AFILKEBBEICLIBEZEICETHSILE—

FAEHFTERE IR E R ERT: « AR — YRR 2 - B0%)

R E

KRAEIFOH R (19564F) 2B AFETOTHENRKIE L, BIED B AR TAREFICHYS T 5
R EZSIEE T LA DAFAKBIHRITHIIRRNbOD, WHMZHZRIT D &
HARRABLOABRIED D OKBHEH AN TEB Y . ANEWEJEIC X 5759 % M3
L7 TAREBICEAT 2 KESEKN) BRIz, NOREEBICERT L, KL ~L
DAFIVIKBIFEFE CThHh>TH, B EEZENEWER TORENAREEFHICE
FABEE ey, HEaR— MMIEORESFESINTEL, 2L, EETIHERAD
—EMICBVWTHRER LV OBTEICL VL RERI) A7 BH#RESINATED, KL
NWIRTIZ L D2@EY 27 OFFFMPAHERONRE - TWND, KFFETIE, B Lt b
R A2 PO E 1L FERICHRSNL R ImERICLE2—2E L, HEZME
EEEBEZONDIXMERET DL L BT, ATFNVKEBOFEMEA T =X LDOHELIZ DN
T, BWEBRB L OMBEERICET 2 ML B —ICRY AT,

BREICOW TR, HERBB O KB, FFICRER FEICK T 2/ EESIN LI D
DUHEREN~OBRBEEIZOWTER L, ANORFEY X710 Tk, FEEHNREO
EEIZELT, ¥4 =L THEDLNTEmak— MR TH X FILKRBETEOA EME
DR INTZ EIWCEB SN, KESFHOBFEIMERIMIZE TS hE=X U 72D
WTEEFOREFF AR L=, HEOMBKMELNEE THDLZ LAMEINT, Kk
2, B ERREEZHRLICATAKBOFEEA D =X LCET 2 2HE 0L 2 —%%E
fEL TR, RIEMEKIGICEB T DA FUKEBOKRENZEH LEERIEL o7,

F—U— R AF K, KE KRFK, HEKEREEME, BEA D=L LE2—

et 71 H
B (BKH R - 40 % #%)
AHEEAN (KERFPEFRZER - fAETFARMAS: - )
XiEEE (SARRFEZE - AP ARMEET - BU%)
EHE— (FHRRFEESE - EPARMEAEY: - )
AN E (FESLAKRIF R A et o 2 — 5« FriRFrEmE)
JR B E— (ESLKRE#REIE o 2 — &%« ZEIER)
MmO CGRACRR R TR - ARMATHE HEHR)
FRILHERE (BEHE BRI - AL FEE > 2 — - FefEaiAl)
S G ORAERZRE A FER - EHIE 08 - 8120
B ESE (ESLEREMERT - BEY 27 - @EFEE ¥ — - EEHER)
B R G 2B R & ANE R R - R R - W)
BEM A ORAERZPEFRIZER « BERREETZDE - HEHR)
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| AREM

FEDENTATFLKBIBRBEICLDBEBRLBERETCHLIAREREZRR L D, 2
NETAFNKBOMBEELBICIET Dk RERERBE L TXh, b, #HERHBED
KEBIBGDORZAME Z 21T, KRBFAHIZET HEBESRNTH D TKEBITET 2 KREK)
(Minamata Convention on Mercury) 2320134 (Z/KREME L TREARTEIRN - B4 I,
20ITAEICEZ L TWD, ZE L., ZOAFAKBOFERICHONTIT, BERELIEFED
BRE M, ZRLVSUVERED FIEICM A, BEA D =X AOFEM O W CTIERMIA 225 5 »n
I TWD,

T AR TR, HERHAL O KERTE Y & BB 2 /NI B P L R O BR BTG Y B L OY
NOREFERE —BREMICKIT 5 A FOAKBIRE & ZOMELE, SO ITRE R & H
BRIV A7 aIa=r—2a ICHDOMIFER R OINE L B A FE R L, BEELEXD
NOXBMDOLVE2—%24T5 2 LT, KEFHERICEADLLIBRMZBEZHOL ML, BAR
MAT O REEFERBEE. BEHHOH Y Hiconw TEBR LG OREEZBELEZ, B b
BREEICOWTIE, BRI EICREE L 2 MRITHFPEER b L b8l T ¥ MU A
EEzLNDLDZ D, BEMBREICEAMNEE N TXMMREZED 2, RTIE—K
FAICENTHIR LN D A F L KEBIRE & RERE E OBFEERERINLTEBY . K
ANZoWThHLbbEa—%2FE L, 62, KEFROREKMEIZONWT, AFIKEL
X8 D KBILAEY (o -mercury-acetaldehyde) TiEZRWWhE T HHENHTHV!, £
DXERD BRI O TH & E B EITo70, HEIC, ATFVKBOFEMEA T =X
LDZONWT, TNETOMAZEALED L) BRBFENIEEINDIONERFNT HZ &
ZEHBE L, BIFENOCEIMERB LOMBERICET I XML B2 —%2HBL T,
AAEE B ke L CICE D fLA T2,

I HAEAE

SCHRT — # X — AMedline (PubMed) ZH W TXHMBE L L B2 —%{To70, MBI
IX2022EINICHI R T 7230k & L. BTIN20234E Th > THE TR 20224EIC AT T X
7o SCHRIERR R b G & U 7e, A BGR SC O SCHRR R O FEMI 722 H kT, LIS U TH E TR
w7,

M ERBLOMBERAEROERLZAOMAICE S HBEA TN =XL0KELZHM LT
HLE2—TlE, XMOBFEICZEZDO T, @EICH > CTUHMRE 2 FEi L 7=,

(f B~ DO BLJE)
RKFFRIZIAB SN ERNRETIHETHD . MHENEEHE~OMEMEEITLE
LR,

M HAEHFR
1. XEHBDHR

KB LA FAKBICEHT 2R LB OB ZINET 22 L2 BERK L, EHEMR
kT — X X— A TH HPubMedZ 5l L, PubMed’» H#2Ht & 41T % TResults by year |
Y — L AETER LR L T2,

MR R OMEFE L LT, PubMedIZIH STV D RMFEICHOWVWTHEKT D& L b,
WA IIWeb MR OFIMEME A2 A U728 #8EHC X 238 2 B U 72 RS — s A L4
5 Z &5 (predatory publishers) . 0¥ O FEMELK-T-MEBELEML7-, FH
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MEGEIZ R OB &E Lz, & 112, HEIT10004F D 7K £R B8 & STk % Journal4, © Y — kL,
SHEREAR Z W EAL GIFA3.0LL EOMGEZS0FEREEH L, H 212, TP
Environmental Health Perspectivesit 36 X O8N H AR M 42 7 2 @ % L F  (Environmental Health
Preventive Medicine#E) WAL H Z &b, ZO2o0MFELBM LT, 5 £ T2,
Environ Health Perspect?s @ IF(%11.035, Environ Health Prev MediE D 1F134.395T&H U |
IF=3.0DBINEEIZI 7 VT T 560D, MEDHT- D OKBEE DR TE N DN &b
FREDOS0MEEE DB OB IRA Tz, BAEAIICRL- TSGR L 7250456 2 @I L T, CEkE D
By 1) oD i A A M L 7,

B TOXMEHEB OB L L250MEIT, < ETUMBOHEB DL L BET D
k@@UXF&LT@%Lko$Vt;ﬁﬁﬁwif6@ﬁ DG L OFEPUTEE LTI
ZO0HEFED Y X MIEHET, T ENLDOF—U — N> Tl ﬂﬁﬂﬁ+%%m .
Z DOFRICIFR EOHIFI G ERIE L 2o 7,

F£1-1 MBEAROFEEHEZOU XA (50F5E) & % @ Impact Factor

Journal IF Journal IF
1 Chemistry 22.804 | 26 Biosensors (Basel) 5.743
2 Journal of Hazardous Materials 14.224 | 27 Nanomaterials (Basel) 5.719
3 Water Research 13.400 | 28 Food and Chemical Toxicology 5.572
4 Environment International 13.352 | 29 Environmental Science: Processes & Impacts 5.334
5 Biosensors & Bioelectronics 12.545 | 30 Analyst 5.227
6 Environmental Science & Technology 11.357 | 31 Environmental Science and Pollution Research International 5.190
7 Environmental Health Perspective 11.035 | 32 Scientific Reports 4.996
8 Science of the Total Environment 10.753 | 33 Polymers (Basel) 4.967
9 Environmental Pollution 9.988 | 34 Molecules 4.927
10 Food Chemistry 9.231 35 Environmental Geochemistry and Health 4.898
11 Chemosphere 8.943 | 36 Spectrochimica Acta, Part A: Molecular and Biomolecular Spectroscopy | 4.831
12 Journal of Environmental Management 8.910 | 37 International Journal of Environmental Research and Public Health 4.614
13 Environmental Research 8.431 | 38 Plant Disease 4.614
14 Analytical Chemistry 8.008 | 39 Dalton Transactions 4.569
15 Ecotoxicology and Environmental Safety 7.129 | 40 Toxics 4.472
16 Marine Pollution Bulletin 7.001 41 NeuroToxicology 4.398
17 Analytica Chimica Acta 6.911 | 42 Environmental Health nd Preventiv Medicine 4.395
18 Journal of Environmental Science (China) 6.796 | 43 Environmental Toxicology and Chemistry 4.218
19 Nutrients 6.706 | 44 ACS Omega 4.123
20 Frontiers in Plant Science 6.627 | 45 Biological Trace Element Research 4.081
21 Talanta 6.556 | 46 Journal of Trace Elements in Medicine and Biology 3.995
22 Critical Reviews in Analytical Chemistry 6.535 47 Langmuir 3.882
23 Frontiers in Public Health 6.461 48 Heliyon 3.776
24 International Journal of Molecular Sciences | 6.208 | 49 PLOS ONE 3.752
25 Frontiers in Micribiology 6.064 | 50 Materials (Basel) 3.748

AF KR (BLOKE) OX@MEOHEREIZ >V T, {mercury, methylmercury, or
[methyl mercury] } ICX VB EZ I L7, PubMed TR S5 RHMEFEICIN A, FES50
%’ﬁ%®7K§E%‘$@if%ﬁ§ﬁ@%@%ﬂl-l WZoR L7ens, KERBEE O SCEREIX AR L, K

([C EESOHEE IR SN TV DKL OB DOHMN T DOER E > TWVD EER
iz, —J T, S0HEGE DR SCHEIT 5 O 2 KBBE DR L OF S ITWH L T\»d Z &
BB SN, ZOHFFICE, K212/ Lk Hic, FES0HBICHM S TV 50
SCEE S TRBERGICHEIN L TW D 72, FHRTAGICKBIE O Lk O L ENE T L7272 & fig ik
S,
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WIZ, FHESOME BB I KBEHERIOS H, v MExRE LU E
“Human” TRV IAALTZHERSE (K1-3) . 2096 HANLRE I N2 CEE % “Japan
[Affiliation]” TR VIAATZRER (K1-4) 2N EN R L, Wb SCkEc & LCHEm
N RENTZ, 2B, XI5 M Exig s Lz 3CkiX, 20004-46.5% ., 20104F
39.1%. 2022439.8% T, T 2HFERIZH 2 DO D, HKIESHFER O F11340.4%TH > 7=,
Fl U< BMETHARIZRE LZHE1E, 20000-45.0% ., 20104-45.8% ., 20224-46.2% T&H
o7z (B 5 FEM O FH1346.4%) . BARICE T 520224F 0 EHESOMEGE T B HE S - KR
B3 2 X EF49m Th v . 2D H b FERG L L SCEIZ208 (40.8%) TH o7,

60 -

W Human

# Non-Human

50 4

40 A

30 A

20

10 A

0 4

1-4 F 250 MEsEBiicEi -

2. MIRIBIE(CHITBKEEF L
HER A BT D KBIBELIZHOWNT, BAEEMITEBIT D KBIGEY., /NS
(ASGM) (ZHEIN L 72 BRBEVE Y B L OKESKICE#E T D L B2 —1EE A2 Fh L 7=,

2-1) HEEY

PubMediZ T {mercury,wild and health} THZ L/ L A2 @AM I, £
DO LABIRAEN LI KBREICLID2 A ANO@BFERE, BIOHEX ) 2B X 5K
RIEBEEZWOW T D L ¥ 2 —%FEfE L7,

W T EOHER D T OMRKE (THy) SFHEIT. Z ZEFFETHEIMEmICHY . £
NEBFILPOWRAT D LEHRKE EZRRERET D, He o BN EHE2EET 2t
IHTROFBEZOKBE LWL, hORFEHTOERIV bEWI &b, Ky Fifpko
FANEEN LIBENRERED 27 R BaisnTnd, £ 2 TloubE, WY Ti#ET
BN EEN U KBRBICL DR 27 25 MT 25720, 7Y TR LR
(BFR120. 5 ~125. 0, db#29. 5 ~31. 0 ) |ZHide32f (FSH227 [n=160] & HEFFHE
) 10FE [n=72]) OBHAMNEDOKEE (THgd Methylmercury MelHg)) &L v (Se) &
FEEZMEL, ANMEHEZNLERAKRE, AFLKE, 3L C0HE 1 AERE
(Estimated daily intake, EDI) Z#H H L7z, F7=. Se:HgT /N B LI OGHE L L fdkE
L5 E (HBVSefl) ZHWTHMEY 27 Ol 2R A7, S 6, Ry FlIcECRREHA
NHICKBERNEH SN I ERZHBRHNT 572010, R LEANEOABMEB L O EE
BEDOHERE 21T > 72, EDIO R HIX, EDI (mg/kg-ww[i@E&E]/H) = (CXQX107) /bw DRI
L0, AN ECHESNTEKEBERE (ng/g-ww) . MEITAILTICET L1 B
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D OELANEOFHMER (g-ww/H) | bwlfiZk AW IKE (kg ABFFE TIE60 kg)
& L7z, QfiEiix. NBSC (National Bureau of Statistics of China, 2020) (ZFE#E DOE %
HAWTWsg, KEB LUV yOEAEE (ww) L. BABETOEHKSEAEE (5% %
FAWT, HEM (dw [#2EE]) »HHH L7z, SetHgE /LB L OHEE L @IS
(HBVSefi) &, [Se:Hg = Se/THg] . 35X T THBVSe = (Se — MeHg) X ([Se + MeHg]/Se) |
DX THE L, KBEEMHICHT I L OEEDRIT, ax2AEYM TR BIRINT
Wb, EROKX T, Se:HgE VNI ZBZ DI & EHBVSeNIETH D Z i, BL 2K
RICEL 22BN T H2HENZRZ LTV DAREMEZ/RIB L TV 5, Se:HgE /UL & g
45 &, HBVSelZ® L o LAk DOH & (Se - MeHg) & A& ([Se + MeHgl/Se) D5
ZEBLTBY., KEGAHAENBIIENVEY TOHEZBEIITI LN TE S,

BRI EHOEHRAKES AR (0.162 0 g/g-dw) 1%, B (0.159-0.177 u
g/g—dw) & FWEIRFEAKIK (0.168p g/g-dw) DHOEAEREFBRETHY, TN HIFTE L
o7 430K (0,680 g/g—dw) . T A (1.64pug/g-dw) . KIZE (1.18u g/g-
dw) ORFHIBOAOERELY LK -2, RAKBBIOATFLVKBOGHEIT, £
LEF 0. 006~0. 32X 10° ng/g-wwE L% 0.003~0.31X10° ng/gwwTdhHUY., TDHH,
T (UFXHENER) Muraenesox cinereus® A F )V IKEREG A & US « EPA (2001) O H A
FZ A4 (0.3pg/g-ww) ZHZTED., 0.31 pg/gwilhol-, R LI-ANMEOE
VU a AL, EEAEEY T2.61 X 10° ng/g-dw [0.92~5.68 X 10° ng/g-dw] . faiA
T2.49 X 10° ng/g-dw [0.39~7.53 X 10° ng/g-dw] Toh o772, Z OEAH EILfth D EH
WMTHESNTRMOGARELFARE TH -7,

EDIIZ. FAO/WHOR M BEPIRZ B S (JECFA) 12X » THRIE S 7= 8 & it 4 8 i 18 B &
(Provisional tolerable weekly intake, PTWI) Z 1 HA{EEEICHE L -fEilc 3\ CRE
AT AT, KR E A F LK OPTWID 1 H 8 B & H BB 130, 71 1 g/kg-bw/ H I L O
0.23ug/kg=bw/H TH o7, FILTHEROKRAKIEEL AT LKEBOEDIIX, 0.007~0.381
g/kg=bw/ H ¥ X V0. 004~0.374 u g/kg=bw/H TH Y, PINIZ BB LT 2 \W#PHE 7
o, LML, ~E (0.374ug/kgbw/H) &E MX R (Sillago sihama, F AFh,
0.304 u g/kg-bw/H) DBELZ I LIZED Ly JIPTWIZHE 2 THE VY, Zhb2oid, MR
WCHERE FoBEEx b b7 AME LTIHMiich TWD, RIS N7z HDSe HgE /L IL
1L, 373 B230 L HHE SN, FTOfIE 1 LV &<, E72HBVSefli%4. 947 595. 4 & 5t
S, TOEIF—HRIZETho7m, MEREELELUNRKEBELVEEZIFELTND D
CLERLTEBY, Hy oM EEs M LEAKBHEETIEL IV EESR TS

RENH DL EEBERZIN TV,

AR X OVREBEMERNIC M L - AEMICKB W T, Se: HgE/VHICH B ZIT8I4
SN oT=A, HBVSefE X, 1K « PRFBEERMOMANIE (X2-1DFig. 4(a) DLT EMT) Xk
DbEREEBEOMNE (FHT) BV TAEICEL, #FA (K2-1DFig.4(b) @
pelagic) - JEAEWFEVk# ([Flbenthopelagic) XV HIEAf ([Flbenthic) IZBWTHEIZ
mLEHEINE, 2F0 ., RBEENELS POEEICEDANEOERIX, Tomof
DEMRELY REELOY ZIT7PMENZ EZ2E®RT L5, ZORKRIL, ERDEDIN— R D
FEU A7 MR IO TH D, 2F 0, REEEAE S hoERAEICED AN AT
KEEFENDZ W2 EDIN— XA TIIEREY 2 7m0 fafis LTRlfich s 2 & &7
s

ARERINTCANFICEB N T, REBRBERKEL LA TFAKBEGTHFEDOMIC
WZIEOMHBEMERN D > 72N, REEM N l2=y MEM L7 E S0 KE O IN&E
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(trophic magnification slope [TMS]. &K-X— L Fig. IOTEIEMROMHEE) 1L, HBAKEEIZ
BULTO0.064, A FAKIBIZEBWNTO.087TTHY ., Z b OEIFKEERERIZEIT 5 H R
SWBE X v S (] 0 A FOLKERIZE T D TMS O X (E0. 22, #ipH : 0.08~0.38) , =
ix, HyFlIck T 288 Cix, KEBOEMRMIT KRV E2EKRL T
D, TOHME LT, W HEHICK T 2EPTHRBEFHIC LV REEMN B DA
MPRESNTVWDLZERRERERTHAH BRI TV,

(a) [ Se:Hg M HBVg,

300 b r100
: 250 s
£ 200-
= &
2 150 150 =
o o
I 4 a
3 100 i o5
50

0 LT fishes MT fishes HT fishes 0

®) 2004 100 2-1 (5 H kD Fig. 4.)
Box-and-whisker plots of median

o 2801, ) a - values, mean values and variances in
B 004 : a  ab Se:Hg molar ratio and HBVSe in
% A b 3 fishes among three trophic groups (a)
g 1507 %0 @  and among three habitats (b).
£ 100 Different letters above the boxes
] 125 represented significant differences

50 (Kruskal-Wallis ANOVA; p<00.05).

