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Abstract

In recent years, the birthrate has been continuously declining in Japan. The main
causes of the decline are social factors. On the other hand, there is increasing
evidence that many environmental chemicals show endocrine disrupting properties.
Thus we hypothesized that exposure to these chemicals would also be a causal for
the fertility crisis. In this review, we examined current evidence that focused on
environmental chemical exposure in utero and its association with reproductive
hormones in children. We have included the findings from a prospective birth
cohorts, the Hokkaido Study on Environment and Children’s Health Sapporo
cohort. According to the literature, environmental chemical levels in utero, such
as polychlorinated biphenyl, dioxins, perfluorinated chemical substances,
phthalates, and bisphenol A were somewhat associated with the levels of
reproductive hormones, such as testosterone, estradiol, progesterone, inhibin B,
and insulin-like factor-3 in cord blood, in early childhood and adolescence. The
literature also suggests the association between exposure to these chemicals and
brain-sexual differentiation or the anogenital distance, which suggests the
disruption of androgen shower during the developmental stage in the fetal period.
There are still knowledge gaps on whether these hormones at an early stage affect
the pubertal development and reproductive functions in later life. In addition,
alternative chemicals are produced after banning one type. The health effects of
alternative chemicals should be evaluated. Effects of exposure to a mixture of the
chemicals should also be examined in future studies. In conclusion, the prevention
of environmental chemical hazards in relation to human reproductive function is
important. It would be one of the countermeasures to the falling birthrate caused

by fertility issues.
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1. #5 (FL»ic)

JEA G EE o NOBREHGHIC X 2 &, 2017 FOWMAERIEN 94 7LD,
MetZ B0 o 72 1899 LK., 2016 FFiC 5 T Hi = 100 5 A% FEl - 72 (1),
AR DA ik WA R B, IRERHO A0 Z0 b 00
WA, REA2 RN EERL2EZLONDE, —FH. 1962 FiciEL 45 =
N = v o FEHE [Silence Spring (HE : LB DOHF)] (2)Ic X H . DDT
(dichloro-diphenyl-trichloroethane) % (I U ® & § 2 EZEIC X 2 4 4EY 0 4%
JHE~DEE 1996 Iy — T - 2K — v 5 DEFHE [ Our Stolen Future ()
B EDRLAEEK)| 3)ic kb, PCB (Polychlorinated Biphenyl) % & 4 F+ %
CVHEALYOREAEMECLE. bW INSR K ELEABIERE L,
BRK T3, 1970 SER DI, AR A0 RE 2 FHUBROLKARTH 2
JRIETHPLEZBEEOBEM, 2 3B TOEOERTAHRE XL T WS (4),

bt rOETERRORES XU, XERORFIHICIHE 5, 5 7H
CRRSCERPER S, & 9-12 H T2z BT 2 Mk -
METHIMBLINBECHLTZ205). BRTEFE 7 HI 220 BERENT
LU VMR, B OEBIICIE T AT 4y efil@s b L. B os-12ice b
MEMETF Pt vyoflBickoTHRIA T4y efil@nT 22T
n Yy EEALNEROBHEASEC S, 7, BEP A, BEXT X+ R
THYERBLAVERERICHMLL T, 20k b K FEH— FEE -
PRt X R E vHIE 2 o, ATEBEESEY ICHE T h T v <,

RIBMAYEME L 2N W2 CEHERZ A IF At e sy vy 7 v o
TV IEREECITHL KRN LVEVREZLCE T2 EEZDN
2 BIEONDWFERICLE L2 —Td BELEWEIC LY LM cit,
BoRMEM. EBEANE, EREOKT. A, FERNBESOEE I, B

THKFOHEODE TR A ~DHTEITRINTVEII LT DTS
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(6)e MIMEBRTIZZ ) LEZNDW2CHLERAAMEINT 2D DD, JEE
MRICEE2T—2ERonLTWwE, 22 TARETIR, BEAEAYHEICX X
HROER~DEEL . FEFOLBITo Tz —d-— DR & HICH
N3 5, BEAEEICLIIER~DEEDLL, PR ~DIRE 2l A2

