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W Aol SEEYE QoS & G 30T 0k F ol AUSE @
st ek, AMGSHL Sirk Jet SRIBUS B 3], ot 22 B OUA|T AgiEe

A7 Si@skaL Qick. olo] uteh sfaREo] 7ol SIsh Zlske E4jo] Aol els) WokskA Hgie.
%5 5}51840] Yolit SIS Lor|x|, AT YA Blstn FASAL Hof olgt
e EuTF ol MRk, Yo, S EE ol HTEE olT 2 A Hohg LoAEAo
T o] 3T gk olof wheh REA Aol uSHe SRREAS YHuHE AR BRek
BeIstiA} she w2jo] 23] olojx|x gk

EH| 7 #HEZ(Endocrine Disrupting Chemicals, EDCs) UEHA 9] FAAS st 7|5
WHSIAIA FHRIa & W o] AR 2173 FF2 2 & s 98 EAEE £l gullelki=
SHTERZ 07 Wol AHA Stk EH|ZTEES A, e, AR oy vt tiAbg Aol
FF= 771 fzol A7 Aol A4et YEoE dFE Uk fYuTeAE i A 9 A&
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SRIB 0] Abgao] 3 SolubwlA o] QI 7 % W KMl iRk Sk S71ekaL ek 20209

oF 109t 7l =9 sFshEdo] 4551 =Y, o] & 29 7l o2 A 1E olifo] -5 H, 53 7l o
100E o4 55+ Ao & BET JtHEuropean Environmental Agency, 2019). t=9] S}shE4lo]
A7 Felv faide] A= EefAIA] g2 A f-8=aL 9laL, o] Foll= A Wolld 322 2R8-Z Wofioh=

Eu|wghEZo] EstEo] ity &zl WEHwHEZZE HlE(phenol), TEH0|E(phthalate),
g2hill(paraben), A7 L BEZ (persistent organic pollutants, POPs) 5°] St} o|2fst Y&EH| et

=42 ASA, oFed AlE AU 8 Ee 88w H B AlE AAAE, ASAA, A B2 AlE,

&g FH, YA, A AR 5 oSt BEAZA] 2 o] FRAH AREOIA =Ed

1o

7L I SiEHEE ALY

Sutol A ARgElR= 3shEEY F2 AEH R Frteka k. A RoA TERMEE e, of wet
2dnit} SpekEd fEFol itk A 23S oL =t ASZHoR f-55= SFEdo] SRet dol
S7FotaL QITHTE 2.1). 20209 A} Aol W2 3,79k 7)) sfekEdo] A7t oYt & fa51 1
o= 201093 Hlwst] 59% 57kt golet. & LUt FRloflA k& He SetEd SR/ A4 o
ohFeiA| AL, Fo] Eolual S-S Yuigtt). 3R 890l EolUdA SRMEA HiEEE Eojual
g 2.1).
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SR M) hEHA Pohg LorAL Lo St Uk BHBBA'S EEIA Fof 27
SHEEEAR Aok, F8 WdA Aol F4ed e ARE Eee Hisk et el

A AAA ez Sstade] f53 e 7181 A FrHate A8 (Cefic)9] 2023'd%= Hi1d]
=9 202149 AlA steked mlEde 42 2609 725,714 9)E 201197 ¥lwshd 48%7F 571t
TEOITKIH 2.3). 7FE B2 vhES AAske Uehs S0l thal® 1, v, G olof Fo]
SHA Uetoleh. Q1 1919 SIHEA WiEHg vlwstd $h=9] <97k oiwt the 0= &1, ol w=oly
froll visl 7 i g2 oIt ™ 2.3). SRt AR Ui ohEt AlAA e Skl
AL, YErnHEd ARSEE S solud glg Aos FAHEt
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MA ststE2d iHEY A1AY SHtEHE IHEY

(2022-2023'4 QI &4 7
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19629 #lo]d 7}<x(Rachel Carson) 142] A ‘FF2] & oA 454 DDT7F AeiA|Q] HolAkeS
B ARl SH=HA 2o YoiE 71- F S FIStUtHRachel, 1962). ol m=ollA
374 B 53 (Environmental Protection Agency, EPA)°] ARHEE A7|E wHESICH

PSS astz] skl 19709dHol]l AREEHAR 4 AT = estrogen, ONAEZN
diethylstilbestrol(DES)ell Biol7]o] =& of/dof|A] Aot AYo] S7Fet & ofuzt B9, AAfAL 4L
AR, A4l RS & dAl T H2RE, 27197, AR E R ke A flRle] dEFlaL,
NAERZ S 2= HLFEAY A0l gt A7t olofRlth. vt Al7] &9 Z7Riu|(% % 3)
Ao A= polychlorinated biphenyls(PCBs) =& Atal7b @11, tl=olAl&= polybrominated
biphenyls(PBBs) =& Ata7h ¥A¥sto] SpskEdo] thet A7t B SsiAA =ik

B wHER A1 7 F93t AFL 1991W ‘Wingspread 319 2kal H7MEh Wingspread

3|9l A YWRH|ZHEZ LS o Hr0] L-Fo| $93517, E3] &0 Ft A|7]Z #opr|7t Fa35HH

HH AR QIR FHoY of AR oYzt 7oy 7|54 Aot F85tt= Jids 18 9]
stich E3t WEH EEEE A sl B2 W i) BUE gl Basitiy AEA

AR AAE WEH weEdo] ofgt A7de] sl et A5t EAZ R AR AL 204171
ZHkREo|t), B]AHE A(bisphenol A, BPA)Q} ZEr o] E(phthalate)?] aflof st AT S-HoilA
ol ZEE0|E AN T4, T FliutollA] ofdo] AHofl BPA ARG SR 22 THAIE ol &Rt
ESE $A W 5919 AP ATES 7Hte g ul= YEH|S8HS|(Endocrine Society)2F WHO(World Health
Organization), UNEP(United Nations Environment Programme) 59] 7|7ol|A WEH| R#EA R 2lgH
2% A8 7hsde AXske B4 BiAME HHs | Frh
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<agl 2.4> URH|uEEE 2

DESO]| 2|3t
g gy =

o= FEM
PFOA =@ Al

g& 7tojdls
PCB =& AtD

LE
PBB =& AtD

1968 1971 1972 1973 1991 1998 2007 2009

ol zte Wingspread /2| e
‘EHEo| B &7t EDC 0 MAl EDC statement 271
o= 28 Ltz 28 4o
DDT AR 2%| ZEY0|E AR 2X| BPA AME 27|

7t RI|€8AH =2 A4, Dichlorodiphenyltrichloroethane(DDT)

871944 59K Organochlorine Pesticides, OCPs) % 3}L14Ql DDT= 39| ol2 AgdS wwsl
AFAE B7HEg s A0 R 230 RS AFaTE AUs E4E HF5Ea9 i ¢ OE 5=
AlEolle f=A0] /it A Qloh AR o] hdkstal B4k Hlgo] Aok, A5Eo] esiEet
A&E]o] witn], Bl 22 5429 %, 2], o], o, #E 5 A9EE &= 7Y 5=
TFAISk= d FEIstich 53] WRlEFAet DetEotof tigt Hehe A2 A3 AIANE BA] SHgk
5ol I AHIES AHolA TR A Y A IEFAL APTEL 70%00 ER=T, FHolA
DDTE] tief&Ql A3 o]F 35+ whof] {a¥std WX EFAT} As] BAE7|= st 3t 2rf Q9]
EERI(Fontaine) Al=oi= ARl DDT A2 F JAVS AZo2 wele|oprh HigE i) ofo] wiet 19554
AIARAZ]5- WHOOIA= DDTY] A2 A5240& HASHAIL, olF Eke|olZ QIet AFgEo] I+ 109
B 192704 7808 sk T 1940 HiolNt S A 0= oF 5007t PO E&2 713t TopdE 7129
E4o|qitt. oo thgt FEE Ei(Paul Muller)7t k@] olshdS 4436ttt kARt o]% DDTo]| =24
gorjof|A o]} AgAo] YEhtA] @3, DDT k7t &2 4] &2 7|7} gfobA & F3}olA]
2ol ZRIFHA ARgo] FAIH .



20

L}. ZH0|8Z A, Polychlorinated biphenyls(PCBs)

19688 L2e] 7Hdn] Ao A=F FEjS] uFy AL @o] Wsks 2AE A9 Eavt
SERARE Al 23t 7Sl Az Blistal Qe 48RS AR 241 B2 ARECIA o’
1gto] Aol L2AA k. ZHvISIAE A& AE Al 7HE tiA|= ARERE PCBs7} 71 mol =
Aoz Agfo] Sokt Aol djler FA| eSS HAHF2 0.5~2.0s(HF 1kgTd Y 67u)2=
JEATt. & 1,068%80] 1 Fol|, AFEAI, A8 A, widn] Boll, YAV 52 55 S4E L
BA5IT Qe oo wEt B2 1972355 PCBseF o] AAAegold =] efal Aol #afiet =22
574 SR 1L oI5 HER ISP AlABIAIH. fEuURks 19838 El PCBs| A& B4I5tL
Ak,

T w18

Ko

Cl. SZAKDuPont) AHA, THE3sl58HE PFOA

HESISIME PFOA(perfluorooctanoic acid)?] YaiAdL 19984 nl= JAEHR|Yo} 55 U
HUEWilbur Tennant)7h A713 &50 258 dAA Hlth 19849 73 HYE 7159] 54|
YRE misio] PAE SA(Washington Works) 3740l4 AJ4kel PFOA Ax H7|E A A=
ARESHIH. o]F BIUE 7159] solA 7199 300129 &7 HAIAL, HIUE FRE o %=
Zehoret. old HYE 7IE&2 WA U4 EEAA] 92) stehado] 71529 A4, of &
4 57 259 A YlolEkar g6k A%S A7Iseleh o] A%0=® 2 QY9 FFE T FolA
PFOAE AAsk= 48] 71&9] 7id 9 PFOA &3t A Aolof dA1e|7} J=A] ERIsks A|GAR] A+
‘C8 Health Project’ 7} AlZF=IAtHFrisbee et al., 2009). C8 Health Projecto] &gt 69,0308 9] Wit
ARl A &7gsH % PFOA 7I5HE¢ St 28.2ng/mL(ZY%L, 32.91ng/mL)Z NHANES(National
Health and Nutrition Examination Survey) 904 WYePd HagtETE 500% © =Sttt ol 59
PFOASt IZHAE|EE S, A/FAAS, APgetat 19iel, AT, AFHHEATY] A/do] A= .
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HeHlwtEde] 7ige 19919 ‘Wingspread 3o olA Az AAEHUT olF nl=x LHETH
(EPA)OIA = YRl atEde A b 229] o, 2], =4, AL 2% 28, AlA & 2229] ojd
Igol= 7Hsk= Q1A SRPERE ARl olof Hl= WEH|SHoM e 2 2R AES Weld 4
AUe A IetEd 52 SRMEEY EEEE Aot St

Z719 = WER|ZHEAY] oo 2E wek 40 23 w50, FAlsE day 7138 5ol HlA=
Foll et A7t F= o]FolF 2K (Cano-Nicolau et al., 2016), WeH| =2y ddd 47349
A A3 g EE, A ER, A4 U, oM 3. AA7IE Ash v 9 Sy 2
gAEEC 2711 SfiElo] gt WEH|ZHEAL AZZXOF estrogen receptors(ERs), androgen
receptors(ARs), progesterone receptors(PRs), thyroid receptors(TRs), retinoid receptors@} #-2
WS B0 HSUT AZEIGION, Hie] AT ANEL B et P 78 B9 o=

et vl e R e e JuE T BRAole wES B Ay SRR
52 A AlAHR ks 2tk e A Ee PHRER gdiE 80t Atk

Lt L2 u2tEHe| 7

FHRHEAR A4EE 529 o= A3 Skl Stk 201897HA] F=HUE TEDX(The
Endocrine Disruption Exchange) Blo|E[#[o]A0] ot WEH|wHEAZ A== 40 4= 2011d
8817KolA 20189 1,482712 Z715F9tHEndocrine Disruption Exchange, 2023). -S04 #7]o],
datg, ZPA HEHs, A, AmQle] Fofste] Th= YR H| wehE4 E=(Endocrine Disruptor Lists,
2023)9|A= shEAS List I, 11, & &5k AASE Qo List 12 88 A%HEuropean Union,
EU) oA EupeHEdz SRlE EXE, o] E=o= AlSsEAA|E(Registration, Evaluation,
Authorization and Restriction of Chemical, REACH), A1ZESA|EH(Plant Protection Products
Regulation, PPPR) oIl @t 3 Aol Alsk= UlEH] et EHOP A 87 g E72 108%0]
33ke]o] Uk List Hoflli= EU HEol wet wiin]aso] dish B7F 521 &4, List Mol ‘41 H]—’ 5
7H 4 Qi i 57t 713l ARk EAE0] E3tEo] qlth

<ji 2.0 WRHnEEdse FEE= d7rARl 242 7lssiit. WRHiHEd Sole /771
AA &9KOCP), Z2¥gsH|H<YR(PCBs), 1_1_7<ﬂ(flame retardants, FRs), IE3}5I8HE(per- and
polyﬂuoroalkyl substances, PFAS) 59] gFdo2 B&d & - o3 7|7/ E~d o) 5 =
ol = A WEH|ZHED F= ARAS7| 98 A (persistent organic pollutants, POPs)},
HAHE, Tgeo|E, ulehla} o] ZHR6HA] o= HIZERA(non-persistent) UHEH| wgHEZo] Stk

21
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IRMQI| A EZ! (Persistent Organic

Pollutants, POPs)

QI|EAH s
(Organochlorine Pesticides, OCPs)

dichlorodiphenyldichloroethylene(p,p’-DDE), chlorophenothane(p,p’-DDT),
lindane(beta-HCH), oxychlordane(oxy-CHL), trans-nonachlor(trans-nona-CHL),
hexachlorobenzene(HCB), aldrin, dieldrin, endrin, heptachlor

27101 5ot
(Organophosphate Pesticides, OPPs)

dichlorovos, parathion, malathion,
ethyl p-nitrophenyl phenylphosphorothioate(EPN), diazinon

Eo|stH|HdF
(Polychlorinated Biphenyls, PCBs)

PCB 118, PCB 126, PCB 138, PCB 153, PCB 180

Cto|= 41 F(Dioxins)

2,3,7,8-tetrachlorodibenzo-p-dioxin(TCDD)

tAX|(Flame Retardants, FRs)

polybrominated diphenyl ethers(PBDESs):
99, PBDE 100, PBDE 153

polybrominated biphenyls(PBBs):

PBDE 28, PBDE 47, PBDE

PBB 153

chlorinated flame retardants(CFRs): dechlorane plus, organophosphorus
flame retardants(OPFRs)

23St s
(Per- and Polyfluoroalkyl Substances,
PFAS)

perfluorooctanoic acid(PFOA), perfluorooctanesulfonate(PFOS),
perfluorononanoic acid(PFNA), perfluorohexanesulfonate(PFHXS),
N-ethyl-perfluorooctane sulfonamido acetic acid(N-EtFOSAA),
N-methylperfluorooctane sulfonamido acetic acid(N-MeFOSAA)

HIZHRY Li2H[nztEE

—

HI

H|AH| & (Bisphenols)

bisphenol A, bisphenol S, bisphenol F

IEHY|0|E(Phthalates)

diethyl phthalate(DEP), di-n-butyl phthalate(DBP),
di-isobutyl phthalate(DIBP), benzylbutyl phthalate(BzBP),
di-2-ethylhexyl phthalate(DEHP), di-n-octyl phthalate(DNOP),
di-isononyl phthalate(DINP), di-isodecyl phthalate(DIDP)

at2tti(Parabens)

methylparaben, ethylparaben, propylparaben, heptylparaben,
benzylparaben

1) H|AH|=F(Bisphenols)

vl 2 ABPAR=

F&2 Zf)7FEYo|E(polycarbonate) & oZA| $=X](epoxy resin)?] =7} Het.
ETFIHYo|E= Fofl ZFotal miEE]X] olobi EH, B4E, of7] 2

, A71, A, CD, AX=E BT AJH],

A3 Awo) Aw, A= 5 A ALE A FAE 714, 554 240] ok Folut BE, A%,

x47] g, EQEX]": u__

BPA= £ Ezal Mﬁo]q- 9"_ %

2opol] 2:0]al 9lom 53] AFolu 7 3= Wie| IFA|R gol AR-EH
o] ZF2H ol (lining)ollAH FEH] &4

N3t 37 A7 BLERE Rol

7W B3Rt 7Y RS BT S4E 4= 9tk BPAE 1988~19944 1l A4J219] 95%, 2003~2004E

u]5t o3} 4ele] 93%el A A
o} glek

BPA91 A7 9182l digt 9871 AREA 2008 Autet, 201049 T~ 20114

BPA A8

22

A5t 3(Cano-Nicolau et al., 2016), ol°f wzh FA vlAws SBPS) ¥ HAH<E

A, Lut Ale] @4 Y 9F 0.2~1.6ng/mL BEE EA5to] HiE

73 Age 23

FBPR)2}
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2o oj] Bo] sio] AT YIek. S oleid tA] B A BPASH PR FAE 7h,

2) ZER|0|ER(Phthalates)

IEo|Ex EetAE S T ol 71A]7] ofgA Th=a= Aol lo] E1HsH D (polyvinyl chloride,
PVO)Q] 7IAA 2 AR D IR= O E R §AZ ARREZ|E gt T3 WA vl 5-9] ASA,
ot W HZHA|, AA|, 22, AR St EEAE AR(MEER), RIS EEAIT ARE, dlojazEol,
tjuFo]) 5 B2 AlEo] ARE ST AHIES EetAE 2 IE 9 AE, JYE A, 34 A,
g A 87], 9ug FHe T2 AEE Wes H ARRECY ZEYolEx di-2-ethylhexyl
phthalate(DEHP), di-n-butyl phthalate(DBP), di-isobutyl phthalate(DIBP), benzylbutyl phthalate(BzBP),
di-n-octyl phthalate(DNOP), di-isononyl phthalate(DINP), di-isodecyl phthalate(DIDP) & Tt

Al 7t 20| geld-shetd E4o] Aol7} et

3) mjztlE(Parabens)

oepRME, o, 2, 2g @4, Wdneh)= p-sto]EEAMEANp-hydroxybenzoic acid,
PHBA)S] &2 o AB|E(alkyl ether)ol™], 3FE 5 LEHH 0 & 71 Wo| AMgE= miehle vE, =22
o}, ol F2 SR, AE, FRE SolA e A JAISHL HE Tk STHITIE
o olfEe Adtd HEAR dvEor =4S ZA ge AlE IHA BlsH| ARSEIL
QltHFrederiksen et al., 2008; Golden et al., 2005). Aol EEo] p-slo|=2AMIFALC & TiAE =Y,
Hl=2A] #j A= A S2o] A grop PHgE Ao&E AHFrHOkamoto et al., 2008). Tl
oAERZNG gt ASo] BArEHA ARl thet skl Ro] Qb EAI7F Al71EAL QitHRoutledge
et al., 1998).

4) R7|A9AH =2K(Organochlorine Pesticides, OCPs)

7194 A 52kFo+= dichlorodiphenyldichloroethylene(p,p’-DDE), chlorophenothane(p,p’-DDT),
lindane(beta-HCH), oxychlordane(oxy-CHL), trans-nonachlor(trans-nona-CHL), hexachlorobenzene
(HCB) 5°] lom, ArAgkg &oflA zER/go] ZFsolal, ot 2250l Ad/do] Aotet. Aget 714} <=5t
ASRIE AYIL o] 19409do] =YH o]F 4] Wt AlAIZH & FH fIsHA] ARGEIQIEE =Y ol
F B2 SREE ARt A ZAdat AEAY Q17 7ol mlAls ARSI bk wiEoll 1970t RE]
A= SHCE FHAIE7] At Hong et al., 2012). B9] §7194A 5771 vl=olAE ©
o ARGEA] 9kl AT HE Yol oA s] ARRE L Sk 4 W ol A4k ARES SRRl
Eolal, thR0] A7 L9EdS TR ofet, BEA - FAEA 4 QAoAE s Qi
Syt AA] ojn] 19809 o] FE A £} AREo] FAIEUOY =& WHFAFOE Qs o], EY, HHE
A A 5 of2] 2 mAelA Al AEEHL U

23
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5) Z2|¥5H|H <& (Polychlorinated Biphenyl, PCBs)

E2]H3H|H9F(PCBs)i= biphenyls(C12H10)0]l sht o439 =4 A7} dA 2|eke E4=, A3
F40] 429} {IX[of| w} o] 22 0 & 209F2] o] A7t EARIY. ol & -3 o= w9 QP EA 7]
AA/go] <atal & QgAdo] ol HU7|9} A7] A (condenser) 522 Ho] ARS-EItHCarpenter,
2006). E3t PCBs= ¥4, 314 Qb 9 JFAo] £11 2] & =4 ol £3719] YA T A,
&R, 7hA E 50| VMR 8Tt = 2, Zd0] =ot AEHIA Blo] Ake] el BAYESE
A 524 o] w24, vl SFESHEPA)N HEH EYARHIRIF 55 XA 2 LT
7Fs/30] Qo] 19809tol M AAH & ARgo] FAIE ATt DHF PCBsi= tHo| &4l FARE 20 =4
28 712 7L Sl

6) CIO|=2AIZ(Dioxins)

tholLAle &= 7o) #iA T Z](benzene ring)o FA7F oF 7 Eol &= IEE, AaTt T QU
ol &A1} ATt 3t 7iQ] Ft(furans)s &3t 22 Eilth H7 |29 EddAY SikEE AR 1759
FAREEA v o g AGHET. F o] WA o] o] = A9 fR|et Sof wet tolSAlR=

75%, FEFe 135%°] A

7) HtH|(Flame Retardants)

dAA e A4s] & EARAES ZA(halogen), Sl(phosphorus), RA(nitrogen) -2
TAEEESRME 5o dAd ol At 2 sRES 7RI EA WIS =5 1L 4] SE Yolg=
E4dolth. §7] EEA GAA|, 771 A FAA|, F7] dAA 5ol A o] F 77 TEA GAAT} 7V
o] AREEH, E5] HExlo] 71 Wol AMgE= TEAA deAAlolrh. B2 1A G| (Brominated Flame
Retardants, BFRs)oll= polybrominated diphenyl ethers(PBDEs), polybrominated biphenyls(PBBs),
hexabromocyclododecane(HBCD), tetrabromobisphenol A(TBBPA) 5°] 01, 52| BFR W7 ]&=
2~29d o2 e Zr}, 20099 o]F ¥ 7HA| BFR= A7 LH9E4=E R0 7A1=2L Sltt. BFRY
27 A2 Qs HAAZE dechlorane plus®t -2 chlorinated flame retardants(CFRs)2} 371214
344 organophosphorus(OPFRs)7F 7Ht=]o] ARSE T ek, /71914 HaAlE W17 4~50U B==
BFRET ZA9E oA AA] thFE] Ao|AA S8

1% Zd B 2usit]gdo"| 2 (Polybrominated Diphenyl Ethers, PBDEs)= HZ2 WA UiA 2 B4
Hydr]o] 4vF Haglog X|gkEo] FAEH, TUPAC FEH o T} mono-BDE(monobromo
diphenyl ether)%¥ deca-BDE(decabromo diphenyl ether)7HA] 10152 & WYroiR|al, BE&2H] AXe]
Aot 1X|of wt 209%9] ol/d @A EAFHKang et al., 2010). YHHHOE ARG E= HERIA
dAA= vlE tiH] ¢ Bt Hold dAAR AA17|v 38 A=, ABS AY PS, PBT, PET ¥
o EZA] 2] Y FAA|, 7 HIE SoE ARE AL Qo] AJAIEE HIRSH] 7S 85 5 Aol

o> THFsItHShaw & Kannan, 2009; Stubbings & Harrad, 2014).
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8) =3lstgt=E(Per- and Polyfluoroalkyl Substances, PFAS)

TESRRFEHPFAS}Z 19509H] o] % ThfRt AB|A} AlFof| ARgE]o] 2 4,0007] o142l sRkEE 44
sfotEdolr}. dHtAog =AE(non-stick), B, 5 WA otz A=A AL, HEE(Teflon)
B2 S2EA Y= Wolu Gore-Tex®t 22 ool ARSHT. de] ARBE= PFASOl= perfluorooctanoic
acid(PFOA)2} perfluorooctane sulfonate(PFOS)7} QIth. PFASQ] 712 E4-8t4 AL PETHA] A|AH]
T= oA & E3EA] 9471 dizoll PFASS] AW ¥i71= 1.59lM 219 0% i 237, US NHANES
2] 98%elA AEE 200987 201649 2555 FefolM= PFOS?} PFOAZF 212} POPs& 555310t
oo we} H Z2 ARE9] HEIRIRME ARE ololFAINE, o8] itk QoA PFAS7F S7H L
et v, vl=t, 49919] PFOA B+ 8% w& 1.3~5.3ng/mlL, PFOSE 3.4~52.0ng/mLE HI1l=|1
AUk A B AFY RS 6 ke Ee AR A Utk

Ch. =&0| o2 EH|uzEde| 2R

HI

) UEHu2tEHo| & 42

HerngaEde] =gt 42e SAold &3 I A= A7, 3712 1, 17E S &5 Sl

[SIRE =]

gote] 3¢ HHkE B3 =EHL, o9 A¢ BR +rE FE =22 5 Tk

<32l 255 LEH|Rat2Ele| L& AHZ
Sz
PAHs, PBDEs,
324

3= 87

LFE SAL 8,
HAHE, D0 ELSH,
a5

‘h‘-ﬂ
| o~ £QE 54 Hoj| 1z
—

EHEFS Salf efoto] 2

TN

SHYE, HICZ4,

o, aE

\
\
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e aedade

At of WA AekElof glo] ABAIRE A FPIAFAA] TRt Al
A, TgHolE, EX|Aspuid, HExA Hid, F=siiRhE 5ol ZetEo] 9l 27 AgolA
23] Aok WEH R HEY] EAQ =&Y Hed g3t 2t

<E 22> LEH0| ME WRH|uBER

& CHEXQ! LhH| BN
otz trenbolone acetate, ethinylestradiol, dexamethasone, levonorgestrel,
= rosiglitazone