0 0

Benthic Benthopelagic Pelagic

KAEED~OBREEEVEOZMITERANMETHY, ABEICBTA8HESEROE
X, BREMELARBEOHMHIZBWTEETHD, FETIEIMEST 7 U b HREIL
AR CRAKDEIBT 4 5 7 OAEER (20,000 o AEFE/AE, 20144E) THHNR, Fo b
THEEGELYNTUBEOT 7 U hORKMA (BAEML) CEBAICBT2EBOAEMERHIC
BT 28%0T —XIFRoTnD, KR T, ¥ eET7I8hb bl U N (ERR28E
PR 1T\ zi%;é}\uﬁﬂ (1963412 7kj7%\éﬂ?>£»aﬁ’39: L CARY) . mAEIX5400 km?, “FEHIK
W29 m) ORNEEREN LI KBREICLD A~ORBEEELZIMT L7201, U A
WCEMTHT 47T (200)%%%) EH U NI EDOT 0 T ET (BALGN
SEEN 2@ AT L AL OLERT) OKBLEL UV EZEDEROESBEARBLZRE L, #
T B EEE (Estimated weekly intake, EWI) LPTWIZ LR+ A & & Hiz, L
fEFEAE LS E (HBVSefl) IC oW THRENITON T\, KEIBICEAT 2 HEREZTLILT 5 &
201646 H DB THIZMN T T, AFtIT2ILOB AT 4 F 87 L RBIET « JET BWEI L,
FAANHR200 mgDFHFAY L TN EERIRL, BOMOBICHEEE T 7 A~ EBEONIE
(ICP-MS) WXV EER LT-, T XTOMICBITSKEEAE (0.001~0. 16 mg/kg-
ww) 1L, WHO/EUIZ L » CTRE STz NDOTEE TR 2 R KRIEEEME (0.5 mg/kg-ww) & F[H]
ST\, HIEMASFEMICHE L2 R, T XToRIZKIT 2KEOEVIHE (6.69 X
10-6~6.33 X 10-5 mg/kg-bw/#) 1%, PTWIf& (0.004 mg/kg-bw/#) XV K< . HBVSe
EIZ TR TOAICBWTETHD I ENRENT,
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Mo T, SRR LD Y NHOMMNEICEAL T, BIREN LI A~DOKEBETEIC X
DHEREY A 73RV EFHli S 7z, 7272 L, FREDLIERT (K2-2, site 1) OBHAT 47
BT OKBERRE CEEE0. 021 mg/kg—ww) (IO EFTOAOME (CEEIfEO. 002~0. 009
mg/kg—ww) XV E< ., site 1OHET A T ETOERENEN N2 000 (site 1EWE
35.6 cm. &7 ESLIE23.6~30.7 cm) . site 1OF 4 FET X, MEFTOTF 4 FET &
DAEFHHPELS, ZRICE S TKRBRZLSEBINTZARERDH D EIBXH TV,
F7o. site A TIX, AROBEMENPITONTWEZ & GEMZ2ERIZIAGR LIRS N
TW72RW) Msite IOBAT 4 FET ORBEMHICHKELZEZ TWDAMREELH 5, L E
EEBLTC, BT AT TOKBEARIZIABMAHEE L TCLRETHDIN., HET «
FZETICEAL T, BEEICE s TEA~DOREEREY 27 ORENELDAEENH D &k
ERY A CLAY

Zambia

Zimbabwe

L 0 5 - A
2-2 (51 3CHR D Figure 1)

Map of Lake Kariba showing the 5 locations (sites 1-3 and farms 1 and 2) where tilapia was collected
on the Zambian side. (Courtesy of Eliezer Brown Mwakalapa 2019).

INFETH 2 FBEEBICERELTEXLNTE RN, EFEITZE OREFZHIR AN
Bff XL, BEEESLE L TCOFEELEELNEE > TS, Barea-Sepulveda b iE, F / =
BRENLIEASOKBIREDO Y X7 ZFMT D700, AL UEHEET v 2JbE
TRIENTEHAEORHAX ) aD/kKBESex G HEBOESBEAELME L, EDI&E
EMZ 1 HEIRE (PTDI) 2325 & & b0, BEY 27 (Health Risk Index,
HRT) OFFliZR 72> T\5, AICET B @z Rk 51,

201T4E 6 L O20184EDFk, A4 VEERE T r v 2 dLE Ok % 2R BT & B A O & H
% ) abff (Agaricus silvicola [>vaE® Y J V], Amanita caesarea [ A I3 U X~
2 /). Boletus aereus [IN)VF —=@ —Ffli], Boletus edulis [~ KU X/’ K)LF—
=]1. BXQRussula cyanoxantha [J1DV U ,\>V], #1670 ) BNIREINT-, &%/
TIIFEB RS, 2D 5 5250 mgSEE (HN0s) 43 iR S 7= 4 IZTICP-MS T S hu iz,

EDIiX TEDI (mg/kg—dwlHZEE]/H) = (Coetal X Drood intake) /bw] OXTHEHH L, Z 2
T CHFEETORBAEEE (ng/ke-dv) . Dk ALALE H72 0 OESF / 20
EHEIE (g/H., AW Tlddw=30 ¢ [{RE Eww = 300 gFH%]) | bwlIpk A D F¥KRE
(kg. [A70 kg) TH D, HRIIE [HRI= EDI/RDJ) OXTHEH L, Z 2T, REDIZFLE Y4
BOIHERGFAECTCH D, HRUESILLFT THIUIE, EYOx / 2 0BRIIHEEEIC L -
TEEThDHERRIND, KEEPAKEE U AR AT L (IRIS) T —XIT LD &,
RfDHg D 2 H i 130. 3 1 g/kg=bw/H TdH 5,
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M DOFE R . Parc Naturel Bouhachem (& vw =) TULEE X F1U7-B. acreusD/KE 2 K b
Z<E ATV (11.1 £ 0.489 mg/kg—dw) , [AHLTIL, b KEEFZTATHRNF /2
LEREL SN (A silvicola, 1.19 *+ 0.023 mg/kg—dw) ., WEDLETIZ., 4 ¥V TP
DR. cyanoxantha® KERIEE (L1. 31 mg/kg—dw. AXA FEAEBEEDA. caesarea®Difi & 55D
KERFEFE130. 81 mg/kg-dwl 2. 03 mg/kg-dw, h/LIPEDA. silvicolaTiX0.15 mg/kg—dw,
AN A ALEREE DB, aereusPB L UB. edulisTIE3. 0B L2, 0 mg/kg—dwd B NG S
NTWs, FHEOIF, KFETERLES 20 KBEAEL VT, W E W E L
TWb, B L% adSed AL, 0.278 + 0.003~76.8 * 1.46 mg/kg—dwo #ilH
ThHO, URICHESNEHEL B L TWHZ EnBRanN, £/, FLAEDX
J 2B HKEBOEDIE (0.512~4.74 png/kg-bw/H) 1X, PIDIfE (0.57 u g/kg—dw/H)
Ivbvm<, T_RTOIRMEIZIE D K&z EaRENTE (K2-3, BHIZARI = 1&0R
T) . lEXky, FELIIX ) afBRITANOMELZET LI KBBREL LS T AREMEN
boEFMmLTWD, L, AFRICB T 5%/ 201 HEREOKREILEEREI00 g T
bV, THNIFHEAOHFOREFEL L TTEFBAELIZS Y, BAAOX 7 alEE (B X
Z11.3 g/B. 2019-2021FE K 4&) Teili3 % & . EDIfEIX0.02~0. 18 u g/kg-bw/ H T
HY . PIDIMME (0.57ug/kg-bw/H) XV /hIWV, FEEELS ¥/ a0FHITITXF /a0
WRABERIIEZ D2 L 91IC) @B LTS, £72, AR THEIRSNIZF / 213 Sed
BEIZEENTBY, oL OWFZE & RIRICHEE U o EBELRRME (HBVSefi) %12 X
LRI S LETH A 9,

D Mercury

#15: B, aereus
#12: B.edulis
#13: B, aereus
#14: B, aereus =
#9: A, silvicola =
#11:B.edulis
#16: B, aereus =

#2: R.cyanoxantha =

Species

#3: R. cyanoxantha =
#7: A.caesarea
#10: A, silvicola =
#4: A, caesarea
#5: A, caesarea

#1: R.cyanoxantha =
#6: A.caesarea

#8: A. silvicola =

Ll Ll
o 0 e

Health Risk Index (HRI)

15+

2-3 (5| H k@ Figure 3.)

Bar charts of the Health Risk Index (HRI) result according to metallic elements and metalloids
determined for all the wild edible mushroom species studied: (A) Cr HRIs; (B) As HRIs; (C) Cd HRIs;
(D) Hg HRIs; (E) Pb HRIs; (F) Cu HRIs; (G) Zn HRIs; (H) Se HRIs. The HRI limit has been represented
with the help of a vertical black line in the bar charts.

FU<Liub®id, RHAX/ ao@FiEY) 27 2307 57012, @EICHRE S 72102,
KIA00FE DB ADEM F /7 2lZB T 58, ~ A #ifh, @, 7 FI T A &, KE,
EROGARICEAT OOV E2—2FE ML THY ., KEIZHAT IFEREEHT D,

Demkova &1L, A B /X% 7 D60 ) 5 3FE (Boletus subtomentosus [ 7 U % 7],
Imleria badia (=% A v DU V], Xerocomellus chrysenteron [y 2T UH7]) O
BAERHx 2 (§F5010 7)) ZIREL., KEEHEZHE L7, ZO60HIED 5
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H22il T HBEOKBREDN A 0 X7 OFIRIEALZE 2 TR0, £ O T B0 T
botmltWnWH, KREFRICHELT, ABLELER, /a0, Z L THOMICH
WIEQHHBENHERINT-Z 0D, ¥/ 2 3AEBFREAROKBREZERT D LHHISN
7o DED ., KBBRHIBICHOEINAIHIBTESLHAEX ) a2 HETHZ LITIEKR
XRURINSHBHLEZ OGN, BITB subtomentosusN KR Z BB T AN E N2 & &
LTz, Arvay D Tk IITEENC Ko THEFR AL SBEEOKBENBE S -l Tlciswn
T, 6HOEFEDOEMNF ) a2 NEL, KETHFEZRELLLE A, KEFTHEO KK
fE1%13 mg/kg, FEMEIL52 mg/kgThHoTZ L2 ME LIz, TOMITH T Y —THEs
SHE36EOBARMF 2 a (&3 11297 N) OKBREAEZNELZLEZA, 7
BRIV CEREL U 7- Lepista inversal Lepista luscina® KEREH &I
12 FrofhThrbE< ., TNFNT.44 ng/kgr9.88 mg/kgTH V., 7 XXX D
DESDOKEBIBEYR L RANEm N EICERT L2 2R EREESIN TS, ERECHkiICHE
SE. RN (JEEHE0 kg) NEYDOF ) ax1H11.3g (HAADF o &E [2019-2021
EZFHE]D) HELEZEERET D &, KEBOEDIIX, 0.37~1.86u g/kg-bw/H & 720 |
PTDI(0.57 u g/kg=bw/H) Z##x D & b, - T, MHTIHE), M. KLJEE 2 &L
WL TARBIBERINT-HIRCTAEST LEHAEAS ) 2OEEOITITITEERILELEEZD
i,

2-2) INBREEEILICEEL-IRBERME

INREETLILICB T 28OS IEXTRENFIHINRZGERH D, 20O T TKAIE
AR U CEREICHKEENTAKENHERIEICE T 2 KBOEERIGEYIALE 72> T
WD, NBUR BRI & B D KERE 2 R T 572, PubMed T {mercury[Title] or
methylmercury[Title]} and {gold mininglall field] or goldminingl[all fiels]} 1T &
DRRER LICHk L B o — &7 o 70, 20224F FR TR Tl & 4L 72 SCHk I 38w S R S v 7z,

ZOH - RIm AR &, ANOREZEICE T 2 WA 108, §L L EEOBRE
BT o2 HEDMTH o7, FAAMBITIZ, 77V aa 700 OREDE5HE.
H—F N4, SN —38f. Axia, DTz, T4V EUNLEMRERBRETHY ., H
RO TEEBICFTR T 2R E N EEELE L L THELEREIwR TH o725 Zohn»
BA~NDOKBRBBEAR OB > T-RE L V2R ERNTT 5,

BT Tu—F L LT, RO —REMHDO Y X7 OHEE 2R AT RS S h
TW5% /INBIE B EAE (ASCM) IZ ISR 3 2 /H 42 DWW T, R - -4 BRI L OREE
“V A7 -FHEETAD T L— LU — 7 LT AT o7 b O T, ASGMICHI R T 515 Y
X, BEORKFPOKBILE., 7707 hrDOAFUKBREE, BLOLEORKRE
FEizxt L, ZE12%, 10%, B XL 0.63%%F G5 L TR, TOMEOREEY 27 L LT
FERICHER O~ AN 0 THIBEFEEL L L T5.8X10°R A > DD & 1,430 NDIET & 5] =
BT EHEIN TV, ZOMRRZREEREZEILL 5408 RV & FHE S, ASGMIZ X 5
IR A~DOEEDLETHY . RASMORIEE (3, 190 RV) D¥na2 b b LR S
By EHIT, ASGMIZ E » CTINEEN B SN DMk &, Y A7 245 Hikic b K& ¥
Yy IWELHZERERINLTWDS (M2-4) . - T, HEEIOGHEIND /1 —
SNV ) = AT K D ERIM B, BB, BN E o AREITBE AR Em v &
s T,
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2-4 (5| H 3CH#k ® Figure 2.)

Monetized health impacts and economic revenue of Hg emissions from ASGM in 2012 Economic
valuation of the health impact (A) and gain via gold production (B) in 2012 attributable to the Hg
emissions from artisanal and small-scale gold mining.

300 - 4
W Hg W As ® MeHg
250

200 -

150 -

pe/kg

100 -

50 -

Fruits Tubers Fish

2-5 (51 H ko Fig. 3.)
Hg and As concentrations ( z g/kg) in food shown by (a) individual species, (b) fruits and tubers for Hg,
and (c) food category.

