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1) AFILKEB (BEUVKIR) O FRARDIHERE

"methylmercury" % ¥ — U — F & L TW 5 #Gm X & 2006 4725 2018 4 £ T PubMed
EHWTHRET S L, 241 fHi~395 i (25 THYHL, ZDIHrbt NE#-olimli
T TAEETZD S6fmEND 136fm Ch o7 (R 1), FFIZ 2010 FLARE I 300 #RLL & 72 0 |
7272 Open Access #67° PubMed IZH#l SN D KOs 2 RN Z0HBEEZ LN
D, ZDIH 2004 FFETIEE MEXRE LWL 4 BILLEZHMR L TV 223, 2005
FELIRET 4 BHCEL TRV, FERIC, “mercury” #F — T — RETH@mLH 1.5 5T
SHEZxTe, L2L, B FEH - TKEFHLOLFEIL “methylmercury” & RIERIC 4 FHIFR
WCTd D, 2014 X0 1900 fRLL EIZHIIN L7 B H 11X 2013 45 10 AIZREAR T [/KERIZEY
T 5 K{RZHK) (Minamata Convention on Mercury)] MWEEIR - BEL INT-Z LIk b & H#E
EENT (BB, 2018 FERICHOVTIIREBERLLHY 5 5),

1 TAFLKIR] BED PubMed L DH/XHDOHR (2019 F 1 B 24 BIRTE)

[

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

“methylmercury”

DA S T35 K 241 313 317 274 303 354 349 306 367 362 395 359 370

EhEMREL L

o 81 113 119 95 118 119 127 109 136 116 135 127 56
#il SCEK

S (%) 33.6 36.1 37.5 347 389 33.6 364 356 37.1 32.0 342 354 15.1

“mercury” D A

;e 1327 1422 1504 1440 1577 1745 1779 1767 1947 1950 1928 1901 1876
> 72 i U

b hERLE LR

i 440 456 505 435 511 535 532 551 615 628 576 557 284
A S

HE (%) 33.2 32.1 33.6 302 324 307 299 312 31.6 322 299 293 15.1

2018 2 FIIT & 7= “methylmercury” O A - 72 LD 5 5B “humans” THl > #n -
7R SCIE G SR 5 2, 17, 18, 27~56 TH > 72

2) 2018 FITHESINT-AFILKIREFRE

BT D A FIVKRERICEET B 5m30I%, DRI ED S B, AR R LLA O fil g5~
DRBEPRYD ETOoND LR TE T, SHIETEKFEETCLHDLIZ LD, OATF
JVKERIZBALR T D HREL. 2 Z TlE Toxics el S N7- 3 WO EZMH L., @b n
ETAFKEBICEIE L2 TED XD RAFFRREN 7= DD Ol 2R o i FE i 2
ELTEDEIBRMERDHDLDON, @A FIVKBOBRBEIME L TED XD Mm%
RENTWDEDONZHOWT, #iid 5,

B AFIILKEHAREEICEELLODERBEMZ#EED T

R £ 22 2B (EFSA) 13 2012 4E (2 A F LK Ol 2 I E R E (TWI) % 7 E
L. 1.3 pg/kg (RE/AE & RTE L2 (ZOMEORREEIIRBEBEZEET 115 nge), %
DOFE, AF VKB DHEBICET 2 LA L E 2 — L, DIEME B AR O



# 2 Human studies addressing the effects of methylmercury exposure on heart rate variability

Authors . Prenatal exposure (total Postnatal exposure (total
Place Subjects %
(year) mercury levels) mercury levels)
Oka et al. Minamata, 9 FMD patients
(2003) ® Japan and 13 controls
- 857 children  GM 22.6 ug/L, TQR 132~ GM 2.99 ug/g, IQR 1.69 ~
Grandjean et 197 aged 7 years é‘JN? fgz/zL m/coid §1§%§;~ 6.20 pg/g in hair
al. (2004) ; 857 child 22 188, IR 255~ GM 0.96 ug/g, IQR 0.45 -
Denmark children 7.68 pg/g in maternal hair 70 Ug/e, ,Q .
aged 14 years 2.29 pg/g in hair
Murata ef al Med 0.089 pg/g, range Med 1.66 ug/g, range 0.43
2006) 5 © Japan 136 children 0.017 ~ 0.367 pg/g in cord ~6.32 pg/g in hair
( ) tissue
Valera et al. Nunavik, 205 Inuit GM 19.6 pg/L, range 0.5 ~
(2008) © Canada adults 152 pg/L in blood
Faroe GM 7.31 pg/g, IQR 4.52 -
Choi et al. Island 42 whaling 13.4 ng/g in hair; GM 29.5
(2009) " San &k men ng/L, IQR 18.7 ~ 46.1 ug/L
enmar in blood
. 1G: 2.30 + 1.08 ug/g (Mean
Yasinuma. Ifgﬁvi$§;g7 + SD, Oth week), 8.76 +
S grnu] Sendai, group ’ 2.01 pg/g (15th week); CG:
akurai ef al. adults
s Japan 2.27 £ 1.2 ng/g (0th week),
(2010) ® Control group
(CC): 27 ndales 2.14 + 1.03 pg/g (15th
) week) in hair
Lim et al. GM 0.83 pg/g, IQR 0.56 ~
(2010 South Korea 1589 adults 1.28 ug/g in hair
Valera et al.  Quebec, Med 5.7 ug/L, IQR 1.2 ~
(2011) 10 Canada 724 Cree adults 8.8 ug/L in blood
Med 8.5 ug/L, IQR 6.3 ~
Valera et al.  French 101 teenagers 11.0 pg/L in blood
(2011) ™ Polynesia Med 13.5 pg/L, IQR 8.5 ~
180 adults 22.0 ug/L in blood
Valera et al.  Nunavik, 226 Inuit Med 16.3 pg/L, IQR 9.0 ~ Med 2.9 ug/L, IQR 1.5 ~
(2012) 12 Canada children 28.0 pg/L in cord blood 5.6 ug/L in blood
Periard et al. Mean 6.7 pg/g, range 0.7 ~ Mean 9.5 pg/g, range 2.0 ~
(2015) Seychelles 95 adolescents 21.3 pg/g in maternal hair  28.1 pg/g in hair
Gump et al. Syracuse, . Mean 0.4 ng/L, range 0.01
(201719 NY, USA 203 children ~11.65 pg/L in blood
Miller et al.  Long Island, 94 fish 8.4 + 8.6 (Mean += SD) nug/L
(2017) 1> NY, USA consumers in blood

* Methylmercury levels were measured only in cord tissue.
Abbreviations: FMD, fetal-type Minamata disease; GM, geometric mean value; IQR, interquartile range
(25th & 75th percentiles); Med, median value.

BWTEODIIATFAKEO HREMBEEENTRINTND DD, FEE~DERITY
BETRVWEORREM L D, ZHUCK L, Karita b, AHFEHERICOVT ED
RE&ERL, ZOBGREFEBKELE D, LIMEROY a3, BRSO CRE KL
ZORTU =5, 0.04Hz K. 0.04Hz~0.15Hz, 016Hz~0.4Hz @ 3 5O J& £ H ko
WCREL T BND (th 2 FHIXK ~ KA FR HF By & BIAS AR R LF oy & FRIZR D),
PubMed T “XFIL/KIR” & “BEMRE” OMETHRRT L. B MMEHIZBWTAF
JUKERIETE O LIS (HRV) ~OEEZH > TV HmLIT 13 WM ThH-7="", Z2hb
%, HRV (K T & 2 WL EAR RN RE 2 B AR By & A3 &L 8RO IFFEIL A T
NKBEOFEERBEE (LD WTAESE) BB, S WMITARRBEELZ RST5Z
EMNTEeholz, HRV JIEEEZBSRT L L, LK OPOHFRICB VT, JEIC
EOMEOH D Z EREMENT (DCEKEEZT VXML T 2BORBENRED vt
YU B 200Hz BLF>, JIERFIC XIS A LEEVR S Tn Ry, Fx),
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IO EFEMICHBIRT 5 & A F KRBT L HIgTE & A% %% T LF ko
(PZREAR IR RE) ~DEEN R Y | R RIS TR AR (A X, W) EES, E
TR AR CIIRMMEREO RSN R I N (ZhIZ2WTiE, thoFELFEDE
DOEFBECTHRBEOZ EBRHER SN D; Thabb, #h, EB TEEE, EBERKEHEO X
NI FR A~ D FERBEN R O HHFEER TIX LF 0O T3, AHIEHFIRESS A
VAT LF i OME T LF/HF WO BMER RN TWNWD), £/-, AER
HAMRAEE 2 EZ 7 RE (WA EE) & LT, Yaginuma-Sakurai © O A T /L /KRG
DI AWFFE TR 8.76 ug/g (L KRB AL T 26.9 ng/L)'® THIMEE & LA
EMHREERICAEEN AN 22T, oM MABBEBIEZRD HBEICEE
TRELL, TOHEIIEEB L OBIEZ T T ~BEMICEHA SN D & ERE L,

x3 Summary of associations between mercury levels and HRV parameters

Mean age at the HRV parameters

Auth . ¢ Exposure
uthors (year) time of period cv HF-related LF-related LF/HF
examination ® parameters parameters  ratio
Patients 44.3
Oka et al. (2003) » years, controls prenatal c(%) c(-) c(x)
42.9 years
prenatal r(+) r(+) r(-) r(+)
. 7 years
Grandjean et al. postnatal r() r(%) r(-) (%)
(2004)® 14 vears prenatal r(-) r(-) r(-) r(+)
y postnatal r(+) r(+) r(+) r(+)
prenatal r(-) r(+) r(+)
5)
Murata et al. (2006) 6.9 years postnatal r(+) r(+) r(4)
Valera et al. (2008) © 52.1 years postnatal r(+) r(x) r(z) r(+)
Choi et al. (2009) 7 58.9 years postnatal r(+) r(+) r(+)
Yaginuma-Sakurai et InterYentlon 125'2 1 c(+) c(+) c(+) c(+)
al. (2010) 8) years; contro postnata
23.7 years r(x) 1(+) r(+) r(+)
Lim et al. (2010) ® 33 years postnatal r(-) r(+)
Valera et al. (2011)'® 35 years postnatal r(+) r(+) r(+)
14.2 years postnatal c(-) c(+) c(+)
Valera et al. (2011) 1) 48.6 years postnatal c(+) c(+) c(£)
prenatal r(+) r(+) r(+) r(+)
12)
Valera et al. (2012) 11.3 years postnatal e r(2) r(-) r(2)
Periard et al. (2015) prenatal r(+) r(z)
13) 19.5 years postnatal r(+) r(+)
Gump et al. (2017) ™ 10.6 years postnatal r(+) r(+) r(+)
Miller et al. (2017)'»  48.9 years postnatal () () r(z)

Notes: c(-), significantly low in comparison; c(+), significantly high in comparison; c(+), not
significant in comparison; r(-), significantly negative relation; r(+), significantly positive relation;
r(+), no significant relation. Gray areas show a sympathodominant state or autonomic hypofunction.
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KRBT ITB R, BRI, A TFAKBOIEELIHD . T - T, REHRK
b h~OBMEEELRELRD, 205 AFAKBITFICHBREEZESZ ERM LN
TEY., KEFOFRRKEFE SN, AFIUKBITBERYES 2R CAMEICEYE
S, RIARCHBEMILEICE W TIEE W ARRIBENRENS, £< Dt FOAF L
KERBFEILANERERETEZ 2, A FLKEITNR RHNC Mk 4B Y 2 @i L, AR
WELY D, Z0H, BMENATFVKBBEREOR WY A7 5%, Sakamoto ©
. AFVKEBOE MEFEER LOREFNEZ ., OA FAKEFEME, QKRR
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AKARHIE O D2 L, OB OMEFEE, @B O XA FAKBOBERE, DK OERE
A oW TER L Y, ENEBRBEEE (UNEP) (%, 19 HACICIEE - EEEE ML
BERBE P KERIBIEN S EICELS Mo 2 L 2 L. HoKEHOEE %2 8, 2013
TR T 2 KR HEO S CRBICHET DENME IO H 250 &2 EKT 5 Z L1
FEL., TORMIE 2017 4 8 HRVNWEZFFDOIZE 7o, KN X - BITKAER
B, LUbIAaSCHEERHAEICB T2 ATFAKBREEOHEME L THAL TS LI TH
D, B MZBWTHRMERZHEIBEENATFAVKBBRZEORLEWVWI A7 E2HT 5, L
TR T, KBEIRDDZAEEIND G B2 X NFIC R K 925 KR O BR 55~ D F 8k
HEIHT 2L ICBOLIRLEND DL, &EFEHLITERRT,

