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Fig. 4. Projected health and associated economic impacts of MeHg exposure from freshwater wild fish
consumption in China under SSP2-4.5 and SSP5-8.5 in the near future, based on a constant Hg
emission scenario. (A) and (B) illustrate per-fetus IQ decrements due to consuming freshwater
piscivorous wild fish under SSP2—4.5 and SSP5-8.5, respectively. (C) and (D) illustrate per-
fetus IQ decrements due to consuming freshwater omnivorous wild fish under SSP2—4.5 and
SSP5-8.5, respectively. (E) and (F) depict the corresponding economic losses by consuming
freshwater piscivorous wild fish under SSP2—4.5 and SSP5-8.5, respectively. (G) and (H) depict
the corresponding economic losses by consuming freshwater omnivorous wild fish under SSP2—
4.5 and SSP5-8.5, respectively. The results are presented based on the consumption of
piscivorous fish with a standardized weight of 5 kg and trophic level of 3.5, as well as
omnivorous fish with a standardized weight of 1 kg and trophic level of 2.5.
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Fig. 1. Sardinella gibbosa school area (blue dots) located offshore Nosy Be Island (Madagascar), in
September—December 2024. (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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ToHrEEBELZLND, L, B MEE~DO U X7 IICE W TIX, BEMOHgRE DO AT
XU A7 BN/ SN AEEERH V. MOBMESCSeE A & & OEMIK 1721 Tt
<L BRBEFLLITAMELETFOMPSIEE/E2EEB LEZHAMIMMLLETH D LB X
bivd,

Pubmedt& s : $ik1L

maines or mining = 112,980

i
‘7}(%& AND [mercury or methylmercury] = 2,361 ‘

!

‘%ﬁﬁ Publication years : 20254 = 182

‘%F{E Filter : human = 41 ‘

ER
‘ B 5
XEREA RV EHRCER = 21 e <) o
REER - TIER 6
L B2 —RRICEIR = 2 ES AT 14

2-2-1 @ HLIIZ B9 2 STk 5k DA

2-2) AL B U 72 B

BHR LT 31T 2 KRRFI IR U 72 KB RICET 52 XDV T L Ea—%1T 95 12
B, PubMed|Z TKI2-2-1D /R L7 HiETHE 2 EHi L7z (B3R I£20264F1 H30H Efii)
FL D% — U — FIZIE/N A4 8510 (Artisanal Small-Scale Gold Mining, ASGM) Tl 7z <



[20241053004] P 11
(2 £ H /3 3 )

FVIESHR LTz, 61T, KEXF—T— FE2E T, BITEL2025F 1K > T177#H & 3%
WUE, TN EZLZ W L5, Filters ChumanZ 8 T41# & L. FO®%ITFHm XX
A MWk A R L CRREZED, 213 O CHRZ BN L7,

T, AV F A/PNBBEOKSINLICREE L2 ARS 1 e, KEBILLICERE L2
Al AR U, ok, AKREINLICEEL T, lMAZEDORR THOMm IR S
nicicdh, ZOETHREEZITI,

KA U AIEEICES W T, /BRI (ASGM) 121 9 BREE DO KRG Y 35 &
RoTHEBY, MIEFTOESREEREE & MANRE L OREZME LEEMIEN#E SN T
W5 (5), NERE TIXREHMIEENIC XV RKANKBTHESN, AR EREARE TS
FERIZBWTHRENEL TS, ERABIORENLZHRL, MEPON FI T A, .
KER, <~ B R % RIE L, Bayesian Kernel Machine Regression (BKMR) # AW TCTIR&
MREE N R AT Lz, HAEKREORK T EEELZOITHREE CTHY . —FH TREITIHEMR
FEoORE AR L, REER CIXHARENMRVER . SRER TIXEMNZICETD &2
LN BEINTZZERRBNIINR TS, ZOfREL T, AEIUIEEREERT
HY . KBEITRBIREKMT ZAEBENTIBINTND, 5T, th&KEBORA
TER PR S, @ - RAKBOHAEDLDE CHAREOK TRBEE TH 722 & RH
HEINTWD (M2-2-2) . UKD, @8BS KEHEEZE R e L TKREHERNE
HEThHHLHDOD, KBOBLDPEELZEO FER &) BiiR2XACHEREET 2/ R TH
D, P HAERKEE -BELTAOEELZRL, S HIZHEKBOLZHEFEHNHER S L,
FRICIRKE SR T T OB BN M E DBRPHRINT T &Ik, a0 Lk o iR
MIZBNWTH—PWETCEHRL ZHERESRBICIVEABREOH AN AR THDLZ L&
R THEEILLND,
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(4 2-2-2 (5] JHCHER D Fig.2.)

Fig. 2. Pairwise effects of two metals on birth weight, adjusted for household income, maternal
education level, maternal age, ethnicity, preterm birth status, and laboratory effects, while
holding other metals constant at their median levels. Curves that are not parallel or that cross
indicate potential interaction effects.
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D, KEBPOEKMOEEIEIT0.4]1 ng/gl FHEEM R EERPANTH Y, ERREEY 271X
Vo, 8k, v os, BLURE
DYBETHELERME T, REBEREZDLARKFTHL EEZONTE, ~EZ 0 U fEITH

Sl hoiz, —J)T,

DI T2,

BB TII~Y 2T T L

ORENR R IND Z ERHEINTWVWD (F2-2-1)

MIEEDORRLE LT, o P AH AN+ TEHERNE NS
SURBMORZHARLSEE L, £ 72 FIRIEHEGE
FEWARVE B, BRIBRZR EZR2BERPEL T 258,
WRWREBZET b D, & HIT, M IZR2-2-0

(goitre) D E K & L T,

MEEOETEAN T, FIRRIRIEOA T 2 I

K~ 3 D18
Z D

TRNDN

+ % A

#22-2-1 (Bl CHR D Table 4a & 4b X v FEX

Tahle 4

ik e

HORIRIE O B RIIBBE TE < (34.6%) . Hg—#rk &

Wz, BRI AE
KF., EiE - &

INHOEBITERINT
WCREND X HIT, BEREE TZIEXF

&Ry % PRFE)

Comparison of cssentiel and nonessential metals in the whole blood of pregnant women with goditre and without goitre for the cxposed group.

