).

H—FRMEZET 7 BICfi@E L, BE () L (&AM 2ED1K
PEEIKGFTHEEXEMEZA L, P TOLRRKOEMEHIZENHDTND (AMMBE2L)
Saim i XV A —FEFELZZ O e ERRPREINTEY . @4AEITBAELHEML
TH Y (Figure 2-2-2), A Lo THE H—FIZ XD E&EER TR (Figure 2-2-
3) . 77U IOHFTIXEIN (Figure 2-2-4) TH D, H—TIZBITDHEEEITHD D/
I OB EOHER IR 3SEH LS B WVWTH D (Figure 2-2-2) , TOHEICLD &,
IR EFL LN SREBHICEDDEAETIE, AV FXI T EXL—RNENWZ ERRENT
Wb, —FH T, 77V OHFTE, A—F R NTH—F T/HRELEIILOEE NS
A
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Figure 2-2-4 Top 17 gold mining countries in Africa and their average annual Hg use in ASGM
(AMAP/UN Environment 2019; The Ghana Chamber of Mines 2019). Fig. 4 Estimated
annual Hg use in Ghana (UNEP 2013; AMAP/UN Environment 2019
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A= T DREFE R OKEBIBEYICM 2, AKBILILIZHEF T 2 FBF D58. 4% 0
KR OREZENERR TR OFFAME (blood Hg=5 pg/L) &L TWDH I &, S0 DK
BTSN 0D60% Clug/ghtBx, ERTHLKBBENH D Z LRR5LTH
B KEBICEDEEBRZMEIT 220, FV—F T/ REGILO T A v 2Lz D
THEY, 1350628 LD D> HIORIIH L TIA B AEZRITTHEL LT, & OIE
KEBILZED TEY | IEFIFIKBOREHHDBLLHWA L TWDL I ENRINTND,
2L, FEBEO/NBBEESIILOFENRERPEEDOZ L TH D,

Table 2-3-1 & h « XA FT=H ) VT OERE & NNA F~—T—

T4 N F~v—H—
NV F — LREE e A (FLEHS) E5
HFE i FE SRR A (CHMS) M. WK
FxadtfnE BREEfiET=%1U 7 (CZ-EHMS) k., k., B
- OIS OREWAFZE (BElfe) =
i ade 4 [E 5 # FH A (ENNS) BE
NP BREBEIRBEFA A (GerES) .
KA EEEEEL L 7 (BSB) mg. WK
L [E R BRBEHEHA  (KNEHS) L
e [ F A o 26 302 (KNHANES) . R
PP 2EE N  ANAFFE=HXY T2 T ASLO- M. K. BEE
- HBM) ESY
A7 z—7r BHERGHA (Riksmaten) 1 &
K[ [E R e s #w A (NHANES) ik, IR

Basub '®dTable S1%& —# k2

2-3) KIREWNE L UCHEXETM

KIRERK OFREREIZ LRI OFARETFMO - DIZE b« XA FE=FZ Y 7Tl T Ah
ZERTDHZENRODLENTEY, 20214FE11AICA » FXx 27 TR S L 7-COP4Ic B W
THLFOEEMENHERINL TS, EELXLTOE b« XA AT =F ) L TOME
MiEIZ9OMETH S (Table 2-3-1) , ZDHHLbAVz—F o, @WEBIOHTENLHL L
LTHEINTBY LE 2 —%2 Fi L7-,

A7 = —F v ClE, BT (Swedish National Food Agency) 7234 & xf %12 Mg
KEOE=FV 7T E2ATo>TVDH, SEFEIT LI LRIZA T = —F D Uppsalaifi
D PES DEBEZKBP L XL OMBHAETH D, 2ELNLOREH T 2N OD, T
REAEMICEREZY TRV B CTEERMLLEBZ X D5, Uppsala KB T HY
PE L 7= W] PELR 6554 D BE /KR O23EM O M ER R4 it L, KBBREOLELLLEZOD
REICHELZRIZFTRIFNHREINTNDE, BBEOEBEZFTOKEBREOFIRMEIZT, 1996
FE730. 38 mg/kg (&#iPHO. 17-1.5) . 20194E7230. 25 mg/kg (#iPHO.03-1.1) Tho7-, T D
M., BEPRAKBREOERBDRIZ-2.5% Th -7 (Figure 2-3-1) , K[ENRCHOTDID
0.1ug/kghE (BE1 mg/ketlY) ZB - LMEIZEIEKD3I% R TH 72, FEHITTEE
LTHIZIIES.2BOMAZEIL TV, AOEREIZIZEZTORKE L EOHENH -
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72 (A7~ U FEEMEEE : 0.39; p<0.001) , AOREBEIEX, 20114 F TIXHEM
L (0.32[HH) . Z0O®HIFEDICEL (-0.66[[,H) . HEHMM O KL LD
BRENEML W Z Lz b, BEEZFKEBIREE O IZKEREOIKWEERSRE
FEY T OEBROWIMZIE DD EELRIN TS, BETRAKES X OHOEBEEIX
WTNORBOFEMBLOEEBERE L EOHERH Y | ﬂ%WMkiﬁmm%f%oko
IS O[EMITETHRP PR E KL, AV 2—TFT UREHOE T TIHAEI Lz A
FIIKP~DIFEITIR AL LTV D LRI T 5,

v | .
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Figure 2-3-1 Scatter plots with smoothed lowess lines indicating decreasing concentrations of total
hair mercury (Jonckheere-Terpstra trend test p<0.001) in Swedish primiparous women
from 1996 throughout 2019, in combination with B) a trend of increasing total fish
consumption up until 2011 (p<0.001) after which it started to decline (p=0.001).
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Figure 2-3-2 Geometric mean profile of blood Hg concentration in integrated data using method 1;
KNEHS, Korean National Environmental Health Survey; KNHANES, Korea National
Health and Nutrition Examination Survey.

i [E [E LR BEAFZE T (KNIER) 233209 5 [E REREEAEFE M A (NEHS) & | = R 0% & B
TBik & — (KCDC) 7235EhE 3 25 [E K 5E o 4% 5 & (NHANES\ K [EINHANES & X 5l 3 % 7=
B, AR TILKNEHS £ 72 /XKNHANES & FE#ll 3 2) Z#a LT, @i L~ (MR kK
SRILEE) OFE T L DR & EFTOSMMAHRE SN TND, mwwﬂmmm@tb-ﬂ4
FE=FV 7T s T NI2006FENLEEINTEY, b0 v s 7 ATIHE+5
RNABBOEMEZMEHZNITONATEY | FEARNEEEZREXT DL CRFTFELTVD,
KAREKIDOE22RICHE S HRMEFEM, & ICHEP, KO ELLOFMICEHTH S,
Mk KO8R 2 F s CREYE L U 72 S8 E 2B IR, 20084 11X E 3. 64, g/dLs
FOV2.06ug/LTH oD, 2017THFEITITZENEN2.92 1 g/dLI L V.55 u g/LIZHA L T2
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(Figure 2-3-2) , L2sL7Zed s, KE DM PASEE (0.68 png/L) 35K O
(0.92pug/dL) L HEETH L, KRELTEWLLIZH -T2, Fric, Mo kEEEED
ZWE5ng/L (KA YHBM-1DOZRE) 22 2 HGITHAERRE D20. 8% TH - 7=,

AR IX, B, SEE . R, BN, mILA. BEKEORGS LEEL TR o,
FERICB L CIX, 60 £ CIXEARMICHEM L, 705 & LEIZ A 32 &0 H 23 7
b, ZOZ s, A% AAFTT=F) U 752k L., KEZELHEELRE DY
EBRBEHEITOLERNL D LS NL TS,

)
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Figure 2-3-3 The temporal trend of urinary Hg in the general public in China from 1970s to 2010s.
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Figure 2-3-4 The temporal trend of urinary Hg levels in occupationally exposed people in China from
1970s to 2010s.

