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ECOLOGY

Life in a Contaminated World

Lowis J. Guillette, Je', Taisen lguehi

il the carly | 9604, pesticide wiowans

peweived us u benefin to agriculire

atu puibibic health, with Sow detrimen-

il condequencen, This perception changed

drammically with e publication 50 yesrs

ago of Rache] Carson's Sifen Sprime ([} The

hook wiss the start ofa debate thit contimes

1o this day om the relative bensis and 1 i
nit just pesticickss bt all synihetic ¢

Pesticides are unquestionably beneficial

the past decade, o growing Hteratmre (3-6)
has expmmed how curly life expositre w an
arvey of chemical spents, found not onlby in
pesticides but alve in personal care prod-
nets smad plasnes, can affect human health
The =ffects on ermlovine ggnabimg (2l this
endocrine distuption) have been observed n
the exposed gensration and also m sucesed-
ing pensrations, bt the cone fusions are nut
wi thot cottroversy.

Esposune o pesticides and ofter chemicals can
have complen o nglanmn health u

o Tido { 7).

B what dose w0 reguired to cause an
effect? A lanze emturs i the Selds of endo-
crinology and penetal phvsiology demom-
strates pot onky thut can differem =Fevts be
induced af difzrent dosss hut also that the
mechanisms driving those effects can dif-

Tects shoukd

Tzt and b=

o o thinde i man mght deter endocrine drrupors (1)
fulire by sumethiing so seem- S i 1k e hug 2 ERpHILiES Tridy
i the chalee of a0 nssct apra ™ ] | od v predicting what
m 1962 [p B omif)] Alhough  might oecor follgwing the chmnw Tow dose

AR DEF 1505

fechanism g sxplain her obser-  exposures that abmost every population on

¢ 5248
ZA
| BHEHAEE
B ﬂ ow well documented thitexpo-  Earth is subjected o todby, often ot low bt
Eyﬁmﬂﬂ/\w o= frbryumic development 1o com- e concentrutions.

i iettticaly alters gene xpression Eathy-life exposure to chembcals with
It il 2l patterns thal can lead to altered health Liter endoctine disrnption potential has been

1614 ZBSEFTEMBER 2012 WOL 337 SCIENCE wwweroksncermag org

Guillette LJJr. & Iguchi T: Science, 337,
1614-1615, 2012.
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% The role of the environment. Environmental factors, including numerous
contaminants, have been shown to modify the parental genome, so that the
genetic makeup of any offspring is a combination of a parental inherited
genome (itself likely influenced by epigenetic mechanisms of the germline)
and environmental influences on that germline during maturation.
Environmental factors such as diet, stress, and contaminants can also modify
the genome of the developing embryo by classic selection and mutation or
3 by epigenetic mechanisms at both the somatic and germline levels. These
hrexy, gt i modifications can produce predispositions for health and disease in the
Gonsicand g™ current lifetime of the individual. Future transgenerational effects could also
T S be established through modifications in the germline genome or epigenome
after exposures during the lifetime of that individual.
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Fig 3 Routes of human exposure to some comman environmental chemicals.
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Chemicals Suspected to have Endocrine Disruptive Activity
65 chemicals cited in the revised SPEED’98 (May, 1998)

(1) Persistent Organohalogenates

Dioxins
PCBs

Polybrominated biphenyl (PBB)

Octachlorostyrene (-,-)

(2) Agricultural chemicals
Hexachlorocyclohexane (HCH)

DDT

DDE&DDD

Chlordane

Oxychlordane
trans-Nonachlor
Heptachlor

Heptachlor epoxide
Kepone (B,R)

Aldrin

Endrin

Dieldrin

Methoxychlor (B,-)

Mirex (-,-)

Toxaphene (B,-)
Endosulfan (B,-)

Kelcene (Dicofol)
Hexachlorobenzene (HCB)
Pentachlorophenol (PCP)

2,4,5-Trichlorophenoxyacetic acid
2,4-Dichlrophenoxyacetic acid

Alachilor (-,-)
Atrazine (-,-)
Simazine (-,-) (CAT)
Metribuzin
Trifluralin

Nitrofen

Amitrol

Benomyl (-,-)
Methomyl (-,-)
Carbaryl (NAC) (-,-)
Aldicarb (-,-)