B ISHARDEILNREEMEICHE TS AFILKIERSE & K FHEZ

Wilk=a A — FEIX, A FAKEOFR V(LY 7 = =L (PCB) 72 & OBREE TRk
EME OB IRHIGEEIC LD/ E~OEEL | (REERCRMEL & E 2V aim & i
ar— 2 HVTHRILTNS, 20ark—FrO—HThHAREHLaR— FDRF
566 AHLIZI VT, ZAVETIZ 18 AW O MR EB)FZEIEFE (BSID-11 @ PDI) ~0 8%
FRTORBOLNTEY, BEMSESF Fad o o BoOfmfErteLr oo
EHRER TS B IR e AD A EARBEN RS TV P29 Tatsuta 513
AR A — R ORT 600 # (R B EZR KRR RIE 2.6 pg/g) (CESHTIE = &
— hEEF 416 FL (A, 2.0 pg/g) ZMx CTHBRHT 2 L. FOKRE, HAENEN, (EREF
DML - REEE, LU UEERN~ N v 7 2mAE (BEBLOMEE). 18 » AR D ESS
B (B IRBRBIREN) 2%, DaiOMFIE & RERIC 5B I T o A h kR & PDI
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Tholr, BARDIEIRETZIFIFIROAREM DO H D LMEICHT 25 A F L KEED TWI 2.0
ng/RE kg/l %2, FHH A — b 124%, EHaIAR— O 182%03 8 x TEER L T
WieZ b, FEEOITABRICOWTHREEZ T HIMLERD D &k,
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VT ZE OB TS L2 MR THIO TR LT, FROEEMELZRDTZD
I ATFAARBZ L GUROEBREERD ZEPEETH D Eib~NT,

B TOMDEZEHE

KEFORRNYE T D A FAKBIE, MB#EZ N L THRIZICEIT L, BEBICITER D
BT b IR R KR B XM BB AR O B ER Z R L2 2 & n . IRIRIE A F v
KB ANAVRTTHDZ 2L LD, —J, AFVKBOFEEIT, L
V. BEX I E, Rav~xHx Ui (DHA) (X VB E-ITEMEIND Z &0y
EERLCE PO TEHE STV 5D, Sakamoto Hlif, oOFELERE & HLXT, A F L
RERDEERAICIRIBICE WVIRE CTERT D 2 L0, OB IEBITICHRMBMK BRI
HBLTWDZ eaMELE P, ZoOMETIE, 54 flOBFROST T, BH M S W
(BWRY M~ AFNLKBOBITEZ, OBERS. 7 I /8. LEOBITOFRH L LK
L7, B2, QRHARM &R MIcB T 2KE, B, ©% I E. DHA JRE O LK
ATV, BRI A F KBRS LEEZETh L2 REMmF Lo, RIRmIZe #
Y ERaAVATu— 7 RREK S B EAEMLICEESTERNY—FH, BRoT I BO
BEIRELEI SN EN RSN, BREOEAEARICHLERT I/ BITEIEIZHE
BICEE SN TEBY, TI JBOVATA VIZEHMEREL A TF A= oG L &
STHEHRNIZERYIAEND Z ERMBILTWD AFLKENBERICERVIAEN SV &0
RENT, FIT, FRICRT LI, AFAKBEEEICHEDNEDOH 5 L 3Rk L
BRI CTIEIER ULV ThHo7an, KB THD ERETITIKLS, /284 IV E,
DHA ZRIRIMICIEFIC DNt WIHIRRENE LR, LEXY, 7 VBBENSEV
JER ST AT VKB LRBRICBITLST W & AFAKBICHT DL BB T
FEWZ &, % I E, DHA REMNRRM & g L TRWZ EA LT, 2
WHITIEIES A F A KBEMEICRH L TEEztEThsr —REEZ LN,

Biochemical substance concentrations in matemal and cord blood and related parameters in 54 mother-newborn pairs.

Measurement Matemal blood level Cord blood level Correlation coefficient Cord/maternal blood ratio
Hematocrit (%) 316 £ 23 45.2 = 3.5* 0.26 144 = 016
Total protein (g/dL) 59 % 05 60 £ 05 017 1.03 £ 011
Triglycerides (mg/dL) 02 + 59 23.6 £ 12+ 013 012 + 0.07
Total cholesterol (mg/dL) 242 + 42 67 + 19+ 0.03 0.28 = 0.09
HDL-C (mg/dL) 71 £ 14 30 = B9 0.007 044 = 016
Vitamin E (mg/dL) 1.38 = 0.32 0.31 = 017+ 0.10 0.24 = 014
X Essential amino acids (nmol/mL) o947 £ 123 1260 = 128+ 0.36* 1.35 £ 018
Oleic acid (pg/mL) 900 £ 203 193 % 55.3* 043 0.22 £ 0.07
I n-6 PUFAs (pg/mL) 1261 + 222 268 + 681+ 0.34+ 0.22 £ 0.05
Linoleic acd 1019 £ 181 119 % 35+ 0.30+ 012 = 0.03
Dihomo-y-linolenic acid 5.9 = 16.9 33.0 £ 91~ 039 063 £ 019
Arachidonic acid 187 %= 45.7 116 = 294 043 064 £ 016
En-3 PUFAs (pg/mL) 210 = 61.2 67.7 = 20,6 047 0.34 = 010
Linolenic acid 29.1 + 9.0 20 + 1.2* 0.27 0.07 = 0.04
Eicosapentaenoic acid 339 + 195 69 + 36 0.72+ 022 + 0.10
Docosahexaenoic acid 147 = 419 58.8 = 17.1~ 0404+ 042 + 012

Data are shown as mean + SD.
HDL-C, high-density lipoprotein-cholesterol; £ Essential amino acids, sum of isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, histidine, and valine; PUFAs,
polyunsaturated fatty acids.
Differences in values between paired samples were determined using a paired t-test.
The strengths of the relationships were analyzed by the Pearson product-moment correlation coefficient.
“p < 0.05.
“p < 0.0

BMITEERRERZICE D EBER2@EEMBE, £208 CIEREL OEIZ DN T
IR WFZE SN TWD N, {LFEWEBRBICOVWTIELEVEES A TOARYL, THEET
M) 13, EREOEEEREICES TS T8RZHEAE M (IDA)) LRIFEE LTHEHA I
Tz, EE. HROBZMIER D 50%7 IDA THDH, BiLY R 7 OBREEFMEFHIIIE
TN I T AR EORBEILEWERBEICL 2D, HBRENMOZ XL ERTH 5,
IR L, FEEEEETIE, AEDEOBREITEFMOE MAERE & EFEL TnD,



FRlo, /DHIE SRR (ASGM) #3272 5 Hillk(ERI1X, FRENTZAMOEBERICL D A F
JVKERIEFE Y A 7 22T, BREOARRLEEMNER L OUKRESCEBEDRBICE 2B MDY
27 H & D, Weinhouse Hlit, ~V—HB7 <~V L IZHDH/PNHEEERIT < IZED 12 5%
RKis D/ (n=83) DBEMAKE, ~F 7 1, B X OB SRS ORI E R
WAL, SEERMOTLEH D9 H 49% (n=29/59) NI (<11 g/dL) TH Y, 5~
11 D 52% (n=12/23) NEM T (<11.5 g/dL) Ho7-, EEAE, DT I, HERE
FRZIZBRERD LN o T, BEKBIZHOWT, FRAEIEL 1.18 pg/g (FFH 0.06~
9.70 nglg) Th o7, Fiin, ., FERBREOM R IR X I B, THELEEZE
BRI ORER, BAKBE~ETm L OMICAOHEENRBEINZ, ZOMEIT,
BB GBI DI EDL T EBITBWNT, ATFAKENEMEREEL TWD Z & 2R
L7,

AFVKERIIIE R OO R ERCREICEBEZ KIET ZEBHL MR EEDE CbH
D, —HF CTRBEAOLERDOV R 7 EZH{NEEL 2 bHLNLTWD, KETIX, 7
CTRANEOANEERITH AR S L TS, Liu SOMEHMITAMENIOD 1 B Y
720 DOAF IR EEEREEZFH L, FRICHEREATREEm L & 50 Ll Eo Az
WT, 1 HYE77Z0 DA F KB TEHEIRE L A FLKREEOBBEBRE Lz Y
K E E R E I A (NHANES) 2011-2014 DT — % & v Fvb, 30 HE oA
BT —2%ZHNT1IHY7ZDOAF VKB EHERELHET DL, TV T RO
AREAEMR L E & S0 LA E DA EN . M A FOUKERBEE L 1 H Y720 O X FILKERT
BREEEN, TVTRUSNDO N LR FRICEN -T2, AAEEXDO 1 HH4720 D
A F VKSR BB R & i FOKER O BLRIZ, 7 VT RALIR AT REAE R L D N IET T
RIEIRTTREAE M AME L 0V b o T2, TVTRAFEMNERL TWAANMED I B, AF
NWKEBIZT R, ~7 v, BXOAmLATWaenWABESCHmoMIckd 2 ERnbhotz, 2
LV, TUVTRANEIE, TUOTUNDANFEE AR ATFOAKBEIEN LN LR
Sz, ZEEREEIFZANT, 1 BHE7Z0D O X F LK FEHEERE OB S
Byii e A F VKRR EE O BALZRFT T D & RIS T U7 REENR AT RE AR s e ML d W T,
AENENMLFKBREEOEE L2 TAKR T THLZ Ebbhotn, SHOMIETIE, 7
CTADOERLTWAHEEOH WVADOTEBEIZOWTEOICHELLHARLILERH D | A
FIKBREFEORTEERZ L VBT I2LERNDH A D,

AFIVKEBITITMRFEEN SV | HARTOKRBEREICE > THRBEICHEL KIT
THREMENH L Z LR oT WD, IV T = —DHEFERRO A F IV KBBREL T EH D
MRRICHBEZ B X508 9 DI OWTIEREZEH LN TRV, Vejrup Hi%, ME VK ERER
B, BBOABREL FELRSKOROSERLPaIa=r—va VRED O BE M
RRE L P, BT 38,581 AL L L/ A = —RF ak— MR R LD
9B, 2,239 LT HOWTHE 17 @O FKRBRENIE Sz, £, EIRPHICE
fi L7 B EBIHERNE LV RRHOKBRELZFHE L, BRIZSKEOFHEL LD
aIa=%—3 3 2B 3 % Speech and Language Assessment Scale (SLAS) % & ¢ 3 fi
BOMEHEB OBEMICEIZ Lic, ZibX5E O R MK L REX 1.03 pg/L T
HY., BEHKOKBEERED PRI 0.15 pg/kg FE/BETH Y . AMEEREIT 217
gl ThHolz, MHPKBREITZ, SESLIIa=r—raryOfa s BEEEEIED R
o de, BIET 5 KK 1A FHEE Licth . REBLOY 400 g RTE O MBI E LY AT
HIE, BREFOKBIETZEOHIMNIL SLAS A0k & ARBICHEE Lz, [ UZEEDH
WCEEDRZRTE LIMAT CTIlE. BWIC L DKBBEED 90 X—t XA V% ERD A



ESLAS R EOMICAERAOREENRD bz, HIRTOMBIEIT, :.u:.k:z:
2= —a /0)15}5 CIEOEENED b, LLE X0 IR R KRR R

% V2 D S REASHE BT 2 Z BRI, LavL, ?E@fj%%ﬁxfﬁbf_ﬁ¢$ﬁf
X, SRR ﬁfﬁifxfﬁLrébxréﬂf_o DX, HAEROEBEE L Lok
RIBTHEBICONTITE D *ﬁaﬁx%gf%6 96

AF VKB EHEEZFMT 272DI120F, BERERDLZZENLA L DKBOKRNARNRZ
EECTHT20ERS D, mﬁ®%W%ﬁai t b DA F VKOV, Pl o 3E
Ik o TRESHD (kg = 0.014 /day or t;,=50 days), & b A F /L KERH-I8041 12 B3
LEATMRICE D L. FodEBIZE THIAL (tip =30 to>150 days), #F4 S5 E A
FEOEEZE T HICIIREREEELTZ0T, B hERGE LI AT VKEBENEIED
EEOJFNICET DGR ER SN TV, Caito HIZRART T 47 37 4123
BO~7 AT —F BRI, 60 HEICERIM LZEBEZZ200 51, @BEAK7 o~
FNTTT—FHERME T T AEESITEE (ICP-MS) THIE L72#/AKEN B A F /L IKER
*{‘ﬁﬁ%iﬁgﬁ?ﬁi& (ke) ZHH L7272, %537 OV kg ld 0.0157 /day (t,, = 44 days) ToH

RN BERR TRk IZ 2L EOEB NS D Z RN o7- (0.0112~0.0248 /day; t
= 28~62 days), FfAR 2 BB ICERIL 72 #E b O LK ER/ A F /L KSR EE 3B (AR ] T K
EL BN, JMGEFLET kg & ORICIEOBENGR O HiLz, ka?d 2 FH T 2 /%
VBT 2HE LW, @EEOMET, iAEWEEZRE I 2 4 _ou\ﬂi Kel 73
AEIIELS o7z, Fln, BMI, M5, ﬁa@ﬁ HEE kg &EOBEMEITRD SN o
Too AT VKRR LR REORED . MEHZD A %/wkfﬂéb B 0D AN fife A &
KR T& 2 LML L,