SRR O EREx SR E L, KBEBREEZHET LIEEY 27 2T L7o@®EN, a2
YETALHE ST 2 = RIS ALE T 5 BIEER TIT b2 2 o HuEk L BV R AR o
SMET, BARKENZL . ABOBEERIIZT 87— MIE P40 DWINZIH > THoAmd
Lo TOHIKTERIMTFTOKBLE LR, AOXAFLKEBOREEEZ SN L (X2-5) | 178 A
DIFEFIZOWT, /MR (CHD) | HPE R REF s O 2o (WCBA) | Z Oflt (RP) D3> D
LRI T TN 2 FM L, A F/LKEOEWTIL, FAO/WHO 23#E4E-4 % CHDIS L TNWCBAD
B E M AR (1.6 u g/kg-bw/#) ODZNZN1L.IEB L O2. 45 %7 L, & b OHEER
BELMA-AEBREOkKNPOEH I Y — Rk (HQ) FEeLr -~ (HK1) %
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EEl 572, RPIZOWTIEPTWI (3.3 g/kg-bw/ill) ZBiE L7772 b D0, §hilJEBLIZ
B LEEZETOKBO NKIGRICET L2MERE L 2> T, 2, FRFIZEFEOD
UZAZ3HliZ b FEmL THEY, e ROBEEFRITHRL 2B, FICERDICHERL, ~¥F—
FEZbLEWI ERRRL TV,

2-3) KIREWNE L UVCHEX M

KIRERK DOREREIZ L OFRMEFMO - DICE b« XA FEFE=FZ Y 7Tl I Ah
EEMTDHIENROLILTNDH, FH1EH OAFDMEFAMIX20234 D COP6IT T E i S 41
LHTETHD, 2022 FI2IE, ZORMDMEFMZZE 2D ETHEIC L EL T, /
NI z—BIORAS YL REERE N - XA FE=F I 7 ORERPFRE I N,

Nz —HRE s T T — 7 TR ERBEMA (HUNT) 28104 2 &2 FE i S 1T
BV, 2006-084FHE O FF3MFHA TII R, ATERRA, S AR ERIC X S P
BRSO EREOTD, KBEE2FZ028HEN T =7 M LTHIO THE SN,
IO b RAFEF=HY T T 0T T ATE SR NOHBEOBIEAMB AT T
BO, EAR VY 2 —HREO 3O OOMBHXSTHD HEEH . 74030 EF -
s, . TAEE - [UEE) OFRERET DL OICHFTFINTWND, I 20 06
Ik E THOIONNIATH 7=,

19 O fn P A B e BT Z 8RO S, KBEE TR EEN 7 3 LK -
AT & e - [UESFIC R TEWER A H 0, KED» BRSNS Z & DZ K
R, eHE., BRE, L OMPREZIBHEDOZ NVAOEBRELEENH D Z L HRRS
nTWad (M2-6) ., MHKBREICITFERE EBICERT2HMBR o2, TLa—
JUREEL, MRS BMI, PER, EE SIS S IEBEE N TE O STV v, sk G it o i o
KERIEBE DA EIIEIL2. 74 pg/LTHY, BiBT 2 FAYO—RTREID bEro72hy,
ANEEEDZ T 7 RO THRE SN RAE2. Tug/LERIETH -T2, fill
QTREOMPMELRERRES ., EFOKIMNTHESNTND LV EHRARSETHD, /L
Vx—HRE e T = T HIRIC BT DA FEMETCESOBREIID o L
nTwnb,

)
a
=L
«Q

N
o
L

s Ll i

Co'ast Fjordlltown Inland/rﬁountain

-
o
L

(9}
L

Hg blood concentration (ug/L) 03
@

o
1

Seafood intake [l 0-3/month BF 1-3/week B >=4/week
X 2-6 (5] ko Figure. 1.)

Whole blood concentrations of Hg in the three geographical areas (coast, fjord/town, inland/mountain),
by fatty fish intake.
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a)

Blood mercury by sex and sampling year
T

= | —e— GM Female
o —e— GM Male
& 95%CIGM
-
=)
E
R
-]
"
s
trendtest: p trend slope
male 0.002 downward -0.0661 **
o || female 0007 downward -0.0653 **
s 4
T T T
1995 2000 2005 2010 2015
Yea
b)
TDE urine mercury by sex and sampling year
°
i —e— GM Female
—e— GM Male
v | X 95%CIGM
=
2 ¢
= = 7
Cd
=)
a = |
= 3
=]
D e T - N LR SOOI
e P trend slope
421E+06 downward -0.0221 ¥**
= female 3,18E+06 downward -0.0233 ##+
S

T T T
1995 2000 2005 2010 2015

ns. - not significant Year

X 2-7 (5] H ko Figure. 2.)
Trends of Hg concentrations in a) blood and b) total daily urinary excretion by sex for all four sampling
sites combined. Geometric Mean (GM) values with 95% confidence interval (CI).

RAY Clde PEBRBE~OBRBHMAOTLE EFEMAE BHMIZ, BT (German
Environmental Agency) b bk « XA FET=H Y T 219958 LIEHBFEEmL T\ DH, K
AV AFRHIC T, BREFEE X~ (German Environmental Specimen Bank) ®—#f& L T
FEh S Av, EFEHTAE (2050 H295%) OB LFH204 00 b O24KFH B IR, MR IZ N Z .
ERRA (7T~ AT AREH) . ANFHEBERRESLHAEL VWD, 2EROREME
X2 NnWb 0D, WMEMEBRBEORVEFERADONNy 7 777 RIgBER&RERZIND,
OBRMFEE CITEHM ELRIEEEDT =X ) 0 I NEL, A YBETFRE/RT S b
P e N"AFE=F D T OHREFTKMNTHRORWVWKBIFREICHT ORI T—FTHY
BEELEREEZOND, SEFEN L2 CEIZ. KA Y BHFERR A O R F KRR X O
KER D 7 338 EE A ORI S 20 LT D Z & &R L, BRINIG Y 8 HE H &
P D 1980 O O KERHIBHEOFMEEZ /R L TWD, L., TFEOKEREIT
BRI W IC o T, BIIEOHIBERNBRAICELEZZ LR LTS, FEMTH D P,
23 DR A KR (19954E-20184F) L OFER O 1M /k4R (20014E-20104F) o I & &
REfir L, KEFREOEMME ZDOREICEEL LT THRFAPBESNTNDE, 20184
DIBHTEY ORFPRAKBYEME (0.11 u g/day) 1X19954 (0.76 u g/day) D 14%
(n=10,069) . 20104 O MK FHEKERIEE (0.77 n g/L) 1220014 (1.76 4 g/L) D43%
(n=4085) ICEFTETFTLTWD (KM2-7) ., #EHMEF. FA4>Y e b NAFE=2T
VIREENRETI2SME TH HHBM-T (EFEGEEN R METHETERY) DR
HOKERIEEE 5 pneg/g creatinine (7Tug/L fHY) BIXOUMA/KEBRE S5ueg/L B2 DE
BlxbTFhThote, ELICRPAKBRBEICREIEELZERIZ, BRHT v LT A
FHEAOEAAI TH O | 1995FUBFICREMBHERIND LT, T~ T LR
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W OEL 19954 O K110, 1 2> 520184 D 0. 52 £ T LT s ([¥2-8) ., Z O
AT IR KSR EE O A ITHEEL L T 5, IR IS KON A i oKk SR i B2 23 HBM- T % B8 & 72 %t
GFNT R GE D0, 2%F L N0, 8%ITFI Y L=, HBM-IME AT O G # 12T, JRFHAK
SRIEFENHBM-1 HAMBIT-HREDO T <~/ H LAFEEOKITFEH20E TH 0 . I PHk
RBENBZ MR EHITE ) TRV 2HEOAEERE (2.6 ¢/kg-bw/ill) THo
7=

Mean # amalgam—filled surfaces by year and region

O westen Germany
® castern Germany

Mean # amalgam—filled surfaces

1995 2000 2005 2010 2015

2-8 (5| H ik @ Figure. 3.)

Differences between sampling sites in eastern and western Germany in terms of number (#) of amalgam-
filled surfaces.

2
0
a0
= °
) °
LEL e .
L+
<2 g °
Lh =
3 o ® ([ ]
e )
- @ 0 ® (6] [5) ® ® °
N 0
1995 2000 2005 2010 2015
@ 1 (ESB) ® % (CHMS)
#[E(NHANES) o F = = FE(CZ-EHMS)

2-9 (5| H ik @ Figure. 4.)
Eh e NAFE=FY 7B DIRTHKEIRE (1 g/g creatinine)  (Table 5 & g% L TERR)

5
—~ °
2 4 ¢
s ° ° °
" 2
pi 1 ° ° 5)
B o ceoe® & g4 3 °
T 0
£+ 1995 2000 2005 2010 2015
"=
@ N1 (ESB) ® % (CHMS)
KE(NHANES) @ 7 = 2 JLFE(CZ-EHMS)
@ i [E(KNHANES)

2-10 (51 FH 3CHk @ Figure. 5.)
Eh e NAFE=HY 7B 5 MERTFHRKEBIEE (1g/L). 5IHIHEND Table 5 3 L V' Seo
5 14 ® Table | #kZ L CTHERK
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R Z LT F=HIE LT RA U BRERBI AN 7 FE D4R Z R K E 13, fih

DB EMNZ2e N "M =XV 770 T35 THDHN T X ERESKHA
(CHMS) <ok [H [E R # A (NHANES) &t hh#d2&, TN THEASNIZ AR Y
MR TILVOKEEB L~ LD 070Ky (K2-9, 5| HXEkDFigure. 4) , 8O AR
v NROKPBEZZ LT F = MIEL TH2URMEBROKBRERE LV Z2010EmL %
HIZENHmMbLNLTWAY, 22T, FURIUEICE S —BEMEZRKT 5720, K1Y
BREMEIN U ZHREICHAIATL TiThILe R4 Y BRESREFA (GesES) D 1997-994 D /K
SRMEFE L X1 0.34u g/gcreatinine & fll[E Z th X% & | 2013149 D K[E (0.32ug/g-
creatinine) B L O2012-134FD HF % (0.33u g/g—creatinine) ERZEL X)L TH5H,
TAY I OERMEEREFE TOH201FELRICHMBRBAEMAZBO bNL08., FAY
O PR AR ARERIRE OWAEI 26 R THRND L 912, A YO —EROBTED KRG
BEIIKES A T X OBAEOKBIRSEE & L TRWEFm I T,

R A AR RN O IR AR K ER I B \MI@EB-A4¢%*&JV77E7?A
THDLHTHXOEREFICHERDEDTNCEWN, XKEBLOTFzatEOEHRK & I1Z
FCBEL XL ThomZ ERREINTW (K2-10, 5| XCHERDFigure.5) o —J7. ,ﬁl
HWEEDZ N7 4T FD2.18ug/L, /v =—D4. 0 g/LY, §EED2.9u g/LM,
HARD3. 83 ug/LBIZEERD ENR DR ERRI N TV,

. ANDIRERE L BEELE
3-1) BMRUBEOZE

AF KRBT TR RICEELZ RIFTT Mmoo, BRESHARITIERENICH S
ZEMDBEZMENE W, OO 19904 D% B AR O A F LK ERIEEE A H A%
DRFIZKIETEELZRALIHEaR— FPHENMRACTES EFbhTE2, £2OoH T
H, 7z —#EBIOEASA v VEERMETHED LN TWAEMENEE SN TE T, T
VY—JHET7 a0 —#E TR, HEX R IREELTEZRETOIRBAEEEALTED ., A
FNKBOBEFEL LN E L, GrandjeanH I LD EFHENED LN TEY, BEHD
A TFIOUKERGETR 1T, Tk, 14k, 2228 250, L. BB, E@HR oI KT
THIERINETICHESNLTVWD, — ., B4 vz vEETCIANEESZRET S
BEBEZAELTVDLIENDLRED AT VKEBOEFEL /L0 E <, Rochester KF# %
DMCREEEEBEZFRLaR-— MMIAERED TS, 7E L, 'IZ/]’/:n/I/ L0 E o FH & 5
BT, ;%Lif XA TFAKBOREEICLD2EZEBITHAME TR, BAICE-sTITFE
HOREICHEHT 2GRN ETLEEb@REINTED Y, ;@20@1&%7» 7Dk
:%#ﬁ@é EDDW NN —T OGN E > T REN D D,

ST, 2022MF (T, MEARE T IXEEMIRE 2t R & T 5 EFAIEICT DOV T, PubMed % [
W T [methylmercury and child development] & R34 5 L 10 I D OO, #4f
PRI EAZRD P ) THIZFE L2 o7, —F. [mercury and child development] & k&
KT D EATRPAIH SN, TOP THREFEELZIV S XMITSHE TChH o7z, ZDHH,
T —i B TOEERENSITIR, BA ¥ = VIFEOE LA S T3 O STHER A
BEEHTEBY, EFZOmMPFRICHOVTHRET 5,

TR =D NN =T bR RINTEmCIIRALICET M ThHDL, SEIFER
AN S/ (Extracellular Vesicles: EVs) ZEA L TEBVY ., BHICHEVsHN G £
. BN F~DOREBECHEROBEIZFAH I TS EEZLNTND, BFILF DEVsIZ
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I~ A 27 2RNA (miRNA) 3% <. ZFDOIEITIIBMISCMRE 72 PN 5 2 &b o T
WADMR, ALEWEIC LB TH D LM EINTWD, £ TATFILKBR EDOLEYE
IZ K DmiRNAR B~ D BN S 72?0, 1997TFE 0 H 2000127 = v —f B CTHE L -
BBl ZxSe L, EER2AENOTAH OMICINEE S - FEFL333MH: L VEV RNAZ SBEL . ¥ —
Fo NI4T 5 Y —FEEEZMEH L T20830mniRNAZ & — 4 2 L. $EEHENTICME ] LT
W5, KEZEZLATEYE & niRNA L O BT B HEZ2 BEME X & 0TI 67220 o T2 03
AN—AERT I EE_mL, XA VT A=~ mE (BMR) #1772k 2 A,
KEBIF1IOOERpEhE EICHELZZ E R EnHEINL TS, FELO/EEEICEIT S
FLEV-miRNAD ZEENZ DO W TIXRMERA R Z E N L, KBIZ X 2R EE L OBEMER L
LAEBROMETHLILOD, KEOFEMA I =L EEZH ETEHEELMATERO N
LR TN 5,

=z ETIH2oOHA AR — FREL BTN TEY ., YD ars— MFIET
& HMain = AR — M T1989-19904F 2 B N FH & X bk (TT9MHORE 7 CHERK) . VL 232458 1T Bk
ET5FETHRITONTWVWS, THETOMNEKETIZ, A TFLKBBRFEIZOVWTEL
TERREPELNLTWDE DI TiEZevy, 2 CT/hERB O X F VI KEBERTE &l N O 1h
RAEL OMELRAEMICHET T2t 2BRL, NIRMREIT6, H, 194 H . 5.55%
DEZKBOFEIfEE U, s AFIRE X117, 19, 22, 24O & LT, b THEHT
I L2, NEEIEE (TW-C) OEBZEZKBOFHMEILE. 34u g/g (BEHERZ2. 47w g/g)
THY ., AMREE (TW-A) OFHMILT. 13 uwg/s (BEHERAES. TTug/g) ThHd, MR,
AR AR, RBIQ, HBlOASREREIE., NEOFEREBEA 2T 2 ZHERLE L
TZEEVFE DN (BEKBITHELER) ICXD ., MFTSNTZ8DHEED 9 b EITHE (U
4 AL — ROEBELTR., CANTABR T 7 FilfHE22m%) . SEkES (R A v
PEPRAR AT 227%) . TR (EEAEEBR24%) 23 12EHE TWTINALBRENEZ 5 &
MK T T 28ELRBEENBO LN, N A N CFEMKRE (Boston Naming Test:BNT) @
FRAZI-1IRT, ZORBICEINE, B4 vz v EMETHE A FALKEOBRFEIZLY .,
BORENRERINDIZ LNRENEEMREND,

. slope = -0.222
T S
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c o® o p =00.02
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3-1 (Bl HCERD Fig. 1.)

Relationship between 22-year Boston Naming Test and the logarithm of the 24-year TOVA visual
Response Time mean and visual Response Time variance versus the TW-C and TW-A mercury metrics
among the SCDS Main Cohort participants. Superimposed are the slopes (solid lines) and 95%
confidence intervals for the mean response (dashed lines) from the covariate-adjusted regression models.

o
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# 3-1 (Bl ACH#k® TABLE 4)

Results of neuropsychological tests in children without neurological disease and adjusted regression
coefficients (betas) for the logarithmic transformation of the cord blood mercury concentration.

Peters-Belson Low-Level
Multiple Regression Adjustment Exposure*
Interquartile
Test N Mean Range Beta p-Value Beta p-Value Beta p-Value
NES?2 Finger Tapping (maximum in 15 s)
Preferred hand 901 429 39-47 -1.10 0.05 —1.18 0.03 —0.68 0.29
Other hand 901 41.2 37-45 -0.39 0.46 -0.37 0.47 -0.13 0.83
Both hands 895 555 47-64 —1.67 0.14 —1.86 0.08 —0.62 0.63
NES2 Hand-Eye Coordination (average of
best two trials)
Error score 897 260  241-2.80 0.034 019 0.033  0.20 0.033 028
Tactual Performance Test (s)
Preferred hand 852 466 231-583 —14.3 0.63 —18.8 0.60 -11.3 0.76
NES2 Continuous Performance Test (first
year only)
Ln total missed responses 431 6.79 2-10 0.12 0.02 0.14 0.007 0.21 0.0005
Average reaction time (ms) 428 759 705-809 40.3 0.001 38.2 0.0002 46.9 0.0003
Wechsler Intelligence Scale for
Children—Revised
Digit Spans 889 3.8 3-5 -0.27 0.05 -0.27 0.05 —-0.31 0.05
Similarities 746 74 5-10 —0.05 0.90 0.14 0.70 0.65 0.15
Squareroot Block Designs 888 14.6 7-20 —0.17 0.11 —0.25 0.02 —0.13 0.27
Bender Visual Motor Gestalt Test
Errors on copying 895 29.4 26-33 0.67 0.15 1.04 0.03 0.71 0.19
Reproduction 841 3.0 2-4 —0.25 0.10 —0.16 0.31 —0.43 0.02
Boston Naming Test
No cues 866  25.0 21-28 -1.77 0.0003 —1.66 0.0007 —1.42 0.01
With cues 865 275 24-31 -1.91 0.0001 -1.82 0.0002 -1.57 0.005
California Verbal Learning Test (Children)
Learning 879 279 22-34 -1.25 0.12 -1.30 0.11 —1.55 0.10
Short-term reproduction 867 4.0 2-6 —0.57 0.02 —0.63 0.009 —0.74 0.009
Long-term reproduction 837 4.4 2-7 —0.55 0.05 —0.64 0.02 —0.56 0.08
Recognition 830 10.4 10-12 —0.29 0.15 —0.28 0.15 —0.22 0.34
Nonverbal Analogue Profile of Mood States
Average positive moods 825 59.8 48.0-80.5 2.61 0.31 2.39 0.34 3.66 0.20
Average negative moods 825 36.0 16.3-52.6 —0.04 0.99 0.17 0.94 1.83 0.51
*Maternal hair-mercury below 10 pg/g.
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3-2 (Bl HCHER D Fig.1.)