1,2-Dibromo-3-chloropropane

nintended products (POPs)

eat medium (POPs)
Fire retardant
y-product of organic CI

nsecticide
nsecticide (POPs)
etabolites of DDT
nsecticide (POPs)
etabolites of chlordene
nsecticide
Insecticide (POPs)
etabolite of heptachlor
Insecticide
Insecticide (POPs)
Insecticide (POPs)
nsecticide (POPs)
Insecticide
Insecticide (POPs)

Insecticide (POPs)
nsecticide

caricide
actericide (POPs)

ntiseptic, herbicide, bactericide

Herbicide
erbicide
erbicide
riazine herbicide

erbicide
Herbcide

erbicide
Herbicide

erbicide, dispersion dye

actericide

nsecticide
nsecticide
Insecticide
Insecticide

Malathion
Ethyl parathion
Esfenvalerate
Fenvalerate
Permethrin (-,-)
Cypermethrin
Manzeb
Maneb
Metiram
Zineb (B,-)
Ziram (B,-)
Vinclozolin

(3) Antifouldings
Tributyltin
Triphenyltin

(4) Surfactants and raw materials for re

Alkylphenols (C5-C9)
Nonylphenol (B,R)
4-Octylphenol (B,R)

Bisphenol A (B,R)

(5) Plasticizers

Di-(2-ethylhexyl)phthalate

Butyl benzyl phthalate

Di-n-butyl phthalate (-,-)

Dicyclohexyl phthalate
Diethyl phthalate (-,-)

Dipentyl phthalate (B,R)

Dihexyl phthalate
Dipropyl phthalate
Diethylhexyl adipate
(6) Others
Benzo(a)pyrene (-,-)
Benzophenone (-,-)
2,4-Dichlorophenol
4-Nitrotoluene

Cadmium, Lead, Mercury

nsecticide
nsecticide
Insecticide
Insecticide
nsecticide
Insecticide
actericide
actericide
Bactericide
actericide
actericide
Bactericide

ntifouling paints
ntifouling paints

aw material for
surfactants,

aw material for resin

lasticizer for plastics

ot produced in Japan

lasticizer for plastics

nintended product
aw materials med. Prod.
ye intermediate
nt. of 2,4-dinitrotoluene
Intermediate

*removed from list of the revised
SPEED’98 (Nov. 2000)

LEFREICLI-MEDANTY , BEIERILEY. BE. MEFTEN. BIEDRMH.
AIBHLGENHBYET . CNIEFWWFDURREFIRALTHEY. CORDYMEZ. XK. Al
K. £l ETRIELEL,
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Chemicals in Water: 61 chemicals measured; 27 detected

Polybrominated biphenyl (PBB)
Octachlorostyrene

Triphenyltin

Styrene dimers and trimers

Butylbenzyl phthalate

Dicyclohexyl phthalate
Diethyl phthalate
Dipentyl phthalate
Dihexyl phthalate
Dipropyl phthalate

Benzo(a)pyrene

4-Nitrotoluene
n-Butylbenzene

Hexacychlorohexane Trifluralin
DDT Amitrol
DDE & DDD Nitrofen
Chlordane

Oxychlordane Methomyl
trans-Nonachlor Carvaril (NAC)
Heptachlor Dibromochrolopropane
Heptachlor epoxide Malathion
Aldrin Ethylparathion
Endrin Fenvalerate
Dieldrin Permethrin
Endosulfan Cypermethrin
Methoxyhlor Manzeb
Kelthane Maneb
Hexachlorobenzene (HCB) Zineb
Pentachlorophenol (PCP) Ziram
2,4,5-Trichloropehnoxy a.a. Vinclozolin

Arachlor
Atrazine
Symazine (CAT)
Methribuzin

Detected

ANKPTRESWE-YE T, REEE NS, -YEZEL VT EVHERERT,
BRESNENM>E=YEIFBTRLTET,
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Concentration (ug/L)