T THBRLERMROB PRI TND,
PR L X BWNWT, A~ BIIhETHEVHESLTY
(&Y 3 UERZOBRE T TR & oK SRR FE 25 HUR B RE & 2 &
ERH L ZENMBERESN TV EFZEZAbND,

EXPOSED Unit Grzameizic means (95 % C0 prvalue® Bcdel povalue** Estimate of changs Model B adj
Ahsent godtre (n = 35) Present golrre (n — 19)
Non-essential Metals
Hy ng'y 0,360 (0.292-0.443) 0.531 (0.399-0.706) 0,029 0,005 0,466 (0.152; 0.819) 0278
Ax =8 DETE [LG01-0.7617 0.747 (0.1 5L902) D336 (LR E kg o144 {073 DG1) 0.040
%] rES R 331 {1L224-0.48%) 0478 (NATELAMG) D15 nas4 AT 7 {—M220 1.055) —I(LOK3
Fb og/g 12,2 (9.26-16.0) 149 (12.2-18.3) 030l 0.20% 0266 (—0L16E; 0.757) —0.082
&r rE/E A0 (7RS35 14 (M T-380) 077 AT —0LNE [— 35 045 —a.am
Rb ngp 1269 (1179-1366] 1330 [1183-1495) e 0031 0,134 (001 % 0,256) 1,252
s DE/E CLEOE (0.543- 0677 0,658 (0.573-0.754) 0o3e3 0.234 CULLO - 007 ; 0.294) 0.107
Ba RE/E 108 (0E3- L) 132 (08l L91) DC3ED 0,234 CLA05 (- 0204; 0.814) Q.10
u PER 5.63 (2.76-11.5) .66 (1L62-13.4) 0758 0692 —0.264 [=1.600; 1.072) -i.030
Tahle 4k
Comg af | and fal metals in the whole blaod of pregnant women with godire and without gofre for the control group.
CONTROL Unit Geomeric means (95 % O pvalue* Maods] povalus** Estimate of change Model &Y adj
Absenr goltre (n = 31} Present gofe (n — 4)
Nun-pssentizl Medsls
Hg BECR 073 (0.040-0.154) OLLLL (00390317 0.827 0.453 0.659 (- 1.12; 244) 0.103
AE L IR FET (0380, 454) L6 ({1 195-0,345) A6 U k) =433 (0967 0,130 a.maz
Cd IR (1295 (0. 254-0.343] 0451 [(R160-1.27) 0076 0.1%3 0,510 (—0,167; 0.7488) 0.208
Phb ngig 13.0(11.6-14.5) 123 (6.82-22.2) 0.785 0852 Q.06 ¢ 04X 03700 017z
Sr AR 62.9 (57.2-69.1) 68,4 (#06-115) 0.381 0.830 —0.031 (—0.322; 0.260) 0126
nL AR 1000 (941-1083) BAF [(F70-1044) Q212 0116 —0.151 (—0.342; 0.0400 0.038
[ nEdE R4 (0. 38741.4T40] ATE (27605100 {LART 1% (L2 (—dL.5060; 1D —{L125
Ra ngeE 1.69 (T.45-1.98) 1.00 (0.45-7-33) O03R oOsE 0574 (-1.048: 0.079) o.058
u PR 0749 (0.359-L.61) 81 (0.75-1.54) Q.137 0.z1a 149 {—0.84; 3.91) 0.010

*pvalue based on the one-way ANOVA
**p-valuc based on the multiple lincar regression model adjusted for pre-pregnancy BML height, gestation weck, sex of the baby, goitre, heemeglobin value, number of
pregnancles, educatlon and ethnicicy.
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HEFH CIREMR240BI O RIE LM E SN, 20 ETICBIT SR KMOESE - BETHHE
Bl EAMLEAT B D, 1960FREICAEEIER & & BICEMMBFEE L, REERICK L
TYRFE L TIEEENThHoTF L— MREIENSEAIN, VAL T —L (BAL)
FOR=V I I UM SN, EELINTZRE T e N a VX RN T, HESRK
BEZIRITHThH-=0, ZAnan L B7 TOREN R MEFER O RS L &
D, RimTAacE, ERE ., FEEE., 15SFoME MY RER S —RERICES
<@%ﬁ%?%@\ﬁ O HVE PR RS IR O BAEORBEBREIC LM b TE Y

KERFLIL ORI, REBIORTZ T 7T AU BIZB T 25 @E4A - EEMIES - HE%
DHRBEMRLUIZEEREE CH- T EHRmST TV 5D,
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ARANZ AZU GEOLOGICAL MAP OF ARANZAZU
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inate System: CTM-12 = Wieter Fiow
Scale: 1:30.000

2-2-3 (51 3CHR O Fig. 1)

Fig. 1 Location of the “La Esperanza” native mercury mine in Aranzazu (Caldas, Colombia)
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7z (PubMed i 2812202511 A 1S HIZFEHE) o BITHEZ2025FICRE LT LT A,
BSWMOFMLNE Y LT, 205, B aE xR & Lo n3w, HEUAN DO SE1HE
Brof Lz 2 A31HE o7, T O CEIIVEEEDITHRD2E L e oT2, TD3IHD H

LRS00 EZ W ERREThH o7 (K3-1-1)

PO - LW - ANRENC BT D KBRS LN ORET U M AL OB A RE L
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9MDI AT VT 4y 7 L Ea—ZRRIC, HAERERE, I E, ADHD, H AR
N7 L0E (ASD) | HEREE. LME - REHER 2L, (EE - ARMEESH
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WCE DG EOEIZ O THEMME M L T\ 5, EIRMEE CIlT, RAKERRBED L
FOMEMAERE, BN, e RET . 52, ADHD - ASDVU X7 b5 & B4 5 "l REM:
DRE I 12Dy, *ﬁ’(“ﬁﬂ“%ﬁ‘%"ﬂ&“k@%@ F—EBET., ANBIIC L X EH (3
NEWIIE %) O, ThZE, BMBEREOEOEVWHEEER BRI (M3-1-2) ., /NA
HMEFE CTIXADHD<CASD & OB &2 /R 335 03 2 0 A3 JE 1l ef FRAFF 72 23 FR 0 T & 0 EWTHY
REEBZRII TRV ERMESINL TV, SHI, EELT, FEAEDV AT
YT A L a—RREEFRELTELT, BELXADBDRWESEZEFLUN
WG EICREEBICOWTHERBEEEDNHZWAREBERSH L L, Z<DVAT
T4y L a—3KMOLFEELZXB L TR (RARELTHEY) 2&, KL
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Child Outcomes®
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Fig. 2. Evidence map of systematic reviews about mercury exposure during pregnancy, lactation, and
childhood and childhood outcomes.?Each colored box within the exposure and outcome matrix
represents 1 study. PExposure includes unspecified or total forms of Hg. “Explicitly stated as
methylmercury or assumed as methylmercury based on seafood as exposure source.
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Fig. 2 Meta-analysis of similarly normed language/verbal function tests
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E—IC oW TIIE BN BES N R oT, FEOIX, BH., FHIRWEIC K D EHR
W5, REMEARIGYEmE (POPs) 2 EORETFMEBRICEVW TS, TR ATERN
BEINOIBENDHDLZ LD, BILA ML RALUANDOHEFENBESND LR TWND,
EHICABRENSZ WV ENLRER I HEROICE - TEEZERH L WD,
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34 24 .
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Figure S2: Locally Weighted Scatterplot Smoothing graphs for testing the potential non-linear
relationship of prenatal THg exposure with rTL (A; N=967 for hair THg, and N=726 for cord
blood THg) or rmtDNAcn (B; N=941 for hair THg, and N=704 for cord blood THg) in the
Seychellois Nutrition Cohort 2 (2008-2011).
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Variables Total Non-pregnancy loss Pregnancy loss Pvalue
(n=3623) (n=2016) (n=1607)