FEE D, 1970~ 2010FERICHE SR KB LAV Z2 —RTR EBERES Z &
(R L, R 2 AT L-REAmE S h s, FEO & RO R KR
REIX., £092.3% 0N EKMEYHOHELE S 5 S HAE10.0 1 g/L (PRC Ministry of
Health 1996) % Fll->THk V. 76.9% N A LRMEEMKE (WHO) OHELEJ 2 LU (4.0
g/L) Z TEl->TW\Wiz, @ EAFEMICHR 2 ITIE T LI9T0FER D 1/4I2IK T L7z (Figure 2-
3-3) o IRFKEREE QK FITIXTH O KB AR TH - - IESE& R ORHE TI5OBiIR
DEHEGLEZOTERONPEBERZINTWS, — T, BERBEHFOZL IXIRTKEBRE
N HEROZAE (10.0p¢/L) 2B THEY ., 5T E oA L LU CE -
FEREFTIBR 35.0 pg/g creatinine ~ 43.8u g/L (PRC Ministry of Health 2006) % i %
TW7z (Figure 2-3-4) ., WRZERES ORTFAKRBEEIXI9T0FERLG EH L, Z20H% P -
KV ERTLE, 7oA77 b ) #ECTCOKRBOARFEASCHBSREOSKENTEH LD

214



L LBEBRBEENLOIIEGEEORYTAKENS THEHREISRATWAZ D, R
NLETHDHZ ENERLLTHRRIENTWS, BB, TEOSRMEAR I FICX S

WS/T 26, “Urine. Determination of mercury. Cold atomic absorption spectrometric method-II",
1996, Ministry of Health, PRC.

WS/T 265, “Biological limit value for occupational exposure to mercury”, 2006, Ministry of
Health, PRC.

EZAT, RPORAKBIREN G IZFICELL LS RBKEB~DEE (1-25 H) DI
HICEAT2ERAGLOND, Eé@&ﬁ& BRI, AHThroOERBETHL, &5
I EANBEBROZMTH DL, ZORLOEROZ LWREICHLEL TWD, AR
MDOTA KX ZAETH, MBS TRIEIL (ASGM) . Z7 w7 v U LY, wWHEZERO
FEE ., HOWIERERLOMHAE (FRHAT~A T LA, —HoEAZ Y —b, En
HHITZDOMOPEFEY /2 L) OBRBFEEMOFEICHTEINLTVD, FTEORHTHD
AT L, ASGM, 7u/u7’w7‘JJFﬂ¥&mo7z¢#m{€ T~ B D KRBT DR L & B
32552 THMTHY ., KEBITET D KEREROFERIZET 245 % OF RN D £
b ltEZLLNT,

Table 3-1-1 Ji VA HABRER (CRA I 2 A A O WE. LERO/MEIEEZEIE L TOME T, TE
TEoftoT v N A TEEL.

Authors Country n Age Index Exposure Outcome Results P

FREFORIER

1 Strain JJ. etal. Seychelles 1237 7y maternal hair Median 2.89 ppm BNT, CBCL, SRS, SCQa¢&  Bi#zaL

2 Nyanza EC. et al. Northern Tanzania 439 6, 12m maternal blood Median 1.2 pg/L MDAT BokES D

3 GariM.etal. Polad 436 7y maternal hair Median 0.18 pg/g SDQ, IDS T EADEES D, IQEEEERL
4 Rothenberg SE. et al. China 264,190 12,36m  maternal hair Median 0.40 pg/g BSID-II BDES D

5 LeeKS.etal. South Korea 726 4, 6y maternal blood GM 2.49 pg/L KEDI-WISC 132N

6 Julvez ]. et al. 67K— hERE 1298 6-11y CPM, ANT, N-Back task EDREH D
TORDIEER

7 WangG. etal. us 1512 21y maternal blood Median 3.4 (£25M) pg/l 2.0 pg/l EHRRRAE BRI S BhES D

8 Cediel Ulloa A. et al. Seychelles 406 7y maternal hair Median 3.52 ppm BERPDDNADAFIUL CpGEMIDAFIAL L&D
9 Carrasco P. et al. Spain 1347 4y cord blood, hair GM 8.23 pg/L(cord), 0.97 ug/g (hair) ZLILF—FER FUILF—EOB#R L

10 Lozano M. et al. Spain 742,385 9,11y child hair CBCL, CPRS-R:S Postnatal D& FNIZRZ
11 Pan WK. et al. Peru 250 36-48m  maternal / cord blood SR IR— bOT0 RI—)LRX
12 Iwai-Shimada M. etal.  Japan 468 - maternal / cord blood maternal blood median 4.66 ng/g R EAFILOHS

3. ANDIESE r‘_"ﬁ_li??%
3-1) BMRUBEOEE

AFIVKEBIZHR U THBEROEZ N &<, FricHEZEM ’?9)%)':?1‘[:*33; RIS %
FTRFTNZENDrosTWND, ZTD7ed, KIREDOGE T%OT% g VX A F LKk R
RGEIZLDEERZENBEERIND, 7J>OT A F VKRR R 1T K D M VP KR 25 3 2
S, BBICITREZENBZIN VWSS TH, ﬁiﬂt%&% T e PR I E
ﬁ%né:&@bﬁoko%ﬁwf%wmﬁ Xt N EmNZ E B R T EFAOLD
LWz b, 2ok, BEHOKEEREICER T EZEIL, A TFALKEZEKD R
FREFOR CHELRRE L o TH Y, HAKETHEERELZMES X CHAE LI F 25
ELTEFHENERmSNLTND

202141, IR A& LT AHEFWZE I D\ T, PubMed & | V™ T [exposure and
methylmercury and child development] & fRZZ7 2 L2782 &4, & 5T [prenatal
exposure] TRV IATr L 13 & 7o o7, ZD ) LMRIEZIM Y H O XWX 6 Th -7,
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BOTRO S H, 7 a b aii I%H<6%i%@@®%ﬁ%ﬁbﬁoi%f&oto
Table 3-1-1IZHRRIEEIRIE & Z DM OFRAEIZ /1) TEH L 72,
TUN—JHET7zun—#E TR, FROZ ORI EE L THE %ﬁbfntozmﬂ
TGrandjean b IZ L HEFHENED SN TR, BIRHO XA FLKEBERFEIL, T, 14
. 22IKICEBIT A ERE, LR, EE. EHEER S 0H ﬁﬁ%&T*?é\_&ﬂéw%ézmko -
DZENDL, BRBOATFVKBIREEORBELEITEEICE > CTHEINDIEEZIDN
TW5"%, —JF, Davidsonb TN L L ET HA4  FEORBETH LA > = LV LFE
TEFHELED TEY, AFVKEOBRELXANERTLLEFELORZEICHET D
Eﬁﬂﬁi#é’&%ﬁibkw IIMb T e —D I N—F A DI N—T
DGR E > To, AMBEICIIMORBRICEEREHZFFOZ LRI N 53R 210
A FnfiEMiEE  (PUFA) 73»%?5'.3 CEENTEY, B4z rdEMETERS ATV S AN
BT IEn-3RPUIFANZ W Z RN b5, ZDOn-3RPUIFATCHE T L & XA F L KBDOED
,%Z*E%éﬁﬂént”o ATz VOPFHETIEH, ROBRUCL DV A7 T ThIRNRXT 4

FMZHEHLEZE2DRERFE (NC2) BNiLb EFo5hTW5d, NC2i, 20084E1H ~
201 14F 1A o WIS, IEIR 1A DL O AR R Lo A A IC B ek L, AERORE % B3 2
HAaR—FHAETHD ., ZNETONCCOMZEREEZMBLT S5 &, BIRB O A F VKR
IR DR BITBILE I N T, n-3RPUFARHIINT 5 & 14204 H RO R ER A O RS R I
BTobhbsrZ tnfEshTnsg?,

Table 3-1-2 Summary statistics for MeHg biomarkers and mother and child characteristics among
pregnant women and their children, and DNA methylation in the children at seven years
of age. (SD, standard deviation.)