10 2
10 *
10°
10-1
10-2
10-3
10-4

10-

Non-pesticides

Detection rate (%)
100

Pesticides
80
60

40
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Chemicals in Fish: 61

Polybrominated biphenyl (PBB)
Octachlorostyrene

Butylbenzyl phthalate
Di-n-butyl phthalate
Dicyclohexyl phthalate
Diethyl phthalate
Dipentyl phthalate
Dihexyl phthalate
Dipropyl phthalate
Di-(2-ethylhexyl)adipate
Benzo(a)pyrene
Benzophenone
2,4-Dichlorophenol
4-Nitrotoluene

chemicals measured; 22 detected

Hexacychlorohexane
DDT Amitrol
Nitrofen

Oxychlordane Methomyl

Carvaril (NAC)
Heptachlor Dibromochrolopropane
Heptachlor epoxide Malathion
Aldrin Ethylparathion
Endrin Fenvalerate
Dieldrin Permethrin
Endosulfan Cypermethrin
Methoxyhlor Manzeb
Kelthane Maneb

Zineb

Pentachlorophenol (PCP) Ziram
2,4,5-Trichloropehnoxy a.a. Vinclozolin
2,4-Dichlorophenoxy a.a.
Arachlor
Atrazine
Symazine (CAT)
Methribuzin

BORANREHEN-YETT  HENBVVHEZEL Y REBEMEVWVYELE

& REShEho=YEIXB T,
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Concentration (ug/kg Wet weight)
10 4

<&

103

102

101

Detection rate (%)
100

Pesticides

80

60

40
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REPOEFVERE

AEDE F KE
JZVIz/—)L 1998 |nd~21png/L

1999 |nd~4.6 ng/L

2000 |[nd~7.1ug/L

2001 |nd~5.9 ng/L

0.69 pg/L | 2003 |nd~2.9 ug/L Gl T42%)

IRMSOA—IL 2003 |nd~6.9 ng/L CGANJIITT90%)
IFIIRNSOA—IL 2003 |nd~6.5 ng/L CH[JIITT14%)
FHOFILTT/—IL 2003 |nd~0.47 ug/L GaJIIT60%)
EX7x/—JLA 0.28 ug/L |2003 |nd~0.4 ug/L CGAlJ1IT84%)
TR IF AT 2003 |nd~9.1ug/L CGAIJIITE0%)
F)TFILRX 2003 |nd~5 ng/L (5 T50%)

JZIIVIx/—ILlE. 1998 FE TILA I K|

REIREN2IugLEHEIN-OTY A &

ElE, FEDO0.69 pg/LIZHEALLTNET . ERT/—ILAIFIRTE ., FRFED0.28ug/LTT
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Sponsored by the Risk Assessment Forum, Office of Water, and
Office of Research and Development

Mid-Continent Ecology Division

USEPA decided National Health and Environmental Effects Research Laboratory
to use Medaka for Office of Research and Development
Duluth, MN

Risk Assessment

2002 July 30-August 1, 2002

n ' N LA —
i I -
i ] |[— Il

| I |

&

OECD TG240
(MEOGRT)
2015

CNIF20024 12, KERKFRET(US EPADHI R TORESMENTETT,

LERETA)AD S, RADFHRICEAGRBFLEROIDHARNS, EOEHRERITTLEL
Too BhIE AT NEHRBLELT, AT HDOBRMERRAT S-OICRHA NI RETL I, X
THFIHEERDDELFHONO>TOELEDT, VDO —HZY>TEGRFEANS
ET.HMHEDHIANTEELES , TORER. TAVAE AT HE . AR I <EMEDRERIC
EIZEITROFEL, TNLUE. BARZERBAELTAFDERN-HBR KR THFEL
OECDDEHAGAERITIRELEL . ChAIUARKEICGEOHREZEHEILES .

40



DEHP (ppm)

BREFE4E: EMER

BEDHA
A BFRE10~50%
TR ITFIILAF )L (DEHP)
TRIVEED A /=)L (DINP)

= TAERA:

ﬁl'ﬁ.wﬁl&)éﬁﬁ
75O TSR]
\ P

: == = = —
: — IREZE=DHETE) > @
. Egierf:tond
4
2 E ShoD a2 F((DEHP, DINP)Z .,

PVC%E"%ZE%)EHP Pz\/Cf%EHP \ — " T RIC
DIE(‘Ifl);A)attaé;hedt(;Sc/) . fc))od '(iﬁﬁnﬁﬁﬁ%%%f 200358 5 1)
from PVC globes AR 1 X7

Eﬁf')‘b?&i’cs EX7BE0RYVEAALBNALET . MELEEFBHEDREZLTHYE

L7=.