Demographic information

Age (years) 53.24£1619 5395+ 1691 5236x1521 0.003
Pragnancy information
Age at first [ve birth {years) 22434503 3344+ 487 22414579 0881
Heavy metals
Lead (pg/dL) 1232106 1234106 1.23£1.06 085+
Cadmium (pgrl) 0551058 053054 059062 0.0M
Mercury (pg/L) 146237 1332224 163251 <0001
Manganese (pg/L) 10.56£4.37 10522420 1068 £457 02440
Sefenium (ug/L) 1922242650 191.96+28.02 192.55+2543 0513
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3-2-2 (31 F ik Fig. 2)
Fig. 2 Association between mercury and the risk of pregnancy loss. The red curve indicates a smooth

curve fit between the variables. The blue curve indicates the 95% confidence intervals of the
fitted results.
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3-2-3 (5l I3CHR @ Fig. 1A)
Fig. 1 A map of whole blood mercury concentration (geometric mean and 95% Confidence Interval
(ng/L)) in women of childbearing ages by coastal/inland regions for NHANES 1999-2010.
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Fig. 2 Distribution of Total Blood Mercury (ug/L), by NHANES survey cycle, for women of
childbearing age.
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3-2-5 (Bl JHCHER D Fig. 4)
Fig. 4 Distribution of total fish consumption (meals per month), by NHANES survey cycle, for women
of childbearing age.
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1 3-3-1 (5] H3CHk D Figure)

FIGURE. Median mercury vapor levels, by work location at an electronic waste and lamp recycling
facility — Ohio, 2023. Abbreviations: ACGIH = American Conference of Governmental
Industrial Hygienists; NIOSH = National Institute for Occupational Safety and Health;
OSHA = Occupational Safety and Health Administration; PEL = permissible exposure limit;
PPE = personal protective equipment; REL = recommended exposure limit; TLV = threshold
limit value.
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# 3-3-1 (51 H3CHkD TABLE 1)
TABLE 1. Median spot urine mercury levels and personal mercury vapor exposure levels among
workers at an electronic waste and lamp recycling facility, by primary work location (N = 15)

— Ohio, 2023
Median (range) Median (range) personal
No. of urine mercury to No. (%) of samples  No. of personal mercury vapor exposure No. (%) of samples
Primary job location ~ workers creatinine ratio (ug/g) >ACGIH BEI* air samples (ug/m3) >ACGIHTLVS
Lamnp recycling areas 6 41.3(16.1-64.0) 5(83) 12 64.8(10.7-81.8) 10(83)
Administrative areas 3 8.6(4.2-13.0) 0(—) 0 — —
Other work areas 51 5.8(1.3-452) 1(20) 6 6.6 (2.9-11.5) o(—)
Total 14¥%% 51.0 (1.3-64.0) 6(43) 18 33.6 (29-81.8) 10(56)

Abbreviations: ACGIH = American Conference of Governmental Industrial Hygienists; BEl = biologic exposure index; TLV = threshold limit value.
* ACGIH BEI for inorganic mercury in urine is 20 ug/g creatinine.
t Personal air sampling was collected over the course of two shifts per worker. In total, nine workers participated with a total of 18 samples collected. Workers in the
administrative areas did not participate in personal air sampling.
§ ACGIH TLV for elemental mercury is 25 pg/m3.
1 All five workers participated in urine testing; three participated in personal air sampling.
** Urine specimen from one employee was too diluted to interpret.
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BN, M, FlERREELZR CARBPEIC KT 8P - EREHRE L,

B AP EPPEIC DWW Tk, FEERMERARERZIT . H D0 IEE - o HIETES
T5. ATy T OB SN EARROENNISIR A RER AL T 528D
FHINHER ST, TDOIEPPPED 7 ¢ v MESREMEICHEN A O L &b, FFE
DEEBICB VW CHEEOBEURHHERCA T F U ACET 2B ARENH LN E R o



[20241053004] P 22
(2 £ H /3 3 )

oo HEHOIHRL I 2= =2 a URREXBEOHFRLETIERTITONLTEL T, ¥
BHEOSHEOREN N OMELZELIETWVDI I ENbMho T,

AR RICE SR E LT, KBOIEBZB T2 OiFEKigE L OV R KK To
¥ oo —0Msr., RTER - R AT LA0KRE ., KBBEBIKBO-DOIEEXFED
EH, HREHONE, FVOHELIGFETLISHETOIM - BEOFEM, HREINDEA
Mtk R (PPE) O HIEER &R S ST,

Dbk, BEFREEHBLIOENRT Y A 7 AEHOFEICE VT, BEE T D KER
KB L OME 2 O 5@ & DR T KEIEENACGIHLZ £ IEEM 2B L T\ D Z & AR S
N, REMREE=HF IV ITOBIERMLETHD Z ENRENT, RIEGEOSHESH
RN R DG M THEANRE L VI ERROLIL, IROBRYV A7 aIa=r
—va e R T OBENREENRE S, Ay e E AR EE (PPE)
OEREN, PPEEFICL 2O LTEWRPKEBHIEMZ 720 LA nEm<, &7
27 v haLORE L #EYRPPEFE A2 H 2 2R GHEE K- T2FlEB L X=— X257z
W7 e 77 ARLETHD, BTEEWY VA 7 VEXERREZE T 5%, BHAEIZX
KERBETE D LA FIM L, FHBARLE L CHEEXEZRET I ENRDOLNL TV D,
IolC, RELRITY VA 7 AVERICHT 2E EOKBREICET2EMNMNE=4
VI ERBETRETHY . BIKEIZZ ) LEBRETH < A4 I2B T 5 KBTI AR
WHENOEEBETREThL BTV,

% 3-3-2 (Bl 3k TABLE 138 L 1W2)

TABLE 1
Format and Setting of Prescriptions (Rx) for Prevention

TABLE 2
Select Questions and Responses (N = 14) Evaluating the

Clinical Tool Use Prescriptions (Rx) for Prevention Program Among New York

How Rxs are Being State Children’s Environmental Health Centers Network

Disseminated Settings Used

(Nyscheck.org) Staff and Clinicians

Hard copy Clinical encounters?®
Other clinical services®” Strongly Agree/
) ) Question: The use of Rxs... Agree
Health fairs/education events - — —
Healthy Homes Kits® Improved my capacity to refer families to local 100%
resources.

Digital Electronic health records
Website resources
Email/text/QR codes after

Improved my understanding of the potential 88%
health impacts of my patients’ home and

L community environments.
telehealth visits ty

= —— - - Increased the # of patients/families identified 88%
fnteglratlpn with sacial determinants of health screening program in General with and counseled about EH risks.

Pediatrics (NYC). o o
b0n-site food pantry co-located in clinic (NYC); school-based health (Buffalo). Increased the # of local families receiving 87%

“Mailed to families who receive a tele-health consultation as part the services to address EH risks identified through
Environmental Asthma program (NYC) (this is not what | would understand to screening.

be a Healthy Homes kit). . . q c
v ! Resulted in or required more collaboration with 55%

social workers in my organization.
Increased collaboration between the community 40%
referral network and my institution

Abbreviation: EH, environmantal health.