The relationship between cord blood MeHg levels and scores on the mental development index (MDI)
from the interaction model. The ABCBI rs10276499 of children is significantly modifying the
association between cord blood MeHg and MDI (2df test for interaction, p = 0.045). There was no
association between cord blood MeHg and MDI among those with TT (slope=0.024, CI=(-0.03, 0.07),
p = 0.353) or CT (slope=0.0014, CI=(-0.05, 0.05), p = 0.955), whereas for the rare allele homozygotes
(CC), MDI scores declined with increasing cord blood MeHg (slope= -0.091, CI=(-0.17, -0.01), p =
0.045). The results of the interaction models (including this one) are not presented in any table; this is
the only significant interaction between child SNPs and cord blood MeHg out of the six SNPs and two
outcomes considered.
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ZOBNTODWTIX, 7z —fECirTbiizHAEarR— MIETH, T TOFMAET
Fe ) A F LK ERIRER & S b IBUCEE LB IE D — D2 Th LD Z &S TH 2,
EDOLEICR DD EEMR L THB X720, Grandjean & /N~ 5285 A ph R 4T 8 271 72
FBECZ, FREMCODHEE 2 CEREBE PN TEND LT 21T > TV D,
Ti% T OFHA TR M AKSRIRE & b MO BEMENBE SN 0iX, MRITEN 7Y R 51
TH» Y. NE2 Continuoues Performance TestB LUBNTTH o7 ENRZINTWDE (F
3-1) , [FAER7eBl% IBenchmark doseDHEH THBIERIN D Z ENRFEINTEY B, X
FIOUKBERO K 5> AR — MFZETIE, BNTOfES L H 0 i k< AvndsnTtn
LIEEETH DY,

YA VIERMETOMIELY, FELDABCH T v AR —F —Bia 1 DEH L3 ER
e DOBEMEIZOVWTRF LEERERH I TWD?, RIEBEIZEIT 5 A TV KRIFEE O

WRENBLRNERIZL Y B2 ABEEEZE L 0T, il X OEHEIm X Y6e>D
L{;;% (ABC Bl X ¥ rs2032582, 1rsl10276499, rsl1202169; ABC Cl X » rs11075290,
rs215088; ABC C2& W rs717620) % kT3 5 & & 1T, HPEE % O RE O BER KRS B
R L LT, A%207 H R OBayleyH S W E KA (BSID-11) O f5FA L oM
ZRRHT L T %, BSID-I10D 9 HAEMFE el (MDI) 22\ Tik, ABC Bl rs10276499i&
BRI DccHIZBNTOH, FHf A FAKBRE L OMICAOEEENRD b, JF
Hrdf A F VKB O AfE > TBSID-TTOMIDHFG R BE T T L2 EnrmEnTnsd (K
3-2) . LG LRI, ARE B ATFIVKEBEOIRIEWREICLDADEEL IRE T
HRER LTV D,

A2 VHREOME LD, KBRE EHEEEEICET2®MERNH L, B oL
a7k — bk (NC1) D210 NDYEDO/NEERIRE LIz Th Y, BEHELE LT, ADH
BIZE DML D AT KBIEREE (BZKEME) EWBRHT VT L0006 DKEBER
RE (BB ECIIFELOT AT LAEREED O HARO e BKEIGREZHME) 23~
TEWM N FEORES ., MBI OWEMEABRLY A 7> v, BLXOEFEKE  (E A5 /DPOAE
BLOZ Y v 73FEH/CEOAE) & OB Z ST LIcHETH D, 7~/ LHROKE
REEIZDOWNWT, BITMRL D T~ AT LD E BEBRKBOMICTEEN RN &85
hotoztThh, BE 7kfﬂ%”€a%?z‘ﬁ& KL 72 A FKEREOFIEL T2 &b~
LbNTWD, MR THDLN, KEFRFITTEEHEE L O L OFEMEITIRDO N o
b OO, MR TIEA 7’“»7}@&&%@%@\ 56 DDPOAET > KR A > hd H H6-2 TR
Lize ®KE LT, BET B LEARAZ—URRENTERTITEARAWDE, KL Ld £ F
JUIKERIEFEIC K o THER R /%ODE”i.r‘ZJ%é’k?f)i‘/?ﬂ*“é?}“w‘:&i;f\“%ﬂ“bfb\éo

BORECHZMT DL, dBMBEAX T 00 b REBIEZKER &R REIC B9 D TR
RPHE SN TS, 2002~5F I INT-RF5140 (BRE L +E8bDOREIZET 2
M EAZ T 4 DR AR —F) OB ADTFEY (FlnFs12. 55k, MR 0. 65%)
IZHDWT, IR =3O R B EZRAKER G E#afi) & rhking & o B 25 5
SNTWD (RBEZKEOFREL 39 g/g. WAMEIPAL 04-2.04 1 g/g) o 3HIPEA
RAR— VR & MEIEH 2 5 R~ O BOG R[] & RS 3 2 BR Ol (5538 EALP300) @
B, BL O EAEZENREEICRHST D45 (P3a) L REEHAZRIEE )R T 5 Aoy
(P3b) I CHIELERETH D, BEOER,. BF1Eh, RALMM., RERKER
ZERE LI EBRSAT TiE, A F VKRR 2 5 & RS RERIEAEARE L. P3a@&m75)
JES L. WEERRE CTOPSIBE N T 5 LW HBENBO LN E WS, Z OREM]
omfm\%%wmﬁw%%&waiw%*%%%#mz74y%%ﬁ%bfwéﬁb
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WRHDHZENBRENTEY, HIBEOREZREMZRIGIC, ABREEZIZIEH A
TR, BEZKBTOHNEIREOWEM L BR LMD IFenDd, 2k, A#RET
RO XA FF VPRV ENE 7 2 =— 2O 0T H RIERICHN L. P3alkEo
WA ERBEINTHWEN, HEMNREEIZOVWTIEM LT,

EZAT, MREEOARLE2 —IZBWTHEMLEATHLN, EFTEBOESRE
RGEORAGBESCHEHABBEOEZEZ L LIBRENHML TVWD, AXT adDREHBTITD
Nizar— FEPLORELZDO—2THY, KBITMXTEH, v~ T2 BT,
INOENRHAERDOSEE, R, EHRBICERFITTEELISHAILNTNDEE, AXFaT
2012~ 20154 |20 0 74 W) D 3864 D REBl 2 et RICE S Lo A 2R — MEETH O | i
PE/N O AMRE2500g L B2 B &L L, BRI 26380 RE VR CRENT &2 SEHE L 7=,
RIMOBEABO L)L EZHFE L., BSID-II1Z2MH L TN 1RIC 2 D £ TORIZ45EH
(%1, 3, 6, 127 H) ORFELZFFML, FHHALE L L THRB DIQ% Wechsler
Abbreviated Scale of Intelligence (WASI) ICXVHIELEAL CTWA, LT D KERE
BEO e fEX1. 93 (26%tile 1.34 — 75%tile 2.77) png/LTdh o7z, HEBEDEZEIZ O
T, KREoOMmPEEITES, KEHEMICE 2 REFE~OEBIBAZRI NN L, —
HT, ITHM T ELORERE, FICSHERZCAOEREL NITT LN RENT
W5, DT, ZOHOREIL, KBRENLIug/LEBIRT LA, X440
FZTHDHMgN9.6ug/Lax FRIZHZEIZ, FVBEHEFTHLZ EBRRINTEY, & KB
LI~ A EoEENRERANREBIN TS (£3-2) , TZCEHEEMOKA
TER 2R VTSR TV CHNT 21T 2 &, BSIDOEEN HZEHRE T REREEGF
BPBEINDIIENRTRENTND, ARET, FESCBOHEMORBRENMRNGAETH.,
ZOBAEWNRERAICER T RETHL I EAMEREL TBY ., FICHKEREE I
EKEBOBBE L NANMBEERD T —ANRL N2 ENEHIND,

% 3-2 (5| H3CHEk D Table 2.)

Neurodevelopment association with prenatal blood lead, mercury, and manganese levels in 1-12-
months-old children in Sonora, Mexico®.

Bayley Scales
Metals (ug/L) Language Motor Cognitive
8 (CI 95%) 8 (CI95%) B (CI95%)
n=>522
Hg? —0.51 (—1.43-0.41) 0.04 (—0.89-0.97) ~0.25 (~1.16-0.67)
Pb¢ —0.15 (—0.24-—0.56) ** —0.08 (—0.17-0.01) ~0.01 (—0.10-0.08)
n=252
Pb only in women with Hg >1.9 b —0.16 (—0.29-—0.34) ** —0.08 (—0.20-0.04) —0.03 (—0.15-0.09)
n =247
Pb only in women with Mn <9.6 —0.19 (—0.31-—-0.06) ** —0.01 (—0.02-0.02) —0.08 (—0.02-0.04)
MnP n =364
1st tertile (2.40-6.86) —1.21 (-3.71-1.30) —1.02 (—3.55-1.52) 0.21 (-2.16-2.58)
2nd tertile (6.87-12.80) Ref. Ref. Ref.
3rd tertile (12.9-21.30) —1.95 (—4.30-0.40) —1.20 (—3.58-1.17) —1.25 (—3.48-0.97)

2 Associations evaluated through multilevel models based on child and municipality of origin. ® Model adjusted
by offspring’s sex, BMI (z—score), age, and maternal IQ. © Model adjusted by offspring’s sex, BMI (z—score), age
(age + age2), and maternal IQ. ** p < 0.01.

5k £ CO/NREOMBEIEICER L, AFNVKEBBEOLEL L LORUADRE I
¥, S2fFORIIA E MR AENT L, BSIDZFEIE & UL TEHES L L. A F KRR & ik
e L OREMEICET DRI < BICHEHRIZ OV TEMREOENE T2, &
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BoOTARNOE, #BIRAALT A, FLREARELRER T-ORHERENBEIND L
WREINTWD, AXNTE TIXITONTWRWR, IEIRFT O X F IV KBOEEIL., 5
WRHI ORI ERERE IR T OERIK 272 5 AT VWO TIER VW EfmI TV 5,
BSID & A F VKSR DOMREFE & O BB PEIC DWW Tix, FER2SEHEICAL B a— TH RN
HEEINTRBY, a)AERREE LOlsmn, BEEEZ, LARBERHV O, b)EA K
W2 ThD ., OBEBLAADNELRDIHGEEATHLZ 0, HRT 22 LT LW
H OO, d)BSIDD 9 HLiEBEREE (PDI) THERERNZIEGELNTE Y A F LKL DHE
IMZHEWPDIME T2 2 &2 nTHENZWVWI EREHINALTND, b, 71—
HEETORETIEIBSIDIIRAEN TV ARV IO ETRETHASAH, 7xu—ith
TIE A F VKRR TE ICHUBRICRIGT DA E L CBNT2AEEREE L L TR EiFsh T
Wb, KTbEA vz VILFMECTOMIEEL Y, X FLIKERETE TBNTO R 27 N3
LT ENHEINTEIEERART, ATFIVKIBIRE &N R EICE T D RN 2R
Frixs#%oOBEEEZ N,

3-2) HA~NDEE

AFNVKBPREOR N ~DORELEIZE T 2 UMK EK L EM L7, PubMed T
"methylmercury toxicity” (% L < idtoxicity 12\ x CTHE~ Ofiganfiiks) 2L v &R
LTHELNTELETIZOoNnTHRET S,

v g
©

(=
©

Odds Ratio

20

5 10 15 20

X 3-3 (51 H ko Fig. 3.)

Adjusted dose-response relationship between Hg and the risk of gestational diabetes mellitus.

BN, WEIRRERE (GDM) DU A Z AT & LTHORAFNKBIZOWTHEMNT H, 2019
T w%%#EAE@@A% ﬂmM®)X7EI b tEEML. TohTHAKER
DEEPRKRENWZILEZRELTEYY, BEIARALE2—THLZTDOXWEHRIT LT, D
Jﬂ¢ﬂdﬁvavﬂﬁwﬁwﬁi<\Fﬂﬁﬂﬁu&?éﬁ%z\i%ﬁéﬁn%@?ﬂ\é [ &8 O
REBREICHT 2 2EME (= aFAMA) ] TOMIENFRERZ & ZEEL TV,
T DOMREFR L2022 2R P S N2, = aFILGEICRE S N IR 2 (n=78964)
DGDM & ifi 7 K SRR BE oD B & B At L 72 i 2R L AR oo i A KRB 23 4. 99 ng/g & %
HEGCOME OB EMENBRESIND Z ERRINTEDN (K3-3) . ZomMHP L LviE#Ezd
R I RED2T. 1% Y LS, ZoHREIL, Vangb OREDOHHER TH D
bz, BHEATFVKBOREE @@%)xﬁ%%%ﬁtiéﬁikﬁéomﬂwwM
@)x&%lk@é@ﬂ%é% @ﬁ#ét X, A — NNIEFIXTBRFE 7 E 0T
EEHWT, bR EORLKEER % i %Fbtﬁﬁﬁiﬁf%éoo
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KIERERE - 52 AHA (NHANES) ZFIH LT, T E CTliF KR LA F KR E M
JESPBEIRIG & O EN MG SN TE 72, 2022 b WL ONRENRH V. 19994E 0 5
08FFETCOT—Xu2F LD, A=y 7 FAANERNGIC, 10FEMOT 7o — A
FIREEALPE O R R (ASCVD) o U A7 L EAE (8. # KI T A, KER) 0B
WE 2 RAT L fE B ERE STV AP, 40~T95% D xf £ 32684 I DWW THEl T — & %
S Lmbo T, EBRAZFHELZES, ASCVDO Y 27 O EROFHEF » Xt (0R) 1%,
N TC4.50 (EHEIX[#2.88-7.02)., # FI A T2.59 (1.68-4.00) THDHIEL DD, KT
1.06 (0.66-1.71) & 720, KEBIZHOWTIEEE#EME L2V ERFEINTWD,

—REIIC, KEANZT O THELY ATFAAEEREND VOO, e 2=y
7T®797Aim@kﬁiD%?wmﬁ®ﬁﬁiﬂéwo:@ﬁK%HL\ﬁFi?
L, BFEFELLEHICATFAKBOMEICZHTL2HERNFESINTNDY, TIOTRHRERD
BREEE L XL (BT, 95% 4 X M) X, Ko KER0.433 (0.400-0.469) ug/g-
creatinine, IMHI/KER1.95 (1.83-2.07) pg/L. i XA FILKER1.64(1.52, 1.76) upg/L
Thy, miEZBMNERET L2027 ¢y ZERESHTICE D Fhn, MR, #HF.,
%ﬁﬂl BUE (oF = JRE) | BKiEH. BMI., o3fEliMERE,. Pt v 2BET 5
L. B3ONMTHT KB, AFLKIEBOE R R (VA GINE o & (v B o VA 1 = ol DA =2 | =
ﬁ§y<f£é_k75!$l§%éﬂfb\éo [ IR§ 12 ﬁﬂﬁbt)ﬁqﬂbtt%vA/wz)T/T BAGEIA
RHIMER ML, @REORESGHETCHLRETHo T E WV,

# 3-3 (51 XXk Table 3)

Odds ratios and 95% confidence intervals for high brachial-ankle pulse wave velocity according to hair
mercury level quintiles.

Q1 Q2 Q3 Q4 Q5 p-value for trend
<0.6 pg/g (n = 250) 0.6—0.8‘ pg/g (n = 150) 0.8-1.1 pg/g (n = 185) 1.1-1.5 pg/g (n = 138) >1.5 pug/g (n = 168)

Model 1 1.00 0.63 (0.38-1.06) 1.05 (0.67-1.63) 0.92 (0.56-1.50) 1.71 (1.12-2.63) 0.005

Model 2 1.00 0.39 (0.21-0.74) 0.47 (0.27-0.82) 0.38 (0.20-0.72) 0.59 (0.33-1.07) 0.008

Model 3 1.00 0.38 (0.18-0.79) 0.43 (0.22-0.83) 0.31 (0.14-0.68) 0.55 (0.27-1.12) 0.017

Model 4 1.00 0.36 (0.17-0.76) 0.38 (0.20-0.76) 0.28 (0.13-0.61) 0.49 (0.24-0.99) 0.009

“Model 1: Unadjusted.

bModel 2: Adjusted for age, sex, body mass index, smoking status, alcohol consumption, and physical activity.