LEOVE—HFEFEVED T AIELEHBR. 7ALVBIXTILEORENEEIZEL.

18TI—AYyNNO—BHAEREZEBA TWEL -z, FRILBIRTILENECNSFHFY

DEMICABZONERAREL . EMERUICEDODIDIZ. EEDSLSIBIEBEEDFREL T,
BIZ XAV EEFEDTIVEL =, -, TE(ZI70-80% 7 I)ILO—I)LTFERFHEHELT
fF-oTLVELT=,

BIZISEE DFHELT SHHEMEOFATUOMIBLISEE. EFORDOED
N—TRUEZALBENBH AR SNELE, ALFST2E B 23 DEAL BH
ADILEE D/ A—(1E H DR201E) DREABH ML IALBEABEEShEL -, COR
72%7‘3\& BILE S L OFSEBHICEREMNDESICANICEEBREEETEIELEL
RiE. BROETEH. ChEFROEEDOMETT, FREBEETETHBEER
L. OO HIZHEAN TN ZERERYEL, BECHETLE, FEEITEEDEL
HTEBNSRESN DA B (TRLES AV /=) ERELLEY ., ATERIZDHT
BUTABHAIAENCSNRAZNERELEL, B BB RIX—EEREOmMIzRA TS
PABHOE=FR~AOBREE L4Y. FRAOBREENEETEET, ChOOEE
HRE PYADOBEBELTHESNTO A BHOREERNT, URIEEZETLEL
t=o COBBIZFERRLES=-DTT A, FRNESEDTHIN DRI T HLITRE
Y. BREEECCD2ODABRIEE L LELT,

41



BAYBMPDT7 2 VEERE

N—ARF*a1—yY—X (§&E) DEHP 42,367 ng/g

ZRE (FF) 4,654

FoTARRTE (apYE7) 1,117 DBP 2,560
BXDE R ND - 517

RIFERT7Z/—ILADSEETY . HFEOREIDa—T 4T ICERT/— LA EHL L TLY
9, HERBOEENSERT/—ILABBRHEINTWELz, — B LORDELSIZ, BB
BATHEA—D—DERTT/—ILADEEFEEZRRTDHE RBEDORITHENTKDER
Jx/—I)LAD=EITFEDPLELT -,

ST ITLIVLIZIZ/ZIL T/ —ILDBSASTWE=DTIN, EATORD LS, 24112,
MAIS12BDREIZ. SYTIAILLIZIFZ/ZIN T/ —ILEANDBZEEZDLOHTNET , 2D
FOBIEMRI ST CLEFIFFRELHYFFAL. ESATHFMLGWERNET DT,
CCTHIELTHEET,

42



EFOIR AT U ZRGEHAAATES%
AWETR A7 yiEERE by BES (KBRX)

1 1/ 1000 1110000 1100000 [z sttt =

— Relative estrogenic potency
51— ' f ?L

Cnu-nw-:-r = Gorimoin

I
»(I?j E:f-” r-:fu

DS r-newwz I:Nnﬂm’.llrrfl
{oil]

]
v C\H U
e CHaLa Gy
K i

0 Fxiricl L layiphared

J.J:;

By Bavase
O fisi
=sillsionills oo
" el il Bt &

Bk n”:‘ BN S-CIH'J-H-TW B8 OCDE L'"""“““

" Jﬁ;@ S
’ I SA | W S ¥ 1 J 5
e :Q‘c\_.:‘h' | u'-:;O‘a AT :.gu:n:.m- 2

Dialytad sl (DES] O TR snladane ?-:H-H-DE‘.EF H“'! 1. eyl phralat (9B

CORDOYMEITLEERILEAAERALDY . ENLHIZITKIZONT, TERILEAAERIE
B<HYET,

ZOHRIZIK. /2T /—ILOERT/—IILAB A TWET . E LD X ERILED L
REE. THERIVEAAERIZ1/1000EM1/1000045 L DRELIABHY FEE A

RNUEBVRITKBEBEN DL TWWS 7/ —IILDEE (CORTIEF) 2 ->TWWAHEIIZIE
THERILVEAAERABAA NG N EEZONET,

F-. AERILEVZREDOBEL N> TEFELEEOT,. OVEA—42—2ALT. 2R
EKDRIVEUDEE T BRI YNBSS D#EE (B0 [TIEEME (8) NEDERE/N\TYH
Tb\b\’é?r%i'ﬂ'%)l* X T ETILETETNET,