AT, BREREZ /DN ERISH ST 2 720 O REIK Y *‘/V’C“E%Za F%f%@f:&b@kﬁ%
(Rxs for Prevention) | DY A EFEIN T 5 (14), /NREFRICEREARE (EH) ZHAA
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[20241053004] P 23
(2 £ H /3 3 )

BREER 1T, ERG, BOBKRIGY. . KR, BE, v, HELEE,. JEEHHIC
KoM R B ENGENL, INOOERICL Y WE, FERE, B, FERKERE
DEFVAIBEEDLZENMOLNT VWD, NERERBEO RI-FT NE&E L LT,
KREZHE L., ZEEZFRZORIVLICESIRBRERBONAICORITLZEBRDEN D,

RxTPEI R I A KY— N TV R ala=hr—valOfflirsEeTs e LTE
0. BEREZNLERICEET22D0BEKY —LTHD, Thbb, BRRGICE
WT, BRENBEORERE LOBEFHEZAZ I —=v 7L, TLHLDO MY Y ZIC
ONWTHY B V7 EITV, BEIZISE U CTREREOY Y — AN LIKET 55K
EHRAL TS, L EEMICIX, TDid you know? (FioCTWE L7=22?) | . [Action
Plan (fT®h5tME) | . [Resources (U Y —R) | O3ERTHERL SN TE Y | BHIKBLEIC
BIFLZAIZV—=v7 hvrv )7 8 (V77— 0) IZELTHATND,
BE, KEOHE T CHIRFMEIZIS CEEE 2 M2 TEHELTBY, 88720
72D DR FES L O 2 ORES V23 L T\ b,

Y— VOB LEEH  2Kko/NBREREE ¥ — (NYSCHECK) 72 E23 71 L CHY
FE L, 40Ul b ey 7 (B KR, B, FHREHZRLE) TG L, RiE - AL
EERIIUOEEETRMEENTVWS, IS V—2ERBLE Ta—F T4 i
HLERENTERBY, —HIZEFH LT (EMR) IZHEAEESNTEZD, QRZI— RRTF A MT
FfESh7zv LTnbd (FR3-3-2) . EEZE., F&K. BFE7 =7, SR XERHKR ST
DT R —FAXRNTHAEHOLGTELBEHEMATI2HA LD 5, WKL TOM
XS DT e —F Tk, BRENSFEOBREFH (B2 XmE R0 THEMT S
TARERMALRY) 28 ELEE, B—0OWUFETHEED FE v ZITOW T EE 21T
W, BEFRREOBEGHBEICLEMRL TS, BE, KENO AT O/NEFEBERS X
ONRBZEFIN ZOETNVORBEZHRF TR THY . BRICEEOEN [ THhodo
LG EE | Bk R IICE b TiRiE{E L TWnWb,

VRV aIa=sh—aryOfBR : THOREOOMTEY —LiF, VA3 a2=
F—=alrD7 b —hU—JEFHWVWTHBIN, (2 . [ZhofM2) . [TEE
2T H2] DIODKELHRMWVIZEKESWTHERERINDS, T/hbb, BREMRKE (EH) ©
ay V=7 A (RBA - EEOWEEZEETLR2EHOY —X —THRKR) &, 2KEREER
f /X — hF— v 7EEES (NEHPC) L OIFEERXCRRE S, BIKE L FKEOM 5
REME () oFmEzxRL, FELORBE~OEN (o) ZHHAL, = v
FTUACESS EERTRERAT 7 (TIEEITH) ZRIELTVWDE, 20U 27 &%
WHETA2MEET V=2 —3— 27 HZB T 29117 v FEZICHR A S, FEBESCHE
ANDEF A E, 2F VBRI a=r—a 2P 2EEREORRICAR TH
HZEMNEIEINTWDL, ZOVRARZala=r—alyOfpMirE, A7) —=v7
ST SREANT e —FT 2B CHIKRS TICRERBEERAST D T PO
DOWMFE)] IrrThE —a—F— I M ELREMRRKE ¥ — (NYSCHECK) T
o TV [ FHOEDOWLTE] v—1 ([ZTHEMTTn?) ; [{TEEm]
()Y —R] ) OWMITDAF A NVZEBREZBNTND (K3-3-2)

REBIOCRBE : FIHFT O88%LL By TREREY A7 OBENREE o7z ERIZLT
B, #BEEL (ZHEEORENFROBRBMICET LI LV AERRIIGFEN TS, BFEE
H\CHE S OF 2728 ER) Y —2A52B bR LTS, HFETEELRERFECH
HERFIC TRFEOZonT] ELTHHIBL TR, AEXS L 72 o o EEMEFH L,



[20241053004] P 24
(2 48 /3 F3HH)

WMFERHKONRERmD, BELETORBLEORRRRMEDLY ZRET L EE 2TV
%, BEOPERGEN, THORLDOMGETEGEETRENCAE T, FiEL O
DD RREERBAEDFEE - BEFHOFHLAVWEZASICLTIND EHEELTWD,
Tz 7 A NTORHALFEAExTEBY, A TERNZER] FREHR] Lo b
By 7 ZOMENEFICEZL o TS, oMNLHB THEANREALTEY ., 5%
PERT ., AR, HUR R ERT 72 COFEMRIC KX 2TEH B HBICANON TN S,

‘ ’ | What? ‘

’ NYS

Children’s

Did you

|
Screen
‘ know?

So what? ‘ ‘ Counsel Action plan

Environmental
Health Centers

NYSCHECK.ORG Now what? ‘ Refer ‘ Resources

¥ 3-3-2 (5] 3CHEk @ FIGURE 1)

FIGURE 1 Three Parallel Components across the Risk Communication Framework, Steps to Integrate
Environmental Health into Clinical Care,and the Format Used for Each Prescription for
Prevention Clinical Tool.
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3-4-1 (5IH3CHRD Fig. 1)

Fig. 1. Schematic of the gold separation process from mixed waste in the small-scale jewelry sector:
(1) Collection of gold-containing waste, (2) Roasting/thermal treatment to oxidize impurities,
(3) Cooling, (4) Addition of HNOs followed by heating to dissolve base metals and separate
gold, (5) Incorporation of Hg with the residual material to form an amalgam, (6) Roasting the
amalgam to vaporize mercury and separate gold. (For interpretation of the references to colour
in this figure legend, the reader is referred to the Web version of this article.)

7 3-4-1 (51 3CHk® Table 3)
Table 3. Summary statistics for the Hg concentration and creatinine-adjusted Hg concentration in the
urine samples of the studied population

Study population Urine Hg Level (pg/L) Adjusted Concentration (pg Hg/g creatinine)
Mean SD Median Min Max Mean SD Median Min Max
Exposed group (n = 50) 11.4 42.4 0.25 0.25 258 15.5 63.4 0.50 0.09 414
Medium exposed group — Gold technicians (n = 41) 1.20 2.00 0.25 0.25 10.0 1.38 3.24 0.33 0.09 19.8
Highly exposed group — Waste gold separators (n = 9) 57.7 89.7 5.50 3.10 258 78.3 137 13.7 1.30 414
Non-exposed control group (n = 34) 1.40 2.30 0.25 0.25 9.50 1.62 3.34 0.37 0.09 18.3

TOHEDOL I —OORBIT, KBICMIZ THEEOKESLETE (Co, As, Ag, Cd
2E) ZFEFFICFHM L TVWOIRATHD, RPREDOLE TIZ, b DLRENRREEIC
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RERICEMEEZ R L, EMEEPKBEERTEIRISZTE~OBREGBRERE TH L Z
ERWE N EIoT, BT, RGN (X3-4-2) (I2X 0 KBTI O EETHEE L
FTRRLMNI LT TAZ =2 L, RRARAZ TR LT 2BERXDN. &0
EMCAMKORERE L TR N RSN, BERIITRIZK T 5 KEIERE L.
WEOEMMLTRICKIT 2L EGRE L T, BRBERANRRDIATEEZTRERT 500
Thy, BEEBGRZRNT D LT, KEHREMEBBESRZ DT TEXLLENE
RLTWD,