“Model 3: Additionally adjusted for mean arterial blood pressure, heart rate, fasting plasma glucose, triglycerides, high-density lipoprotein.
deholesterol, and low-density lipoprotein cholesterol.

*Model 4: Additionally adjusted for white blood cell counts and uric acid.

THER AR~ L LT, MENO OMEMFHAEE LT, 2012~ 1THFICHEER KFAH
T - R X — TR ME O & & KT S MEAR SR EE (B REE (L
Wy LR 72 %) ERBEFTOAFTILKE BBILLV3-4 cm) & OBEM AN L 72 @
N DH®, 2,568 ND B, T —HFNRHio T THARTER R RIKABR ED 28914 % x%f
% CGES (PRl (DU AZ&60H) 1343 (36-52) ) & L. A FLKERIRE & Wk ik 555 3
EOBMEERF Lz, BEATAVKEO L)L (FFRAfE & UM &) 1320.9 (0.6-
1.Y)ug/gThH, ZEHR VAT 4 v 7 Eso CTHEHBEWE&E (53—t 2 A VT 72
PH1,375 cm/sK WV EfE) THHZ L&, AOMICATITTA X LTZEREZEAT VKB LED
RS T . ARG, ME. BMI. MAESREE. 7o — LiERE. SEEHE (MET) »ZET 5
NS AN ) U’?(TLT?“/\T@?JTZJT%v’“/WJ(fEZDi%Z%) EBEBRNENMETT S
BEMENRO B, &5 Lo, EREREmE. PHASE. HDLa L AT — L
DL L XA 1 — )L, Elmlﬁ@i PRI 2 ZZAG R IS B 0 2 EBEMIIME D Z LR RE N

TWD (F£3-3) , 72720, AFIVKBLANRNnR Bl s Bw gt Lz cix®
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MTEMESMOBEELHRF LI — o0&t 2BV THEEERNT R THELT
WBZEMNE, AFNUKEOEBIZOWTIHEEL CAMTI2XLERHLI20E LL,

3-3) KEBEDYRYAZIa=Hr—3Y

PubMedfi B IZ BT, 20224F 12 AFK S “human” . “mercury” . “risk” % —U
— RELTHHINTZEZLBO S, KBEHFEHEDO I A7 ala=r—a IZARE
BEZONDOREMIXIMERE LT, TNENDOLHICOWTHEH LI ERAMALIZLLT
DY THY, ZHOLOMBRRHMAIL, FMED LR L THUEERIC G KEEEY 27
WZOWTHEAT HEICESL DB 2 BTz,

BHEOBRREEE) R VDRECHATHERFOKIEBERE

AFNIKBA~OFEFEIL, BRLOTFESOMRBEFEICHELELRITT LTI <m
ENTWD, BBEAORB L6 TO T E L2832 xR, BEZ L THINFOKER
BEBIOMEEZEORELHENOHTE L2 KEEBEIREIZO W TREMEIT - -G 20
T 5%, 1HOKEHERFEERE EDI) X, ~—F >y b - A"y bHFRITLY, &F
B CHBUEENSWAEM ZERATHIA L, LIRS - 988 O KERIEEZ o8 L CHE
LT, BE, N, B ORKEREITE LKL FWE (CVAAS) Ik v oL, B
BORMBEEEED Y 27 BRE LBFEITENC O W CIISEMOY v — N REEHEZ
HAWTHE M TN TS,

FEE D K SR FE 1L 521, 07+£0. 67, JN0.42+0.34 pg/gThV.,. FEHTIEENE
N1.11+1.22, 0.36+0.26 pug/gCThoTo, BELINP/KBEREOHBEBESRIZ, BH LY
FEBDOHFRL (Fr=0.46, Hr=0.33, p<0.0001) , FEBLDIFRNEBYREE TN D
KEBDOFREHI 2V IAB BN LIV ZWEHR ST, BETOKBREOREEZ LD &
EBEZLVRAE O TEWHBBEBRARD b (r=0.64) , KEBREEHET (EPA) O
BEFKED EREEME 1pe/ezBX TWIEEBIZTEERD2%, FI1F41% TH Y, kiR
DOEDLZFH L CHELRRED3.3MEN -T2, HFRMHEOKBEELZHE LZE A,
ANFEOFLERRENEDERINTND (K3-4) , BE &L ELORMBEOEIE
WIXHEBEEERAH D (r=0.41) | EESITICED ., ANEOEBRMPEB L 20 7iliE o
TARBHERKBBRBIRE 2D 2N RENTE, BEOAERE,rOHEESND1IA YD
DX KERRETE REIL, BEZKBRELGERMEENRDH O | KN OKEEY AL EAZEDIT
METELEZE2bND, LrL, FEbH (4-6mE) TIXEDIDOKER L N & FEEZKER
VAL NICIET BB LBl s T, B ROKBIEZEICOWTHMEZR Y X7 §F
ZAT 9 12iF, BHOEN LESHER CMMOBEERNS OBRBEEEZEETILNEND S,

WIo, BEEREE, BEEE ZRASESELETIREMBER~OMLOBE, BEITH
WCHOWTEMEREZIToT2E 2 A, MOKBIEYICBET 2 BHE DK - 72 0 P17
FNE SN0 LERBOFIX, VA2 2+ LEBEE L > iTEI 2 > T
WERBlOTEL LI LT, BEEZKEBRENFEICAE N2 (K3-54) . =L, »
#— NiE% (HQ=EDI/TDI ; TDI=0% — A EI&E) CThiT 5 &, RS HEITEOA
I, Bl rONICHBEREZEEZLIFTL TV Aoz (K3-5B) . KO KIEREE TRk
REmIFBREINT. oRFOBEENEDNT,

T §% R RE AR i O 22 PE SO R R B o~ D K SRR R IS O i

FREBICOWTITKAR L LT
HENZRBELEEDTEY, EROT—ZIZES<BAZE

BweE & bICAEBERD Y

7
P
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27 LR ERBBICIRZAD 2T, FELOMBRIE DB L BIEEE 72 TR TE
DAREMEDN D D Z & NN H T,

j:

Non-leafy vegetables [

T

Fruits

Leafy vegetables

=

Milk and dairy products
Legume and related products
Meats and meat products

Rice

FECE

Cereals and cereals products —

Eggs and egg products U
e

Shellfish

Fish

T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

Hg concentralions (mg/kg. w.w.)

3-4 (5l HCERD Fig. 1.)
Hg concentrations (mg/kg, wet weight) of food categories. (Only the values of rice are represented as a
dry weight.)

(A) 54 104
Mother
%) Children

Hiar Hg concentration(pg/g)

USEPA

-~ HQ=1

0 T T T T T
with perception without perception with perception without perception with perception without perception with perception without pereeption
& with protection & with protection & without protection & without protection & with protection & with protection & without protection & without protection

Risk perceptions and protective behaviors of mothers

3-5 (Bl HCHER D Fig. 4.)
Combined effects of maternal risk perceptions and protective behaviors on (A) hair Hg concentrations
and (B) hazard quotients (HQs) in mothers and children.

EE2XHEZAVEBERTIOTAE
AFFAWH~ v r V= RBINLET D) — AT A N EINNGE6 DD 2 =T o
Eatgic, iR tu oo re=2) 7 - Fudas fo—BL LTZOI6—2018$ Iz
FROFM & BEZINE, BEMBEBEERENITONTY, RBEBEDE TH 5 KBICHER
PHT., FROMKE B2RE (%z%%nn 2763 L 1N446) D ’A7kfﬁ{);%r%{ﬁlfgﬁ“ék
EHiT, KEBBHEICHT2EHR - BRICOVWTHE T TWD, BFZEHMIX, &
WEROFBZEMPOKEHEZFRH L, 1) HLEAHIKM TEAR S0, 2) WHOIZ LY 12
ST E250 - 1 Be B0, 3) BEMHPKBILICES S KHEEMB TEEZN S MH DK
RWEZ TR TELI0ERMNTAHAILETHY, S BT, HIKIC X0 BEZKRREICHTH
MEB AN —NELNE, bLEALNDRL, ZNOLOEHMEB N AOEBINEIC
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BEL T ENE I DOV THRA SN TWS, MK E IZICP-MS, BE2KHRE
FEIT A EE KR EREE (A /LA b —DMA-80) AV, FEZLT2 enZ B DRE (ET
27 A OIKBIETEITIEKL BIRD D2 emE TORBEFALICKB S 5) 2 H W CTOr 31T
bt TW\Wb,

FEROKBL I, KEBTA RTAEEETHDLEEZETSug/gB LU HF 200 g/L
(& LM mEEE X2 g/gel8ug/L) ZFEDOH TNV TFHE - TV, i KER

(%9 D B2 KRS 0 b id, Dehchofilif Ti%619:1, SahtuMiil T ;t1220:1f“3%>@\
RERMBAENBO SN, TUODOLOMEITBEFEOREME Y 2~5EE< . A
MAEF S K& o7 (LLo#PH ; 114 : 1~4290 : 1) uﬂif%ﬁ7k§ﬂ/ﬁ%§@i\ AR S
N TOM P KEREDKI2506F (BZug/er MK ug/L) IThDEFOATED,
WHOSHELE T 2 BB E NS M P RE ~OHRE 250 . 1ZHWTTRIT 5 & RiFExT4
sk o> ifn K SRR FE X KIB IS KFEME S D Z Lic2 b, HEH LIV TEEZRED LM
FKER D I JLE K MEZ HEE 3 B BRI IE, S Hikicis T 2 BE L it K ER I o )|
WA BRI L Bbhiz,

FROBEDOKBBEBRNEZR D722, 2 enZl HIZYIWr U 7= BER B2 60 D H
BEICEID Y CTTHLIEZ A, &b mWKIBEI#MQ9/10H B8 X O11/12H % K BT
LB CEIZEIN, TO—FTHROBEVWKBREITI/MMAAB LI US/6HRETHEI N,
TR BEZKBEEIIFEHICLVABEICRRD  &K0.22 pg/gDEWVWHH D | KEBEE D
FBRAE (95% % A NME) 1XHK0.86 ug/ek COETBMMNBEO LN, AWEIEERE
(n=170) OFER T, RABIMEIEOKDV IR L EZL 2D, XITHD ., FICH O
MUz, BEKBRELEMOBRHEEORHHEBZRILC S 7 7ICERZEZASA WHEE
HbE - HKFEICEL, AWVCEIPUEANZ = TEHLTWDLZ ERNbro7z (M3-6) |
GARICEHIEL Ffa a2 B8R EICRELTE A, REOFEHNET N L ViR Bl
Shi, ZEL, BEIRETNVORKERTIT, RABIUHEEZHIH Z L 0 EBEZKE
REOEEBZHHAT IR L LTEFBBRINT, DLAFBRFER Loz, BRE
FEERTIIST % DIERMNAKBIEBEDBEWNME D AfAZ KL LS AXRTEDY, %@ﬂﬁ@ﬁl@
TiEx~A (F62%) . BT~ (44%) . A7 bU X T (34%) DIAICEZ S ERS4,
ZNDOMOAEFMAWE, W iﬁ#ﬁ)_otof7kéﬂa7ﬁg7b>k%<£f;5k%ﬁé
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o Wm BN -, (Subset 3)
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-

Proportion of Participants with Each Fish Intake
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3-6 (5l HCHERD Fig. 1.)
Mean hair mercury concentrations (subset 2 versus subset 3) and mean fish consumption frequencies
by time.
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TV AR (RATA4 R2) BiFENRT, Z<DOEMEIET, WAWALARBEREZH O S
HMELTIHEHLLTWE WD HE T, e il HEIEEEEE ﬁ7:)~(bﬁ@/
W, 1E/E, BXRW) 250N RERNY X M EmiIch o7 (X7 A4 R3,4)
INLDTF—HAITN—T « A ZE2—%@ LT, HIEEBOLE~KEEH
AN EOBRICET AV A7 a3l o= —2 9 U ETHBICE., BER - BRT 7o —
FREHTHLZ L, 2V, BRTERTREEFE2ANELEBS XS AEORNY
2 NAEEUEL, FO®%ICL Y EEMZ. EPA/FDARSHCH 2 X 9 B 2 A EIE®R Y X
MIBEZGIZT 7 BATEDLLIICTHONRRETHD EfEmL TV 5D,

# 3-4 (51 ik Table 3)

Species-specific consumption information shown in order presented.

Slide 1 Slide 3
Most commonly consumed varieties that are high in omega-3s and low in Best Choices OR Good Choices Choices to
mercury Avoid
Eat 2 to 3 servings a week) ol
(Ez 85 2 (Eat 2 to 3 servings a (Eat 1 serving a week) (Eat none)
Clams
‘week)
Crab
Pollack Clams Chilean sea bass / King mackerel
Salmon Crab Patagonian toothfish Marlin
Shrimp Pollack Grouper Orange
Tuna, canned light roughy
Slide 2 Salmon Halibut Shark
Seafood varieties commonly consumed in the United States that are lower in Shrimp Mahi mahi / Swordfish
mercury Tuna, canned light Dolphinfish Tuna, bigeye
(Eat 2 to 3 servings a week) Snapper

Catfish Tuna, albacore /
Crab white tuna,
Salmon Canned and fresh/
Shrimp frozen
Tilapia Slide 4
Trout =
Certain species of seafood should be avoided during pregnancy :?g::i:ycw aker }S):.lllll?gi: g:‘fi'f‘lsol;ish ﬁ:ﬁ;‘acmlel
(E_lat none) Atlantic mackerel Sardine Carp Orange
King mackerel roughy
::;10111; fish Black sea bass Scallop Chilean sea bass / Shark
Butterfish Shad Patagonian toothfish Marlin
Catfish Shrimp Grouper Tilefish (Gulf
Clam Skate Halibut of Mexico)
Cod Smelt Mahi mahi / Tuna, bigeye
Crab Sole dolphinfish
Crawfish Squid Monkfish
Flounder Tilapia Rockfish
Haddock Trout, Sablefish
freshwater
Hake Tuna, canned Sheepshead
light
Herring (includes Snapper
skipjack)
Lobster, American ‘Whitefish Spanish mackerel
and spiny Whiting Striped bass (ocean)
Mullet Tilefish (Atlantic
Ocean)
Oyster Tuna, albacore /
white tuna,
Pacific chub Canned and fresh/
mackerel frozen
Perch, freshwater Tuna, yellowfin
and ocean Weakfish / seatrout
Pickerel White croaker /
Plaice Pacific croaker

3-4) TDih

ﬁﬂ‘ﬁ@Saskatchwanﬁ%Fﬁ@JamesEl VA48 =0 Ni = =N ol S s S AN A =L
i - XHR RN 43 SETE BB RBTITO NEER O KB A ZRE L, KEFO
JRIK 98 1% A 7‘/1/7}<$E'C“7L£ <. a-mercury-acetaldehyde TliE7a W)t ®h4E L7z, X3-7
AT LI, TEMTZ7 AT FRETER TEASNTEKBEN A FLKBIZEBLIND
TERT, AFNAKE (KFD5) ORIBEETH 2{LEW (3FE1F4) NI EFERAERY
TIEHRVWNETHRMTHD, ZOXLMPZORIZEDLIITIHENTND DN E,
Web of SciencelZ X 2#5I A L 0 BEF L7z, 20224 FEITIX108R O SCAAFE T ST
2 (209 BARITAMEETICEEIC L E 2 —%A) , I0RONRIT, REFLICLSHELD
GIA MR, thoFEFIZL DB HEERBOBRMOFT COLIHIR., 7Y N A~ —FHDWRK &
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L CTOKBIZHET /M 1R, € OMIC HRSCHEWIS B T 5 KRIAEFISBI S 2 CHR7HR T
ol RUIDIMRIZHOWTHITT D,

+
| ol
H; X vinyl alcohol
9 AE =-51.8 kJ-mol"! Hg AE =-16.5 kJ-mol™! /  AE=-92.6kJ-mol"! H v

+ - 5 H

iy H Hg
H—C=C—H - / \ o/ / \ c=¢/
== H—C=C—y 7T A \

acetylene 1 HO  H HO H e X |* H H
(starting material) c | .
! atalyst Hg

e

~

AE =-60.5 kJ-mol!
-

x

AE =-59.2 kJ-mol~! SN
—

X
/

AE* ~316 kI-molt HQ Hg H Hg  Ap=_913Kk1molt H
HaC—Hg—X \ \

<gmm Heemene C—C=H C—C=H C—CH
7 o 2 Y :
s ‘ o H o H o

o, 4 [0] 3 H X |* acetaldehyde
|

catalyst (product)

-

Hg

X 3-7 (5] 3CH#k o Figure 4.)

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{ 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.