43



=B CORICHTWSEIYMI D, RERILEVZRRELGFERYHELTOET,

44



EBA¥E ERa, ERB1, ERB2

1
l |
HI5T49a  A—F
% i e ¢ =$2R (ERal, a2, 1, B2)
#— (ERa, ) h —— s
CETLCES —sr— -
) 7= Faor ‘ |
_ (ERo, ERP2) i
e VF¥ (ERo,

. (ERB)
wwﬁ IT IR REH:
ER/SR \ PO Y wap ERa—ERa, ER02? *%?EE”JE"E"*E%@
*"’7/'7*\ “ R e \fm—ﬁ“ S ERB—ERBI,ERp2 | fR&T
—————— i R, vpes., [REARRBEy LE | SUREALE
AcSER—ER-ER22 X l/,-k_g_T‘Jt,r
MIPE-" (ERo, B), Coelacanth ESR1, ESR2a,
(7028 | mER, BB (ERowP) | ESR2b knockout
Miyagawa et al., J Appl Toxicol, 2015; Environ Sci Technol, 2014. medaka 1’|EJ-3ZEF

Tohyama et al., J Steroid Biochem Mol Biol, 2016; Environ Sci Technol, 2015.

BRAGEEOADLXMERILEVZRREGFERYHEL T, AERFEDLIITEELTL
HHEMRELTNET,

FIFELFEFELEA LD LT, TERILEVZERDRAICTETHEY., HBNELTIE
LLIL— Z°'CL\73L\57Q~¢QIEfJ§AﬁtL’C/\79&@‘75&‘ BiRILEY ., BIBRRERILE.
RS ILEY DS R ILREE CAY . BRI EY SRRICRA T AME L. BeL
THREIN-MEINM-2IEEH AT TT . LHL, AVEa—3AFEL- ZERILEY
RERITHET DAREMEDHOIMEL. BANT-205 D5520007FREEHOLITT

45



WHO/UNEP EUMHY#H A

State-of-the-Science of Endocrine
Disrupting Chemicals — 2012

State-of-the-Science of
Endocrine
Disrupting

Chemicals - 2012

" Prof. Ake Bergman
Univ. Stockholm,
.| Sweden

Prof. 12A7H. 2016

WHO/IPCS 2002 A. Kortenkamp WHOIUNEP 2012 %ﬁﬁ%"/‘/ﬂ{:/‘@.b
Brunel Univ., UK HEHEHAR L
1A15H. 2019 (RRER#HREK)
=AYy o Aw I 1305309 — 178

2013 2. A AR WELYERBE~NDEHRIZC DL TORK A, WHOLEUIZKYEE
356*1135[/1-:0

BB STV =B #II2002ENSD10EF TI0BEEICEZELI-, WHODHRE
EXFLEO-FHORRIF2016EDREBEEAD L VRIS D LICHLBEFINT-. Sweden, X
MORILLKRZDN—T T EETLIL.EUDEEDIZ. KADEBEETEHH. 1T
YR TIL—RILVKEZEOANTUOHTRETT,

WHODREEDFIZIE, EFDRILIRAA . FEEE. FLEOEBERABEEMIZEEMLT
WBEWSEIEFREADTWET A, A ELYMELDBEEIXIFREATT,

Fi-. XERSBFEEIL. 2009F L£2012F (2. A M <ELDEDHEDHLEMEIZDLY
TOREZITHO>TWVET,

46



Pharmaceuticals, Hormones, and -

Other Organic Wastewater EZE &, PPCPs
Contaminants in U.S. Streams, 3

1999—-2000: A National
Reconnaissance

Take one threetimes a day. Or
yov can Just dring the local water..)

DANA W P, :
[ SN b L —
LS. Geologl & el Ly M pog '_,l"ﬂﬂ'
fowa City, Iy : el £ oW Mgp;rcr.wg f
L = e |

EDWARID,

LLS. Geologi
Denver, Cal

95 organic wastewater
contaminants

139 streams across 30 states
1999-2000

= el | SETAC Pellston meeting
prTsmem—rrel | Salt Lake, in 2003.

