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AEN O] «rlne dlsrupter IS an exogenous

SlibStance or mixture that alters function(s) of the

enJJC' e system and consequently causes

ub - -thealth effects in an , Or
f T‘ogeny, or (sub)populations’
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NB: The text shown in red is crucial — endocrine
disruption implies adverse effects, and may be
suspected on the basis of /n vitro tests but can only be
proven /n vivo.
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r operate at very low concentrations

J Dc -Tesponse curves may not be monotonic
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e 1xtures can produce additive responses at
gh‘dlwc ually negligible concentrations

S

o It has caused serious environmental damage

o .It causes terror in the hearts of
environmentalists, regulators and the chemical
industry
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organoﬁ]r* ?ontamination of rivers and estuaries

SRIIIISHISIC usmg reproductive impairment of fish
JnJ ple fusc populations
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b= e*blggest known impacts to date concern

- 'trlbutyltln -pased antifouling paints which have
devastated some mollusc populations and whole
Invertebrate communities

e Some evidence exists for other modes of
endocrine action (e.g. anti-androgenic effects)
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of intersex : o

Platichthys flesus ovotestis

Matthiessen et al. (1998) Sci. Ser. Tech.
Rep., Cefas 107
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Site/ Sampling Date

Feminised male urogenital papilla Occurrence of feminised urogenital papillae
In Pomatoschistus minutus in UK male sand gobies

Probable cause: oestrogens and their mimics in treated sewage

Kirby et al. (2003). Environmental Toxicology and Chemistry 22, 239-251.
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Larsson & Forlin (2002). Environmental Health Perspectives 110, 739-742
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bable cause: oestrogens and their mimics in treated sewage
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N vitro fertilisation
success In Rutilus
rutilus from the

oestrogen-
contaminated
River Nene

% fertilization

RN NN
cross

FIG. 5. The reproductive success of reference and River Nene roach in

experiment 1. Milt and eggs were collected from reference (R and River

Nene (N} roach and LJH:—‘LJ to establish three crosses: RR (reference males

% reference females), RN (reference males > River Nene females), and
er Nene males % River Nene females). The percentage of fertil-

was determined after 24 h. Error bars represent SEM, lI"I'!J as-
enote significant differences from the reference cross (RRj. ***P
001, There were 40-59 crosses in each group.

Jobling et al. (2002). Biology of Reproduction 67, 515-524
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competitive breeding scenario

EDCATY. breeding experiment 3 (2008)
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Tyler, Sumpter et al. (2009). In:_Final report of the EDCAT project — Endocrine Disruption
in Catchments. http://www.ceh.ac.uk/science/edcat.html
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Kidd et al. (2007). PNAS 104, 8897-8901.
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Incidence of

% Intersex in male
= Scrobicularia plana
from UK estuaries,
plus intersex
induced by
exposure to
oestrogens (Tamar
= reference site)
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E2, EE2, Sevemrn Fal Avon  Plym Erme Soton  Tamar
OF NP (2005) (2005) (2005) (2004/5) (2004/5) (2004) (2005)

Langston et al. (2007) Mar. Ecol. Progr. Ser. 333, 173-184.
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EBBEIIE dioruption in the aquatic ent.

Imposex in the mudsnail
Hydrobia ulvae exposed to
tributyltin.

Upper photo: normal female; lower
photo: TBT-exposed female showing
penis (PP) and blocked oviduct
(OvL).

CREDO website http://www.credocluster.info/images/imposex
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Organotin-based antifoulant being scrubbed off a
yacht into the Crouch estuary — early 1980s
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A 10-year ecological survey of the Crouch estuary
after TBT was banned in 1987 showed that this EDC
had caused major ecosystem damage
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Overall, in the 10 years after
BT-use was banned in the
Crouch estuary in 1987, the

benthic ecosystem returned
to near-normal, with total
numbers of epi-faunal taxa
increasing from 64 to 74
(Rees et al. 2001. Mar. Pollut.
Bull. 42, 137-144), and in-
faunal taxa increasing from
37 to 63 (Waldock et al.
1999. J. Mar. Biol. Ass. UK
79, 225-232.