James 512 L B WM ETIEL, AMEERZA L TREIZED A FAKRICHETE SNz
N (SeychellesHisk, FfKAJICIZEEEE) LFilkle & THMKSRISHEBIMH - &k RE
SN (EBRETYVZFIOLKIBICEMM L10» ABRICEKIE, AHKEZERLT-AES
TR L, 21 RICHBR) IOV TREALZER 28T 2 M L T2 b DT, KR
ETBAEME TRV, AR TIEATFVKBRBEMNET A7 — MCERAT 202 L, i
(2 DA TFRPRREE TIIEMENICHE VR TSRt L AEKBILED & L TH
S, R AF KB L FHTIIMNOFERBRRRD ZEEME LTV D,

WRIT, BYEA T = X LICET 2O Tlamesim X6 HENTWD, #EOEY
T& Y., TBut in recent years, it has been suggested that wastewater from Japanese factories
contains a-mercury-acetaldehyde, a form of organomercury compound that existed before
discharge, and that the methylation process of Hg may not be the main cause of Minamata tragedy.
This view has not been fully proved, but there is no doubt that MeHg can cause neurotoxicity.| &
WA TN D,

RBIZ, TIAINA = ORRKICET 2B OH T, T AV A ~—iHEEDKA
K|R@WNZ & (F=FlFomRshTWawy) | ZREM TOME, KKK HIE R R O E
KR EIWCERL, 7AINA == iORHEDO —>& L TKEOREGNRERE S LT
Do Tel2LJamesim XL OGS HITHE TH V. KIEWEZMIT+ 2 LEDOH T [The disease
symptoms include uncontrolled limb movements, impaired motor functions, impaired speech,
disturbed vision and hearing [8,9,10]. | &SIH I N TWD (JREF DL HICHR10728 Jamesif
X) .

4. EEAN=X L

UTAE A TV KERBRFE 1T X D MR ARSI 1T, RIEISE DR FE LTV D O TIE RN
MEWVIEBBIBENTND, ELAFEORLE 2 —IZBWVWTH, A FIKBRE
Y UADWMAN ST A7 YT N —LBITHERELD ., Z2LORIEWY A NI A 2D
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MY TNV DA — RBETRNEBHL WS E2WE L, REEILA T IVKEBEREE
(2 & 2 RAEIRE & A0 %A 5E o B HME 2 A 9 5 H ) TPubMedZ AW TR Z MR L L
Ea—%1To7, ¥40%, in vitro (REBEEWN) BIXOEME, BImERL L TAF
JWAKBIRFRIC L DRIEISEL IO NE D MR EER BT OV THIZEL T D X
MkE L7z,
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LCHEBIL, ESCRKMEEOMBHMBOBEERPWENEZD2HETHY ., AR DOEHEL
PR EMMEZ L 2 ERNHRRE LTEZLNTWVD A, ITFEIIRIES BEARFIKNO —o &
LTIZHBNTNASM R—=% 0V VIFIXRBEICFET D F— 3 U EEh MR RR 23 i 7%
THZETHERZIINDGD, TITTHLRIENBFICLOIMBEMNEOAIREMEEZ RET HE
K DFFHLAN & 57, i ZEAE P ZZ 00 AL E (ALS) 13 5 8 12 BEE 9~ 2 #h Rk o0 B3R A i 7% 1 &
DEIEEZSNDIHRATHDLIN, ZNHRIEEMBEREOREEENLZ I HE ST
B0 ZOMITH RAE & Z AT D MR IE DR IK T d D FTREME DRI STV B Af
2 TR ZEME SN TR Y AiSEMEERFRENE (FTD) #7500 5 2 RE% 2 D
Rl BTN 2. BRI X D RIEIGE & AR RHE IR AE O BAEP0 . B ANIC 1T D RIEINE &
PR ZE e EHORIZIER 2, L LINDHEL OFREICHLEL LT, FIRIER N D
R EH TN —BIRHIEOJREIR E L CIHAIERAR S WENZ RN D &
HELHREINTED®, RIE & MM EMEIZOWTIZAS RO OHEEN L £
N5,

FRRRAI A B RIS RIEVEY A N A UBMERT 22 & CHBRMRELZSISEZ T AT =
AL E LTI, ROSONOEEA, X h > KU T OMREMKE, Cark A A A X v ADFE, A
Y7 IV —LDWEM, RERFOESE - SWHAD R ERA RBREEZRZR T, xR —
VAL TRV A, BB F=VR X BF—=VREN o TR A IR AISETE RE & B D
TERMEINTWVD ) XI5, MEBNICOW SN ®mIREORIE®REY A M A v
i, 277 07T A Ma U T OCak A4 AL ADMEKE, ROS, NORA/L A X% )
A ML — FNOELELZUW, WPRZVZ I VEBEOBRE DWW, 773V =AU Y Y —AD
AR NTIC L2 BEREDIK T, KEBERFOWOERRELZH SR T2 LT, MEMQ
FEAMET 25 Z E N RBIN TN D0 fRLRM T I 1T 2 RIEISE & Fl o~ SIEME Y
A NBA O3 WH, MEMBEFT (BBB) OMEREZ e S 25 2 & CHRMINEZ % -
WHEXEAZ L HMEINTNBEYY 2o k51T, T - RIYITHB T 2 KIEMILENE
BEHY « BRI EZ B Z L CWAAREMHEIC O W TEZL OmERNH D, =2
TUTOHEIDAFAKBIZEVSIEEZ SNDZRIEILZICOVWTINE TORE &
BL, AT AKBIZE DMBEMIAIEDN RIEICE & EO XD ITHET 0, EDOAREMEIC
DN TIHFR O 2 A7,

4-2) 205U TOEHEE

/Y TIEMRRICELET H0E - RIEHYHRO —>& LTMmbit, EITHR
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LHAREENERIN TS, TNETIC, ATFNUVKBICEZELEZBEICII 270 T7nE
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TNF- @ 708090 -1 B 582 DN T A FVKIBIRFEICL UmRNABS L OV 7 B L

49



NTHEMT2ZERRENTWDS, LrLaRnD, KEBEDOXFILKEEREE TIETNF-o
OmRNAFBLME T35 2 &7, ATFIIKPEREIZ L > THINF-a O LV IEH L 72n
ETHHELH D, BIMET MICENTH AT IVKEBIRTE~ 7 2O KMEE B X OVNK
BT DINF-a DFBLNLO EFRBEINL T, ZOolRIEZI I/ n 707 Ths
EWVWH T ENAHINTWVWDY,

4-5) 7R +OSTYTDEHREE

o« RIEISEICHEET I 707 )7 «~rna 77 —UUANIEL, A FILKBIRE
WD RIEM - PIRIEEY A I A L ZF LD ETIHHEA DT EW L., RIELEITH
HEFoMBEAMEINR TS, 72707 (TAra¥A b)) IMANICKDEZLTF
ETHMmTHY, FRMECE Y U —27 ZWHEOICHEETIET TR, i s
TR LW LT0 | MRS 5w LI MR B R E 2 #0205 HLY B <
ZETHMRIEBOEFEEE XA TEBY, YT RAAEEZOLDICL B EETL DL
TREFEHICFSTL bbb TWD, TA MR Z U T H XAFIVKBIZH T 5K
P& U CIIAR Rl I B~ T @ W Dso (B u MBL ) 2329, A FILIKERIEE
WLV e FEETA a7 U 7OIEHAEENZENLL, 2OoREISERNEEIND Z &
DMEINTNDE® AFLKPIZRETE L7ZT A v 7 U TIZB W TEINF- a O 43 WiE
HEPRLIL-6D B LAY N MEINTEBY, 2707 7r~vrn7y—VoRa Lk
I, MRIEEICHLHRECHLIERATRETHDI ZENTIBEIND, £ A FILKBRFEIC L
DT AR Z Y TIZBITHSI0BAHEMT 2 Z ENXMEINTWDY, SI00BITKEE T
MR RED R EZ R T N, MBECIERESELZN L THREEZISRFTZERTL
NTWDE, BWET LV EHWTZERTH A FAKBEFEIC LD SI00BOMRNAF L VF
NI BERBELOMMPHREINTNDEY, ElfthofMial oMEERE LT, 72 Fr 7Y
TEII/u TV T OMEERNATFAKBBREICLDLI 707U T 00 OIL-657 %12
ETLZEEHREINTNDS,

4-6) o0 77— DEMEL

~ 77y —VERRERCRIEINEICED D MR T, i CIXEE A mER (FER) &
LCHFELTEY, AN EEZBEBVRKT-EDIL LTR80T 77— LR
b, MKPZEREREKE L TEY, MEORIE, WIREOEAR ENE Z - ZBRICHE
AL IR, b L, MEZ2ZTEMBECEALEZHRIREZR AR T HZ & TERK
DEFHEHEFICHES LTS, 37077 B0 BRFE2 S BIATLIZ LR EMN
SIzn Y7L —-0OMPREEREDL, —BHIZI s e ) 7T oMBIETH D ATRENE
HLARBINTWER, BFRIFEELLLEEINL TS, Ll Irnr sl 7 HEk
WML M2B LS T B DB A . BRESCHMIEIRFERE T & v o Tl o HRE
FBbH, ThEZNnWd o294 M4 b E->TND Z D, Bkx 2K 7o %t
THIRBEIZOVWTHERERTHZE - BhasndsZebZn, v/ 77 =120 T
HAKREFOY O THEMER~ORBRBEI N TNDL I ERENL XF L
KERBT OB LN REN I 70 7V T L0 DR 0N BEET D,

~ /a7y —VORBEREH O ATFOUKBREEER T, MEOREESCIZR KM
EVREE®L 00, MRAMEMEEL Y & EWOLDs (3~20u ML E) Z8 L Ty 5100100
Fo, R S X o TATFUKBICH T 2EZ AR L CET L~ T RICE
WT, AFVKBIBRBRIZED LI~D~ 7 a7 57— VEEYH 5 W IXEEMEDCD204 85 %

50



~ a7 =N BRSNS L s E R ERHmEINR TS, A B
HALOFBIZEL THLHIEINTEBY, AFNLKRBRICL-- T T AHKY I 7
7 =BT AMP-2 (B FL-8O~T AKEFr F) °MCP-5 (B MMCP-1D~ 7 A FKE 1
7)) OFBL LA, BRI n Ty —UITB Tén% u%@%ﬁiﬁmﬁk#%
EENRNTW5, £/, v~ 777 —VEZOBWARENICE > THMKIEZER, &
%MLTmékwbﬁ%%ﬁﬁﬁéoWz@@ﬁ®f§/van77wvﬁﬁﬁﬁu

SENEFBLTNWDHZ &Y, Ty RDRGO~ 7 1 7 7 —VICH A FILKEIRFEIC LV KEN
ERHOPLTVWDHZE, SblZ~vr a7 7y —VIEAEBKELZ BRI L WD L) s o7%
ERHY, ~ru7r7r—T OFEMHEILEERIIATNVKEOEEFELLDO —HEH > TNDH
RERD 5,

4-6) —a1—O>DFEMI

AR D X F LK ERBRE TN L D LCsl IR D L 9 120.5-3uMTH D Z L NREEIH T
W80 AR DO IR EFEICIZ 7Y TR A I U & L A2 O oM %75 F
NDD, MERHENS OBEENRYA P IA VWS REALBHICOWVWTORSE ITEHE
HOFDRYFFLELIRWDY | W < D7 O 1R Al i R S0 38 s 0 B ik 2 L WD 72 iF 2R 203 A 72
WRRNBFEET D, Bl Xt bR Mg ESH-SYSYIZ B W T, A F L KBIEFEIC LY
IL-18. IL-6, TNFa . IFNy OFH FH L IL-100RHFK FRBLE SN TWHI, Fi-~<
AR RAR AL CLT. 21238 WV T A FOLKERIEFEIZ LV INFa OFEBL EH- 233D b,
CCEF—T7THAL Y B FTHDHCCLIRLCCLANFEHL EH L CTHRAE#ED R &2 ~d 7]
REENSHRE S TWnp I

4-7) MEBRESA ChAODEE

MEHEDY A S A VU ABBBEZ@IET 5 Z LIFL < OfFEETRENTWVWS, ZHET
IZIL-1a ., IL-18. IL-6B L ONINFa I DWW T, IM#&H & PARMFR R ~D %S 2 7
ADOFHEPHLNIZENTWDEIE, o, AFVKBRBICIVEIRO~ I BT 77—V
bad, Uy i BT, mAE NN DY A N A B W B
ANRBEINTND, ATFAKBBEICIY ~CEHH —EED A FIVKENF IR % E
RIsZlickvglsEz s, MAMIEEE O EKMBAIZI T D RIEME - PLRIE
YA NI A OB E W, RFTICB T MEaSEICEEE 5 257200 T <
WS> THRANZMERT A EE2OND 0, MEHKOY A NI A /a & 5 BBBF X UM
%m@«wgﬁ%ik%%?ﬁ%%%f%éﬁ%ﬁ@%éo%% HERICEEND A
FHKEBL L LA F A e (Th1/Th2) BT E W) 3R — FMFIERH D
Wi —FC, BRI T a9 A4 M A v EITREATFIOVKBBREICL > TRELZIT
RN EWNIHRELH DO AFIOVKERIZ K DRIEISEDORIK LRI ~DOEEIZ OV
TRV BT TEZLDLERS LS LIV,

V £%

AFIVKERIZBE T 2R Z IOV T, Xk oHRE ., &g (ALY, /DA
. KIREHK) . ANOBRTEEEREZE (REW®RE., KATORE, VAZ7ala=F
—vay) |  BMERLRLEOMABICESSFHEEA I = LIZOVTX L Ea—421HD
7=

51



LHRERIZ DWW T, KERFFFEA~DORZN 2T HIZONTEZD L, LD L ED H R
ZOHWEEL IR VET, BORWIXMBAHSST I ERHEETHY, DRl L
Impact Factor? 5 WHEGE~ DL, #olHE R EbBEINLIRETHAH, 4FL, K
SRSCHR O HB#EL . Impact Factor, KL B =2 — TOHEFRNEEZBE L, 5058E0 6705 E%
Hfi L. PubMed#g# > R HEGE & 5058 TR L O LME OHERE 2 it Lz, BFimXo
BRI LT LT, KEHIEIIMRI%ATHEZ O THD b OO T4 1T 891 #
L CWAEPm N R S T=, 7272 L. Impact FactoriZ &K O BHam XN M+ 5 Z &
THEMENEBH L, FEA L TOMERERENEZ Lo BLERHIL TR,
WTREHBRNALE L 2500 LA,

INBUAR L I 2 KD KR DO BREEH R TIE, IKARLE L TEZKOEA THELRBHETH V|
EEEICTIVN, aarET7BIOT—FRENLOFERBENL BRI, MK
EHLICE DD BEREBIIONWT, SLRIMAOEMIMNELEZ LT,

KRER DB MEFAMIZ DN T, ED XS e %2 AW CTEA 24T 5 O 2023 BLIE M
ENTWDLEZATHDLIN, FREREIN TV RV, ZOF T, BEFORW I 2HE D
T—AIEHANEIN D, 2022 FEICRTI SN T, RAYDOEZAE5GET
LMERENER S, KEOBBL NLOEBEATEN TR, ZOERKIZHE T
~NHTLOEROBAICHK LT, NOKBIBREICIIZ OBERMPEELTEBY ., KR
FHOFDMEENDOBRBL NLOET=X Y I NORFAET S22 L O L S 2 R-B84 5 #
HEEbvEZONT,

ANDREEEBIZER LEMEICHONWT, ZThETEAS 2 VOMETITAEELEITH
FOVIEF-oZXDEIIRENT I o2 bDD, AEIBNTZRIEE L CTHEZENHER I
EAEIZERICET S, 20 —F T, KL _LD A F L KERIRG O ZE 1T 12/ T8l
EnsELHEI, ThE TR ENFROPLIRE L 2o T2, THFEIE—
BERANTHE S EIERT U MR R LR, KBIFRFE L OBFEENHREINT
WD, REIS, IR o i K SRR EE & AT IR BE IR & O BIEPE R A CIXIEER S TR Y,
AARANZRGET 254 THLRUBEEESER SN, S5, MmiEH oieFE % AR
BHEUET D2HEMPESR L2 b0, KBS OERELE OMEME L MENERL
TWb, KBOBBEEELZFMT 2 LT, MUV TORBEOEBIIMZ, hoTHR L
DB R BERN T 57 7o —FRNEELRD EEZDLNTZ,

KEFEDOFREWEIZATFILAKBTHL I ENINETEMRE SN TE N, —HEE,
COEMICMBERLEEIT) XMARRINE, TOXBMOFIHAEZAEELRHAE L L Z
ABEBOXETHAIN TVDLZ LE2HERBLELOD, KEROFINYWE L L CoOME
BEi#rooslHiEBlgasniznroiz, KERIZE T 2RERNYE OIFE XK #2238 T bH
DM, BlERE ZOHBMOITEHICOVTIEERE L THE L2V,

A FIOLKERIC L D HIEREREIC DWW T A F VKRBT ICHE ) RIEMIGE 2 F i 2
FTCOMREEE LIz, THE, TV A~ —BIGRHEE R & OMELTME O R4 MR B
RIEVERS & OBEERRE SN TH Y, RIEMHIGCEICER LM RMEIED A =X
AMEHSINTWSD, AFNVKBOFEEAD=ALEZREST S LT, AFAVKEBIZELD
RIEVEISEOBMNEE L 25O TR W EHER ST,

4
L

VG

AF VKRR LOKEICEEE L T, X OHER | RS & /N &8 L D KRG,
ANDOHEFZEL VA7 ala=r—vary, KEFRORRNYEICED 2&Eim. X0

52



PEAD =X LDIZONWT LRV B2 — &z, /BB AR 5 KEEF] I B L
T, BEBIVOE MNEZENSISHEERRPECTCHDL 2 E0¥MRBINTZ, & MEE TIX
A VR L DRI BRI T N O MR ESO BN RE SN R
EHESNE, AIEELDAFAKBOEEA D =X LICHAT IV E 2 —EEEZRIMB L,
AF VKRR TE L RIEMHICEICET 2MAOERAEALTHD Z L2 MLz, 5% &
DIZVATYF v 7 LbEa—%EDDE LI, B EITEEL L TOBEN ML
EEZ LN,

VI REELEDEE

XHERT — # X — ZMedline (PubMed) T Z T OIZEFELHRAZBEIRL L v = — & ik
T o, MHEE LT, NOBBEEELZHMT L L CTHELEZZ LN LM ERRT 5,
EHC, NOBBERBEZEBLZY A7 ala=r—varillz, KEEKEZDOH
ZhEREAN S X OV &S LI B L7 NMEEEEIZ DWW T mEEMEET 5, ATO
fREFEEEIZOVWTIE, TOFBMEA D= XOHMNEE L E 2, B E 2 ITEE L LT
DRFTZ G EREAT O, MBEFIT2023F1H ~12H ITHRBEATRER LI Z R E L, A
H= XL TIRBEICH - TEXEKGET D,

ANDBEZELYVRY)OAZI2a=-r—3 Y

O AFNKBIZEHADLDLEBEEEBICONWT, BEREWEEZS LKA - /NI,
AN E R LT AR BICONT, [HFHRINEZEHT 5,

Q@ AFNAVKBOFEEFEESLCY R V7EBICEAT OV A7 aIa=r—Ya 20Tl
— %179, £, BILZN T HBEBEFTMIC OV THIHFEROINELIT O,

KIRER & BRI
@ KEFHOBFEHEFMIZEL T, ATOE=XY V7 ICHETLZIMICERT 5, 72
B, BEEFLIBEAYOSE THEXMPAMESNTLLEEIT L E2—21T 9,

INREEIILICEET S AKIRE
@ PNHAREILICEE T 2 NERBERB L OREHRICER L L2 — 2 FEHiT 2,

EMERS L UVHER

G® WYEBRBIOCMBERAICBT2MAICESETHE AN =XRIZETH L E 2 —%2 kT
%o BB OFER) 57 1D HIFIAIINZ A F VKRBT Z BT 572 in vitro—in vivolZ
B2 {FELHED, TNETOFEELELDL L LI, HAERLXLTORHE
PEREREIZ DO W T B E BT 5,

Z 0t
©® Pubmed kTR AHE A SCIREL DB IC SV TR Z1T 5.
@  JamesFH X OB ARBIZHOWTH EfE 2B E21T 9,

AWFFEIC B 5 BE £ TOMERIRM, EiE
BA=RAAR

53



51 SCik

1.