Lackner & O#FZEIX. 2014 412 R A “/’C“Eiﬂf:%g%@)‘ FIVKERIZ L B AT & HE
ETHZEEAEMNELE Y, b NIFICANELZEBRT A2 L TAFAKBEDORE %
Z D, BEHIO A FILKERRETEIT 1Q @1&?&%@@?‘60 ZDEFANE ERILT D
720l T hnrevIiab—vary2fEAL, SENREBRERET —ZI2ESN
TRERT 2N CAEINTETELORESLIOCEEOMNEEDIRAELEZHTE LT,
Tk, BMEFREAGFFELE (DALY) (ECTHRIFAHEZEE L7z, DALY BT REER
Rr—ODORETHELE L, BRCHEEORWERER 72 EB 4 & 25 5 B 2R & B
FEORMEDEEERIT D, Lo o> T, DALY TR 1 FoERIIxIET 5, R
AV OWHEaR— R 2014 (VN 714,927 4) O A F IV KERITHE [R5 2 B A L% T
14,186 DALY (95%{E #H X [ 12,915~15,440 DALY) T&d - 7=, DALY O Ko i%. L1
EVIEREICERL T\, EIHARD 2B, 98%MNE O FMEEFIZER L, LTI
&iofot?b?%fm%of:o B OREBRAMIZEIACBIOCEEMNEZEOER ChH - 72,

ANMEOBEIX, ATFAKBBEOLLRIAKRTH D, You bk, mIEOEREE T L,
/\%%F#E.;&%Jﬂb\fma@%& H OB L D A F L KERBETE DRI TS
VA7 ZREE L P B hOXAFAKRFEEZFMT 272010, MikzHBLEZ, £
EANIRE IC OV T, 2l OCJRMEKF O IKER %2 ICP-MS, CVAAS (2 TH ~ JllE L
7oo MOKERIEEZ AW TAF LK EZHTE L=, 55D National Food Consumption & \»
VT =LA RXR=2 VW TREREZHX, RIZARIN TV LI EBONET -6 &
MOBBIOCRNETOKBRERFEZFTTZ, TOME., ORKED 1 HEREDO T R
fEIEX. 0~3, 4~6, 7~12, 13~18 WMOFEEHIZH DL L TWNDL I &nbho7 (0.03>
0.02>0.017>0.007 pg/kg K&E/H), QY — FIEEIT 4~6 LD 28%IZRH L, O
MK E LML L TARNBROHEIL, AEREICESbOL VD LEN- T2



N, A%ETholz, ZOREIT, RBEOTELLELOATFNAKBOEREZRYERE
MOHEL T TELZLE2EHKRL TV,

Cardoso H %, R/ M HNLOFEKRKBEBICHIND 18 FMEOLEIZHONT, #HEEZOD
EPA, DHA, B L v, ATFNKBIRE LAERBZEOT —F ZBEFHE N OINE L,
AR R EATV, BRERO - EBICHT DU AT EHIE T v A& Ba Lz *Y =
VXV AR LEOFNERE, B OBBEFELREE (HBV, &R Se-HBV=([Se]-[Hg
(or MeHg)]) = [Se] x ([Se]+[Hg (or MeHg)]) (W TN DOMAFEL 3.3~14.9 OHEFHWN TR A4
THY, Bl « AF KB 3.8~323 OFiFHE 2D 1 Z RKRES BTV, AT
JVARERDZ G O FEEFE R (1Q) IC RIT T HEEEIZ DWW Tk, KJJM (black scabbardfish)
DREAEHHRERNLVWIRD , AICEA S5 EPA L DHA OB THEASND L O L #
Wiz, PrERMY A7HEIP T, IF VT RTED P R EORE LI
M B, il 1 EOFETAFILKEDO TWI HE B2 256N (B 2 138 1 [ o0&
BT TWI 84%LL E) R ivlc, ~ 7 1 b EERICHELE TH X F KD FH 2 &)
STz, FEIZFHFRIEIC 220 59 EPA & DHA BEUN RN E WA, A A LiE T HEE TIRK
mole, BRBZEET - 2EBEETLE, IR~DEFA =2 — 23 F VPR
DOPFBELEHEVZSIWMD AN WEHICTHZ LRI,

3) A*FILKIBEELLVDERK

AIETIX, PubMed ~IX# &7z 2018 & 1 ALKBORER L LERHID O b,
“methylmercury” & “selenium” @ 2 FE& ¥ — U — NI L Tl Sz 19 SO EH
BRiZoWT L Ea— L7 (HENOHREILRTR), WRZEXF—U— KTl Sz kK
X, 2013~2015 D 3 FERITKA4E 23~26fm CTH o 7= DIZxt L, 2016 LD 3 41X
B 16~19 fRIZHD L TWnD, AFAKIBEE LV ATEHT 2958 O F OB M &
LCiE, BERHESCHYREERORELENBI L TETVDHENZDL, B, AF /L
KERDZ DM O PEEFLIE (SCHR 36) TRER L72b D12 2 TIHAKT 5,

B EFEHE

Chen &%, MIE/KEIRENEMAER 2R EBAEST 2, £, ML VU REDN R
JEDEMK &R0 EL20M5 2 a2 HMIZ, M REEE 7 A (Reasons for
Geographic and Racial Differences in Stroke study) ®&xt5%# 30,239 AD H 5, 662 AD
MR ZE R E B X O 7 a sk — h o D BEAEA R U 72 kFERBE 2,494 A2 D THEH
aR— MR EB o7 ), MY 7 ak—  OEHERIT 65 (EYERZE 9.4) #%.
ZHEEIA 55%. AEAANFERE 40%, FHEBYIRIL 6 (EHERE2.4) £ THo7, K
FHIEOKBEE LV AREZ SN LR, POREIZAKE 0.03 pg/dL, L 13.0
pug/dL & 720 | MG KL~ & B e ORIEICEEIZR bR o7 (5 ot
D i BAL; KEE>0.07 pg/dL & & FAL; KEE<0.02 pg/dL O ~¥— R E=0.82, 95% CI=0.55
~1.22, ML ¥ FRRE p=0.42), MiEE LV REZ, KEONF— RKICEEELH XD
K+ L1372 569, <5 n-3 PUFA BEEICOWTHEMKEF S I1xRbihotz, —H.
PERNC K B R NREN, Tabb oM CIRmiE KRIEEN GV & MAET ORIENME T
THEVWHIWDOERMMB R LI (N — RE=0.50, 95% CI=0.27~0.93, b L > FHKEE
p=0.04), KERMEFE L N PR~ P REEOEM TIX, MAEF O RIEICKEBOREEILRD
ST, KEBOERERBEEN CEMMERIEL OMBMEZRRILERH 5,

PEIR I CTEBR e R B O RIE IS BENE S 325 2 &N 2L E TOEFIS TR



ENTBY, —J, BMERTIE., EERLNFATENBEA NV RAZET 52 &85
NTWb, ZZTBulka BITAXRY v 7 v Ra—AE%onDnHE L OENEL K
T B T ORI 2 1T o 72 Y, SREETIC AW T — 2 1%, 2011-2014 4 NHNES 0% 0
REOEFHE, B RITA, SEABEEMT~ T, . AFAKE, ELr, BIO
I N /»;%r“ 1,088 4y THY, AXRY v Fau—Ah (LLFAZR) OBZH

L. FWEAFRSEIC X D Joint Scientific Statement (2009 ) ([Z¥EIL L 7=, T 72 b &
I %Haﬂﬁ f HDL =L A7 v — b, &I, H’EﬁBHE‘Z?E@ﬁ b 3 HAMUER
DONTHAEITAZREHE LI, TRNODT —Z0LERDIIITL Y FERE D%

%/\&—/%#I%UL\ A H K] - B % D A §?T%%f”¢%:l:t$xﬁ“5<‘: HE Gk 85 5 DY Sy i
DRI x T D R DO lIE, b RB-IEEKE (X8R KE) BENY — T
% 141 5 (95%CL: 1.18~1.67), A FILKE-~ I EEE TIX 095 (LLFFE: 0.78~
1.16). 7 F I U A-$RRFE TIT 0.73 (0.57~0.94), #REE TiX 0.91 (0.76~1.10), &L v
-ﬁ-iff ®EE TUE 1.36 (1.13~1.63) &7e o7, b F-KIBBEGE ¥ — TR OLITZIEDRHE
< EfLOBREBERECEIME S EKa L AT e — LB X OREFHIENIiOZF RN LN T-Z &
oté E e VR A= 8 Gl O EF'éﬁaﬂﬁ/}%f“#mﬁwt_}:bxlE@EEL
iﬁi)\otk%zbﬂto —Ji. BRI T LA—HOERERETIX, IBER f”é:ﬁlﬁ(%%@*ﬂ
ENED o T2, TR O ZHE R~ DWREE OE DD, luﬁuﬁﬁrﬁ% CHRWEE 525
REPERARBISE TR ENTZN, S HICHIME 2R — MEEEZIT> THEPD DLERH D,

B RKOANEEDRO/NY— Tl

>< FNUKBOBEHEK E L THMEOIENKAOROBROFEGNENE VDA TND

CKBIZED AT UKD AEREIZEE (bioaccessibility) & fEt L 72 AF 48134 720,
%:T“ Gong O, TEOH T GEKEIHEYHX) 12880 T, HHITHEI> TV 5k
CREAIEBRTEE L, AT VKB OAERBZEEZBEGFO Y X7 F-4E T V% v CTHfe
AL ™, ARBGEE L, HEFELARMY T EERT 5 M. &5ICA TR
T 2 REREEESE (37C) . mODBEE L EIET O X FUKEREE 2 WE L T, W
HRTOREIZHT2HEE LTRLE, ZO/RR, KOEKRBEEITZFEY 40.5£9.4%
(n=40) 720, AED 61.4x142% (7T 68%, ZF U4 51%72 &; n=59) I[ZHL~NAE
(p<0.05) Mo 7z, AEOAEEBEE L L VEE L OMICADHBEEZRNRD S
N2, KECIEmEICEER RO o7, LLATOEBRIIZE G, fUE & RKEO/E
REGEEOE T, ELVOEARLIVIILLA, ¥ U 7 ERBMBHED & A BICK
D0 EHEH SN, EETEEEDOAFIVKEO AN — FiELH (HQ) [CoW\W T, £
YTANB Y alb—ya I REEEE Y ARSI L. ERBEE AN L T
K- A, AIEEKRERNS OBEED S0%MA 0.14, 90%fE CTlX 0.54 L 72 -o7=,
B XEBRO BN EEZ GO THH T, BFENLOR AT VKEBIBREED 72.8%0

AMEICHE L, BEOFRERIL 272%E o0z, ARBEEICEHL CELREAEO
T—F %, FPEBFHIZEIT 5KOAFAKBREMICY IO THE T DL, knbo
AFNKBBETREOFEENE N> O GT THY | HINEG 95.6%. MWIE 81.5%
o, TRICH LT, HECHEEM T CEFPEENSEKOOKROFERNRINT
URHE 6.6%. ILHEAE 17.7%. EHET 15.1%. JKPEE 20.6%. LA : 22.8%. WrEA
25.9%), LbED X Hic, ARBZEEZEZE L CHET L, 7VT7 O oMk TlEk
BNFEWNZA T NVKBIBEFEO Y 27 BRI ERVGLT-0, KEND OBREFTMD E B
BT O RETHD EEEL TN D,



BRI TIL Alves B, RV TN, A X VT AT X, AL J AT =—0DOMH
Bl A 9 (ks X OHELE A 0h; 4 n=25~50) (22O W\W T, B OEBEE O
b7t 22 FERICHB L, ATFAKE, B Hih, 8, v, AbhrUF
UA, AUHE, B bFE DRIV LAOEKBEEEZML D, HEALEEY LS
Nz 3TCONLTHLHE T TR LR o8 % (MR 5 4. Bk 2 R, + 245K -
fEH 2 REfE) L. UERRTZORELN O AERBEEZHF LI A, AF KBTI
MK 10% (Z 2) »bim 60% (72 y) OfBEANEZRY, AELEOFTIILFED
EERBEE N RSN oT (64% ), LAILFEIZOWTIE, A0RMETIH, L v
DAERBIZED 73%., I UERDN TM%ELxbEm»roTo, R LTI, ARIZED Ex
RAER LD BIZIEATFVKBOAKEEE L, ETCHRERIVALEZLOTETFL
TR, HERIEY TR LA TN, A VAR HXaTIHRTFLE, i avRiTiFES
TOMMET, T2, BLr3ACH a%Tild, AL IEBIRARONT., £RFED
HERBIZEEEEbDRhoTo, O ORI, KINAMZ 2B (EFSA) 23,
BECRBORRKAREBEESSHAITCEOBRHEE &2 FHFM - BH T HBICELH, &0
DU RGO K FEAMG 28 T 2 72 O I OB L RIS 5 2 E N EEE Lk,