2%, HNE T3,

2. I®REe b oECHT2IBEA LT 1] O

i

=

[BREE e o b ofBICBT 20t ER X T 4 (AT ERZ T 1) |
(PR EH BHT) 13, 2001 FEICBA L=z, 22004 a—F— 55
Y. — 2 FALIRT O —ERER QW) 215 T 514 ND kA 2002-2005
FIKHERL LR —F—FTH B, b50eoik, dbilgEEE <. 2003-
2012 FFicfy 2.1 HA oWz B Lzt ERBE s —F -+ Th 3, b
HBEAZT AR UTOo42: OB AHEEEOITTEADRL T W 2RET
DERBEER O E B, QR R I 7 & &2 REURT L IR o8BI K
M CoRBERICET 2, EMABESN., OLKEFH, XE - L. 1
BATEY F . HIRARIEEE, R R kA AT v F 77 2o L CIEfE 7 18
BUMEICEIC) A ZFli,. @Bz T4 RMIcL s 4V 27 HoRAL %
DTN KOME, AHEL L TWw5(7-9),

Afcid., flila—F— P CEBEhEZMRBREZRIL TV 2, IR 23
~35 O EIFEL> S RAMEZRM L. fe CHERPCEUTRER & OHEREE.
WIE, R D74 7224 VICET 2 EMEEHAFAEZTICLYHFL,
SRR IR I 2 SREL . R o AW E 2 v T iREd I X Y 572, BRI
FoEEAEE RN EN, PCB 83X U &4 4% vE%E High-
Resolution Gas Chromatography/High-Resolution Mass Spectrometry

(HRGC/HRMS) Ic & b 4 i 5 {5 fi B85 B 92 77 1< < (10, 11), Hi 5% 5 f2 313,
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GC/HRMS i L b wTh A K HEBRFEAEN AT Ic T(12) . A7 v RLH
¥) PFOS(perfluorooctanesulfonic acid), PFOA (perfluorooctanoic acid) iZ
Ultra-Performance LC/MSMS Ic &k v E# B k¥ icT(13), 7 XA X5
) DEHP (di(2-ethylhexyl) phthalate) ® — X X # ¥ MEHP (mono(2-
ethylhexyl) phthalate)id GC/MS ic X b 4 dE K ic T (14, 15), 7=, IH
#wind o BPA (Bisphenol A) I Isotope-Dilution LC/MSMS i X Y W T b
A XHIRFEAEM L ICT6) I L7, £ EwILfoErLrE it
Z25uf FPdrevy 7t (Fur25uy, AMRATR Y, TR+ 5
v 4 — ., DHEA (dehydroepiandrosterone), A-dione (androstenedione).
ILF V=, aAFVV) &% LC/MSMS. inhibin B # ELISA (enzyme-
linked immunosorbent assay)#% . INSL-3 (insulin like factor-3) % EIA
(enzyme immunoassay)i%. SHBG (steroid hormone binding globulin), FSH
(follicle stimulating hormone), LH (luteinizing hormone), ¥ X 87w 7 7
F v % IRMA (immunoradiometric assay) & Co#r L 72 (14, 17),

zhz oo REAEYE IC X 2 WIS LvE VIRE~DR

Hx, #AEOEAHRIC X AR LT TCREICRT,

3. RE(LFYERE L RolkErrery ~0pH

3.1. PCB., £4 4% vH

PCB &4 A4 F v vEBHRICL 2 rEry ~0RE X, FA4 Y L¥EH
M. XM LEHFIC X D Agent Orange I, BB ICH T 2 MERHZ O
FELEZNRICL -mREMIBCO®RELD 5, M4 YOS TiE, B
MAAF X VIREXEMS 2 EFFMPOT7 AP 2ATr Yy 2 X F T UF
—VIRESETL7Z18), NP FLHMHPFICLZ2 444 Fy vERBEHKO T

Ehli. 1% D DHEA BEANBHB OB IV b Emdr o7, BE OIS
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FThorE»I»AEEFN T DREHREROE s rEY I BRI T
AtbARTHRY /AN TVA = (T/E2) WANBoORE»EETNATE
DXV DHBMELS, KRTEFZRAMFZ VA =AML (19, 2000 F A4V OWf
T, RO FE BT, BWEHOoOX A A F o VB ICXY, BIA
DLW RTBRMY . KRB G DEFHFAE 2220, MoEsft~o
HEDEM I LTV 5 (21),

— 7, Lk ER X T 4B TS PCB X4 A4AFv VIEFEIZ, EAEID
BEVIBEREL L TH DD, BEIREL GV & inhibin B 23K f 5F 23

S5 N72(22), 77 Vv ZADHI4 a —Fk — F BF% PELAGE (23)® PCB g5 i fF
bdbEE A X2 T 4 L I3IEAL LT, BERELTRAIAT0 B IOQ
T/E2 ke o B OMHBEPMEIN TS, ZokHic, KBEEBZETH-> T
bR H ORI CEEL HEBorsr s viBEE 22 BLLEZZ L2 b,