ZOMREICIFTNDLS OPDORALBD N L, HERBICOVTIIEMEICLIIACH
FIERICHES CFICE EF-> TR | MREERESCEHRE~ -V — 2R E0FBINE
FiEEEh Ty, RPKFITHEHEIIETHY , FEEROEESLANEEHZ oI
L TWD EITEWEEW,
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’ :"Ni
= cde ¢ 2"“
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2 [ 4 #Pb
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O
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PC-1(53.2%)
4 3-4-2 (5] JHCHER D Fig. 6)
Fig. 6. Principal component analysis (PCA) biplot representing factor loadings of the first two
components and the related distribution of urinary elements of the exposed group. Three
groupings are apparent: (a) mercury; (b) copper; and (c) all other elements.

# 3-5-1 (Bl CERo R 2 L0 Bk
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EHHED A2 d2h® | 18 { 18.1) 34 ( 17.3)

- : —
Wwo® B R oo & (k 89 ( 39.9 45 ( 23.0 ¢
BoWM OB R oo & k| 66(29.5 18 ( 29.9)

Momoo G ROF 39 ( 17.5) 14 ¢ 7.1) e

HWAg s A P REERMLUT 33 { 14.8) 25 ( 12.8)

i - TP - BB HRE M (19.7) 20 ( 10.2) **
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F—P<0.05, **=P<0.02, *F=P<0.01, **=P0.00]
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HKARIFAEGE D T, 19705F-11-12 A I FE i S NLTZREAR KFIC L D P RENROEKFE
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7217, FEHTROT — ZIT19T4AEIZRFI SN L TH D . A F VKB OIEYLEEITE N
WD OO EHBICEE L, —HMOMRFHNBHEOFERBIZETILTbDD, 1Q
TIEBIE MR IT 2V A STV 72 (18), BT 7 7 F o A3 et A Cr |1 B
H) ORRETHY., TORMPEEE3-S5-1E LTHATE (AhENEREBYH) |
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3-5-2 (51 3CHKk @ Figure)
Figure. Map of the study areas.

# 3-5-2 (51 HI3CHR D Table 1)

Table 1 Demographic characteristics of study participants, grouped by exposure status (n =416).

Amakusa island region (less Minamata City

exposed area) Moderately Highly exposed
exposed area area
(N = 201) (N =134 (N = 96)
Sex, n (%)
Male 90 (46.4) G2 (47.7) 38 (41.3)
Female 104 (53.6) 68 (52.3) 54 (58.7)
Grade, n (%)
First 54 (27.8) 38 (29.2) 28 (30.4)
Second 72(37.1) 50 (38.5) 23 (25)
Third 68 (35.1) 42 (32.3) 41 (44.6)

? Ages of the students were approximately 12, 13, and 14 years old in the First,
Second, and Third grades, respectively.
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Table 2 Prevalence of intellectual disability, grouped by exposure status (N =416).
Amakusa island region  Minamata City
less exposed area
( P ) Moderately Highly
exposed area exposed area
Intellectual disability score (<34}
Prevalence (%) 25(12.9) 9 (6.9) 24 (26.1)
Prevalence ratio 1 (reference) 0.54 (0.26, 1.11) 2.08 (1.26,
(95 % CI)* 3.44)
Intellectual disability score (severe, <24)
Prevalence (%) 6(3.1) 1(0.8) 8(8.7)
Prevalence ratio 1 (reference) 0.28 (0.05, 1.59) 2.84 (1.18,
(95 % CI)* 6.81)

ClI, confidence interval.

# Adjusted for sex and school grade. The analysis was conducted using
generalized estimating equations, accounting for each class (the smallest unit in
the analysis using generalized estimating equations).

FHPBHREIGEMA (Tanaka B-type Intelligence Test) & (%, 19534F, HPIZ L - THAI¥E
ENTHESHERNMERET, AF¥ U 74— F-EXx—EZBRMTICEKE L7 MFERE T
D, FREEEITIMSILEERARDEZNLMAET, HESHETHYVFNE - LEDE
BrziFlic< v, XR=X=F2 s FXThHV, EMEEN IR TH D5, IQILFH50 (K
HENRZ210) | 40-60723 X HIFH & I dv, 3440 2 ph R eR A R E | 2440l % 5 B A R AR B
EEHET D, FEILICEELLINLTEY, Fa0x AR TIERL) ZFHEXS TH
ESNTIQIZE#EIND, BilxmXomERETCHDL V27 A7 —K (WISCZ &) 1
LT, A7 V—=Vv 7 HBOEMMERE EMEMIT LN, ZBRREOHBIXITON
TELT, BEMETLRITFIFIEAEHOLEA TR,

FAEATICES LT, RRFITKRT - WP Eg2304 (7 - SiREFRMX) | KEf -
B ERR2014 (RHRX) OAFH4314 ., HAFIT1955-19584TH 0 . e RIEKERE O L
BEEFEEnRVWERXoNTWD, 2O b8P EOAETEAEMNSAWN - G - 5
WCHDBEEEEIBREBYMIX & T 238 L TN L2 (X3-5-1, #3-5-2), Z DX ITK
REFRBTHY, Fov Y LHPERKORARKICEHL, KEFHEEZLZRE LMK TH
HZEEEBELEERRENTVND,

Q7 — % OfFENTEIT. FFMENT TIZATF 2224 . B 1944 (Git4164) Ik L T, T
R SCTTIZAT 22234 . BHH1964 (GEF4194) ThH ., o 7 ABIE—8H L TV R0,
ZOEBIFTBERLEN TR, S HICHMET DL, R3-5-11CT, HHOY 7 EiTxt
FRIX20140 . FIREVGYHLIX 1344, . SIREG MK 964 LS NTE Y . £DHGFHT416
LTI LB/ DN, BPOT — X2 EMET 5 & xtRIX1944  HJR 75 Y X
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1304, HiREHRIXA%L (HFtdl64) THY, BHFO/NFFTHLH Y I TORE
IABHREN D,

MEHEAT CIX, HEEE L CHREFFEEEAL, BELEIIIMXE L, ZHET
7~ F A THW B HL 5 log-binomial[B] )7 12 & U | Prevalence Ratio (3% =Ltk) #FHHE L 7=,
MRHET 7 T ABM T NA—TbE N, TOFEE TIIEERZEN @/ E 722 Bhn
HY . GEE (—#Ab#E HFEX) ZHVWLNTWD, ZORER, MG mEE (34K7H)
BRLOHEERSE (24K00) OYEN, SREFHRIMX TR ol (£3-5-3) . B
BIOERIRNT BTN TR Y, SEEBERMX O L CHmEERE (34RKH) O%LEN
BWHERThHo T,