Lino HiX, 790 « 7=V U HFEDO XY a 2| THESHT- 129 o AN HEH
DRI, AFAKE, B Lo BmELZAE LZ Y, HAKEIEEIX0.03~1.51 g/g i H &,
AFVKERIT 0.02~1.44 g/gBREETH Y, > 70K 8 EliL WHO )2 DK R
KYEREZ FThlo T\, FROBFERENOHEH LKL 1 B #EEERE (EDI)
d. CKERBER#ET (EPA) #7550 EDI=0.1 pg/kg/H BB L TEBY, Zhix¥ \vs
ZAMEDORDOLZEERIZLDbDTholz, WELZMAFOE L REIT 0.02~0.44
uglg WEBETHY ., BWHEHO EMICWDAEIEEE VU RENK . WK E
FEL RAEMAR bR, BYWEMEO FAICWD/NEEEERATIE, By - KB
EBIOE L ORBEERENELS . 20 THHAKBBERICE D2 HFEEEZENHIRB I T
WaoHbo L ShTZ, T 7 PraEETO/NETIE, BV EKEOENLHR
FIEFE Lozl x L, WEATIE, FISMIREREXY Yy b7 4 v a (2474
— VAR hv s ) =X F oy PR AT — g ) —XF o T 4w
2) ZFRWT, ¥ _XTEALITTI VNS holz, ZOMBFOERIZIE, BV ORE
FREOB AL, ARMOBREZKS L, HRAS/NAEHZZEDL Z EBRHERX
N5,

TRAYDEEROT =3 F T _EIEEICEY GHEBBRELZEALTEY . KENEE
DF YT - FH2UEJREHE (CORA) NALKFERMAERFEOBIRWICET =4
V> 7 %kt L C& 72, Dellinger ik, 7=V T 7 ENHE LT 6 MEEOLE (v
TNEAA T~1208) EZN OO (Hi®H 4 f) 8O0 T, AERNEREMED & A
FKERE PCB FHOBRET — X2 HHTH L L HIC, EL X PUFA HORKEBRE
BELHGDLETHEL, U X7 - #3% (benefit) ([T 25 liZ 3 = 7272 9, 1990 4
RULBE, PCB IREIIEAEm TH L DT L, KBBEEIZ AT IS M7 4 v va
(M7 ED) TEIEE TH -7 (M), BLUVIBEIT= Y 0= F THEMEEE (198
pumol/kg) TH Y . & L v DML 3.06 (7 1HE)~8.16 (= V) OHFEPHTH - 7=,
@3-PUFA EE I~ A THRbE < (2395.3 mg/100g), HitfloT 7 87 Nk bIEkn- 72
(61.4 mg/100g), Ginsberg B DB Mk V0 U 2 2 « BRIk & MERIC. PUFA L
KEBREOM G 2 EE L TRl 5 &, ~ ARE Il TIIREM 2 & < e B RM: O R R
(CHD) ® PRI ENE N E B 2 B, WY A (Walleye) 2 Bd KSR FE 23 =072



b, CHD O Y A7 N@EL b alREMEN /R ENTZ, T =3 F 7 Xk T ME 552 1Tk
WEERECTHRMEDORZA~OREE L TWDER, TIHIFA L THICHIE 2 Ao
ThE V&L= PUFA 22 EOREMD w2, A F/AKES PCB FHA M S i
FTTWBH, BEATEIOEBRICRI VA X AR ELEEIND, 272 L, BED
BYIRIMN D BT, T2 F T ROAOBREICHIREZ N2 2 LB X720,

Lake Trout, Huron Lake Trout, Michigan Lake Trout, Superior
(To |
. X
®
5 Raw data for total Hg
3 LA | . ° .
. ® . o ® concentrations (ppm)
. . ! . casl
2 ! c e 10 H—g—ﬁ_i—!_! l across time (years 1996-
E o] 2016) for whitefish and
o
% . Whitefish, Huron Whitefish, Michigan Whitefish, Superior lake trout from Lake
= e
o Huron, Lake Michigan,
L
and Lake Superior (n=12
. for each species, per year,
M WTH !—ri—a‘—‘g_!—ﬂ per lake). The trend
=5 . line represents the linear
199 2000 2020 1990 2000 2010 2020 1990 2000 2010 2020
Year least squares regression
| ® Mercury Fitted values | of all data points.
b X oz, A EBBUCE S KEERO Y 271250k, IBETIEE L %D

HERICHEIEOH Dk Z2E B L Tl 2% 2 J:inz_fﬂkfi@f)/);}?;@ ek 188 4 1 7 [+
EINTWDHROFBESCEMICEEZL S LERH D,

B BERAROBEHMOE=21)2T

Pedro &, btk CHiME S 7o e i & 0 F Z ALy o B7p 55 o )10
AR 2 MR (G 125 47 L) ITHOW T, EPA, DHA., o3 JENifE. PUFA
B, By, AMAEEERELZRNE 9D, EEHOBEDBENIC L D EEET
ThoEMTLR NP oTn, BV UVREREA T (2 v)rT) BOREIZ kR
T < (1.15£0.16 pg/g vs 0.30~0.69 pg/g). ZAVLEBEEN XV IEBHEDO LD TH L2
tEZONTE, A FE, VX E, T T4 vy R (XTFE) OEHEAF LK
FITIZIERBEE DR WVEE®GE THY (0.01~0.03 pg/g. M oOFHALETIE 0.12~0.26
ug/g). B L UKD EM TH 7201, 2D OEREN/NE W b R
DEEZEIR L TW A &M Sz, REFREIHE, DF Y EPA. DHA. o3 JEEE.
PUFA, B L U EBRICE 2HBEFER OB AL LRAMICH T 2L, 4TI vy
EREO/NBBEERERIZ, T—7 7 4y 7 a3y ROBRBHETE LI LB TND,
INETONZ T, WBEWILEOARERETOE L ALAKER (HgSe) 25 A F L KD
HHE AR R ~DOBMERMICEEGE L TS EEZ LN TWD A, HgSe FEAEICEDLEY
BEIIA O NI E TV, Ewald Bld, A4 - 777 KA CREISNLETE
YT W T 56 LA FESE P KR E 2 b RRENIC o L. BEFEXERO 7Y — T
YRTHIUVORET XL LIZEZA, UEUTH T T, REREEREE O
BT OKROERE AN E N ENbnoTl- P E5ICEH S ITKBLFEGEEREIC &



THIXYAXXT 4w I A FTAEHBL, 74 7 A7 — VR OK figds kR E

‘r B YHR
TRE

DEEE

EHZDHERFICONWTEELEBLEETo7- (K), BEAFWFZE TIL. HgSe X
FRER T BT DIFIE T O AR D & HER S LTV 7y,
AT —=VIZBWTIR S5 ATEE

RKETNMZELDERT AT
PEDIR STz, ARER O T CIE A BRI X HgSe O 1F

TEHENE <. HegSe 1FM O KBALFEREL W EFREEHEH N D o < D ETe (RN L
500 HY EHEES T, RETNMICK D &L Tl O HegSe DR Tl A F
VKRB Z 6% L& LG22 WY, 77 oMM % @imd 2 2 F VKR
EAEMZDHEE % EIZ HgSe N> TV H L IEE X2V EiRRTn 5,

MeHg
q dietary intake
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AR Graphic abstract.

—F Z Comparison of measured
(D1998) Hg
concentrations in ringed seals from
(A) compares
observed data for different age
classes from (Dietz et al, 1998) to
modeled Hg concentrations at the

and modeled

Greenland. Panel

same age using an average dietary
concentration of 0.124 pnpg/g w.w.
Panel (B) shows the modeled ranges
(grey shaded region) in total Hg
concentrations given inter-population

differences in dietary MeHg intake derived from stomach contents analysis (Siegstad et al, 1998). The deterministic
simulation under the average dietary MeHg intake scenario is shown as the solid black line and observations are indicated

by circles.

(A) Model Evaluation
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[« 07 g oo K SRBLBR AT 35 & OV A K EREE L3R & 5§t 124 FEATO K H 2> HEE L,
RAKER, AF KR, Bizg, BL >, A#Y OM), £F,. UV, IXT A5 (Si0,,
ALO;, Fe,0:%) ZHIE L7 ) EMICh 2 KMILETHE - FORAKRE X F LK
SROBYFENE L 720 F7-BE T O KBRIBEFTITL TIE, KRTKEBIRE D EFICHE
W, KERDO A F AL S L0 R EEICH Y BB E T A F VKRR EE 1318 KSR 1L A
TOKBEYEWZ ERDbNroT, BEERO A FIAKEIREIL, N/Hg, S/Hg B LW
OM/Hg I & IZAICHBE L T Y . ZAUIIRE TERK &5 Heg-S(N)-OM #HAEERDEY
FIRAEMES . X T U TICLDATF IR EE W0 L SNz, HEFO
Tl AR EAI R L. RROKERITR T B A F L KER I L I3 A OMBIBEA H Y |
T L AbKER HgSe DAERRIC L 0 2 liKRAEE S, AFubnmilEnzeEx5
Nlco KEBORMRE CRPIREE/HIERIRE) 13X, #BKED 0~83%ITH A F /L KER
TIEL 107.1~1227.3% & 227 b K& <, MAKBOBRMRE O LN LHERE L U RE L O
FIZE WA OB BEGRZRO T, TOMO LESS pH 50 LB X, A FVKBIRE
CEMIRBICEEERITL TR o, BLED X ST, BL v KBS RHER
BIMRIZERD b le i, YT CTEB LI RICATFIVKBENEE T LI, BL B R
I HREII SR TH DL EERINE,

Wang & NERMICKEE L2 BBICBIML, BTk

MEaREHMEs=XV 7 1L A, BLUVRIMZED AT Grain MeHg level
JVKSRBE A DI BN 3 R E TRBEL TV D 2 & 28 b s aE Y-
572 B B L UIRIMOIENITSA AR (biochar; EWE IR % "‘

P S LR RO LS F RO IR ARo b s ?

W) ZOHH (0.5% wiw) $2 & AR LIELZKRTOATFILK g
BB D 8287%E TIE TS W5 2 L Bbinots, AA AR ammepn | | s
DH RN A 72 L OERS N, FaD A F VKRR & J@‘@g
EREORRREE BT 5 2 L BARRTRE S, KEE B ﬂg&
YokBEOHHEEKREMELTE Ly ERSL FREFEHT L L F x Blochar
T, HEMRPIEFFTE D LT, (Wang & @ Graphic abstract)

[werig
e

W invivoEEBTOMEAE

AF VKRBT T v MIBITHINETORRT, &L ORFRRIRENKERM, AT
FE DD . OB KB O o MELZSI SR T2 ENMBNATWD, Liu b
L, AFNVKBEZEEGLEZT v PT, MEKBRECIS LBV KBRS LR L
)T A L ORE AR T OIEREB I 257 %, KHIZT v MEE kg 470 4 mg
EAERICENL, —HBEICHMHEIENES Lz, 7 v MOEBHE Fo% o ES) LR 72
FomEERNBE Db 4 HEBICKBEEEETIEL, byt L v 2.7 mgkg
RE KBLETLVE) ZHAKE L, BB LcmERE L, KB, A F K
SRIZIE % ICP-MS & W AKIR 8ot (CVAFS) #HWTHIELZEZ A, BL Vv
BMEEIZL 0 MG A FAVKBRENKT LZ, DEERTRECH-7=3MOEL ) T
A > (GPx, SelP, SeAlb) ® 9 5 SelP IZHEA LI KEBARAKBED 64.4%0 6 & 5%
73%I2, F72 SelP AL IR EL UVED 89.3%00 5 93.6%ICF N E ML 7=,
GPx & SeAlb IZFEA L7 /AKBIZ TS T NTH Y, FIZ SelP Bl TKRIBEEL V%
HER T 2 REEZRE-T b0 Bz, MERAKED 90%LL ENAFLKBETHY |
MeHg-Se-SelP L AW D A F KR « B L U HBRKBETIT 1: 4 Thol-DIZK L, &



VyBMEBEERETIZ 1:9 o7z (M), AFIVAKBHRIERZAET ST v MiE. SelP
EOELYEEHECT I LT, IREOMM O O KR 229 &4 E v, ki
X0 SelP DAL AR THCHFIRICEH DA T D B2 b,
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Concentrations of SelP-bound Se
and Hg in serum samples. Cg. and Cy,
stand for the concentrations of Se and
Hg in the control group, respectively.
Sse and Sy, indicate the corresponding
concentrations in the selenite treatment
group. Data represent the average
values of 3 independent determinations. *
Significant difference from the control

group (n=3; Dunnett's, p<0.05).