HBEHZHH B TIEKRERICOAONAEI I REFILE Y H 2 0T ESL
~DEERRLNE ., BELEBHEET W3,

3.2. HEREE

DDTICfREFEINIZHEHRFEEIT, 2Oo0REEXPE L 25 1970 FR A
XV I N, Z0% 30 FLLEAREBEBLAZCO 22D T, 1t
HBEAZTALSMLEEROMBE 25 F, ZOREIKIOD, £ D
BEFEBEIBRHEINZ02), EEREBELEWSERALE VIZFE T L
PELAGIE THigl & 1, @ — Endosulfan 3 X X Hexachlorepoxide (HCE) iZ SHBG
BIOZRA P I VAN EIEDOHBE., 7APATRYBLY T/E2HE DA
ODHBEZWMEL T WB23) bEHFEX X2 T 4 Tk, AL TEHlicLEZE A,
% 8 T 3 Mirex. Nonachlor, DDE, Dierdrin, Toxaphen 72 & \» < 2 2 D {t &

YMHRTFRArrRATuoy, 7AFRAT0 Y,/ A-dione .. SHBG, 7 v 7 7 F v &
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Ao %/" L., DHEA, T/E2t & B IEOMBE %R L 2024, — . T v~
—7oEa—F—+rTIRKEEH O DDE BERE L 20 o E+rrE v
CHRTOELOBERIRD LN 27225, LA L, BEWHFETIZEET
DDT ¢ 7 XA P A7 v dMB ., A% T Endosulfan, Aldrin, Mirex &
LH. FSH ¢ D EDOHBE A ME X L TH Y (26), EHMIBETFIC X 2 ERHEE~D

WEERMAT L L, RUIBOoBMHICX 2RI RETT L IEE XV,

3.3. A7 v F{LE&Y (Perfluoroalkyl substances: PFAS)

A7 v RILAEMIE. REHIC 7 y B2/ EL. Rl T7T v F L EE 20
ANK VYRR REIEER CH 2, KRB R s 2 BRI ST 5 23,
REM LG E L TRFHE 8 © PFOS B X ' PFOA 28 b %, /K #E i
P, B LR ERE R DENZLY - WEYENRFELZ D b, FEEEFO
OGBSI T I NS 3, MEGEE, ARUEEM. 7Y T A&,
PikAx7L—¢ LTHRAMBICEREIN T WS, PFOS B2 0EREEREH W
EH ALYy ZENLERICE W TR X L. PFOA & B FEMIC X 2 HE
HI A~ 0D M A 2 F - T 2,

BER I D PFAS IRJE & HiERf DR v £ v O BE 2 G L 23 & 13

{1118
k=]

REROVIBERZT 4 DB THDEHBRTIEPFOSIEE L 7 v s 2T w v,
inhibin B, INSL3, T/E2 (b B MBI H v, LW TIlX. PFOS & 7 m 5 X
7B Y,SHBG, 7u 775 v e AOHERALNZQR2T)., 2. BXADLYE
7 f##HT T, PFOS & DHEA ZIEDQ B, 2 v F V-1, arF Vv e iZaD
HEBERZEDLN=028), TVv~—2DEFEBER, RETHEBLFaY bo—
Lo PR, TERK 15 BE O FEKP PFOS I & INSL3 L o A DM, 7
APZATHRYEDIEDHBEBED 57129, WL, Tv~—720H4Ea

— &= F T, BT PFOA IRED E W & 20 OB RO LH, FSH fH2' &



—

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

AV BTFRECETEZ D v W BEARD b7 30), RRICEWT
¥ 3% [#E ALSPAC M4 =2 — & — b T, E-{fIfl  PFOS, PFOA, PFHxS
(perfluorohexane sulfonate) JEEREH W E 15 EFFOT A P 278 VA FHWL
TERHEINTZGB), PFASIE. M7 v roBENZRT e 4 FAEKIAE. 7
A yefifgo rF A bR T vIRHBEE S REINLTEY . e P THZOD