Rees et al. (1999) J. Mar. Biol.
Ass. UK 79, 209-223
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SIIERY. OFf RNOWN IMPdCEs

SMIHENENS good evidence forthe environmental”
SHUOEHNEdISEUpters.in fish and molluscs
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ects of

SRIIGREIETOL A CaliSing poplation=levelimpacts in'some fish,

enuihiEsIeertainly caused community damage in invertebrates

SNeCiSaiVe  factors include natural and synthetic oestrogenic
POTINBHES OEStrogen mimicking chemicals, and indirect
glueyenssuch as the organotins

~— T

’f;‘}ﬁ” mﬁmental monitoring programmes are not yet tuned to
g;qgﬁﬁor"these effects or many of these substances

e W

~ » Chemical regulations and testing regimes are only just
- beginning to recognise that these problems need to be tackled
at source

However, not all
Impacts are being caused by synthetic chemicals



eg HieueryAen Vironment

Strotjurisaictions (USA, EU, Japan) new: require, or
EJ Vi /wH require, Informationapeut the endocrine aisru
CUSIOIRSOMIE CREMIGAIS
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Suite of Assays in the EDSP Tier-1 Screenmg Battery

In vitro

Estrogen receptor (ER) binding — rat uterus or recombinant

Estrogen receptor (hERa) transcriptional activation - Human cell line (HeLa-9903)
Androgen receptor (AR) binding — rat prostate

Steroidogenesis — Human cell line (H295R)

Aromatase — Human recombinant

| In vivo

Uterotrophic (rat)

- | Hershberger (rat)

—

_’.¢-—-|

Pubertal female (rat)

Pubertal male (rat)

Amphibian metamorphosis (clawed frog Xenopus laevis) (OECD TG 231)

Fish short-term reproduction (fathead minnow Pimephales promelas) (TG 229)

. —

—— p———

) {



N et N EteryAeAVironment

sHHENIEr 1 Screens are expected to detect (anti)estrogens,
(_Jn'J)Jr dregens, steroidogenic effiects, impacts on the hypothalamo-
,)qun,a. axis (HPG), and Impacts on the hypoethalamo-

R S

,)Juur\ﬁr yiole

I

2 A gog y_e iesponse in the USEPA's Tier 1 screening battery will
trigjejer 'quirements for definitive Tier 2 /n vivo testing

~ ER binding Yes No No No
— &= AR binding No No No

——- - = Steroido- No No Yes No
= genesis

Male pubertal No Yes

Female Yes
pubertal

Fish screen Yes

Likely MOA Steroido-
genesis
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2 screening data on' methexychlor testedIntthe figh short term

EPOUIEHON assay, with fathead minnow

~ Biomarkers

Fish shorl<term reproduction assay

Fecundity

Fish shori4erm reproduction assay

Females Males
10 * 8000
G5l GS! ot?
: 5 7000 Methoxychlor
=5 U - control 74
= 5 6000 | = 0.55
- KT
— T {ngini) - 3.66
[ngimi) = 50004
- T
g (rgi/mi} Eggs 4000+
Spawned
a 30004
E2 *
(ngmij 4
VIBe:qu. 4 :::::,::ﬁ b T T T T 0 T
{mg/mi) £050 15 400 6 0 & 10 15 20 25
2028 Days from exposure

0
Control 0.55 3.58 Conirol 0.55 3.56
Methoxychlor (ugiL)

1]
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SMHENEDRand Japan are Iaggqufhe U

sSHRHENED Regulation EC 1107/2009:0n; PPPS (Which replaces |

Diractiva 9l il /EE W ansadjUVantsrand new activerstbstances

IEIRGAUSE enc ocrlne disruption in humans or wildlife, and makes
axistirle) HHHJ lth these properties candidates for substitution.

o NE4 Tl JJJJ gulatlon by hazard, not by risk!