AFNVAKBHEHEDT v MIBWT, Bt L UBENMREEEZBET 52 ERNm50
TWD A, it U UBITnAEEFBEE R TIREREANKWZD, X 0EREEDT /4
T LK (SeNPs) O FNEER~OLZEMEITEHWEBbisd, £2 T Li bidkiEEs
L7 v McBWT, A4 X7 v~ ~ 7 F 7 4 — (SEC), ICP-MS, &Y X #Ruo#r
# (SR-XRF) ZH W\ T, SeNPs & 5D E4% 7 v NIEHOKE - LV UV ERER %
ST B LIC XA L D, SeNPs Rif% 5T v M AFAKBEHEETH L, M
WBARBEE LV VREIXZERS L (FTK), *HEEETIX 25, 62,140 kDa IZKERE A N R
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L7 25kDa 77X A % 0 FF %
A4 THY, 40 & 75kDa 57 il
TINT I Thol-, KEMED
SeNPs ## 5 L Ct, #ikL g
b L ERRIC, KRB ET v O
MM KEBOPEH . BT oE
Lo KL AW D E R & RS
HT ERLMroT,

Total
concentrations in
groups with or without SeNPs treatment
(mean+SD, n=3). Different letters above
the bars indicate significant differences

Hg (A)
serum

and Se (B)
in different

among treatments (Dunnett's, p<0.05).



AF VKBTI FICAKBEAED O BYHEEICI WV AEMBRBIND N, EL X2 D FALO
A DEREN G, ATFIVKBONAL FXRT ¢ 7 2T LEMERREEEZ R LT
W5 L Zhb, Bjerregaard B, BEx RIBIEEFHEADIC A FLRKELZRAOBRSE,
KBOZERRIEL B L OB IO VTR LE Y, £ - BIROBRE, 2V
LATHXAHA, IRYH=, b bF THEMRBAT CTAFAKELE P CERE 1
FLLE) LTWER, IA 7 VETIEERN 12~24 R BN Enbhol, i
BLUUBE (BEV T A b 0sSe) ZRIREREEL L, IATVHELTIYHFATAT
DAFOKEOPEMEITHEM L7228, =, h=, & b7 TIIHEBIIBIE I Lo T,
LTI, SRR OKREEZ L, EREMRREDOKBEEL LV DRLT
52 LT, KBEMOAKRNDHEELSEDLEEZONRTE (FK; S FYH=TDH*E
BRAER) —H. BELUERMLTHEBEASACKBEREICEEN LT W EYHE
(Avx=ERE) bEOMBE N,

103 F 80 .
E'I-Eupétrgulned= 107 %g 00022 3 S Control
=0.15 | 70 -:; __  Se in food
ke = m-?§ﬂ
I} o = %%&
o 100% ! 1[ £ 40
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Nr:n | l | =2 I
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Carcinus maenas. A: Retention of 2°*Hg in shore crabs fed ***HgCH;" containing food. O: Shore
crabs fed control food (n=14). M: Shore crabs fed Se amended food (53 pg Se-SeO;>/g; n=15). A:
Shore crabs fed control food and exposed to 5000 pg Se-SeO;”/L in the water; n=15, Mean+SEM. B:
Distribution of the ***Hg body burden. *** indicates statistically signficant difference between control
and Se-exposed groups at p<0.001.

Ledo B, BV bEMDO Y 7 ==Y L =F (PhSe) L AT N AKEEF A 3
UV a UNTIIREERE L EAER KR, EBRED ., EHEBREOEAFIZ OV TN
fo O AFNKRBOBEIZE Y AT OEFRLREHE, FHRMET L, KHOTE
PEfE SRR & KRR EE 2NN L 72, PhSe Z [EIRe# G- L 72 B T b /K ER 00 7 MR R 52 288 13481
ZaINT. PRoTCEHEREORELELZ BT IR L oTc, B L UG
TIE, MNOKBERHE B RN A TFUKEHEMBEERICHESAFEICHEA LD, BEY
BRI EEZXD 2T,

~NVF VI RZRIRTH D EREPEY = K (advanced glycation end products,
RAGE) i, {HMELIRRE TRRIE A F L AL RIEIS DREIZHE G T2 LS TEY
HMGB-1 (High mobility group box 1 protein) 72 &3 MEENIZHFEET S5 RAGE D U H v
RTH DI TWDH, Pinks HlE, RAGE BEFEMNEOET VAW E L TREFEH &
ALTWDHHEH C.oelegans ZHWT, AFLKER, BL o, #igh, v~ T, BFE~Din



vivo B3 LN in vitro BEFEBREZ B o7 7Y RAGE DO FHL L IEMALICK &8 0N
ZHZDMEDPORTEIT., &FEFE RAGE OJFRE - mEICEbLL 7L Y I+ U —
T—HEER LT,

Eios 72 —Ls o ke LT, Cheng 5%, ICP-MS (27 7 7 = B L ORIk
7772 rOEEMEZIGH LT, BEKE, AEAKER, R, &L 2O FRERN ST
BV, HALBEMDO R DS FNRN—Da el ERTAEEOMNESM L 2
ALY, E700 REICOWTHARER 2 #i28H S ., Branco Hld, AKELAY
EFFLRFUUREDMEIIOWTLE2—LE P, bbb, BEL T UHF A A
RTF ALV RF - LE T H—F (TrxR) DAKBICEY O TmYEMER 2 HIE L T\ 528,
TrxR NLEEND L, FAEZFFURTNVEL REFL U250 REA D = X L0B1E
THEDTFALRFUY (Trx) DAL, ZORBEESND EMBEEICES &S
TW5b, KBEEOY ML T OBRMEEIO O OBEZENNRE IOV TR
THEY, TrxR & Trx ZMFEFICHFEET LD, ZNHBEEOFESCR L2 KB
PEDARA A~ —H—L L TRRMICFIHTE D20 LW EEE DITR T, 7,
Ralston & @D 7 /L — 7%, 2015 FFl2 L EFEFEISMEZ2IEH Lo /KED U R 7 FEAf 2 B
TOXELE2—%2B I TWDEN, SFEFTICKBEHEEICHT HE L UHEHIEHO
AL A D = A NCEAEZH T a—2%ELE Y, ZoRHTIE, BLURn
KEBD 3 FAER & Hde gD LWV I G2 D 20, & L W A F VKR O A% E M AR I
DEENZ FEICHSTWVWEE NI ZRETOBEDNE TR LTS, A FAKBITHEL
ROV GABEOBEZMEI L, MBEELZSI ST, B Lo anre
THE, HELVEBETHALEE LV LK (HgSe) DIENRFIKMBNER L CHMELH
TS, B UG AMEITMEN TEENREEO S ML FREE LTHFEEL TR, &
PEENHICRE L CIRIEW ARG F A A2 AT 5 L VI3 HEEFMIC L RBICEA TSI,
BRI A T VKB EBIEOKT AT 28 LR 571255 LR TN D,

4) FREBEEEIZE T SHKER A FILKER DR E

NBIAR A FNZ 3T 2 BRI &5 KR ITHIER B CRROKIBOHERETH S,
KBEHNTEIEAPDEET A ATLE L THETI2BIZEHNIRL, 207 vV H A
TFEETEINL, @B DESEL-0T AT LT OKEE F—FRA =70 LT
MEL, AFESE D, DMEESILDORILN S OKBOHRT ~ /L OB L -
THRFE LT AKEITAER] 400~1,400 t & R DKEHILED 37%% HOTWD, £ Dk
R BBIEILRITKEAKOWAIZ LD PR EECMOMBEELI SR T,
DT, PRI DL ITAKE, LERAI L KBIZ I VBRI, EORE, JHIH
WoOFEELZ ORI ERTHL MR E~OKBREBOBE L 2o T D, F/hBUEE
L2 b OHEH ST KEBIT AT L THEEEY X7 26726 L, HIERY, ik
ERBLORERE R ENPELC TS, FAE, 70 NELLEOET 1000~1900 77 A D A %
WAKMBEFMA LTceBRB 2B 272> TEBY, Lib 400~500 5 AOLME L+ &8 D3]
el I CTEHW TR, HAMICHEE 2> TWnD (REDX),

AfE TrX PubMed # HH W %E ¥ — U — K “mercury gold mining” . “mercury mining”
B LY “mercury cyanide” Z AL, 2018 FFAEIC R R S N7cim LA T IR Lo, B
U T 30 B /NI GL Lo AR ERIE (LS 38 1 DEABITE D KR, o7 T XD REETS
LB IOMEFEZEICBET ONEEZRBITT 5,



Estimated annual mercury use in
artisanal and small-scale gold mining
(Global Mercury Assessment 2013.
Source, Emission, Releases and

Environmental Transport Programme,

L w
4 - Mean ASGM mercury use per year (tonnes) Chemicals Branch, Geneva, Switzerland,
1-5 10-25 W50-100

5-10 M25-50 M 100-500 2013)

® & ¢ W

Up to 1400 tonnes Hg  15-25% of global 37% of global  10-19 million miners
emissions annually gold production mercury including 4-5 million
from =70 countries poliution women & children

B NRESMUISICE TS RERSE

NI A B 1L B 0 A BOX AR IR ISR - 5 &R KER D B ITKERAKICIRE, £ L T
TN BT A T IVKERICIEFE 41D, Gutiérrez-Mosquera BT a1 > B 7 O & B E
BoOMFER 63 N (FLk 16 A, &M LA S A, RGEE 23 A —KA 23 N) OEFEZE
EHLICT DMK, R, BETORKBIRBEZNE L, KEBREL L EHETE L
=Y, B R, MO KEREE OBMEEEIZ, BYETIZEE 15.98 ng/g. SR 23.89
png/L, Mg 11.29 pg/L TH-o7, —FH. & (15 N) TIEEE 8.55 nglg. J& 5.37 ng/L,
Mg 8.80 pg/L T -o7-, FFICEEE OKRIRE % /R Uiz & MR T i I o i it
TOEEELHEZHMELZ T, BYEILRORFKEIRE X 32.53 ng/L & &<,
BEAN T (Panning) {E31C X 5B PEAY 72 KER AR O MR K SRR ICHE IR L T 7o, Huds
ROKBIERTFEIC L DIEROFFRIL, FRICEBEKBRAKRE SN H8ICHERE, fLEIE
TR R EAE N o - (Table), AW FAEEMOMBENMEZ, BE L MmO M
TITAHBMR B BE rP=0.59 (p<0.05). &M r’=0.87 (p<0.05): AETH Y, BEIIKA
A EZ KT HIME KR EBICEMBEEZ R LT, E2EBEKERECRETH DK
A OBIRE &2 R T & O OMBEBREIE rP=0.59 Tholz, T K I ICKEHK
RIRBRED A FILKERIRETE . ANEHEBRUE L KBRBEEL L EOBBREFND Z LT,
HRHXIZH T 2 8 b OKBIREEE OUEITEICEDE & HIT, BUROKBERE L~
O GL L7 B O LRI IR & RRMENEE TH LN RBR I NI,

Table 1 - Health related symptoms withessed by the local residents due to Hg exposure.

Symptoms N (%) Mine workers Dealers Housewives Jewelers Others
Headaches 443 & 11 4 1 b
Memory loss 157 3 7 1 i} i
Cramps 71 & 7 1 1 4
Tremor BB 2 3 0 1 4]
Hardening of hands 14 0 1 0 0 Q
Less strength 14 4] [i] 0 4] 1
Mood swings 28 1 1] 1 4] 4]
Hemoptysis 14 Li] Li] 0 1 i}
Joints pain 14 Li] [i] 0 1 i}
Insomnia 14 1 Q 0 0 Q

N = MNumber of individuals.

TITONDT <Y INLET D Yanomami K DFEE OERMN 1980 FELLK, 4



BRI LD AKBRICEFEI N TNDLZ EDRMONTWD, Vega B Yanomami #L4[ILIZ 3
T2 KRR A FMT D & & BITTHER LR NSRS T O AL E L 8o X
SRBNEN D D E AT D 19 ORI OWTHMAIZE 2 F i L, (ERICEREA 4
Ba—%BI79 L& bICKBREDOEYTFHRRIEICEZTKEEZ AT, /K
SR O BRI E & IRERIEAE & OB E M 2 R TR L L CAHREL (PR) ZEtHE L,
TR R E T S A 79 AL 6~11 55 50 A, 12 5% 2L E23 103 ATH D, 239 ADOEE
HKERIEFELE 0.4~22.1 pg/g DHFIFHIZH U . FEFICHY RMEENIZE O T (K), 5F
\Z Waikas-Aracaga Hilsk Tl & & W KERIEE (P E 155 pg/g) 2R L7, XRE D

25.01

X Distribution of total mercury
concentration (pg/g), according to
villages: Yanomami reserve, Raraima,

2009

B 5o o Amazon, Brazil, 2014. A significant
< difference was observed among the
* three groups (K-W test; p<0.001)
1009
(+]
5.0 l
T il 5
. Paapiu ;n 179) ‘Waikas fe‘hluana (n=47) Waikas Ara‘l:,agatn =13}

ENEEZR KB 6 pg/g LA ETHBHFEIX 92.3% T - 72, Paapiv #ilkiT i HIK < |
3.2 pg/g (FHAE) THFEIX 6.7% Th - 7=, Paapiu Hillk D BEZH /KO H KK & g
L. Waikas Ye'kuana #fillk T 4.4 % (PR=4.4, 95%CI 2.2~9.0), Waikas Aracaca il T
14.0 1% (PR=4.4, 95%CI 7.9~14.0) @M%/~ L7= (Table 1), F7-/KLBEFEIT, WEFE
(6~9 ) ITIE< . 8% (12~4 ) 0@V 2V S BREBHNRD b, 0L,
KERNREEE & /NBB S L (L o HBERY AL & & o I BEEMEN RO b,

Table 1. Prevalence of mercury concentration, considering levels above 6.0 !.Lg-g‘l, and Prevalence

Ratio to illustrate a possible association between ASGM geographical location and mercury exposure,
Yanomami reserve, Roraima, Amazon, Brazil, 2014.