Variables N Mean SD Min Median  Max
Maternal hair Hg (ppm) 406  4.70 4.19 0.12 3.52 31.66
Maternal age (year) 406 26.56 5.92 16.27 25.65 44.84
Maternal BMI at 20 391 26.84 6.41 15.26 26.01 49.60
months (kg/m?)
Hollingshead SES at 7 yrs 406  32.82 10.78 14 32 63
Gestational age at birth 405 3895 1.64 30 39 41
(week)

Weight at birth (kg) 406 3.16 0.52 1.10 3.19 5.20
GRIN2B CpG1 (%) 396 4.23 2.32 0 4.75 10.06
GRIN2B CpG2 (%) 396 4.76 2.03 0 5.07 9.05
GRIN2B CpG3 (%) 396 1.47 2.14 0 0 7.41
GRIN2B CpG4 (%) 396 2.27 2.50 0 0 8.40
NR3C1 CpGl1 (%) 379 0.84 1.57 0 0 5.81
NR3C1 CpG2 (%) 378 0.22 1.00 0 0 10.67
NR3C1 CpG3 (%) 348 2.64 2.37 0 3.22 10
NR3C1 CpG4 (%) 348 0.54 1.72 0 0 21.43
NR3C1 CpG5 (%) 317 0.07 0.53 0 0 5.63
BDNF CpG1 (%) 390 0.47 1.09 0 0 13.76
BDNF CpG2 (%) 389 3.05 2.02 0 3.29 15.58
BDNF CpG3 (%) 382 2.54 2.21 0 3.04 15.88
BDNF CpG4 (%) 378 0.20 0.91 0 0 9.39
BDNF CpG5 (%) 377 0.64 1.27 0 0 7.65

UEORENLG 720 —#ERBXO0 A vz VIfIECTHED 51 TV D EZEHAE O
BREIZTER L TBLSBERHDLESH I, 2021FICBWT, 7o —# B TOEEHRE

SIZHEIZ RS-0 ho2b DD, A ¥ = VFEOEFZRAE D D125 D STHR A
BRINTWD (HXEE BNC2OT —X 2K D) . Strainb X, 1,237T4 D TEIZ DWW
T, AFNKBONIBIREE & Tk DR FERIEOMMT 2 EHi L T\ 5, JRIEH A F L KE
RifE L~ n=38 L Un-6RPUFADIRAE & | 14T O ZERECITEI A 2 Fh LT &
77257 DT, ﬁﬁ@@f%wmﬁ% DI E L CHERORBOEBEZEZEH L2
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(2. 89, #iPHO0.01-31.66 4 g/g) . n-3 (HIfEO0.27, #iPHO.12-0.63 mg/mL) X
U'n—6PUFA (1 JfE 1. 09, #EPHO. 42-2. 70 mg/mL) (TAEHR28H IF (Z HEfE & 1 ik 2 v THRIE
M Lo, MRIRE A F VKRR L OVREE O PUFAD SR BB 7% 2 oD 8 1 & o> [ 12 BY
PRIZElE SN hroTc, 72720, n6Ln-3DIZHOWTIL, AT 5120 THE
EDORICEDEEMERBZ SN TEY , FIZ, n-6PUFAR E WESIZIEDOBEMEN R S
TW5,

b O —WTIE, RIEHITB T DA FAKRBEEN, TRIEOMBERBEEREF O X F L
L DBREME 2 I ~ToHFFETH 5%, NC2IZBERSNTHREHED I b EiRT OROFERE
NSO TeIR IR &L Z D406/ L 2t R & L, HPERF D B EZIAKEIR & TR RF O MEHE L U |
FhE SR A K7 (BDNF) | 72 I VAR Y 7 2=y ; (GRIN2B) , Z /b= a5 =
A FEAEE (NR3C1) Z 22— N9 2 ik BE & 5 ODNA A FL{k z2 3 fli L7z (Table 3-
1-2) o MBI DA F A KPREER TR REERLEFOATF LD ERLEEELTND Z
EBRDNY | MREEEICEREZRTT BN,

Peer relationships
problems

Emotional

Conduct
symptoms

Pro-social Total
problems

behavior difficulties

Hyperactivity
Inattention

2Zn (Cord blood)

Se (Cord blood)

{ Exwas
+ Joint Analysis

Hg (3rd trimester)

Cu (Cord blood) ——

Pb (Cord blood) —— = —= - - - Model

Cd (Cord blood)

-015 0 015 =015 0 0.5 =015 0 015 =-015 0 015 =015 0 0.15-015 0 0.15
Standardized B-coefficients

Figure 3-1-1 Standardized beta-coefficients from multivariate linear regression models ac-counting
for metals and micronutrients in cord blood (except for Hg in hair at 3rd trimester of
pregnancy) globally (Joint Analysis) and separately (ExWAS) on the behavioral scales
(SDQ) in children at 7 years of age. Models are adjusted by child’s sex and age at
examination, household status, SES, maternal educational level, maternal age, parity at
child’s birth, pre-pregnancy BMI, alcohol consumption and cotinine values at Ist
trimester of pregnancy.

T —@gEBIOES o VIERIEDSN O LRI ONWTEE DD, A—F 2 R Tl
HHENTWAHHA R — MR I, BHMLFH., P FIva, Ly, Migh, B L
MR RN BRI L 7= B R KSR (Pl 0.18 ug/g, #iPH 0.011-1.3 pg/g) &.
T D436 L IZ OV T RPN EIZE LATECHE IS T 2 EMZE (SDQ) I L O FI6EMR
A (IDS) DL OREMENFTLNTWDH, &6 OMH, FHAERFE, HAFEI,
DR BISRME (SES) | REBLFEEE . REBLFEE . MANASL, REOMEYRFIBMI, BB, EIR
W OaF= 2V LLELEZ A, BERKEIZSDQDOZE) « FEBERE DG A & H
L7228, IDSE ORI IFEEME TR SN2 o 7= (Figure 3-1-1F8 X OFigure 3-1-
2) . A= FTIE—RIZANEOBIRETV 2, JIREMOKIBOREE L ~)LITH
AKNDELGLUT Tholen, {TEREICITADORE, MEBIITRENRN LB
TS, RWIREL VB THITERE CTROEENBEZI NI LIZONT,
BT R RO KERBEBEICE L TR VLI E LR W ATREMEZ R T 25 & & biT,

217



OB EICHRRFBEZTHDEEZ LN DIn-3RPUIFAOERFENANEHTHDLZ D
AN EOEBRGIEICOWTEENMLETHDH I LE2ELLTWS,

Cogniton | [ crystalized i@ | [ Fuidia || Language skills | [Mathematical skills | [ Psychomotor skills

Zn (Cord blood) | ===~ = = — == ——t

Se (Cord blood) — — — — —_ —

Pb (Cord blood) : : : : : — Model

{ Exwas
. . H : : : + Joint Analysis

Hg (3rd trimester) _ oot ol e = B——

Cu (Cord blood) — —= — — —— =3

Cd (Cord blood) ——— e e —— ——— f——

-015 0 015 -045 0 015 -015 0 015 =045 0 -0115 0 015 -045 0 0.15

Standardized B-coefficients

Figure 3-1-2 Standardized beta-coefficients from multivariate linear regression models ac-counting
for metals and micronutrients in cord blood (except for Hg in hair at 3rd trimester of
pregnancy) globally (Joint Analysis) and separately (ExXWAS) on the intelligence and
development scales (IDS) in children at 7 years of age. Models are adjusted by child’s
sex, household status, SES, maternal educational level, maternal age, parity at child’s
birth, pre-pregnancy BMI, alcohol consumption, cotinine values at Ist trimester of
pregnancy and examiner.