ALEH|, M=H| DDT, atrazine, chloropyrifos, 2,4-D glyphosate
ojzlo| HHZ S ot=8 HE lead, phthalate, cadmium

2228 29 BPA, BPS, BPF

7H, HRRE PFAS

g:ﬁ%é“H(sclvents)gf =ER % PCBs, dioxin

HXHE, ASKE PBDE, PCBs, PFAS, phthalates

SHEHE, 7ol 22| MZE, 9|28 EH | phthalate, parabens, triclosan, benzophenones
gt triclosan

% AR PFAS

FH IHEES T 2R 59 ZE-Z Wafishe A 2ok ofg] 7|l FFE PiAE AR FHA
AUtk olF Wk H2Ao wt YRR WHEES 5| skl Hvh} Gy, BEEES ARE 52
thAl Agke] TAgof TofRiths At Z¥HES BigC= B[] ofoh= UHEH|eHE2S obesogenol|2tal
F2m BPA, diethylstilbestrol(DES), tributyltin(TBT), phthalates, p,p’-DDT, PFOA, PCB7} thE4 o]t}
TR 2 e 9hAgo]] Todole Wi H|wEEAE diabetogen©|2t 29 dioxin, PFOS, BPA, TBT
5°] EAo|tt, Y2 o] & 712 a5 FAA AR THEZ (metabolism disrupting chemical)o]ghH=
o1& ARSI St 11 9 A Agho] 92 MIAl= cardiovascular disrupter, A 71500 FF=
|2 A R#E(thyroid disrupting chemical) 59 &ol% ARE-HTY,
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e o] QA F A A BRI RUEZE E3IA ofFoAAL Qlrt. QIA] Hlo] 2R
AN R &) 23 ot O qAAIE S5k 397 e, iYY] BE 32U 4RE

B9 Sl nEUe BUA0R WY 4 A HEth ol Bo A B B4 A7 Wuo =F
Yz} olo] WE &4 P e o] ol§¥|3 Uk, Aol olo] oJsh FuH HAA EE Y
5o wiste} 22 A ook JeEe BASL, AE 94, A8 We] A A% 5o mUHoR
BEokd G WSk EE AAEI gk

7h WA NES| LEHIDREY ST WY
AFEC] WEHEHEES ERE SRMEU0] Uuht kdwle] YAl Bolt B Fi 2o
BRI BBUS A0 Soto] WY 2= I, ARE] Foolt 2, ek, A,
Az 2o PANEOIA ALY 2Fole] AYHOT W S ek, PR A Bejold
SRS UL St] 2 =S W Bk 220 BANZOIN ST 5 e EelmHEae

oRFfl <& 3.1)¥ &t

i}
o
[N

o,

<E 31> YAHARE 24 JhsE LiEH|uetE

YA A= =4 Y LHEH|uEER =47|7

At Ws® ZERfOl=R mehiR, PAHs HARL B RIBlEE UR | 0
ESxﬂ, sa=
SH(HY, 27 | E2lgsinE, f7|9AA 4FA, BE20 N, 2tEststetE GC/MSMS
_ _ ICP/MS, AAS, Hg
S0H(x{ & = , '
E_|(I_E) =k analyzer
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Lt Eb|ngtEEe| oIN| HIo|REL[EE 7 Cixtel

QA Hlo] e HUE|R AT 79- SIEA tigh &S B SA AHintervention studyl= 4202
Al 4= glom = I A-Hobservational study)¥to] 7hsstct. 3 A+l AA ofe} 2ol Al 714

1) AR 97K(case-control study): 2|92 02 T T4 siEdo] tef fFEEE 59 Akl
o IAEEr Ed AdTY HixLolA seteds S5 A7 92 vl 24

2) @ A-Hcross-sectional study): Y&F QJIF-E o2 S A|FHof|A SIEAS S4olal A IS

TRy
3) TBE Acohort study): Wet ITE IO T AHOIA SRIEAE 25t 24 PAE B
A% 9% B4

R HEEY] s $E2 UetE He| QR YE Y ATE B4 SR 4= itk S2uete] timAel
Hlo|Q HUEE 12 e ISP HA7|ZF A Korea National Environmental Health Survey,
KoNEHS)7} 9tk &9 tiEAQ HloleHUEE 32X u]= National Health and Nutrition
Examination Survey(NHANES), fUtt}t Canadian Health Measures Survey(CHMS), &% German

Environmental Survey(GerES), -8 European Human Biomonitoring Initiative(HBM4EU) 5°] 4

7t F LHBH|RBEE & F
CEue JRH ISR k& £ AYTARAY|ZRAF ATE E5) RIS 4= 9} 7P 2o
A&t 471(2018~2020)0014 UWEH|ZERAQ HEE ZgEgolER mellam IEIERIE 52
S, AT tiRolA WEHlRdEdeo] HEHges Zshgw 32 oFl (& 3.2)%
ket

::
~|

m
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<E 3.2> Y2H|uzEE 7|5t

okl
EN
ofr

bisphenol A (A1) ug/g cr 1.08 0.554 1.2
=2 bisphenol F (&) H/g cr. 0.19 0.172 * 0.137
bisphenol S (At) H/g cr. 0.19 0.086 0.158 0.126
MEHHP () ug/g cr. 13 6.78 21.4 233
MEOHP (&) uy/g cr. 7.01 3.78 14.3 15.5
MECPP (A1) ug/g cr. 16.7 12.9 34.8 36.5
mEfo|E MBzP (4AH) ug/g cr. 0.974 0.43 1.59 115
CHARR MnBP (AH) ug/g cr. 22 1n5 30.2 391
MCPP (&) ug/g cr. 0.434 0.164 0.53 0.892
MMP (£28) ug/g cr. 3.14 2.27 34 5.05
MEP (&) H/g cr. 4.28 4.26 5.87 m
methylparaben (2t) /g cr. 135 7.87 13.9 15.1
ethylparaben (&) ug/g cr. 59.3 34 15.8 329
eI
propylparaben (At) Mg cr. 0.817 0.374 0.938 0.761
butylparaben (A) M/g cr 1.16 0.474 0.483 0.666
PFOA () Hg/L 6.43 3.66 - -
PFOS (&) p/L 15.1 7.97 - -
MEsteletE PFHXS (2<H) ug/L 417 252 - -
PFNA (Zot) ug/L 2.06 0.921 - -
PFDeA (M) ug/L 0.91 0.447 - -
* UEE 60% Olst
F) SVUSHLAT|ZZA 47| A
Ll U L2H|R2EE =& £Fo| W}

TFRIBPRA7|2FAL 9= 171(2009~201 1) FE 471(2018~2020 )71 A48 0w YR whEdE

S5t o€ S8 FEYEelA A7l T

HEo|wEz o]

L=

= A=z
= T O

of wiskg sk % 9tk

IFRFAHRA7|ZFAPNAN 8% vlAEE ABPA) HEE 2009~2011d0] ¥3) 2012~2014E0] Z715191
2015~202018-& HISSIEEHE 3.1). HlAHRE Fe} HIAMRE S= 2015~20179%E 27d5h7] ARGt

A% 371k St
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<3zl 31> ZUSHABAT|ZZAIM HAER L& & 3]
H| AL & A(BPA) H| AN & F(BPF) H| A& S(BPS)
10.00 250 250
- %00 _ -
‘;l BO0 S a0 ‘; 200
g w ./.\‘\- § s
:;l % 100 % ¥
g £ g
?:n L ———, aﬂ L &D [T
7 7 £ s W pell X 47 . 19 2 o ==
ANZ-2004) 18- 00 [2KE-2011) (AN2- A4 RS-0 7 (2082000 (FOIR-2 1) [2082-2004) (205201 1.
w=snn| e [:d:x] rae 1 128 GiliH 018 ool
= 51| MUEY 599 Ba7 a0 Ty 123 [LET] 196
8% T o|E 59| A% T o|E IR0 uet RpolE Kt S43 £4 F MEHHP, MEOHP,
MnBP, MBzPE A&A0 R ZAASH= 24924 MECPPE 2015~2017d09] 97t Z7161ti7 A4sk=
ZAGTHIH 3.2). olole] Thehil FEt ML, o, TR 2 FE Bl A Ashs FA,
<32l 3.2> FOISIARAT|EZZALM ZEZ0|ER L& £Z 3}
E2|0|E - MEHHP DEO0|E - MEOHP DEZ0|E - MECPP
- 5 . 5 o
g 1\\ ] 2w
o @ W © P
B w P »
F v g —— i &
x » ’——'\_‘_‘____ X — =
g — & 3 sl M
d | - -.-.| : ' ) .-,- : = _‘n.-.. .,.-| :
218 %] —— ) 121 = Y #ha
afi Y 2.2 FIR! a & ~E—mmany m: 1350 140

ZHYO|E - MnBP

ZEO|E - MBzP

S
=
L
W
an
a
&
; -
&
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Ch. 2ol Ltz

= AZO

Seue] YuuaRed w3

| SR ITHIE 3.3)V. HIE
HolARt g Yot Hlwd 1 o3| w2 eEoltt IR x
vl BPAS] 7% vl=oly Ziutio]

H|AHEBPF, BPS)Q]
MnBP9] 7% vl=3} Futio]

<E 33> ZUYQ} sfie] LyH|mErE

TTo=

B3]

Zlo| I

Hlw

I‘LH)lI
FI)I

o= NHANES, 7iyth CHMS, ¥ HBM4EU
S-EuEte] YRR ZHEE &2 Al7to] Ao uket thh ZhAshs
Z2A}F 3~47] ARE O Yot
LE $F0] ok IZATE BPAS] AR d=d tE
LE £ AYE R WTHE 3.3). ZEeo|ERR] MEHHP, MEOHP. MECPP,
HIo] Afds] =3tTt

Az}
AR

KoNEHS
o1 NHANES CHMS HB4EO
17| 27| 37| 47|
=X oL | 2009~2011 | 2012~2014 | 2015~2017 | 2018~2020 | 2015~2016 2016~2017 2014~2021
BPA 5.99 8.67 8.08 7.19 530 33 6.67
BPF 1.23 2.26 7.78 - 5.00
BPS 0.34 1.96 3.64 - 1.83
MEHHP 71.8 68.1 62.2 411 27.2 20
MEOHP 53.4 47.2 49 229 16.9 15
MECPP 72.7 122 51.4 39.1 26
MBzP 20.3 14.3 7.8 36.8 25
MnBP 182 105 121 93 36.1 41
MCNP 2.22 8.33 2.7
MCOP 474 75.2 6.4
MCPP 4.85 1.58 7.48 4.1
Z) AHM SHE & $+F. creatinine 2X™(ug/g Cr) RVI5 2t HIZ.

el ZEHOIE g o] B4 UEhd A2 Ut kE5e TEEClE SR 127
gz FEEE(TE 3.3), =g ZARE ofAloF %71o)A= DEHPS ﬂi’\}Zﬂ(MEHP MEHHP, MEOHP,

MECPP)9] =& $:30] =2 A o2 A#A JriWang et al., 2019; Zhang et al., 2021). AA] tigtol A=

D 0|ERY & fFo| Ut} HloHA BaEIl QITHE 3.4).

1) 229 L= #&S Hlwg 0 HuX((reference value)s OISt FUX|= ‘Wit QEHe| 7[H =& ASHeE 90jsk=H| Ol=
gt OIRITto] 2IE B2 OMRIZ 712 7|X0|0h 2 95294 ATX|(RVID)E MESICH M2t ETUX|E= QIFETH LHolM
Aoz TLeEFS LEMCE RVOSE U2tet AZ[OICE TS £ U0A & £FS H|uols O {88 XH2 ASEC OE
7IEO2E =AM HetE HBM(Human biomonitoring value)0l QUCH HBM |2 £=X| O[5l0fA 742 FS0|Lt Liai7t gl= 20|,
HBM 1= it QIEt 5 CIZst MO 1% FRIOILE Qa7 LME JTi540] U= =2 JZAQl AP WRst £F0|Ct
T2t 2 J-O|LE Sfeivt SHAS| YRl SZ0| EX| 47| TR0 RVI5 s HO| ALESICt
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21 3.3> MAl ZEH0|E & £Z3} AR SH(Wang et al., 2019)
!
| EMMP
_— . 4 = EMisp
) EMBP
id | CIMDEHP
i 1 ! 5o H EMEP
= : "BH 8 E Ium,.g.'l,
X H E Eﬂ 0
<E 3.4> R2|LI2te} CiTte] ZEHY0|E & £ZF H|w(Liao et al., 2021)
KoNEHS
o1 TESTs
171 27| 37| 47|
=3 o 2009~201 2012~2014 2015~2017 2018~2020 2013~2016
MEHHP 773 71.9 62.6 46.7 69.7
MEOHP 57.8 479 50.9 27.1 35.1
MECPP 70.2 131 60.7 93.8
MBzP 19.3 14.6 8.98 1n7
MnBP 182 105 121 93 204.3
X) AHOIN ESHE =E $F. creatinine EHGIX 22 RVI5 ZH(ug/L) HZ.
L 5ol g2 e SEuto

Selete v A SOl vadsR 9 mgdol=
heslaetEde] o A B A} ARy dEos
U] ek o] e Bk S Q4 AV Bk
ch2 BlATsR, DEHPZF o e medo|=Ro) A8t

53 & 5 Yok AgA
3 v, AAuh, frEellke BPA BiAIAIR ARSE=
% fFo| AFes ¢ &4 et itk
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Aosl- At -ols - 2wF - A28 (2021). "=Ul9] BloleRYEY Zzld 9 YA
28 A%, d=FEASIA], Al47dE A3Z, pp. 205-226.

o]5% - R3] &P - gt ol AT -2 (2021). “FHSFRAT2EAL 1~3719] AT
HE", A=FEAS A, A47d A3%, pp. 227-244.

(ADT=2FH7818](2014). A1, 27] FUSFEA 7|22A Y7L SHSE 6.

(ADe=eg B A5t8](2017). A37] |SRISFEA 7|22A S4B7E SHSE A

Liao, K.W., Chang, W.H., Chou, W.C., Huang, H.B., Waits, A., Chen, P.C. &
Huang, P.C.(2021). ‘Human biomonitoring reference values and
characteristics of Phthalate exposure in the general population of
Taiwan: Taiwan Environmental Survey for Toxicants 2013-20167,
International Journal of Hygiene and Environmental Health, Vol.235, p.
113769.

Wang, Y., Zhu, H. & Kannan, K.(2019). “A Review of Biomonitoring of
Phthalate Exposures”, Toxics, Vol.7, p. 21.

Zhang, Y. J., Guo, J. L., Xue, J. C., Bai, C. L. & Guo, Y.(2021). “Phthalate
metabolites: Characterization, toxicities, global distribution, and exposure
assessment’, Environ Pollut, Vol.291, p. 118106.

IAEATE, FUARANZEA 47] AT,
https://kosis.kr/(AM LA} 2023.07.01.)
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Nl
of
M

1| tSHlng=3e| &8 7|H
a7 gel A hgoldl SRR 14 AE E 240 $2E S840 A§3le] 4 A 715

F4sta, B2 10 osf HY 28 e A4S 2goa xFHL oldt AT 282 4%, U,
A, ouR] 73, ARAL 2 AlE 28-S 23 TRl AA] 75 R2ER o]t ‘H-‘iﬂli'ﬂ‘géﬂ
JERE F8A A2 FE Ee HSEA AR ot WAoE fd*Kgenomic) F2 HIFAA
(non-genomic) 2ol FFE vAH TEES FHHAY 1 280 Y viFlth = EE# A
28 71%S ol 32ET fAREAY BithEls 28-S sfo] TRt A4 71soll Y3k vAls 20= UEA
At

7h 2H|nzt=E Je2 0ixls 2222 4, 24, =8 3 oA 2+

| wehEdS ;El_g ?J*E], —fv’:‘?l qW’ 3’—}@%‘?} o ‘43} T E2o] 14 7oA ZHgshe Y T
oA TEZ AB4to] J'k’qﬁ]‘— E49] T4
oA FHE TEES JoHog HrEI=
2 S 75@"_‘31@94 OJOM' adks, 374 F7 ]Oﬂ/\‘] 23t sEROo RO
Agh 9 ¥4 A7]9] s22] thgt ¥R, Zholut ’ﬂ%}oﬂ/ﬂ«] 28 it 2 uid 5 BE o d%S
S Zhgo] FFS vk olek 22 o, 25k 2R E AL IS AR PRl TERoREE
BAAsER AT 2R (androgen, AEEA), AT 2E (estrogen, ANAEZA) So]
> (19 4.1)0] ARl o= I a2 oM, 24, 28 9 thAl 2753t oof Jk&
47 YER| wHEZES AASFHHGore et al., 2015).



At BMEY LM SilmE MALM (A8t i
At EEE TRH CRH GnRH GHRH
ateHE=E2 TSH ACTH FSH, LH GH

HXs=22 thyroid hormone glucocorticoid estrogen/androgen IGF-1

<O 41> LiEH|u2ER0| ZYMS2E e 0XlEs 71H

Thyroid hormone transporter
Y v |——. Hypothalamus Cell (organ) specific effects

TSH/TRH synthesis and action |

DEHE MEHF, MEHHE BPA TRH¢ 3
i 1 el negative
TPO activity, TSH receptor signaling Pituitary feedback
NiS-mediated iodine uptake
" Benzophenone 2,4-nonaspphenl | TSH -
Perchiorate, nitrats, DOT, DEHP. b
Liver - -_
1 . i
i idati T4/T3 conjugation
SuIfalion{gl.u!:uromdallun | Thyraid o -
enzyme activity rTe { () e
Hepatic cellular transport e i 4!
: iy = T4/13 |y L
PCH, pestivides, diowing, furans, TODD, phthalate T4/T3 - I'I Ta4 _=__8=7
| — Deiodinase
elimination [ TBG/TIR _ (DI01,2,3)
@ Blood T4/T3 BEavLy o)
T II‘AJ%
; TBG binding Deiodinase activity, thyroid hormone binding
| TBG/transthyretin amount transmembranous transport of thyroid hormone

Hydrouwy-PCBY/PEOES PCs, FADES, BRA, triclasan, contrast agents
pentachiorophenol, HCB, MEHP MEHE hoingenated aromatic chemicals
Z) BPA, bisphenol A; DDT, dichlorodiphenyltrichloroethane; HCB, hexachlorobenzene: PCBs, polychlorinated biphenyls:
PBDEs, polybrominated diphenyl ethers; TCDD, 2,3,7,8-tetrachlorodibenzo—p—dioxin; NIS, sodium iodide symporter; T3,
triiodothyronine; T4, thyroxine; TR, thyroid hormone receptor; TBG, thyroid—binding globulin; TSH, thyroid stimulating hormone

Lt ti2d|wztEEHe| MZ Lf MSxH 7|H

YWEB ZHEAL 2o wet B S2EI GARE 22 Hol loj, Al YolA T2E 849}
Aot T229] ZEA E= AIAR Z-8ol= Aol APAQI 2H8 7|dos & dejA UrtHI" 4.2)
(Schug et al., 2016).

239 =g 7|d

<12 42> L2H|aE x

Hormane-mimic (agonist) Hormone-blocker (antagonist]

Endogenous hormone

@ g %, 2 °e 3 o . &
F - '_-._: __. T ) k.
z " Cellular response: = d =
: te harmane = Cellular response Celh onse
: ) 5 o hormone K j o ne

Nucleus &

Nucleus I

MNormal endocrine signaling Endocrine disrupting chemicals
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T YRR T HEAL o)XY 84S B3 AT Al Y9 8 S R (genomic action)sh=
APAQ 2 714 olQoll, tE o] 7] Oo= Alaof| gk nlE 4= Qlrt. UiER|wsEdo] os) 2dek
TEAVE ARA 02 AR IEE ST Al Al W Aledd 713 B8R 4= Sl Rt ofyet
TEAIE oM L= A AZ Helo] X[she of By B4 2Rgsto] FA EE 28-S B5HA
H(non-genomic action)=% Ao FFS v 4= ok FA LES SoHA] g2 7|H R+
Z(reactive oxygen species)?] S7F2 QIgh AIBIAEH AQ} n|EFZ T 2o} 750 do] & U A
methoxychlor, phthalates, BPA, PCB, DES 59| WEH| nTEZ-2 TheFsh AjzojlA] S/gita
% % S7HA ]951 Ao sial, a9 AAS SAAIITE ESE 2 H 0= o] 2 Adolut Al A A9
’ A4 Ast 52 4o $x gt Magbool et al., 2016). $H, Y& YEH|yHEZLS
SRk HolE doA AW oy 7)ol A7|7F Y3Ktransgenerational effects)S ZHs7 | St
A5k Hok= DNAS| Alo|EAl ZH719] wdsl, S|AES] W19 & ¥y, wio]Z2 RNA Hd H3}
of o3 Aokt ol=Rt AR AR Wskes eET FAARY] AT A Al A Hol

B A S vE & Ak Aol 7] WEHZEEE k38 QIR

0

(o)
{5
B3

ok g
ox I
S~
-
M

r
F

Hob Hob R oé )
oX ox lo Fll‘
j%

Y mN

(i

e o
oZ
S
T
H
el
ot
T
T
(el
ojf
e}
i)

Aok 7] A Y 3710 F8 7IRCR AR, FEselehE 52 ol tit g2
FEOA AR FgR7dsk] e Aoz g o] Y2 v & ke Eavh AFKMokra, 2021).

Ch. Cibst LiHlmetesel 435 X8

Zgke] Woll= of2] YRH|nehEdo] B oR Agoto] et Al i 285 B 9% VA
4 Slct. ofg] WEH|wEEHe] 5Y T2 £8A0 283 4= 9loH, gt 71A] YEB|wHEZo| o
SEE S84 240 SAlol IS v & AtKKumar et al., 2020). E3F 2E 2L opefgt 24
714o] E/dstE|E R, At ofg] YhRH|weEdo] theFetal Ee A% ZHd(interference) 28 B9t

o e

WEHAE 9 7|3 2861 dcklisco et al., 2022)(2" 4.3).
<O 4.3> CifsH IRZH|BERS| MZ L 45 XHE
(A) ofz{ Lj2H|u2tEE0| EX Li2H|M|Ze| CIst SEZ +8X0 & &8&
(B) 0f2 7He| Li2H|uBtER0| o5 st MZE W =& 7|T0| 45 7Hdsl
A B Receptor
POPS agonism
& »666 K
% Pp, “9;@ Cell function _“:i:;c;op::i:“
<& AR s L
8 & g’ Hormone | ——_ Receptor
e i endocrine * & clearance expression
=
o cell ” b3 1 _
> Hormone Sy ~—~_.Endocrine cell
RN &, distribution L " differentiation
(e 9 Pestlades |/
Q") - /
g Signal Hormone
53, transduction i synthesis
% jaa %
Hormone
transport
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T 7HA] o] iEHwekEdo] 2Rgsto] UEis Hke2 F EEH0] A= tE 711S Soto] 28
= A% =829l 87independent action)s EY & o4, 28 Fx(potency)’t AR ThE 22
50| 22 71 FlA A8 v 8% SH(dose addition) BIHE YERE 4= Qltk. EY F 714
Aro] EZlo] Ag 285l ALoe ZF 83= A -Afl(antagonism, abu-additivity, inhibition)
A

U SZ-Zd(synergism, potentiation, supra-additivity)A]Z2 4 Ut}

—_—

2. i2H|uzt=Zo| 2

Ton

b Cret =t o

U AAHO| 45 38

1o

UEEARERRS QIAIS o] 7]®e] AT |19l 2 71H9] oo <Qlsto] st
W RTEAEL 3 7HA] Al Ei= 7|HolA S 74 #9t ofujet Aetkat A of=] 7] B4
A-gsto] g5 Ag-S FUgto s Aghs foH Hot tHEA 0 R Fieiiol] YRS R|A|= BPA, PFOA,
PCBs, DDE, arsenic, DEHP, DDT, phthalate, TBT= &4, 2t A%, 2 28 Al 5o BAl9] 28519
Z1ZEe] MlaofA] Fe A5 7 Al E4S AT Bk oflet, 24 719] A4S 2] IS vAE
tlopst 7|Ao g TS sl Aow oA Q1Y 4.4)(Mokra, 2021).

s

B pi—

02| 4.4> ChsH LiSH| @2 0| PmtHel Wil njXIE ChYst 45 =2
(A) M= Wi 2 (B) XILANZE, HE AZM=Z, ZIZE I ZSM=E
A B
Islet beta-cell
] - L] L4 ;
® —i s . ® o L e Y. B e

Diabetes

%) AKT: PKB, protein kinase B; GPER, G protein-coupled estrogen receptor; IRS, insulin receptor; ER, estrogen receptor;
GLUT, glucose transporter; PI3K, phosphatidylinositol 3-Kinase; PPAR, peroxisome proliferator-activated receptor; ROS,
reactive oxygen species; RXR, retinoic X receptor; SIRT3, Sirtuin 3.