LLED X e, PEAOMEBERE O EE FHMN L, BITHE» D 0L ERIX, OK
R EBYEND 2 iKIZ3E L, HAEEL L THR L FELEBEML L EMHTZ
EMLZZllhd, EHLNBITHE L HIC, FEORALE LT, OFEXKTOK
STHY AFUKBBBEL VL ZEBEHEL TRV, QBLEZHEEL TR
Tt (RERRE, BOHERE, RERNWRE) | QRBEBRESEMNLZEATBEL TR/
A SNTERTHHZ L. @HHFPBREIIRAEEDO BTN AR T A A FTlEAWL
k., ZOEDRKRELTH/AFMO S M TH DL EEHZHITERENATWS, 2D XD
RN O T OFHIAERT 5L EmOHH L ZATHLHN, S HLIZEBMT S
. OMBEEROFEMOTLRNERTH D 2 &, @FBEH=HES T Tldk < HAE® O
HER AR AW &, OBRBELKIOS T THREMTHLI Z L, @FHERNINEHEL
THEINR TS ZE (MEREOKEREHZOLOICFERMMEINTNDS) . DIQ
T AENFRXE DD b RERERMENDS, YHOEFERENIT O YK
DRI LEOFIKEZET S L, KEHICBT2EELHIAMTCITHL b0,
FIZOWTITEERMRALETH D,

2020 2021 2022 2023 2024 2025

3-6-1 James i 3D Web of Science (2 X A 88| HEOHER

3-6) % DAt

71 F & O Saskatchwan®f 22 D James & (1)1, ¥ > 7 17 b & v @& T RV X — Sy iR Ok
B -XBR N 53 JEAEI K0 AKARIFHFFE THRESERY 2230k & L Tan b 5 7170 /N AR
DOARBAILEDZ B L, KEWORKRWE XA FI/LAKI T/ <, a-mercury-acetaldehyde T
T2 hERE L, 72bb7 8 b7 0T b RS TR THERA ST KN A F LK
RICEEIN D TRT, AFNAVKBEOFIBETH 52EHN LY FERERY TIE R
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METHRMTH D, ZDJamesii LB ED X HICBEIHENTWD DA%, Web of Science
WX DHSI AR X VI Lz (2025411 H 15H M) o 20254121381 72 12 1R O G SC 23
S TWZ23(19), KEEMFZE Tid7e <. Selenotrisulfides 57 v MZHOW T, HxT X
VX — iR GEE e XAS (HERFD-XAS) Z AW T, &L > D38 & ifir 3 5 0F58 ik
TOJHTH Y, KBOEFEZECKEFRICEET L EHE TIE2ro7 (K3-6-1) .

4. AT =X L

BEA D= AL 20 E LT, 2025125 T S L7 ML B 3 L O 3L 8) i i 2 st
KLLTDHLBMD ) BIER LEMEEZBRET DL &b, BHEREIEEICOVWTLE2—
Z FEi L7,

20254 FICFE F S A7 @@ S22V T, PubMedlZH W TR LR R, 19 ORI E v
ML 72, %A 1E. ((Methylmercury [Title/Abstract]) AND (cell [Title/Abstract])) NOT
(human [Title/Abstract])) NOT (review [Title/Abstract]) & L7z, Z @ 9 LI FL B E KIS L O
LB I 2 X SIS MeHg D Ffth A 1 = X A & /AT L 72 5e SCIXOM TH » 72, FENE
OWFIE (1) PhRREEME - PRREHEI S48k, (2) MmN 1HR,. (3) IFHEME (T =nr
F—222) 31, (4) BRNME2R1EH,. (5) "M Ay —nM2@Tho7z, £2A
WL THRBEECHRLE LTAFAKBRBEICLIDILZHEEFIZTONTOHRELH
D, XA A Y — - BE—DT—LWVIOFEVICBVT3HROBENH > 72(20), =R
LE 2 —flEOXRIRIATIEH D08, KIBE B RO A F LK HEBELEESR TH D MerA/BO
BRI T 7 7 v a0 AF L AT 4 =—2 3 > OfF%E 3 Nat Communih
WCERENTEBYD, AT =X LD LIRE LTINS, A F VKB O & G
b &M > T2 BREE T RATFEDTE TR S NEEDHZE R L FELTHRIZAD (21),

B, (1) O3RIT THEEREORELZEICHAT2REMITE] OBEBOFIERE T
by, AEEICZEBITDAFVKBOMBEES FEEICONTT =T A LESEIE,
RESTXESATMEIEETDHL, —FH, EAYZAE L= FIZX MR ESMHECTFT 7
IViICE MR RES R I RESINTBY, 20X RREFEHOEALL LV E 2 —%
FhTHEEHIT, ALXAVIFICBITHAI bary RYUTHEOEEFEIZONT 7 +—7
AT 5,

4-1) BEASR AE L= R RIT & 2 A #% bE 4 il

BLUBATFAVKBOBBEEZTDLZEITHEMTHY, EXRXAFAKEE L= RO
PALFERA D = AL ELTHLNRTWSD, SR, Linbid, A FAKBPRBEEN & 2HE
PEIZ LT, BEX~ AL F A FF K+ (Bi:Ses nanoparticles, nBS) 728 & ®D X 95 72 {%5&
2 RET 5 00%, T v M EHAWZin vivo® TV TEARIICEEE L 72 (22), ABFZE Tl
FLEBL R S B W A RN HE STV D BiSesT /R 112 &F H L, MeHglZ £ 9 fifk
B, IBNRE OB, RIERICOTLE, B OKEOKRNENEICK T 25 2B L2 OiEH
IR LT,

FEFHDHIXT v MiZMeHg% 4 mg/kgD IR TR D C21 H fEiFe& 5 L, 4T L TnBS %4
mg/kgt A K G- L7z, 21 AR, (KEMEBATEFAE L, WIS O RE 5 R Rl
Wi S U 7 HRE, MiERB KOO RIEEY A A >, BAMEES LM@Y e 7 7
A, KBOZERERE L BiA T ALERR E | LA ARG 2 FE0E L 7z,
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MeHg#% 512 & 0 (AR EHEINEA S2cimil S, EE RO T2 EofTih BE N HE X
Nz, —F., nBSEZFFERE LR TRAEOREN S, 1TEIERN A B BB L -,
ZHiE. nBSAMeHgD b 72 b+ 2 HMEZF DO L DA BEMTHEMZ2E>Z &2 L TW
%5, AT (1KM4-1-1) TiX. MeHglT X lEECAL, CA3. Hk[E (DG) fEHIEKD
PR AR BE 3 72 ERE O 342 U T, Zhicxt L, nBSHE CILMafE o2 L 0
R7I-ITER Y | AR I 0O % LA 23 IE 5 BRI W THEFRF ST iz, B o fig
Fr¢iZ, MeHgREICB W THREBEGEORLAC LR OBE 2 &, BN 7 O GE S 8%
SN, TR L, nBSEETIEXA A MYy 7 va VIEEDNHERINTEBY, BEKD
FEENFEICRB SN, S50, MiEBXOBOREEY A A (IL-6, TNF-a)
t, MeHgit T LEH L7, nBSHETIIZNNEFE LK TFL TV,

4-1-1 (5l HCHER D Figure2 X 0 #kH) A FLKER (4 mg/kg #% 1 4% 5)3F L U nBS(4 mg/kg #%
A5 57 o 21 BHEO/WGE X OWES O HE 64