Table 3-1-3  Multiple-exposure elastic net for the associations between prenatal and postnatal
exposures to four metals and 1Q in ENET model.

Period Metals

Prenatal Pb(pg/dL)
Cd(pg/L)
Hg(pg/L)
Mn(pg/dL)

4y Pb(pg/dL)
Cd(pg/L)
Hg(pg/L)
Mn(pg/dL) —2.146

OO0 OO0 O0CO0O|®»®

6y Pb(pg/dL) —1.225
Cd(pg/L) 0
Hg(ng/L) —0.319
Mn(pg/dL) 0

Regression coefficient represent the change in mean outcome variables per
increment; All models were adjusted for maternal education level, exposure to
ETS during pregnancy, maternal age, and maternal IQ. The cross-validated op-
timum penalization was o = 0.644, A min = 1.210, (RMSE = 12.444) for chil-
dren’ 1Q.

REIE THED SN TV D A R — A TIRT264 & %F 812 H PEFE o BB oo i o 1
K, . DI TVLABRIO~ Ao 2oL, 6 oaue (KEDI-WISC) & o BN
MBRFT SN TWND®, KEFORE LV, BRI (M) 2.49 4 g/L, 45%1. 98 u g/L. 6%
1.63 4 g/LT&H o 7= (Table 3-1-3) . #FHA#HT CTIEBKMR, quantile g-computation
models, ENET model &9 FIEBHWLNTWD, ZiLh O Tld, 4H O &R % [
WCHRBHRE S LTl EIFA2 2 ENTEXR2T TR, 3EOZ A7 (HER., 45%.
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6i%) CHIE LBBEEELRCH ZERAREEDZETHD, BBOIQ, TP D
MR L, REBLOFIE, RBLOFH, 7 X VB AT )VEORE, HERORE Z /N o
PEBRERIRIE CAEE L7 & 2 A HPERE, 4pkd L U6k 0 M PR IT V370 JnRg 1o g
%&ié&#ok:&%ﬁibfwé — 5T, 4Rk L 6RRED M~ T D367k D HTRE

ICEDOBHEMENED b, ¥ H 2 idprenatal exposuredX Y & current exposure® g #8
ﬁk%wﬁb%ﬂméhfwéoﬁbmﬁ#%ﬁ@ﬁ&%@@khékkf\k@%%
DEOERBRBBENAERONEFTRNDLZENARREINTEBIBE LD,

BRI 2 A ?‘/1/7kfﬁﬂiﬁ'§75§ﬂj$ﬁ@ﬁ§*§ BRI T RE LG T A X AT O3
BR2SHE STV 5%, IRIRER L O AR B OBREEZ 0% O RFBUIRRE IR IC 28
THZENLUAIE VOGN TEY, MNTOEUZREERFROBEBERIEIC O NS E
HRERTHD, BMANDOREIL., BBHORXRBRESIFEWE R EORER FORERLE
DL, AFERREMWELE L TATAKBLEMTH DL, RIEHIZEBIT 5 A F LKk
RS AR OEKICE KIETHEBICEAT 2m I FEET D208, G LEEFRITHE
FELZRV, 22T, ZOLEa2—TF, (1) HAEROKRERE & H A O R DR RIZ
B4 282 mMAICHmKRT22&, (2) BMFOTET U ZAD0EZFHMT 22 &, (3)
TETUVRAEZREAEL, MMEOERSETOMD FiEMOEWICL D EZRE R EITOWNWT
Albatross plotZ W2 ML B a—%2 952 D352 HAE L=, Embase, Medline
(PubMed) . PsycINFO, Scopusil Tim XL &K & M L., B EROGH XA L. W
IRBERINTCERLTHEICOWVWTIIHIBER T 2o, ARV EZEYLY L, 24D
WRIEE NS A e L, HEAER L. @J%S’%%ﬁﬁﬂ . BERENAEREE IRV

J—ALVKR— MR EEERIL, %ﬂ‘kﬁﬁ (172 H) sz, AT ILKED
MR EE R I I8 (Bl EBE., @%E" H A iJiIl J]fll(ﬁ ARMLER, R, M) T
bol-, ETTUMNILEEREL LELS., BRI TEER I N2> 7= (Figure

3-1-3) . —Eﬁ@ﬁﬁéh@#ot@m&bf W 2% hﬁ@@w%%%VAw@Lw
REEROBFENRENEZONTE, TI T, RKEBERNETEHROFIxD L& LT,
FEROBREICEELBLIEITHEHRNEZET LD LEZA, 1) BBOZREHHESRFEERN., 2)
FE I E/PUFA, 3) REBOIEIRFF ORI A H Y | 275 LD O LRI Z NS D%
ﬁf%%bfwéﬁi%%ﬁbtkzé\m%iﬂmébto%@m IZ oW T
Albatross plotZ HWVWTE L /=& Z A (Figure 3-1-4) | 128 LT X T THADEENE
g2, %@ogﬁiﬁﬁwﬁL%ﬁréntmiiS:if%oto£%&bfi%@
ﬁi@w&% Shi, Wi, FEBIOHEHMICERT 5 &, 2l OKER % g E SR

L LB, a. e FRIIC @&%@¢i@w LB bnoTe, AR %R 2 T2 AT B
ITol=D, fRIFIFECTHoTz, LELDY ., KECIHAOREEMEZ HE L7253 A H
SNDHHDOD, A XN CIEAKE & AREOREZ R T iWGEILICIX R b 220 EfEim S
Too BEMEN R IR o B e LT, BBEHRENSHEELEZ N L0, BEL L
DENWRENREZTOEND,

Albatross plotlid, RREHCPENOATZHEORKRE X, FLBBEBEOE WL Al
ka2 nTE, MRLLTKERRFETHLIEZZOND, TO—F, @XHIC
s L~ EWEMTHRE L KEBOMICADOEAEERNRD DN LB N H 722 &2
EHENTVDEIR, KEOBEBELLOEVWTIEBESINRVWARESETHD, &5
AABTCHRAINZm Lo HlLars— bowmXTTchorn, BRELBOEF T
EBEEMER B I T, ;@f5MWT%%Lﬁﬂ@W mXE LT HsnTnD, L
MNLBERDL, RETITBERELRTCHTEGAICERTOARKRENRE L ORICADH
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HERRBD SN TWD, — KA H RO 5256 R o KRR FE IS L TERZERE W &
LEONLTWD I 2B ET 0L, BT R E2EOIFFMRA XTI NLE LS X
5D,

Estimated associations between mercury and birth weight
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Figure 3-1-3 Albatross plot of the estimated effect of mercury exposure on birth weight.