10.

11.

12.

13.

14.

James AK, Nehzati S, Dolgova NV, Sokaras D, Kroll T, Eto K, et al. Rethinking the
Minamata Tragedy: What Mercury Species Was Really Responsible? Environ Sci Technol.
2020;54(5):2726-33.

Zou C, Yin D, Wang R. Mercury and selenium bioaccumulation in wild commercial fish in
the coastal East China Sea: Selenium benefits versus mercury risks. Mar Pollut Bull.
2022;180:113754.

Simukoko CK, Mwakalapa EB, Bwalya P, Muzandu K, Berg V, Mutoloki S, et al. Assessment
of heavy metals in wild and farmed tilapia (Oreochromis niloticus) on Lake Kariba, Zambia:
implications for human and fish health. Food Addit Contam Part A Chem Anal Control Expo
Risk Assess. 2022;39(1):74-91.

Barea-Sepulveda M, Espada-Bellido E, Ferreiro-Gonzalez M, Bouziane H, Lopez-Castillo
JG, Palma M, et al. Exposure to Essential and Toxic Elements via Consumption of
Agaricaceae, Amanitaceae, Boletaceae, and Russulaceae Mushrooms from Southern Spain
and Northern Morocco. J Fungi (Basel). 2022;8(5).

Liu S, Liu H, Li J, Wang Y. Research Progress on Elements of Wild Edible Mushrooms. J
Fungi (Basel). 2022:8(9).

Demkova L, Arvay J, Hauptvogl M, Michalkova J, Snirc M, Harangozo L, et al. Mercury
Content in Three Edible Wild-Growing Mushroom Species from Different Environmentally
Loaded Areas in Slovakia: An Ecological and Human Health Risk Assessment. J Fungi
(Basel). 2021;7(6).

Arvay J, Tomas J, Hauptvogl M, Kopernickd M, Kovacik A, Bajc¢an D, et al. Contamination
of wild-grown edible mushrooms by heavy metals in a former mercury-mining area. J Environ
Sci Health B. 2014;49(11):815-27.

Soe PS, Kyaw WT, Arizono K, Ishibashi Y, Agusa T. Mercury Pollution from Artisanal and
Small-Scale Gold Mining in Myanmar and Other Southeast Asian Countries. Int J Environ
Res Public Health. 2022;19(10).

Pang Q, Gu J, Wang H, Zhang Y. Global health impact of atmospheric mercury emissions
from artisanal and small-scale gold mining. iScience. 2022;25(9):104881.

Marrugo-Madrid S, Pinedo-Hernandez J, Paternina-Uribe R, Marrugo-Negrete J, Diez S.
Health risk assessment for human exposure to mercury species and arsenic via consumption
of local food in a gold mining area in Colombia. Environ Res. 2022;215(Pt 3):113950.
Simi¢ A, Hansen AF, Syversen T, Lierhagen S, Ciesielski TM, Romundstad PR, et al. Trace
elements in whole blood in the general population in Trendelag County, Norway: The
HUNTS3 Survey. Sci Total Environ. 2022;806(Pt 4):150875.

Airaksinen R, Turunen AW, Rantakokko P, Ménnistd S, Vartiainen T, Verkasalo PK. Blood
concentration of methylmercury in relation to food consumption. Public Health Nutr.
2011;14(3):480-9.

Bartel-Steinbach M, Lermen D, Gwinner F, Schifer M, Géen T, Conrad A, et al. Long-term
monitoring of mercury in young German adults: Time trend analyses from the German
Environmental Specimen Bank, 1995-2018. Environ Res. 2022;207:112592.

Seo JW, Hong YS, Kim BG. Assessment of Lead and Mercury Exposure Levels in the General

Population of Korea Using Integrated National Biomonitoring Data. Int J Environ Res Public

54



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Health. 2021;18(13).

Akerstrom M, Barregard L, Lundh T, Sallsten G. Relationship between mercury in kidney,
blood, and urine in environmentally exposed individuals, and implications for biomonitoring.
Toxicol Appl Pharmacol. 2017;320:17-25.

Abass K, Koiranen M, Mazej D, Tratnik JS, Horvat M, Hakkola J, et al. Arsenic, cadmium,
lead and mercury levels in blood of Finnish adults and their relation to diet, lifestyle habits
and sociodemographic variables. Environ Sci Pollut Res Int. 2017;24(2):1347-62.
Birgisdottir BE, Knutsen HK, Haugen M, Gjelstad IM, Jenssen MT, Ellingsen DG, et al.
Essential and toxic element concentrations in blood and urine and their associations with
diet: results from a Norwegian population study including high-consumers of seafood and
game. Sci Total Environ. 2013;463-464:836-44.

Nakayama SF, Iwai-Shimada M, Oguri T, Isobe T, Takeuchi A, Kobayashi Y, et al. Blood
mercury, lead, cadmium, manganese and selenium levels in pregnant women and their
determinants: the Japan Environment and Children's Study (JECS). J Expo Sci Environ
Epidemiol. 2019;29(5):633-47.

Davidson PW, Myers GJ, Cox C, Axtell C, Shamlaye C, Sloane-Reeves J, et al. Effects of
prenatal and postnatal methylmercury exposure from fish consumption on neurodevelopment:
outcomes at 66 months of age in the Seychelles Child Development Study. Jama.
1998;280(8):701-7.

Kupsco A, Lee JJ, Prada D, Valvi D, Hu L, Petersen MS, et al. Marine pollutant exposures
and human milk extracellular vesicle-microRNAs in a mother-infant cohort from the Faroe
Islands. Environ Int. 2022;158:106986.

Thurston SW, Myers G, Mruzek D, Harrington D, Adams H, Shamlaye C, et al. Associations
between time-weighted postnatal methylmercury exposure from fish consumption and
neurodevelopmental outcomes through 24 years of age in the Seychelles Child Development
Study Main Cohort. Neurotoxicology. 2022;91:234-44.

Grandjean P, Weihe P, White RF, Debes F, Araki S, Yokoyama K, et al. Cognitive deficit in
7-year-old children with prenatal exposure to methylmercury. Neurotoxicol Teratol.
1997;19(6):417-28.

Budtz-Jorgensen E, Grandjean P, Keiding N, White RF, Weihe P. Benchmark dose
calculations of methylmercury-associated neurobehavioural deficits. Toxicol Lett. 2000;112-
113:193-9.

Tatsuta N, Nakai K, Kasanuma Y, Iwai-Shimada M, Sakamoto M, Murata K, et al. Prenatal
and postnatal lead exposures and intellectual development among 12-year-old Japanese
children. Environ Res. 2020;189:109844.

Love TM, Wahlberg K, Pineda D, Watson GE, Zareba G, Thurston SW, et al. Contribution
of child ABC-transporter genetics to prenatal MeHg exposure and neurodevelopment.
Neurotoxicology. 2022;91:228-33.

Orlando MS, Love T, Harrington D, Dziorny AC, Shamlaye CF, Watson GE, et al. The
association of auditory function measures with low-level methylmercury from oceanic fish
consumption and mercury vapor from amalgam: The Seychelles Child Development Study
Nutrition 1 Cohort. Neurotoxicology. 2023;95:46-55.

Yamazaki K, Itoh S, Ikeda-Araki A, Miyashita C, Hori T, Hachiya N, et al. Association of

55



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

prenatal exposure to dioxin-like compounds, polychlorinated biphenyl, and methylmercury
with event-related brain potentials in school-aged children: The Hokkaido study.
Neurotoxicology. 2022;91:11-21.

Farias P, Hernandez-Bonilla D, Moreno-Macias H, Montes-Lopez S, Schnaas L, Texcalac-
Sangrador JL, et al. Prenatal Co-Exposure to Manganese, Mercury, and Lead, and
Neurodevelopment in Children during the First Year of Life. Int J] Environ Res Public Health.
2022;19(20).

Dack K, Fell M, Taylor CM, Havdahl A, Lewis SJ. Prenatal Mercury Exposure and
Neurodevelopment up to the Age of 5 Years: A Systematic Review. Int J Environ Res Public
Health. 2022;19(4).

KA. R 284 B KRS IC B3 D B HIMTZE, A F LK ERIRERIZ K 5 (2
BT 5 L B2 —.2017.

Wang Y, Zhang P, Chen X, Wu W, Feng Y, Yang H, et al. Multiple metal concentrations and
gestational diabetes mellitus in Taiyuan, China. Chemosphere. 2019;237:124412.

Tatsuta N, Iwai-Shimada M, Nakayama SF, Iwama N, Metoki H, Arima T, et al. Association
between whole blood metallic elements concentrations and gestational diabetes mellitus in
Japanese women: The Japan environment and Children's study. Environ Res. 2022;212(Pt
B):113231.

Wang K, Mao Y, LiuZ,Li Y, Li Z, Sun Y, et al. Association of Blood Heavy Metal Exposure
with Atherosclerotic Cardiovascular Disease (ASCVD) Among White Adults: Evidence from
NHANES 1999-2018. Biol Trace Elem Res. 2022.

3Tang J, Zhu Q, Xu Y, Zhou Y, Zhu L, Jin L, et al. Total arsenic, dimethylarsinic acid, lead,
cadmium, total mercury, methylmercury and hypertension among Asian populations in the
United States: NHANES 2011-2018. Ecotoxicol Environ Saf. 2022;241:113776.

Park KC, Kim KS, Jung BS, Yoon S, Ahn W, Jeong S, et al. Hair methylmercury levels are
inversely correlated with arterial stiffness. Atherosclerosis. 2022;357:14-9.

Kao CS, Wang YL, Jiang CB, Chuang YC, Chen YH, Hsi HC, et al. Associations of maternal
food safety-related risk perceptions and protective behaviors with daily mercury intake and
internal doses of Taiwanese women and their preschool children. Environ Res. 2022;212(Pt
B):113344.

Packull-McCormick S, Ratelle M, Lam C, Napenas J, Bouchard M, Swanson H, et al. Hair
to blood mercury concentration ratios and a retrospective hair segmental mercury analysis in
the Northwest Territories, Canada. Environ Res. 2022;203:111800.

Connelly NA, Lauber TB, Knuth BA. Preferences for seafood consumption advice in
pregnant American women. Environ Res. 2022;214(Pt 4):114058.

Niederdeppe J, Connelly NA, Lauber TB, Knuth BA. Effects of a Personal Narrative in
Messages Designed to Promote Healthy Fish Consumption Among Women of Childbearing
Age. Health Commun. 2019;34(8):825-37.

James AK, Dolgova NV, Nehzati S, Korbas M, Cotelesage JJH, Sokaras D, et al. Molecular
Fates of Organometallic Mercury in Human Brain. ACS Chem Neurosci. 2022;13(12):1756-
68.

PanJ, Li X, Wei Y, Ni L, Xu B, Deng Y, et al. Advances on the Influence of Methylmercury
Exposure during Neurodevelopment. Chem Res Toxicol. 2022;35(1):43-58.

56



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Paduraru E, Tacob D, Rarinca V, Rusu A, Jijie R, Ilie OD, et al. Comprehensive Review
Regarding Mercury Poisoning and Its Complex Involvement in Alzheimer's Disease. Int J
Mol Sci. 2022;23(4).

Tuppo EE, Arias HR. The role of inflammation in Alzheimer's disease. Int J Biochem Cell
Biol. 2005;37(2):289-305.

Boyd RJ, Avramopoulos D, Jantzie LL, McCallion AS. Neuroinflammation represents a
common theme amongst genetic and environmental risk factors for Alzheimer and Parkinson
diseases. J Neuroinflammation. 2022;19(1):223.

Gordon J, Lockard G, Monsour M, Alayli A, Choudhary H, Borlongan CV. Sequestration of
Inflammation in Parkinson's Disease via Stem Cell Therapy. Int J Mol Sci. 2022;23(17).
Nguyen LTN, Nguyen HD, Kim YJ, Nguyen TT, Lai TT, Lee YK, et al. Role of NLRP3
Inflammasome in Parkinson's Disease and Therapeutic Considerations. J Parkinsons Dis.
2022;12(7):2117-33.

Thakur S, Dhapola R, Sarma P, Medhi B, Reddy DH. Neuroinflammation in Alzheimer's
Disease: Current Progress in Molecular Signaling and Therapeutics. Inflammation. 2022.
Masrori P, Beckers J, Gossye H, Van Damme P. The role of inflammation in
neurodegeneration: novel insights into the role of the immune system in C9orf72 HRE-
mediated ALS/FTD. Mol Neurodegener. 2022;17(1):22.

Liu E, Karpf L, Bohl D. Neuroinflammation in Amyotrophic Lateral Sclerosis and
Frontotemporal Dementia and the Interest of Induced Pluripotent Stem Cells to Study
Immune Cells Interactions With Neurons. Front Mol Neurosci. 2021;14:767041.
Garcia-Garcia R, Martin-Herrero L, Blanca-Pariente L, Pérez-Cabello J, Roodveldt C.
Immune Signaling Kinases in Amyotrophic Lateral Sclerosis (ALS) and Frontotemporal
Dementia (FTD). Int J Mol Sci. 2021;22(24).

Gardner A, Boles RG. Beyond the serotonin hypothesis: mitochondria, inflammation and
neurodegeneration in major depression and affective spectrum disorders. Prog
Neuropsychopharmacol Biol Psychiatry. 2011;35(3):730-43.

Worthen RJ, Beurel E. Inflammatory and neurodegenerative pathophysiology implicated in
postpartum depression. Neurobiol Dis. 2022;165:105646.

Tran VTA, Lee LP, Cho H. Neuroinflammation in neurodegeneration via microbial infections.
Front Immunol. 2022;13:907804.

Stoll G, Jander S, Schroeter M. Inflammation and glial responses in ischemic brain lesions.
Prog Neurobiol. 1998;56(2):149-71.

Jaturapatporn D, Isaac MG, McCleery J, Tabet N. Aspirin, steroidal and non-steroidal anti-
inflammatory drugs for the treatment of Alzheimer's disease. Cochrane Database Syst Rev.
2012(2):Cd006378.

Bourgognon JM, Cavanagh J. The role of cytokines in modulating learning and memory and
brain plasticity. Brain Neurosci Adv. 2020;4:2398212820979802.

Voet S, Srinivasan S, Lamkanfi M, van Loo G. Inflammasomes in neuroinflammatory and
neurodegenerative diseases. EMBO Mol Med. 2019;11(6).

Kummer KK, Zeidler M, Kalpachidou T, Kress M. Role of IL-6 in the regulation of neuronal
development, survival and function. Cytokine. 2021;144:155582.

Hampel H, Caraci F, Cuello AC, Caruso G, Nistico R, Corbo M, et al. A Path Toward

57



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Precision Medicine for Neuroinflammatory Mechanisms in Alzheimer's Disease. Front
Immunol. 2020;11:456.