Fig. 2. Analysis of histopathologies after H&E staining: (A-D) intestine(400X), (E-H) brain (200X), in
the Control, MeHg, MeHg+nBS and nBS group on day 21 (n =5).

nBSHEETIIM » MiE - 15 - ETOKRAKE (Hg) ELXPVWTNAHETFTLTEY, MeHg—
WEHg (Hg) ~OBA FAALBERE S LT, A F KBTI E TR A F b
LR OEE B TH DL, nBSHAKISEZRETHZ EE2REBELTWD,

AT AENT TlX. MeHght T2 L CTU 7= indole-3-pyruvic acid<® quinaldic acid 72
EORBWNRnBSEETIE EH L7z, F7-. xanthine’Zs & RJEEAL & BE#H T 2R IXIET
L7ce ThDEG-MaicBb 2 BEEZLRHAMTH Y . nBSEH WA ARZNH# R v b U
— 7 ZIEFALT AERZFF>Z LRI T,



[20241053004] P 32
(2 £ H /3 3 )

UL EX Y., ABFZEIE. nBST / Ki 7 73MeHglZ X D ik M2 S B T+ % 2 L %
R LW COFEMZ2in vivofffr TH 5, TOEABEFITE ~TIZe<, 1) KBEHED
KT« A FAACMREE 2SR O B IE] ., 3N Y 7 FEE O & KAEH]
HENER - KO EF(, 5)E-KiE > 7 F v (AHR/IDO) DkE, LWoTlz e
BeEAZM LTS (M4-1-2) . FriC, BB OELB AN ORIE S 7 F VI
g7 L 9 -l o BRI MeHgmMEET LV CTHOHMBIC R ENTZZ LITEETH Y
AIFEOBNMEOREBICET 2 Ea—AbETH, nBSHHERLEBEAER TIXRL,
R - k- MBROBEAWHAER T LB AREEZHONICLERETIEETH D,
HH DIXHgSelEIC LD L Z B2 LTV a 2, ZORIEIFEEY T T, £/, B
WA IC X 2 b O aTREME L B ETE T, ARORIEIMLETH A I,

Using bismuth selenide nanoparticles to combat methylmercury-induced neurodegenaration

Hg-S5e Streptococcus
Reducing MaHg accumulation and
Bi-Sa«MNPs s promoting demathylation in e
29%3 : Up-regulate potential demetnyiating Ha=S
bacteria g=5Se
-
» Reshapenyg gul microbiola Akkermansia *
(«)H regulating ntestinal brasn axis Faecalibaculum,
SCFAs metabolism Bifidobacterium,
Butyric acid
. Reducing neursinflammation and ;
MeHg poisoned rats = requiate the expression of related TNF-a/IL-6 l'
: puaboedys AHRNDO

4-1-2 (51 3CHk D Figure 9 L 0 i #)
Fig. 9. Effects of Bi2Se3 NPs in the treatment of MeHg-poisoned rats.

4-2) F7 I T KD A TFIVKERD TS

AFIKBEEDO TER S F A D= A LEIHBILA ML 2AOERLTHY, MilaNTO S
VA F A (GSH) kg, EERERL., 2 b RUTREE, &5 (CIXDNABEEOREE
REENLTCHMBREICELZ EDMONALTWVWS, ZTHET. N-TEFILL AT A
(NAC) 2 EF A —LEHILEWL., DMPS/IDMSAL Wo ok L— FAl, EHIIZIERY 7
= )=V R E R S, SESERATFAKEREERBOE NS TEZ, L
2L, ERIRIAIMESC LR 2, B HEOBLEN O o BIRKIIFEL RV, £ —
FT, EXIVUBL (FT V) OMfEEEMTHLF T Il o (TPP) 1. =%/
F—RPCN b =2V UERRE (PPP) OAMHEERICE S L, MIEOET MR AR
KIENADPHEAEIZ LB DD Z b, HHEMENF LT 28I A ML 2AOREHFIZH ST
HAREMENRR SN CT& 2, FTIURMOANT a— ML HER(ILA L R IZxT 5 1R
IR E TR THRE L H D TPPR A FKBEEEEMT HAEMELSEHINLTWVD,
Rz, MBIRAIII M ERRIEERRATHY , BILA ML RIZFH NI &M D, TPPOR#E
TER 23R SHAVIEEE RS IS 7 EE R MR & 72 5,
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ARWFZEIT, ZOXoRBEROL L. RIHRMEF M (fetal fibroblast) % HWT, TPPA
AFNUKIBIZEDMIEEFEEB LOBIEA ML A& EORERTX %0 % % L72(23),
AALIZ100 pM D A FILIKER 2 240F MR #% L. TPP (12.5-100 mM) Zff/H4 52 & T, M
JAFR, lFEiEik{ (MDA) . fMIEANGSHE., DNARXR CHEBOEEAZRE LZ, A
FUKBITTRE Y ML EFROK T2 ERH I L2—T, TPPZ 125 mMTHHT %
EHRAEGFENAEICEELEZEWVWI A THDH, BREWNT L2, TPPOREKGFETHE
MZREROERZ RS T, RBECROBEERDRDBLE I N, ZHIEEIRETPP Y
WCHRELA P L AZBEMESE D AR H D E VI BEOMAL LA L, TPPREED K
BN METHDLZEETRBL TS, BIbA ML XIBETHLIEEEBE{ (MDA) &
GSHZHIE L& Z A, AFIKBEHEFEIZELYMDAL EFH LGSHNFEF IZHAD LD
% L. TPP 50-100 mM® ffHIZ & W MDADME N L, GSHANRITE L7z, Ziuik, TPPIEE(L
ARV AZMEL, Mla0REREZ2EETSENZ b O Z R L TS, TPPA
PPP% /1 L TNADPHEA N E& Y, GSHOHAZRET 2MENBESIND, £7-.
TPPy T IZIZ-SHENGFET D720, EHENR T U AMEERA L& LS L TV 5 al gtk n
»H5,

AWFFETIE A F KB LOTPPOIRE R m < . TPPHMULEEED =2 > k1w — L3 R AN
LTWAREDOMBEME S H D, TPP A F L KREMEBICE 5T 5 81300 TOH A
Th b,

4-3) A FIVKRERIT X 2 JF 1 B P

A, ZYEOETER O ERACIVE TR EMEE 72 5 720, BREALSEWE I
THRAREZFIESE T AT =X LAOMHANEZEHLIN TS, L, ATFILAKEN
ED X DITIIF Y (oocyte maturation) ZFEEFT D DM, £ O AL+ 3 ITEE S
TWhhot-, RAFFETIE, AFAKEIZL B, 7 ZIIF (in vitro) BL O~ 7 A2 (in
vivo) IZBITDIFE, I b RU TR, A— N7 7 PV — OB b ZFEMIC ST LT
(24),

Ui O TEERE (RHSEIRTE Ak - et RFEF - IR AH) | & Tl pk 24
(T bz FUTHEESCHTEB(LEDES) | NETICELRZ & THRYET D, 20T 3
=2y RU TIXATPEA ., ROSHIME, 7 AR b — A7 EZGIcbiz 5 %E 2>,
I, IPFTIEI N RUTOEPEIH LR WD, BOMEOLHIZI har N
THA— N7 7 V= DPEEBEICHE SN AV ERH S, HWERI N7y UV FHEEI Fa v
RU T ZRET D08, BREIZEEMIZI b R 7EOERSLHMML L5 2T,
ZITEEDIIATFAVKBENI bar FYTHEMEZRTZEICER L, 2 ZICAMESE
EOBROUNGLOTIE RN EE X, FIEICE T LI,