Ot tiAREE A Ao Agstel e dee] B Ee Aol dFE vE 4 U=, ol
e aehzde o2 daoA Ao 92 vFer, of g5 J2 482 T E= 7HIE &
It DES, BPA 59 Wt|wzhad2 A0x4e] 54 B vdiE 254, 485 S7H1A Btk
I 5 2w, POPs, BPA, PFOS &2 9] lad 2Hls, AgzA 9] S4]-vd, T3 HA| 29
Jed A3l ARt 5 gt FH9 ded 2H 9 ded AP, T tiik 22 Fol
o2 4o TS TAARIY. ERE BPA, DDT 52 48] A4 or 2-gsio] deudes 3712

14
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& A=, olgA AR we} g or QIste] ThA] Yt JEWEee] A=t S HH-
SH el el 718 ofdet A WAL S TS, A v, BIER D HiAR SOl
131, o]5°] Thafet idv] Age] HAE=E S7HI7IE AR IBA At &, WivladEde
A} Bt 7] Al2"e]l JE IR, 11 o] HEes Zgslo] dgh WS S7MI7IA EHGore

Insulin resistance

OBETOGENS < B m Glucose intolerance

DES, BPA, TBT Air pollution

Phthalates, DDT 5 Dyslipidemia s Arsenic, dioxin

PFOA, TBEPA, PCBs BPA/BPS
Immune system pcgs, pesticides
Inflammation  PFaSs, TCDD

_* Hyperinsulinemia
T, Hypoinsulinemia DIABETES " B Arsenic, phthalates
Gut microbiota gpsaps
= PCBs, TCDD
A Glucose intolerance —

DIABETEGENS — y
BPA, POPs T o &7 | msulinresistance VitD metabolism pea/ers
THT, PFOS K = ‘ DISEASE PCBs, PFASS
o H Pesticides
\ Phthalates
- Fatty liver/steatohepatitis /

", Dyslipidemia
CARDIOVASCULAR
DISRUPTORS -

TCDD, DOT, BPA

T,
o
i
K
=
i
=)
Ii
p
e
=~
re
i
ox,
tlo
HT
ol _O‘

Hgto] Y& |4 %9 A =E S7HI7IAU,
| &&{circadian rhythm)& WAA ot Ago] =7t F7keks A% thEZQl doloh
‘H HHRHEES A or YRHNE] FA% 23}, 1A 5o S E 4 S B okl
AGA IO . GRS WA AGAIE7E S7HE v QI EE FTHAXICE ojnf R wEhEES AHA
Zr-8-5t0] Zk5 A|EZ7Cl(cytokine, adipokine), 32, MAZH(exosome) 59 HH|[E A=sk=|, £H]H

E3o] ThA] WEHIA o 2 e Ao JF= v 4= Utk T3 POPse &2 WEH|webed2 11
AA7E AA ] SAE o] F7|I7E HES] AR HEEC] QA AL =E JF= "AA
HrHBokobza et al., 2021).

Aol AVFBHE-EoleA| 59 28-S W= SEZENE oY, &5 9 35 24 ZE(locomotor
and behavioral rhythm), TAF 2 oHA] B4k 24, = AARIZ 24 5 vie- TRt 7] 20| SAsk=t,
o|F o= FAAE EI UHEH|weEE o] S U =W oof wE WSt TRl dglof JF=
u]2 4 QltkBottalico & Weljie, 2021).

»



2 | wesmzen g Jimd Ke WA Sy 721 ol M8 .

u]=9] Merrill et al.(2020)2 201949 AE7F8He]QHExpert Consensus Statement)ol4] $=2&2 24
L 2R gt WEH| wEA o] 28 7140f| tisf T1Eet IRl A4S v R, ﬂi%@ol eR=S S|
9 2Rgo] JRRE mX= UiERaE RS ERlsty, EYAT 8ol H TR T4 YRR wEhEEe]
107H4 &4 EX(Key Characteristics, KCs)& &3}to] Attt

7k LH2H|mEtEEe] 107tK] Y Y

EHyHELo] T2E 2 9 2R 7]Hof vl FIol tigt 7129 H1E Fjdete] L& A2
YWEH| w229 10714 8d BEAES 99ty or, (& 4.2)0014 ZF E4& BPAY 2#HE-& 9= E9]
st Merrill et al., 2020).

<E 4.2> i2d|u2tEE9| 107tX| sl EXM(key characteristics)

T= syl EXM Ol A|(H|AH[E A)
S22 223/ 2|2t=(i X250 B .
KCl1 = e ;lgﬂl_ |§};g|gand)50? seiol Ctet S0l =Y estrogen receptor (ER), 2 ER
EI:lol.* f 09-|' 2l GPERE %“é'if)\ﬁzl
Interacts with or activates hormone receptors =
8 L= MZEo| S2EE 82X EMEE

KC2 Mg EE) QtEEH 28X €ME x|
Antagonizes hormone receptors

A F =9 ER TAR| & Bt RE, /32
KC3 SEE +8F Yo, 2%, 2o 52 A OﬂﬁEE?i', 2 A|E Al(oxytocin) &
Alters hormone receptor expression H}A IR Al (vasopressin) 2825 28l s}

T 2H|0tE (proteasome)0f| 9|8t ERP Eaff ZtA

ERK ZZ SM3IE E3l| Sertoli TM4 MZ ZA|

522 92 MmO A5 HU(THE T RNA sertoli TM4 % :
G5l B3l B0} 5 Bia 0|2 Za2ia sl S)2 SE, cAMP/cGMP(CREB) &M3tE S35l testicular

seminoma JKT-1 MZ ZA L F|&
:?—9}5(g|ucagon) —E—Hl a- A-"EO.“A1 X_IEEOI.O“ —O—lﬁ._l'
& 4s HY AT ERa Y ERB, ZAs22
27| TR-BO| |3t SRC19| BEIS |

KC4 N
Alters signal transduction in hormone-
responsive cells

SEE MY NE £ SEE HS MZoN
Ao 1;,(? i3 (AR 15 DNOA bj=ist @ L, MM, SYMEF|N promoter-specific
KC5 . ding RNA &+ Lo ocaf = methylation #13} |, histone methyltransferase
I”?j” coding e d?f?EtﬁT 5 MLLIE ZASIAIA HEMe iEt FXLe| H3K4
nduces epigenetic modifications in "0 =
. . 2 =AY
hormone-producing or hormone- responsive cell trimethylationS tAIZ

SEZ g Al 34 EE JHo EH I gy A nsko| AE|Z0|E &4 Ash, cytochromoe
KC6 THE 55l S22 TS HstAY p450 aromatase S2| AHZ0|= & ZF CHHE

Alters hormone synthesis 2 #Het R

Mz W &, A% A5t = M=z 2H] SO 5 = =
’ Y 1 — B > =|| R EFA o| ZiA& o012 FEAA A A
KC7 | 82 DIM MESIS S8t 522 242 wstAly | ToOIIRZS FE GRS ga A SR

Alters hormone transport across cell membranes s =
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72 oel 2tk A

Zgictaial dsd 3 Agtsol s 01N S22 &= SHBG =& =7} HZ 9f
BX EE= @3 skE #HY N o+t o7l =S T
KC8 E|AEAE|2(free-testosterone)t

Alters hormone distribution or circulating

otE 2 AH||C|2(androstenedione) s& ZA
hormone levels = LT 2( ) sk LA

S22 ChAKH|ENSL 28 S) = gy, = i 5
SE& HAK )\l-IEE‘ED's—’-I-’ |—°HEol)ﬂ; ;ﬁm 2 X2 L DES =3} 2-hydroxylation2| ZtAZ QI5t
ke e = HDE HaiE ool oAEZA CiAL st izt

(el

Alters hormone metabolism or clearance

SEES eéﬁf?ﬂ-f SE&0| g3st= MZ2|
=, B4, HIth, 28}, 0|5, B4 E= ME A AT & Al SYTMZ 25 #H3)
KC10 S8 °E°f01 M=Zo| WS HiE alveolar bud #= &7t §M, F&, XA2UA|=Z
Alters fate of hormone-producing or 59| ZAl

hormone-responsive cell

Lt LiEH|mzt=Ee| AEa {alid Tot

A E H4] B2 SIsHEd F WEHZIHEDS Aot fo1/dE B7Ioks o ARSE 4= Sl 7]
BEE ATl ok 1y 222 A AlAES B9l ZHEelRgE, d4 54 F SRt Ueheg
o] FFE B A 549 7i4T ofdet, Si4l B4l 9Jst Axrt o 315
2189 §istel YA|ol=A] 1E{sto] Brlsfof gtk EFF WREH|ZTEH] TP T2 sEoAE BH
713 et 2A Yehg 4= 9loH, iR vAgE §F-5ks BAIE HolBE kE Fko iE J7
34 Al olofl thgh o7t FRsiet. T3 DAL HEH| wHEE thigt a2 TRt oA
CE2EE off SEC] ol A&, vHEHoR WSk B3 WZo|HE o]o] mE AT Aol tigt
129} H717t o]Foj Aok sty Az A7]9] k= theket wEIAHconfounder)ll oJ5 FEFE A
HEuR SARA Al o] @50l Folof skt WEH|ZEEEe] Ao JFFs rAE B¢ nHEIAE
ozt w7 1xHmediator)e] FFFol A8 4= JOH R o]E FIEA| 1ot Hrlstojof gt

[T——h
e e

d

e

Ch 107b0] 4 S40| Lh2H| @2 B2t X8

e EeEde] 1071 94 54 7R YR ekEde) 48 @ ga4 wlo) thewt go] Hgol

sledo] hulnee SEskeAlo] gt f3h4S AEsi: o o189 4 Utk ol
Qg 9o} 9l 4 Hlojele FRAI dolHE bsdt 3 B EHsiel A8shes et

| whet S u, SehEE o] 2 fAMIS etk BAlol SA B4
ot ol H7HE AL 4 Q. olF Boto], R 54 554(toxic equivalency)Z ol&5tL,

olgg T Tudhe Holl A8 4 3L, § et tiA siekede AdEskes Hollk =sel 2 & St
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3) sfet=E9| Rald 7t 7|8 ®S

plmeiede] B RAS ARHoR B A2 B8, B A7 k 420 U Sa4E
Hrlete] A Aok v A8 4 k. Yeldl AT Aupt BEG selRAel Aol g WAl

54g Hole stk 2E ol8sio] 8F-e= 5T & Ut

4) GoE| U HAE mREZ Zi} eMA9 X
W 242 B AARS WS So RulLe 719e Andor gl 4 gk Holet S8
o

37 A7AE B A g Age] £go] Hul fEu|iet B/1S Siet HEES Aol 483

31> :

| =

MO

Eﬂ <ET

Bokobza, E., Hinault, C., Tiroille, V., Clavel, S., Bost, F. & Chevalier, N.(2021).
“The Adipose Tissue at the Crosstalk Between EDCs and Cancer
Development’, Frontiers in Endocrinology (Lausanne), Vol.12, pp. 691658.

Bottalico, L. N. & Weljie, A. M.(2021). “Cross-species physiological interactions
of endocrine disrupting chemicals with the circadian clock”, General and
Comparative Endocrinology, Vol.301, pp. 113650.

Gore, A. C., Chappell, V. A. & Fenton, S.(2015). “EDC-2: The Endocrine
Society’'s  Second  Scientific  Statement on  Endocrine-Disrupting
Chemicals”, Endocrine Review, Vol.36, pp.1-150.

Kumar, M., Sarma, D. K,. Shubham, S., Kumawat, M., Verma, V., Prakash, A.
& Tiwari, R.(2020). “Environmental Endocrine-Disrupting Chemical
Exposure: Role in Non-Communicable Diseases’, Frontiers in Public
Health, Vol.8, pp. 553850.

Lisco, G., Giagulli, V. A., Iovino, M., Guastamacchia, E., Pergola, G. D. &
Triggiani, V.(2022). “Endocrine-Disrupting Chemicals: Introduction to the
Theme”, Endocrine, Metabolic & Immune Disorders-Drug Targets, Vol.22,
pp. 677-685.

Magbool, F., Mostafalou, S., Bahadar, H. & Abdollahi, M.(2016). “Review of
endocrine disorders associated with environmental toxicants and possible

involved mechanisms”, Life Sciences, Vol.145, pp. 265-273.

45



46

Merrill, M. A., Vandenberg, L. N., Smith, M. T., Goodson, W., Browne, P.,
Patisaul, H. B., Guyton, K. Z., Kortenkamp, A., Cogliano, V. ],
Woodruff, T. J., Rieswijk, L., Sone, H., Korach, K. S., Gore, A. C., Zeise,
L. & Zoeller, R. T.(2020). “Consensus on the key characteristics of

endocrine-Disrupting chemicals as a basis for hazard identification”
Nature Review Endocrinology, Vol.16, pp. 45-57.

Mokra K(2021). “Endocrine Disruptor Potential of Short- and Long-Chain
Perfluoroalkyl Substances (PFASs)-A Synthesis of Current Knowledge with
Proposal of Molecular Mechanism”, International Journal of Molecular
Science, Vol.22, pp. 2148.

Predieri, B., Bruzzi, P., Bigi, E., Ciancia, S., Madeo, S. F., Lucaccioni, L. &
Iughetti, L.(2020). “Endocrine Disrupting Chemicals and Type 1 Diabetes’,
International Journal of Molecular Science, Vol.21, pp. 2937.

Schug, T. T., Johnson, A. F., Birnbaum, L. S., Colborn, T., Guillette Jr, L. J.,
Crews, D. P., Collins, T., Soto, A. M., Saal, F. SV., McLachlan, J. A,
Sonnenschein, C. & Heindel, ]. J.(2016). “Minireview: Endocrine
Disruptors: Past Lessons and Future Directions”, Molecular Endocrinology,
Vol.30, pp. 833-847.




\l KAST Research Report 2023

ol
Kl .
0l 400

=
IH

It

KIo

]l
__2._
R

t

01. LH=ZHICHAR

=20 ¢

ol

03. @

2
=]

ArelH

ol
=

=t

H

a1
d
E

§

04. Lif=H|




1

=H|chAZete] St

= UEA, YZH[AREER ol2Rt

I5h= AA| 71#EE o=
vigjAbEg o 2= vutk oy ZARA g
2 g St
Sfal

HEEAL 98 o] yHE sepe w

(esA] Aol Pyt 9% dae. dasel 4

54 A% GAEE] W9, W5 A8, BoheE Bol ik Rk ERREo) A
) ot SIS 4 D A8, 3 S 80 31 R, ol Aol FEHE AL

7t =L Li2H[CHARRELe] St

it
= Syt BAE AwE ot WEH|ARISo] 24202 Flskal k. vl ARl BiTkeS
TUAZRATG AZARA AEE B4 A 20099 29.7%C14 20199 36.3%= &38| Z7)skal om}
Aot Ad HRHE J1E5] F7ste] 201300 10.0%t. S UAFIGRALE 243 27 3y FHES
SA5E 94 20099 109 ¥ dhiEo]

7=

20129 11.8%°14 202049 16.7%% Z715k3dth 7AF
4 Zlo] 2018Wo= 118.4H o2 =7kt 5.1)

83.170I3

48



<33 51> tEHQI LjR2H|CjAMRE] S REE et 0|
A. g9l H|ZKCHEHH|RIeE], 2021), B. 20H-F2aH H[ZH(Ha & Kim, 2016), C. do! F=E(Cire=Ests], 2022),
D. 2024 Eiz(Hong et al., 2022), E. M7 |SHESLLY 17I%X1°f§(EH?_ Zasts], 2021)

A g REE B. 40K/ A H|OH REE
a2 .
aa A b
0. e '
S )
N _ma w3 R = oy w3 " . =
Sor : 5y gt ——* £ ! T
. / . s
Y R e e e a
ms P Fa
- O S - 1) e o/
= o
T an o 0 ) 0 Fere W LR 95 001 205 M0T NS 209 W0 00 M52 6l
sne wun e Vere
C43 3h REE D. £0HH2H G FEE E. UYH7|1545rs UEE
LESE g LU Ue weNE
™ e
= i
- hale » e
. & Female .'./ A
" P> =
# '
| o =
w & PRIS : p -
=
- I —
s T
5 o
LY w0z it ] ok 08 20 ol e 0% W o ! B0 K4 DOES I ) B 1w B0Lé 1ML BAR NLH U4 AT SN JUT 3
" 2002 1003 2004 2005 1006 2007 268 2009 X000 201 2002 M5 2014 2045 08 "y

Year

shE LajuEke] 2021 FAISARELS 71 oA 189 0.8182& A AAlNA 71 WAgE Wz}
A Z71610] 20109 18.35F HollA 20214 25.2%F Hog B 1wy Qlok. E3] WA Welo] Z7tsto],
YA WA} = 20109 3.485F THoflA] 20214 8.94%F Ho & oF 2 6l V1St 1Y 5.2 - AE4,

<3 5.2> it FAISLED} AR 5 Ha}

O[(SAIH, XIZEF2])

dASHE A4

o

30000¢
160 148 -
n 250000
i 140 124 S 219110
% 1.20 LE!i?_,:_‘_.-- —u .~
z i 72 162938
T 100 ag 148436 149363 51207 = —— %}
E 150000 a
= o080 i
1) D ——
o 0.60 100000 ’f:‘-ff |
3 51903 —
i 040 : 43004 —
= sop0p 34811 el
® 020 —a—
0oo
2010 1 J 016 018 2020 2021

2000 2002 2004 2006 2008 2010 2012 2014 20146 2018 2020



50

AZHegolu 255 22 o4 Wiy Agte S7eka gl AFEINAE7IL ApgoA Eld
WekE(AHIE N80) THA= 20109 6.784F HollA] 2021 17.849F o2 AR&EZ(AWIT E301)
A= 20109 2.835F HollAl 20214 16.66%F Hog Z7fska Qriad 5.3).

<ag eLiEt 2SS MEST RYE Hst F0|(SAH, XIEF2])
2H3Ues RESS
20,00 17.84 20.00 16.66
0 15,00 Ecj 15.00 ¥
3 9.49 = i
& 1000 ,7g :Lg 10.00 759 gt
= : g
e Ll o
® s00 o 500 283~
0.00 0.00
2000 2012 2014 2016 2018 2020 2021 2010 2012 2014 2016 2018 2020 2021
L a=

Lt. 2| Li2H|cHAFEEe] 37t
ZjEnt ofel A AARCE YEHOAESLS. 125] 27151 Qitk. OECD B0 w2 A AAH o s
Hgkgo] Z715kT QQI(WHO, 2016), 2015¥ OECD =7to] Hgk FH8EL 19.5%, 2019W0ll= 24.8%=
ol HA 7K ACE AliErt. WHO Raro] w2d A AARCRE i FHBEE 19804 4.7%]
Lo 201449 8.5%2 Z7FHATHOECD, 2017).

2 | wEumzsmn Ay g .

SREEAS 528 0 MEEE 484 A28 LA BEE T W, PN
W goeE ) weks Zefeha, Woh AAe] St JE etk 53] Wolx 44 o394
xeo}“ el o) WeslaREe el 3340x

e
0

£ o kL

)
=
p
e
i)
2
1o
ok
ojN
ﬁl
2
oM,
X,
j,g
0::1
>
)
1o
%*f
=)
ox
S~
°g
-0,
S~
?i
N,
m{m
juich
b=
o
oft 3
N
é
HU
i)
9,
mﬁ

o)

lo dr 19 oft
1o
mE
il
i)
S~
e
N,
d
=)
[
mlo

%



Policy study for the management of endocrine disrupting chemicals

o
o
e
1]

=l

kI

A 151

L}, Lji2H|marE2Elo| ©
e meE A A AZA, g5 A U TRt 7150 dgke F= Aow welAL glod,
Joll W} cloket Aeiso] kAol Bsw Qick. ¥ U F3A74A wie o4, A3, A Tl
ABIAY, oAEES, vl 28 et 5 AR 2] e e, B9 U,
=z
=]

¢}

oM, 2
o%, m

B
71973, oA da S5 S A4 AR TEAL RS sk, ARAY, AV S o o Aee
1 9 $71 50 HEvludEd =33 ddHo] U2 7ol it

<38 5.4> UEH|w2tEE0| 2o OjX|= Y&(Ahn & Jeung, 2023)

Everyday exposures to EDCs contribute
to modern health epidemics.

+ Cardiovascular system
- Cardiac muscle development |
- Cardiomyocyte differentiation |

= - Blood pressure |
R Thyroid disarders ——| ) )
* Brain and nerve system . - BPA, OP IOX, DES
- Brain development | Lo 4l L

2 Hyperacthity [ADHD Bowast cancer -
= Brain function | iy

- Autism, neurologic disorders N @ - Disbetes———(@ + Metabolic system
- Thyroid function | I ® = - Obesity
Asthma 2 - Insulin tolerance |
BPA, OPF, Phthalate, D4 ) il d —@® - Alters fat metabolism
N - Alters calcium absorption
() ’ q - Affect gut microbiota by metabolization
([~ ,-\’ BPA, OP
Dbty — —(i] \.\ ./" \
+ Cancers S tnfestility — [
- Hormone related cancers e.g. breast, ovary, 1..
endometrium, prostate, testis, thyroid cancer — Low
/ sperm
BPA, O, pesticide, PCBs Early Lowbith ot )
pubarty weight * Reproductive system
| - premature thelarche and gynecomastia
D'":ﬁm':ﬁ"-! = Interrupting normal estrous cycle
- Disrupt the ovarian function and fertility
- Alters placental ion transportation
Alkylphenol, BPA, paraben, phthalates, DES
sfstE2lof| o|st LYEH|mEte| eistd 27
OI' o o0
3 gl'ﬂEE —°|_I' Li=H Ill-n_l-— == =/

U RS Qike] TAY, A4, TPAL AT 5 oIS choet Astkt dwlo] gl 1 7kew
GEAY A% G et A A YRS olefol] mgick Hek AT FES HEol lastant

7b. W2 | w2t=E0} cAbS =S

—

1) 20t Hjgt

APA w23} Aol vlgkake] Ao A AE E4L PFAS, PCB, OCP, PBDE, phthalate, BPA
5o°]al o] & OCPY 3l p,p’-DDE, hexachlorobenzene®to] Aopu|gty} §-9Jst ko] AMtAS
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H o tKStratakis et al., 2022). ZHEIRIFE(PFAS) vlwA 2 34 2709 WeHEA 5 1012 ¢4
FTE AFE ZURE 3 HWolA PFOA =&} obs IAIFS 919 25% 571 & oks7] A-FAS(BMI
z-score)?] FOJet 5719} E o] Qlrkal HarE|Qlon), Xt 21H9| =72 HIIT WiEHEAol| 4= PFOA
32 PFOS =&} ol57| BMI z-score= o)t A3 do] §ItHLiu et al., 2018; Stratakis et al., 2022).
SHH BPAS} mEEo|E Y#ERA] 2 ATE HoltKLee et al., 2022).

2) ‘g¢l gt

—

of2] e wghE4do] PPARyo 2dsto] AFAIE SA3 £33 £, A £4 571 2 vk {247t
IE 24 59 A8e B0l vvi BHiEE Ao® HuEY Q1 AHREO|E TER $EAE B AE
80l S v 4= Slth olof Hgt JREHnEEE A9 S ElskEE A9t o
Y= =, RS WEH | TEES dyE Z3E BHolFA] Zotal Slok. vt HlwA Ay o
ATHIS HQl B4 BPAC|LL, o] thAIAIE AREE AL QU= BPS®F BPEE 7Fs/do] qlo] A|&A Q1 #Hato]
g a3}tHRibero et al., 2020; Moon et al., 2023). ZEFo|EX of2] ALollA] v]vlae] dAytio] HE7]

st o, iRt T olE Fof wet 2lolE HRItKRibero et al., 2020). 2919 ofdulehl 57}
AGRAETE oA BTk RORE A Heltkal WHE|T glof 571 A7t Basithlee et al, 2021).

ofg] HO| XA AL} WEREAolA] PCBset 7] d4A 52t9] Tty g A¥Hdo] ERIEH. Dioxin,
BPAY] Bt AL T Aol wEREA oA HwA dEA FRlFEthRanciere et al., 2015).
Bt IESERE, TEY0E a3} FirHo] A3 APt EAEo] AtHGui et al., 2023;
Wu et al., 2013; Zhang et al., 2022). T=23}51ME0] AL g2 Gt ot FSE A9 Diabetes
Prevention Program(DPP)/DPP Outcomes Study(DPPOS)2} oS Z3I5t Hel Ao 1HE3leitE
E 3710t G A Sl SV Easkal Qlo] F7HARl A7t " asi

A et B AT 23E AHEY, 3HO| welE4oA PCBs, PBDEs, I&313513ME, TEH0|E
20| YA FeH o] folst S71et #AE ] It Yan et al., 2022). BPA, E&J&Z4Ktriclosan),
Zl2 QA Gyt oI5t AdAdo] T A| k=t

"

o
71944 =,

o

do

Lt LiEH|m2t=E} o1 44

) ofed Ha
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WERR Aol AE thdd dh ZFRolA dzdst vlistel R2lshl &S BPAY A7k BaAHSItHu
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2) XSS

FH| AT S eS| Aol wWeE ohedRt A lglew, X 30| AFE Rt
HERRA A= A4 WEHIRHEE ] &) ROt AelieE2] AdS S7HIZT AL Bstit Wen
et al., 2019). BPA =&} 09| AgUuts AT Aol tigt dehy dte & AR A7t
Aoz SyEglon AT 27t WEA] AUTHWen et al., 2019). ZREC|E =&3} AT A7t
o] UL, T 14709 Aol et WiEREA] Atoae dF mEEolE tAAIZF RS e
AFE ZIVMAFHT L EAst¥tHConforti et al., 2021). T o2 HERRYOAE FARSE Aol
HEQHWen et al., 2019; Cai et al., 2019). T3F OCPe]l et 292 HEREMoA= OCPL}F A3 Hiers:
Ao folt Aol AL HUFHHWen et al., 2019; Cano-Sancho et al., 2019). PCB &
oS4l AFgUEts 9199 AT AT 7F Aol BESHA|NL FEo] HeHEA A= PCBL}
thol&4lo] HE0) A $E0E AgdEsat o3t Addo] il EaEUtWen et al., 2019;
Cano-Sancho et al., 2019).

e w eyt 2917t0] Ao et A7 AlgtHolu, Ui IollA] BPA E ZEH0]EQ] £=x]7}
EQ FRoA o okl Hasiyleh AFA| gt Qo] B9l et ATe] Y= foet diks Bjoy
Y= QIS FRISHA] Eoto] 71431 A7 Basith & 54689 odS tido= 3 13709 A+E

4] of 2 B §93 Adgol Sty
HSFYHWang et al., 2023a). SFA|qt Z3he AFE0] 89219 IS TajotA] Pkom A 719
ojd/o] EAsto] Azt iAo 97} Fasich

4) My g

W TEAY A g Aol disiAe 7F 43 3t HolA] ookt ¥ 2,223%

1ok 13709] 945 o83t HEREAo] mEH, *é %5 wolA AxEF0] gl HREEH w«b}ﬂl

S DEHP ¥ DBP 2|7} T Ut Wen et al., 2015). SEARE F 12H9] 7S 23 velZdojif=

F= AR WEHIEA0] &7} AlE7] Uol W3} Aloof] o3t AatE ERIsH] Fol3itiUldbjerg
et al., 2022). AIF- EAolA g3 mEHolEof| gt 24 & ka2 fH HEE wi=A iRl 27 Yolek=

Qo] gigla, o] TS AN ATE Hasiglov, A 7t oldd 9 QA9 $A7F H59

ZES U7] oJHHUldbjerg et al., 2022).

|

kel
=

‘F

tlo

r%t

RS

Ct. LiEH|wZt=E} 5 44

FH| el B4 A4 7]l AR 744 ‘ﬂ FF= 1RIH= %747} 7kt k. 229
HEREA o T2 YRH| e e A9 F At Folgt Aol USE HrstithBliatka
et al., 2020; Wang et al., 2016). 4% BPA X&= LH ¥ FSH X9 $71e} dito] o, A
7} M-S 7R 9ot Aqts GEER] g2 AaE Barsial Qo it o719 ATE EERE HEREAoA
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BPAE= A W A 5=, 4, FEHA= FoRt dvdo] lvloy, A *54e FolstAl Ast
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B2 = B7Y, A Ful wskE ZEsE PR A A
MBPS}F 2 g4 meo|E tiAA7F AN 59| A E G 5 £EE FoloA AAAFTHCai
et al., 2015; Wang et al., 2023b). ZHE3lelME9] 4%, & 2,190°] 23HH 7HO] =Z-Z 0|85}
S0l L wERRA ol PFOASF PENA7F AA9] 21984253 Alotet Aido] 932 BarstyirtiWang
et al, 20230). §7194A 5 GA| B A Fhaete] Aol wefRA oA BiEglonl A7t
AlgtAolu g F7b4Ql ¢4t7F W25t Wang et al., 2016).

WER| wEd ) fHigre] el digh G Fiks YT=A] dtt AFA At AifollA] BPAY] ko]
SHiore] Wkt o] ddwto] QUri= AT Hi Hlou, g3t dF: ofF AgkHoln, L9
HERRA oM 503t AAdo] TAER] AYTHLiu et al., 2021). TEFo|E0] tigt s}t AT FA]
Azt o2 8w|glon, HiEHEAoA DEHPE Rt 948 Y83 A3dol o, MBzPot 22 4%
HAAES 25]2 {3k A4t A¥dol IUtHLiu et al,, 2021; Fu et al,, 2017). WiEH| weE2a}
R Ay QTte] AT F2 PCBE thifo g B2 A7t =itk HiEREA oAl I CYPIA
9 CYP2B & 282 7F PCB7}F 8% A SIS 5713 16719] A& ol-&5te] PCB 55419
FFS e HEHEAo A= PCB 99, 183, 1870014 R-oJotAl /el A8S S7HIF tHLeng et al.,
2016). 3HH & THE 25719] AT o83t HEREA oA = thol&4l fA4F PCB A€ 2 CYP1A ¥ CYP2B
F= 28-S 71K PCB AlE2 434 P A8 7M1 HZhang et al., 2015).

2) RFZUfRQL At

R Rk g A 2 AT Aol thtne] o Iz Ed L
colS419] QA o] A-Fueierel S BTk Bug vt Qlom, v i IBE oA
45A0] AYHOT w2 ol4e] Uag W] B3tk Gore et al., 2015). EFF 0|3 FE HEE

T ZAo| AFSH= FHIES UYAY IHES =2 PFOA $49F Aol UAtKGore et al., 2015).

r
i
o
=
)
<
18,
)

EH| W HEAT 13Qtof| thel 5t A= Aotk 107]9] AF-E o]85h o] HIEREAoA=
APEO] AAHQl WERZZEE kEo| X=o] 1P MY It [ogt d¥Adol Ut E1
SFAtHBrauner et al., 2021). A& og= OCP ¥ OPPo|A |93t 23S H st
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SR WA AAe] dAxdol gt At Aits A Yt 90,6882 AR A}
323 168719] Atof] thet HiEREAollAl= AFAI2] 242 ko] folotA MPFAY A T} Aol
182 B9 tHKrstev & Knutsso, 2019). T3 6,932W0] g 8719 AL 0|83t thE velA]
Al HA ZR/dR712GEEe] RofotA AFAY HA 1S S7HIFTHLIm et al., 2015). sHA[RF £
|5 E4oE 45 PCB ¥ OCP7F AEALT 5ot d3dS BP9 K Krstev & Knutsso, 2019;
Lim et al., 2015), & & HeREAo = PCB ¥ OCP7} 215t A& Holx| ItHPourhassan
et al., 2022; Lewis-Mikhael et al., 2015).

p

©)
(0]

8 %

=,

of. LiEH|wzt=Ea} T

5 NESRRIE ot AT 2R Fo] BAHS BAgh o] A At 9ok gyt 4]l
A5 WlEHRAS A3, EF PFOS 557t 2845 AT 2R free T4) A4S To] AL,
PFOA®} PFHxS 557t 845 IS 2 total T4)2] 744t B0 QUAHKIm et al, 2018). AR
3 AE WERRAGE Axt @3 PFOS ¥ PFOA 157} 842 IAMIAZ S 2-(TSH)2| 2719t #lo]
AT Zhang et al., 2023). LEUElME Ji20127F A1E FSE RS 7|2 249 A3}, 8% PFTDA
St 2 E AT EE (total T4) d, HAAAFSERE Z71eF Fo] Y-S Hast v Qltk. 0|2
nj5o] Hol IEIRIHE k&2 A 752 AstAXItkal st

4 F ZEHO|E 5ot IS 2R Fro] TS BT o] AT A3t Qo gt A9l
A} A1E e AEE A3 8% MEHPF MEHHP $57} 248 7S 25 (total T4) 749} Heo]
ASiTh. EZH MEOHP w7t #3248 TS ER J7iek #ol itk fEjueelAm
Choi(2020)7} =HRHFEAZ|ZRAAT 37] AEE 7 243 23t ZEHo|E  tjAAEo]
WS 2RI} B0l USE Bargh vf Slrh

oo &
ojN o

At g3l B IS HEREAEE A3 PCB &7t 2255 /S EE (total T3, free T3) A<t
o] 911, PCB-1057} 842 MAAZs 2R Z710) o] JAcHLittle et al., 2022).

iR e E gt 4] Aebdol theh A Ak FaEA] gtk 2 HEREAoA = TEH0|E kEo]
ZAH} fojulgt o] Q= Ao UERFOH(Wu et al., 2022), 7712] A2 o] gt weRL Ao A
Al e olEVL AN} R95t Aol L2 HISFUTHWang et al., 2022). 184 & thE
HERR Aoz TEo|EQL RAF Alolof] [ogt AIE RIS XottHZhong et al., 2021).
TESSRET A APO1Y] A FA] LEFARI Fol= o]FolR|A] 2qkoH, 107]9] AF-E o83t 222
HEREA ol A= Al F PFOS ko] 24 A3 S7He AFAQ Ado] UleH PFOA k&2 9 UARS

olN

55



56

SR wHEET A FAE AbelY] Aol gt AT A o WolRA| AL QAR 1 A= IEA|
&tt. 4,713780] ofet 8712] AF-E ol-8Rt 22| wEREA| A= DEHP ¥ thefeh Lekgo]
FAE 91219] dAtdo] B EATHZhang et al., 2020). ZHEISRIES] A9 5 A4
A fAREEY] Aol BarE|[Qloy, 6719 AFE o83t WERRA A= feulgt
9kt Deji et al., 2021).

2) MRS

FT e wRhERe] gy} HAES ] ATgS AR 98 A7t Eolual Sltk IHESISIRIES]
9 14719 AFE o|83t Z2o] wEHEHo|A PFOA, PFOS, PENAZE AR $1989] S7e} Aol
22 (Hirke et al., 2023), 157§9] A7 o835t thE HlEREAolA% PFOA, PFOS, PFHxSE HARIS<]
3t ok A¥dol AUATHHu et al., 2023).

do0 0 oM

Herlntade] eEd) SYAF e AR vt qekzApt g, A7 23t duEA]

o
=
HEREAe] = APd BPA, ERIERAL siehl E3w S24AEY] a2 SA3 R -0l

O

Ado] 5549 79909 =Rt HEREAoA= PCB-153°] &48A% A%t |2t Aol
U™ (Govart et al., 2012), 8,0547°] ZFHH 97l2] A1E ol-&3t HIEHEA A HA] PCB2] k20|
A% At folst Aol A Zou et al., 2019). Wi PFOS E+= PFOAS X33 THESISIgtET}
SAAIBCl Tsto] A7t HEs] S7IskL Atk Ht 46719 AE o83t HlERRAoAE HESRRIEY
o] EAt ASaast U ALY A4 +22& Fou|Rt #¥o] 152 EAskAL(Gui et al., 2022),
k2 el oJA] v|4st A0S B st Wright et al., 2023; Cao et al., 2021). WAA] IA] A3
ZF Aole Aoy, 7719 AFE o83t WEREA AFolA PBDEZF RolsHA SAAISE AAAIZHIL
B89 tHZhao et al., 2017).

4) MY 7Y

YR AFoA] Elopr]of WEH|ZHEA LEEH Aot of Qwstdyt AE I WAYEC] Tl
Aog HUEGILh 16709 AFE o8t T weHEAol| wEd, HukAQl WEHZHELY] &2
T3} G015t Aol AEJTHWu et al., 2022). FE1H] AL A WEu]| w2 gt
HA0] §95t ARE Kol ooy, HlERol ittt Al Ao fofgt I A1RY 37t
BEQck E3E P A7) 7 Aol gt 10709] AF-E o]-83t HEREAoAli= DEHP HAAIE E5HsH
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L T O|E dhabAle} dote] F= A7) 2 A &= Afolof] Fefulgt dd/del A% e(Zarean
et al., 2019), T+ HEFEAAE Ao 8% DEHP A s 3717t dore] & A4l7] 2t A

73 g Aol Atolel FAA Axrdel dhgt st A+t Eart F7kekal Qlch

g} Ao mEW B wgHEd eEo] QI E A 3E HIAES £ 58 Ato]of AL
GoJulgt Aol Q= Ao g YeEPGTHGore et al., 2015). U MOCEH AFollAs QAo AH 1
67hE A Gote] Al e A= E A 5 A5 Astet Ade] AUATHKIm

et al., 2011). 107§2] AF-E o]-&3t HEREA A] DEHPE 1Q Aok} Al W 2|5 Astel ddtido]
%S Bt tHLee et al., 2018). FATF F o2 HEREAoflA] ZEFo|Ex QA|AsR Fo8 HHY
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F9E AgoA st yiEujwe 5o gt hAA TeEl= AlskstEA#E A = (REACH),
AIEAH(BPR), AEESAEH(PPPR), SFFEH(CPR) 5= 5o =1 k. 28y A52Q1 Rl
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2) MEHSHZH(Plant Protection Products Regulation, PPPR)
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3) MM EX[H(Biocidal Products Regulation, BPR)
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BAEA] glolof sl £ W3k EAE glojof T,

4) s&EH(Cosmetic Products Regulation, CPR)
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A, e, Qo] Wl B35, A4 &4, AF Y 59 BEHo2 Al 7ol Y HEste= E e
YU HoAr. SPEEL ol Ao chek SR S S YA AT, R A
I EAol Qe B EES ZMdoto] KA HUHE FZSI) olE {9l 20194 % 4159 BEEA

2870 AR WER|ndEdS Z

0|=o] Q- A& oJoRE- Ao Wt AWM (Federal Food Drug and Cosmetic Act, FFDCA),
EAEZTEH(Toxic Substances Control Act, TSCA), HHAIEA| - A - A4 A (Federal Insecticide,
Fungicide, and Rodenticide Act, FIFRA)OIA SFFEZ9] W&EH[A w# 28-S Hr/Rig. ul=
FFRSHEPAS YWEH|wHER AT8Yd ZZIW(Endocrine Disruptor Screening Program,
EDSP)Z 29sto], 434 5 &shado] oS 2R, AT ER, AT ER A4 H|X]= Wiy
T FFE 237dstaL et EPAE EDSP AgA L] ket 200993 201349 F Aol AH FAA
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FH A2 ARIEAHBPR)Y A EHESAEH(PPPR)Y 714 (2018W) o2 YR wehEdS Wz

H} olof we} YEH| weEEo] S90S ARkt Stk dhE {9 Ak < A&V
o5t slsHE2 H2HChemicals Strategy for Sustainability)& E3l, CLP A% (Classification Labelling
and Packaging of substances and mixtures, 3}3F22l S3HE EXo| wf2 B8 A 9 T o] B3t
)0 2= BE o 283 yEe|ueEE] AE V&S AR AYE AARTH2020.10.14.).
& WHOS] WiH|wgh=d o] ZASt, oln| AFd ABEAL} AEETA Y] WEHA vt 7|&&
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BPR¥ PPPROIA A3t Wigs|wd=d 7IEc] m=d, ou] I WaEulA e o] L=HAAY
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ggo| E7he 2771 2 Aol
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(Department of Environment, Transport and the Regions) ¥ W55 (Home Office) ¥F-5 B35t
PR E s B Department for Environment, Food and Rural Affairs)E ZAste] 53k4 #ElE

!

ZT ek
4 | =2le| A8 FdlZ(environmental health literacy) k&t oo
7

BHRRER0 w2 S Zo|n A%E BB A9 A4 Gl Eg PEe 18T FHE
54 43l M 4—@% oIS slold: Yt Fel denlmet] 1‘41‘611 waks olafd o,
Boke 248t 5 om} I% %91%%%1‘%01]*1%

2020%_011 lAuﬂ—‘L u% &lo]
2020). HEA] olQjo= %JHJCL% o= Bl
golnt. WE71dE &3 ofde] Aol et A4S HE }t ZiE 7% u}ﬂgw}:g =
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A O] FEQIHA(2020). FEE THHAEA,
https://www.mfds.go.kr/brd/m_227/view.do?seq=33285(A A L A}:
2023.07.01)
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o] YEH|weHE2o] peroxisome proliferator-activated receptory(PPARy)ol Agslo] AHF A&
FAT B3t £, A F4 F7F 2 8 A 4 2 59 AEZ B vk #REe Zos
HIET ok TS YWEH|ZTHELL AHRo|E SER 85 FolA A PG JFS v 5
o]q,

AT

7}. A0} H|9t

) A=ststetE

ofz] 7§ &4 IS EOJA HEISRIE(PFAS] thet 4Pd k&3t AoH|gite] d/do] Hilw1
AtKStarling et al., 2019). 10709 ZSE AF-E 7|90 =2 St w4 of|A] giolr] 9 &4 27] PFOA
&2 obs AF ATE 25% S7H95% CL: 1.04~1.50, 12 = 40.5%) & oFs7] AAZFABM z-score)]
FoI%t S7KB = 0.10, 95% CI: 0.03, 0.17: 12 = 27.9%)2F #=|o] QUUTHLiu et al., 2018a). ©] AolA
PFOA =3} BMIS A2 ootoflAlMT Folotqict. 4H[AE AlEollA long-chain PFAS7F
perfluorobutane sulfonic acid®} Z-2 short-chain PFASE Hd A= 9loy, = A5to|o] &4
FSE AFoAE= short-chain PFAS FA] Hgk} #E Aog BHIEQTHChen et al., 2019).

2) ZE0|E

4 A ZGYoE LZa} o) AL o] AFIS iRt AE B olFal ItiBowman et al., 2019
Valvi et al., 2015; Yang et al., 2017a). ZEF|o|Eof tfst AA-L ojotof|A 7335t A o=g HIct 3719
Ao S48 A ZEYOIE L&} BMI z-score®] AL ofololAMTE folsl3lal, AUES tlife=
e 2 Aol o™ A[-(6~8A) ZEEo|ES] TRt g} & 277 52t BMI ¥ S{2=d 57t
Ato]9] S HarslGithDeierlein et al., 2016). 3HH & t2 F AolAl= Blopy] ZEH0lE &3}



AH} Z71 Alojo] ATAL Qo Ao wE Zol= QIqItHBuckley et al., 2016; Harley et al.,
2017). ZREo|EZ}F Ao vl R Aol wet HEA yehk=t, ol ZgEo|Er} 22 315H
542 2= s slekEdo] ofuzt Hig- tefet 29 B4 7= SRetEdER EAoh, 4R
A2 o FRIEEA 9 PolAERA E43} 77| T2 PPAR 484 4L 27| fiEo= ABZEtHKaya
et al., 2006; Philips et al., 2017).

3) HAHSE

S/ A BPA keEd} Aot Ao A¥Hd HJA| Atuitt thE Z3E EAsal Qlrth 47119] I3 EofA
Ejo}7] BPA &3} 4ot AR Z717F Aol okl B SA9KBraun et al., 2019; Hoepner et al.,
2016; Valvi et al., 2013; Yang et al, 2017a), T T2 2719 AFor= |95t AIE HolX|
olItHDeierlein et al., 2017; Maserejian et al., 2012). ©] 2] t}E SIIEAAE A A &7 S4)
T AT AWEE B7RE 4 A7 A9 fitHKahn et al., 2020).

4) Ec|Ystd(H'Z(PCB)

of2] Aol Holt PCBOl keEd B £4 & diSS, oA EES, gEWAd & 718 Blet =
AL Aoli7t e 4 128 Hskal QIcK(Valvi et al., 2012; Yang et al., 2017b). AEj7|7F & PCB
L5 golkt} ofotof|AlA H]Ttzke] AH/do] F3IsHA Kol ofi= PCBY F3Fe] Aol wt the
ASS AlAFSHHHertz-Picciotto et al., 2005). 3449] ofFlolE o2 345 E oh2 AFoflA =
PCB &2 IAIF APEE S7HIFAL ol=et A2 ofoloflAA F3lokA WA= UK Valvi et al.,
2012).

L} Aol ujak

—_

1) H|AH=

2l s} ojLof| A BPALF H|THY] iAo B E RO WKHGore et al., 2015; Ranciere et al., 2015;
Song et al., 2014a), 237} LR YtHLakind et al., 2014). v]= NHS(Nurses’ Health Study)
9 NHSI9| 23 Frgol] tigt MeFd ARt A9 iR o83t 1097 2z Ao|A] 4
BPA 57t &2 oj4o] o B2 A% Z7HE EAKSong et al., 2014a). E3F 12709] A5 7utoz
St wjERRA o)A H]gto] gt B |(pooled OR)}= 1.67(95% CI: 1.41~1.98), slzl&Ed] 3710l tsiil=
1.48(95% CI: 1.25-1.76)% ®]qt ¥ ERHg 5005t A4S HtHRanciere et al.,, 2015). =A%
SURATH 7|2 ZAF 37](Korean National Environmental Health Survey(KoNEHS) 2015-2017)
AmE 7|9t0 = §F FAoA A BPA =0t H|THY] AAvhdo] #AESIY, AW BPA =7t SIS
BMI7} 715k 23S EYtHLee et al., 2021a).
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BPAY] 2734 flsfoll tigt -=17F AR A thAlEA] ARgo] F7Kskal gletl, A1 Zo] BPSe}
BPFo|t}. SFA|RE X BPS &2 BPF & FA| B]Ttate] Aa/do] B a1l gt wl=+ National Health
and Nutrition Examination SurveysONHANES) 2013~2016& ©]-85}0] 6~19A4] 4o} HAWo)A A BPA,
BPS, BPF} H|9H] 3tA)S H7let dtoflA AW BPS H%+ H|RKOR, 1.16; 95% CI: 1.02 to 1.32)
2 E5 HgHOR, 1.13; 95% CI, 1.02 to 1.27), BPF= SHEHE FolA B35 v]THOR, 1.29; 95% CI,
1.01 to 1.64) ¥ BMI z-score(beta = 0.10; 95% CI, 0.01 to 0.20)2} F-2J3t A4S B HHJacobson
et al., 2019). FHOIME SR ASHE 7| Z2RAL 37104 A0 & AW BPSS} BPF7F 4= %11, BPSe}
BPFO| AEEC] 27t 55.2%2 44.1%= RA S=]UH. ol A9 FE7ol FESHA Z3t AR

AL, BPS7E S5 dldAe] BPS7E S7Fetell wek BMI 30 ©]

Z7Fl= Ao 2 YeERITtHMoon et al., 2023).

ki

9] "7t @ ZH](odds ratio)”} S-2J5HAl

<HE 1> Summary of major epidemiologic studies that investigated association between urinary bisphenols
and obesity among adults worldwide

Data Source Concentration Association with obesity Reference
BPA
KoNEHS Median 1.32ng/mL(IQR, 0.52-2.77) Q2 vs. QI: OR = 1.29(0.98, 1.70) Lee et al,
Cycle 3 BPA in quartiles(ng/mL): Q3 vs. Q1: OR = 1.36(1.01, 1.82) 2021a
Q1 = 050; Q4 vs. QI: OR = 1.62(1.27, 2.06)
Q2: 0.50 < - <1.27;
Q3: 1.27 < - = 270;
Q4: > 270
US NHNAES  Median 1.3ng/mL(IQR, 0.6-2.5) Q4 vs. Q1: OR = 1.78(1.10-2.89) Liu et al,
2013~2014  BPA in quartiles(ng/mL): 2017
Q1: < 0.6; Q2: 0.6-1.3; Q3:
1.3-2.6; Q4: > 26
US NHANES  Geometric mean 2.05ug/g Q2 vs. Q1: OR = 1.85(1.22-2.79) Carwile &
2003~2006 Cl’eatinine(lQR, ]]8_333) Q3 VS. Q1 OR = 160(105_244) MICheIs,
BPA in quartiles(ng/mL): Q4 vs. QI: OR = 1.76(1.06-2.94) 201
Ql: < 1.1, Q2: 1.2-2.3; Q3: 2.4-4.6;
Q4: = 47
US NHANES  BPA in quartiles(ng/mL): Q2 vs. Q1: OR = 1.40(1.10-1.76) Shankar et
2003~2008 Q- < 110; Q2: 110-2.10; Q3: Q3 vs. Q1: OR = 159(1.25-2.02) a,
2.11-4.20; Q4: > 4.20 2012
Q4 vs. Q1: OR = 1.69(1.30-2.20)
p for trend < 0.0001
All associations were consistent across
gender and race-ethnic groups
China, Median 0.81ng/mL(IQR, 0.47-1.43) Q2 vs. Q1: OR = 1.14(0.87-1.50) Wang et al,
(Sjgrr:;gnrlir;ity BPA in quartiles(ng/mL): Q3 vs. Q1: OR = 1.19(0.90-1.57) 2012
Ql: < 0.47; Q2: 0.48-0.81; Q3: 4 vs. Q1: OR = 150(115-197
(n = 3390,  0.82-143; Q4: > 143 Qi vs. Q S00115-197)
|40 yr or
older)
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Data Source Concentration Association with obesity Reference
BPS and BPF
US NHANES  BPS: 0.4ng/mL(IQR, 0.1-0.9) Q2 vs. Q1: OR = 1.10(0.78-1.55) Liu et al,
2013~2014 QI < 0.2; Q2: 0.2-0.4; Q3: Q3 vs. Ql: OR = 1.26(0.90-175) 2017
(n-1521, 20 0-4°1.0. Q4: > 1.0 Q4 vs. Q1: OR = 1.22(0.81-1.83)
yr or older) OR per unit 1.08(0.94-1.24)

BPF: 0.3 ng/mL(QR, 0.1-1.1) Q2 vs. Ql: OR = 0.79(0.50-1.26)

Ql: < 0.14; Q2: 0.14-0.4; Q3: Q3 vs. Ql: OR =0.92(0.62-1.38)

0.4-1.0; Q4: > 1.0 Q4 vs. Q1: OR = 1.02(0.70-1.47)

OR per unit 1.02(0.89-1.16)

2) TER0|E

IEEo]Ex= PPARy & FEote] AN ZRESIE 41T 4= J3(Hurst & Waxman 2003; Yin et al.,
2016), HREE 54 5= = E8(obesogen)&E AA = UtHHeindel, 2019). AlgollA ZEF0|E &3}
AF 71949 A Baske ol A7 A7) tHLind et al., 2012a; Song et al., 2014b). =73
ojgde] &M Y di-2-ethylhexyl phthalate(DEHP) thAFA|(metabolites), mono-isobutyl phthalate
(MiBP), MBzP, MCNP, MCOP, MCPP= BMI®} ] A#/del, &% Ul MEPS} BMI= &2 4J¥-gol
BEItHDiaz Santana et al., 2019). #l=F NHANES(1999~2004)°l4 331 of4de] 4 W monobutyl
phthalate(MBP)?} MEHP 5% BMI®} 42 Ja8AE 2 {tHYaghjyan et al., 2015). SFATE 12~594]9]
A7) avet 49 S tdo g 3 tE AFelde &8 W MEHPZt BMI9F 29 A, 60~80A4]
AGAME o] HHIAE EATHHatch et al., 2008). FHollAe FUEAZF7|22AF 37] RS
7|9k & §F EAoj|4 DEHP tARAI2E mono-benzyl phthalate(MBzP)9] H|9kate] A3/go] H = }IrKLee
et al., 2021a).

<H 2> Association between phthalate metabolites and obesity in human studies

RE e Data Source n Association
Lee et al, KoNEHS 3781 Positive association with BMI or
2021a (n=3779 for MnBP) obesity: DEHP metabolites, MBzP
Diaz Santana Postmenopausal women 997 Higher OR for overweight or obesity:
et al., 2019 in Women’s Health MiBP, 3DiBP, MCPP, MEHP, MEHHP,
Initiative participants MEOHP, MECPP, 3XDEHP, MCOP,
MCNP
Lower OR for overweight or obesity:
MEP, MHBP
Yaghjyan Adult women from US WC: n = 1281 Positive association with BMI and
et al, 2015 NHANES 1999~2004 (n = 621 for MECPP); WC: MBP
BMI: n = 1289

(n = 634 for MECPP)
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References Data Source n Association
Buser et al, US NHANES 2007~2010 NA Higher OR for obesity in all adults:
2014 HMW, XDEHP, MECPP, MEHHP,
MEOHP, MCNP, MCOP
Song et al, Nurses Health Study 977 Positive association with baseline
2014b (NHS) and NHSII BMI: phthalic acid
Inverse association with baseline
BMI: sum of butyl phthalates
Faster prospective weight gain:
phthalic acid, MBzP, sum of butyl
phthalates, total phthalates
Hatch et al, US NHANES 1999~2002 4369 Positive association with BMI in
2008 (n = 2286 for MEHHP males aged 20 to 59 years old:
and MEOHP) MBzP, MEHHP
Positive association with BMI in
males aged 60 to 80 years old and
females aged 12 to 19 years old:
MEP
Inverse association with BMI in both
males and females aged 60 to 80
year olds: MBP
Inverse association with BMI in
females aged 12 to 80 years old:
MEHP
Ribeiro et al, 29 studies ZEf0|E HEHEl 1719| CiCle= ZER|0|EQ}
2019 H|2F ZHX| Atolof] AztMO| ALY,
SAXCE [olotX| ¥2 dletMds Hugt

MEP: 0{2l0|e} 4ol R&E=0fA H|2at
AZtM0| Q= ATHO| o|o+o|_|-
So|o|st O1I'-I- M0| HO|X|] 42

— —_— O LS AN
MEHP: 0{210|9} Mol T=oj|7| <9
Qlghdol EioLt EAN °9I“01|
CLSHX| = olgre

— MO

MECPP: 4loflA Hlgtah folo|gt
dztdol 29

Golestanzadeh 35 studies(17 ZSE
et al, 2019 A7, 15 THH 9471 3 AR
CH=R o)

of2lo] 8 Fa
(18A O|EH

HZER|0|EL BMI ! BMI-z E59} Q0[5
QlztMol R °'°* : AH7c1| Zhojl=
ﬁtﬂﬁ.oi O:I_._I-A-|0| Q= ZHoz
LIEHSEOL}, MEPE xAHxﬂ o| ZtA0|
Relst AnMs Hel

BMI, body mass index; KoNEHS, Korean National Environmental Health Survey; NA, not available; NHANES, National
Health and Nutrition Examination Survey; OR, odds ratio; WC, waist circumference.
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3) Polycyclic Aromatic Hydrocarbon(PAH)

PAHS} H[Rte] H/de Hargh A vhe- Albzolth, i) SRIEARE7|22AF 37] AlwE 7|Rle=
S #4942 W 2-hydroxynaphthalene(2-NAP)#} PAH HAH] 5= AARFA|S 25kg/m2 o149
9 A= S7iek TR0l AL, AEZAret fott Fof FHUAE EHH(Lee et al., 2022).

jus

<HE 3> Association between PAHs and metabolic disorders in human studies

REEE S Data Source n Chemicals Association with DM or obesity
Lee et al., KoNEHS 3781 2-NAP 2-NAP, sum of PAHs : higher risk of
2022 2015~2017 2-OHFlu obesity

1-OHPhe 2-NAP, 2-OHFIu, sum of PAHSs:
positively associated with BMI
1-OHP ) )
2-OHFlu: higher risk of DM
2-NAP: lower risk of DM
Stallings-Smith  US NHANES 8664 1-NAP, 2-NAP 2-NAP, 2-OHFlu, 9-OHFlu, 2-OHPhe,
et al, 2018 2005~2014 2-OHFIu. 3-OHFlu and a summed variable of all low
' ! molecular weight PAHs showed a
9-OHFlu positive association with DM
1-OHPhe, 2-OHPhe,
3-OHPhe,
1-OHP
Ranjbar US NHANES 4765 1-NAP, 2-NAP 2-OHPhe: positively associated with
et al, 2015 2001~2008 2-OHFIu 3-OHFlu obesity
1-OHPhe. 2-OHPhe 1-NAP: lower risk of obesity
3-OHPhe 2-NAP, 2-OHFlu, 3-OHFlu, 2-NAP:
1-OHP greater likelihood of MetS
1-NAP, 2-NAP, 2-OHPhe, 1-OHP:
greater likelihood of T2DM
1-NAP, 2-NAP, 2-OHFlu, 3-OHFluy,
2-OHPhe: greater likelihood of
dyslipidemia
2-NAP, 2-OHPhe: positively associated
with hypertension
Alshaarawy US NHANES 2769 1-NAP, 2-NAP positive association between urinary
et al, 2014 2001~2006, 2-OHFlu 3-OHFlu biomarkers of 1 and 2- NAP, 2-OHFlu,
merged ' ' 2-OHPhe and summed low molecular
1-OHPhe, 2-OHPhe, weight(LMW) PAH biomarkers, and DM
3-OHPhe,
1-OHP
Yang et al., General Chinese 2824 1-NAP, 2-NAP 2-OHFlu, 1-OHPhe, 2-OHPhe, and
2014 population(Wuhan 2-OHFlu. 9-OHFlu 4-OHPhe were associated with
community) ' elevated risk of DM

1-OHPhe, 2-OHPhe,

3-OHPhe, 4-OHPhe,

9-OHPhe
6-hydroxychrysene

3-hydroxybenzolalpyrene

m
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REEE Data Source n Chemicals Association with DM or obesity

Bushnik Canadian Health 3667 Naphthalene(sum of 1-NAP  BMI, WC, and WHR were positively
et al, 2019 Measures and 2-NAP) associated with total PAH and naphthalene
Survey metabolites in the total population

Fluorene(sum of 2-OHFly,
2009~2015 3-OHFly, and 9-OHFly) ~ 28ed 318
children aged Phenanthrene(sum of

3-18 years 1-OHPhe, 2-OHPhe,

3-OHPhe, 4-OHPhe, and

9-OHPhe)

Pyrene(1-OHP)

DM, diabetes mellitus; KoNEHS, Korean National Environmental Health Survey; NHANES, National Health and Nutrition
Examination Survey; NAP, hydroxynaphthalene; OHFlu, hydroxyfluorene; OHPhe, hydroxyphenanthrene; OHP, hydroxypyrene
WC, waist circumferences; WHR, waist-to —hip ratio

4) miEtl

o2l PPARyE MRS PPAR 8A9 =g 28 4= Q7] WiZol(Hu et al, 2013),
preadipocyte differentiation¥} adipogenesisE FEot1l, AW &2 £%15t0] v}t Aol &
4 QItHHu et al., 2013; Nowak et al., 2018). i[9t mapilly} vgke] Aol oist s} A=
AgkAo|tKim & Chevrier, 2020; Quiros-Alcala et al., 2018). @A7HA] EE sehdlal v)ete] kAl
Ak =R G=tHE 4). A6k A ARl oA 258 E dFeE §F AtollA HE mpi(MP) 9
z2g w2(PP)e] B4 A= BMIZF 25~34.9kg/m2%] olAo] GHSt ogET o &2 Hgo]
SlAtHKolatorova et al., 2018). o]} &2] u]= NHANES 2007~20140]A4%= AJ219] W& m=pl(MP),
old u=pA(EP), =g mpI(Pr) ¥ FE oeIBP) s=ot AdH Aqvt QATAE
HHQuiros-Alcala et al., 2018). Canadian Health Measures SurveyolA = WE il o4 9]
vk} 9] Aol QIYTHKim & Chevrier, 2020). FUHolAs ZRHATAH 7224} 37] ARES 7Ho =
St EAolA] ghael /19 AW ofd TEHIED) =7t =2 v =Tt SR, BMISE 4
AAAE HHHLee et al., 2021a).

<HE 4> Association between parabens and obesity in human studies

REEE Data Source n Association

Lee et al., KoNEHS 3,779 Positive association with BMI and obesity:
2021a EP

Quiros-Alcala  US NHANES 4,730 adults Inverse association with BMI or WC: MP,

et al, 2018  2007~2014 1324 children EP, PP, BP

Kim & Canadian Health 2,564 Inverse association with obesity(women):

Chevrier, Measures Survey aged 3~79 years MP

2020 2014~2015

Deierlein Breast Cancer and the 1,017 girls No association

et al, 2017 Environment Research aged 6~8 years
Program 2004~2007
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References Data Source n Association
Guo et al, Sheyang Maternal and 436 children Positive association with weight and
2017 Child Health Care Centre at 3 years of age height(total and male): EP

Positive association with height(total and
male): molar sum of parabens

5) MtE3lsietE

TESBRIE(PFAS) T} HITE &2 AlF S7H] A/l tisiAs B2 d77F o]0l A] Aokal, Axte
EA=o] Aok 287k ovA|AIRMAANe] XS 7K POUNDS LOST F-2HePH dArdtollAl
30~70419] TS 52 BRI 62179 tFAIAA 714 BF FEIRRME 558 S5t SH=&
2 717 €5 HEssiRtE w7t 239 ARRIAA AlS A4 & A AlSe] S71ske A7 Eol
3%=tl, 55| PFOS?F PENAS] 5=7F =3t AFRIOIAIA ASdaAl7]9] 712tk d4art o Z1,
AFS7H7183t 71x20ARES] 771 B AA e, BHEskeikEe] Aol Als 280 v|As M2E
7185 AASkL QltHLiu et al., 2018b). 5= A<l B/ toE AlgE JdAtolx B4 PFHxS,
PFOA, PENAE HARSSo] Q= AbEollA f-2JskA =81aL, 55| 5 PFNAS}F PFOAE H|WH} R-ofgt
S BlthYang et al., 2018). SFATF A F O] B2 vl=9] =l HA WA ES o= ¢t
AtollA= 25|18 BMIZF HERRME k7t QJHEAE Bt Christensen et al., 2016). 78682
kel ARl9l 10d7t EF 13 AESIRIIES] 5k WSk WrIeh Ao % AESRME she
FEZEAEE, IDL SEAHE, S84 4o JHHAIE, HDL SEAEETE 9] HEAE Elov
A A=FA = Felgt /ol glitkSeo et al., 2018).

rr

6) Z2|¥sHH|m|'2(PCB)

U] NHANES 1999~20024 #=g 719t dtollA vigiery A9l 7217991414 £4%t PCBY| %
Bt St fost Fo) ATTATE AATHLee et al., 2007). E3F 12,3132 VRS tiaoz
8.1¥7t %2 &3t Seguimiento Universidad de Navarra(SUN) ProjectolA] PCB A% $5&0] =&
gz Higo]l & 9ol © w%om, ol PCB &3 HTE WA 7RO AWAZE Ak
St Donat-Vargas et al., 2014).
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1) H|AT= A(BPA)

ofg] ettt A7 A4 Nurses' Health Studyoll4 BPA k=& Gt 99 5712 Aol
UERATHDuan et al., 2019; Kolatorova et al., 2018; Murphy et al., 2019; Sun et al., 2014). 274¢]
AR (n { 25) TA AelM= vl= A4l Bl bdstaL 7ohe R oA E X A= Qled
Hk3-9] s} UEREE HojF it Hagobian et al., 2017; Stahlhut et al., 2018). 3t HE} EXojA=
BPA =% A| 23 B3] 5 A AF=7F 1.45(95% CI: 1.13-1.87)& HEFHATHSong et al., 2016).
nFA0) 3 SA-FTE AFoflA= BPA SFFEH|E Y H|AHREs S(BPS) SFFEUC|ET| S5 =
Al HE22t v usilE W, 29 3 A9ol A9 F HigE Sk Ao® =t Ranciere
et al., 2019). =W BAZE7|2RAL 37] ARE o83t AFolAE 4&¥ BPA %7t =2 AREOIAIA
Gy QZH|7E F9JeHA &9ktHthe fourth vs. the first quartile: OR(95% CI) = 1.65(1.06, 2.59))(Lee
et al., 2021a).

2) ZER0|E

279 A} 27 A7 (Duan et al., 2019; Svensson et al., 2011)9} 2749 ZSE HHLind et al.,
2012b; Sun et al., 2014)°14 ZEHo|Eo] thgt eFo] 23 T AIF 8210 E IRIEI 7719
AT 12,3199 tAE 2%t HEREAoMe 85 22 0|, 53] MMP, MnBP, MiBP, MCPP %
DEHP thApibEo] Pt o] QItHZhang et al., 2022). E3F tiFE0] oA TEH0|E, E3]
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2DEHP= HOMA-IR ¥ 35 @d3t A¥AE Bt kARt = HASE7| 2241 37] A=E o835t
AollA =l ARle] ZEH0lE ke Aot Pty WY EL Folst ATAES HolA] gttHLee
et al., 2021a).

3) mefdl

e} i o] Aol tigh At vie- Aotk AR-Tiofetr[otof| ] AJYE AR SER} TR
AollA Bt 2R 8% wiehl St Gt 2ol vlsl E9koH, 8% wE weh, od ek,
n2g gep 57t = 490l &3 AltEol 7 W2 A A ARl sidols AlEel il
Ty WA g0l 6Hff ol 71 2 o0& B skt Kolatorova et al., 2018). 4 /oA AlRH
s A IS E Arolie 8F vl 5ot G WA Atojof] 99 Aol TAE U Lee
et al., 2021b). T3t 2005~2014 U= NHANES A= S 0]83t oAz 2y 2 od 9 yg
mehlo] Fert 258 gty FHEC] YYTtHWard et al., 2020). 3FAEF g9l AojAE HE
il o g wEpio] E HErt 2 AFOIAIA T 3ol 9k, E3] od ehile Hgiy
AolofA] HbAlcSt 895t ko] A HtHLee et al., 2021a). THRIoAIA ofd mehdl H=o}
vk 9 gy Alo]9] Aol vehd A2 3H=R19] oE mhEpl = f5Eo] ml=tolyt siuktto] Hlg]
=2 Ao 7RIS £ 9IS Aoz =ojH< it

4) Polycyclic Aromatic Hydrocarbon(PAH)

of2] A-tollA] PAHSF G Aydo] Hrs|}ltt. vl NHANESE o83t 2 HO| A-tollA ml=
3019l 3% PAH H=8 g9l HitAlo] R 1wt Alshaarawy et al., 2014; Ranjbar et al., 2015;
Stallings-Smith et al., 2018). 2005~2014 ©]=+ NHANES At=S £4351 ALo|A 2-hydroxynaphthalene,
2-hydroxyfluorene, 9-hydroxyfluorene, 2-hydroxyphenanthrene, €A PAHS] 32 T A&
Z71eF T3 o] QIATHAOR = 1.73; 95% CI: 1.17-2.55)(Stallings-Smith et al., 2018). F=ol|lA $F=
A AF] 7]8E AtollA 85 PAH HAMME 557t #3255 &5 9402 Ty 9jlo] F7RM
H5t9tHYang et al., 2014). 3] 554 B[R] o4, HIEAR}, HAAIERA AFlAIA ol2igt Aol
G2 T35 UeRdthYang et al,, 2014). E3F 24,4062 tAIAIS 233t 6712) T A wjEl EAofA
8% PAH tiAKREC]l &2 AR Bk 2HP7L F7kshe Zlo] EIEgitkKhosravipour &
Khosravipour, 2020). g=RIoIAIME PAH thAREES] 2-hydroxyfluorene?] 8% &7t 57kl wet
g0 93o] =715t HLee et al., 2022).

5) Polychlorinated Dibenzodioxin(PCDD)

PCDD k2 4:%0] =2 AlgoAlA &3 PCDD %59} 28 B W¥E(Bertazzi et al.,, 1998; Calvert
et al., 1999; Huang et al., 2015), 91&HA4(Chang et al., 2010; Chang et al., 2016), IE8HCalvert
et al., 1999; Chen et al., 2006; Henriksen et al., 1997; Longnecker & Michalek, 2000) ¥ 2%
gy AL 98 =7HConsonni et al., 2008; Pesatori et al., 1998)2] d@Ajo] H =9t Uut
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QoM @ PCDD $219} 28 Gt A 3712 di/do] Bl QtkEverett et al., 2007; Fierens
et al., 2003; Goodman et al., 2015; Lee et al., 2006; Uemura et al., 2008). 8% Q1<&d Hlojg|&=
AlgtAolqt 185 PCDDO k&E ARIAAN 58 3 2= A= B4 Aed FA7F S7eto]
HIEICHCranmer et al., 2000; Henriksen et al., 1997; Michalek et al., 1999). 95} AtollA] 11-85F0]
PCDDO]| §251A & AFoAA g id Aol 29 filo] 71k AAISHARE, ol2et A
Hoh 22 32 k328 g QIFoMs =3l Sl

SEELCEE
SFESISRIEPFAS) =33} 49l Fide] Amye] g 97 A BF YASHIE GA Be
QAFol4 Aol Basly Yrk

HESRRIER 29H A5 A& 0R EH AAE QT AFARIAA ESRRIE 3 GieHS
Teo] gl= AoE UehdtHConway et al, 2016; Karnes et al., 2014). Diabetes Prevention
Program(DPP)OIA] g WA S4 = 1okl T4 uigE 957782 J7HAtolAIA 9719 THEslskelE
A B w5 Sk, et A7 GOl A¥S B7IsktHCardenas et al., 2017).
714 & A4 2 B4 PFOS?H PFOA s &dARA A3l HOMA-IR, Q&HEH'5(HOMA-
beta), 35 Z2Rl&d 9 FaldMAoL FOJRt Y] A4S Hlth sHTF 2% HESRRE =%
SR Gl WAE 7ol Fo3 A YAtHCardenas et al., 2017). 2@ & IE38RE
B Hskel G o] ATAYS W7 4 AFo|A PFOA sk 2t F7H= Jokrol ARt 14%=2 Fierg o)
A F7het BEo] I, SISl of=g Aedo] TAEA] YqttHCardenas et al.,
2019). E3F N-ethyl-perfluorooctane sulfonamido acetic acid®} perfluorodimethylhexane sulfonic
acide WAEHESO T ¥ S71ete #-EO] Uit Cardenas et al., 2019).

Adlof A 704 oJAF Qlof|AIA = H A9l Prospective Investigation of the Vasculature in
Uppsala Seniors(PIVUS) study©llA] PENA 2 PFOA%} B9l 525t d#Ado] B EATKLind et al.,
2014). u]= NHSII 9= ©]83t prospective nested case-control study°llA] =2 €4 PFOS2} PFOA
st 28 S WY A} Ao AAUTHSun et al., 2018). Wisconsindl AF5k= o1F Aol
2 5041 olde] EAE the = o Hlol U BT AFolA HEsEbE =52 B9 A9 St
4 ZY2HE S7ket TR E ] YK Christensen et al., 2016). 2003~2012 @)=+ NHANES®|| #o{st
204 o4 4421 7,904™89] A=E o] &3t EA04 ARl 49 X PFOA 5=et Bty FHE Alolof
8-9]5t Aol UAJTHOR: 2.66, 95% CL: 1.63-4.35; P for trend=0.001)(He et al., 2018). SFAqt
o oAM= Fofet Aol WA kit T3 ohE T=3}8RMER] PFOS, PFHxS, PENA 5=9F
Tty Atolofli= Fofet Aol TAEA| AuT

RloAME B EIRIE et SEULHE, LDL SHAHE, SR 9 4ol
HDL E¥AHENE 59 d/do]l BuEey. E3 Giro] Sl Aol vk tiidAte] Hls)

perfluorohexane sulfonate, perfluorododecanoic acid =7} F9J5HA] =UTtHSeo et al., 2018).
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22709 @48t R g HiERRA ]
TEE oY, S tiRdt E U AolA
HhS wERE Aol PFOA &3 Yictd
TEED, 22 bE 55 HYolie GRlet ¢ At Hol= i

TRt Aol WA BSITHGui et al., 2023). &%
Afolol] 2 12 F Yol FAT ¢ At
E4g9] dA3go] THEAHGui
et al., 2023).

7) Z2|¥sH|H'Z(PCB)

T2 It 7oA PCB7F B o] 913 8]lojghs ZAE Kol Qltt. dlE £°] PCBZ 2%
H718 R ZA | Aok AFEElAA oz QIst J¥&0] =UtHKouznetsova et al., 2007).
Aniston©]] AF5k= o/dollAA B3 PCB $:219 P 9] FoJ3 Ado] AL, 259 9t 4 TSt
O] Atoflas PCB A7} B =2 o AolAA Pt WYEC] o =2 A°E Yethincidence
density ratio 2.33 [95% CI: 1.25-4.34])(Vasiliu et al., 2006). S-ARH, t9te] Yucheng % AFA A=
PCB7} 374 v)7dfoll e2d oAolAA Bt WA f1Fo] 57132 (odds ratio [OR] 2.1 [95% CI:
1.1-4.5]), to] €Al §-AF PCB 29| 33 439 AAo =go] At ol dofals Pty ol Ay $igo]
R o =JYTHOR 5.5 [95% CI: 2.1-13.4])(Li et al., 2008; Wang et al., 2008). Ul NHS A2}
6719] ¥ A9 wel Aol = & PCB7F it AT R0t #o] 9122 HojFATHOR 1.70
[95% CI: 1.28-2.27)(Wu et al., 2013). ©] 2] ofg] ZJE A4 PCB k=Edt Gy Ao S
SEESET QltH(Lee et al., 2010; Lee et al., 2011). tiA|Z o2 W Aol PCBLF Fict o]
Aol Uiz, E5] o ollAA F3lghs Harstar ok gt gk EAAE F PCB =7/t G 9%
Z71e} To| = Ao g YERtHrelative risk [RR] 2.39 [95% CI: 1.86-3.081)(Song et al., 2016).

<H 5> Prospective studies documenting associations between PCBs exposure and diabetes risk

Effect estimate

Reference (95% ClI)

Population

Outcome and comparison

Vasiliu et al, 1,384 subjects without Incident diabetes in women  IDR(incidence density ratio):
2006 diabetes in the Michigan with the highest vs. lowest  2.33(1.25-4.34)*
polybrominated biphenyls serum PCB levels
cohort followed for 25 years
Wang et al, 378 subjects and 370 Incident diabetes in women  OR: 2.1(1.1-4.5)*; Chloracne
2008 matched referents from the  who consumed rice bran oil OR: 5.5(2.1-13.4)*
Yucheng poisoning in laced with PCBs as well as
Taiwan in the 1970s a subgroup who developed
chloracne, a manifestation
of dioxin-like PCB exposure
Turyk et al., 471 Great Lakes sport fish Incident diabetes among Total PCBs IRR:
2009 consumers without diabetes the highest vs. lowest 1.8(0.6-5.0); PCB 118 IRR:

followed from 1994/1995 to
2005

tertile of PCB levels

1.3(0.5-3.0)




Reference

Wu et al., 2013

Policy study for the management of endocrine disrupting chemicals

Population

Two case-control studies of
women without diabetes
from the NHS and a meta-
analysis of pooled data with
six additional prospective
studies

Outcome and comparison

Incident diabetes after
pooling of data and
comparing highest PCB
exposure group with the
referent

Effect estimate
(95% CI)

Pooled OR: 1.70(1.28-2.27)*

Rignell-Hydbom
et al, 2009

Case-control study of
women age 50~59 years in
southern Sweden

Incident diabetes in 39
patients and matched
control subjects after > 6
years of follow-up
comparing the highest
quartile of PCB levels with
the referent

OR: 1.6(0.61-4.0)

Lee et al, 2010

90 patients and control
subjects in a nested
case-control study followed
for ~18 years

Incident diabetes comparing
second sextile or quartile
with the referent for a
summary measure of 16
POPs, including 12 PCBs as
well as individual PCBs

PCB sum OR: 5.3% PCB 187
OR: 2.8(1.1-7.4)*

Lee et al, 2011

725 participants from the
PIVUS study

Incident diabetes comparing
a summary measure of 14
PCBs across quintiles with
the referent

Quintile 2 OR: 4.5(0.9-23.5);
Quintile 3 OR: 5.1(1.0-26.0);
Quintile 4 OR: 8.8(1.8-42.7)%;
Quintile 5 OR: 7.5(1.4-38.8)*;
Ptrend, 0.01

Song et al.,
2016

Meta-analysis of 13 cross-

sectional and 8 prospective
studies published before 8

March 2014 examining links
between PCBs and diabetes
risk

Pooled diabetes risk in the
highest vs. lowest exposure
groups for PCBs

RR: 2.39(1.86-3.08)*

8) {7|Y¥AA =2 (Organochlorine Pesticides, OCP)

OCP= B9 A= @730l ZRstaL X opY s o

197099 o]% ARE SAE. ST HE OCPe} 1 HiAtES2 vl=

st

h83

S4o] Zelslo] vFY 39
17014 oi5] 23k ol

ol JFERE OCP k3 3t B A S5e] A I = AHE 0).

1999~2004 W= NHANES A2 = 87HA|9] A3A] E 454 thAkdel St 9 Ao A
EA%E Ao A 65579] AA(beta-hexachlorocyclohexane, p,p’-DDE, p,p’ -DDT, oxychlordane,
trans-nonachlor, heptachlor epoxide)7t G} Aol AUHEverett & Matheson, 2010). ©]
67HA ABA F 470 olide] T71 B oA S7HEA &2 ARl Bl Gt ZH|7} 4.99(95%
CL: 1.97-12.61)% YERTh BT A2 heptachlor epoxide, oxychlordane ) p,p’-DDT »
beta-hexachlorocyclohexane, p,p’-DDE, trans-nonachlor?®] <A& WeRgtHEverett & Matheson,
2010). Mirex®} dieldrin® @3 {oJst ATAL Holx| YdthEverett & Matheson: 2010).
1999~2006% Centers for Disease Control(CDC) National Health®t NHANES ZSEE o]83t T
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o2 AollA heptachlor epoxide(adjusted OR in three combined cohorts of 1.7 for a 1 SD change
in exposure amount; p<0.001)2} B 9] F-oJst A/do] B I EUrH(Patel et al., 2010). #]=- NHS
Aot 6709 AFH Ao el Ao B IAEE 2 A (hexachlorobenzene, HCB) 23 Tt
1Y 18 S71et TR0l gl wel BEAoAE T2 Aaprt FRIFIITHOR 2.00 [95% CI: 1.13-3.53)(Wu
et al., 2013). 296l oJAE diaro & 3§t Aol 4= dichlordiphenyltrichloroethane(DDT)S] HHARAFER]
dichlorodiphenyldichloroethylene(DDE) 5%=7} &2 AROIAA diy EAYE0] =/UTHOR 5.5 [95%
CL: 1.2-25)(26). && izt IS E AFolA <F 2067He] 34 & A3 OCPQ! trans-nonachlor,
oxychlordane, mirex= B T} vjAgZ 02 T E o] QUK Lee et al., 2010). PIVUS gLollA]
trans-nonachlor® 37k OCPQ] summary index® 75419] @7} o] A4S HtHLee et al.,
2011). Flemish ¥lo]@BUER 2304 2004~20059°] ¥ OCP $3l+= 20119 A7t B3
T B0l UTHVan Larebeke et al., 2015). PFASFO & FOF A3rzie}l 71 w20l thet thef i
AF2 F5EQ Agricultural Health Studyol ] OCP] 2591 dieldrin ity W48 93z} B o]
ATHHazard ratio [HR] 1.99 [95% CI: 1.12-3.54])(Duan et al., 2019; Starling et al., 2014). E3t
11719] &9 Aol 6719] AZFA A5 ZIAFE gk EAoIME OCP k&3 Tt Alolof 237t &4
AFIA7E ARAHPooled diabetes risk in the highest vs. lowest exposure groups; RR 2.30 [95%
CI: 1.81-2.93])(Song et al., 2016).

<HE 6> Prospective studies documenting associations between OCPs exposure and diabetes risk

Reference Population Outcome and comparison Effect estimate

(95% CI)

Wu et al, 2013 Two case-control studies of Incident diabetes comparing ~ NHS OR: 3.14(1.28-7.67)*;
women without diabetes highest tertile of plasma Pooled OR: 2.00(1.13-3.53)*
from the NHS and a HCB levels in NHS and
meta-analysis of pooled data  highest to lowest exposure
with six additional group in pooled prospective
prospective studies studies

Turyk et al, 471 Great Lakes sport fish Incident diabetes comparing Tertile 2 IRR: 5.5(1.2-25.1)%;

2009 consumers without diabetes tertiles of serum DDE levels Tertile 3 IRR: 7.1(1.6-31.9)*
followed from 1994/1995 to with the referent
2005

Rignell-Hydbom  Case-control study of Incident diabetes in 39 OR: 5.5(1.2-25)*

et al, 2009 women age 50~59years in patients and matched control
southern Sweden subjects after $6 years of

follow-up comparing the
highest quartile of DDE
levels with the referent

Lee et al, 2010 90 patients and control Incident diabetes comparing Sum OR: 5.4 (1.6-18.4)%;
subjects in a nested case- second sextile with the Trans-nonachlor OR: 4.3
control study followed for ~ referent for summary (1.5-12.6)*

18 years measure of 16 POPs
(including 3 OC pesticides) or
second quartile with the
referent for trans- nonachlor




Reference

Lee et al, 2011

Policy study for the management of endocrine disrupting chemicals

Population

725 participants from the
PIVUS study

Outcome and comparison

Incident diabetes comparing
quintiles ofOCpesticides or
summary measure of three
OC pesticides with the referent

Effect estimate
(95% CI)

Quintile 5 sum OC
pesticides OR: 3.4 (1.0-11.7);
Ptrend = 0.03; Quintile 4
trans-nonachlor OR: 4.2
(1.3-13.3)*; Ptrend = 0.03

Van Larebeke

973 participants of the

Risk of incident diabetes calculated

Doubled HCB OR:

et al, 2015 Flemish Environment and for a doubling of serum or 1.61(1.07-2.42)*; 90th vs.
Health Survey comparing 90th percentile 10th percentile HCB OR:
with 10th percentile of levels  6.27* Doubled DDE OR:
for HCB(men and women) or  1.66(1.09-2.53)*; 90th vs.
DDE (men only) 10th percentile DDE OR:
5.39*

Starling et al, 13,637 women from the Incident diabetes for ever HR: 1.99(1.12-3.54)*

2014 Agricultural Health Study use of the OC pesticide
dieldrin

Song et al, Meta-analysis of 11 cross- Pooled diabetes risk in the RR: 2.30(1.81-2.93)*

2016 sectional and 6 prospective  highest vs. lowest exposure

studies published before 8
March 2014 examining links
among various pesticides
and diabetes risk

groups for pesticides

9) {7121/ =2(0Organophosphate Pesticides, OPP)

>yt Q1toflA] OPP ke ¥ A A+l vl AlRF&olt. Aol &Jgt OPP &} 23 Jty 919
Z7NJuntarawijit & Juntarawijit 2018; Montgomery et al., 2008), &8 183 (Raafat et al., 2012)
4 Ql&dAP/(Raafat et al,, 2012)2] el thgt -7} S7Fska Qirk. Eetel o] 2 sH-solAA
S5 e $£A7F tiRgo] vl 28] =3tk B gt A7t 9ltkRaafat et al., 2012).

10) A

T8 A =23 Gl A SUF B EREAA Aol Alolo] ATAS RARE 9 dF=
it} SHATE o Aol A AEOAIA G 3ol SVt B =Y ItHGendron et al., ;

Moffatt et al., 2021; Nagaya et al.,, 2006). °©]Zl°o] FAAo] et =2 &3} Hglo] A= BEHo|T]

ot

AFollA ALt 28 Tt A Aol et A+ 2 duHA Yeth Y 84

polybromodiphenylether(PBDE)(Lim et al., 2008; Zhang et al., 2016), PBB(Lee et al., 2010) =2}
2% Gt 93lo] A= QIth= B 17} 911, 4JAF 5 Hexabromocyclododecane(HBCD) ¥ PBDE
LESY 28 9 ¥ 719 dAAo] HiEJtHOngono et al, 2019). 8% EH=ZulA
FAA(brominated flame retardants, BFR)+= &8 18 (Cordier et al., 2020), HASFHLim et
al., 2008), N&TAGFY A#(Helaleh et al., 2018) 5 A¥E o] Ut SHARE thE ALoAl= BFR
w23 29 gy Y Atelo] Aol gtk Eust AEE QUtKAiraksinen et al., 2011; Lee et
al., 2011; Turyk et al., 2015; Vasiliu et al., 20006).
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Chlorinated Flame Fetardants(CFR)2} B 913 Ale]9] A H71et 95t A= gltiHoyeck
et al., 2022).

8% organophosphorus flame retardants(OPFR) thAK] &=} 28 T TAE(i et al., 2021),
18, JARSFHLuo et al,, 2020b)S] BAAO] HA=|Qich 8% OPFR WA 5k 35 l&dd)
wHalE A7 AATHLuo et al., 2020a). OPFR AR&o] 715kl wh OPFR =23t 23 FiHo] Aol
gt A&AQ] A7 85t

;V‘.:

Ef <ztn==>

Airaksinen, R., Rantakokko, P., Eriksson, ]. G., Blomstedt, P., Kajantie, E. &
Kiviranta, H.(2011). “Association between type 2 diabetes and exposure
to persistent organic pollutants”, Diabetes Care, Vol.34, pp. 1972-1979.

Alshaarawy, O., Zhu M., Ducatman A. M., Conway B. & Andrew M. E.(2014).
“Urinary polycyclic aromatic hydrocarbon biomarkers and diabetes
mellitus”, Occupational & Environmental Medicine, Vol.71, pp. 437-441.

Bertazzi, P. A., Bernucci, 1., Brambilla, G., Consonni, D. & Pesatori, A.
C.(1998). “The seveso studies on early and long-term effects of dioxin
exposure: a review , Environmental Health Perspectives, Vol.106, pp.
625-633.

Calvert, G. M., Sweeney, M. H., Deddens, J. & Wall, D. K.(1999). “Evaluation of
diabetes mellitus, serum glucose, and thyroid function among united
states  workers  exposed to  2,3,7.8-tetrachlorodibenzo-p-dioxin’,
Occupational & Environmental Medicine, Vol.56, pp. 270-276.

Cardenas, A, Gold, DR, Hauser, R, Kleinman, KP, Hivert, M-F., Calafat, A. M.,
Ye, X., Webster, T. F., Horton, E. S. & Oken, E.(2017). “Plasma
Concentrations of Per- and Polyfluoroalkyl Substances at Baseline and
Associations with Glycemic Indicators and Diabetes Incidence among
High-Risk Adults in the Diabetes Prevention Program Trial’,
Environmental Health Perspectives, Vol.125, pp. 107001.

Cardenas, A., Hivert, M-F., Gold, D. R., Hauser, R., Kleinman, K. P., Lin, P-L
D., Fleisch, A. F., Calafat, A. M., Ye, X., Webster, T. F., Horton, E. S. &
Oken, E.(2019). “Associations of Perfluoroalkyl and Polyfluoroalkyl

Substances With Incident Diabetes and Microvascular Disease”, Diabetes

128



L
i
e
4l

A

kI

A 151

Policy study for the management of endocrine disrupting chemicals

Care, Vol.42, pp. 1824-1832.

Chang, J-W., Chen, H-L., Su, H-J., Liao, P-C., Guo, H-R. & Lee, C-C.(2010).
“Dioxin exposure and insulin resistance in Taiwanese living near a
highly contaminated area”, Epidemiology, Vol.21, pp. 56-61.

Chang, J-W., Chen, H-L., Su, H-J. & Lee, C-C.(2016). “Abdominal Obesity and
Insulin Resistance in People Exposed to Moderate-to-High Levels of
Dioxin”, PLoS One, Vol.11, pp. e0145818.

Chen, H-L., Su, H-J., Guo, Y-L., Liao, P-C., Hung, C-F. & Lee, C-C.(2006).
“Biochemistry examinations and health disorder evaluation of Taiwanese
living near incinerators and with low serum PCDD/Fs levels”, Science of
the Total Environment, Vol.366, pp. 538-548.

Christensen, K. Y., Raymond, M., Thompson, B. A. & Anderson, H. A.(2016).
“Perfluoroalkyl substances in older male anglers in Wisconsin’,
Environment International, Vol.91, pp. 312-318.

Consonni, D., Pesatori, A. C., Zocchetti, C., Sindaco, R., D'Oro, L. C,
Rubagotti, M. & Bertazzi, P. A.(2008). “Mortality in a population exposed
to dioxin after the Seveso, Italy, accident in 1976: 25 years of
follow-up”, American Journal of Epidemiology, Vol.167, pp. 847-858.

Conway, B., Innes, K. E. & Long, D.(2016). “Perfluoroalkyl substances and beta
cell deficient diabetes”, Journal of Diabetes Complications, Vol.30, pp.
993-998.

Cordier, S., Anassour-Laouan-Sidi, E., Lemire, M., Costet, N., Lucas, M. &
Ayotte, P.(2020). “Association between exposure to persistent organic
pollutants and mercury, and glucose metabolism in two Canadian
Indigenous populations”, Environmental Research, Vol.184, pp. 109345.

Cranmer, M., Louie, S., Kennedy, R. H., Kern, P. A. & Fonseca, V. A.(2000).
“Exposure to 2,3,7.8-tetrachlorodibenzo-p-dioxin (TCDD) is associated
with hyperinsulinemia and insulin resistance”, Toxicological Sciences,
Vol.56, pp. 431-436.

Duan, Y., Sun, H., Han, L. & Chen, L.(2019). “Association between phthalate
exposure and glycosylated hemoglobin, fasting glucose, and type 2
diabetes mellitus: A case-control study in China”, Science of the Total
Environment, Vol.670, pp. 41-49.

Everett, C. J]., Frithsen, 1. L., Diaz, V. A., Koopman, R. J., Simpson Jr, W.
M.(2007). “Association of a polychlorinated dibenzo-p-dioxin, a
polychlorinated biphenyl, and DDT with diabetes in the 1999-2002
National Health and Nutrition Examination Survey’, Environmental
Research, Vol.103, pp. 413-418.

129



130

Everett, C. J. & Matheson, E. M.(2010). “Biomarkers of pesticide exposure and

diabetes in the 1999-2004 national health and nutrition examination
survey’, Environment International, Vol.36, pp. 398-401.

Fierens, S., Mairesse, H., Heilier, J-F., De Burbure, C., Focant, J-F., Eppe, G.,
De Pauw, E. & Bernard, A.(2003). “Dioxin/polychlorinated biphenyl body
burden, diabetes and endometriosis: Findings in a population-based study
in Belgium”, Biomarkers, Vol.8, pp. 529-534.

Gendron, P., Lajoie, C., Laurencelle, L. & Trudeau, F.(2018). “Cardiovascular
Disease Risk Factors in Québec Male Firefighters”, Journal of
Occupational and Environmenta Medicine, Vol.60, pp. €300-e306.

Goodman, M., Narayan, K. M., Flanders, D., Chang, E. T., Adami, H-O.,
Boffetta, P. & Mandel, J. S.(2015). “Dose-response relationship between
serum 2,3,7,8-tetrachlorodibenzo-p-dioxin and diabetes mellitus: a
meta-analysis’, American Journal of Epidemiology, Vol.181, pp. 374-384.

Gui, S-Y., Qiao, J-C., Xu, K-X., Li, Z-L., Chen, Y-N., Wu, K-J., Jiang, Z-X. &
Hu, C-Y.(2023). “Association between per- and polyfluoroalkyl substances
exposure and risk of diabetes: a systematic review and meta-analysis’,
Journal of Exposure Science and Environmental Epidemiology, Vol.33,
pp. 40-55.

Hagobian, T., Smouse, A., Streeter, M., Wurst, C., Schaffner, A. & Phelan,
S.(2017). “Randomized Intervention Trial to Decrease Bisphenol A Urine
Concentrations in Women: Pilot Study’, Journal of Women's Health
(Larchmt), Vol.26, pp. 128-132.

He, X., Liu, Y., Xu, B.,, Gu, L. & Tang, W.(2018). “PFOA is associated with
diabetes and metabolic alteration in US men: National Health and
Nutrition Examination Survey 2003-2012", Science of the Total
Environment, Vol.625, pp. 566-574.

Helaleh, M., Diboun, I., Al-Tamimi, N., Al-Sulaiti, H., Al-Emadi, M., Madani,
A., Mazloum, N. A., Latiff, A. & Elrayess, M. A.(2018). “Association of
polybrominated diphenyl ethers in two fat compartments with increased
risk of insulin resistance in obese individuals”, Chemosphere, Vol.209,
pp. 268-276.

Henriksen, G. L., Ketchum, N. S., Michalek, J. E. & Swaby, J. A.(1997). “Serum
dioxin and diabetes mellitus in veterans of Operation Ranch Hand’,
Epidemiology, Vol.8, pp. 252-258.

Hoyeck, M. P., Matteo, G., MacFarlane, E. M., Perera, I. & Bruin, J. E.(2022).
“Persistent organic pollutants and B-cell toxicity: a comprehensive

review”, American Journal of Physiology-Endocrinology and Metabolism,



L
i
e
4l

A

kI

A 151

Policy study for the management of endocrine disrupting chemicals

Vol.322, pp. E383-E413.

Huang, C-Y., Wu, C-L., Yang, Y-C., Chang, J-W., Kuo, Y-C., Cheng, Y-Y., Wu,
J-S., Lee, C-C. & Guo, H-R.(2015). “Association between Dioxin and
Diabetes Mellitus in an Endemic Area of Exposure in Taiwan: A
Population-Based Study”’, Medicine (Baltimore), Vol.94, pp. e1730.

Ji, Y., Yao, Y., Duan, Y., Zhao, H., Hong, Y., Cai, Z. & Sun, H.(2021).
“Association between urinary organophosphate flame retardant diesters
and steroid hormones: A metabolomic study on type 2 diabetes mellitus
cases and controls’, Science of the Total Environment, Vol.756, pp.
143836.

Juntarawijit, C. & Juntarawijit, Y.(2018). “Association between diabetes and
pesticides: A case-control study among Thai farmers”, Environmental
Health and Preventive Medicine, Vol.23, pp. 3.

Karnes, C., Winquist, A. & Steenland, K.(2014). “Incidence of type I diabetes
in a cohort with substantial exposure to perfluorooctanocic acid’,
Environmental Research, Vol.128, pp. 78-83.

Khosravipour, M. & Khosravipour, H.(2020). “The association between urinary
metabolites of polycyclic aromatic hydrocarbons and diabetes: A
systematic review and meta-analysis study’, Chemosphere, Vol.247, pp.
125680.

Kouznetsova, M., Huang, X., Ma, J., Lessner, L. & Carpenter, D. 0.(2007).
“Increased rate of hospitalization for diabetes and residential proximity
of hazardous waste sites”, Environmental Health Perspectives, Vol.115,
pp. 75-79.

Lee D-H, Lee I-K, Song K, Steffes M, Toscano W., Baker, B. A. & Jacobs, D
R.(2006). “A strong dose-response relation between serum concentrations
of persistent organic pollutants and diabetes: results from the National
Health and Examination Survey 1999-2002", Diabetes Care, Vol.29, pp.
1638-1644.

Lee, D-H., Steffes, M. W., Sjodin, A., Jones, R. S., Needham, L. L. & Jacobs, D
R.(2010). “Low dose of some persistent organic pollutants predicts type 2
diabetes: a nested case-control study’, Environmental Health
Perspectives, Vol.118, pp. 1235-1242.

Lee, D-H., Lind, P. M., Jacobs, D. R., Salihovic, S., van Bavel, B. & Lars,
Lind.(2011). “Polychlorinated biphenyls and organochlorine pesticides in
plasma predict development of type 2 diabetes in the elderly: The
prospective investigation of the vasculature in UPpsala seniors (PIVUS)
study”, Diabetes Care, Vol.34, pp. 1778-1784.

131



132

Lee, L., Park, Y. J., Kim, M. J., Kim, S., Choi, S., Park, J., Cho, Y. H., Hong,
S., Yoo, J., Park, H., Cheon, G. J., Choi, K. & Moon, M. K.(2021a).

“Associations of urinary concentrations of phthalate metabolites,

bisphenol A, and parabens with obesity and diabetes mellitus in a
Korean adult population: Korean National Environmental Health Survey
(KoNEHS) 2015-2017", Environment International, Vol.146, pp. 106227.

Lee, S., Karvonen-Gutierrez, C., Mukherjee, B., Herman, W. H., Harlow, S. D.

& Park, S. K.(2021b). “Urinary concentrations of phenols and parabens
and incident diabetes in midlife women: The Study of Women's Health

Across the Nation”, Environmental Epidemiology, Vol.5, pp. el71.

Lee, 1., Park, H., Kim, M. J., Kim, S., Choi, S., Park, J., Cho, Y. H., Hong, S.,

Yoo, J., Cheon, G. J.,, Choi, K., Park, Y. J. & Moon, M. K.(2022).
“Exposure to polycyclic aromatic hydrocarbons and volatile organic
compounds is associated with a risk of obesity and diabetes mellitus
among Korean adults: Korean National Environmental Health Survey
(KoNEHS)  2015-2017", International Journal of Hygiene and
Environmental Health, Vol.240, pp. 113886.

Li, B., Wang, C., Ye, K., Yu, A., Chen, Y.. & Zuo, Z.(2008). “Differential gene

expression in the brain of Sebastiscus marmoratus in response to
exposure to polychlorinated biphenyls (PCBs)’, Marine Environmental
Research, Vol.66, pp. 548-552.

Lim, J-S,. Lee, D-H. & Jacobs, D. R.(2008). “Association of brominated flame

retardants with diabetes and metabolic syndrome in the U.S. population,
2003-2004", Diabetes Care, Vol.31, pp. 1802-1807.

Lind, L., Zethelius, B., Salihovic, S., van Bavel, B. & Lind, P. M.(2014).

“Circulating levels of perfluoroalkyl substances and prevalent diabetes in

the elderly’, Diabetologia, Vol.57, pp. 473-479.

Lind, P. M., Zethelius, B. & Lind, L.(2012b). “Circulating levels of phthalate

metabolites are associated with prevalent diabetes in the elderly”,
Diabetes Care, Vol.35, pp. 1519-1524.

Longnecker, M. P. & Michalek, J. E.(2000). “Serum dioxin level in relation to

Luo,

Luo,

diabetes mellitus among Air Force veterans with background levels of
exposure’, Epidemiology, Vol.11, pp. 44-48.

K., Aimuzi, R.,, Wang, Y., Nian, M. & Zhang, ].(2020a). “Urinary
organophosphate esters metabolites, glucose homeostasis and prediabetes
in adolescents’, Environmental Pollution, Vol.267, pp. 115607.

K., Zhang, R., Aimuzi, R.,, Wang, Y., Nian, M. & Zhang, J.(2020b).

“Exposure to Organophosphate esters and metabolic syndrome in adults”,



L
i
e
4l

A

kI

A 151

Policy study for the management of endocrine disrupting chemicals

Environment International, Vol.143, pp. 105941.

Michalek, J. E., Akhtar, F. Z. & Kiel, J. L.(1999). “Serum dioxin, insulin, fasting
glucose, and sex hormone-binding globulin in veterans of Operation
Ranch Hand”, The Journal of Clinical Endocrinology Metabolism, Vol.84,
pp. 1540-1543.

Moffatt, S. M., Stewart, D. F., Jack, K., Dudar, M. D., Bode, E. D., Mathias, K.
C. & Smith, D. L.(2021). “Cardiometabolic health among United States
firefighters by age”, Preventive Medicine Reports, Vol.23, pp. 101492.

Montgomery, M. P., Kamel, F., Saldana, T. M., Alavanja, M. C. & Sandler, D.
P.(2008). ‘“Incident diabetes and pesticide exposure among licensed
pesticide applicators: Agricultural Health Study, 1993-2003", American
Journal of Epidemiology, Vol.167, pp. 1235-1246.

Moon, M. K., Kim, M. J., Lee, L., Kim, S., Choi, S., Park, J., Cho, Y. H., Hong,
S., Yoo, J., Park, H., Cheon, G. J., Park, Y. J. & Choi, K.(2023).
“Exposure to Bisphenol A, S, and F and its Association with Obesity and
Diabetes Mellitus in General Adults of Korea: Korean National
Environmental Health Survey (KoNEHS) 2015-2017”, Exposure and Health,
Vol.15, pp. 53-67.

Murphy, L., Merida-Ortega, A., Cebrian, M. E., Hernandez-Garciadiego, L.,
Gomez-Ruiz, H., Gamboa-Loira, B. & Lopez-Carrillo, L.(2019). “Exposure
to bisphenol A and diabetes risk in Mexican women’, Environmental
Science and Pollution Research International, Vol.26, pp. 26332-26338.

Nagaya, T., Yoshida, H., Takahashi, H. & Kawai, M.(2006). ‘Policemen and
firefighters have increased risk for type-2 diabetes mellitus probably due
to their large body mass index: A follow-up study in Japanese men’,
American Journal of Industrial Medicine, Vol.49, pp. 30-35.

Ongono, J. S., Dow, C., Gambaretti, J., Severi, G., Boutron-Ruault, M-C.,
Bonnet, F., Fagherazzi, G. & Mancini, F. R.(2019). “Dietary exposure to
brominated flame retardants and risk of type 2 diabetes in the french
E3N cohort”, Environment International, Vol.123, pp. 54-60.

Patel, C. J., Bhattacharya, J. & Butte, A. J.(2010). “An Environment-Wide
Association Study (EWAS) on type 2 diabetes mellitus”, PLoS One, Vol.5,
pp. €10746.

Pesatori, A. C., Zocchetti, C., Guercilena, S., Consonni, D., Turrini, D. &
Bertazzi, P. A.(1998). “Dioxin exposure and non-malignant health effects:
a mortality study’, Occupational & Environmental Medicine, Vol.55, pp.
126-131.

Raafat, N., Abass, M. A. & Salem, H. M.(2012). “Malathion exposure and insulin

133



134

resistance among a group of farmers in Al-Sharkia governorate”, Clinical
Biochemistry, Vol.45, pp. 1591-1595.

Ranciere, F., Botton, J., Slama, R., Lacroix, M. Z., Debrauwer, L., Charles, M.
A., Roussel, R., Balkau, B. & Magliano, D. ].(2019). ‘Exposure to
Bisphenol A and Bisphenol S and Incident Type 2 Diabetes: A
Case-Cohort Study in the French Cohort D.E.S.I.R", Environmental Health
Perspectives, Vol.127, pp. 107013.

Ranjbar, M., Rotondi, M. A., Ardern, C. I. & Kuk, J. L.(2015). “Urinary
Biomarkers of Polycyclic Aromatic Hydrocarbons Are Associated with
Cardiometabolic Health Risk”, PLoS One, Vol.10, pp. e0137536.

Rignell-Hydbom, A., Lidfeldt, J., Kiviranta, H., Rantakokko, P., Samsioe, G.,
Agardh, C.D. & Rylander, L.(2009). “Exposure to p,p’-DDE: a risk factor
for type 2 diabetes”, PLoS One, Vol.4, p. €7503.

Song, Y., Chou, E. L., Baecker, A., You, N-C. Y., Song Y., Sun, Q. & Liu,
S.(2016). “Endocrine-disrupting chemicals, risk of type 2 diabetes, and
diabetes-related metabolic traits: A systematic review and meta-analysis’,
Journal of Diabetes, Vol.8, pp. 516-532.

Stahlhut, R. W., Myers, J. P., Taylor, J. A., Nadal, A., Dyer, J. A. & Saal, F. S.
V.(2018). “Experimental BPA Exposure and Glucose-Stimulated Insulin
Response in Adult Men and Women”, Journal of the Endocrine Society,
Vol.2, pp. 1173-1187.

Stallings-Smith, S., Mease, A., Johnson, T. M. & Arikawa, A. Y.(2018).
“Exploring the association between polycyclic aromatic hydrocarbons and
diabetes among adults in the United States’, Environmental Research,
Vol.166, pp. 588-594.

Starling, A. P., Umbach, D. M., Kamel, F., Long, S., Sandler, D. P. & Hoppin,
J. A.(2014). “Pesticide use and incident diabetes among wives of farmers
in the Agricultural Health Study”, Occupational & Environmental
Medicine, Vol.71, pp. 629-635.

Sun, Q., Cornelis, M. C., Townsend, M. K., Tobias, D. K., Eliassen, A. H.,
Franke, A. A., Hauser, R. & Hu, F. B.(2014). “Association of urinary
concentrations of bisphenol A and phthalate metabolites with risk of
type 2 diabetes: a prospective investigation in the Nurses' Health Study
(NHS) and NHSII cohorts”, Environmental Health Perspectives, Vol.122,
pp. 616-623.

Sun, Q., Zong, G., Valvi, D., Nielsen, F., Coull, B. & Grandjean, P.(2018).
“Plasma Concentrations of Perfluoroalkyl Substances and Risk of Type 2

Diabetes: A Prospective Investigation among U.S. Women”, Environmental



L
i
e
4l

A

kI

A 151

Policy study for the management of endocrine disrupting chemicals

Health Perspectives, Vol.126, pp. 037001.

Svensson, K., Hernandez-Ramirez, R. U., Burguete-Garcia, A., Cebrian, M. E.,
Calafat, A. M., Needham, L. L., Claudio, L. & Lopez-Carrillo, L.(2011).
“Phthalate exposure associated with self-reported diabetes among
Mexican women”, Environmental Research, Vol.111, pp. 792-796.

Turyk, M., Anderson, H., Knobeloch, L., Imm, P. & Persky, V.(2009).
“Organochlorine exposure and incidence of diabetes in a cohort of
Great Lakes sport fish consumers”, Environmental Health Perspectives,
Vo.117, pp. 1076-1082.

Turyk, M., Fantuzzi, G., Persky, V., Freels, S., Lambertino, A., Pini, M., Rhodes,
D. H & Anderson, H. A.(2015). “Persistent organic pollutants and
biomarkers of diabetes risk in a cohort of Great Lakes sport caught fish
consumers’, Environmental Research, Vol.140, pp. 335-344.

Uemura, H., Arisawa, K., Hiyoshi, M., Satoh, H., Sumiyoshi, Y., Morinaga, K.,
Kodama, K., Suzuki, T., Nagai, M. & Suzuki, T.(2008). “Associations of
environmental exposure to dioxins with prevalent diabetes among
general inhabitants in Japan®”, Environmental Research, Vol.108, pp.
63-68.

Van Larebeke, N., Sioen, 1., Hond, E. D., Nelen, V., Van de Mieroop, E.,
Nawrot, T., Bruckers, L., Schoeters, G. & Baeyens, W.(2015). ‘Internal
exposure to organochlorine pollutants and cadmium and self-reported
health status: a prospective study”, International Journal of Hygiene and
Environmental Health, Vol.218, pp. 232-245.

Vasiliu, O., Cameron, L., Gardiner, J., Deguire, P. & Karmaus, W.(2000).
“Polybrominated biphenyls, polychlorinated biphenyls, body weight, and
incidence of adult-onset diabetes mellitus”, Epidemiology, Vol.17, pp.
352-359.

Wang, S-L., Tsai, P-C., Yang, C-Y. & Guo, Y. L.(2008). “Increased risk of
diabetes and polychlorinated biphenyls and dioxins: a 24-year follow-up
study of the Yucheng cohort”, Diabetes Care, Vol.31, pp. 1574-1579.

Ward, J. B., Casagrande, S. S. & Cowie, C. C.(2020). “Urinary phenols and
parabens and diabetes among US adults, NHANES 2005-2014", Nutrition
Metabolism & Cardiovascular Diseases, Vol.30, pp. 768-776.

Wu, H., Bertrand, K. A., Choi, A. L., Hu, F. B., Laden, F., Grandjean, P. & Sun,
Q.(2013). “Persistent organic pollutants and type 2 diabetes: a
prospective analysis in the nurses health study and meta-analysis’,
Environmental Health Perspectives, Vol.121, pp. 153-161.

Yang, L., Zhou, Y., Sun, H., Lai, H., Liu, C., Yan, K., Yuan, J., Wu, T., Chen,

135



W. & Zhang, X.(2014). “Dose-response relationship between polycyclic

aromatic hydrocarbon metabolites and risk of diabetes in the general
Chinese population”, Environmental Pollution, Vol.195, pp. 24-30.

Zhang, H., Ben, Y., Han, Y., Zhang, Y., Li, Y. & Chen, X.(2022). “Phthalate
exposure and risk of diabetes mellitus: Implications from a systematic
review and meta-analysis’, Environmental Research, Vol.204, pp. 1121009.

Zhang, Z., Li, S., Liu, L., Wang, L., Xiao, X., Sun, Z., Wang, X., Wang, C.,
Wang, M., Li, L, Xu, Q., Gao, W. & Wang, S-L.(2016). “Environmental
exposure to BDE47 is associated with increased diabetes prevalence:
Evidence from community-based case-control studies and an animal

experiment”, Scientific Reports, Vol.6, pp. 27854.

136



ofe] 714 SEREE] A 715 ato] Taide] ATEIRIh WA 1S Hol B0] AT (TS,
T30 AT EZETSHIS ZHTO2A B 5 k. olo] B 7o) W5 B 9% o5hed
SRS S RE EE AT 2E] ARYS A Ruslgln 1 % visks Anse
Al ATHE 7).

HII
rI.'i
4
ma
OE
rx
lOI-

Chen et al, |H=% olate asE oo oAl = Eg|23Ab LES Mmoo ZAMESE2E
2021 Triclosan s e - ar #iloﬂ Folst deks OIX[X| AUS.
Kim et al, |ZEEO0ER )
2019 MEHP. MEnnp | S £0h | AZE 93, | MEHP, MEHHP= total T4 S2f d2tatH}
' ' 2t CHEIRiT | Q9IS MEOHPE TSHE| S} @il SIS,
MEOHP
S $PCB, PCB-153, PCB-180%= total T3 % free
Little et al, | ZEIHSHIHER chof o1 T3 AMO[Of oI5t S9o| AfRtmATL QIS
2022 (PCB) === TSH= PCB-1059F | AMMEHAI}F Q= 7oz
TFRIE|
= -
Zhao et al, | A Aol, 2o, PBDE L&D} ZHAMM 7|5 i3} Afo[o] EA=
2015 PBDE Lldot CHEFEQI UXIES| IS HIIS
Kim et al, | yzspsiste 2S5BS TT49 29| AR AU
2018 rEsEE S Mol olAs | msE ojm | TSHO| HISIt PFOS, PFOA, PFDA L2 Afoofls
Zhang | TOMPROSgop Dimof | Tore i | 29 MBEAD) 9l o2 Lol
et al, 2023 | PFAXS CI2 Zeds220l Hatel atzslslsle 5
N AO|olls Rol0|gh A2tEtATE BHEER] obRtE.

T HEIERIE sEet AT ER ] IS BAS v A 2t Qlrt HESRIREE
7% AT E AFollA DA F AEIRIRIEY] eEo] Fotd] AT ER FIFE niFIvhe AT ATE0]
UTHE 8). Gyt A2l thd AFE vlEREARt 23} E5 PFOS 557t 2255 AT 2R freeT4) A
o] QIal, EF PFOAL} PFHXS 57t 2255 AT 2R total T4)2] 4} #o] JIUTHKim
et al, 2018). HAHE ot AFE WEEAS A3y ¥F PFOS, PFOA wk7t —;r;ai
WHIARZETSH)Y 5712 o] AUATHZhang et al., 2023). SU=olAE Ji2012)7F A& S E
AwE 7M1 B43% 23 @5 PFIDA 557t 58542 S22 (total T4) T4, PRS2
71t o] & Hargh v Stk 0|2 m|Rof Kol IEISIRIE k&2 I 752 AstAXItL
o

137



138

Reference Population Chemial Ol
(linear regression model)

(maternal blood)
Preston et al, 2018 (neonate heal
(52 o171z} Infant(n=465) | PFOA, PFOS, PFNA, | blood) PFHxS and TT4l(male)
Preston et al, 2020) PFHXS, EtFOSAA, T4
MeFOSAA
PFOS and TT31, FT31
PFOA and TT31, FT31
PFNA and TT31, TT4!,
(maternal Blood) 14 blood) | TSHY
Liang et al, 2020 Neonate(n=300) |PFHXS, PFOS, PFOA foou 11y r14 | pFDA and TT31, FT31,
PENA, PFDA, PFUdA, TT3, FT3 TT4!, TSH!
PFDoA, PFTrDA ' !
PFUdA and TT3ft, TT44,
TSHI
PFDoA and TT31
(maternal blood) (cord blood)
Lebeaux et al, 2020 | Neonate(n=256) |pFOA, PFOS, PFNA,|TSH, TT4, FT4, |no association
PFHxXS TT3, FT3
(maternal blood) (infant)
Kato et al, 2016 Infant(n=392) PFOS and TSH 1
PFOS, PFOA TSH, FT4
(maternal blood) PFNA and TT4!, TSH!
om gy | S, PFOA, PFOS, (cord blood) | pepen and TSHL
Wang et al, Neonate(n= PFNA, PFDeA, TSH, TT4, FT4,
PFUNDA, PFDODA, RE PFUNDA and TT4!, TSH!
PFHpA, PFHXA PFDoDA and TT4!, TSH{
49 % MPolE et SRR SEY| BAYS BAY thhe] o A Ak Aut 42
W A7 vERLA Axt 8% MEHPS} MEHHP %7} £358 A8 28 otal T4) 4o} #ao]
QT ES MEOHP B%7h %842 MdAIses 7ol wale] o Seltelids
Choi(2020)7F =WISHARAZ|ZZAAT 37] ARE 71 243 A7 DZElE  thAlAlEo]
s EEs Pelo] Qee Hudt v 9k
At Aol i AFE HEREAR A3 PCB 527t =55 AT ER (total T3, free T3) A4}
o] %L, PCB-1057t 255 AT ZEE 719t BRlo] USitKLittle et al., 2022).



B <=

|

L
i
e
4l

A

kI

A 151

Policy study for the management of endocrine disrupting chemicals

=sb>

Chen, D., Liu, J., Yan, W., Fang, K., Xia, Y., Lv, W. & Shi, Z.(2021).

Choi,

Kato,

Kim,

Kim,

Ji, K.,

“Associations of Prenatal Exposure to Triclosan and Maternal Thyroid
Hormone Levels: A Systematic Review and Meta-Analysis”, Frontiers in
Endocrinology (Lausanne). Vol.11, p.. 607055.

S., Kim, M.J., Park, Y.J., Kim, S., Choi, K., Cheon, G.J., Cho, Y.H., Jeon,
H.L., Yoo, J. & Park, J.(2020). “Thyroxine-binding globulin, peripheral
deiodinase activity, and thyroid autoantibody status in association of
phthalates and phenolic compounds with thyroid hormones in adult
population”, Environment International, Vol.140, p. 105783.

S., Itoh, S., Yuasa, M., Baba, T., Miyashita, C., Sasaki, S., Nakajima, S.,
Uno, A., Nakazawa, H., Iwasaki, Y., Okada, E. & Kishi. R.(2016).
“Association of perfluorinated chemical exposure in utero with maternal
and infant thyroid hormone levels in the Sapporo cohort of Hokkaido
Study on the Environment and Children’s Health”, Environmental Health
and Preventive Medicine. Vol.21, pp. 334-344.

M.J., Moon, S., Oh, B.C., Jung, D., Ji, K., Choi, K. & Park, Y.J.(2018).
“Association between perfluoroalkyl substances exposure and thyroid
function in adults: A meta-analysis’, PLoS One, Vol.13, p. e0197244.

M.J., Moon, S., Oh, B.C., Jung, D., Choi, K. & Park, Y.J.(2019).
“Association Between Diethylhexyl Phthalate Exposure and Thyroid
Function: A Meta-Analysis”, Thyroid, Vol.29, pp. 183-192.

Kim, S., Kho, Y., Paek, D., Sakong, J., Ha, J., Kim, S. & Choi, K.(2012).
“Serum concentrations of major perfluorinated compounds among the
general population in Korea: dietary sources and potential impact on

thyroid hormones”, Environment International, Vol.45, pp. 78-85.

Lebeaux, R.M., Doherty, B.T., Gallagher, L.G., Zoeller, R.T., Hoofnagle, A.N.,

Calafat, A.M., Karagas, M.R., Yolton, K., Chen, A., Lanphear, B.P., Braun,
J.M. & Romano, M.E.(2020). “Maternal serum perfluoroalkyl substance
mixtures and thyroid hormone concentrations in maternal and cord sera:
The HOME Study”, Environmental Research, Vol.185, p. 109395.

Liang, H., Wang, Z., Miao, M., Tian, Y., Zhou, Y., Wen, S., Chen, Y., Sun, X.

& Yuan, W.(2020). “Prenatal exposure to perfluoroalkyl substances and
thyroid hormone concentrations in cord plasma in a Chinese birth

cohort”, Environmental Health, Vol.19, p. 127.

139



140

Little, C.C., Barlow, J., Alsen, M. & van Gerwen, M.(2022). “Association between

polychlorinated biphenyl exposure and thyroid hormones: a systematic

review and meta-analysis’, Journal of Environmental Science and Health,
part C. Toxicology and Carcinogenesis, Vol.40, pp. 248-267

Preston, E.V., Webster, T.F., Oken, E., Claus Henn, B., McClean, M.D.,
Rifas-Shiman, S.L., Pearce, E.N., Braverman, L.E., Calafat, A M., Ye, X. &
Sagiv, S.K.(2018). “Maternal Plasma per- and Polyfluoroalkyl Substance
Concentrations in Early Pregnancy and Maternal and Neonatal Thyroid
Function in a Prospective Birth Cohort: Project Viva (USA)",
Environmental Health Perspective, Vol.126, p. 027013.

Preston, E.V., Webster, T.F., Claus Henn, B., McClean, M.D., Gennings, C.,
Oken, E., Rifas-Shiman, S.L., Pearce, E.N., Calafat, A.M., Fleisch, A.F. &
Sagiv, S.K.(2020). ‘“Prenatal exposure to per- and polyfluoroalkyl
substances and maternal and neonatal thyroid function in the Project
Viva Cohort: A mixtures approach”, Environmental International. Vol.139,
p. 105728.

Wang, Y., Rogan, W.J., Chen, P.C., Lien, G.W., Chen, H.Y., Tseng, Y.C.,
Longnecker, M.P. & Wang, S.L.(2014). “Association between maternal
serum perfluoroalkyl substances during pregnancy and maternal and cord
thyroid hormones: Taiwan maternal and infant cohort study’,
Environmental Health Perspective, Vol.122, pp. 529-534.

Zhang, L., Liang, J. & Gao, A.(2023). “Contact to perfluoroalkyl substances and
thyroid health effectss A meta-analysis directing on pregnancy’,
Chemosphere, Vol.315, p. 137748.

Zhao, X., Wang, H., Li, J., Shan, Z., Teng, W. & Teng, X.(2015). ‘The
Correlation between Polybrominated Diphenyl Ethers (PBDEs) and
Thyroid Hormones in the General Population: A Meta-Analysis.” PLoS
One. Vol.10, p. e0126989.




o
o
e
1]

A

kI

A 151

Policy study for the management of endocrine disrupting chemicals

ARt e e s +3H
9?1 ©1/49] BPAS} thdd WA S99] AWdE AR At thdAd
=2 BPA7} AE5 K Franks, 2019, Legro et al., 1999). T3t §t Al & AHTHA dh S5F
ofd 717, thd/d A S Qs o4 10079)0l4= % BPA A9 HAEAHE, JIEEAE :
JAEUAZ S7F Aol AW/ HarstithKandaraki et al., 2011). 9719] AHThA Ha S5
o/d 4939, thd/d dAd T Qe oA 440)E EIASE 22 v EAoA = thdAd da SFolA
2t} Hlwste] f-of5A| =2 BPAY] $=4]7F T ITHHu et al., 2018). ©] HEREA] o] 23k Ao
22 = dgrlolA 7 ool =& Ho dAFglon, STHH0] QI H YT EA0A A
279 MYS Horh SHARE At thdAd WA S99 Xdo] du=EA] o4, HJRERE 8%
edAFI B2 FE/ol it Amrt RESITh o]eh Zo] Ui Abo] = A7t HarEglon
APE A AR 1HS o, 2EZ AAsH o= AlHE ol

Lt XSS

1) H|AH= A(BPA)

AA7HA] BPA & AFgWurs H1E9 Aol gt sk Ate @Wol o]FojX[A| et
Cobellis(2009) 5-& 69782] o1/d= t o2 3t A tixat AtollA B BPA 5=t AaWus A=t
AgZ Earslyith Rashidi(2017) 5% 100789 o/d2 didoz o AR it AolA Fogt 23E
Hskgih sHAJRE ojel= tRA o2 AR thE A tollA= BPAS} AFs U9 Ale]9] Add= S5
319K Buck Louis et al., 2012, Upson et al., 2013a). T3t 47FA] A5 23t vl EX04 A
et Adol TEEA] AUTHWen et al., 2019). sHATE hF-E2] A7t Ak RS o=
TR AR AFE, BPAY AglieSol tiet Hot i) & AR gt A7t Zasith

2) ZEHEO|E

nEEo|EQt Aaueso] tieh B AF7F FPEIUCH, Fofdt AT Eiioh S AFH
AlE-tixt Atollats Aglidlso] XgE o/ g Agtidlso] XYL R] gk of/dof Bls] &% W MEHP
9 DEHP A7} 396t EUTHKim et al., 2011). T o AR-thx AFolA A9 o g
tjz2o] H|3] &% W & mono-n-butyl phthalate X7} $-29J5A &9tHHuang et al., 2010).
NHANESelx= MBPL}F AWk 91 571 Atelol] ¢igdo] Slis AL & Uepdom(Weuve et al., 2010),
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‘Natural History, Diagnosis, and Outcomes Study X% 67HX] ZEF|0|E tjitEZo] Agfuls:
SES KOs 28 S7HIFEHBuck Louis et al., 2013). SPA|RE o]ebs ti2A 08, I 0lE F=o
AzUs 93 Aeloll JBAE Bk At A2 (Upson et al. 2013b), §2J6HA] % A HQ
A UATHItoh et al., 2009). ¥+ 7+ AJHHE ATE TEfoto] 94 X 14709 Ao thgh HEREA

A= A 21l oA 1o, AW Sl e o8 AgHiES ol gl o /gl Hlsh & W
MBP, MEOHP, MEHHP 47} %3 &% BBP, DEHP, DnBP, MEHP $X7} § &2 Zo&
B 1EYtHConforti et al., 2021). sHA9F MBzPY] 7% AFubZo] g 3AoAA o =2 237}
T, o= F=E 584171 MBzPol|l Yol A= 4= 7] WED 4= Jlouh, Bt S7HARl A7t
L 835tHEngel et al., 2017). 30719] B3 A3t tf2 wefR Ao s WA WEH| ZHEAS] &2
FYIHA ASHHFY APS STHAIECH, 24 AR E40x ZEEolE B A 67 AR
HERLA oA Folst ATE BHHWen et al., 2019). 1% DEHPOA §-9]3t dzh4o] LA K Wen
et al., 2019). E3F 8719 AFE o83t HlEHEAo A= MEHHP7F A Hetse] e} Aol Sle2
Hiskglom, £3] ofalol A9 AtoA [oJ5t dAydo] B E UK Cai et al., 2019).

3) R7I1GAH s2HO0OCP)

2 A3} AtoA f71HAA ASAIY AW Ale]9] TS RAARE 1 Ak dHEA]
ottt v=e] it & AAR] 5EH oS dFoR g A tixt ko] WEH B-HCHE 8%
7t AW EEI o] ATEATE e AR UERITHUpson et al. 2013a). B34 HARE -2
18~404] 94E tigoZ gt AFoME WIS AetA, trans-ieHE22, HCBSF AAZWes 98 371
Alolo] g-ojulgt H3tAdo] Q= Ao & B 1 HJTCooney et al., 2010). ENDO study©lA] POP -HCH:=
AgHes gt AT A= 222 UehdthBuck Louis et al., 2012). 8HO| d4-& Z3I3h
HEREA oAM= f719aA ASA7E A HHEY] AT fofet Aol A2 EastitWen et al.,
2019). E3t 5HY 45 EUTE HEREAOAE A 7 o]AAdo] ot HNtEos BB FA £E0R
L9153t Aol B E Qi Cano-Sancho et al., 2019).

4) E2|gsH|m 'S (PCB)/Cto|S Al

PCB ¥ tho] &4l AWk 139] Amd I+ oldA, a4 5 st 2 2o glo] AdA
7k Zpo] 2 Qlsto] At 7t Yol BESie). ogeotoflA] HAIE ARl iz Aol ThEH tholLAl FA
PCB} AR UH5 913 571 Ateloll Aol = A o= YehgthPorpora et al., 2009, Vichi et al.,
2012). oj¢t gixH o0& uj=9] & thE Al tix AFolAE F AAERA/ PCB Bkt AWt
o] gi%len, PCB 170, PCB 201, PCB 196 % Gon|stA] 71&2]He}; WoltKTrabert et al.,
2010). SHAIRF PCBE WO = 3 A 128 weREAg 229 Ao 29, PCBe AaWies2
AP G5t Aol AATHWen et al., 2019). E3F PCB - 9, tho] 24l A4 10H-S HERLASH
7oA PCBS} Tho|R4lo] HEO =4 Szog AgfjutEil 99lst ditido] 980 BTt
(Cano-Sancho et al., 2019).
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Ch. X223

2 AtofA WER| nHEAT AFgE At Aol thet A7 XFE QI S Ak tix
Aol W= AeEol Qe o8 Aol gl ool Hish BPA, ke, S2ulE] B 529
B 3ot o] &2 Ao & YeRdtiShen et al., 2013, Zhou et al., 2013). SHA9F 29| §F HFoA=
Tk Be 55 50| e 949 BPA $A7F B5 B AsUiesol s o4y} Hlwsto] BPA A7}
713t 7%l wEEIN oY, SAARI Fo8 YUHp = 0.06)(Han et al., 2011). oj2] A7} ZEEo|E
&3 o 9] AaIE9] Ao 23S w30l X AtE. NHANESS] 1,227%89 oS o & gt
EA49IH= MBP7L AFe2F $18 5719k d¥Adol Sl Zo& yehAlRt MEHP, MEHHP, MEOHP=
AFEE} o] AAY st Weuve et al., 2010). T thE 95F QLo A= RFEEo] Q=
g2 ¥ 8% MEHP 27} §-9J5HA =%tHHuang et al., 2010). 5719] A5 WEREATE Atollxl=
8% T T 0E Al A5 AT feltt A7E HolA| ggtoy, 4 EAoA= DEHP7}
25T 495t A9E BEFHFu et al., 2017).

. 2¢

u

1) BPA/ZE0|E

BPA % Zeheo|EL} E9]0] Axdol thet At Algtdolch. A9 a4 W2 13749] & thdo=
e AFoAl= A Wl BPA 5&7t =& AHERIGolA 2 Al gEo] F-ostA S7tstlthEhrlich et
al., 2012). & o2 d7ollAl= £ of4de] 71 of/dell Hlsh BPA 42417} B =3t tHCaserta et al., 2013).
ShH Bz g4 FEYoA B 5649 FRe] A Y IEEo|E $=2)= 3 1 o] AdE £ 5649
F1o] v]5] § E3HTranfo et al., 2012).

ASA| EU0l digt "olH& =5o] 3ot 22 A= A5A o] Al da
= B9 #eo] Y= ALE Ui vhd, thE AollAls =gk Aol gl A= UEHTH AY
T Aeg 12 720189 S L E g AolA= HCB A7) 2255 2 Al gh80] 37
S7Fot9tHMahalingaiah et al., 2012). BepolA XI¥H g A+l |2H, p,p’-DDEE £ 2449
100%014 HE=om, JAIGE o3} Hlwsto] {oJ5H| =2 =27} HEE UtKBastos et al., 2013).
g, E OE A Al RS dqtelMe @8 B XA p,p-DDE FA7F £FE Ee A4 2t
o] gl Ao B UEQITHAl-Saleh et al., 2009). EZE YA Aol FAkh= o442 HE 7H5957)°l
Hjs] B9 50| &4 Y9t Hougaard et al., 2009).
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YREsslekEo] oA A4lsdel niAle ddE AR A AlRto|1, I 23t HlEA] 2k
T 546889 ode W= T 13749 AFE ol&et HEREHC] T AF=HeH, 4 A
TESRIES] 1L, A F FES vluste] B4sdY % =20 v YF= BalstitiWang et
al., 2023a). °] HERZAIM= PFOAZF A 5EE oot dailzior, 949 AdS 7=
HSIYAL, PFOSS] 4 =432 frofdt 23ks SRISH] Foiou, A2lsee] At disiile 2t
A HAUSIH. sHARE ZokE AF-S0] vieAte] e LA egkarn] )l k9] o)A go] EAsto
A3te] sfajo] 271 "asit.

of. ofd 85 HHHEZ=S)

1) H|AH= A(BPA)

BPAS} 4374 drdof digh gt A= S|
Ao A= BPASE EHFY 534 AZ%E0 IdTAS HSIEtHDurmaz et al., 2014). HFH 24
¢IollAl= BPARL Z&F 1F o] §l3= Hargh vE Qlom(Lee et al., 2014), THE AtolA= BPA
LZo] § = 2 W 233 THo] gl 107 HUSIHTHWOolff et al., 2010, Wolff et al., 2000).
670 AFE o83t 29| WA WEW &4 F BPA =32 274, 1 IS, 22 I dAgy
8955t AoAdo] QiitUldbjerg et al., 2022).

o

2) ZEHEO|E

o] EF A o] tigh At Xt vkt Axprt HarE e tinte] oo} 10478 tieE g
Al ti & AtolAE AERE50] Sle collAlA 85 TP 0|E tiAbkEo] F-9J6tA| E3tHJanesick
et al., 2012). "[=r9] ofo} 1,151 o & 3t Aolxs IEA T OIE Yid= S5 dgx
ORt Aol AN CH(Wolff et al., 2010), T2 ¥4l ITE AoA= XA DEHP AR S3tol
BARCE ROt FAH BlE 27 AR Aol U A EUTHP = 0.069)(Hart et al., 2014).
HH tE Atolale ZEE0|E 3o ARE7] At o] Qb o Atk B st vl=e] 11,2399
ofols o & g Aol AW U DEHP HAA s S5 e A Axt =io] 9lom, MBP 4=
A A A7 1ga) wo] Qs A0 & YEHITHWOLE et al., 2014). €MF=9] g Ato] W=H
MBP, MBzP, DEHP AR, DINP tiAHAS] =217} 7Hd 2255 A7l ARol =ofAl= Axt B0
oty B 175t tHFrederiksen et al., 2012). T3t 98 J7L mekgo|EQ} A Hid Ao WAL
FoI5HA] E35FtHLomenick et al., 2010, Mouritsen et al., 2013). & 2,223 x5t 13719 A+=
o-83t HEREAo] WEH, HR&5olM JE2550] fle tRaET 72J5H 2 DEHP 9 DBP 3|7}
TEAEJAHWen et al., 2015). 3FA|TF MEHP, MBP, MEOHP, MECPP, MMP, MBzP MEP9] A9+
ARETTI RT TH] Jol7h WARA] ottt 2 3E HE HE 404 ZE o] o thgt
22 1 S-S HEA SRR, 2749] AR dio] /IRl SR WS AHATl= 2

N

Al

i)
ok



B 5E{tHUldbjerg et al., 2022). o019} 22 Zits T o|EQ FRI=E79] AR QI AU 4= Qi
SHAIRE A 7F o]&/do] QAL k& Tt A Ale]9] FAVE BEste] 2ES 7] of# e, Eot theto]
T 3t A7t ZQasirh

b, Al

1) H|AHZ= A(BPA)

& 2d9] Ano] w=W BPAE= HAF AT A Hof si2E FF= P 4 U2 KQiu et al,
2013, Jin et al., 2013), BPAZ} 9/ A4 5ol n|A|= AA] FF2 oH5] =4 Folt}. thfst gt
Aol A8 W BPA 5%+ FSH ¥ LHeF 9] AHTAZE A cHMendiola et al., 2010, Lassen et
al., 2014, Liang et al., 2017, Adoamnei et al., 2018). gln}= ut Q1F79] L FAl 30882 Ao s
AR E g AFolAE BPA B=7F 259 ARE9ISG olQl AR F k9] AREflseoll Hish €7 LH
S&7t o =%tHLassen et al., 2014). $=9] 18~554] ‘@4 5602 AL E 3 AtolA= SAA]
789 8% BPA A7t =255 LH ¥ FSH 27} S7Foke 2102 Yehsdth(Liang et al., 2017). AHQ19]
A7kl 2 e 21582 e 3 AolA= 8% BPA 5=t «¥5k= LH $24] Afolo] g-2jn|gt
Fol AHIAL = AoZ YePttHAdoamnei et al., 2018).

ol2fgt A A= AAHOE AVJoHE-t6lA| ol A9] 1ol ofdzt 118t 7|5 thet BPAS
AR RS AR THo® Etstal A vzl WE 571 g8t A7 uEA] 32 ATE
B 15k JtiCastellini et al., 2020). o= RAF tiakate] Ay Abg] 2 219]- 7o TE & HFL9]
oA/ R 4= AUrk EZH FHol| it A7t =&t A} B Alejo]l @3 ARte] A8 F= XS J1EfohH,
POPs@H= th27] BPASL Zo| Wi2A] tiAlEls S22 A% dA7Isel et J&9 B/ e &
et FZ o9 dAFE EIE weFEA oA BPASH AN W 9] s 9 F2; 5, AR e
frofgt dAybdo] glglom, A 54 Rt AstAFtH Castellini et al., 2022).

ro rok

<]

i

2) ZEI0|E

IERH0|E 30| B/ FA7I500 dFFE HIAEA] o= oF2] BEstA] gtk sHANE UiiER| weEEo]
gt ko] A A7l FAH R FAFAQl JF viRlth= SA47F S71ekaL om(Walker et al,
2021), o9 g}t AtollA] A Aip ZL2 A AT Asht EA, AW, Ef, oA S3€
ZetEo]E9] 5o}t Ao] 9122 B 5t tHWang et al., 2023a, Cai et al., 2015). st 9o =
MBP, MBzP, DEHP, MEP, MMP, MEHP & ZZFo|E tjAbitE] E5H F2} 5= &4 (Chang et
al, 2017, Al-Saleh et al., 2019, Wang et al., 2020b), BZ} <54 A5} (Chang et al, 2017, Al-Saleh
et al., 2019, Thurston et al., 20106), o} A & S7HAl-Saleh et al., 2019, Pan et al., 2015),
A} Ba] W3KSpecht et al., 2014, Wang et al., 2020002 E3Ft Az} & A3}=2 o]ojd 4= Q= Aoz
UERTE 12709] A5 o83t 229 HeRAlo W=H, 85 MBPF MBzP= A 59| 74t Fofet
Aol Ao, A 254 2 A FEike folgt AxkE Holx] ektth ESF MEP, MMP, MEHP®}
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A = Az} =4 Az FH 5 IA YAV)S Br HSg 7ios Sojulst AlatAlz) 9lgich A
Y DEHP 5= 4 =] F4:9 FosI3thWang et al., 2023b). sHARF 14779 A5 o183 &
ek Ao MBP} MBzPe A %LE2 7h4AZI, MBPYF MEHP: AR LE4&w2 005/
ZAAFATHCai et al., 2015).

3) E2|¥sH|m'(PCB)

gR19] PCB k=& FH| A Afo]o] AW thefslA HaE eH19]. A4 s&u 49 3+
ofoFst Aol A AIAES EQISHA] EotgtiHaugen et al., 2011, Toft et al., 2006, Hauser et al.,
2003a, Richthoff et al., 2003). SFARF thgt A& AFE QIFF 15 PCB ¥ t¥iRFatol] A W =&
= ®ofid ofo]E] Higt & Ato] wEd AQlo] HS W A FEHY 250l &4 AR
YERATHGuo et al, 2000). T ¥ AF0lAl PCB7F A+ DNA €49 £43+ Adidol 9ol
H1Eom(Rozati et al., 2002, Hauser et al., 2003b, Stronati et al., 2006, Rignell-Hydbom et
al., 2000), ohet koA FAF 5489 Aaet AMAdS HAsHtHToft et al., 2006, Richthoff et
al., 2003, Bonde et al., 2008, Rignell-Hydbom et al., 2004). "]=2] gt &5} Aofil= A1 QP02
QIgH 11-87F9] PCB7}F At 574 2 Feiet &5 vhs BAIE YEhiitkar Barstiti(Hsu et al., 2003).
T3 A-8%2] PCBOl tiet 2 keE: JAl B8R 254 A%t Aol AAtHHauser, 2000).

2 gAke] Aol tigt st HlojE = ARt o]l A} 7k o] @ o] Utk L 2 |
Bt AR EA "@4‘4 273l m|A|= 2t ol et ARt A7t PG oy, IR Ay XS
SA7t SEHA] the A At HArEQInh R Age] ARt o AFtolA= p,p’-DDEY] ke 5T
AYalsE Atolof| om gt AL HojEA] Fokl o (Giwercman et al., 2007), HolEe]7lo A AAJgE
a7 @AY AFolME= DDT =53 A4 23 Alolo] fojwgt Axtdo] A9 gl Zo=w
UEPRtHDalvie et al., 2004). E3t, Y7 AtoflA AFAC] thet A4 mFo] FAo] 2750l At

3tk A= EJ_E]Z] oXottHLarsen et al. 1999, Thonneau et al., 1999). SFA|qt AZEA[9] eFo]
3 AA7Ts0l PR felet o9kl digt B2 A7 HarsEQltt. ¥ DDT AR} 0] &2
dglgjo} ZTEY x]osio]]/q $8E T 79l A3ojA DDE k&2 Az 54 9 = Az 4o
g5t (Aneck-Hahn et al., 2007), 82t G4 35 4 P& Z2F(De Jager et al., 2006)3} F-2J3t
AT U= AR BuFIT A 54 Aste] A2 gt ol $ER A|9uE DDE A7}
=2] L AAoA % JA] BIEYTHToft et al., 2006, Stronati et al., 2006). ESF Yyt QlLo] thAt
Ao M= AFA eE3t G2} A Aot Ao]e] Aol B QItHSwan et al., 2003, Meeker et al.,
2004). vl=9] EAS YA HAR & TE AHo)A= p,p -DDE 8% 5=t A 5k, 254 A4
Aolof Fojulet dAtdo] {thMessaros et al., 2009). 4HO] AF-5 Z3A3t HEHEA A= R71H4A]
AZAI7E FolsH AARe] A 4Ll dFo] UATtHWang et al., 2016).
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]

=
=

tol

5) 1t=3ts}

Y AtollA] THESRRRRME wEo] ANt Qo] ANl Axt o] Q= 4+ kAl EAskgion, 11
A= GEER] Godrh B 9 Ee i @S teE B off] AtolA BESERME o] A&
S, A ¢, & AR 254 9 A DNA ©HEske} A} Qs A0 R YE Ot Ma et al., 2021,
Pan et al., 2019, Song et al., 2018, Vested et al., 2013), t}= AFNA = FESIFIE 27} A
E2 Apolof| f-9u|gt AA 7 AFR] P9tHJoensen et al., 2009, Petersen et al., 2018).
2,190780] ZgHe 7H9| =2 o|-&sto] 3 H HEREA o A= PFOA} PFNAZF A9l 84573
512} AAlo] LS HUFIUTHWang et al., 2023c¢).
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2] b2y Aol ddge A7zt d3kE A3t BaEA QA 39kt 90,688789] Myt
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1) ZE0|E

ZAH} P gopy] TEHolE o] tigh o]H9] 95t Ayt AFHHo]|x U AE Holx| ot
u]=r9] 28339] o4& tAdo R gt Al ITE AollA MEHP ¥ MEOHPE 415 o]% 24t &E&
o]y XA FES YR AWE HUSTHAdibi et al., 2009). BHd, WA gl &4 ITE
A= A¥ W MBP ¥ MBzP $=X7} 24k 83 F-olst d#tdo] AAtHMeeker et al., 2009).
ofmel7HA ul=el Ei= ErY7t o4 3118 o R 3 Atollx] G4 A¥ Y MEHP &7t 7F
E2 ARSI T 7P 2 AR B 71 oY) 4l 7|Tte] B AR Ao K a1E|Ql om(Whyatt
et al., 2009), U] E ThE Al tiR AtolAl= JA] MEHP, MECPP, & DEHP A7} R4 S&
3712k #HAo] SItHFerguson et al., 2014). 1,09089] o/dE /o= gt PROTECT &4t IS EoA =
DBP, DIBP7} ZAk9] Y3la} o] okl B 312 (Ferguson et al., 2019), F=2] 3t AAFLo]A]
AF2 0] DEHP, BBP, DEP =&} A&l AA79] 4 Atolof] §-ojw]gt Aol Bu= Yt Huang et al,
2014). 3 9709] AFE o] 83t HEREA AL I o|E go| Ak} foJu]gt Aol Q= AoE
Uepton, Ed¥a= MEP, MECPP, MBzP, DEHPS] &0 At} foulgt Aol AtHWu et al.,
2022a). 7719 AFH Afo] tigh wERRAolA JA] DEHP7F ARG fo03t Aol Qe
B 1519 01 (Wang et al., 2022), T THE HEHEA A= ZEHo|ELQL A} Alolof| f-of5t TS ERI5HA]
Fol9tHZhong et al., 2021).

2) =23t

IHESSIETL AL Ate]9] Aol tigh e A o Wol BaEa QAR AT 7 FAZo] YA[eHA]
oo} AxHAdol| ot YREAQl gHol= o] Foj|7] gokeh. I AFolAs IESISIRIE gy} R4 ATS
Bttt ml=r 43399 GARRE dJoR £PE dAFolilE PENAZE R4 ES RotAl
Z7IAHSS B89 HGardener et al., 2021). £39] $F &4 IS EOAE PFOSSF 11 thAAQl 6:2
CI-PFESAS] A 84 L/t w855 24 fongt #ao] QI9tHChu et al., 2020). 3,53599] Ak}
QGot} 4ol g Danish National Birth Cohortoll4= PFOA ¥ PFOS keZ0] 2 AHEHroll A= AT
f1lo] A9 28 F7kohe AR HIEUrHMeng et al., 2018). H|=2] 3t 24 FTEOA JA| w2
AHEQ}E=oll Al PEOS@E PENAZF 2AH0] 918} §-ofdt Aol e BarstyithSagiv et al., 2018). ¥HH
OE d7old= % Wl PFOA, PFOS % PFHxSO] 55 2ARE 23} of=et HEseleheE mEo] 94l
71740 YAFF o7 Gom|gt IR w]A|A] k= A0 F B Ut Hamm et al., 2010). 10712] A
ATLE 0]83F 29| HERRA oA Al F PFOS o] A 93 719t AgA Aol Q= A
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HI5th PFOA k&2 24F 18} o UAE IS EAtHGao et al., 2021). 1671 A& o83t

T o2 yeHEAoA GA] PFOS Zo] XA 83t Aol A2S HEVSFATHDeji et al., 2021).
Lt |4t

1) ZEH0|E

IEH0|E &3} A fAF Atole] Axbgol thet A7 A3 o HWolR| AL QUARE, 11 A= dY
orgtom, Aol cht eloll =gsA] Zaltt. =2 & A%E ATolAE Yl B9 A
At oJAd9] AolA MEHPRF MiBP2| 4|71 H wth= AM-S B8t Peng et al., 2016). T H
HEAPA &g gk QAR 256Hof gt MeFa Atoiis Jﬂ W DEHP HiAibES] A7 2345
o] YJgdo] RoJHAl S7Iet¥e-S H skt Messerlian et al., 2016). E ThE 3t Alg-t 27 A7
TE2H AR 3F o4do)A] DEHPSF DMPO] X|7F folstHA| A SHEATKYI et al., 2016). HzHS]
A FARIALE to g 385 Ale-tiRat Aol DEHP thAHEES] gt} g4k f-oJst Fik=
THEE|R] 2t ou, DBP thAFES] gl tisiils Folgt A HarstgitkLiao et al., 2018). ol2k=
A o2 F=0] HE PAlaS Bk oy 06382 tVdoE S3H g Aolis 8% TEHHo|E X7}
BAF iRl E} AAlo] Q18-S R 15 THDeng et al., 2020). 4,713%0] Zoist 849 A= o835t 2
HERE S0 A= MBP, MEHP, MEHHP, MEOHP ¥ DEHP %3 f4ke] 3ol dio] USS
H 5}t Zhang et al., 2020).

555
mloa

(0]
r

TEBBIET fAF Alo] 9] Age] tiet Ate Y HarsEar QIARE A 7F ZEo] YA|5HA] Yot
ATHGof tigt LHtA Q] §1ol+= o|F0]Z]|A] @kt Danish National Birth CohortollA& 941 5 PFOA
4 PFHpS =% $30] £255 f4t 9I3lo] S7RIthH= AMS HasklthLiew et al., 2020). ¥PFY
T OE F3E Ao U4l 5 PENA ¥ PFDAC] k&d 39 A7t Zoke] AE9l<eol =)
A T Aol 52 HEistithJensen et al., 2015). SPARE 619 AFE 0|83t HEREA A=
HESSREET fAF Aleloll= foulet Aol A=A AtthDeiji et al., 2021).

LN

Ct. MxfZHE/dud ngey

[ll?.'.'

1) ZE0IE

A4l 1St Ato] thgh ZEo|EQ] Fafol gt dhe AlgHAolrh. mpAS] 6047 9] AR}
Zolgt IS E AFoflAl= MBPLF MEPY] o] Y4l 39 B9 A8 S71et fofst didel e
H 15K Soomro et al., 2021). =9 g AtolAl= MiBP7} H8 AUE & B4k E A5
MiBP7} 91#4o] 922 E5H9thHan et al., 2020). vl=9] A YAk ISE Hojz} 668FS
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o= gt Aol ¥4l 171 MEP ¥ MCPP, 94l 37] MiBP2] $=x]¢t A1 1@t A $j3lo]
Felgt Aol &S Barstylon, 14l 171 MBP, MEP, DEHP tAMRES] A= 24 9 S
+57] @9 3712t TR0l AUUTHBedell et al., 2020). AFH 24 TFE] ofgt A A4EE 3699
tiet EAoA= Al 2-57] MBzP k0] ojer] EYe] 571 9 A4 18 WA S19] SVt Aol
AAHWerner et al., 2015). & o2 A FSE AFoAE YAl A Fof] MEPO| ko] AR
d 95 2719} o] Q18-S K 15tYtHCantonwine et al., 2016). 3FH 1,39690] Zojgt A3
FTE Aol T o|E thAky X2k A4 1Y ol Ale]9] A TEE]R] QttHPhilips
et al., 2019). 47]9] 45 o83t 9| HEREAS MEP= A T8 8} FoJ8t Ai/go]
ALt DEHP, MBzP, MCPPoAt= de/do] Q= 23E Hasi3ithHirke et al., 2023).

2T 2 @ B0 AEsRlgE e A 1 Fete] 19 o] Aol Higt ot At Eofual
AUt B2 At AESRRRET A TEY Fgke] Aol gt fo3t AHE AAlstal Lo,
0}—?(1 )

T A5 AlololA 2 2Rl =2 XA 2999 1,773%S e +3d A+l
_(I_)l_
S7FtAHWikstrom et al., 2019). vl=9] 24 ZSE A5tflA= PFDA 9 PFOS7F 44l %71 A4S

AT Aol A ™ (Huang et al., 2019), H|=2] B s} Ao W= 5262789 ikt A=s
A% 23 PFOSE ARPAS2] 1dxt Fofdt dadol AAItHStein et al., 2009). ¥Hd, 1,436%g°] 23
IM}59] Odense Child CohortollAls BHESSRIE w23} AAS 2 YA TEY Aleld] HEst
T2 SAEA AdtkBirukov et al., 2021). $=9] 3,22078°] ZgHE it o] HFH AT ECA
Al 4l 2719] BA| @ HEIBIHE e RS 2 A 184 BHol fiitHHuo et al.,
2020). 14709] 975 o]-83t 9] HEHEA A= PFOA, PFOS, PENAZ} HAES $99] Z7et
¢d3o] A21aL, PFOA, PFHxS, MEP+= 941 18U o] IithHirke et al., 2023). 15709 A&
ol-ggt T2 HiEHE Ao M % PFOA, PFOS, PFHxSE AR S} G-oJgt o] 9iglem, PFOSE
A4l Rt Akt Aol AUATHHu et al., 2023).

A

18 R ¢

et. EYHIE

1) H|IAHS

U5 eA7olA] golr] wizo] g} W] QTS ANBAT, ol=id Frke EEI Ughyo] gick
FA BPA eZo0] 244130 vAE Pl tha Get A 94 obd Aol 1 Fupt duEA]
Joket, Fo] Abuoh oglo]S TR B g 24 ITE ATeIAE 4P BPA 3S 53] WAt
Wote] 24415 % AlAdo] 3719 Blo] G AOE ehdthlee et al., 2014). ¥HA PR
%8 Generation R @704 Hob] BPA 1=2o] eole] A1 3l melsa] 749t #lo] IgitkSniider
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et al, 2013). Hr9] AR 96T8E thFO= T S4F ITE Hofif= 4RO BPA $A7h w855
A Algore] A|A|lEot f1ge] F7keteal B skt Chou et al., 2011). B|=-9] AR-<do} 200%-2
o=z st AolAs AAG &30k Hivlk BPA 57t B4 Alg E4Fotoll vls) f-olobA wdti
Bt thTroisi et al., 2014). ¥HH UF Aol|lA= A O] BPA =9t SAF Alolol|l UAE TAIE
RBystg o(Philippat et al., 2012), o8 AFolA BPAST &A4ASTe] Aol IS
B 5kt Padmanabhan et al., 2008, Tang et al., 2013, Casas et al., 2016, Smarr et al., 2015,
Philippat et al., 2014). 8719] A5 o]-&3t HlEREA o] =™, 4P BPA =33} 24 & AlF9] dudE
BARCZ Ho] gl Ao YERITHHu et al,, 2018). E3F 9719] AFE o]83t o] HERRAoA =
Bolge LR A9t Zhong et al., 2020). Tricolsand} &350l st st A JA] x|
At 40479 oo HdH tlE IS E| A= Triclosan ]9t FA] A1A¥ote] Al Zo] 9 E4A1%:
Taet AL 922 HASFATHM.S. Wolff et al., 2008). EAE E4 IS EOA = ALY His &3}
gjol A5 A Atolo] f-oJu]gt Aol B AtHFerguson et al., 2016). 127]9] A5 o83t
HEeREAoA= EREEAN &2 SAIEST ot ddadol §i%le™(Zhong et al., 2020), 15702 A+E
o]-83t thE HERRANE o3t AE HolA| SItiKhoshhali et al., 2020).

epl JA] 87119] AFE o83t HIEREAN AT A3t AdS HolA] EAUtHZhong et
al., 2020).

2) ZEHR0|E

ZHolEQ} AT AW A AlRbHolH, I At AEHA BT & Ft Aol
ZHECIE =&o] YAl F ot A Aol R it A FA(670)2F THo] e Ao® stk Snijder
et al., 2012). SPAIF ZFA BAF IR E oAM= TR o|Ex SAAETH ¥Hol IZleH(Philippat
et al,, 2012), Y& YL 1498e thFor oF AFolA Al Ado] IIFKSuzuki et al., 2010).

3) E2|Y¥sHH|m|Z(PCB)

ofg] Aol PCB keEd S4A5] BAK sl 8=A] g2 AE Hirsieict 47 dAFoA=
PCBe} EAAIE 74 AAI7T dokal E sl oy (Karmaus et al., 2004, Murphy et al., 2010,
Patandin et al., 1998, Rylander et al., 1998, Wojtyniak et al., 1998), th2 dLoj4= PCBY} SA4|1=
Atol9] BAL HESHA| Ytk AWE R USIYtHGladen et al., 2003, Grandjean et al., 2001,
Longnecker et al., 2005, Mendez et al., 2010, Vartiainen et al., 1998). 127} 48 &4 I3 EY
157 &+t Ao 555 7,990 Z3HE HeHEA oA = PCB-153°] 1ug/L 71 wuit 2434150l
150g(95% A2 #7F -250~-50g) TASIATHGovarts et al., 2012). ESF 8,054™0] E3HE 979] A=
o] &3t HEREAo|A] HA] PCBY Zo] AT A4t folgt Aol AMHZou et al., 2019).
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i TEslelttadt SAAAEI Bt A7 a7F FES| S7IRkAL /1o, of#et 7R HiFE2 PFOS

%= PFOAC] 24& W30l S Qth B1H A5 AR 7 da=A] 32 A7E Harstal Qi
Yo Apois &4 A AES] PFOS k&2 ofold] EMAIG A9t fo3t Aol 2
B 519 0 (Kishi et al., 2015), 9Ht3.9] AR 1,400%83 A4 Joks tddo = g 24 IS E AFolA:
AHRO] PFOS =2} Aot S48AF At §oeh A7t e A& H1EQIcKFei et al., 2008).
SollA 3 321%9] Akt gJors tifo = gt Ao HS:gt ATt RIEIITHLI et al., 20174,
Li et al., 2017b). 18t L AollAe Ao ESSRIE &3 A 9] 24AIF Aolo] f-2ulgt
AIIE HAsHA] FoktHBach et al., 2016). <t 46719] A5 o83t HlEHEA o A= PFOS, PFOA,
PENA, PFUnDA, PFDAE 233t IEIBIRIE w&o| 245 749} Xt AL 54 508 fou[gt
o] 9l BUSHTHGui et al., 2022). E HE HEREA)A JA| PENA7ZF AlS3Aet S
HsHyl o™ (Wright et al., 2023), PFOS7} R-9loHAl AA|FoF &4kt dA3go] 93-E& EisttHCao
et al., 2021).

5) 22017 Hoix|

ofg] AolA PBDE ke&¥ SAASY BA0 thsl IEA] g2 23S Eisilth. 45 AtolA
PBDEE= 24415 449} Aol e Ao & B IEJHChao et al., 2007, Harley et al., 2011). I3+

£ 98} AFolA= PBDE =3 SAF Afe]o] WAV WAEA] 4HTan et al., 2009, Miranda
et al, 2015, Chen et al.,, 2015). o]&jgt A¥HE A= 55 A% A7olME BEEUHDu et al., 2015,
Kim et al., 2009). 77]9] @75 ©l-8<t WiER2A d+ollA= PBDEZ} 1ng/g-lipid $7F wirith 244450l
50.6g(95% A1F] #7F —95.9~-5.3g) T4 SF9tHZhao et al., 2017).

YF Ao Al Bjofrlof Uit W] L= Algolol A w5t d Y} FEIIS WAEC| S7Fek=
AoF HEQlth of= JRIEEZ G40 = Qls] Al 7|0 F/d ABAAY ARl I} T== thalo]
o] W] fEe® FAEKSharpe et al., 2004). A¥|Q1 T2t Ao ASA| ol wE
TETAE] HES AR AFoAe ASAE FRHSH AMgShe Aol 18 E9] HlEo|
Z7FI322 B8 tHGarcia-Rodriguez et al., 1996). T th2 AFoME FFE13t0 2 V3 AAlaS
gko. Fzjoto]o] zvt AL tixFE T HCEQF HCB 4217 A 3= AtHHosie et al., 2000). ESH

= -
o=

% %, AdE %, #et @ 2ol WEEZHEL] ot o= AR g2 A7t BaEgich

HHE=-dopa. Ao whad FEIE Holrl AFske HfrolA] A4 dotell BIsf 8714 das) A5A

A7t o A S = At Damgaard et al., 2000). 159 3712 ZSEE 35 54 AR AFolA=
DES7} = 18ke] §3 3t f-ofgt Aol itk Palmer et al., 2009). 7HHTHe] AR di2 A4l
8%5tgo] Sl Ejoto] AtH= 4l Fofl B B &2 %9 PBDEY| &5 Attyl 153 tHPoon
et al., 2018). ¥HA u]=9] &4 TS EQl Collaborative Perinatal ProjectolX= p,p’ -DDE= %351,
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ZAE3 9 oxS0] 9da} 8005t AWAL HolA] Lkom(Longnecker et al., 2002), HCE, HCB,
B-HCH GA] FE-118k9] 99y} 993t 23S Ho|A| AItKPierik et al., 2007). T3t trans-nonachlor
2 oxychlordane HA] 8 =51y} ZE1810] 93y} Aol QIitHTrabert et al., 2012). sEAEE 16719
ATE ol-&et 229 HlEHEA o] TEH, AREAQl WEH| wTHEEY] =52 QTSR fof5k Aol
T JTHWu et al., 2022b). FHEIISH] 9 AA| HiH| wekadof izt £42 Fo3t A7E HolA|
Fotelon, wisRol gk AR EA40A= -r°r°?l' 919 F7PF B QI Wu et al., 2022a). E3F
TR 2 Al digt 10719] AF-E o83t HEHEA ol A= DEHP tiAMHES] F9t, MBP, MEP %
MiBPol| T3t leEd} ool A 7|17HA R @5 Alol9] F-ofn|eh Ado] U™ (Zarean et al.,
2019), thE HEREAIM T Ak O] @5 DEHP A w= $7H= gote] 284171 1t A7 aet #-io]
AJHDorman et al., 2018).
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