Total Entire

i > g1 g1 Y
Villages =6 ugg <6 ug-g Sampled  Population Prevalence PR CI95
Waikas Aracaga 12 1 13 29 923 14.0 7.9-249
Waikas Yekuana 13 3 47 116 277 44 22-9.0
Paapiu 12 167 179 360 6.7
Total 37 202 239 505 15.5

PR: Prevalence-Eatio, Cl: Confidence Interval.

£LTITVNVOT fViiﬂijT 1980 ELIRE, /N ERIBIEEIC LY 7 <Y )l
IR O E R O KEBATIRFESCHNEEIUT X D A F /L KERIEEE 25 LA |2 85 2 70 B0
L 72> T3, Dos Santos Freitas 5137 7 VLD 7T ~ > Ik O £ O 1 & % 51
KEBAERRAFNVAKBIREIZLDER R ~OEEZH L NCT DOt E 5 2
ol 7Y B EIT T~14 O T 176 N TH D, AKSIREGEREIL Tapajos Wik o
Barreiras #1[X 71 A & Sdo Luiz do Tapajos #i[X 41 A TH 5, *HREIIKED ’i.“’i’x T
72 Tocantins Jit ik @ Limoeiro do Ajuru HIX D 64 A TH 5, Z OHIX OLRH#EE X



TN KA LRUIC K DBED N E IR TW D72, F o KRR E IR IX A BRI
XD THoTe, 1> T, KAKBAMNEITIR TIER BEPKEETHMLZ, £
72 %1% Lanthony K E /SR L D-15 & %2 v, FHHCE RSB EAEOFRY ORJE
% Vingrys and King-Smith VEIZ XV EEIL L TC-A T v 7 AL Lz, BEFKEREE
I% Tapajos Witik O 1355 4.5 ng/g (fiPH 0.26~22.38 pg/g) & Tocantins i 8 D 1~ fit D
Fr4)0.49 pg/g (HiPH 0.03~1.91 pg/g) KV ARICEME TH -7 (FX), FAHEIIKRA D
fE R C-A 7 v 7 AEIZIL Tapajos Wil @ -ff & Tocantins Fitil & 7-fik D] TH
EAEITRD N> 720 (p>0.05), Tapajos ik DO+ MIR DY) C-1 > F v 7 A
il & BEZPRAKBIRE & OMIZIWFEBEBEENRD b4t (r=0.1881, p<0.05), 7%
B YRAT 4y 7 EUFGHTCTIE, B9 OPTEH & A D3 7k o M50 HUs N o 7K SR FE
DEBIVEREREBLSOZLENRNPALNER o (FR), UbEX, 772107
~ D2 DRI DRI OELE O FHEO I IL AR ITE W R D AU WD AN K ER IR R 11 4E
BWOMERSCHEROEEL TV ERHLNE RS T,

1007
Max

o -|- P75

P50 Total hair mercury levels in children from Tapajos (Black bar,

J- P25 n=110) and Tocantis (white bar, n=64) river basins. Bars are

Min mean=+standard deviation.

0.11

Mercury concentration (ug/g)

O Tocantins river basin
O Tapajos river basin

0.01°

Results of the linear correlaton between the C-Index value and the total mercury
concentration from database of each river basin community.

Community r Confidence interval (95%) p-value
Tapajos river basin
Right eye 0.2281 0.04 up to 0.40 0.0165
Left eye 0.1296 0.06 up to 0.31 0.1792
Average of both eyes 01831 0.0 up to 0.36 0.0501
Tocantins river basin
Right eye 0.0819 032 up o 017 0.5201
Left eye 0.0706 031 upto 018 0.579
Average of both eyes 0.0828 032 up o 017 0.5154

F K AU AR E TG /B A B IR IS B I L o TKERTEYE A LT b, Ouboter
SLIXFEHBIEBIC L VAN EHOKBRENS LA L TCWD 2 F A3 FEONEED
Saramacca JIIIRWICHALET D 5 DO O LMEE T2 RICEEZHKBEEZHE L., BE
iz 2ot T T AU D AEREOAEYFNIFE L BT S 2D BE Pk
ERILFE 2 O M P KRR FE ~ DLW Z FF AT o7z, AU FAHFEO LML o
FBETKBWETT AV D ERERERETOREM 1.1 pg/g LV EMETHY (K 10),



MEFARERBESL T AV AERELAL T FMEERTOBANELZAEE LY LAEICHM
ThHote (F 1), T DOK O LTt E W B EZC M KR E ITH O L
o DS BRMIEEICE D KEH YR LEANFZRICERT 25O Th oz, SRIOFEEZFK
R U~V IT H PERTZ ISR R & 52 7o U A R B 55 03 T Y S AL - AR T i 22 o REBL & TR
LRV ThHotlz, A%, AV T LAIEMETIIAEMFRNET=F I > 7o E O %2
BIROVENLAS D,
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‘USEPA Action Level

USEPA Action Level

10 Geometric mean concentrations
(£geometric SD) of mercury in the hair
of women and children (combined)
from interior villages in Suriname. The
United States Environmental Protection
Agency (USEPA) action level of
1.1pg/g is plotted for comparison. *
denote  significant differences at
p<0.05.

11 Estimated geometric mean
concentrations of mercury in the blood
of women and children (combined)
from interior villages in Suriname.
Geometric mean concentrations of
mercury in the blood women (pregnant
or  non-pregnant) from coastal
southeast Louisiana, as well as those
representing national averages from the

5 2 A N A ) NHANES are also presented for
PO s o & &
?7 ¥ Y Q% &° comparative purpose. The USEPA
o g x . .
N & .\,,“'a Q@,‘“‘ & action level of 5.8 ug/L is plotted for
R oé‘@ & @° comparison.
N Q.Q %\3
Q
V2 6‘5\ v_\s’
SR
oF
N

Location or Group

INBURE AL IR LI B T AR S & hOKERIRE E OBRBRER O NI D ET, BT
OB 2 Z LA NMEERICE DU 27 BIKICET 5 HBEITMA I Ty,
Wyatt 5 13/NRE A BRI 258 2 10 £/ 4~6 2128 2 72~ — D Riverine Hiil o 8%
(n=12) ZXRIZ 231 NOFEEZFT ORKIRIRE & Z O Mg CTHiE S vz B o KRR
ELHBT A LICLD, BREEL bt POKBRE L OBEELZRAMICTEMLE 7Y, &
512 1 FEMNT THEIR W REAE N & PE (15-49 7%) 46 ADO R ZRIBE O ST, MIBIES
ETAREEREZBL T, AECHEABEORMB 250 — KN RKEBREDOY 27
R A T o7, B CHE LA N HOKRKEBREZH W, MAROSHRHAREZFHHA
L7ofER, 2 < OFEETEAOKEREE /MG S Tz, Frlo/NR AL L O
i DO EVE TIX, LARTOFHA CRIE Lo E, I, HUE oo K R B MRl & R



L7zd, BEFKBREIIEBENICEMEZRL, AONCHENRONTE (X)), BET
KRR X 2 DL~V TiE 86%, FHTIE 77%D b b3, KIERERETOEYE
AL 12 nglg A TR, fFRlCcFHHIcREREL S SR T AREENRB I N, F
T AEFER O ORI RS THORMICIEY SWEZRKBERENPBEZINL TV D,
HUETOBRENKERERETL SV EZBLTWEGAE, BAOBRE L)L EIEE
D 8~9 »r ADMICKERERE T LNV E B HHEIL II% ThHoTz, KOO
R (F~ b, NFF) RFBHH (X /7)) BRECTHBRICHBEINZSGA, BET KR
WX 29~75%0 A L7z (FR), BAEX D | /INEBEGHE L HUER 2 & 3E km B 72 9%
THEMERNIZEIREDOKBIFEDOLEALZITTWND Z LAY %f):&r:cof:o BIZHED

KRR & LS O W EREO BARBRIIR BEELZ T HVEHORERLIT A
WFHIEZAT 9 Wr\ B 5 fE L F W TUEREA 72 ) *ﬁblﬁ%f“&)é & ERmR LI,
20 5
Active ASGM

Total mercury content
(ng/g) of human hair (left
y-axis) and wet weight fish
muscle (right y-axis) by

-
&)}

location from headwaters
along the Madre de Dios
River). Boxplots indicate
the  variation in  hair

w

mercury and hair outliers
are  indicated by “x”

Human hair Hg content (ug/q)
=
Fish tissue Hg content (ug/g)

0 symbols. Mercury content
S $ $ $ $ $ in fl‘Sh tissue w.as.repl)orted

N v 3 w 9 previously and is indicated

Distance from headwaters (km) with  black circles. A

LOESS (locally weighted smoothing) curve (blue line with grey 95% confidence intervals) was added to
visualize the relationship between fish tissue mercury for all trophic levels and location along the river. Hair
mercury limits for the USEPA (1.2 pg/g, red line) and WHO (2.0 ng/g, yellow line) are also indicated. The
grey region indicated communities where intensive active mining is present (210-330 km).

Table 2. Summary of hair mercury (ug/g) by household (HH) level consumption frequency of fish, antioxidant-rich (quinoa, kiwicha, tomato), and selenium-rich

(Brazil nuts) diet items.

. . . . Geometric Mean Hg Geometric Mean Hg
Consumption Frequency HH (N) People (N} Geometric Mean Hg All HH Individuals (95% CI) WCBA (95% CI) Children <10 Years (95% CI)

Never /Seasonally / Sometimes 30 113 29{04,9.6) 27(04,77) 2203, 67)
Fish Weekly 11 45 17(03,46) 15(03,45) 16(0.8, 3.9)
Daily 18 73 2906 11.1) 34(13, 10.6) 2304, 97)
Never /Seasonally / Sometimes 3 120 3.0 (0.6, 11.0) 29(11,10.8) 26(0.3, 89)
Antioxidant-rich Weekly & 3 21{07,84) 23(09,7.5) 16 {06, 42)
Daily 2 88 22(0.2,8.8) 24(02,7.8) 16(03, 63)
Never /Seasonally / Sometimes 55 215 2.6 (0.3, 10.6) 2.5(0.2, 9.0) 21{0.2,87)
Selenium-rich Weekly 1 3 21{09,51) 21(21,121) 0.8 (0.8, 0.8)
Daily 3 13 24(08,7.3) 33(L5,8.3) 26(22, 3.0)

TR IE O /N BUREE 1L JE D OERIZANEEZ I L TO A FILKERERE SRR AR Z
WX DEM, EYE, BEERBEREDY X7 2 TWwb, Weinhouse HIE~L—0D7T
~ Y OB L E D O 12 5 EL T Ok 83 A A RICE M, MERER O
BEL BRABL AL LEDOBBRICOVWTIHRAE ), 5 MU T T 45% (59 AT 29 A)
TR ~ET B 11 g/dL L F T, 5~11 % TIiE52% (23 AH 12 N) B~ETr B
11 g/dL LLFCEMCTHo7- (REE), Lrb, PEOTFHICEREAR, B9, MEX
BREORZHPEONZ, —FH, BEFKELOFIAEIL 1.18 ug/g (0.06~9.70 ug/g) TH
o7, FM, F. HFAERNE, X1 By CHELEZOBLODZEERIGE CIIEET



Baseline characteristics of sentinel group children aged < 12 years /K & ~FE 7 1o v OFIZH

(N = 83) from the AmCS selected for micronutrient testing B RER (B=-0.14 g/dL, p =
Propaorti % . ’
= oporton 0.04) BT b= (FR),
Male 38/82 ago /DRUBEIL L )E D O F iz A
P— Female 44/82 S4% TV KSRIRTE & A i o> B
Yes 40/82 49% V@R LT,
Mo 42/82 51%
Growth metrics®
Stunted 10/82 12%
Wasted 2/82 2%
Underweight 4/82 5%
Overweight 4/82 5%

* Anamia thresholds and growth metrics as par WHO guidelines. Hamoglobin dataonN =
B2/83 childran. Sentinel group children are a subset of all children < 12 in the parent study
BmCE) who were classified as belonging to “sentinel groups,” defined as comprising a
WCBA, a spousa/partner, and at least ona child in the housshold.