Estimated associations between mercury and birth weight - high quality studies
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Figure 3-1-4 Albatross plot of the estimated effect of mercury exposure on birth weight, from studies
which adjusted for maternal socio-economic status or education, fish or fatty acid intake,
and ma-ternal smoking status.
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3-2) BMA~NDEE
20214F IZAFR S 4L A F VK ERIRFE D Bl N~ D fidt B 52 2812 Fa'é?‘éiﬁﬂi*ﬁi’?%%ﬁﬁbf:o
PubMed C”methylmercury toxicity” (% L < IEtoxicity 12X THi 4~ Ol@asfliks) |
FOVBMBLTHLNLEAETIZOWTHRET D, AIFEE XV STEREITR - 7228, 9@%@1%
RBFEMPICB D TR INTND LD REEL RN T~ — I~ BT FE 72 N
Iz %ﬂqéﬂ’bf RO, EBREMEO ISR > TWARKRABKEM CIIBRBEAHATED K
<AL N EPDRFHEICEY EF oIt <o Tnbd I ENfHEE N,

*.EV/\/V@7K§EH}%E§T\ B N D 2BBE PRI FIE N BN R D 5N D N2V TKE
[ B fat Bl S 2R S A NHANES 7 — &% THgf S vz (Figure 3-2-1) 2%, AFEA K 2005-2006,
2007-2008, 2009-2010, 2011-2012, 2013-2014. 2015-201635 L Tr2017-20184E 123\ T
20 A, MPRRAKEE, AFAVKEBOT—XE2HF L, PERFZHETE DT — X DHi
S TWDHE (AKH30,994 N D167 ng/L, A FLKER15, 327 N O F2J1.38 1 g/L)
ERRELCEADETQ VAT 4y 7RO ZFE LT E A, ARER, FEEPEK
ANFE, BUIO A (£F/V1) 2>, 2B TEME, R LV, #HE., SRR,
L7V x—3 g S, 4B EVH LIEIC L 2 RBERE (Rox v X—of, 7
a—)b, L, n-3RENEE (EPATDHA) 72 £) | eGFREZ A EK & L THELZET L
(BT 12) T, ¥AKEBEINW SN, HANUSA THEIMNSAIZE L TH L L LIRS A ES
(W % 52T 7= 7°HbAle 6.5%LL b, Z2fE R BE126 mg/dLLL B b L < IX2BE[E {200 mg/dL
PLb) BN 2 bBEERNRO LN, ATFNAVKBRTEELEAEDELEMNICET VI
OHEWMHT D L HEIMSA (0.58-1.43 u g/L) BLOEAN SN (01,43 g/L) TH1
AL L CTHRE DD RS rolc, FE DX ZOREMN L 2D RZHEIZ K D v Rtk
FEETERNDDD, K - AFLKBIFBEIZ L VIR VLV ZARZPEHE SN H]
BELHY 9D LB TND,

0.8

Odds ratios of diabetes

0.6

2 6 1 14 1.8 22 26 3 34 38 42 46 5
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Qdds ratios of diabetes
/
|
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Figure 3-2-1 The exposure—response analyses between total blood mercury and blood methylmercury
and diabetes. The middle line and upper and lower line represent the estimated odds ratio
and its 95 % confidence interval, respectively.

B L C, /AU x—fRFak— FMFEICSHI L T2004~20094F 12 HPE L FE IR 995 A
FIEE DRI AT 288160, 831 A& xf5 & LT, 4LHR221H THT - 72 2554 fh 18 HUEE £
THE O ERERIFRIE & OB 2 RE L2 X T, Coxtbfl Ny — RET /LIZ LD lean
fish (¥ 7, F~Af) BEIC (REEE L CTHE I ) FEIRFEIHEIEZ B S 9 BN
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BOLNTEZ ERRESINTVDY, HEIED OHEE S 4172 & $Hn-3PUFAIZ | B #1473
BOLNT, AERENOHE SN AT AKBEERE (BAKE) IXEFSAD M 7% i i 2
B (TWI) KVikhrotc, AFNKEBEIILD ETE2HENEYEOLEL BHEMRGL
TERFZE TIER WA, BEH BITTWIIC S & S\ Tfatty fish (X, =3 o 4th) BEICK S
PCB, # A4 A F T VIRTRICEHELIEGH LT D,

AFFRmH G T e Y HEREEOERMEERDBEEEH LY EIETHHIRE N X F VKR E
BEST 20N ONWT, SR ONERERZSINE D 5> H8OANEZ MR E L THET LT
WMENH DO, R, T, B0 ek, L r-KEEALL, BEEZKR
(<0.25, 0.25-0.49, 0.50-0.99, =1pug/g) ZMIEEL =TT/ (Table 3-2-1) TiX, &
K /NX 3% L T0.50-0.99 4 g/g TIZEIERMETE &K (38%) 234 L, Eﬁ“tﬂ@ﬁn
FOVFEHHY (29%) B2 DLWV BHEENRBO GNTIET Tholnn, HHl, fi
fiR B, fA ﬁﬂ%@ﬁvyﬁﬁ%%%%bk%fwf@\tV/®m¢n@VNw
(0, 2, 4, 6ug/kghE/H) TH., BIEEBEEIREEHBOREY X7 1TWVTFhoEBEK
LA THEAL, B UVEBRENY X 51FEHA LTz (Table 3-2-2) . XHH
DO B VUV EREBESOHEREE L+ TRVWHE T, AFAKEEEL OMAEH
Lo THRNIEDHRTHLAREEEZET L DLRD T VD,

Table 3-2-1 Odds ratios for the effects of participant characteristics on prevalence of gastric
pathology outcomes among 80 participants from 3 western Canadian arctic communities,

2016.
Unadjusted Adjusted *
OR 95%(Cl OR 95%Cl
Severe Chronic Gastritis
Sex Reference 0.51, 1.1 Reference 0.14, 0.96
Male 0.75 0.36
Female
Total Fish/Whale Consumption 0.83 0.64, 1.08 1.03 0.60, 1.76
Per unit increase (meals/week)
Molar Ratio Se:Hg 0.98 0.97, 1.00 0.98 0.95, 1.02
Per 1.0 increase
MeHg in Hair (ug/g) Reference 0.69, 1.51 Reference 0.80, 1.65
<0.25 (Low) 1.02 0.40, 0.42 1.15 0.27, 0.44
0.25-0.49 (Medium low) 0.41 0.06, 2.49 0.35 0.02, 2.50
0.50-0.99 (Medium high) 0.37 0.22
=1 (High)
Gastric Atrophy
Sex Reference 0.50, 0.56 Reference 0.31, 0.66
Male 0.53 0.45
Female
Age 1.02 1.01, 1.03 1.03 1.01, 1.04
Per one-year increase
Total Fish/Whale Consumption 1.12 0.65, 1.92 1.24 0.76, 2.02
Per unit increase (meals/week)
Molar Ratio Se:HgPer 1.0 increase 0.99 0.92, 1.06 1.00 0.99, 1.02
MeHg in Hair (ug/g) Reference 0.75, 2.15 Reference 0.65, 2.95
<0.25 (Low) 1.27 0.20, 2.05 139 0.11, 118
0.25-0.49 (Medium low) 0.63 0.20, 9.90 0.36 0.12, 5.52
0.50-0.99 (Medium high) 1.42 0.80
>1 (High)
Intestinal Metaplasia
Sex Reference 0.12, 1.87
Male 0.47
Female
Age 1.05 1.00, 1.10
Per one-year increase
Total Fish/Whale Consumption 1.10 1.07,1.12
Per unit increase (meals/week)
Molar Ratio Se:HgPer 1.0 increase 0.98 0.89, 1.09
MeHg in Hair (ug/g) Reference 0.37, 8.16
<0.25 (Low) 1.73 0.25, 15.23
0.25-0.49 (Medium low) 1.96 0.23, 31.20
0.50-0.99 (Medium high) 2.65
=1 (High)

? Adjusted for all model covariates
b pw = Body Weight
Note: Models do not contain a product term for the interaction between MeHg and Se
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Table 3-2-2  Odds of severe chronic gastritis and gastric atrophy for methylmercury levels in hair at
specified values of estimated selenium intake, adjusted for sex and total fish consumption
frequency among 80 participants from 3 arctic communities, 2016°.