F 9. in vitro IZBIT D T X IV FRRBGRIE DB D . A FILKERIZEEK AN &
MR OYLEAZLE L, MAEMHERZETESEL LN RENT (RIEEE L L TIE02 uM
ZAMEH, 1 pMUL ECHERENRBD LIV, KXW TIXL pMZ vitroFEFR O LA L L 70)
(44-3-1) , JREAMIEIC I D HAS2, PTX3, PTGS2, TNFAIP6 & W\ 7= RS ML ZH D
BETHOBEENE AL TBY, BRI RO 7TV EEEENEEINL TS Z
EMIRENT, ETHERE SRR LB E R BRE NN, BERAETO L OR
EFICHEITL TV ARWI ERRBE N, T A FILKENINF O ERL EME &M
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fagEHEzil+ 2t 2E®RL, E V2SO COATRENICEEL KIX T /lietk
ZRLTW5D,

Iz, AFNVKBEFIIFTFNOBEIEA ML 2AZF LU S E 72, M2k ROSIC
Mz, T Fary RYUTICERARA—N—FF L OB ERSHL., B EWE TH
5 GSHRSOD272 EOFER DK T & A hod T, MWL AR BIFFIZhho TS Z &
NN o2, ZOBLA N LADO EFIZT AR N—2A0FE L HEIE L. Annexin
VEGEMEoORMmE LRI, BIELA MLV ALETHRN—VAOEFIFTI b2 R
THEREIR T BB T 5, AR THI ha v KU T o&, EN., ATPEA, £
LT mtDNA a2 & —#F CHEIFARBD L TWe, EFHBERETLZ U ATHED
WEHCAL N RD b, AFAKENI bar FUTOHEN - BEELZI s+ 2

EDPHMICI R I N,

4-3- 1 (B 3 3C ik o Figure 1 B2 LY HkE)

IO AT 1T D A FLIKER (MMC) D iR EEARAF A 70 5 88 22 A BB 1T L v 81
%’ELKO Q-S IEIF > % Ay RYUTOREMNE IC-1 Ty AICKVFHMET D E &
(BB (TEMIC KD I hay R 725 L 7=,

Figure 1. MMC exposure impairs the porcine oocyte maturation. (A) Effects of MMC exposure on
oocyte cumulus cell expansion and PB extrusion. COCs: scale bar=200 pm; MII: scale
bar=100 pm; Enlarged: scale bar=10 pum. (B) The cumulus expansion index in control group
and MMC group. Control, n=99; 0.2 uM MMC, n=96; 1 uM MMC, n=104; 5 uM MMC, n=101.
(C) First polar body exclusion rate in control group and MMC group. Control, n=86; 0.2 pM
MMC, n=84; 1 uM MMC, n=81; 5 uM MMC, n=91. (D) mRNA expression levels of TNFAIPG6,
PTGS2, PTX3, and HAS2 were analyzed. (E) The apoptosis rate and anti-apoptosis rate of
oocytes in control group and MMC group. (F) Representative images of spindle morphology
and chromosome arrangement after MMC treatment. Scale bar = 5 um. (G) Spindle
abnormality rate of oocytes in the control and MMC groups. Control, n=81; MMC, n=83. (H)
Abnormal chromosome arrangement rate of oocytes in control group and MMC group. Control,
n = 81; MMC, n=83. ns p>0.05, *p<0.05, **p<0.01, and ***p<0.001.

7T A — ARNT OFE R B IE, MMCAERIF 7 C P62 OIX T & LC3D MR
F—= 7 7V —OJLENRE I N2, FFIZPINKI & Parkin®#E0iL, I b= KV 7%&5‘%
WA — R T7 70 —THDHI N 77 V—NIEMHIELTWAD Z L ERT, £TEMBIZ TIX
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Figure 5. Effects of MMC exposure on reproductive development and offspring quality in mice.
(A) The amount of MMC in the blood of mice (n = 5). (B) The content of MMC in mouse
ovaries (n = 5). (C) Representative images of ovarian morphology of mice in control group and
MMC treatment group. (D) Control group and MMC processing group ovary coefficient (n =
10). (E) The average litter number of rats in control group and MMC treatment group (n = 5).
(F) Representative images of the number of babies in the control group and the MMC treatment
group. (G) Average weight of babies in control group and MMC treatment group. (H) Follicle
count for continuous sections of ovaries (n = 5). (I) H&E staining representative images of
ovary of mice in control group and MMC treatment group. Scale bar = 200 um; Enlarge: Scale
bar = 50 um. (J) Average number of oocytes taken per mouse in control group and MMC
treatment group (n = 5). (K) Ovulated oocytes were counted in control group and MMC group
mice. * p <0.05, ** p <0.01.
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Fig. 3. Volcano plots depicting associations between gene expression in skin (left) with total mercury
levels in plasma. The effect size (relative magnitude of each association) is depicted along the
X-axis, while and the -logl0 of the p-value, indicating the statistical significance, is shown
along the Y-axis. Associations that are significant at 5 % FDR are coloured red; all other
associations are coloured grey. The top 5 most significant associations are labelled with their
gene name.
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Table 4 DAVID functional enrichment clusters for skin gene expression associated with total mercury
levels in plasma.

Cluster  Description Genes  Enrichment score
1 Mitochondrial matrix 102 10.8
2 Mitochondrial respiratory chain 76 10.6
3 Calcium binding and cell-to-cell adhesion 66 8.5
4 Mitochendrial ribosomal subunits 32 3.66
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Abstract

Nearly 70 years have passed since the discovery of Minamata disease, and in recent years no
comparable large-scale health damage has been observed in Japan. Nevertheless, mercury emissions
from both natural and anthropogenic sources continue worldwide. In this fiscal year, within the
framework of the Minamata Convention on Mercury, we systematically collected and reviewed
scientific literature published over the past year concerning environmental dynamics, human
exposure, risk communication, and toxicological mechanisms.

In the environmental domain, in addition to mercury releases associated with gold extraction
(amalgamation) and subsequent methylmercury formation and biomagnification leading to
community exposure, combined exposure to mercury and microplastics has emerged as a new issue,
with the potential to modify toxicokinetics and toxicity expression. Regarding human health effects,
we organized recent findings including a meta-analysis examining prenatal methylmercury
exposure in relation to language and neurodevelopmental indicators, as well as studies using
publicly available NHANES data addressing adult health outcomes and pregnancy loss. In the area
of occupational exposure, reports highlighted exposure scenarios outside the ASGM sector and
identified challenges in risk communication that require linguistic and cultural considerations.

From a mechanistic perspective, accumulating evidence suggests that mitochondrial
dysfunction represents a central molecular basis of methylmercury toxicity, increasingly linking
epidemiological observations with gene expression alterations observed in human tissues. Taken
together, these findings underscore the need for continued evaluation of emission control and
exposure reduction, and for advancing risk assessment and countermeasures through integration of

epidemiology, biomarker research, and mechanistic studies.