‘ﬂ'_ N - Total hair mercury is inversely
Z; e e “ associated with hemoglobin (Hb) in
= “o 4 sentinel  group  children <12.
T o J_',::'. é -.; o - Unadjusted bivariate association
T ¥ | mlicae v b & (B=-0.12, p=0.06) is shown, and the
=] r— 8 " 0= F inverse relationship between mercury
p ,,m;v: e . ”“H_-__ﬁ'ﬁ'_—:‘-——-.__ and Hb remained significant in the
| e | ¢ e 9 ° 1_“'"‘7."'—1 final model (B=-0.14, p=0.04),
o v = ¥ L adjusted for age, sex, HAZ (height-
? % ® g ° " for-age z-score), WHZ (weight-for-
E o ) height z-score), and vitamin By,.
2 po o
X
[=]
5 =]
0 2 4 6 8 10

Total hair Hg (pg/g)

B MRESMUEBZICE T HREMBIZDONT

FREKDOZ OETIEA B2 B, /MBS CIXESERIBIZ KB T v L7 2ER W
BNTHEL ., WIEN LI KROBEHREPAMEL TS, =277 RAEBO
Portovelo Ml % jfi41 % Puyango-Tumbes JI[VRVMZ 87 T D BMEIG N H Y . R A X
U 7GR ORI T ~ VA BB T ARIEO O THER 6t O&EAEL TV
%, Marshall H1I=27 7 R ~b—@ 2 [FHE % it %5 Puyango-Tumbes )T > T,
PR E HERED R OKIR, B3, B I DA a7l % 2012~2014 FI2H T THRAEL,
IR EREWEOMBERMEIC OV THE Lz 30, HREThOR S &R KEREE L4
RLER T 57 5 40 km BEAL7c FHtfEE TR S dv, #22121% 0.78~30.8 mg/kg, MZEITIX
1.80~70.7 mg/kg OHFETH Y . T b OREIL Y T X EERFEREF S (CCME) O W[
REMER 2 L ~L(PEL) 0.5 mg/kg &8 %2 T\ iz, KERFEINLIKS3#HT TIid Portovelo ik o 4>
VR T35 Cff H S 472 K $R X Puyango-Tumbes JI| it 160 km Bl 7=~/ — T i H
SN, =7 FLoSRB TR KBOHRFE CHLL EmLT (RAEKN), £
Puyango-Tumbes JI[ 72> b EREX L 72 JIDKCHERE T OB 3, U FI U A ., 2 LT
HFgp7e CIRE B AKEAYIRED DD CCME MEE A ENE X Tz, Lavh, &L



HTHOE OBEHBATIE, 2o &8RORGFIREILRBEAKT 156~367 &, HFY
T19~740 5 b B A B X T\, T D OFEED B IKER % & Tl o> H 4 8 HS 5 15 Y
fEICKRES DL TS ZEZRLTEHDTH Y, Puyango-Tumbes JI[ 75~ /L — L&
ORI OME— DO KIR TH L Z N ZORMEEZREIML STV 5,

Total mercury

Total Mercury (THg) in River Sediment concentrations (mg/kg dry

-~ 100000 1 g - weight) (log 10 scale) of

2 river sediment in the

£ 1w000{ W - i .

E Puyango-Tumbers River in

%‘ ‘ !- ] o a% relation to distance from

- 1.000 o A AA A Dry the processing plants. Note:

€ B e e e N Wet PEL (0.5) refer to the

E 0.100 - & - = PEL{0.5) Freshwater Probable Effect

= & Level threshold (1998) for

3 0.010 S o ey the Protection of Aquatic

200 0.0 200 40.0 60.0 80.0 100.0 120.0 140.0 Life (CCME) of 0.5 mg/kg

Distance from Processing Plants (km) dry weight of total mercury

in sediment.

X 512 Schudel 5 =7 7 KL @ Portovelo-Zaruma M [X 0 /N HIEL 4 85 1L 0 & £ 98 12 £
IKBIZELD FTMOKELERRR~DRZEL 7T RV &~V —%&it % Puyango-
Tumbes JI| CARZERMIKEZ AN THELZIS Z 2o My KR FIAL AR T O H
Y O I EARAF RN B (MIF) I & > CTEWRAMAEOREZ R L, 2/ R4
SRl Oy TR SR LE L TWis, Z O8I Portovelo-Zarum H1X 120
km FitE CHBIZE I, KEIBOIRNAL A oo
BINE IR BRBL O IR FEIHIZ 72 2 KR D 1B - & 5 5, \
B LR EomEoY — A E LTHAT 3 0F ® .

ty

EHZLEFRLE (BM), &HIZHK

-4io

1 DK FHE R K R AR ORI 23 T &
7= DX KGR T DB IZ L 5 5 0 ook _+
Thot, KRRGE LK TFRICHT 8 e T
HAM, RHEMOBROIERITLT Y o) % K; ] §
{LHEICIE B RV NS S LR E B S B0l s ; I
BROFKRTHD LT s 2o E g:?-ts— ﬁ

BRTOB, ZRGNEEEIIRE 2 )

THI & 2072 K SR 2% 00 (2 M R4 0D 42 el

0 20 40 60 80 100 120 140 160

DS D 2T AL L L S R o
B 847 D BB B LT U5 = & 2Rk I a1 1
3

(o]

L 7=, Portovelo-Zarum X Tl F Y % ] % ' +
OINEAL L MO ARESEFL F | %

TABATEY, b oiiFlraR =% 1 |faeteastis e Downsveam Sedments
TS LERD D LR, g

Distance from ASGM (km)

DO (A) Hg', (B) 8*?Hg, and (C) A'’Hg plotted as a function of distance. River
distance of 0 km signifies the sample was collected on the Puyango River directly in front of a
processing plant. A negative distance indicates that the sample s upstream of nearest processing
plant. Sediment samples are represented by blue (reference) and red (downstream) circles.
Solid samples are represented by green (forested) and grey (deforested) diamonds.



TIZVNTHERMIEIHICHE D KBICLD2BREBLEMENRA TH D, 77 VNMTH
XD 1-2SE 77 ¥ /L® Iron Quadrangle (£ 18 HAIZIZ T 7 PN D b EHEREFEH O
15T, 2O TIIERBEOBEOSHEIZKRAIHNENL TS, Larb, IR
R[AOKEHHIZH T L2BHE R R ENRVWEE, @FOEENRSHTLEIRbATND,
da Penha Rhodes B IX/KERGHTHEE L T AT a~ N7 T 7 4 — B4 — 78RR
ZHWT, SE 7 7 ¥ /L® Minas Gerais Hilik % Jii 41 %5 Gualaxo do Norte JI| 0] )1 D HEFH
W OKBOFHEREZB R0 0 ZOJNET T VNBID 350 5 ADN~ITK
A5 9% Doce WBDKIFEToH D, KI5 HIE 8O KGR O IZIT. HEBT O M
BB ERETHRTFOEBOSELE A2 OrHE L KEFEOMAVER %24 72»ic &
B3 BT A W7o, HEREW R O R KERIEFE 1L 209~1207 pg/kg T. A FILKEREFE X
0.07~1.00 pg/kg TAFILKEOEEGIL 0.01~027%TdH > 7=, FIEEBEEL 2 58 T
FKRRITE TR DOTERE TIHAE L TR Y | MBS TIZRIKER & iRk~ > 4 > (MnO)
EOREMENR RIS, ZOZ LIFII T U NKBOMLD 2 WVITRET L AR,
EDICHE 3 ERSOEERNT A—F—ThHHMAEYN (MO) & CH;Hg 51X, AF L
LB FRIZHB T 2 A EOM)D BN R I N (R). /NHIB G I 31T 5 KR
DAFIAIZEAT 2HEN S KE O LW O rTaEME & Z OMBIZ 31T 2 A i Bk
FHERE Y L VMBS oM EETHDL LB TND,

3% Loading values of each variable in each of the principal components
(PC1, PC2, PC3) for sediment samples of Gualao do Norte River.

Eigenvalue 7.366 3.825 1.228
Proportion 0.526 0.273 0.088
Cumulative 0.526 0.799 0.887
Variable PC1 PC2 PC3

SiO, 0.279 -0.171 0.100
Al,O4 0.358 -0.079 -0.013
Fe,0; -0.338 0.154 -0.162
Ti02 -0.218 -0.366 -0.103
MnO 0.195 0.402 -0.155
MgO 0.348 0.082 0.077
CaO 0.258 -0.322 -0.080
Na,O 0.265 -0.250 0.424
K,0 0.337 0.127 0.197
LOI 0.335 0.083 -0.163
N 0.093 -0.414 -0.433
oM 0.238 -0.102 -0.614
THg 0.176 0.429 -0.139
CH;Hg" 0.017 0.289 -0.328

Loadings are written in italics in the component where they have the highest value,
i.e., the component in which they have the highest importance.

AN ERIETE B 31 D KERBE A TR K AERBRICHL Z DR Z KT T, Galvio b
T~y o7 A ZINGEERO/NEBESILERICERT S 2 MEAOK KT E
(Macrobrachium depressimanum & Macrobrachium jelskii)D#a /KSR 2 HIE L. KA
ERICBTDHRARTEDKBOEYE=4—L LTOAEMEICONTH AL P, 212 L
DT EEERMIEHORBLEZTLE T~V D 3 DO~ 2T A 7 )| X (Caripunas
JII - MDCP, Jaci-Parana JI| - JP. Jatuarana )l - MDIT) O &3 5 #is & &850 D Z 2
% T TNV W 3 (Jaci-Parana )| & Branco JIl) O & WA TR L, £ LT ED4}
B PG, ARk ORKBIRE A WE L7z, ~7 A 7)Ild> MDCP, JP,
MDIT XF DA NP LM L2 2 O EOKBBEEICITAEZET R -T2, &k



MOEELZZ T TR WNWEROBRMADODT EOKBEEIIAEICEKL-T2, £ FEHKR
AKERIR B X I (IFENR) T 160.0 ng/g LA EEmbEm <. MEH TIX 10.0~35.0 ng/g.
AR AR 1% T<0.9~42.0 ng/g LK oTz, =T A TOWAKT EDKERIEEITERE L ~L
RIS L TERY, ZERAT— LV TORETKEOAEME=F—L LTHEHITHD &rnnrm

ST, TRNOLOEMITHRFEHICEBERHMTH L L L HICE MIRIT D KBORE
WMIE 2R TTHHDZ b, BRYEHEMICHK T 5 KEE M i%gf%ékff\to

Marrugo-Negrete & (3= 1 > B 7 JLE OB FLILIERIEIC L > TKIEOREEZZ T 2 O
@/pi@ (La Raya /Ml & Ayapel i) TEHIL7-MHROBRKBRE EERB L VRED

ERNMAEGEN & 8°0) 240 L, FEB L OEHEZEH & AEICB T 5 KEBOEY
@%uowfﬁﬁbtwow#M®@m®@@®$mkiwy%f_%%+kﬁ$@
FEHZTRBOOSNT (p>0.05), ZhoOMEIEFZBLTRLEFAAIY—ThHD
TEMRBINT, Ll 2 DOEMORBIZITES DO AR TR KEREICE
HizENBD SN D & HIT (p<0.05), 3N, §”C T L THRABIZOVWTHLAEENRD D
L7z (p<0.05), Z Ui La Raya VA HI ClIeHMITEI2 & < . Ayapel WML CTIZRH, K&
MENE WD) NDJFFEHIZEIE L7 NAMREEDEAR WS 2 DOEMIZE T 5 BWE
HEDOHEREORFVEEL TWDH AL R LT, fHBE ST TIERAKERIRE &%
FLAL LRI 3PN EORIC B ABEARMMBANBD b, 2 SOBRM L AHO LY
HEIZ L 2EMERBRPIAGNERY, TNLOO/ELL, TUOANEHEZERT D
R ROWTER 2 Y 2 7 OFEENRD b LT,

A)—DO~ KL 7 « 7 44 A (Madre de Dios) T /NI AL LT OB L4
RLUFETTEBY, BESOKBIGRICKHT HBENEE > T 5D, Martinez b 1T
WZ K DKBOEE L ST T 5D Malinowski JI| & Z DOEEA S 17 TU 72V Tambopata )|
& Health JIl 235 L LT, WJINA WV OB O HS D b ERIL 72 HERE Y & S B o KR
WEEZRE L, SREIEHICE D KBORBIZONTHELE ), - RREBWE L
ET DH72DIT, 36 fafd 308 LD 515N 35 KO 813C DL ERAAKAEZ 34T LTz, HERH T
D KRR 1E Malinowski JI[23 Tambopata JI1<° Health JINZHE_EETH > 725 (X)),
Malinowski JI| D £ 4158 D KR FE 13 Malinowski JII 23 Tambopata )1l @ £ 40 %6 0 K R 2 &
LRI S T (i‘%)o Fo. BNMEEHERY O KEIREOBIZHBEM X R, L
& BRI TE B) O I b B M é}’&)%hﬁb\:&#% Z O MR Iz B TR O K
fﬂ/}ﬁfﬁ)d&@”b%ﬁ‘fﬁﬂ?m‘@”ﬁ DEMTFRFRIETIE RN B RENT, L75>L/7ZC73§
b, ARG OEASCHNEOERRICE T 28bIE, EREIEHOREL T 72

TIXAKREB DAY EFEIC %@%&iﬁTbﬁ#%méntomﬂqkiosmcm 12
ﬂﬁﬁ“(ﬁiﬁﬁﬁ‘% LU 7oK ERIE BE & EARBE & R L“C-‘J%@ SGHRBICL--TAELLZHL DD
. CRRREESE L OMREMIAT 272012 oMo Y EEEICET 5
J:anfﬁiﬁfﬁm?ﬁ)' ETHDLIENRBEINT,

DB Dry season Hgg.q are shown with
» ¢ circles and wet season Hgg.q are shown with
triangles. All wet season Hgg.q are higher the
dry season Hg,.q for each river, except one
value Health River.

Total Hg (ug/ke)

Tmubopata Malimowski Health



Mean fish Hg concentrations (+£standard deviation) for each season.

River Season Mean Hggg, (mg/kg)
Tamb " Wet 023+ 023
ambopata Dry 0.22 +0.27
, , Wet 0.18 £ 0.15
Malinowski Dry 028 + 0.24
Heatl Wet 0.20 + 0.22
eath Dry 0.19 + 0.27

ANBURE A B MU IR A AEMFE~DEBO L O T HAEYFE~DE ﬁ%/ﬂ*ﬂéﬂ
TWb, ~Lb—FHEHOT ~ > > O/ -GN L E L TIE 1995 202 5 2007 4F O [ I
BEHICHR K 300 MLl EOKBEKH Lz EHE S, %réé%@@lf@ﬁ@@ﬁﬁfﬁ%ﬁ
2D KBBEEIZRT H2E(ENF DIV TV D, Moreno-Brush 5 [/ HAEE 4 £ 98 J& 30 0 =
vEVDOREOKBERE L, SFEEOBEBEICONTHELE ¥ avel)oE
B~y — 0 E 7 SR CHEBMO R 2 3 227 T 32 FilE 204 A A BREL7-, &
BROKRBRETARIE= YYD (FRIE 0.26 pg/g, n=154) LV bMERME=YEY (B
B 1.16 pg/g, n=29) OHFNEL, ZOFEWVIEICEFBOMECLIZbOTH- T2,
Lb, Rt 2EOavE VTN T, AN #2423 2 @S
FOEBEEZ T IRVEREEL O KBREDEEEZ R L, AR IX &AM D KRR
%}iﬂﬂw‘é D, KBTI T LRBEHIX D B OHEH ST KR DT E

 BEEORYEEMEIZAD Z ERRE I NI, KEBTHRIE TH 5 SIS B X8R A
%@7kfﬂﬂ§% WIS 22, BERICIEKEIREITENKRWETH > 72, A% T
BONTZAKBEEIT, FTolmEESI V7BV TAERMREHEE >10 pg/g) MNR
HEINTVWLIEMEE VIR, Lob [FMEEOKBIEERFEME CHRIRLI-avE ) 0F
FEOKBEBEOHBENIIH 7=, Lol a vt MmoBEHEENY TR % 5F
M35 E2FEEEE~OEBEENREETHDL I EDRHALNE R T2,

B PEKEBLELUEBIOREFLMBEDONT

I OO K EREIE 1L JE D O BOFKERZAR K, MK ERIC K 2 IREEICIN 2, BENLDL DA F
JVIKERBRTE DIFENH ST o7, Jia SIXFEFEHOREEE OKEILWLEDO 7 #
KChiE, IR, BEFTOAFAKBREZNE L, ZOHIBIZHIT 5KBO A F Lk
DEREROEEZITI & & HICEEZRORKBIRE & X FILIKBIRE NS Mg R OREE
R & 3 2 2o 72 2, LEE KSR B 12T 14 97.26 (1.53~1054.97) mg/kg T, A F /L
KSR FE 1) 10.41 (0.88~46.52) mg/kg T -7z, THETITHRAKSIEF T2 AMIKE
(TCO) & ® R HH IR % R*=0.50 (p<0.01)% L T pH fE & »RIC &M% R*=0.21
(p<0.05) & A EZRBEENRBO b, —FH . A F VKRR X6 EE R o (SRB)#K &
ORI AE 2B LR (R*=0.39, p<0.05)7358 &b%imt (KREE), Lrb, 1 *
a2 N— FFEBRTIIAKEEB D A F {biL SRB IEMEICIKAFT 52 Z BRIz, BFREOMKK
SRR LI 15691 (24.79~781.02) pg/kg T, A FILAKEREE L 0.052 (0.01~
0.018) THVHV, WINLRERELEHTSHBIIBOM S LV GMETH -7 (RAKE:
p<0.05; A FILKER: p<0.01), L2b ., RELHEPORAKRE A FILKEREITH O
TRKER & A FIOLKERIEE & OIS EMBEZ L 54 (p<0.01), 1582385 3 0 58| %725 Ye



WThdrZLErL, VAZFMTIE, FENLLORAKED 1 HIEIE (probable
daily intake: PDI) [Tk A OB EiM A 1 HEBE&E (JECFA 2010 @ PTDI, 0.57 pg/kg
RE/H) L0 b@EWA, AFILKEED PDIIZS W& (EPA 2001 @ RfD, 0.1 ng/kg A&
/BY EVIRECTH -7, BEFTORKEREIL 1.57~12.61 mg/kg T, A FI/L/KERHEE
1% 0.04~0.94 mg/kg TH Y, BEH AT LKEREE L BFFBHRIC L D A F KD PDI
L DORICIE DB (R?=0.39, p<0.05) 2@ O LN (FX)., BF3ENHcERISK L.
HEY A7 26T AREEZ "R TSR TH- T2,

#< Correlations between abundance of sulfate-reducing bacteria (SRB), pH, and concentrations
of total organic carbon (TOC), SO,%, total mercury (T-Hg) and methylmercury (MeHg) in soil
(n=45).

Abundance of SRB SO,~ TOC pH T-Hg
SO, 0.23*
TOC 0.14 0.076
pH 0.011 0.049 0.033
T-Hg 0.059 0.055 0.50** 0.21%
MeHg 0.39* 0.36* 0.10 0.01 0.072

*p<0.05; **p<0.01

0.8 - R°=039
- p<0.05
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I Correlation between MeHg in
0.08 H ° human hair and PDI of MeHg through
vegetable consumption. PDI: probable

E'zj i .. ° . daily intake.
04 s .
0.02 | * °
0.00 I I . I . I . I . I . I
0.0 0.2 0.4 0.6 0.8 1.0

PDI of MeHg through vegetable consumption (pgf(kg bweday))

MeHg in human hair (mg/kg)

ARERGL L JE D T HE OB 72 & FKH BEOKBIG RN B KO A TFLlLE 726
L. BUA~OATFIVKBOLEFEPEROREICRA 2GR E XIFL TS, Lui b I3
F. T L CRBEOKEIL LD 45 OKE TEN S KEAFAALDASA F~—
71— A5 T hgeA & & DAY (hgeA WAEY) ZHILL ., KD X F b & BRBERK 7 &
DEEMEIZ SOV TN ¥, hgeA B FORITAKY . pH, RMIRER, REHEEE,
KR EZR EDORER FICL > TRELZIT LI ENPYPLNE R o1, RFEMAT TIIAK
H 18 oD hgecA BAEMIT 7 27 43277 U 7 (Proteobacteria), ==V 7 —F 4 — ¥ [
(Euryarchaeota), 7 v 1@ 7 L 7 % X[ (Chloroflexi) 38X O 2 DO R 72 7 — 7T %E
STz, FELEEMBESHICEY ., pH BLOAEYE 2 K H L8 F O YRS
X hgcA BIEFZHEMEICRELHE 25 2 &753@?%75)&73?071 WKHEK), vz, KR
AF A A F A 7 m & 2 2B 2 72 DITIEKEB DO A F LAY O R E 23 B 2
Thh, ZOZLREWHEHEIZEIT D A :J‘/D7kfﬁ(7§m0) V27 i i+ 2BICAEHTH
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1) EbADAFILKIESE

AFNVKEBOE S ~DRFEZBZONWTHELZ ORENRBRINLTND, ThbDE
TA2WBETHZLEFIEHOETHLIN, TOPTHRYFEEICIBITD FE Y 7 At
WIHZLEMDZ EITFEICH LW, KEETE MIEOFR T, 7o — B THESNR
7= PPTOX2018 THFE S 4L, % D% Toxics 362 ## S 17z Karita b O3 &2 hinc %
LD,

2008 4E1Z Strain & O L TLLEE . XA F A KBORKIEHIRE I TERE TH- T
HBbAFNTLK 2T ELOMBREEICEEZRKITT LWV ZEXBOLIL, HROEKES
A EMEIE (TWID) 2870 E SN ERE LA TR CHREEXE2B D
o TW5D, BN ML 2B (EFSA) b U AV FM/EHEZRBIR> TV HHEEO 1
STHY ., AFAKBIZE L TIE 2012 10 TWI % 1.3 pgkg KE/MEERELE Y,
Karita 51X Z ® EFSA OFHliEOHF CHEMKBREEIZE LA Z Y T, W/ M TS
AREME 2k 72 P, ZDFRELIT. EFSA 3 XY Gribble & 13 A F L /KSR D [ A % 5
e LZBICBEMBRORE - FHHENRANT AT TEBERR N EEFET TN DEN
L)z b RS RE~ DB L PO L ) ICH T RENICONT O — R
REFOLHRP L2 ETHD, ZHTx L Karita HIFHEEZO L DIZHONWTHF
KL, %ODDOMHRITHWGNTZHEFEN 5 TRV EE2EMLEZ LT, AFLK
SRITRBIEWIRE ST T, HAEZRDO AT AIKBRFEE T AR ICREET L L8
L7, ROBEHTARZIIHAEZOA T VKBREZEBOGETH S, NRINEMEZS
ZESIT TWI HE2BREB L OERIC L CoREMA L, EIREAREERO KM (R %



br <) /NI GREDITE N T2, AT AKEDO TWI EOFZ L L HIT, EODiHE
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Abstract

More than sixty years have passed since the outbreak of Minamata disease, and there
seems to exist no high-level methylmercury contamination in Japan. But, mercury is
continuously discharged from natural sources and industrial activities, and health problem of
low-level exposure to methylmercury among fetuses and children has not fully been resolved.
Meanwhile, mercury contamination due to gold mining is a worldwide problem especially in
developing countries in south America, southeastern Asia including China, or Africa. From
this view point, we provide an overview of epidemiological studies, mainly issued in 2018,
addressing health effects of low-level exposures to methylmercury and mercury.

The following findings were obtained in the fiscal year 2018: (1) The number of
published papers concerning “methylmercury” or “mercury” as the main topics has been almost
constant in the last 5 years. (2) A specific effect on cardiac autonomic function was focused
relating to human health. In particular, although the European Food Safety Authority (EFSA)
summarized that its health implication was unclear in the review of methylmercury in 2012,
Karita and coworkers suggested the presence of autonomic dysfunction at lower levels of
methylmercury than the critical level determined by EFSA on the basis of two studies in the
Faroe Islands and Seychelles. (3) The effect of methylmercury was suggested to appear in the
higher center of cardiac autonomic fnction at the time of prenatal exposure, whereas it
appeared in the periphery at the time of postnatal exposure. (4) Future epidemiological
studies with a large number of children should be analyzed according to sex separately,
because boys appear to be more vulnerable to methylmercury and/or other toxic chemicals than
girls. (5) Blood selenium concentrations were significantly lower in infertile women than in
the age-matched controls and selenium-adjusted blood mercury concentrations were conversely
higher, which suggests the protective effect of selenium on methylmercury toxicity in humans.
(6) Studies from developing countries and China reported novel findings involved in health
effect markers, evaluating methods for health effect, factors affecting methylmercury

metabolism, and food selection for ruducing methylmercury burden.



These conclusions suggest that there remain still quite many problems unsolved in
mercury/methylmercury studies and that it is important to continue this kind of review further.
In order to explain human effects of methylmercury/mercury, animal and in vitro studies on

toxicological mechanisms also are desired to be incorporated into the review.