Estimated Se Intake from Fish/Whale

4 6
0 2 (Hg/kg (ng/kg
MeHg in Hair (ng/kg bw/week) (ug/kg bw/week) bw/week) bw/week)
Severe Chronic Gastritis
<0.25 (ug/g)
Adjusted Odds
95%Cl 0.65 0.51 0.50 0.50
0.64, 0.67 0.50, 0.51 0.50, 0.50 0.50, 0.50
0.25-0.49 (ug/g)
Adjusted Odds
1 0.64 0.57 0.52 0.51
0.63, 0.65 0.51, 0.62 0.47, 0.57 0.48, 0.53
0.5-0.99 (ug/g)
Adjusted Odds
95%Cl 0.61 053 0.51 0.50
0.52, 0.70 0.50, 0.57 0.49, 0.53 0.50, 0.51
>1 (ug/g)
Adjusted Odds
95%Cl 0.71 0.50 0.50 0.50
0.67, 0.75 0.50, 0.50 0.50, 0.50 0.50, 0.50
Gastric Atrophy
<0.25 (ug/g)
Adjusted Odds
95%Cl 0.61 0.50 -0.50 0.50
0.55, 0.67 0.50, 0.50 0.50, 0.50 0.50, 0.50
0.25-0.49 (ug/g)
Adjusted Odds
95%Cl 0.60 0.55 0.52 0.51
0.57, 0.63 0.45, 0.65 0.42, 0.62 0.45, 0.57
0.5-0.99 (ug/g)
Adjusted Odds
95%Cl 0.53 0.56 0.59 0.63
0.50, 0.57 0.53, 0.59 0.56, 0.63 0.57, 0.70
>1 (ug/q)
Adjusted Odds
95%(Cl 0.67 0.57 0.51 0.50
0.63, 0.71 0.49, 0.64 0.49, 0.53 0.50, 0.50

*These values are plotted in Figure 1

AFVKIBIRETRE > ORERE L OBEMEICETI2WMERNH D°, T~ vEiy Y
g — AL D L2 R v b7 1w CE kNSRRI X2 KEBEENEERO
TR R IE T R B A A L 723 02 B W T, 3R TI2m DL E 2 BSOS THED
HAVIZ109 N (FFH27. 4213, 85k CEEIE LR ZE) . F51.4%) 1xh LEBEZHRAKEI ]
R (HPH2.0~22.8ug/g. 8.4 (£4.2) ng/g) « FREFHRIC L AH XY 125k
FH O ORE®EMB (GDS-SF) NEd Lz, AU Y U ENUFOHTOR R, BEZKEEHM
(=101 g/g. 30N) (ICDSTFAmME (K. RHORDOMEE, 3TN) L AEZRMEIXRED
Lo Te (p=0.072) OO, Fhn, P, MEWOFICHEOALZBOEA [HF2D
(nervousness) | [Z VY ST\ (irritability) | #ZE+5&. BEKEENEH WL
IR =L DAAT N EF L (p=0.024) (Table 3-2-3) , ZOfEFEICHOVWTIE, E
ZRBEEOEN D72V ~DEME L CDSTHREMEDOFE N DRV & & OEENRED b
TW5 (p=0.003) Z & BKERFEFE LCDSH AL OHED —BELZXFTL2L8B5260
D03, CDSTFmULHBRE O F/BUZ K S 2 &, AEITEE/NIESRIEOXEFETH D
TENBHAINTBIVERAA T AONEEEETCERNEVWIRARN DL, -
nervousness, irritabilityZ MgEE B[RO EEKIR & LITMZIEHICE D TV HEBN R
AR CTH D, o TKMIREE L SO (HEICEIONEEELRIAINLLIDONL LA
) EOBEARET A XTI 2N, T LR ET DHITIET — X RT3 A 5
Th D,

AF VKRR & 5 DR & OBE M & RN L7 se s i3 7 <L BITRRE L L CTiX
NHANES (2011-2016, M H A F /LK ER DY 43 AL & PHO. 13~0.99 1 g/L) 2B W THRFF S 41T
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WD, BEMEFRED bR TNt =72 272> THDRDIEAREFE & L TRk
%ﬁﬁﬁ(iﬁuﬁ)?ﬁﬁ)ﬁ%Eénfwé%>%L®;o . FEBREW A T iF
WTIEATFUABBEBICHEELZFEA DR LDIBWTRIENEERF—TU— R &L
THEELTEY, RIELAFAKBLEOMICEHBEENRBIND, A FIAKBEREEL S
DA ETNL D DIHIC OV T H B EMEFRINENLELEZZ LT,

Table 3-2-3  Clinical and sociodemographic variables, according to GDS-SF scores =4 (adjusted
Poisson regression model). Sawré Muybu Indigenous Land, Para, Amazon, Brazil, 2019.

GDS-SF >4
Variables PR-Adjusted (CI 95%) p-Value
Hg Level
Hg <10 ng/g 1.0
Hg >10png/g 1.8 (1.1-3.0) 0.024
Nervousness
No 1.0
Yes 2.1(1.3-3.3) 0.003
Irritability
No 1.0
Yes 3.0 (1.9-4.9) 0.001
Regular Income
Yes 1.0
No 1.1 (0.6-1.9) 0.766
Age range
>30 years 1.0
20 to 29 years 1.4 (0.8-2.5) 0.219
12 to 19 years 0.7 (0.4-1.5) 0.400

3-3) KEEDQOURHYAZIaz=H— 3>
PubMed i BBV T, 2021 IR SN ANEKBY A7 2% —TU — & L THIHS
NEXMO > 6, KBEFEOV A7 alia=br—va llHFHEEZOLNDIFEERL3
maiEE L, TRNENLOXEMICOWVWTER LEZERALIILTOEY THhDH, ZThb
DRERLH AT, FHFOHL L THEHOALIZEKBY X 72O THEMT LR
IZESLH e Bbiv, LE2—%1To 7,

1) FELOKBIBEFTEY A7 2RBTL-OICHEI N AEESNE
2) JKEVBEYLHI(E R D U R 7 RN AR BUCE T S W Ia AT ENC KIT T
3) KERHEH U AN H SRR @EEREa A MO I 2 b—2a T

FTEBLTLELOROEEZRDHIZIE, ANEHOBRIZMHEI VAT EXXT 0y FOH
ZEEME L, WU AR R ala = —ya AT A ERNEETH D, Barone H 3L
g T — A EKHE SN TV D16 O MBIZ DWW T, KR, A FILKE,
BLULUVIREAMET 2L &b, FELOEBIMEIZET 2 & MIEE 2 WOIN & 5225 EE
(EFSA) RCHEfE LBMEICESWTRE Lz, 20194 05~THICEA X VT « 7—U TN
OFRHECHAIGFEEZHEA L., SAFES~200C « {3 152 A O 5 fHL ik & i E 2 5+ %
HNEFFETA I~ N7 T 72PN THN Lc, #MAKEEONREHFPHIL0.03~0.64u g/g.
A F IV IKERYRFE T1X0.02~0.55 1 g/g TH VD . HIAKERIZHK T2 X F KB EN K H KW
DRI HATFATY (TorFat) T66.T%, LEWDONANBTY FD92.9% THh - 7=,
MELIZEDMEIZBNTHERMOBEELE X TiXWnirolbDoo, ARBET I v
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NEffOovEYyFav~wra, AhVF XA/ avr7a~vrakxlORMARL T,
A F VKRR EE DK EBREEORFET (EPA) OHHIEO. 3 u g/gZx X D L Th o7z,