Environ. Sci. Technol., 36: 1202-1211, 2002.

MBI CEMERIBEL B AT, LEMEOHTL, EEROBEENORELLRT
BELHY, 20025 EN S, BEREOATC. AN~ OREEERRIITTAHIE
MEHSNTVET,

HINHIFIDE L DS TELHAH. TFZ— LIRS DA —ILOEEFRILEDAATY)
AOFANMNBIFRHENTEY . RERAICLAEOENNOEZENREINTLET,

47



BA: RIEAOERYMEA
SPEED 1998, EXTEND 2005. EXTEND 2010. EXTEND 2016

- BERORERECHII. EE. KKR) (SPEED ‘98)
AEH, AT NVERW-EHEREDEHFE (OECD TG229, TG230, TG231)

AEHERAVWTNEDEBEREZ LR
J=NI/—=I  FHOFNIT /=)L ERXRT/—)LA, DDT (2004)
SYbERAWV-REBRCIIERETXROhG o

L2 E DR VIR (=B YA (100905) : 2010
BX_EMiHN: BKG N THERERFE OECD TG240,
TG241 (Dr. Yamamoto)

BEXRAE : 42UROANPOERIROL L ORET. AIICEALT
WBI/HOO—FIZESE A H S L5 EERMICHHE GERDEER)

EXTEND 2016: BADRZER THRESIN-MEZTTIZ. AW

MELERB LUVEMNDECEDABRZ R

(Dr. Nakamura)

R BOCEEEPEICDOWTIE, BEL. EURKREZHRDICZLOETHRILEDS
NTWWEIL.OECDTIEHSYM BE. AT SOV BEBLGEOEEHBIMZAL:
AEEDRAEZTOTLET,

IRIRAETIE AFARITRLIE=EDIT, 19984, 20054, 20104, 20165 (2, IRIEH DY)
EDOREDIEE. EY~OEEZILETI-OOHYERAEDHFE. OECDDEY
AEERFEADSM., AT EERARONIMEDRXDEEEDRE. A5 AN,
ATV, ZOVADRLECZRAZRAVE ARENFRBRZEZOFE. ChoDEYMZER
W=REHRER, AT HOHTLERVW-HEERBRAEZOFRRGEZTV. EOArDYEE
RAWTHEERBRLROONTNET,

:if;,_!‘ol:’Dl,\’Clis ERREMAEMOIUALE . REEOHFSANHERLTLZE
E S

48



R M <ELMEMEDEZL[HEE

RER(BERETRENHHLEEIMXIIERINT
WBHY, BREE LD EABALHTIEELY)

KGR EZTY MXIT LS,
EDKSITHERT HH ?

Prof. Andreas Kortenkamp
Brunel University

P EE o \‘:‘x‘ ‘
Prof. Michael K. Skinner
Washington State Univ.

Pro Bruce Blumberg
Univ. California, Irvine

BEIC.SBOMEELELTIEIRASARIZRLUIESDDHLWLVIBIZ DL T, 5IEHsEx
HTA2LELHHEBRNET,

N ELMERBETEELMRELTL. BREEE G EQILTUVAVTRE
NEEEENDREETT . BHHOYEDOHBRLANALTOWVEVWDONBIRTT A REF T
FZLDMELNRFICRESNET DT, EHSoEEICIETEAREEICEINEMD
FODHENBETT), - MENEREZBA TCRETHILERESNTOET . 4
RYDzUIEREESIERITMEDLERLTOET, BiERILEY . BERILEY B
KIRHRILEDDESBEREEOVMEL. CNODRILEVDOEEZERET SMEHNRE
EEOTVETH, ENZEZLDHRILEVAHYET DT, SHBICLTWSRILEV T
f%()%i_#d)ﬂ'x)b%)&@h‘d’ﬁﬁﬁb%h%@‘lﬁh%%ﬁﬁ%’d’%%ﬁl:?L\’C%EEJ’*‘%LIZ\E
SHL

SH.PEORELC. MEORBRNEC CLEEHEFELTVET . T F9 . ML
MRAE(ZHE->THET,

CNTEDYET ., HYNBESITETNELT,

49