Amin R, Quispe C, Docea AO, Ydyrys A, Kulbayeva M, Durna Dastan S, et al. The role of
Tumour Necrosis Factor in neuroinflammation associated with Parkinson's disease and
targeted therapies. Neurochem Int. 2022;158:105376.

Chen J, Kos R, Garssen J, Redegeld F. Molecular Insights into the Mechanism of
Necroptosis: The Necrosome As a Potential Therapeutic Target. Cells. 2019;8(12).

Di Benedetto G, Burgaletto C, Bellanca CM, Munafo A, Bernardini R, Cantarella G. Role of
Microglia and Astrocytes in Alzheimer's Disease: From Neuroinflammation to Ca(2+)
Homeostasis Dysregulation. Cells. 2022;11(17).

Hickman S, Izzy S, Sen P, Morsett L, EI Khoury J. Microglia in neurodegeneration. Nat
Neurosci. 2018;21(10):1359-69.

Ward RJ, Dexter DT, Crichton RR. Iron, Neuroinflammation and Neurodegeneration. Int J
Mol Sci. 2022;23(13).

Huang X, Hussain B, Chang J. Peripheral inflammation and blood-brain barrier disruption:
effects and mechanisms. CNS Neurosci Ther. 2021;27(1):36-47.

Cash A, Theus MH. Mechanisms of Blood-Brain Barrier Dysfunction in Traumatic Brain
Injury. Int J Mol Sci. 2020;21(9).

Yang C, Hawkins KE, Doré S, Candelario-Jalil E. Neuroinflammatory mechanisms of blood-
brain barrier damage in ischemic stroke. Am J Physiol Cell Physiol. 2019;316(2):C135-¢53.
Kunimoto M, Aoki Y, Shibata K, Miura T. Differential cytotoxic effects of methylmercury
and organotin compounds on mature and immature neuronal cells and non-neuronal cells in
vitro. Toxicol In Vitro. 1992;6(4):349-55.

Colén-Rodriguez A, Hannon HE, Atchison WD. Effects of methylmercury on spinal cord
afferents and efferents-A review. Neurotoxicology. 2017;60:308-20.

Lu TH, Hsieh SY, Yen CC, Wu HC, Chen KL, Hung DZ, et al. Involvement of oxidative
stress-mediated ERK1/2 and p38 activation regulated mitochondria-dependent apoptotic
signals in methylmercury-induced neuronal cell injury. Toxicol Lett. 2011;204(1):71-80.
Nishioku T, Takai N, Miyamoto K, Murao K, Hara C, Yamamoto K, et al. Involvement of
caspase 3-like protease in methylmercury-induced apoptosis of primary cultured rat cerebral
microglia. Brain Res. 2000;871(1):160-4.

Garg TK, Chang JY. Methylmercury causes oxidative stress and cytotoxicity in microglia:
attenuation by 15-deoxy-delta 12, 14-prostaglandin J2. J Neuroimmunol. 2006;171(1-2):17-
28.

Ni M, Li X, Yin Z, Sidoryk-Wegrzynowicz M, Jiang H, Farina M, et al. Comparative study
on the response of rat primary astrocytes and microglia to methylmercury toxicity. Glia.
2011;59(5):810-20.

Ni M, Li X, Yin Z, Jiang H, Sidoryk-Wegrzynowicz M, Milatovic D, et al. Methylmercury
induces acute oxidative stress, altering Nrf2 protein level in primary microglial cells. Toxicol
Sci. 2010;116(2):590-603.

Tan Q, Zhang M, Geng L, Xia Z, Li C, Usman M, et al. Hormesis of methylmercury-human
serum albumin conjugate on N9 microglia via ERK/MAPKs and STAT3 signaling pathways.
Toxicol Appl Pharmacol. 2019;362:59-66.

58



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Eskes C, Honegger P, Juillerat-Jeanneret L, Monnet-Tschudi F. Microglial reaction induced
by noncytotoxic methylmercury treatment leads to neuroprotection via interactions with
astrocytes and IL-6 release. Glia. 2002;37(1):43-52.

Shinozaki Y, Danjo Y, Koizumi S. Microglial ROCK is essential for chronic methylmercury-
induced neurodegeneration. J Neurochem. 2019;151(1):64-78.

Hoshi T, Toyama T, Shinozaki Y, Koizumi S, Lee JY, Naganuma A, et al. Evaluation of M1-
microglial activation by neurotoxic metals using optimized organotypic cerebral slice
cultures. J Toxicol Sci. 2019;44(7):471-9.

Mariani A, Fanelli R, Re Depaolini A, De Paola M. Decabrominated diphenyl ether and
methylmercury impair fetal nervous system development in mice at documented human
exposure levels. Dev Neurobiol. 2015;75(1):23-38.

Sakamoto M, Miyamoto K, Wu Z, Nakanishi H. Possible involvement of cathepsin B released
by microglia in methylmercury-induced cerebellar pathological changes in the adult rat.
Neurosci Lett. 2008;442(3):292-6.

Yamamoto M, Takeya M, Ikeshima-Kataoka H, Yasui M, Kawasaki Y, Shiraishi M, et al.
Increased expression of aquaporin-4 with methylmercury exposure in the brain of the
common marmoset. J Toxicol Sci. 2012;37(4):749-63.

Fujimura M, Usuki F, Sawada M, Takashima A. Methylmercury induces neuropathological
changes with tau hyperphosphorylation mainly through the activation of the c-jun-N-terminal
kinase pathway in the cerebral cortex, but not in the hippocampus of the mouse brain.
Neurotoxicology. 2009;30(6):1000-7.

Shinoda Y, Ehara S, Tatsumi S, Yoshida E, Takahashi T, Eto K, et al. Methylmercury-
induced neural degeneration in rat dorsal root ganglion is associated with the accumulation
of microglia/macrophages and the proliferation of Schwann cells. J Toxicol Sci.
2019;44(3):191-9.

Charleston JS, Bolender RP, Mottet NK, Body RL, Vahter ME, Burbacher TM. Increases in
the number of reactive glia in the visual cortex of Macaca fascicularis following subclinical
long-term methyl mercury exposure. Toxicol Appl Pharmacol. 1994;129(2):196-206.

Ni M, Li X, Rocha JB, Farina M, Aschner M. Glia and methylmercury neurotoxicity. J
Toxicol Environ Health A. 2012;75(16-17):1091-101.

Chang JY. Methylmercury causes glial IL-6 release. Neurosci Lett. 2007;416(3):217-20.
Fujimura M, Usuki F, Nakamura A. Fasudil, a Rho-Associated Coiled Coil-Forming Protein
Kinase Inhibitor, Recovers Methylmercury-Induced Axonal Degeneration by Changing
Microglial Phenotype in Rats. Toxicol Sci. 2019;168(1):126-36.

Bassett T, Bach P, Chan HM. Effects of methylmercury on the secretion of pro-inflammatory
cytokines from primary microglial cells and astrocytes. Neurotoxicology. 2012;33(2):229-
34.

Shinozaki Y, Nomura M, Iwatsuki K, Moriyama Y, Gachet C, Koizumi S. Microglia trigger
astrocyte-mediated neuroprotection via purinergic gliotransmission. Sci Rep. 2014;4:4329.
Toyama T, Hoshi T, Noguchi T, Saito Y, Matsuzawa A, Naganuma A, et al. Methylmercury
induces neuronal cell death by inducing TNF-a expression through the ASK1/p38 signaling
pathway in microglia. Sci Rep. 2021;11(1):9832.

Iwai-Shimada M, Takahashi T, Kim MS, Fujimura M, Ito H, Toyama T, et al. Methylmercury

59



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

induces the expression of TNF-a selectively in the brain of mice. Sci Rep. 2016;6:38294.
Pierozan P, Biasibetti H, Schmitz F, Avila H, Fernandes CG, Pessoa-Pureur R, et al.
Neurotoxicity of Methylmercury in Isolated Astrocytes and Neurons: the Cytoskeleton as a
Main Target. Mol Neurobiol. 2017;54(8):5752-67.

Chang J, Yang B, Zhou Y, Yin C, Liu T, Qian H, et al. Acute Methylmercury Exposure and
the Hypoxia-Inducible Factor-1a Signaling Pathway under Normoxic Conditions in the Rat
Brain and Astrocytes in Vitro. Environ Health Perspect. 2019;127(12):127006.

Malfa GA, Tomasello B, Sinatra F, Villaggio G, Amenta F, Avola R, et al. "Reactive"
response evaluation of primary human astrocytes after methylmercury exposure. J Neurosci
Res. 2014;92(1):95-103.

Wormser U, Brodsky B, Milatovic D, Finkelstein Y, Farina M, Rocha JB, et al. Protective
effect of a novel peptide against methylmercury-induced toxicity in rat primary astrocytes.
Neurotoxicology. 2012;33(4):763-8.

Noguchi Y, Shinozaki Y, Fujishita K, Shibata K, Imura Y, Morizawa Y, et al. Astrocytes
protect neurons against methylmercury via ATP/P2Y(1) receptor-mediated pathways in
astrocytes. PLoS One. 2013;8(2):e57898.

Farina M, Cereser V, Portela LV, Mendez A, Porciuncula LO, Fornaguera J, et al.
Methylmercury increases S100B content in rat cerebrospinal fluid. Environ Toxicol
Pharmacol. 2005;19(2):249-53.

Van Eldik LJ, Wainwright MS. The Janus face of glial-derived S100B: beneficial and
detrimental functions in the brain. Restor Neurol Neurosci. 2003;21(3-4):97-108.

Arrifano GP, Augusto-Oliveira M, Sealey-Bright M, Zainal J, Imbiriba L, Fernandes LMP,
et al. Contributing to Understand the Crosstalk between Brain and Periphery in
Methylmercury Intoxication: Neurotoxicity and Extracellular Vesicles. Int J Mol Sci.
2021;22(19).

Takeuchi T, Eto K, Tokunaga H. Mercury level and histochemical distribution in a human
brain with Minamata disease following a long-term clinical course of twenty-six years.
Neurotoxicology. 1989;10(4):651-7.

Kuo TC. Methylmercury induces alveolar macrophages apoptosis. Int J Toxicol.
2008;27(3):257-63.

David J, Nandakumar A, Muniroh M, Akiba S, Yamamoto M, Koriyama C. Suppression of
methylmercury-induced MIP-2 expression by N-acetyl-L-cysteine in murine RAW264.7
macrophage cell line. Eur J] Med Res. 2017;22(1):45.

Yamamoto M, Khan N, Muniroh M, Motomura E, Yanagisawa R, Matsuyama T, et al.
Activation of interleukin-6 and -8 expressions by methylmercury in human U937
macrophages involves RelA and p50. J Appl Toxicol. 2017;37(5):611-20.

Christensen MM, Ellermann-Eriksen S, Rungby J, Mogensen SC. Comparison of the
interaction of methyl mercury and mercuric chloride with murine macrophages. Arch Toxicol.
1993;67(3):205-11.

Ilbdack NG, Lindh U, Fohlman J, Friman G. New aspects of murine coxsackie B3 myocarditis-
-focus on heavy metals. Eur Heart J. 1995;16 Suppl 0:20-4.

Yamamoto M, Yanagisawa R, Motomura E, Nakamura M, Sakamoto M, Takeya M, et al.
Increased methylmercury toxicity related to obesity in diabetic KK-Ay mice. J] Appl Toxicol.

60



107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

2014;34(8):914-23.
Barst BD, Bridges K, Korbas M, Roberts AP, Van Kirk K, McNeel K, et al. The role of
melano-macrophage aggregates in the storage of mercury and other metals: an example from
yelloweye rockfish (Sebastes ruberrimus). Environ Toxicol Chem. 2015;34(8):1918-25.
Schignning JD, Meller-Madsen B, Danscher G. Mercury in the dorsal root ganglia of rats
treated with inorganic or organic mercury. Environ Res. 1991;56(1):48-56.
Suda I, Totoki S, Uchida T, Takahashi H. Degradation of methyl and ethyl mercury into
inorganic mercury by various phagocytic cells. Arch Toxicol. 1992;66(1):40-4.
Algarve TD, Assmann CE, Cadona FC, Machado AK, Manica-Cattani MF, Sato-Miyata Y,
et al. Guarana improves behavior and inflammatory alterations triggered by methylmercury
exposure: an in vivo fruit fly and in vitro neural cells study. Environ Sci Pollut Res Int.
2019;26(15):15069-83.
Takahashi T, Kim MS, Iwai-Shimada M, Hoshi T, Fujimura M, Toyama T, et al. Induction
of chemokine CCL3 by NF-«B reduces methylmercury toxicity in C17.2 mouse neural stem
cells. Environ Toxicol Pharmacol. 2019;71:103216.
Kim MS, Takahashi T, Lee JY, Toyama T, Hoshi T, Kuge S, et al. Methylmercury induces
the expression of chemokine CCL4 via SRF activation in C17.2 mouse neural stem cells. Sci
Rep. 2019;9(1):4631.
Banks WA, Kastin AJ, Broadwell RD. Passage of cytokines across the blood-brain barrier.
Neuroimmunomodulation. 1995;2(4):241-8.
Das K, Siebert U, Gillet A, Dupont A, Di-Poi C, Fonfara S, et al. Mercury immune toxicity
in harbour seals: links to in vitro toxicity. Environ Health. 2008;7:52.
de Vos G, Abotaga S, Liao Z, Jerschow E, Rosenstreich D. Selective effect of mercury on
Th2-type cytokine production in humans. Immunopharmacol Immunotoxicol. 2007;29(3-
4):537-48.
Fowler J, Tsui MT, Chavez J, Khan S, Ahmed H, Smith L, et al. Methyl mercury triggers
endothelial leukocyte adhesion and increases expression of cell adhesion molecules and
chemokines. Exp Biol Med (Maywood). 2021;246(23):2522-32.
McSorley EM, Yeates AJ, Mulhern MS, van Wijngaarden E, Grzesik K, Thurston SW, et al.
Associations of maternal immune response with MeHg exposure at 28 weeks' gestation in the
Seychelles Child Development Study. Am J Reprod Immunol. 2018;80(5):e13046.
Spence T, Zavez A, Allsopp PJ, Conway MC, Yeates AJ, Mulhern MS, et al. Serum cytokines
are associated with n-3 polyunsaturated fatty acids and not with methylmercury measured in
infant cord blood in the Seychelles child development study. Environ Res. 2022;204(Pt
A)'112003

BN, ChrbmXEMELL) ET28ELE~DA Y-V, RBERES
F6. 2023; 21:106-114.

61



A review on health effects of methylmercury exposure in humans
Kunihiko Nakai

School of Sport and Health Science, Tokai Gakuen University

Keywords: Methylmercury, Mercury, Minamata Convention, Global Environmental Issues,

Toxicity Mechanism, Review
Abstract

Sixty-seven years have passed since the discovery of Minamata disease in 1956, 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 is important. Moreover, a
systemic review for animal and cell experiments is required to understand the 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, attention
was focused on the fact that cohort studies conducted in the Seychelles also confirmed the harmful
effects of methylmercury exposure on the effects of perinatal exposure. Furthermore, in recent
years, various health risks due to low-level exposure have been reported even in the general adult
population. In particular, it should be noted that a previous finding on gestational diabetes and
mercury exposure in China have been reconfirmed in Japan. Research on risk communication to
reduce human exposure was shown to be active overseas. Finally, a systematic review of the
toxicity mechanism of methylmercury was conducted focusing on animal experiments, indicating
the role of methylmercury in inflammatory reactions.

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.

62



	報告書_令和4年度水俣病に関する総合的研究委託業務.pdfから挿入したしおり
	20_表紙_業務報告書
	納品用_R4水俣病に関する総合的研究報告書
	1_植田班
	秋和作成_【業務報告書】R4水俣病に関する総合的研究
	1-1omc_植田班_研究成果報告書_R4水俣病総合的研究
	Abstract


	2_仲井班
	3_ベナー班2
	3_ベナー班
	秋和作成_【業務報告書】R4水俣病に関する総合的研究_ベナー

	文書1
	3_ベナー班
	3_ベナー班_研究成果報告書_R4水俣病総合的研究20230228fin


	4_松田班2
	秋和作成_【業務報告書】R4水俣病に関する総合的研究_松田班
	文書1

	5_栗田班2
	5_栗田班
	秋和作成_【業務報告書】R4水俣病に関する総合的研究_栗田班

	文書1
	5_栗田班
	5_栗田班_研究成果報告書_R4水俣病総合的研究


	6_黄班2
	6_黄班
	秋和作成_【業務報告書】R4水俣病に関する総合的研究_黄班

	文書1
	6_黄班
	6_黄班_R4年度最終報告書_黄基旭


	7_清野班2
	7_清野班
	秋和作成_【業務報告書】R4水俣病に関する総合的研究_清野班

	文書1

	8_上原班2
	8_上原班
	秋和作成_【業務報告書】R4水俣病に関する総合的研究_上原班

	文書1

	9_篠田班2
	9_篠田班
	秋和作成_【業務報告書】R4水俣病に関する総合的研究_篠田班

	文書1
	9_篠田班
	9_篠田班_研究成果報告書_R4水俣病総合的研究


	10_平井班2
	10_平井班
	秋和作成_【業務報告書】R4水俣病に関する総合的研究_平井班

	文書1
	10_平井班
	文書1
	10_平井班
	10_平井班_研究成果報告書_R4水俣病総合的研究
	Abstract



	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ



