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EHICZDOLE2—THLNDREITREADED TWDH T80 ORELREICET 24
ERA (=2 F L) 2 EICB T 2 ERHZED D ETH3ZITh b b0 L MFFELD,

1. EE 2. \OBEBRE 3. SHER

O WRBEICHETZK | (@ BEERBLALE | (@ ELYicET 3R

B5H BES A .

a) KERER RERFERICBE T 241K

b) ¥ERLECSEL | |@ HEEE

¢) KRS
@ KRB C>gg7ﬂm-uz¢

VST =

a) Sy ® URHZAZ 24—

b) RETOBM JAS

c) Dty ~¥3s

Fig. 1 LB a—x&0e
0. WFoEsik
SCHRIR SR I, NCBI (ENLAEM R AT v 2 —.
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U®fENE L35 (Fig. 1), L E2—OFERIZOWTIE, 1) A F KRR L UOUKERICEST
DWFFRIRBL. 2) B MR 2 A TFUKEMIE, 3) AT AKBE L DR, 49 2R
FAFIAENAER I BE 3 2 SCikTE . 5) KERIC K D EREEVE YL LR, 6) KRG EZ DD
Wi, O THET 5, L E 2 —3ROHFIZONTIE, AFFRITAMFEEE TOL Ea—
FEOMBIFETHLH D Z LD, FEARMITIEZ 2019 4F 1 H ~2019 4 12 H OB S CTigi L
AFTECHRE R & L2020 AT T8 O 3L T H Pubmed T Epub ahead of print
LLTAFTELLBIIVEa—x5 & L, £/, JBIRRIZRET 2530V B = — | 3ARMSE
THIDTEFETHZENS, FICAFZT TV AEZRLIREBE L, FDOA LT F U AL,
FELZ DN T D Il B D Ff SCRR SR & St L 7=,

(i B i ~ DAL RE)
AWFFET AP SN SCHROETH Y | WHFERRE ~O MBI EIT L L LR,

0. AFgERS 3

1) AFVKERE L OVKERIZBI T 2 A7k i

AF VKR B NS ASRICEI L T 2 E T3 SN2 ST OHER IOV T, PubMed
MBEME ST D TResults by year] 77U ZIEHALIFAE L7, MEBEXF—U— FIZiE,
mercury OR methylmercury & UL7=, AZxfH L 325 3CHkE, X 52 AND human Z3BA0L T
WA I LT, TRARIROERIE, hunan O X — U — RERZRAMEF AT6E7R 1945 4E LA &
L. 2009 FFE TEMRL Lz (Fig. 1-1), Bk SICMGm U E 1945 405 2019 £ £ T
HCHDEL 20 f@ind 2065 FEICHIN LT\, 2D 95 human TR VAL THRE LT
A 10D 28T fRICHERS L T\ D Z EAVURE T, B MEXG &3 55m 38U 1990 414%
DI SHI LT D HOd, 2001 F£F Tl FERIRE L SUTREo 4 Bl 2H#kR L
TUeAd, 2002 AELARE T 4 FNTEETHHXB e B4 T L TR YD | 2019 415 29. 4% Th
o7z, B AR O GRS ORI 22D OBER & LT, 2013 45 10 A2 DKERIZET 5
KR (Minamata Convention on Mercury) | 2SEEARTEIN « B4 Sdu, HEREREL &9
B B HERBRL O K ERIB YT DB R £ 572 2 & 8T R LR ST,
WIT, EBI ORI 72 D 1987 4ELAREIZ OV TC, Japan ZBZERUTEMN L THREE
FEhi L= (Fig. 1-2), J72bbH, &5IZ Japan [Affiliation] TRVIAATHRET D L.
1987 4E 6 2019 4FEITHMT T ssCEUTITIEEFHITH Y . #ET 26 Hi—~68 flz /oA L.
human ZBH19 % & 7 fi~29 ff & 7272, e XEIZHD D E Masto b 5FIE1IZo0
T, 2000 FFLABEDEEETH D L 13 34. 1% Th o 72,
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Fig. 1-1. A F/L/KEREEIEH D PubMed L DiGCEDOHERS, #¥E X mercury OR methylmercury
L L7z, & 512 human TOMK Y ALE A 7L —T/R LT,

[EBFR 2 T China (2 2WT b [FAIERICHRE & F2hE L7228, China [Affiliation] ZiBA19 %
& RmSCHEIE 2000 4 GRGRSCECT B W) S72 0 S L, FFE LEML TS 2 &
ﬁ%éhﬁ;@m 1-2), b FEXRET HmCEG R CHHATH L, Mim Bl EHD 5

FRSCOEIE T BAIZHARTE L, 2000 FELIBED EHET 17. 9% ThH - 7=,
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Fig. 1-2. HARLHED X FAKEEHE D PubMed LD OHER, i s z o
D ML OHERE &R,

Z 2T, RRORHIECED D TEN D OFERBEICONTHRREZFEM LT (Fig.
1-3), 2000 FFHIZ 1T DGR SCIT 15 D D FIE D B OFRFEE 1 2. 9% T E 72003, IRESIZHY
AL, 2019 4EIZ1E 30. 7% £ THM L T e, T70b b, ITFEICRIT 2 /KERBIE O G SCEk
MoOEZD 1 2L LT, FEPD OFRBENPRE L HFE L TEHY | FRIERERICH T 5K
BYRICEEPEZ > T D Z ENRB I,
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B TEOFRCEOEMOBER & LT, EFHR SN DmCY v —F AR HmL, #
bR ETmEbIhD &L BT, Py —FAEBERGHENL, WbWwd INFX Y
¥ —F ) ORBEBLEETERY, SEIORE TIIHGEYS F CTRB LIRBITIFERL TEH
T, H ETPubMed TOMBTHDLZ EEFME L TEEZIToTLZ L EZFRLTEL,

2) &t MZET D A F KN

OB CHITT AR — M S LT, Grandjean HIZ LV ED LN TWA T = 1
—af iy HE R — MFFFEER L Rochester KFED 7 N —7BHEDTWHEA =L D/
FEFEMISE (Seychelles Child Development Study) 23LARIZ2HE H SN CT&E -, 2019 FI12iX
MR & & /NI E 2 TR & T 2B MG 2 D b DIX 0o 723, BIRER 72 EiCB
HTL2WMENHENTEY L2 —% % Lz, O mRseE, HEmE, ke
DURGEE, AEROBMEREIZOVWTHER SN O N T L B a—2E i L7,

2-1) FRRRFEEA DRI HOWT

Wang DI LMD 10 OEFHER T 2008 £ 5 2009 4EICT THIA 3R — F A 2 3
L. 45 Hg & 264 18 » A £ TOMRATEIRE L OMEMEARE L T D Y, o7k
X286 fHORE T TH Y | EERE LT Rat~F @ (DHA) OREIZHEHR L, I
1.2 VYT Hg, DHA 72 E & 43, /N OMBITEIR L A% 3 B BICHAERATEI R 71
S (Neonatal Behavioral Neurological Assessment, NBNA) B XN 18 » A T Bayley
Scales of Infant and Toddler Development, Third Edition (BSID-III)Z fWCHlE%
1772 > T\ 5, NBNA % Brazelton and Amiel-Tison for behavioral neurological
measurement in newborns Z JCIZBAF S NT-MAiELE D Z L THY, 7T N UHAERAT
MO EZ RIS D EZ X BIND, FERTH DA, IO ARSI 2. 00
wg/L THY EH DT OfEMm Hg J2EEIC ST Iprenatal low—level mercury exposure
ERBL TS (X & A i) L BT g & B 223, lb=ak— b

108



A CER S NI He O FPRAE 16 ug/L ITHER LRV, FRITEIR R E~ OB
DUVWTIE, DHA 72 E 028 & TRf#E U, W45 Hg 1% NBNA DR 7 o —~ » ZADOMK T & Bk
L. BSID-TIT A =27 LIk e otz LTWD (&BE 2-1-1), —J5 T, DHA AR
BSID-T1 ODJEBE)FEEHEHE & IEICBEE L 7=, NBNA A =2 7 T/k$R & DHA OAR AAEH MBI ZL S,
FEHE L He & NBNA 0D BE:Ef4EZ DHA L~ MK (<45, 54pp g/ml) M TORFETH Y (&
B 2-1-2), JREHICIIT D DHA OEEMEAFIBT R L L2 b, £, RoMRIT
JE RN A FEhid 5 & BIR TRENREWVEAPBIE S TS, o8, ZOHEaR— |
Tl HPIE 1522 44 DIFIRZMEDO B TSN b DD, b DR T 721 4, &
BT 306 4, AT HOHB TTERNo7T2D0 60 4472 EOFRH T 305 4 £ Tk
2PN

/|

EE2-1-1
Table 4 Unadjusted and adjusted associations of prenatal mercury exposure and DHA

status with NBNA after birth and BSID-IIT at 18 months of age: logistic regression
models [OR(95%CT)].

Mercury DHA
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
NBNA
Total score (< 37) 1.301 1.392 (1.051,1.843)*% 1522 (1.090,2.126)>  1.016 (0.998,1.034)*"  1.011 (0.986,1.036)*%  1.013 (0.986,1.041)*
(0.998,1.696)'%
Behavior (nonfull 1.175 1.478 (1.110,1.970)>%+  1.436 (1.074,1.920)" 1.005 (0.994,1.017)*  1.003 (0.988,1.018)>®  1.003 (0.987,1.019)°
score) (0.974,1.418)'
Active tone 1.204 1.268 (1.012,1.587)°7  1.241 (0.984,1.565)*"  1.000 (0.988,1.013)*  0.996 (0.977,1.016)>*  0.995 (0.975,1.016)"
(nonfull score) (0.997,1.455)'%
BSID-III

Language (= 109)
Motor (= 109)

0.998 (0.847,1.176)°
0.982 (0.823,1.172)°

0.918 (0.763,1.105)%?

0.919 (0.760,1.112)1°
0.957 (0.787,1.163)""

0.998 (0.988,1.008)'°
1.009

1.001 (0.990,1.013)%1°

1.001 (0.989,1.013)'°
1.009 (0.999,1.019)'"*

(0.999,1.019)1%%

Cognitive (= 109) 1.001 (0.992,1.010)'°

0.915 (0.780,1.073)°  0.831 (0.681,1.015)**'%  0.820 (0.664,1,012)'** 1.007 (0.996,1,018)*'% 1.007 (0.996 , 1.018)"*

Note: Model 1: simple model with mercury or DHA alone; model 2: multiple model adjusting for covariates (*PCBs; Pfamily location, maternal age at delivery,
maternal education level, monthly household income per capita, PCBs, lead; “family location, maternal education level, monthly household income per capita, PCBs
and B-HCH; Yinfant sex, maternal age at delivery, maternal education level, monthly household income per capita, maternal dietary intake frequency of marine fish
during pregnancy; “infant sex, family location, maternal education level, monthly household income per capita, maternal dietary intake frequency of marine fish
during pregnancy, 3-HCH.); model 3: multiple model adjusting for covariates in model 2 and DHA or mercury.

"n = 209, ?n = 185, *n = 176, 'n = 196, ®n = 168, ®n = 164, "n = 180, ®n = 174, °n = 286, '"n = 265, ''n = 245, ?n = 236; "P < 0.10, *P = 0.05, **P = 0.01.

E DI RHR 10 &4, FPE S 4, (KIKEIL 24, BSID-T1T REM 2 4 & 720 A&
FENTICHD 2 &N TE I 7V HUT 286 &Ik & - T D B AR TENR AT 2 47 3
HIZIT 2, HEED XA 2 U ZICEbETT A —NEFREEZ T2 2 EANBET
Y| ERIZIT D HER O EFREBEEEDOERE R DNLRNE DD, BENRLR0L N L 9
b Ebhie (1522 4 OEEOIERBIEITI R I TV, I ILERS° PCB 7 & O A1
FRCFWE DO HATOIVTV D P, FRATENFE & O BIEMEIZ DUV TRERIE 2R,
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Table 5 Interaction models and stratified analyses for prenatal mercury exposure
against NBNA and BSID-III at 18 months of age with DHA status (dichotomized) and
infant sex: robust/general linear models [ (95%CI)].

NBNA total score BSID-III language BSID-III motor BSID-III cognitive
Stratified by sex
Males Hg —0.178 (—0.335, —0.022)"" 0.281 (—1.141,1.704)™" 0.391 (—0.551,1.334)° —0.668 (—1.987,0.651)%
Females Hg —0.065 (—0.162, 0.033)"* —0.823 (—1.915,0.269)>% —0.116 (—0.669,0.437)%7 —0.570 (- 1.565,0.424)"°
Interaction with sex
Hg main effect —0.048 (—0.134, 0.039) —0.968 (—2.024,0.088)" —0.109 (—0.739, 0.521) —0.442 (—1.436,0.552)
Hg * sex —0.122 (—0.283.0.038)® 1.492 (—0.218, 3.202)°% 0.507 (—0.549, 1.562)'° 0.035 (—1.589,1.658)°
Stratified by DHA
Low DHA Hg —0.139 (—0.258, —0.020)* —0.355 (—1.775,1.066)"!1 —0.009 (—0.891, 0.873)%12 —0.798 (—2.051,0.456)""
High DHA Hg —0.064 (—0.158,0.031)%* —0.464 (—1.583,0.655)"'2 0.122 (—0.439,0.684)5'" —0.110 (—1.197,0.976)"'
Interaction with DHA
Hg main effect —0.306 (—0.435, —0.177)" —0.267 (—1.571,1.037) 0.014 (—0.751,0.779) —0.805 (—2.038,0.429)
Hg + DHA 0.261 (0.101, 0.421)% —0.221 (—1.914,1.473)° 0.102 (-0.918,1,122)"° 0.642 (—0.978,2.262)°

Note: MM estimation was used in the interaction models for NBNA score and general linear models were used for BSID-I1I outcomes. Reference groups: sex (female),
DHA (< 45.54 pg/ml).

Covariates adjusted for: *maternal age at delivery, cord blood iron, cord blood lead, family location, maternal education level, monthly household income per capita,
cord serum DHA; Pmaternal age at delivery, cord serum p,p’-DDE, family location, parity, maternal education level, monthly household income per capita, maternal
dietary intake frequency of marine fish during pregnancy, cord serum DHA; “cord serum DHA. “maternal age at delivery, cord serum B-HCH, family location,
maternal education level, monthly household income per capita, maternal dietary intake frequency of marine fish during pregnancy, cord serum DHA; “Covariates
listed in a, except cord serum DHA; ‘Covariates listed in b, except cord serum DHA, plus infant sex; Covariates listed in ¢, except cord serum DHA, plus infant sex;
"Covariates listed in d, except cord serum DHA, plus infant sex.

n=286,%n=289, >n=283, 'n=121, °n =115, °n = 134, 'n = 131, ®n = 172, °n = 236, °n = 265, 'n =114, %n = 122, *n = 132, *n = 133; *P = 0.10,
*P = 0.05, *P = 0.01.

JR R D A F L AKSRBREEE & /NRBRIEEICHOWT, 7 R U 7R R L v ik — A
FOFRRPIME SN TND P, Nisevie bid, 257 MO A x5, MBS LU
DHA &7 7% R (ARA) ZMIE L., Wi Hg 2 OURERE O 5.8 ug/l) & IEMRFEERIC
ST THEE L T D, METENIE T4 18 » H T BSID-III Z HHWTHIEL., S HIT4E
% 3 HEHOHER 2 RICHEBRTIRMRE L 57 NTHEM L7Z, A F/LKENRTE & A THE)
I & OMITITHE A B RBEEEIRD b2 2 ERHE S TWD, 72721, /b
DR S (p=0.032) LATEHEIOME (p = 0.023) [EIFRBEREIHR L TREF TS < 2o
Tk Y (Mann-Whitney test), DHA B XK OVARA Z&E L CHIR URERIC/AR 72, 7233, DHA
> ARA & AR TEN R EFEEE & OMICBIEMEIX > 72 b OO, HBHEIL BSID-111 O 555
TEH A 27 L IEICEE L, SEREOEEENERINATND

2-2) A RFEREIZONT

Grandjean & OFFFEY V—7 X0 | O ENRSE (g, AV L~ = =)L (PCB)
LT AR T IVRAWE) ORBEFMEE B L LIRSS Sh T s Y, 5kl
ifi. % FEHE UNEBEREA 2 1772 o 72D BT, 7% T Boston Naming Test (BNT) # XN the
Strengths and Difficulties Questionnaire (SDQ) % Ffiti L. the G—formula combined with
SuperLearner &9 T THAGIAN % %M L T\ 5, SuperLearner (%, [KIF:RBILR % HEd
5k@®ﬁﬁ&bf~%?UVfK%W?%TwﬁUXA%mﬁﬁé%mf%D\%ﬁ\%
E ONRE L Cilam X RENELOOH D & SN TN D, FFTORER, b TR O
A F VK ERNRTE & FRAEA ﬁT&@%‘%%%wﬁé&km;Pmswﬁ%ﬁ%ﬁwﬁé
FER Lo TND,

Hg IZ1%. Pb 3L 0N Cd 72 & OMREN 2 A3 2 IS ~DIRE B 2 1 ok — Rl
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A CIRHT LT85 3 & T 5, Shah—Kulkarni & (Z88[E o HA4E =78 — FFZE (MOCEH AF
78) ZIEH L. ERgI (12~20 8, 523 44) ., EUR%H] (28 L k., 467 44) ., E72iXHipE
e D7 (321 44) % W CHREE AT 2 266 L, MR8 EFBIE & BSID-11 OREERR Z A
T 6 4 HCHRIE LMEHT 2 F2hE LT D Y, Bt o Rk, SEEIRICIMZ, <407 v
T—xvv v oElE (BRMR) 36 X O InEET v (GAM) Th o, EERSHTICE
AR, FEBA RS, A, ROMER], HARE, tljillﬁukivtﬁmﬂ)&qﬂ@ﬁﬂm
F=rThoD, MPFHKED L~L (PIE) 13, IR 3. 44 1 /L, HEIRTEH] 3. 13, I
trrifil 5. 33, &R &L LT, Pb BRERIZ K DA DB MIRRFERTE (MDI) I X ONEENIE EZIE
(PDI) CHEigEs (EEF 2-2-1), Wi Hg (XHIR CIIMRAEIE & OMICA B 7o B

PEIZBIEL SN2 b DD Pb ORI M He BNEWEMTHHE TH D Z EAVRENTE
v (EEk2-2-2), Pb & Hg DEBRBELEZ RET LR L R->TND,

e
o . Late pregnancy ==
- cadmium
=~
=
(=
[¢]
=
B .
@ 5
z quantie
5 . Late pregnancy B 25
= mercu; B s
= ry 08
8 N = on
g /
o
v
5 /
5 Y i Late pregnancy
/' /// v lead
-
/
2 0 2 2 0 2 2 0 2
4
T ———————,
A 0 Late pregnancy
= cadmium
S
=]
(]
[
B . quantie
o =
g / Late pregnancy = 025
o " P mercury = os
W) = 075
= 4 -
@ /
o
o 8-
=1
a
wv 4-

| / Late pregnancy
0 —— —
/ e e lead
41 /
/
Il/

ok 2-2-1

Fig. 4. Bi-variate exposure response functions of metal mixtures in late
pregnancy and cognitive development of infants at 6 months, Bi-variate response
function for late pregnancy lead when late pregnancy cadmium is fixed at 25, 50,
75 percentiles and mercury is fixed at their median value (right 1st panel).
Bivariate response function for late pregnancy lead when late pregnancy mercury
is fixed at 25, 50, 75 percentiles and cadmium is fixed at their median value
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(right 2nd panel). (A) = MDI scores at 6 months and (B) = PDI scores at 6
months. Results were estimated by Bayesian kernel machine regression. Models
adjusted for mother’s age, income, child s gender, birth weight parity and
prenatal cotinine exposure.

Bk 2-2-2
Table 4 Effect of late pregnancy exposure to metal mixture (lead and cadmium) on
cognitive development of 6 month old infants stratified by mercury

concentration.
Mercury exposure Mercury exposure
(n = 233) < median value (n = 234)
> =median value
MDI  Lead —0.89 (—4.48,2.68) —4.33 (—7.66,-1.00)*
Cadmium  4.13 (—-1.76,10.09) 2.78 (—2.41,7.99)
PDI Lead —0.39 (—5.49,4.70) —=5.30 (—9.13,-1.46)*
Cadmium  3.57 (—4.86,12.01) 0.97 (—5.01,6.97)

Each model included lead and cadmium exposure adjusted for mother's age,
income, child's gender, birth weight, parity and prenatal cotinine exposure.
*p < 0.05.

RE, BB D K DI Wang & HARURFEIRSA (GDM) & SRR o> 1 o B 4 J@ I B & oD B
AL TR 9, BEBRBEOMNT TR 2 AWV TEAME S AEE 0QS) EFAISH L
TW5, ZOTIEL, BBHREOREDOMENETHE UIBEOREHATE 572 EOHIRS &
DN, BEOCFEWE OB CRAMA S TWS L5 IZEbh b,

2-3) BIEROEEIZOWT

Grandjean & DOHFZE 7 L —F L1 | BZER & X FLKGIRE L OBLEMICOWT, HE
7 U A MTHEED BTV D Avon [T - F & HEWTERHANIFE (ALSPAC) D =R — h&1EH
L7efER ST D 9, ALSPAC (T ERIFEH 7 Y A iz dui & L2 AH 100 A
OHIERI T, HEETE B A 1991-1992 D 2 4EFNT A D UFIE ot 2 86k OBS%3R1T Avon it
XAt AR 90%) L, HAENK 14,000 401 L6 & Z O E xR L35 HAEaR—
NEETH D, BT bIThN TWADONKEREMTH S, =D ALSPAC 7> 513
BHDRED TS ST B BROAIRALSUE ORS00 ks
BN ERMESNTND D, M7 5, AEEU L A FLKROETE L~ EAR T
% ETRSHLD, £ 2T Grandjean B, FEBLOMSREFE IS & M EBIO & & Z &
LN G, HAERTOAFIVKIRRETE E 8D 1 £ H OFRMFE#E (Wechsler Intelligence
Scale for Children) |ZRHi#i4 % —HEHLM (SNP) |[CHOWTHAT 230 L7~ (n=2172 TO
FEHT) o HIZERTO A F L KERREE O REE & U CIRIHMAR O K SRR 2 VN T2, 2 RS,
AR EREACRT T D A FAKEIRE O BITE O bR oo bOD, I rF A5
ZRIRD A F—T L7 EOBEFNTIE A F LKA OBERNEE S 588 8RS
NTW5, Lo T, AT KT X DR BEOFARIZES L <, BEER 0L S E
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WAV RN N EE L O RIR 5N TV 5,

Rochester REFEDWZEITN—TF1 V0 A 2 =2 VO/NRBREEWTRZIERA L, A FILKED
KNEIRRIC RO 7 v 2 T4 (GSH) BRSO ZRNE L35 L OGN REFRINT
W5 Y, 2018 TSN TH L BBEBERZIY F->THDHZ L b d 0 EHICH
95, 1449 NOREEH CBE TR OfENT 2 5 L, 4% 20 7 H O £ b OIFMhfe sz &
TEEIPRRFEE (Bayley Scale of Infant Delopment) & & BEEEM:ZfEMT L72#iECTh 5,
GSH B RICBI G4 D 8In FARIT, BEEZ Hg IRELBEHEL TWD Z LAVRE., SHIZ
SR L BRI AT &L INETF A~V AT A ) H—E(GCL) DY T 2= F T
&% GCLCrs761142 O TT %% U 77 Tl RHAIML & A7 LD He RS HIINT % & PDI 2ME T
L. JVEFF ST A7 2T —F 1 O GSTPL 151695 GG ¥+ U 7 TILFHE He JEN
B9 5 & MDI MEF L7722 ERBROENTWNWD, ZhETEA ¥ =L O/NRFEENZET
X, ATFNVKEROADEENRHF VBRI NNV ERMOLN TV DN, BIRER % JLHA
BTNz 25 2 & THFERERAMEIE SN D A2 RIE T 2 ETH D,

BB, BA Tz VNI T, BIEEIE AN (F¥ 195%) TR F KRR
A L. OIZE) (HRV) & OBIEMEICHOWTHHE LIS D0, BRI EREEIIEES
NigmolZ EbWESNTND 7,

2-4) AR L~V DERER D5

Patel B Id, KLUV ORGYLH A F KRR & | AERORLATE 2 S8 B LT
AT TWD 0 KEANA I v F T 4 THED 53TV D the Health Outcomes and
Measures of the Environment (HOME) study &9 R & HAE 2R — MFETH Y, 389 fH
O & E b ARSI, ik 16 3 KO 26 HOAIRMKI b, HPERZ ORI IS L O
i A A U C Al Hg JREE & 40T, BRERFRIR & L CA MK T OKSRE TN 2, 3 DD
BBl A HARTKENRE & B L CTHRITICHW TS, & O TEN AR I8 23 B2
9% EM# Behavioral Assessment System for Children-2 (BASC-2) ZfEAI L. 205
SIHMETHELDITEIZHRA 5 FEFHMAi L7, S HIZ, 8 % T Spence Children’ s Anxiety
Scale (SCAS) ZfM LT, FELAHFITALIZOVWTORIZFZEKHL TWDH, BIBRAT
T EBIEIFET NV EMH U CTHIT L, A T AKERIREORELZRF L T\ d, MmH Hg
IREE DT RAE L, RUEHEE) T 0. 67 1 g/L, RHAMIZ 16-weeks T 0. 68, 26-weeks T 0. 60,
HPERFT 0. 63, IFHFIILT 0.70 ThoTz (BEETIT, FaD%E L TWDHHIE =3 — M
BICHT DI M ARERIREIL, RMAMLT6 pe/L. WHFMLTI16 png/L THY ., AREDIE
#E LVITIERITIRYY) . Z O HAERTO KSR LATEIRIE A 27 & ORI A B 72 BN
FEAEBEINE ST b OO, IR 16 HORHMERMKIREE L BASC-2 ALZA2T LB
BELTWeEWw) (BB 2-4-1), ZMERE LT, REBOAIEEE, RHF# (30 5L F T
fEfb) . RO REME, SRR (840,000 LA EE 5 2T fi{k) . ZEMRE (maternal
education (DA HE) . MEIA (WEWH/ RAFEZZHFES— M —/Bh) . BREREA=T

(HOME score T40 LA ENE 573, A ML 227 (TAifk) . WorER], Vo e
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(12, 24, 36, 48 B LV 60 » HITH T D2 BEMOFEIE) . = F = FA (MLHEEE T o
PIE) B L OAEZO R oMmF AR (2, 3, 4 B X5 EOTHIE) ZHA L TW5DH, Afafn
NEWGEE DAHTITAT 72 o TR WS, FE R A AV -,

Wang HI%, ALHREIRF (GDM) & HEURH o> ifn Hh B4 I R P & o> B 2 g dT Ly LT
%9, HE - UEERRFEREM LTS 12,024 AE XI5 E T 2HBRETHY . GDM O
PWHIATHR 24~28 JEIZ 75 g OFE DMHFRERRBRIC L - 72, GDM & WS iz 8 L OFRE D
Ay b r— VDA TT6 N TN 2 52 LT, BBERIERE L LT, MiRToOSBRE (=7
), R As), B RITLA TUrFEY, U UL Hg, PbZdF8HEE 77 A~EESHT
FCHE Lz, v AT 4 v 7 BRET A & DIENTE L OB & SALEAF (WQS) [\]
I & ERGHT (PCA) % e L7z, T ORER, GDM D U A7 1%, EARIRE T4 500255
=34, As (OR = 1.49, 95%CI : 1. 11-2. 01, %51 55hL vs %5 245000) & Hg (OR = 1.43,
95%CI : 1.09-1.88, % 1501 vs % 300L) ThH-o7-, WQS fiEhT T EHAJEIRTE & GDM U
27 BB L, FFIZ Hg (69.2%) . Pb (12.8%) . As (11.3%) MNZN LB L7z (& 2-
4-2~2-4-4), DL EORERIT, IR O A F KR A ST EBREED DM O Y X 71
209 B EETRBLTCND, ZOEMORHRMOAKIRIREIX 1.339 pg/L (IQR 0.935-
2.185) TH V| HARANIZHE: L TIRWY, A FILKEBDOIRFEIFIZ DWW TUIFFIZIE R ST 7R
WS, FRAH O KR HTIENEETIC S 0 | KN EE BRI & S Tn D,

< . ——es
16 weeks during gestation . °
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. —_——
5 26 weeks during gestation 0 °
£ :
<
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5 —_— e —
8 At delivery (Maternal) : PY
g :
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£ Cord blood- . o
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" ——
é Mean prenatal excluding cord+ 2 °
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Adjusted estimates (with 95% ClI) of every 2-fold increase in mercury
concentrations for anxiety scores at 8 years

® BASC-2 Anxiety scores (Parents reported)
® SCAS total score (Examiner-assisted child reported)

R 2-4-1

Fig. 5 Adjusted regression coefficients for anxiety scores (95% CI) for every 2-
fold increase in maternal whole blood mercury levels at 8 years of age. Mean
prenatal mercury concentrations defined as a mean of maternal mercury
concentrations at 16-weeks, 26-weeks of gestation, delivery, and cord blood
mercury concentrations.
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Table 2 Profiling of heavy metals in maternal blood of case—control group.

Metals (ug/L) Total (n=1552) GDM (n=776) non-GDM (n = 776) P values
LOD (ratio) Median (IQR) LOD (ratio) Median (IQR) LOD (ratio) Median (IQR)
Ni 931 (59.99) 6.484 (1.500—12.706) 461 (59.41) 5.935 (1.500-12.691) 470 (60.57) 7.097 (1.500—12.706) 0.636
As 1400 (90.21) 16.188 (8.533—23.823) 696 (89.69) 16.173 (8.887—23.636) 704 (90.72) 16.308 (8.236—24.009) 0993
cd 1283 (82.67) 1.076 (0.503-4.287) 637 (82.09) 1.060 (0.492-4.129) 646 (83.25) 1.083 (0.515-5.318) 0.170
Sb 1149 (74.03) 1.249 (0.150-10.727) 567 (73.07) 1.130 (0.150-10.682) 582 (75.00) 1.321 (0.227-10.793) 0.567
Tl 1082 (69.72) 0.157 (0.005-0.973) 535 (68.94) 0.145 (0.005-0.945) 547 (70.49) 0.173 (0.005-1.383) 0.175
Hg 1453 (93.62) 1.339 (0.935-2.185) 728 (93.81) 1.370 (0.961-2.281) 725(93.43) 1.300 (0.896—-2.066) 0.051
Pb 1543 (99.42) 27.968 (20.544—35.981) 772(99.48) 27.732 (20.544—35.980) 771 (99.36) 28.118 (20.521-35.978) 0.736

Bk 2-4-3

Table 3 Associations between metals and gestational diabetes mellitus

Metals (ug/L) N GDM non-GDM Adjusted OR" (95% CI) Adjusted OR" (95% CI)
(single pollutant) (multi-pollutant)

cd

Low (<0.69) 532 273 (35.18) 259 (33.38) 1.00 1.00

Middle (0.69—3.43) 529 272 (35.05) 257 (33.12) 1.01 (0.78, 1.31) 1.06 (0.80, 1.41)

High (>3.43) 491 231(29.77) 260 (33.50) 0.83 (0.64, 1.08) 0.65(0.37,1.17)

P for trend 0.179 0.446

Hg

Low (<0.99) 486 227 (29.25) 259 (33.38) 1.00 1.00

Middle (0.99-1.73) 503 245 (31.57) 258 (33.24) 1.10(0.85, 1.43) 1.16 (0.88, 1.53)

High (>1.73) 563 304 (39.18) 259 (33.38) 1.38 (1.07, 1.78) 1.43(1.09, 1.88)

P for trend 0.012 0.018

Pb

Low (<22.54) 504 245 (31.57) 259 (33.38) 1.00 1.00

Middle (22.54-33.23) 525 268 (34.54) 257 (33.12) 1.04 (0.81, 1.35) 1.06 (0.80. 1.41)

High (>33.23) 523 263 (33.89) 260 (33.50) 1.01 (0.78, 1.30) 1.10 (0.80, 1.51)

P for trend 0.963 0.622

@ Adjusted for pre-pregnancy BMI (<18.5 kg/m?, 18.5-24 kg/m?, >24 kg/m?), physical activities (<7 h/week, 7—10h/week, >10 h/week), gestational weight gain (low,
middle, high), family history of diabetes (yes/no), month of conception (March—May, June—August, September—November, December-Februaey), and parity (primiparous,
multiparous).

Hg

Pb

As

Sb

Ni

cd

Tl

0.2 0.4 o 0.6
WQS index weights

=

R 2-4-4

Fig. 1. Association between metal composite levels and GDM status based on
weighted quantile sum (WQS) regression analysis. The data modeled runs in a
positive direction with respect to GDM status. Adjusted logistic regression
models reveal that the WQS index predominantly consisted of contributions from
Hg associated with increased odds of GDM status (adjusted OR =1.20, 95% CI:
1.02, 1.41).
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2-5) A F/LIKEROBEFEIFIZ BE 3 2 3R A L D8

E RO AFAIKEBGETIZEHT 2 HEN RN DD, ZOFTRAFAKEOGEZEIRIZEST
DD, FEEERORFEIC ED X S ICBET 2 DO E M LIRSV —D T < Y VR
MEVHEINTWD, Gonzalez BT, ~UL—DO~ KL « F « F ¢ A A CTC—RERED
IKERIRTE L~ L TV D Z IR & L, HERTREF IO M (18~49 %@ 200 A)
RFBIT . KERETR L~ & | KERIRTE ORERE Y R 7 (2B 3 2 38akds L Ok & o BEM: &
iRt L7z 10, KERIEER OFHIIEEE Hg & AV, —BALBIZIRA T T /WIC L DT 2 FEki L
Too BINE DFEZE Hg DR TFEME (= RAMEMERAE) 132 1.62+2.54u g/ g (HiPH : 0.01-
30.12ug/ g) THV ., 67THDOBME (33.5%) ITHIALRMEEHERS (WHO) 2378 L CTu 5 HEHE(E
ATz, BEZHg EITAOHERE (p = 0.03) LIEICHBIL, KO & IXAIZE
H L7z (p €0.0001), Ly LAFEERFIE & IXBIEMEI L Ao 7o, 12 & A EDBINE (86.2%)
FAKERBYIZ DN TR EZ R L2 0D, JEEY A 72OV THI> TS NTIEFEAE

a b

10 10

Mean hair THg concentration (pg/g)

e i
=

No knowledge  Misconception Less knowledge More knowledge NA Not worried  Somewhat worried Worried Very worried NA
Mercury knowledge Level of worry

&k 2-5-1
Fig. 3. Hair THg concentration stratified by (a) mercury knowledge and (b) level of worry.
Wieno T (26.2%), 2 < OJEEFIIKRREMEN & STV LHHAFEZ FISHE LTV
7Dy, BINE D 25% L0 EAVKEHRE O SWEFEZ HE LT\ (B8 2-5-1), ARBFFEORKS
RiFL KEOFEFEHRCMEY 27 | RERFICET 2 ORUNEREETH DH 2 & 2l TR
LTWb,

3) AFNIKPEE L DOER

PubMed ~IUV#E; &317= 2019 4F 1 ALK OFEGR L ERHDO S B, 7 methylmercury”
L7 selenium” @ 2 §E%ZF—TU — NI LTI &7z 20 SCRRIZOW T L B 2 — & i L 72,
20 ERIL, JEFWFIER 6 1, 'L v LKIBORBEMREICEET oM EN 4 4F, VAT a3
a=—a SZETMED 1M KR EEA~O® VR GERD 2 . B - in
vitro TOFEREEN 6 1, BI OIS 1 TH o7z,
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3-1) SR

Al-Saleh Hi%, 47T T T DY ¥ RIELED 206 O 3~12 8 A) & Z0EH%
SPGB, R, D A FAKEE, 8. v Ao, DDT & ZFDfHE (DDD, DDE) 35 LN
SeIREZMEL, 7o \—HIJEAY J—= & (DENVER 11) (2K DFLIR ORI E
WRHE & OB A TR D WIS 21T o 72 1P, BILHIEWDE ORAERMEIL, A FLKER
7% 1.333, Pb 45.327, Mn 15.576, DDD 0.069, DDE 0.542, DDT 1.08 ug/l Th-o7-, H
—BE\EETLICBWT, A2 U —=2 27— L PEDS (Parents’
Developmental Status) “COFMEFF AL, REFLH DDD JRE O EWNEEITIE T L (Rt
U A7 1.484, 95%(EHEIXE 1. 091-2. 019) . REBIO M FHERIEICH VT HAE TR VA FE
FRICRHNAS A & B3 DA 237 ATz (B U A 27 2. 164, 95%FHHIX M 0. 87-5.382),
BOV LV ARELVSIVOERIZL S, ROMRIEE~OEMEZE B E ORI RIE
RO LN T, BEWEIZ L DBREET VBV T, BEomP R L ORELF M,
L] SR Pb JREEAS PEDS R 2K T S oM A b7z (RR=0. 424, 95%CT :
0.176-1. 022, FHHEEKFITERF 3-1-1 BIESR), AL THIMF8 0 BTz H DIZ DN T
E. T AR ZVUTERICAEERBE L 25 D TII RV E FEEZ HITBE L
Tu=,

Evaluation of

&k 3-1-1

Table 4 Log-binomial regression estimates predicting the association between
neurodevelopment outcome measures (DDST-II and PEDS) and measured analytes (all
in pg/l, except Pb-B in u g/dl) in mothers and infants. Crude and adjusted RRs
(and corresponding 95% CI, p-value) (each outcome modeled separately). Bolded
numbers denoted to significant relationships.

Mixed exposure DDST-II PEDS

Crude

Adjusted

Crude

Adjusted

PC1 (MeHg-M, Mn-M, DDD-M and DDE-M)
PC2 (MeHg-B, MMn-U, MSe-U, and IPb-U)
PC3 (Mn-M, Mn-B, Se-B, and MPb-U)

PC4 (MeHg-B, IMn-U, MSe-U, and ISe-U)
PC5 (Pb-M, Pb-B, MPb-U, IPb-U)

PC6 (MeHg-M, DDT-M, DDE-M and IPb-U)

1.212 (0.786-1.867, 0.384)
0.823 (0.533-1.273, 0.382)
0.923 (0.598-1.426, 0.719)
0.855 (0.552-1.324, 0.482)
1.085 (0.701-1.678, 0.715)
0.734 (0.482-1.116, 0.148)

1.659 (0.9-3.055, 0.104)"
0.669 (0.363-1.236, 0.2)"

1.106 (0.665-1.839, 0.697)"
0.985 (0.579-1.675, 0.954)"
1.093 (0.622-1.918, 0.758)"
0.696 (0.422-1.147, 0.155)°

1.053 (0.6-1.847, 0.857)
0.87 (0.496-1.527, 0.627)
0.485 (0.256-0.921, 0.027)
0.632 (0.351-1.14, 0.127)
0.888 (0.509-1.551, 0.677)
0.792 (0.467-1.344, 0.388)

1.242 (0.57-2.705, 0.585)"
1.039 (0.446-2.416, 0.93)"
0.424 (0.176-1.022, 0.056)
0.696 (0.328-1.477, 0.345)"
0.633 (0.285-1.406, 0.261)"
0.816 (0.427-1559, 0.538)"

Adjusted for *MCr-U; "ICr-U; All models were adjusted for mother’s age, mother’s BMI, infant’s age, gender, parity, the location of PHCC, mother educational level, z
score weight for age, MCOT-U" or ICOT-U**

FEEREE T, AKEERN R U LR EDORESE OBV ERE S X D @FEENN G
H AT TRV 2000 FFRATHITI, IR VTREF R L MEIZ 31T 2 B MHARIR LR EE 2 G IR
DB L JATT 2 &3 @E STz, B, RN OREEEREE 2 332 72 O (i d5 il
BRI OFH R EFENRFT SR O T3, BITEDO & ZAHBARANOT —H 13720, # L
KEDED TWAHIL a2 — FHE (Tohoku Study of Child Development) I1Z8EkS 4T
WD EEARZCME 687 40 (RRTTEBIER . “FRIAEAR I R (R 22113 39. 5[1. 3108, AR D F-HH
B EERAE]T 559[97] o) (T D RHAM, Wi, Wit oMEeE (tFRE AW FIY
A, JKER, Sh, B, HSh, BL Y T UTEY) OREEZH AR UL ONTIEE (CVAAS)
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THRIE Lz ¥, JIEMEICESWCIHRZBET 2MESEZHE L., AARADKRNEREZ
R U 7o, EORER, BRI A oo K BRI FE (XTI O AR ERIRE L m W IEOABE A R LTz

(AET < OIBNAIRIRE tho = 0.78) Z & 2D RHAIMN O K ERIEFE XHE N O /K SRIR TR
DORE LTI 2L LRI TE 5 LB, £/, Wb o & R4 i o
FEEE (RS o O Y B /R ML P O EE) 13 2 1TV 2 s KSR & REEh A2 @i
LCW EHEI S L7z, EHIT, KEBE RREICT o FF 2 OB MM L 0 &m0
DENENS Z MR THD THLEMNZ Lz, MHAT U FEREITI AT AF T A N
BT INDE ERH L2 LW BEITH DM, T OLFEROME, AR EZ &R
HHIT D22, S%FEICIET 2 0ERH S5, —FH T, BT O, veFE, ELv
ORI M OIS EFHNEDOMBE R L ($A rho = 0.41, B3 rho = 0.2,

Tl rho = 0.26), F7=. #i. HEH. VPRI UL, TUoFEMEEEZRIEnoT-,
Mo T, THOBEOIR T A~OMREOFRRE A 33 2 11, R OB L D 7 % FEAE &
TEHOITHEY TRV EDVRENT, /2, BFE, A RI VLA, TUoFTUOREZ, WA
FICOIELDENRE WD, B & WA i OF 2 JIE Lz 5 2 CRNEREE & 5F
TRETHD LTI T D, AWFE CTHIE S AL R ML KSR DR (ol [25%fE-
75%fE]) 1%, 5.42 pg/L [3.89-7.59] TH v | KE DE AR RZMA (NHANES 2013-2014)
THIE Sl BAEE) 0.678 ug/L, A& L BEOMA 2R — MNMFFE (MIREC) OfE
(FYLf) 0.64 pg/lL & 2.24 peg/LIZl_TEL, 7o —3RICBWTHIE SN E
(Fdefl) 12.1 pe/L [2.6-50. 1ICH_TED > 72, RHAIMFE, BF,. H FI v L08R
FEIIMEO 2R — MIREETEONTEEIZER L ThoTz, £/, fRHMEMF T FE O
PEEE (FPOfE [25%E-75%E]) X, 0.20 we/L [0.06-0.401 TH Y., FA Y OFRMAEMIEOME
(P fiE) 0.6 pg/L. A—AFZ U7 OFENFROM (FryufE [26%fE-75%F]) 1.54 ug/L
(0. 16-7. 31] & bR TIED o 72,

FANMFEOBEIZ L U A FVKIRICBRE SN DOEEY A7 1355 Z L iT—iicm b
WD, AFILKERIRTE & RIE L OBSEIC OV T, RERRT —Z L, —H L1 R
DL TR B, L v & AFAKEROMEIER 2R LI FEiE 2 g Tfrb
A QAVAJTAN
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Table 2 Associations between blood metals and infertility after adjusting for possible
confounders: results of multiple logistic regression analysis.

Table 2
Associations between blood metals and infertility after adjusting for possible confounders: results of multiple logistic regression analysis.
Model 1 (n = 141) Modd 2 (n = 135) Model 3 (n= 116)
OR 95% CI OR 95% CI OR 95% CI

Blood metals

Mercury (log; o) 147 1.57 - 138 15.0 1.23 - 183 399 1.91 - 836
Lead 1.05 091 -1.23 1.02 0.87 - 1.20 1.04 0.86 - 1.26
Cadmium (logo) 288 0.33 - 254 4.32 0.32-57.7 2.31 012 -454
Arsenic (logyg) 0.35 0.07 - 1.84 0.39 0.06 - 251 0.44 0.05 - 3.94
Selenium 0.97 0.96 - 0.99 097 0,95 - 0.99 0.96 0,93 - 0.99
Zinc 1.00 1.00 - 1.00 1.00 1.00 - 1.00 1.00 1.00 - 1.00
Manganese 092 0.83 - 1.02 0.93 0.84 - 1.04 0.90 0.80 - 1.02
Passible confounders

Age 1.14 1.02-1.29 1.14 1.00 - 1.30 1.14 0,98 - 1.33
Body mass index 1.01 0.89 - 115 1.01 0.87 - 118
PUFA intake 1.11 097 - 1.26 1.10 095 - 1.26
Current smoker 0.69 0.15-3.18 0.91 017 - 4.94
Habitual drinker 0.66 0.26 - 1.69 0.59 0.20 - 1.69
University education 0.87 028 -273
Household income

= 2 million JPY 1.00 (reference)
2-5 million JPY 0.91 0.14 - 5.86
> 6 million JPY 0.54 0.08 - 375

OR = odds ratio, CI = confidence interval, PUFA = polyunsaturated fatty acids, JPY = Japanese Yen. Blood mercury, cadmium, and arsenic were logarithmically
(logyp) transformed. The significance of odds ratio is indicated in bold (p < 0.05).

Maeda © 1%, KZFEAHEFBLER ARHI TRAL E W S iz 98 A Db BaE &, IR
FAIMAD 30 s B 43 LD MR > T NVEB X OREEE T4 7 A X A VT
2B MERA OEIE 2 VT, EFIRHRIF R 21T o 7o, MR OKER, . # FI VA &
F~v oAy iR, BV URE (ICP-MSIEIC L D) BLUPL 2 —F —FHR/LE 2 (AMH)
BIEME (AL ZRE  BCLIA VA X ) 2 BE L SHRBE T 2 & L HIT
W%Aﬁ%ﬁotm>%@F% FBAE « RPRRRE O i HP R K SRR IS A B ST R o 72
I U REE (18926 ng/L Xt 94.6144.3 ug/L) BROUMLHE L2/ KEE I
@wi%ﬂqBAimﬂ)i%%ﬁfﬁ%:ﬁ#otoE%%@@@&%ﬁ%%ﬁ%bt
KRR EIXEFEHTHRICE S, BEAE LV RETBEH CHEILE o7, ZEHE
AT 4y Z UGN ORERN G MHFRRAKERIEE S SN & e U R ENMRN D
VIR L FEARBENH D Z LR SN (B 3-1-2), Mg, W RI T A vH, i
B, oA REITEEER CAEREN RO, £, AHAE & FE Lo e R R RIS
FABEBAMRIZRE D DIV o T, BEZEPEICRT L A FVKERDN B L FIF+— 07, B L3k
FEMICVER T 2 FBEMEDN B 0 | VR FF O 7= DI & MEIT A TV KER%E £ < G e fa DIEEL
WCHEETOVERD D Lk~
NIZHT D A F VKO ERREEFITHNFEIUTH 57280, A1 Tl 2004 LU,
IR ATREF M DI, ~ 71, A UF A0 EOKBER EO R @O R OE A
Pez2 B X OB ST, Ballesteros Hld, Z OEIEN EORENAST STV 25 D)l
N5 ZEEEMIC, 16~45 O A, e 141 NCRATFEIECAMEHOERICET 5
AU H o — R A FE i Lz Y, R OKERE LU LI AU RO AT
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JEE (CVAAS) . BEXUNBNVE UL/ 4EE (ETAAS) MW THIE Lz, ot ofiR, 4
Y He IR 2. 89 (BEHEMRZ 2.75) pg/L ThH Y | BMTEHMEIZADOEBERUHE & ED
FERIBMRANEE® BT, MTEE L EEI 73. 06 (FEUE(RZE 13.38) ug/L THH, v/ 1
OEFBBEIC O He IREDS EF U, MiEE b RE & RUKERIRE & O MIZIZIEDFHEIR
BN BT, 16 NOIERP Ot FG#E D 12%) TiX, FEIRKERIRE 23K E EPA @
HRMETHD6.4ug/L LD HELRoTWNWDZ ERbhodz, A D /KERIBE X,
DK DR G L AR TR, YRV EINTND 3. 5ug/L BRI TNDHK
PEDY 31%a88 LTz, FAMFIEEBUCE T 2 R Y FE I+ 01T BTV ATHE
RS D L _RENTND,

T~ NEDCETEAORMLF O LV ARENEWEIH S LT, BELUFENREZD
TIIONT oV ERRDEDEZZLNTND, ZOBLVUFEIZEL ) AFAH=0THD
ED MK FIZ BRI D, XTFTE7Hls (D FH D7 Xy 7N DN K ERW)
WfEDA XA v FADOERMTOE LV REGELS, ZIUE, #EERELUEEDOZ VRO
WEHISC RN A RICBERD Z 2K & T 5, L, 7~ U)IERIETEAN & 5
20, A4 XAy ADIIEFOE LD IXEITHRMERIZE i, ZOLFFREIIAHFTH
272, Achouba B, 4 XA v FOMKFICEEND L FERE L A DO ATRENVED &
WEEZ . BLUEOO AT 9, BL %A % Yamashita HIC XV FHHOEL
fli & LRI R S 4 (2010 4F) . S O ICHE IR IR OBERS R OIRMERD & e
vLURE LTSN HDTH S, Achouba HITET, £ XA v FADOE L UFEOEE
EBZBNDHAA NI (ASN—T) DD ZHT BAT 72, A XA > FOMEY 7 id, Bl
WFE CERAFE ST 210 Ny T v vz, AA VORI, XFHE 7R, B
J ' Centre for the Earth Observation Science 7> T, NENGHLAR A HL D bR & fEHTIC
Wiz (B L oG BITERW 2 EDBBEC LN TV D), L/ A ik, KN T Se-
AFNE L ) A AAZEHR S, BIEOHEHIND Z B0 ho T D), EmiTtE L
JRAVTIET TR Se- ATFNNEL ) RA bR E L, EEIRE Y v~ 7T 7 -iH85
BT T A EESHTHE (HPLC-ICP-MS/MS) Z W TiTo70, & L &% 17025 1S0 #A
RZ A4 2> T, RNERAR-GFERE 7 7 A~ E&orEE (ID-1CP-MS/MS) CTHlE L
o IHTOFER, RMEKFOEL U EENEOANEZEEL ) XA VOFGENZ N LR L
melph &k 3-1-3), A XA v FOMEHFIZEENL LU fITEL ) XM Th
L ENTRENT, £, BV A VEBRDEWV AT ERMERF D Se-A F L L ) FA
YOERLEWI ENREINT (B 3-1-3), HA AV TOWENBILSe-AF Lt L ) A v
IR SN2 Do Tolod, A XA v FOJRMERF TR Sz Se- A F vt L R A V3K
NIZBIT 28 L ) XA ORMED TH DL LHEESNT, FLEELIX. BV TIDEL )
A ORI E FEEIZEET 2MEDORBED TIL e WrEHEL TWD, ZOHEH &
LT, BANVAIDOFETHS sculpin (WNEFOM), #T7, HgdaR STV 3405
HEMENZ & o, BANVTORBICE L ) 2 A ERKT DMED OUIRFEN WD 2
EERZFFTND,
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Fig. 4. Identification and quantification of selenoneine and Se—
methylselenoneine in RBC of Nunavimmiut. (h) Correlation between concentrations
of total Se and selenoneine in RBC of Hudson Strait Nunavimmiut (rs % 0.984 P <
0.0001). (i) Correlation between concentrations of selenoneine and Se-
methylselenoneine in RBC of Hudson Strait Nunavimmiut (rs % 0.901, P < 0.0001).

ZAVE TOEFMIE T, PR L MR BORIEICAERECBENE G T 5 2 LAR
WENTNWD, —J5 T, BIERTIIMILA b L A~ BHHEBERESC T EREORBHERE TS
EE/ BRN AR CTHD Z EMEIEIN TV D, Bulka HITMNEAB L OHESBN A X
RV w7 Ra—AEDX ICEE5 LT aEfErREIc LV BEEL TnDd 17,
2011-2014 =[] O K [H [E RAGFE A (NHANES) 7 — & % AU T, 1088 4 O JR H 4B i &

(B3&, 7RI UL, BHEOKER, GEAKE) ., 2PEREIRE (v, . AT VKER,
L) BROUMER, MiEHENEEIC OV TERD O EFT\, B2 sk 2y O fh
H e ZEIT STz, AZRY v 7 Fr—LA02EIL, FHEARIFHEIZL S Joint
Scientific Statement (2009 4F) (ZHEHLL | @&if/E, @ HEAEN . (RHDL = L AT m—)L |
s, RO 9B, SHAL EROONTHEICAZRY v 7 Fa—LOAP
FeLic, TNUHOBIGT — 20D ESBBA~DOUREFE Y — % FRG I HTEIC K0 )]
L, RRAERFIEE DA ZRY » 7 v Ra—A3ERE T 5 & | HEERE RN S0
DEARL A FIE L Lo @O EIE, b H- KR (72138 B g ¥ —
TIEL 14145 (95%CI: 1.18-1.67), A F/IKE-—~ 7 UREERETIL 0.95 (LA FIA: 0.78-
1.16), 71 K v A-$pIR@ERE 1L 0.73 (0.57-0.94) , SAMEFERETIZ 0.91 (0.76-1.10), &
LM ENIREERETIL 1. 36 (1.13-1.63) & 7257, b HE-/KENRETE S Z — B TIEOBE A
AONTOIX, e OBRERH CRME LK L AT m— i LSRR CTh 2 FH 0N
Lol Z LiIckHE LTS, -t Lo —HENERERE I, TR E N E - T
CENIEDEEIZORB o T LB I N2, — . BRI U A0 ERERE T, IFER
WE & I OFIG DMK > 7o, AHE R OWHB R ~DIREE OV, DIMERBRICHE
B B 2 D ATReME DA TR SN2, S DICHIA & 2 A — MIFEEIT > TEMT 54
ERH D,
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3-2) ML - VAV ala=r—va v

AF VKRB O - D ICEE v L U EAME L IE L, McBEE2 525, B
D9 BFARITEERMERH LB R B R OB E 22 5 5K H, A FAKEOEERIFE L 72
O HERENCIIRR IR~ OB L ZE U ETEIL 22T UE72 6720, A OEBRUCE
LTl AT KEBEICH LIBREIEL L E DBV U BEZEHT HRTIIKEBEMEY X7
IR TE D LW TV D, KIEOFEMRIRICE L o PN EEREE 2 RT3 720, R
FREBOYV AT - "2 7 4y NOFHFREE L 725 & U U EEFEEZRE (HBV ; heal th benefit
value) [ZIEANED LN TS (HEX HBV = (Se - Hg)/Se - (Se + Hg), L &K
SROBENL T pmole/ke) , HBV A DFAIT, BABMATEA L LV BE LS KENFEEL,
T L UHREROGMERER DN TND Z EEBRT 570, BV IZIEOfETH D Z &2
IRERTFEMERIR OB S HELE X5, Ralston HIX HBV OH#EFHA2 HE LT, KVLEFED 2
VRO TT . THAYA AT HRA, AATX, wrma (ANRTF), AVFOEL LK
RENVPEZNE LY, ZTORE, SR 70T L THYP A A BT LTHBY A3
BDEE 720 AKEPEVIZEZDOMEMDBRNZ ERNbhoTe, = AT A~ a,
7Y HFIREIZD 5T HBV (FIEDEE /2D, OO TIIE L EREEEOE S
DEE STV D ATRRMEIAR VY & HER S 4v7-, HBV (&K} 3-2-1, Table 2) (Z4Tkm2SVERE &4
ZIBAUTERDEBECARARIGE L 2D L LT 5D,

gk 3-2-1
Table 2 Seafood Selenium Contents, Selenium Deficit or Surplus, and Health
Benefit Values.

Table 2
Seafood Selenium Contents, Selenium Deficit or Surplus, and Health Benefit Values.

Seafood n mg Se/kg pmel Se/kg (pmol Se-Hg/kg) HBV

Pilot whale 18 041 £ 031 523 + 388 —-252% 640 -14.79 £19.98
Mako shark 10 0322004 407 £ 048 -493+179 -16.44 £ 8.57
Swordfish 49 043 %012 540 % 148 0.41 £ 1.80 0.28 £3.73
‘Thresher shark 10 052+012 655+ 151 1.68 £1.43 267 £2.04
Bigeye tuna 50 0.89 028 1238 = 347 9.40 £3.73 1147 £379
Skipjack tuna 10 156 092 1983+ 11.71 1815 £11.74 16,61 +11.83

FIIAERKIROBEIR & 72508, R A a2 X = f (BPA), DHA 72 & DA A
73 REAFIREIAEEC A FIVKROFIEEBEMT D L U R ORI ARMESENE TN T
BO, VAT ERXRT 4y FOWEZFHOT 205038 %, Afonso B, A/L M H L T—
AT STV 5 25 FEOMIAAIRE L, BEAFSCROMEME A5 EPATDHA, £ L > A
FIVIKERIREE ZHEE L7= 19), SCHRIZAEHTEMED ®V > 70 STk A3 O8N, FRBER (B, &7
BE< . K D) ITRTTEEOFLRE (EUERZE) 25HH L, EFSA & FAO/WHO BWART 57
— 2 EFHALENENOEYFHIFIHEE (biocaviailability) IZOWTHMFI Lz, 1 &Y
ORIV 1 @S2 OBRELHFET LV CHEILIZEZA, 3T F U H R (blue
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shark) Z&~5 & FABLAIEIC 06T, A EBEREZ 22% EED A FLKEEZE
WT2EENNRHLZ ENDI-ST, AT INKIBOERY A7 R, =7 aDEdE TIE 7 %k
W CTHAT-DITH L, K LT VEEW-D L7~ BB TIL6~37% & HEkHE < 72> Tuhiz,
EWFHIRIRRED T — 2 LA T 2 &, WTHORZEIRL TH A FILKEEOHHIESS A
A RTA A% B ?67 EMEITIRV 2 & AR &7, EPA & DHA LD LR B O FEHICA
M7ZE Vbt TV a3, fif, i, e X0 TIiboXEMAE <, 1HEBIC 1 ELLEA
RO EPHEREND, tv/mﬁﬁﬁﬁﬁ(W%ﬁ Se-HBV= Q&JMQ(M[M@DW
[Se] X ([Sel+[Hg] (or MeHg]))BLUOEL Vv « AFNKEDTNEHERDE, IFY
FRAERRE, WTROARIZBOTH A FVKRFEEICHEI AR B0 LU BEE
NTWDEZEnbhole, ATFNVKBIBEO Y ZAZIZONWT, SvFUFRA LA L2~
rfaZ HEICERT 25 8ICTEEZET 208, BFIIEWVE L UVENEA S AT
ThHIZD, BESEE SN EELE VN E BRI TS,

BT OKE - BEL R L U RV EMiANT AT DOWTHRETT 572, Azad 513 2006
~2015 FFEIC R FEAL ARG I B T E fa 17 FEE (B 7 LG 8459 L) A INEE L. £
NENOE L EAREBREZRE Lz 20, FEKERECIX, B/MERZ A A I TP
D 0.04mg/kg TH Y | HKRMEILF ¥ T AEL X T D 0. 72mg/kg Th o7z, ‘T L RED
#PHIT 0. 27Tmg/kg (XA A I T X TF) ~0.56mg/kg (F AXA) &, KU TS HE
WINShoTe, B EKEOENIZ, FH LT LI (FHTAELET) ~43.3 (HY)
DOFIFA L 720 | HEFEAEOENLD (FITKBREMEN D) GETh ookt L, &
RO TV HIHRVMERANC H o 72, L EKERIEEE X 17 FREET 13 O CIEOMRE
BIERAN R B 7o, ISR LTI O/ T3 5o, BRAOKEREIZ LA L, &
Ly KRR 2 2R A b, F7o, A THIE SN ZRIZES, 7 0 3V NS
RN TENIZRADOTREVKERETH Y | B L« KEBIIRME & 72 o> T2, JIE
L7 _RCoMFETE LY - KBEAIT 1 2B TRBY ., KMEITIRBROTY W T X
XL TAEVE T2 EOFISNERE, BU TORKIFFRBEED 0.5ng/kg & FEl-> Tz,
TIATEIZRXRLZTACVE T Favx 1 HEIC 2 UL ER~D & KR M
REMEZBZ D REMENRH D03, B VB0 EBAET D720, A F/LKER R TR <
NHLDOEHER SN, BV UEBRENRTERE L TN —HOERTIIEE L 5 LR
&5,

Lazarini B, A UV OEGHHOEBERIIMHE I KELEL DY R « XRXT 1w hDA
T AZONWT, BLr s KB IO L AfdEEMHIE (HBV) 2B L CEMliZiT- 7
20 g L VI IR THRE S L7 63 FEEOA U LR T, B T T A~
HohriE (ICP-0ES) & 7~/ AJRFRAIEIT KD B L FKER, A FILoKERE B 4
E LT, WEYTVONRIZ, 7720 - BuoXoaifi ClRIES N4 A Vi 25, b
~ bV —2RRE 25 M, TOMOETHREIN- O 13/ FERIXT 7 VL, Ta v a,
KA, TUBUF U BFE TTA AL RV, ZA4) ThHYH, BIICEE
FECHERD T — 2 b SR L CHEE - Wit L7z, MIEDORER, 77 DAoH o 70 I i
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DAKER 12.6~65.5u g/ kg, AFIKEE <3.7~45.4 pg/ kg, Bl 310~1370 pg /kg
Th ol WTHMOEGEDOMRAKE, A TFIVKERE & &7 T 2 TOBHIER FAO/WHO A%
DI KFBRBRE LV IXEh -T2, TITPNDOY TN TAF KR KB ERET S
&L L EMEOBOVKIMELEIEEE TH D A F VKN, b~ bV —RBET 52%, A AL
HET39% L EEATEHEEN TV, BBVEBIOEL Y - KBELLEREBETDHE, A U UE
DO L UREIIBBURKRFEEZFIT2DICHSRENEENTWD Z ERbroT,

INETOMBNOHE LI Y 2 7 12xb3 25T, BfRE OB TIA< IF S, i
G772 AT OO 2 ENEEND, A TFAKBHEESLY ATV TEFEY A7
LTI, BEERZEESZ LIV BITENEDY , U A7 OH 2 BMOEBIENKS =
LIZDNDHEBEZBND, Thou HLiX, A RTA VNHENTWAIRBIOY 27V 7
B & A F KRNI A IEEMEHEEICOW TR A BN ER L TV D, £7-. Bk
DY FIZE > TRFOEICHELHEZ CWDENEA—A T I TICBOWTHAELE 2,
A GEE T, A=A NT U THEETT L— RO 2 EFOERER TY 7 b— bk L=
R F L ORI 10~23 3, BMI 18.5 LA bk CHERIBIED 22\ 81 4 TH Y, ERZEIZ LY
WD 5 FERIC BT A A AT 1) R OEREES JOREIE, 2) RO Y 2571
THEIB LA FVKEEBOREFEMEICEIT H585E, 3) BEWOLREZEHR, 4) HEEIh Ty
IR OBREFERO~OIZET 28 (O A7 U 7RG T, @Qfdmieett, O
Y 27, @n3-LC PUFA 72 EDREFEEI, @ ¥ I JHIENY 7Y A MO, 5)
URATUTEGEY 27 OEOVEREB LA FLKRE @IRESAH T 2 AHEOTIRR#%ICE
FAHERRI (VA7 BREEEIZF—ARNT VT « =a——F 0 N5 ERR
(FSANZ) THA RIA L HNF), BEOEIZHOWTIL, 2005 Healthy Eating Index % >
7 E R B YR B A TS L 0 AR 10~23 3 & 34~36 WK RIS 2 [ ORE
U7z G ORI Y A 7 IZBT 23BHEIX, VATV 7RPEL D & A FILKEBEMED
HNAHEICE L Fi#E 59. 2% #%H 75.3%, p < 0.001), 96. 8% DL A F /L /KER % 15
BEGHT AN EOEBREEZ T, £, VAT U 7 BB HICET 2EERSE 2 Mm-o
TWADETIHI D e o leFITHA FFEDOFE U A7 BRAE LRV BEIREZEO L
FOEIGBENoT (A 96.0% %769.2%, p = 0.046, Y7 b7 VU—2Ah;93.9% vs
58.3% p = 0.004, AFF 7k ;68.7%%f 28.5%, p = 0.006), AXfEETIL, #HEELTA K
TA L ORMOFEIZ b 6T, WRMIFFICH T 2BFEOEIZELITRD b o
7o VAT OEWEMOBIUAYEX 5 Z & CRIEDREROBEENME N3 2 /et n®s
ZHNDT0, S HICKFRRE L F L C, MR ORFEOE 2 RE(LTED L) T
—ZENET DVNERD D,

3-3) A~ 5 ER

TS KERE D RS FIEE LT, WWAMRM B K0 0 2 WIT 2R 2RI L
72774 M ML AT =3 g R0 RIEIEVLE KA TS, Ll 2hb0k
EIXEER 2 B b E < FERMTRY, Li ik, AETHERIREEEICBWT, &
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LU DKERE VLT 20 R E TR D L L bIT, £ TS Lk (R E BT FofiEe
B (8%, #R, Hign) EOB AR, ERITPEEMNETEETICSH 2 il 168 #HX T T
bivle, T ZIFEMAGEIT TN OEEYIKIC L0 KBIGRSNT-K T L, £
T2, RV ZF LR THAZIXE (B35 cm XHE50 ecmX & & 35em) & 6 DY L, 0,
0.01, 0.1, 0.5, 1. 5 pgSe/nL DLV EZEHAKS L, H5HEEIMNHOMETHE
TO5SNAME L, BERRETHE L U BEE Vo, 5 20 A Bo#b5%, ML, ), %,
B RIZT o, SHIKITRE G EIREEREK (A DWW E £ ORREL) 1251
LI, T O OKBE BITFEHS T 7 A~ E &AL (ICP-MS) AW THIE S,
REEREK R OKER, Lo Bk . MENIMAARIR FEOEHTE (CVARS) % FIVCHllE
ENTe, B LU DT A~OKEER A S50 R I3, BEASTERVNE WO b T
72<, 0.1, 0.5ug-Se/mL DIRFENH LTIV, MIREDOSGA. {0 L AKEOERITHMNT
DFERAE G, Elo, B U UAIRER KD O IR~k i, HENDO R IAR M S,
IREERE K DR RN A B DD Z ENpnole, U EDZ &b EEHELIZ, BL U EEIEICHE
B X HEOKEEEI L, MEFERKOREME®D D HFEO—D>E LTHATHL &
SUISON

PR 2 ESGBEHOMFREIIIEIETH Y, BREEORLTEZ%ET D
I, B L BRI L DKEBOICFIEOZL 2 TIRDLERH DH, Xu Hik, KERIC
HRsnzERce Lo a2 R E L, HEPOKBONFREZ T 2, LRk, &
PURHIEIC X 0 SO N 7B IS EHEE S iz, A T AKER 1. 1-2. 4 4 g/kg, 7KER 3405+
332 g/kg, BV 0.17-0.37ug/kg ZEte/KH (EINE O 7 ILAKERIL L OFIEZIX) 12,
T ODORRX (% 5 kg O 1HE) 2HEfF S 41, 4 0, 20, 40, 60, 100, 300, 500 mg/kg
DLy BEREISN, B AZTEE VBT R U ABRHWSI, FRFEITEE O 1 22 A
AN G S iz, IR, RAHIO L2EIL L, BRHEIC L0 785 (F1~F7) %2157
Db, KFEPME S NIz, FLITKEMRSY, F2 13t FOFEECTHEITH 285y, F3 Xt
DIFHEE D 5 B 7 VARERIZRAE L TWTZESy, F4 X L oOBMED 5> 67 I ERITK
LU 24y, F5 IEBRE 2285 2 TR L T 2%y, F6 IR b /K ERD ISy FT 1358 (7
VALKFEEE T HTESY) ThoTo, KEITHARIR 2L 0HTE (CVARS) . A F LK ER
I A7 v~ 7T 7 — (GC) —CVAFS THIE L7z, £/, FafEDOR, 3£, B, KoK &E
HRE LTz, BLrORGICLY | TEPORKBEITIZEA EEDL RN STZN, ATV
KEBEIIHRKRTEBLE 4 5O 1T Lz, A TFAKEBORD IT® L OREGERE
IR DIZONBHE L7 o7z, FEREOR & KIZB N TO A, #kKEE, 8L ORA FILKBREN
T L DORERFRNCHD L, ZRETIIZDO L ) RBEREIAON -T2, T L akE
FTAHEO LG, KIBEEPFGHT D & T F4 BITKEENTELE L, RIS A FILKERD
ZEENTWE, 5T 2L CORENEG L 2DIC20410C, F4 B OKEREILRD
L. F5 BT EENDKEENIEM L 72 (EHF3-3-1), LarL., F5 ESTIEA FAKERIE
FEAEEEN T o7z, 2%V, BL U254 50N, BEPKBEOFAFREITT
WZATFNVIKIRTHY | EHEDED S BL 7 I VBIIRAE L TV LB b, ELrOFREIC
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Y0, AFNVEDORVKEIC LR TR S EHERI SN2, BE DI, A% F5 IR
FAHKELE L OBEEIRICET AT 2D KB HEICB T ' L DL R
DA ALEZHOENI LW EBRRTN S,

[ Fl @2 F3 & TF4—@F5 F6—k—F1|
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Fig. 2. (a) The distribution characteristics of different Hg fractions under
different Se treatments.

3-4) AWEs KO S5

it U U RIEIE A FAKBOBNEEEMT D22 ENTEDLN, BELUTARIERE
HIRFEIE & TR A b7 DR L TV A Z EBN LIE LIERIEE 2%, — T,
K7LV ARD SeNPs 12N, i L UBEAZGHZ 0oL ALEWMED b
AL DS N LB TS, DEY | KD FE LR SeNPs 24252 & T, &
L DB MAIRN D AT KPR HEOFMEE RN TE LA ReEnH 5, Li 6
X, AF KRBT ET v MIT 5 SeNPs OZIRZFH~L5 HHYT, MAET DOKEEDE/L &
KERME ENHMSES LRI BEEHEE LT 2 (AT AKETET »~ b OMEREME OB
RIZOWTUIFARDINL TV W), REBRTIET v MIATFAKEEE 1| HIB X2 28 HHM
FIEERG L, £0% 1 BB X290 HH SeNPs 45 L7-, SeNPs D#¢ 5-Hii#% 123317 5 I
R OKBEEZFEMEE T 7 A~ E&SHTE (ICP-MS) THIE L7Zf5%. SeNPs &5 (0
H). #5430 H, 90 HOIH OKEEEITRE B AITHIIN L Tz, KER/ A FLKBHEED
It L ALEM ARG T D L T OKES M AICBAT L, RPICHRitE S 2 L
HHINTNDTZ®H, SeNPs DEHIZ LV P OB MHFICBEITLIZEEZZ D, Lo
L. R OKBHEHEITIEIM L T iehotz (F—2KEH) ., 2T, KEREEND M
Wer R B E RY T 7 VT X RESPKE) (SDS-PAGE) | #5t X M504, A X PEBR 1CP-
MS, ROt~ bV w7 AR V— A A AT TR R oA 24 & (MALDI-TOF-MS)
ZHWTHEE L7z, EOFEHR. SeNPs O G-RIOMHAKIIIA Z v F A4 (21kDa) (T
AL TWER, BEZIZIIMP T L7 22 (40 & 75kDa) LA EIRFEIED X 37 g
(170kDa) 72 E DT X 87 BICHA L W Z ERAL N E oot LEDZ £,
SeNPs O hH-1%, #AfkFHAREBO MA~DOBATEMET D, RRFCE S FOMES R 7 EA~D
FEEEMELTLEW, RTP~OFEHAZHELCLE S Z EREB I, 4%, 170kDa ¥
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LT DRKT & R O R O A R D B B,

AR, BRESTE Y E O RSN~ O IZBI D D IENAIE #EOFRENZ SOV CBLAE £ -
TV, BL AT LD A TFIVKEBOFBHAEFERIC b BN 23 B8 53 5 ATREM: NS 2.
S5NBT-0, Liu HIZEBER TRIEZIT-72 %, 7 v MCAEBESEKIZIED Lz A F LK
R T 4 HEEEREES (dng/kg (KH) L., BEGESIGHOIGEI &K T2 EodE
JERNEOND Z LR LT, £0% 90 HIE, 7y Mofit vy M) v A%x—HE
T ICHE MBI L, 2 8, 30, 60, 90 A HIZIEE L CENME# L o LTz, L
ERRKERIR S 1 IR SRS S 7 T A~ E BN (ICPMS) . A F L KERITM AR SR 3O 0T
1% (CVAFS) Z HIWCHIE L., BN #1T 16S rRNA G FEFIRITIC S B ri— =
> AL (16S rRNA FEIR O HINE 24T\, IS — 27 o —(2 X 0 EdFI % P78 L, 16S rRNA
BB T — & = 22k DA RMERATIC KL 0 BN 7 v 7 7 A V&R RIET D H1E) T
MrafTolz, TORER, AFNKBHHET >~ b T L UZEL LB CIIBNME O M

(Phylum). J& (Genus) DM F DT 7 & HITAFBE KOS S22 b —L B
WmANTEDE | IBNMEHRO 7 1 7 7 A VBEIE S 2 LR ST, 3R K SRR
T LG 30 A% E TR LCWe, KEBFET v FEFORKIRIZKT 2 A F/LKER
DEIAIX, 81~105% TH =D L, B L FHHZITIT 66~85%ICIKFL TR, 2 F
JVIKERD RN RN TIRIE S - B 2 blz, A FAKEBOGFIE T CRENAIE#EIT S
A= kT AT IVKIRORRN L ESI NN, B L OGICE Y MEESFOREIE L
=2 EDRBE N, OB ATE W T BNMERED A T LK ENE O fE R AT D
DOBENZRIZLTD EHERI S, BIEHET —F 2 EHMTLOMLERDH D LR 5T
W5,

KERAE N ORMWNICED IAEN D & HmERFERIEMEA LS L7 | [EVERRRFE (ROC) 234
2720 LT ERELFISE T2 ERMON TS, & L U 3ukEEO BB E A
EHRHTDH—HT, AMEET BTV Z20000mMELMEE 25720, B3EtEe &
o kL by 7 ==/ (PhSe)) AL L UV IEKNREGHREBOE M & 2D,
Baldissera S, MKMAD Y U7X 3 2 HWTERGEREZITV., AHEAEDHE A F/LKR

(CH;HgCl) DFMEICHKIT 2 LAty 7 = =V OREFHERIC DWW CTHRE LT 20, LA
FUKBA RS G LY 7 X Tk, 22 ha— LREC L~k IR & A ©— RAE
IR U7z, 7KERIRER 96 FFfH 2 ISR A SR LEIE LIz & 2 A, a2 /LF Y —/LROS L
o I UTF U —E (X0) TEE. IREEE(LAOE (LOOH) . A/VR= ks Ry
(PC) O EHETETFNY AT T —BE I NaK RN 7THEREDOIK T 2580 biviz,
TR LAY T = =V AR (Smg/ke) TIBAMEET 5 & KR SIREI R OB E =
VTV — 1 ROS LoUb XOTEMERIRI OB bR R b, 7 Fral) X7 7 —BE X
O Na—K N> 7HERE S B8R L7z, BRESH CIREE S5 2 KRIRE L~ /L TOARFERT, YU
X 2 ORI & IR ICE LRGN E U2 0s, ' Lo OFRIRHE 52 X0 i TEfE S 250
R HIVD ATREMED R STz,

Cabezas HlX, ¥7 77 4 v aZHWT, AFILKER (CHHgCly) DA & I
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oLy (Na2SeOs ; Hik LT MY UL) OBREFITEY, Z2ORFIT.
TLICERDZEEHLNMILE P, BT T T 4 v v 2 IIEEFR (LU ER) RONEA
(2, LC50 DIRFED 10 57D 1 JREIZHHY T2 AT VKR (25 g/L) ZHMT, £IEED
AFNUKBEBBLEFEELEBETHL L U2 RIBFICIREEICLVRE L-Z0b, (A, K
OB L ONERE (. JIFR, TERE . AR (231 27KBDOERE L BCF (AW
150 #WE Lz, £7-BET 2851 (B(LA b L RIZBD %851 [gpx1, gstpl, prx1],
A F LK EROBRTE B & R 8 {5 T [fos. mrps31, msna, btbdlOb, irgll, txnl]) ®3§
BLAMRNT LT, A1, RO OTEE & PR TIX, B L ORIFFRERIC LD X FLK
$R> BCF BRIEIZIAD Lo Z EXR S, Fo, BEA R UARH I T2 Z & s
FHRBOMITIZL W RENTz, DFD ., AL HIEE, HIRICEN T, BEL itk AT
JVIKERD FNE DB R NFRO BTz, T, & L U ORIFHRFEIC LD 2 FILKEROER
B L TR Y, AR OBRBENRITED Do T2h8, A F/LKERBMBRT CI3IT
L Tz fos DRI UE SN TV, fos ORIFTUHEITOEEZ BEW 4 572D, M
MRECIEX, B ORIFHREEIZL D A FAKBIZ K DMl ~DOFERERM I N TN =2 &
Whinotz, —J7, FgTIX, A FLKERO LW IHE & OFIEIC R LTl L X 2 B8
FIIR DN oT-, LA L. mrps3l, msha, btbd10b 23 Dfggs & Eb~_ CHEAY 72 R
R LTV, 2R HBIE T OEEIIRA SN E < FEH LIS OBIs 1 OFSEENGE
MO IREE, & Lo ORIRTEIC X2 A~ BZFHE L7 LR T\ D,
Dolgova H1E, KEEELE LV ODHAEMEZTRRDLENT, E7 77 4 v 2k AT
KERFETITHAC KR ZIRTE L, &L A F 4= E O RIS THCIRME O KR E L v
BRESAMZED X D REENBONENEREIToT- ¥, BV ) AT A= & IgE L
AP BLAEFENTHER T, IA~OKEBBATEROBAD 3D LTz, HALKIRIRER (ZHES - T
TL I/ AFA=IRRET D & BBUHEOMOKBLEL L LWIELLE EH L
Tedy, BRI L TV D Z Ebhol, —Ji, B LU AT A =0 OMBE AL A
FNAKRBIZIREE L TH, ATFAKPL~NNIED G T, T L AEMEEEITH RS D 2 A
BTz, A TFILIKER L HEALKEENT O FERE COREE CH ., Hg-Se HAEKDM TE L
VIMEWRTEEN DT TR B L OMBBNAS~ORBITRT O Z EIcEh, B
ONRHBHERRITE L HE SN, KEBEOBICEL 2B L L, @FloeL L
AVFETHEIET D Z & idR KEIRZEICL 2L U ORBIEEFEICLY, BV PaT A~
HOBEIK TR ER S b0 s bz, EBRICKIROBREIZLY, BL ) TaTA
UE— REEREDR DO LRRIEALVE MR EE LSHE LD, BV AF 4=
VR CITHIRAR A LV BEMERS T2 2 L 13T P, JIFOE L U ERE TRATT 2 BB
bAHEEbn,

AF VKGR Z G T T LT ILKEEIT ST O T LT LD RETHREDO F M S B <,
E BT MeHg' W/ NE FFH N F X 2 —Y (Px), FVEF A (GSH), SNEFFH
L&Y 2 —E (GR) FEONMMBILWEZANIE L, £ MaANOTEMEREFERE (ROS) A HY
MEE, Ml EEZ 52 5, A FAKBOGMIE, A FAKBOFEMEZ ENT D HRE R

128



FETHDLH, O Hg-CRERITIRE CLERNTH L7720, RIS 52 LI L
WEINTWD, Karri B, EMDR B DO AT IAIKEED A FIVIELE LA F AT HBESR
(MerB) DAEF A B =R L%HBHBIZ, WA T ALK Z G L2 %, MerB X 2 DD
ATA VEREZ B, D2 ODYVAT A U 1 DD RAFIVKERSF DO KEFEAIC T
5L TRBICHeC B EUINTT 5, Karri HI%, — kL v —A I &YV — 18— (CHy) s— A
XY=L —OfEE LAY (LI L3Se & L.5) ZLFAER L, ZH A
FKEUNTKET DRI 2R FAALREEZ A L, A FAIKBOFMELZEST 2 2 L 250
W2 U7, FHE DI 7. HL A TFOLKEBERIE T D A F/VKERIZKTT D L3Se DIy fiFRE A
Rz, p-F AT LY —)VOIFE F T L3Se x4 BRI O FHK & #5d 2 R
TIRHT L7 R . AREUR 13 L3Se IR S4L. A TFAERIFIA Z U HRAZEBR STV Z
EEBELMILTZ, MerBD 2 DD AT A DX DT, L3Se D2 ODEL UFHFN1OD
KA AITFEA L W Z EbbhoTe, p T4 7 LY —LVOIEGFIEF TlE, AFAKEE
DORHED L L CTHEMEEZET DY AT AKEE A U, KIC, 8525 MIE (HepG2 [ ko
HIf]) 2 W FEBR T, A FAKSUTKTT D L3Se DI #EIER 2~/ p ~FA+ 27 L
V= VOIFE FIZEIT 5 L3Se DEHIZ LV A FKERE N &35 GPx, GR, GSH ORYE
b AEVERERFE ORI, X F = N 7 OBENYGE S, MlAEFRZ 3 L% 30% (MeHgCl
FIET) 75 80% (MeHgCl, L3Se, p-F A7 LY —AAFETF) I EH- &7, LLEOERIC
£V Karri H1%, L3Se A FAIKLE RQIZHMEL . p —T 47 L —/LOIF/E T TP L3Se
B G, AFOVKEBO BT Uil EN R A4 ~T 2 L 2 FRE LT,

3-5) # Rt

K EE LV OMAEERBRD ST 0 L BB, B LT X 5 KBOEMEDRE
BENEDBZIFF SNZ < O T TS, LrL, BELrOREEIZK > T, Z20%)
FiEE AT, ket LU aERICE 2 EEENSE 6L MESN TS,
Branco 5%, JKEREENEDBIENIR A BRET 2 72 OIZIXFEM 7200 1 A B = X A ORI B
EEZ L 1967 D 2018 FRICRE I NTZ 86 O LE L Ea—L, BL AL DKEBD
EEIERIC OWTHEEL L7z %) (72720, R B a—Zid A FAKBICRHIL L2 1%
FEAEEG TR, BRI BEET 5 7P ARK E LT, AL REF VU RIER
IR Lz, 4L REVUMIGRIZ, MIBAOEEA b L AR, N DNA SRk &
W, TRV AR EEZHBEIL TS, EICEGTL20FIETFAL Ry (Trx) &EF4
L RFL LA H—F (TrxR) THD, JAETFAUUGHRO L DI, EITR Trx AAPifg
IWERZR L, BERUC 2 572 Tex (X TrxR IS Ko GEIL SN, b EIWTRE D, Trx 39 FW
WCVAT A VHEOTA—NVEEZ LD, Trx 0T HERKER (Hg2t) EHEA L. KBOEME
EHRT 5N ERO, TrxR TV E2ELEL T aT A 0 Thd, VATA UHED
FA—VHEE & BHIZCRIZITE L, — g (Se2t) 65, TrxR AR HKEE (Hg2+)
EEWERRENZ b, BEEDIZE T, WL O DOWmIND, B THOFA— ik
—VEOBEARPUU KB OB R A TAHT L D & Le, T TidtLr ook
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B X B KBOBMEOBIEEIE., RO LYy ORI 51 X 25 R a3 X e
WESERMATIT 72, RIS, TrxR AN 7 FOFRRME L IV E TF A URIGRE S LIl LI
K DK OFMEBAE A 2 HEZ Uiz, TrxR TR RER (TrxR1) & har RUTRE
8 (TrxR2) OV T v MRHD (B 3-5-1), TrxR (TAM (Hg”) BFEET 2 & ANIEM:
bT 20720 (KEI1) ., TrxR1L 23U 7 > R OE . £ O RNEMACITHIIENIZ & 5 Nrf-2 3
BRAOENBITZHE TS (KH 2 & 3), Nrf-2 13 TrxRl 2 & el bW E E D3R %
RAET HEEER T TH D, ZORKICEVMIEND TrxRl OREIT—RIIHE S D
(RHID), BTz 7Pz nicftd (REIS), 2FE0, BL il kK07
PERAER 1Tt L v EKEBOEEERDTERRIZT T, T4V FF 2 U UG RDORERN R
LahrtEZOND, 2L, ZOKME TrxR2 24 L7z b2 KU 7TNOKIEGIC i%#
<, 2 har RUTHOKIZ L BEE (TrxR2 OAREMAL) 1XEIE Ly (REIT), §E
ST KBOFfEHE LTELV U EMARITTH, X b2 R 7 oBEHITMHET 2,
HIRINIZ I T D B E D' L AL IR R OIRR & 720 | L ORI 5721
TAIBOFMEZEIRTE2WE 0 2, D LAMREEZRSEL Z 81X, A T=X
AZBWTHEIZHE > TWVDH EEZHND, KIBIZK > TTrxR BZARTEME(LENS &, ET
BT N2 FF 08 TexR OFE 2 —Rp)AMUET 2 (RET6), LU b, KERED &
FA3uE, BBV F A AR L L, ORER, HIRENICEMEE Trx NERT 5,
:@%ﬁﬁ?ﬁ%~y%%%@#é%&&uﬁmyﬁfw%ﬁéméﬁ(%m&\%@%
NS HERR 3 D% & AARICHBEE 525, 2F 0, KEOBMEEMRZ, 1105 FES L
OBMETIFFHA L ENR2NE VR D,

UEDEIITEEGIZ, FAV R URISRIZEAD D ¥ 7 F /R I B 2 SR 5L
SE, KBOREFTE, LAk s, £ LT Ly ORI G X D EEOBETRIZ OV T
figtin L7=,
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Fig. 6. Interaction between Hg compounds and the thioredoxin system. Mercury
(Hg) compounds target TrxR1 at the cytosol inhibiting its activity (1). This
stimulates Nrf-2 translocation to the nucleus (2) where it binds the antioxidant
response element (ARE) in the promotor region of the TXNRD1 gene (3) promoting
transcription (4) and de novo synthesis of TrxR1, which is supported by selenium
(Se) supplementation (5). Still, when TrxRl activity is hampered an alternative
mechanism involving GSH and Grxl keeps Trx reduction (6). At the mitochondria
(7) the same interactions take place except TrxR2 de novo synthesis due to the
absence of ARE in the TXNRD2 gene. As Hg concentrations rise, the backup
mechanism (6) is inhibited, Trx becomes oxidized and ASK-1 is activated leading
to apoptosis (8).

4) A ERFIAERAEE 2 B9 5 STk

LA A EAFE GRS (PUFA) (X, KN TIZ R Y 727 Y a— L opsy & L CRIRIEICTHE
TET 2130, MBI Y AREICE £V THEET DR BRI Th 5, PUFA [X " HAFEE ONLE
ME, FAT6FREAAT 3IRITKBISND, A AH 3% PUFA IZIF EPA R° DHA 23 & £ 5
B, ZNHITANEHONREIC %@%: <ffbfméoam%mmm\ﬁ®ﬁ@ﬁ@%%
%ﬁ% HRERE OWRBICR R Z 52 DM, IRERMFICB T 2EER O U T RELT, &
HIZiX, REAT 4 =—4 — &Lfkﬁrf\ :f<%5¢50:®iimmmm§%
&E@ﬁ@%ﬁ#éﬂ\%wzﬁTﬁﬁi@ DOERTH Y, 2D A F/LKIER & IRTE
ﬁﬁ%@éoﬁvy&ﬁﬁm\f%wmﬁ@ﬁ%%@%%zéﬁfigﬁﬁ%ﬁﬁk@ék
EZ bbb, 2D PUFA DREENZHOWTIEORNAMB L L E2—%21T75 2L L LTz,

4-1) 2018 4ERRD =7 7 v L B 2 —IT X 53T

Ji Ve 7> & FLIR I A3 1) T DHA 2SI ia-CHE i | 2 I BRI SN D Z & RS T
WD, EDT, A AH 3% PUFA DR T, MAi%E%ﬂL®%%%$@tw@§g@
KEBRTHDLEBZOLNTND, HEWMICEEND -V / LV UBAEBIT UL, RN TH
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Eﬁﬁ%%%x%ﬁ&%%mﬁ%:;ofmm&wmmﬁAﬁéM5 LUt M

RPFLIEIZIS T S EPA, DHA OFRTR & LCIE, IBiEH 2 WAL Z 0 L CORD B RA~DB
ITICKRE <{ZETL'@\>:> Z 2 CETHIRBIEIRIC I 2 BBl ~D DHA Mifalc LD RD T
¥V N DN G 2 D 5 e BT AR 2 C O FREAER (RCT) (BB T DM 2 8RR T 5,

The Cochrane Collaboration (=2 Z L 3L:[RIGHH) X, 2006 KDV 7 L E 22—
OEFHUHE T 5 B0 & LT, HRMORBUIKRIT 24 A4 3 RIGNEEHEICET 2 7
A DMEHEGERBR O R L B 2 —DFEREZAFK LTz 2,

F AT 3 REHSAMAEIFAENIEE (LCPUFA) A& Tefdh (/e &) A UHREICZ B
THZ L, R EZES L, BEMT Y M A EEET L ESNTND, ALE2—0
HEEZ, BRRO7 T M A, SHIZERRICRHT 2 B8 7 b 212k LT iR
BIHYV TV AL MROBE~DA A H-3 LCPUFA s DHELZ TN 52 L Th 5D,

2018 4E 8 H £ CTOMMMBIZ LT, 7T vRH DN IA A H-3 WG AL LT,

Bk 4-1-1

Omega-3 LCPUFA compared with no omega-3 during pregnancy: birth/infant outcomes

Population: pregnant women and their babies

Settings: Angola (1 RCT), Australia (1 RCT), Belgium (1 RCT), Canada (1 RCT), Chile (1 RCT), Croatia (1 RCT), Chile (1 RCT), Denmark (3 RCTs), Egypt (1 RCT), Germany (2 RCTs)
,India (1 RCT), Iran (3 RCTs), Italy (1 ACT), Mexico (1 ACT), Netherlands (3 RCTs), Norway (1 RCT), Russia (1 RCT), Sweden (1 RCT), Turkey (1 RCT), UK (4 RCTs), USA (8 RCTs)
Intervention: omega 3

Comparison: no omega-3

Ilustrative comparative risks* (95% CI)

Assumed risk Corresponding risk
Risk with no omega-3  Risk with omega-3

Preterm birth < 37 134/1000 119 per 1000 RR0.89 (0.81100.97) 10,304 (26 RCTs) edudeds
weeks (109 to 130) HIGH'
Early preterm birth < 34 46/1000 27 per 1000 RR0.58 (0.44100.77) 5204 (9 RCTs) 000
weeks (2010 35) HIGH?
Perinatal death 20/1000 15 per 1000 RRO0.75 (0.54 10 1.03) 7416 (10 RCTs) e
(11t021) MODERATE*
SGA/IUGR 129/1000 130 per 1000 RR1.01(0.9010 1.13) 6907 (8 RCTs) I
(11610 146) MODERATE*
LBw 156/1000 140 RR0.90 (0.82100.99) 8449 (15 ACTs) Fedndied
(128 to 154) HIGH
LGA 117/1000 134 per 1000 RR1.15(0.97 10 1.36) 3722 (6 RCTs) SDDO
(11310 159) MODERATE*
Serious adverse events 63/1000 45 per 1000 (37 10 62) RR0.72(0.53100.99) 2690 (2 RCTs) D00
for neonate/infant low:’
*The basis for the assumed risk (e.g. the median control group risk across studies) is p d in { The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the lmmomon (and m 95%Cl).
Cl: confidence interval; LBW: low birth weight LGA: large for-gestational age;RCT: rand d trial; RR: risk ratio; SGA/IUGR: small-for-gestational age/
growth restriction

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

! Design limitations: larger studies of high quality, but some smaller studies with unclur risk of selective npomnq and some

smaller studies with unclear or high attrition bias at the time of birth (not downgraded for study
Du-gn limitations: larger studies of hlghﬂ quality, bm several studies with unclear or high attrition bias at the time of birth,
or basell bal (not downg d for study li )

¥ Imprecision (-1): downgraded one level due to crossing line of no effect and/or wide confidence intervals

4 Imprecision (-1): downgraded one level due to wide confidence intervals

% Design limitations (-2): downgraded two levels; one study with unclear alk J and bias;
adverse events not detailed in this study
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IR O A4 A H-3 LCPUFA St A (70 2> R & &) Z e LT\ 5 70 1 it
PE 19,927 N) O F o Z AMuGERER (RCT) RO o7c, iR E LIERBRDIZE A LT
HE~ WSR2 X @IS EIC B W T Thiv T e, £z, BEOfEtE 2 otk
EENTV,

FEARMERIIUTO@mY Th o Gk 4-1-1 BL DV 4-1-2), A AH-3 LCPUFA #5251
TR o T2 = AT, A A H -3 LCPUFA % 52 B iz r— A 2250\ T,

- TERR BRI A BIER Lz,

- RHIPE (37 WAN) BIOMERMIE (34 AR 2oV TE, ZhEh 26 #F (10,304

AN, 91 (5,204 N) ORBRCREi SN TR, BHIPE (37 BARmM) OFAERIT 11%,

ABERHEIE (34 WA ORAERIT 42%D, VFRLABERIE TR LN,

- TERRAMIAN 42 WERB R D 7 — AN 1. 6~2. 6% IZHIM L 7=,

- JEPEHISE R L OEERERIBRO ) 27 13K F Lz al etk R Sz,

- 2500g A DAL AEMRE T (LBW) (DWW Tid, 16 3R, 8449 ADFERIN RIS, A A -

SLCPUFA # B2 K0 | ZDFARITFAXTY 227 & LT 10%H EIZHED Lz,

- LGAVRIZOWTIL 614 (3,722 N) ORBRTRIE SN TEY, BETIEIR»o7208, £D

FAERIZIZTOT RN b,

« SGA B HUVMIFEWNEEELE (IUGR) ([ZoWTIE, MEEHTIZE A EEN o T,

- BHOEERAERES, EPBREOTDDO AL, D VITER D S LT, mEERIC

FEITR LN T,

- FRIRTEICOW TR, B rTREMES R ST,

ROREE LR GER, 10, SR, MOMBBEELLIORET vV M A SiERBLUMT

) [ZHB VT, A A H-3 LCPUFA ffifa i K 2 BEI T < DT Lnvkeho Tz,

T BT ADOMEN () EHEEDOME % GRADE & AT A TIMIi L7Z & 2 A, EEARJEE
W7D b ALDIFEAEE, @EE ] RIE) ~ &R (] JHESIET) Th o7, 2D
LMD, HEIR O A A F7-3 LCPUFA ffifa | LRI ED R AR L5 & T (RHAKREIR 2D
SEHTODOHEMIREMEEZ BND, BE, S DITEEORBROETL T D, 5%
RIEA~O LV EMNZ2T 7 M LAEFIT 22 & RORESHZICHT 2R A =X
L~DOBfRZ O DT L, LT, B DA AT 3 LCPUFA K OG- ORI K O,
HRLMEDEEIZ L > TT 7 "B AR ED L IITEDLL NI ONTORBREIMETHD &
LTWa,

WIZ, a2 F b Ea—05 5T, SrAFE, &EG&, BEGMRH, 4 A J7-3LCPUFA ©
FEEICOWT, TR TR TR Y, LLFICRBNT 5,

« JEATTE A A JT-3 LCPUFA % 52 Hiv7e o T BEIC k95 A A #7-3LCPUFA A oD 4~
VAR, HD5W0EH 7Y LA AT 3 FBEICEORLE G X MICB T oA
%Eiﬁﬁ?&@ —Ji. Y LA AT 3ARIRLS DRI DA TR (F X, FERE e
) BEAEGEICIE, 5 Ao RO L CHASRIZEM E 720 . MAFIEIC L -
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TENRO LN, WEFREUSAOT w7 b ML THLMRZEITRD SinoTz,
« DHA JLONEPA O 58: A4 A A3 LCPUFA & 5-2 SR> T-REC 95 1 H 1g A ED
EAEEZ G SNTERICBIT S LB ORAERDIKTIZHAT, 1 H 500mg Al O H &
HDHUNT 1 H 500mg~1g OHFHEEZHE SNTRECEIT 5 LBW OF AT L 0 BHEITK
T Lz, (KB, LBWUSDOT 7 5 LB L CTHLMNRETRD b oz,

-« BGBARAREH] : A A A7 -3LCPUFA D ¥ 5-BAnI ] (B4R 20 LN R TH 270, & 5N 20 1
ZEZTWDD) OEWVIC K D THITIL. FREATEZERNT, WIhoT U M A
%L TCHOHMERIEND D WVIZEEMEOENI R -T2, LPLARRL, ABEICHESL
e Z 2 b D ARBRIT, BE5GREEICET 25081 72 <, LB > TI D DOff
RIZ2T T, PREAPECRTT 237U A 2 N OBIARE O FBIIH 5T,

« A A H-3LCPUFA OFEFH : 4 A H-3LCPUFA OFEFE (DHA B 5 ikiF & A E4% DHA, DHA
& EPA DIRA ., DHA & EPA LMDy DIRA) DiEWIZ L D 7T, TRIATE & 4 1
GBSO NTILOT 7 b J1 KR L CHBAERIEVITIR SN0 o 7o, FRRNEIX
DHA & EPA K UMBOD 7 DIRAFEICIHE W THRIERDIK TR o7, Zhiud—>DHf
FEDRHDFEF N LT "R B o 72,

EEF4-1-2

Campanaon 3 Doae (DHA/EPA) wbgrcupe
Quicome: 10 Low birthweight (< 2500 g)

Study or subgroup Omega2 No cmega-3 Rigk Rafo Weight Rick Rafo
niN n/N M-H, Fixed 5% CI M-H, Fixed 95% CI

1 Low: < 500 mg/day
DAlmedia 1992 2/50 550 0&% 0.40[0.ce, 1.97]
Khalili 2018 75 575 0e% 0.09[0.01, 162]
Ramakishnan 2010 27/aeT 27/4e8 41 % 1.00[0.59, 168 ]
Smuts 200%a 137142 168/149 24% 0.e5[0.43, 1.71]
Smuts 200%b of1e 519 08 % o.10[0.01, 1.62]

Subtotal (95% CI) 772 779 e — 89% 0.74[051,1.08]

Total events: 42 (Omega-3), 52 (No cmega-3)

Hetkrogeneity: Chit - 8.08, di = 4 (P = 0.19); 12 -24%

Teet for overall etect: Z = 1.55 (P =0.12)

2 Mid: 500 mg-1 g/day
Carlson 2013 154 12147 ——— — 20% 0.44[0.47,1.42]
Malrides 2010 41/1197 iz —0——— 0.6% 0.85[0.44, 095 ]
Mardones 20ce 27493 37/477 ———————— 57% 0.71[0.44, 1.14]
Min 2014 z/e0 &/s7 1.3% o.e5[0.2e, 226]
Min 2016 a5 458 06% 1.93[0862,6.05]

Subtotal (95% CI) 1962 1939 ————— 19.2% 0.71[0.54,0.92]

Total events: 90 (Omega-3), 125 (Noomega 3)

Hekrogensity: Chit = 4.51, di = 4 (P = 0.34); |2 =11%

Teet for overall efect: Z = 2,52 (P = 0.006€)

3 High: = 1 g/day
Bulsra-Ramakers 1994 11/32 o3t 1.4% 1.12[0.57, 2.48]
Harper 2010 o4/427 112410 —— 17.4% 0210863, 1.02)
Olgen 2000 23799 =717 - B 0% 1.01 (02, 1.15]
Onwude 1995 33113 35119 R 52% 0.99[067, 1.42]
Totail 2008 26125 0124 46% 1.19[0.79, 1.20]

Subtotal (95% CI) 1496 1501 - 71.9% 0.97[0.88,1.08]

Total events: 457 (Omega-2), 473 (No omega-3)

Hekrogensity: Chis = 3,27, di = 4 (P = 0.42); ¢ =0.0%

Test for overall etiect: Z - 0.50 (P - 0.62)

Total (95% CI) 4230 4219 - 100.0 % 0.90[0.82,0.99]

Total event: 520 (Omega-3), 658 (No omega-3)

Hekrogensity: Chiz = 19.75, di = m(P um) 12 m25r%

Teet for overall efect: Z = 212 (P -

Teet for eubgroup ditirencse: Chiz G 1 ,dl =2 (P =0085), I* 2%

0.5 0.7 1 1.5 2
Favours emega- Favours no omega-3

3.10. Comparison 3 Dose (DHA/EPA) subgroups, Outcome 10 Low birthweight (< 2500 g).
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a7 L 2a—TlRY BF-RIZ 2018 £ 8 A TICAREINZbD ThHh o7, £ 2
T, 2018 £ 8 A 2019 4 9 H F TOK 1 N HE SV AR O REBUC x4 2 A A 7
3 & LCPUFA #HA&ICRE+ 2 T o & MU EGRBR 2 MR L 7=,

TEMG B3 DRERICBI LT, fERAME~D A A A 3LCPUFA ffifs & FERRHAM & DBIFRIZ O
TIiE. B FEXSRE Lo T v ¥ MU 21T > T2 &R SUCIRET 2 &L 2 2o
oo ZOHHO LHRIE, 2013 035 2017 FFITNT TA— A M T U 7 OIEHRZME (n=5486) %
XU T HE R IEEA LI BGR M T o 7ot Th S ), JPABEIL 900mg A A 7 3LCPUFA
(DHA800mg+EPA100mg) , == > h v — /LRI IAEM M Z 44z 20 I 2> O HERE £ TR I
fa L7, EORER, A A 7 SLCPUFA Mlif DT ARE L MG D 2 > he— Rt L b TRl
HMICAEBEZEITRO b7 holo (KA 3 BE 273.2+£15.2 H, 22> ha—/Lff 273. 2+
14.9 H, Effect Size [CI]0.02(-0.78t00.82)), F7=, StAREL 2 b — LREORFET
EFEFNTZROBEICONWTHmBETEIT R (AN %) A AT 3EE 61(2.2), 2> b
— V£ 55(2.0), Effect Size [CI]1.13(0.79 to 1.63)),

9 1 flE AR LISk U TR D 2L O AEIT 5 1252 Td 5, 2008 4E02 5 2010
DN T, T o~y —7 O aXun—27 2 TITOIIZRIN & 28— MIFSEIZEB VLT, filh
TN XD T EEREMEALEGBR N T Y, 736 FLOMIRZMEICER 2. 4¢g
DA A H 3LCPUFA (EPA55%+DHA37%) £7-1% 1g DAV — 7 A A V& IR 24 W5 HpEH
1 EME TERLTH S -7, T8 699 #LORIETH 5D, A4 A A 3LCPUFA BflE = >
o — L& g L, TERR B 2 HRIE OV (& 8E 4-2-1), F7z, HAEKED 97¢ 1
MUlic, /0 =— NOFREHARITIT 2 ROERK TN L, EREM L ME~DF AT
3LCPUFA #fif51Z. 7EMG AEGER L RO FERNEBEOHE KR Z b2 bT 2 LAVRaSNT,

gkl 4-2-1

TABLE 2 Effects of fish oil supplementation in preghancy on primary and
secondary endpoints in children
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n-3 LCPUFA (n = 346) Control (n=353) Pvalue
Primary endpoints
GA, d 282 [274-288) 280 [273-286] 0.02
Birth weight, g 3601 + 535 3504 + 578 0.02
Birth length, cm 521 + 24 518 £ 25 0.15
Birth head circumference, cm 351 +18 349+ 16 027
Marsél percentage? 516 + 284 476 + 283 0.06
Skjeerven percentage? 499 + 7283 445 + 276 0.01
Secondary endpoints
Preterm delivery (GA < week 37), n(%) 12(35) 14(4.0) 088
Born small for GA,* n(%) 8(23) 5(1.4) 0.55
Bom large for GA,* n(%) 13(3.8) 8(2.3) 0.35
Fetal growth from week 20 to birth,” g/d 232 £ 32 228 £ 32 0.13
APGAR score 5 min <10, (%) 17(5.0) 15(4.3) 082
Induced birth, n(%) 123(36) 120 (35) 081
Emergency cesarean delivery, n (%) 48(13.9) 37(10.5) 022
Elective cesarean delivery, n (%) 31(8.9) 35(9.9) 0.90
Preeclampsia, n (%) 15(4.4) 15(4.3) 1.00
Gestational diabetes, n{%) 6(1.8) 10(2.9) 0.46

1Values are means + SDs, medians [IQRs], or n (%). Student's t test was used for normally distributed continuous variables and chi-square tests for categoric variables to analyze

differences between the intervention and the control groups. GA, gestational age; LCPUFA, long-chain PUFA.

2Calculated percentage of expected birth weight at a certain GA with the use of the 2 standardized growth curves (14, 15).

IChildren with a Marsél percentage <-2 SD.
4Children with a Marsal percentage =2 SD.

5Calculated as (birth weight (g) — Hadlock estimated weight (g))/(GA at birth (d) — GA at scanning (d))

IERRTZ O e~ DHA #fiAG 1S K DFEMR BP0 7 ¥ b A & OBSEIZ- DV TE,
250 T & MELEGRER (KUDO & HOPE) DF — 4 % 2 W LIZfEmAMmEShTns
9 2 WHRNTZAT 5 BRI, (1) B 72 EBERUCEE T 2 BlOREZH <5 Z & (2) DHA
DA EPMERH AR E I (<2500g) & AR AR E T (<15008) IZBI# T 5022 _5H 2 & T
b5, 2006 FrD 2011 FITH T RATT 4 ORFEPEICENT 346 NORENEE I
(KUDOn=299, HOPEn=46), *I43& 13/ ARE (DHA6OOmg/ H) & 22> ko — L (a— U ili+ K E
M ICED YT oHNT, ZOME. 7 BRI, BB OBEEL (p=0.01) & F
(p=0.0002) THIINT 2 Z &R E NIz (BE4-2-2), F£7=, DHA B 7% L 0 £ < EBRT
52 LT, RMIRPE B4 @), EIEREARER, (REAREROHARKNMES 2ok
(p=0.0327), 27 T2 L E2—THh, 4 AN 3-LCPUFA % 5 2 Hii=/r— ADTER B3 A
BICHEOT-Z EDVRENTE Y, IR DHA FBESCEBORA 22 A X % DHA fBEHR Otk E
DS, SERAI OFFE LR BB ER NV 2 W EICB W TEETH S Z L VRENT,
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Fig. 4. Relationship between mean very low birth weight and capsules of DHA per

136



week shown by the second Bayesian model described in Fig. 1 (p= 0.037).
Fig. 5. Relationship between mean low birth weight and capsules of DHA per week
defined by the second Bayesian model described in Fig. 1 (p= 0.037).

W oHRefE iz > T, Kansas University DHA Outcomes Study (KUDOS) D7 o —7 v
THRIZBN T, “HERBEEALRBRBMTONTZ ), Z ORFETIL, BT ERIRF GTAR
MIONET 14.5 38) 75 HPERF £ . BE#IC DHA 1 72 /L (DHA600mg) XX 7T R 7+
b CRE M+ = — i) e O AT O, HFFED B, (1) HARTDHA 77U A > M
Fa MR O N 1 MK D ER AN D 2 L (2) AENRMIC DHA A L7 B & 4
ENTRICBT L2RBBEOERNZHRRD 2L Th D, RITxIRE L, DHA B 7 VEE n=83, 7
7B RREn=T8 Th D, ZORER, DHA B 7"V A > PRI 2 AR RS o> o DHA HE0
(X, 1o 5%, 6 mORERIZIT 2 S RF B & AR e B (TQ (TR L Tz, Ll
FEEFR T RIHAL (SES) Z SR T & LTI 217 9 & BIEMEIT e < R o7z, BERRF O RHA
i DHA (3, JEDOARR 18 v OFFRAES & B L TV,

&k 4-2-3
Table 6. Male infants: brain volumes by maternal supplementation group.

Male infants: brain volumes by maternal supplementation group.

Placebo n = 25 mean (S.D.) BSFA n = 24 mean (5.D.) p-value Mean difference (95% CI)
Maternal age 33.60 (6.52) 32.83 (5.99) 0.670 0.77 (—2.83,4.36)
Gestational age at birth 37.28 (3.03) 37.92 (2.98) 0.462 —0.64 (—2.36,1.09)
Birthweight (g) 2988.12 (794.47) 3164.13 (732.25) 0.424 —176.01 (—614.88,262.87)
Infant length (cm) 49,98 (2.65) 52.75 (2.60) 0.003 —2.77 (-4.51,-1.04)
Head Circumference (cm) 33.28 (1.85) 34.74 (1.24) 0.005 —1.45 (—2.44,—0.46)
Corrected gestation at scan 43.13 (2.75) 44.84 (4.09) 0.096 -1.70 (—3.72,0.32)
Template age 42.44 (1.61) 42.88 (1.90) 0.392 —0.44 (—1.45,0.58)
Brain volumes (mm x 10%)
Cortex 203.36 (31.59) 234.76 (58.67) 0.026 —31.40 (-58.89,-3.91)
Deep gray 21.79 (1.94) 22,57 (26.12) 0.242 —0.78 (—2.11,0.55)
Whole gray 225.15 (33.26) 257.33 (61.08) 0.029 —32.18 (~60.86,-3.50)
Hippocampus 1.58 (0.17) 1.69 (0.26) 0.081 -0.11 (—0.24,0.01)
Lentiform 7.51 (0.82) 7.79 (0.98) 0.298 —0.27 (-0.79,0.25)
Thalami 9.77 (0.98) 10.23 (1.23) 0.153 —0.46 (—1.11,0.18)
White matter 130.70 (13.28) 128.44 (13.32) 0.555 2.26 (—5.39,9.91)
Corpus callosum 2.55 (0.25) 2.86 (0.56) 0.021 —0.30 (- 0.56,—0.05)
Whole brain without CSF 406.31 (43.26) 44274 (75.29) 0.046 —36.42 (—72.18,-0.67)
Whole brain with CSF 579.91(64.94) 646.29 (126.61) 0.028 —66.38 (—125.16,—7.60)

IROMAREICER L, EIELMEICKTT 5 LCPUFA Y7 U A > Miifa & . WOMAR L O
BEMEZ . MRT & AW TRl L2 98134 £ Ty, £ 2T, DHAT 7% R Uik (BSFA :
BRI E TN D IEEE) OB, IROMEEICEET 2R 2B E L
THFIRREAT- T2 30, IERAMEZSEE L, RIS T 206 MRT 2521) 5 2 EIZFE L7 A& %t
G & L, A ABEIT DHA3OOmg, EPA42 mg, 7 7 % RUER 8. 4 mgD A 7 &b, 77 R REET 721mg
FLAEBDH T ENEER L (BB 4-2-3), ZOFEE, MABHORRORIZ, FI¢
AL AR THEDNKRE N7 (p=0.014), WEMRITRS &, KR TIEINMARLE T 7R
HECTIHARICEIIAON oo, Ll BIRTHABILY 7 BRI T, AR
i, FEPA, MR, IMECE. IR, IRAEREENRE Doz, HRTICDHA LT 7% K
VEERNRZT D E ROBMIZEBW TR TEVWSRH D 2 EDIR I T, RN YERRE 0 >
TFNMEFEIZBWTEERH S THY . HEIEAXY b7 MIZOMMOaRKRESE(LLT
B, LRI BETRIEHEENE, TO720, SEIONIERHEEN, BEIEANY b T A
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FAENTMEN B B = & & BT B WM B B,

5) KEUT K DEREEG Y &R

F g RENZ T 2/ B IL L COed A OBIEIX, FIY T, oHITiIKET <
WA LENFEIZT T 77V 0, BAZRE S EUETHNOA TS, IS
B DIKER D FH BN TAER] 400~1, 400t & AR OKERIEHED 37%% 5. ANARERE L
THRRTH D, DMHEEINL TITERIEENCIEFE T 2MEEF OL L b T EIERIZH LT
HIRERIZ K AREFREAENAE L TN D, S 6T, SFLLJED OERE CIIKE, TEITKRIZ X
DI SHL, EORER, BREKERD XA FMALRAE T ERICE > TEER X XV ERTH
D FENFE~D A FIVKEROERENIE L 72> T D, —J7, HECIEOKERIE L O BRI BN
K0 JED I TIX G L0 B & ST A~O A FILKEBOEFRED M S
TW5,

AR E =2—"TiZ, PubMed ZHAVVREF—" — F” mercury gold mining” 3 X T “mercury
mining” Z AL, 2019 FITHE S NTCim L a TOITHRER Lo, MR L72imsns b/ R
EHLILCAKERIL L 35 1T DEIRITFE © KERIZ L DB OJHIAE R~ DR 2 L OBR
VG BT DNEZBIT 5.

5-1) /NEBLAEE (LESER 36 X OVELE R~ D /K ERIRTE & (e 2

INRRE SR TS ENCEF T D EER XS OBRICZ B O KB EHEH L, KR
— BTN LEEREED, ZOT VT LZREE L, 2T 5 & & ITEEEITEE
FEOKBITIRTRE SN D, — AN 2D DIEEITFEEITITDhiIL D, Ll T~V 0 LA
BEEFBENTITOEEE DN D Z RO TWD, Gyanfi OITESEHIEE 217> T 5
HIR D RO F RO KK T ORERIREE &R 27 & OBEMEIZ OV THREZ T 72
KBTI HT—F DT /38— « £ —Z2 M OSEIHIKDOFFET, 22 PRI E L Lumex
RA925M ZKERSHTEF 2 FIWTHIE LTz, 7~ DRBER 1T > TV A FER DK 91% 03 K [E R
BEfRe&)T (UAEPA) OZEF & 300 ng/m® X TV, 7= /LH ARBEE AT > T
FRTH 6NSRAREZEZ T, ELICEFEO L Z A TIEKESIEFOHE LR
50,000 ng/m’ ZHX 7272, FTHUID T =206 97.5% 7 7 7 2 A MEEZHEE LIZRER,
800, 000 ng/m?® LA b L H#EE &7z (BkF5-1-1), ZOfEIF 2 E THE SN RNOMHEE )
VR T\, T~ DREEEIT > CTORWEROREE Y — RHIZ<1~180 TH -
TeMS, TN BDIRBEEAT > T D FEEO Y — REIE 0. 01~160 Th o7z, KEREILT
VI DRBEEAT > TWDREETIET N BRBEZ T > TORWEREOK 10 FRIETH

7,

@k 5-1-1

Table 1. Analysis of the upper 97.5% fractile concentration values.

Concentration (ng/m?) Exposure Concentration (EC) (ng/m?) Hazard Quotient (HQ)

Floor 299,785 287 463 958
Top 278319 266,880 889
Wall 302,370 289,942 966
Fireplace 841,835 841,835 2806
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FEFTHUID T — 2D O RAY— REIE 966 EHEE S vz, 2D ORERNG | &1
IIER R HI X CIIAE3ER . FEMEEHR & IOKREKUCRK T 2 AR Y X7 22 Tnb
Wb MNER ST,

Kwaansa—-Ansah & {3/NEEAIE (L OERIRTEENT > TV A IEZEE OKERRFEEIZHOWT, H
—F DT ¥ T 4 MPEHLX O/ NEBLEILN AT T 5 SEIRIEES 68 N (RBBIIEEH 32
N & EDMDIEHETE 36 N & FEILILEER 12 N &2 XIGUERIREY; T OKERETE O EREZ I
& BEZT ORI HIE L7z 0 AESRIEEHE 32 ADONOKERE T 3. 3220. 36ug/g.
EEZOKBIREIL 6.5910.01 pg/g THY ., & ATBEFKERIREITKEBREERE T DKL
B~ 1pg/g 2 TNz, —J7 . IRAPKERIREE 6. 9710. 06 ng/L &V . ZOIREITK
SRIBYNEKETH D EE 2 HND 25 ng/L X0 R0 KfETH 7= (B 5-1-2) . &k
WIEEE DT, R, TNOKSEEE L EE L ORICBIEMEIL R SNV, MEEER LR
K SR B O N E /R MBIRIR  (1=0. 649, 1<0.05) ANFRBDSNIZ, T v T « M
X OBEARIEEN I IMEANICH O | AFER ITEEAKEBORBELZ T D AREERH 5, L
Dy U723 S /NS SE LHEREF TR ER T = L AEIC L A SR ORI DWW TER L
TELT, /AT 2R EIBIC T 2 BE 1TKEMHEA L REN e Moxts
B RO REEIC 5 2 D5 Bk B/ NRICIN 2 D DICEER B % LR T 5,
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Fig. 1 Distribution of THg in (a) hair, (b) fingernails and (c) urine of non-—
miners, smelter and non—smelter miners.

o BT CHEERIRICZE < OKIENEEH 4T 2 D3 EIBERA~DKEREEEE O EREIT
BE VRSN TRY, NG L E O RO KERFZIZ OV T, Carranza—Lopez 5
ar BT O Bolivar ® Mojana #i[X & Middle Magdalena HiX O /NEAEHLLEILD 6
OFFOFEER (Mojana #i[X : Montecristo & (155 A). Achi #F (47 N). Middle Magdalena
X: Norosi (45 AN). Santa Rosa del Sur #(201 A). Arenal #F (27 AN). Morales 41 (47
N)) ZRIGUTKERIREE DO EREFE 21T 572 1V, 6 OF OER O BEZPHRKEIRE O HE

139



1% 3.07%0. 14ng/g (&iPH 0. 15-25. 1 ug/g. HFHRIE 2. 021 g/g) T, HbEEEZRLIZON
Achi FHER® 9.2£0. 6pg/g T, W HIEMTH > 7=D i Morales A{ERD 1.50+0. 16 1 g/g
ThoTo, WBERHL LD O IO OfE R D B2 KRR O E IR E B B R
HITOEMEL L TH D 1. 0pg/g BB Z TV, Achi A CIIRISEEEN 1. 0pg/g ZH#A
2T, FIEBETHRKERE & Fln, R, ANMEEBIEDOM & OBRE R 2 & Arenal
FCIAEED & ORI FI B r=0. 540, (p=0.004) . Norosi #}Tl& Santa Rosa del Sur ¥
TIHHE L OMIZENZI 1=0.373(p=0.012) & 1=0. 177 (p=0. 012) & FHBIBIRAZED B
7-. F7- Norosi #f& Santa Rosa del Sur A ClTHAMNMEERE:OMIZEFNLEFN
r=0.517 (p=0. 001) & r=0. 144 (p=0. 041) L FELRMENRBD bivlz, ZDZ L LnbAIIE
DOEEIZESS B FORFEY 27 I T, 2 OO AN EITEENICEET
HHZLERLTZ, Lb, Middle Magdalena HiX D/ NRISEHLLIZ BT 5 HIESCKA
KSR T & AT T < LA DIRBERERE I O K ERIE EIIER ICEE A R L, KA
RERIEEE 1K E A EWE - BRI ERR (ATSDR) DR KFFARREE 200 ng/m’ Z#8 2 Tz (&
BF5-1-3), Bolivar WD/ NEISEASE L JED D KERTE Y ITIRHEFH CTH 0 | BRETTH YLl s 2
DD =D DI RN METH D = & 25 LT,
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Fig. 2 Air T-Hg levels in middle Magdalena Gold Mining District at the
Department of Bolivar
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Fig. 3 Total Hg levels in hair (a) and their frequency distribution (b) in some communities of
the Yaigojé Apaporis National Natural Park, Colombia. Different letters in the scatter dot plot
indicate statistically significant difference (ANOVA, Post-test Tukey, p value < 0.05). The
dotted line corresponds to the maximum WHO “threshold” level for T-Hg in hair (5mg/kg)

* 72 Valdelamar-Villegas HliZoa L E7 D7 <Y U HIX D Yaigojé Apaporis [ESEAA
& Apaporis FiEIkiZ {7 {& T 5 Bocas de Taraira #F. Numi #F. Vista Hermosa #f. Bocas de
Uga F O R % G KRR TR 2 B2 KSR TRk L7z Y, RO BEZHRKERIRE
1323.0+1. 2ug/g (2.6~63.Tug/g) THY . FIITNHLET D Bocas de Taraira FO{EEAN
b EfE (34.9%1 2. 4ug/g) Z R L. BRSNS CTEEZTHRIKERIRE XK FEm % & - 7z
(&8} 5-1-4), B TOERDOEBEEZKBIREITKERFRE TOREEL NV THD 1.0 ng/g
ZEA, TDIH 93%DAERIT WHO BfE Gug/g) ZA. 86%DERIL 10 g/c ZHA
D THoTo, FBEFKBREL 1 B4 OBNEOWEELE ORRE LD &l
FOMITITA BB (r=0. 27, p=0.008) 237D LTz, VAT TEARX L Mg Tl
R 85. 5% 5 B 60% MR PN B A TR RIREMED B U | B AEFESER D LMED 60% 23 HTHE
a4 AR A ML ERW PR FFORTEEMEDR S 5 Z & Z2on LTz, ZHUTANFEEBERD KR
REOTRERNTH D Z LS AMEBREOHIRICNZ 5 & & HICBIFIZEL B RAR
NTOBIEEN 2 B HICHIETRETH D LEE L TWD, /INUBLEH L OB IEE)
S FI DO KERB YT O IR T HRIE E 72> T 5,

oL ETEEOT < o HIK TR TN Alcala—Orozco HIZ X » T{Thihl T\ 5,
FHA 1% Cotuhe & Putumayo il Tarapaca #7 0 9 Ml iz FTee(ER D 190 A &2 iTH
N, BEFRKRBEZUNET D2 LICIVEROKBBEOEELZHL NI LI
[Alcala—Orozco, 2019 #56], EEZHHKHNREEIT Y 10.620. 4ug/g (0. 61~31. 1ug/g)
Th Y, HIIZ L > CREZENRO bl ( (EEF5-1-5), £-RFED 99. 5% 2 KE R
FETORBEL L THD 1.0ug/g BTV, UL BEF/KIREL 1 YN0
ONFOMEE L OMICHE/RMBEBFR (r=0.253;p<0.001) FBH LT, LR
FAETIID 72 &Y 24 T%DERDPIKBHEFED JMESTER 2R Lz, 2N OfERIZan
YETOT =Y CHIK TITEREED D OIRFHZOKRIRE AR L TR Y . ZITEROERE
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Fig. 4. Total mercury concentrations in hair (u g/g) of citizens from Tarapaca.
PT, Puerto Ticuna; PH, Puerto Huila; PN, Puerto Nuevo; V, Ventura; SL, Santa
Lucia; NU, Nueva Union; CB, Cafia Brava; P, Pupufia; BA, Buenos Aires. Dotted
line corresponds to the internationally recommended limit of hair Hg
concentration (1ug/g) and guideline levels of the WHO (2 and 5 ug/e).
*Statistical differences when compared to Pupuiia (P), one—way ANOVA followed by
Dunnett’ s post—test

Junaidi BI%A ~ ]\“*“/7@@5{"} « ~w T M D Sekotong HIX & Taliwang HIXIZ 3
W T ERABTEENC AL 5 SO KEG Y2 B 60N D 7o O RN B E AT 5 a0
B OKBIRE A RE L7 P, Sekotong FLILHIE TIXANEOKBREIX R T U A

(Pilsbryoconcha exilis) ¥ 596 ppb(n=30)., &> 37 A 471 (Sephia officinalis) ¥y
721 ppb (n=6) = L C~ A (Euthynnus affinis, n=13) ® 50%7% WHO D F KFFAIHAE 0.5 ng/g
EBATEY ., ZOHEOERIZAMNEN S OKREIC L DHEY 27 202 T\ 5
LB BEMNI LT,

F7- Mason HiZa— bR T —LdD 4 >OHE (East, North, Central, West) /AR
SR OEAETE BN AL 5 ) OHEFE ) D KRG Y & T D A F VKR EE & ER O
HER HERO A TV KERIRETE OB OV TR 9, JIKSCHEREY) T DRk SR
FERA F N REHREE TS ORI EH AT EH L TR ., FFTMIREENRD bl (B
5-1-6), L2nh., HEFEW T ORIKERIEEE A 100 ng/g X, A T/VKERREE S 0. 03~4. 4%
BENTWZ, BAEHOKEREIZOW T, FEHIX T IS 72 AR OKERE X
0.3pg/g MEEA A T o, AT /VKERO A PMEFREBITHIRIC L > TR 2 b DO0MR
AEVAREERELS, 2O LI ATFVKERETS T Tlidie < D ER DS Y AR K
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B Z B UTEBATICNEE 52 TVWDHZ AR LTS, a— MR T —/LD A\ 13
DE XY bAMEEREITS < & ITEBETRMEEZERT 2 A%, 2 LTH 2 R
BB TH> THRAMEOREITKERRRETONA R A4 VEELZBZ TNDLZ Ln
DIEBENRVLETHD LTS, 23— VR Y — /L TH/NEEIN NI 1T 2 BIR1EE)
DTHOIL TN D IR TOKEIEGN T ER ORI ELY 5 2 D A[REMENH D Z & &R
L7z,

&L 5-1-6

Table 2. Average concentrations of mercury and methylmercury in the particulate
phase and sediment at the sites sampled in Cote d Ivoire. Standard deviation is
for triplicate analysis

Location Region THg part. Water THg sed. MeHg sed. %MeHg sediment %LOI1

(ngg ') Log Kp (ngg ") (ngg™')
Adjekro East 46 + 1 414 187+ 2.6 0.04 022 146 + 0.03
Eholié 177 £ 10 978+ 29 132 135 12.6 + 0.07
Biannouan 157 + 12 428 33.0+54 0.71 217 691 + 14
Aboulié 726 + 77 4.08 365+ 4.0 091 2.50 383+ 076
Kanakono North 75 +41 419 24+1.2 0.02 1.00 647 + 0.11
Papara 73 +13 438 258+1.7 0.18 0.71 527+ 0.09
Sissingué 96 + 20 450 86+ 1.0 0.03 040 364+ 0.06
Hiré Central 42 447 218+ 154 0.11 049 564+ 0.35
Bonikro Village 3442 4.4 15.6+2.9 0.12 0.80 825+ 040
Bonikro Mine ‘West 62 + 14 436 86.7 + 3.0 435 5.01 9.18 + 0.03
Meantouo mine 148 + 43 4.84 13.5+ 0.5 0.17 129 246+ 0.01
Meantouo Village 334 + 236 427 147 + 388 133 090 279+ 0.16
Floleu (Cavally River)* 2344+ 9 42 16.0 4+ 16.5 0.03 0.16 043 + 0.03

212 + 38 143 4+ 0.17

* Field sampling duplicate.
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Fig. 5. Box plots depicting the distribution of (A) T-As and (B) T-Hg among
pregnant women by ASGM activities. Median values are labelled and shown by lines
inside each box, the top and lower lines of each box indicate the 1st and 3rd
quartiles, respectively. Above the top whiskers are the outliers. The horizontal

dashed lines indicate reference values for urinary total arsenic (15 ug/L) and
blood total mercury (0.80 ug/L) (Schulz et al., 2009).
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Fig. 6. Hair THg concentration stratified by (a) mercury knowledge and (b) level
of worry.
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Fig 7. Scatter plot and correlation matrix among blood mercury, work duration,
T3, T4 and TSH among study participants. * indicates significant correlation
numbers show the correlation coefficient.
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Fig. 8. Box plots of total mercury (THg) and methylmercury (MeHg) (ng/g) in
sediment

F 72 Tomiyasu HHA 2 RRTT « WY v UMK O/ NG L OB HRTE B 3K 875 G s
THETEL TS Z EEHE LY, M5 IXEHREEI AT O TV D HE O Fif 10k m
22D T 30k mE TOHWIKDOA @K (He0) . HEHEAKER (Hg™) . ki FHRAKER (P-Hg) . TE
% DFKER (FT-Hg) & L TH/KER (T-He) IRIE 2 RGIMMA L7z, 2013~2017 42X TD/)
RS (LA D OB FEKEULE W OFERIERIIR X, Hg0 (X 0.14-0. 85pg/L, Hg"iX 0. 27-
12. 9 g/L, P-Hg % 4. 3-49. 5pg/L = L C FT-Hg 1% 1. 2-12. 5pg/L ToH - 7=, SRR T
NG HRIL I TUER SO AS FURICIANT TR L7y, ZAUSH LT, P-Hg OFIGIT TR
ZHEDN DO TEMNL, K bEWHALTIZZOEIEIEL 90% Th o7z, /INGUEAERILEI
DIEEFRLF-IRWE (SPM) D/KERIREE 1T 600mg/kg & MlEZ /R Uiz, FHRUKERIERE DOERHERS
TIX 2016 4F0 T-Hg & P-Hg IEEIXBUMEANIC H o 7208, ZAUTBHRIEBIOK FIZK 2 & 0
Tholz, LnLRD 5, SPU oW OHEREY H O KSR EE SRR OZ A R o3, /b
BUSLAEE 1 LD O O KEEYIT R T 0 | R 22 [RIE 2 HE LW 2R LTz, /N
A PR ILERAETE N L D PR~ D KERDO B BT 2878 & KERANL IR 0HTIZ L » T T
T,

Schudel HiZ= 7 7 K/ Zaruma—Portovelo HUX D/ NRALGHL L TEHiAa O WLFRER L
DOFELOKERIEEE & B RNAR L2 58T U7z OV, /NEUBLA S (L sk sy O RN IR B %
BASNZT 5 & & 1T Zaruma—Portovelo HIX D Tt O HEFE W0 485 1 L DO 7B D [RINTAR AT
DOFEFR S ARENEY ORI A 5T Uiz, /INBIALEHE L OB O KRR 133 LW ABh %
R UTED RNARS T I BT 2 E EIEKAE RSB MIF) TidER 2 < (& 5-2-2), L
0 ) B VEL AR AE LRI AR 53 51 (MDF) CAB NGRSO STz (B 5-2-3), 2D X 9 I1Z/EK

148



BHRIL DU pR 53 O K ERIFAL AL TR ERER TR S LD MAR L1357 D Z LB kER
[FINZ AR/ NBUBRE &R 12> & Tl TORMIGRZBH T E 25N FETH L Lik~TW
50

12400
1000 +
2.0

1.549

1.04

2
3

0.5+ %
*

|
-0.54 _—_' ; — E

52Hg

1.5+

Hg concentration (mg/kg)

-2.01

L | 254
01+ -30

n=6 n=15 n=9 n=3 -3.57

Sta‘r\ing Active 'lamngs Active ‘lailings Abandoned n=102 n=33 n=8 n=9 n=29 (+3)

materials (Hg only) (Hg + NaCN) tailings Hgéres Caloines Elemental Hg Igmeuuls rocks ASGM éamp\es

Tailings type Sample type

&E 5-2-2 &EL5-2-3
Fie. 9. HeT concentrations in starting Fig. 10. Range in the He isotooic signatures
materials. active tailing which have undergone (MDF. 6203He) of He ore. calcine. elemental He
He amalgamation onlv. active tailings that and igneous rock samnvles from the literature
have undergone both Hg amaleamation and disvlaved as box plots. All samvles from this
NaCN leaching. and abandoned tailing. All studv are included in the boxplot of ASGM
concentrations are presented in mg/kg. samples excent for the starting materials,

which are displayed res diamonds

F72 Goix BH 7T U REFX =T O/NFEBBILILD G U S 45 KT K D EREEIG YR DRk

L% Oyapock Wl ZIn - THJIAK, VREERFIRE ., 3R, EE T ORKEER, KERFE, [FIAL
AR Z 08T 95 2 L2 L > TH BN LT 2, B EIEKIFFNARS B MIF) (2 L & EH
DKERFENLA (A200Hg) 1T EZE A2 AKSG RPFITIRAILE K 0 0 L AW K 5 KRR
(Hg0) DIV AL TIH D Z & &R Lz, EI-HFRAARMIF TIIAKEREA A (A 199Hg) 135
LIV BEEHCTIRECTH o7, S DI OHEREY F ORKIEOEIGIL 8% THY, =
DFERNT/NERRIL L OFIRIETNC £ 2 NBRI7RKEBEZ B L Tz, Lvd A%i7eKk
ERO> 66~T4% X455 LEIBIEEN M Sh 2 &K (Hg) ICHKTZ2HDTHY, 0 IX
INRBEEIRINTER T 2Kk 2 B 0 HROREIZ L D0 ~ORHICR L b DO TH -7,
TIZUNDT =Y D Tapajos )W T b SEIEIEENAE O KERBRMNET TN D,

Lino &% Tapajos JII DK K D KAELERER~DEBIZOWTHE LT 72 °, (GGG
flfil 3AaKER (THg) BRI OATFILKER (MeHg) Do3An % B DK (n=47) . FFlEHLF'E
(n=30) . FEHEFEY) (n=29) . T > 7 F o (n=28) & Tapajos RO ANIE (n=129) TIT->
oo VIERL 713K 36 L OHEREE 1 O KERD E2 kA CThH VD . ANBMRIFENCER T 5
RRIXZOEELELZ T - HIBEOKFOKBIREN G 2D, ZOKBITRIFHEE L
THIE SN D T2, NANRTEENT TR O KRR EL KFLTWD, AHYWES &

149



13, Tapajos MO KN 7T 7 b2 HERW T D A FOKRIREI B 2 I L TV D,

W77 007 FATBIT B A FIALLRIL Tapajos )| 2~14%2x L, W Tl 13~66% & ER T

bole, ZTOXDITAEWTFTRIE L CIHEAEMTFRERITAKAERR THEMEIZER L, £%fo

P CKEIREZLSE TN D Z &0l o7z, Tapajos Jitdl TIEEEIRIEEICRM R IT Z

DOHIEDAKER L~V E I T L ERTH Y, KEBOBREEE RO IHIIIKBE=2 U >
VT Z., T L HERRY ORE ORI O BB AR X TW D,

4.0
—“C\D
—
[=1¥]
E
E
g
=)
o)
=
— (b —m—S]-e—S2 S3
2 10 —w—s4 S5—<—S6 ¢
E-E
= 64 g N
- A
o 7 -~ & g
fm] S = A [
§ 2+ _ 73_7_77_; ’L/ 7_A$ __‘;_ -’__ﬁt =
ol w=—F—4— ‘ —3
Jun Aug Sep Dcc Feb Apr Jun Aug
Month
EEF5-3-1

Fig.11 Monthly variations of THg and MeHg concentrations in experimental soils.
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Fig. 12 Effect of Se treatment on IHg and MeHg in grain, root, stem, and leaf.
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Abstract

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 gold mining is a global problem, especially in developing countries.
In this context, a review of the literature focused on mercury contamination in the environment, in
addition to the health effects associated with exposure to methylmercury and mercury, including low-
level exposures.

The search using PubMed showed that the number of publications on mercury has been
increasing in recent years, and that the contribution from China has increased significantly. Activation
of research activities and information release from Japan is strongly exoected. A variety of outcomes
such as gestational diabetes have been used in the analysis of the effects of human exposure to
methylmercury during the perinatal period. Furthermore, it was shown that adverse effects were found
even if the exposure level was low. Confirmation was encouraged to reproduce these findings with
Japanese data. In discussing the health effects of low-level methylmercury exposure, the involvements
of Se and unsaturated fatty acids was considered as a confounding factor, and we continued to collect
literatures. In particular, we began collecting references on the nutritional effects of unsaturated fatty
acids from this year. From the global environment level, it is suggested that the literatures on
environmental pollution including gold mines is increasing. In connection with the Minamata Treaty,
the evaluation of the treaty effective evaluation has been one of the issues, and it is thought that it is
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necessary to continue collecting information on the evaluation because the index of the effectiveness
evaluation is expected to be determined within one year.

Based on the above findings, there are still many unresolved issues concerning methylmercury
and mercury toxicity and contamination. At present, the Minamata Treaty has come into effect, and
measures against mercury on a global scale are being promoted. It is expected that information
transmission from Japan will be activated. We will continue to review the publications in order to sort
out the trends of these publications and contribute to promoting research in Japan.
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