KGR, AFLKE, BLUOHE B Y70 EIE (EDI) K OHEEHE M E I E
(EWI) 1T, OXEEEZH W TAaFEZ LICHE L7z [EDI=(CXIR)/BW (C @ HH &%k o 2 B
IR: 1HY 7V EkE, T7205H3.0~9. 95 L FHfEEL L T38.2g/H., BV : [FFEHKE
26.2kg, EWI=EDIX7) ., EFSARENE 2 @M M FrAEIUE (PTVD) 13/ /KE4 1 g/kg
WRE/H, AFVKBL 3 g/kghRBE/HMTHY ., HEEWHIIR KBTI Fav~ra,
AHTHR, XA EBAIT /70~ a0 TPWIZBAZTEY, AFLABETIIZL oMM
(EFRE3BFEDIE NN, =g | NI YA EiH11HE) THRBL TV, REZEL VO
EDTIE, f/MEN I —1 v N~ A U TO.21pg/kglfEH/H, HRENFI A AT VI
~ 7 T0.82ug/kglkE/A LY, KEEFEREEO L — Y720 HITHEIE
(4~8i&k/LDORDA ; 30ug/H) ZHUELTH L, HEFGRIIKMAE0. T1~2.75% NIZ &
EEol, Ly - KBEEAL LTI LETOAMTLI 2B TEY ., BEAETHIZREL
LIS 572 A (Figure 3-3-1) |, O KE IOMBEY I - FHiZ2 SO FIZ b
Brzbrtanhd, KEFBEREMOREKW®T HE LS LT, B L o EEMERME [H
E; HBVSe = [(Se -Hg)/Sel X (Se + Hg)] BHWOHNTWH A, 4RO FAFEDHBYSe
. B/MER~ A U189, IRENZA A I T/~ 16,47 72> 7~ (Figure 3-
3-1DK ) o HBVSe b EREE 7 I v F IO RBMAIH THBA N Z LRSS, #H
PO MBICIXEBERN R KEAFELELBRBT 50+ Vv ERGAINATND
LEZ LN,

European pilchard

European anchovy

European hake
Gilthead seabream
European seabass
Atlantic mackerel
Chub mackerel
Atlantic bonito
Albacore
Atlantic bluefin tuna
Swordfish
Sandy ray
Longnosed skate
Shagreen ray
Turbot
Common sole
0 1 2 3 4 5 6 7 8 9 10 11 12 13

mSe:Hg mHBVSe

Figure 3-3-1 Se:Hg molar ratios and Se health benefit values (HBVse) of the studied fish species. Dark
line: Se:Hg molar ratio > 1.

AEREZSCHLS BICHIBT A2 ETREMORNR T 4 v PR RELE2DORLRWE 9
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Figure 3-3-2 Maximum allowable fish consumption rate in meals/month (CRmm) for children without
adverse health effects.
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BEEZETLTCOVEOE O LEORTH Y | HY BT R & T8 B3 2
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50 surveys

Figure 3-3-3 Geographical distribution of fish sampling points (black dots) in the Kiamichi River and
social sampling locations (orange dots) by number of face-to-face surveys (i.e., by
diameter of circles scaled to 50 surveys as shown in inset). (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Figure 3-3-4 Regions of the world where the most freshwater fish species are predicted to be exposed
to the highest increment of mercury stress; i.e., mercury deposition and methylation.
Warmer areas (value 1) indicate higher mercury stress as a combination of biodiversity,
mercury deposition and projected temperature increase for that region.
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Figure 3-3-5 Global health impact of methylmercury (MeHg) food exposure at present-day.(a) Per-
fetus intelligence quotient (IQ) decrement; (b) Fatal heart attack deaths; (c) Economic
loss from 1Q decrease; (d) Value of statistical life (VSL) loss from fatal heart attacks; (e)
Total loss from MeHg exposure (the sum of (¢) and (d)). Economic losses are in United
States (US) dollars (2020 value and adjusted by purchasing power parity). The gray area
indicates missing data and the color scale of (c)—(e) is in the logarithmic scale.
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Figure 3-3-6 Trajectories of global annual health effects associated with different future emission
scenarios.(a) Total intelligence quotient (IQ) decrements of newborns; (b) Total heart
attack deaths; (c) Economic valuation of health effects: total valuation (solid lines) and
from 1Q decrements (dashed lines). Five scenarios are included: A1B (business as usual),
A2 (divided world scenario), CP (current policy), NP-Delayed (new policy delayed), and
MFR (maximum feasible reduction).
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Figure 3-3-7 kDiagram for the approach and data sources for methylmercury exposure and risk
calculation in this study. Blue frames represent model calculated variables, while
black ones are for literature data.
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Figure 3-4-1 Chemistry of the Chisso chemical plant and potential side products. DFT computed
energy changes (A E in kJ mol-1) are shown adjacent to each of the central reactions.
The suggested loss of CO2 from 4 to form methylmercury 5 is chemically very unlikely
due to the very high activation energy AE I of 316 kJ mol-1. X represents a general
substituent of mercury, like chloride, which was used for computations. The oxidation 3
to 4 might occur in the environment after waste emission had occurred.
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Figure 4-1-1 Immunofluorescence photomicrographs showing
the distribution of microtubules in mouse glioma
exposed to 5x10°° M CH3Hg" (a and b) or 2x10> M
Cr** (c). Cells were incubated with 5x10-6 M
CHsHg" for 30 min(a), and 1 hr (b) or with 2x1073
M Cr*" for 1 hr (c) at 37°C and fixed with
formaldehyde (3.7%) as described under Methods.
(a-¢)x1500.
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Figure 4-2-1 Alterations in Cu,Zn- and Mn-SOD activities of mouse brain after single injection of
MMC. Animals were given MMC (10 mg/kg) by subcutaneous administration. Animals
were killed at 1, 2, 5 and 12 days and SOD activities were determined as described in

Section 2. Each data is the mean_+ S.D. of three animals. *, significantly different (P <
0.05).
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Post-transcriptional Effect of MeHg on Selenoenzymes

ATG TGA TAA B codon: 498 500
| | TGA TAA
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Se-sufficient MeHg treatment Se-sufficient MeHg treatment
/ \Se-deﬁcient Se-deficient

Sec tRNA[Ser] Sec termination codon SectRNASeriSec  Termination codon
PTC \ NMD insensitive
NMD -Gly-Cys-Sec-Gly-COOH
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degradation l

-Gly-Cys-COOH
Figure 4-2-2 A model for the post-transcriptional effect of MeHg for antioxidant selenoenzymes. A,
GPx1 ¢cDNA. The UGA codon encoded for Sec resides 105 nucleotides upstream of the
sole exon-exon junction. When a UGA codon is recognized as a nonsense codon under
selenium deficiency, GPx1 mRNA should be a natural substrate for NMD. B, TrxR1
c¢DNA. The Sec codon UGA-498 resides in the last exon on TrxR1 mRNA, so TrxR1
mRNA cannot be a sub-strate for NMD even when a UGA codon is recognized as a
nonsense codon under selenium deficiency.
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Figure 4-2-3 (a-d) Time course analyses of plasma d-ROM (a), -SHp (b), BAP (c), and SEPP1 (d)
levels in rats. The values represent means =+ SEMs for vehicle (n = 8) and MeHg-exposed
rats (n = 24). **Significantly different from MeHg-exposed rats by one-way ANOVA
followed by Dunnett’s multiple comparison test (p < 0.01). (e, f) Time course study on
Pearson’s correlation analysis between d-ROM (e) or -SHp (f) and hind limb crossing
sign score after 4 weeks of MeHg exposure in individual MeHg-exposed rat.