5‘—
W E D, R b BT 2 R AR I N ERTH B,

3.4, 7 XANETRTVHE
TANBIZATNVEBECT 7 AFy 270 BFTHY | EER - HHE

EHICHRDE VDA DEHP THh %, K Vit e =8l &, ®E, L

WEOHMMICHEMEINS, BEEFBHAHICI Y., E PR 22 FEEGH

(n]n] —J‘
BEINE 336 5. 2010), Wk, Bt ARZEE T ARMICEMT 2 HRE
BrUoEERE~OFRIZHIBE I T3 BOEKR 14 FEE 4 984 &5 267

5. 2002), ZoftoNEMPLHBERS~OMERHICBE T 2 BHIE R v, PR
BRI ~BHBRE L H <, PCB £ 44 F v v, HEFREHE, PFAS O
BREREER RV, HARKCEEINE 2D, HAEEMNCBEZE I T 5,
BE T, IR O DEHP BBERE L 7 XA P X7 vy, T/E2 ko & DM
R cZoonzB2).tiFERL T 4 ClE. BRCc,. 7arx7m v,
T/E2 k. inhibin B, INSL3 & D B OB D b Nz 13 2 (14). B e b
DEHA & FIEDHEE, aArF V-1, arF Vv ZEOHBERED b
(33)y TVYR—2Z LT 4 VIV FDAa—F—FTlE, B 1-32HORAD
EELRoTFAMPRATuovioaoBERHEEINLT Y B34, AED
TMICS (Taiwan Maternal Infant Cohort Study) ¥ X O* X ¥ ¥ 2 ® ELEMENT
(Early Life Exposure in Mexico to Environmental Toxicants) 2 2 ® H 4 2 — 7k

—FPIRTEBEB - REBCELE» 2 EFMETCORDEFLEY ZIoMHL

10
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TWw3(35-37), G OMECTIZ. A © DEHP BB RE XS\ 2 L 28|
D7u T ATu vk T, $7-. WO DEHP BB IRE L X R0 7o 7 X
Fu v, BRoF 227 uo vt AOHBEEZRLEZGBT),. —HDX*
YADRTIE, TEA AR AT AVERES G S BR TR SHBG LU
ITRbru AN, KR TEFAMZXFevE X DHEA-S (DHEA-
sulfonate) DM EHREL T2, EHICHLLDICKHEEHO 7 2L X
THHBREESSC EPHE REBRERKROENEZ R THETH o 7,
DEHP i3, BIMER TR 74 74 v effifd, £ b VIO A B 2
CIIBEENH 2 E R I L. T AN RAT U VEBEOR T ALY DFALEY AT
VRAEELTZEAHE I N T W B 2538, 39), b FTHFEKEDEEREEW
CkoTmBEINnk, ol MR 7 2B X7 VEORE R E
WZ bk, BROAM MM A (Anogenital Distance: AGD) % fH#f L (40,
41). RO BE OB R A a7 HMES R Z 2 L6 42). BEHOT v R

TVBRBREY I A EESTER I A TY S,

3.5. Bisphenol A (BPA)

BPA b 7 2V X 7 VRIS, FRIASE Y ETH 2, FICKY A
—Rr—rBEORMER, GeHOoONMica—T4 v Z7EhTw3TFF
VEIEICHER I, HROBREREMCERHMOBIE & ICROEE T 2
2OTEAY A —F A — P HOWAHMICHERN I AT BETEMZSE
ZERICXY, KUV —F4— P EBEREER - S0 5 o MR K

BED 5TV B (43),

CII(

HH o BPA MBFBIcL 3 Rorsrer~0EE conwTli, 75 Vv &
CTHIBQES M EE L S 2 F 25 12 . inhibin B & ©F OB 28 & X

T3 (44), Rk, dbilBER 27T 4 THHER T, HFMPEEL 7 X b

11
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ATmRY, TunryR7uvolEOHBERRLNM5, —FH. FEILES
OEEE (FYHE) & EILK (o) oML 2% Tk, BPAEKE
ETAMATR Y T/E2HE DB DHBEZR L 72(46), 5 G i < (3 0 1
WX Y HIKH BPAIRED 4 & IREIC X o TEF V£ v & @ BE A

W 5 REERD 5.

3ETCAHRLEL I, ZLOREALFEVE~OREWBEELS, e P TH R
HROEFIVEVEZLKETI2HERLAONDZ ZLBHL LI R0/, 2D
I b oL EYME B OO BEINREL TS, L L, B
fictEwzoREDMHEPFH I NS 5655 %, PFAS Tk, KFKRHEH 8 ©
PFOS. PFOA icflb v, REH 6 LT O, H2id oMU LoRHEOILAE
ViR, AP EO LI P REICHS VTS, 2003 F20 5 2011 £ T
PFOS & PFOA RE X L 72D ® @, PENA (Perfluorononanoic acid). PFDA
(Perfluorodecanoic acid)., PFUnDA (Perfluoroundecanoic acid). PFDoDA
(Perfluorododanoic acid) #= & O #E N E 1] 23580 b 72 (47)e 7 AR T R T
)b DEHP o fREYE & L CffiH & 15 DiNP (di-isononyl phthalate) % &=
BLUOZoRBPVEEIVIND ERELTWEM8), AV z—T VYOET,
BER PR H DINP A YIIRE AR v e B DO AGD 2Hifid 5 & & A &
NTW5(49), 7. BPA D fXEYE ©H % Bisphenol S. Bisphenol F I %
grubds CHLIER 23 & 2 AIBETE 28 F5 4 & L T v 5 (50),

MAT, e P OBREAYYHCHKICER I LT 5,
WHO/IPCS (World Health Organization / Organization/International Programme
on Chemical Safety) (¥ 2007 4£IC Aggregate/Cumulative Risk Assessment I 4

T —7vay 7xEEMELGH. HENCEGEZ ICET 2 ) X 7 5FHli~

12
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O YA IMEE o CTnwd, 5k, HHOFHBEIFEZ2ET L EExLbNL(L
YPHEICOWTIH EDIEAT 2L ICI2EEAREBICEHRHTIRETH A
9 (52)0

SHBERICHRT 2L¥EYEDLED T, 2O EMBRHEIC X 225, 1
LD > O R E VERE, £ LCH ZRIEBFEKR, EiEICEERIC
EOwWB LT HEETL I Ea—F -t 23 b ICHEREFELE

My o REHED D,

5. fRECE T -

B IcH_ZZX 5, PTFtoBTRICEIKRA SN ERED 5, —T7.
Afci, EELPED CE M AEa—F - MR CIXZMADED, B
HieE ~o R RHEZE T, et b XMERoErsrery 20 <G5 2
AlEEEZ R L 2, BRE LAY EBZE CL 2 srEvyor flid. ko
B zMbTe PO EAEEZERT IS, FEOHERK L > T % 0]
BEtsH 2, LarL, HAEKoMFLE vEIEMIZ AR, HBEL 2% IX

RonTwd (53), $72, v v N7 v 23 RMML., WK TEH., TE

ho7 4 —F Ay 7 CHEIIN TR, BELM¥YEP WD OFEIC
EZEFRALTWwZ o2, 5 0IEZRNICFEHL T2 23 AHTS 3

(54), ¥ Hic, MM ERZ L 2HBEROEFVE VEDOEA
. AERED, . DI2VIEIERKIGCE LTOBIEARD A, KAl TE%wH
FARORATH S, o ZMHTLILDICIE, =TV PRV EL

T, B oRUEMD 2 3AETERR~OHELRH T 2H4ERH L, £, K
oL 22RE{FYE X, NowriFABZREI ATV 29 HE D
—HicTER WV, FA4ETHB_ZEY, HARK - EEIhE24 o

BEYECHBOLEYE~OBREICL 2RI LETH L, Max <., Hlx

13
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EREZROHMA L L < H X L3 polybrominated diphenyl ethers (55,56).
Y v RRESLHEY v REBRA (57-59), EHFAICHwo 2 7Y 2
— LT =50 (60) b rorrEryrlEICEEL L 2 3 AR
BEEZEINTVR{LEVMETH %,

b bRy R Ty P dRAR S ALFEERX T 4 A, BRI
BAickz [Frhof@feRECHAT 2 2EMAE (a2 F1rflE)] chw
TH REAMEME I X 2 EBACEHEN ~oEThLRHAD—> L&
> TW53(61) A GLFHZFEOREEYEICL 2 PoXHRoD
B ~DFEICHTIMAIR. 2 LEE¥WEL2BAERLZ LB ERD L

3, FFk, R HMEZE D AL A, BELEYHEIC X 2NY W <AL
FRICX2AMEEICINV 205 E2bE2 o0 ilhbTICHED L.
BB ic EoOCHEEA M EYEo B - FHICET 28I L 240
T O LA WAr AR 2R OREMAEYE ~OBREE QKK IC T
ZANAL AT AT AT~ FRIBE-CHIE O [ LI HBRT 5 2 et A

WAHEZICRAIMEZE L L ColimTd b H,

it e
b ERA 2T 43, EETEHBEAMEEMHDSHBELYS GHREENERS
Mo B, MEAREHER # (5C-1252). JSPS Rl 2t & i & %

FCHMEL -,

IESYEN R
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hormone binding globulin; T/E2, testosterone/estradiol Lt
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BPA, bisphenol A; DHEA-S, dehydroepiandrosenedione-sulfonate; INSL3,

insulin like factor-3; FSH, follicle stimulating hormone; LH, luteinizing

hormone; SHBG, steroid hormone binding globulin; T/E2,

testosterone/estradiol Lt
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