234



UL T, Fujimurab®®iZ L o> TAFAKBIZ K DM REELZ TS 5 ~— 0 —Z K5t
TH0, 7y hTOBRBREERIEL L, TRICERT TEAT D2 mEdH oA 4 ~—
N—DWHEEITo T, TOME, MFEF A — L HiEgfbie (-SHp) 23, JER D T2 1HEM A
IR T L TR, Z0H%OFFHIEREFHET LI EDRWALNER ST, ATFIVKEOE
MR BTN » T, MAFEF O transthyretin?ME F L. FHICHE-T, 7TAr7 I 00k L
) Fuas A U POBMET L7 (Figure 4-2-3), BL / 7Fuas5 4 UPldk L UEEAKTH
D7, bRl GPxDIEMEFICH G T 2 AlaEMd & 5, Transthyetinid, JFHgH & 43 Wk
SIVTHICEIET D2 0WE X7 ETHY, —HOMKBRKEBBRFETERTLTNDZ &0
HONTWDEN, AFIUKIBEDOREBRITHRENIZTEAERS, TP HLNICZT D4
ERNHLBETH D, £, BV TaT A PiE, T RE L CEBEOGOE L S
WOLEBERBELUVZURZETHY, MEMKEAMZ NI A A F—vRIZXK->TiHE
WL T~ LY ZET20ICEE XY VT —7 274 ThHD, BV /) Tuardg
VPO w0 T U RS ATIEMIIBITA ALy ENKTL, GPxOEHA LK TTHZ &
DHHNT WD, AFNAKBICELDEL, 7o T7 A UPORBK TN LG L LD RN
DCPXIFEMHAL FIZ DR N > TWD D), BENEZN 5,

4-3) ADAM protease® ;&1L & 4 L = s #E M A2 5 1E HN %1 4E A

NotchZ BEE I LTz 7T M REEIR., BABE IS WO THB MR O 5 b E 2 2 & H
o TWnd, NotchlZ W OADAM Y 7 2V —7 a7 7 —E CTYWr 24T, Notchd#fl
FIN R AL UREBITL, BERFHEOaT 7 F =2 —L LTHEML., #R®BMEZ
ROLIRBICHEFF T & EI 24 5, ADAM proteaselIAZ nFus 77—~ THY .
EER OO A A X, XTI F RPICFEET D VAT A VEREO T A — L~
T2 L THEMEAIEI S TVWD, Blandb X, a3 v Y a U OREMEMIEE A
FILKEETHLEE L . Notch®D[BESfE (ADAM proteaselZl X 5) ICDOWT U AZ LT 1wy
METHRF LTz, ADAMOIEMA LD IOV TIE, FOMHREH (GM6001) 2 X VL
oo ZORER, AFILAKE (10 nM, 12 hr) LEIZ XV | [RESMEZ T 7-NotchA HN
L. ZO FiK+TodH HE(spl)My OFBLAHEI L7z, AREIIX, Notch siRNAF J TADAM
proteasefLEAI TH HGM6001IZ L W HESI N Z &b, A FILKERIZADAM protease®
EHEALSE 52 LT, Notchv 7 F A ZEHELSE DL Z BN RENT, EHDIX, X
TFRPOFA—NVIEIZAFVKEREEGT D2 LT, AT NE T BT F R
WEHE+ 5 = & TADAM proteaseNiEME(L L. Notchs 7 F /L ZONIZ T DM Z2E L T W 5,
— 5. KX TIEAFVKEEIZ L DHADAM protease DIEMELIZ DWW THEEBRFHI L T
720N, ADAMPHZEHIC L0 A F A KEEIC K D NotchDIEMEAL 2N IMI S5 2 & 13k B bR
RN TWBEN, AFILKERIZ L AADAM protease®D F A — L Ei~DHEE 20 LI-iEM LI
DNWTIE, EERFORMPES L B2 bND, £z, EfiEya vy a vzl
JATOBRFTTHY ., WA TIIARAHOETETH S, £2C, Tammb8% %, SDT v FH K
OPAR AN 2 A F VKB TUE L, ERRE RO 21T > 72, AHFFE TiINotch
DIEMLZE VAR —F =T vEAICL>THFMMLTWD, ZORER, AFAKBIZED
FRE 4 iR & #u7=Notch (Notch intercellular domain; NICD) 732.5 nMA»5 10 nMIZ ) T
RERARICHEM L, NotchlZ X 2EGIEMHALICIEE L CCFPE BB T HLR—% —T7 7
A REHEALEZES, GFPORRBE LI L=, £72. ADAM proteasefHl5EHI DGM60011%,
FRAEHELZZ S, AFILAKEITADAM proteaseDIEMHALZ L T, WILEV Y HIN

235



ThbNotchv 7TV EEMHELSED EEX LD (Figure 4-3-1), YL EX D | A F KR
DAL D LA D 7 r e 2 & LE T 2BER R STV D,

(b) 50+ #
* 1
[ 1
40 -}
9
T 30
[
Control E
7
g_ 20
)
10

Control GMé6001 MeHg MeHg
GMe6001

MeHg 5 nM GMé6001 +MeHg 5 nM

Figure 4-3-1 Pretreatment with the metalloprotease inhibitor GM6001 (20 mM) beforemethylmercury
(MeHg) exposure (5 nM) decreases the inhibitory eject ofMeHg on neuronal formation,
as assessedby the number of TuJl-positive neuronal cells. (a) Confocal micrographs of
neural stem cells (NSCs) allowed to dijerentiate for 7 days and subsequently stained
withTuJlantibody and Hoechst 33342. (b)Quanti¢cation analysis showed the
aforementioned decrease to be significant. Values are mean7SD (n.3). *P and *P<0.05
(analysis of variance; Fisher’s protected least significant difference test). Scale bar.20
mM.
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Abstract

There is no longer any level of methylmercury pollution in Japan today that causes health
hazards like Minamata disease. On the other hand, mercury is still being emitted globally from
nature and anthropogenic activities, and the health consequences of low-level mercury exposure in
fetuses and children have been not already solved. In particular, mercury pollution from artificial
small-scale and gold mining (ASGM) activiries is a global problem in developing countries. In this
context, a review of the literature focused on mercury contamination in the environment and the
health effects associated with exposure to methylmercury and mercury at lower levels. Moreover,
a new search for animal and cell experiments was conducted to examine the toxicity mechanism of
methylmercury.

Regarding the environment, we summarized global mercury pollution related to ASGM in
developing countries and the impact on human exposure. Regarding human health risks, the results
of a meta-analysis on the effects of perinatal exposure on birth weight were reported, and it was
concluded that there was no relevance. On human monitoring in the effectiveness assessment of
the Minamata Convention, it has been shown that the exposure level of humans is declining, and
the type and amount of fish and shellfish ingested are important factors behind this. The
involvement of metabolites different from methylmercury was proposed as the candidate causative
agent of Minamata disease in the previous year, and a citation survey of the literature was conducted.
Finally, a systematic review was started with the aim of organizing the toxic mechanism of
methylmercury for animal/cell experiments.

Based on the above findings, there are still many unresolved issues concerning
methylmercury and mercury toxicity and contamination. Further efforts are expected to continue
to review the publications in order to sort out the trends of these publications and contribute to

promoting research in Japan.
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