SN OVWEVET, [ he Commission has not yet decided the criteria it will use
UONUENUIN an EDC (must be done by 2013)

—"‘— — ,

= efE—U Biocides Directive will probably have similar requirements

.’ — ~
—‘.

-

=% Under EU REACH, EDCs will be subject to authorisation, but again,
the criteria to be used have not yet been clearly defined.

e In Japan and elsewhere, regulations are under development, but
none are yet in force.



to 2DCs -

eliEardISEd ecotoxicity tests sensiti

o OECD) JJIJ‘-‘JJﬂd:) In rr

TG 229 Fish) Jne Ierm Reproduction Assay (2009)
1161230 21-D _)_]\ 15h Assay (2009)

G 231 ,\m ])j,' lan Metamorph05|s Assay (2009)

OFEC| tmethods In preparation

ko
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“Andrbgenlsed Female Stickleback Screen
Fish' Sexual Development Test
Fish Full Lifecycle Test
Medaka (fish) Multi-Generation Test
Amphibian Development, Growth and Reproduction Assay
Avian 2-Generation Test
(+ various invertebrate lifecycle tests)



DEVEIOPMENT OF tests for EDCs o
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OECD) Ve atlon data for thesproposed fish sexual’development
LESEEZEDTalish exposed to octylphenol = sex ratio endpoint

Fraunhofer: 4-tert OP, zebrafish
. Mals
e Femake
—— Imeveax
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DEVEIOPIMENTOIFLESLS TOFEDES

IWHYANVENIEEC MOKE INVErtenrateENeEpro tests: e.

1000

d.Daprniavs moliusc

100

—
o

[y

S
—

m Potamopyrgus NOEC

m Daphnia NOEC > |

m Ceriodaphnia NOEC

0.01

productive NOEC or EC10 (ug/l)

Re

0.001
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Gather data on substance's
physico-chemistry and fate
Is aquatic exposure likely? —

Gather and evaluate existing data, including using
QSARs, in vitro tests, analogues and in vivo tests

Fish
testing not
needed

Are there regulatory or scientific reasons to
consider a chronic study at this stage?

Consider conducting fish acute test directly or based on
threshold approach or sequential design

No further
testing needed
to perform risk
characterization

Conduct risk characterization and
proceed if refinement is needed

,vssessment

S =

-;."

Consider conducting fish early life stage test (OECD 210) L
For targeted assessment, the egg and sac fry test (OECD stlﬁfg'sc'?ﬁﬁ{rgtif;gec;ﬁgﬁzeudes

:: - —‘ﬁ ‘S'Chem e fo r 212y or Juvenile groc\;\grrlls%gsetn(egECD 215) could be and in vivo tests ?
_ fishyincl.
E DCS n d Is the margin of safety small
2
other

-
chemicals
testing needed
to perform risk .
characterization Assays positive?

Consider conducting a partial or full one / two

Consider conducting in vivo fish screening test e.g.
Fish short term repro screen (TG 229) or
21 d fish screen (TG 230)

generation fish lifecycle test
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2 WeawilFseen e anadeguate toolbox of: standardised| /7
VOIEEOLOXICILY dSSaYSHOFEDES IOt "EENS al '
tasts, ollgele reed hazard testing strategies and guidance on

cJz)tz) aner,)rﬁ ation

SIIIENEIS T 10! reason why the environmental risks of EDCs
calplgloe loJ: ‘adequately predicted — resorting to regulation by
SHiaZal ?s d'pPanic reaction

—."-

"
_‘-—'

e

;,_j -mlnd e.g. low-concentration effects, mixture effects, non-
_ monotonic dose-response curves, possible multi-generation
effects

owever the special features of EDCs will need to be borne

!
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OVERtNE next 3-5 yeéﬁ’ny jurisdictions will start
EEMRENHEEPPIGaORNCTMW/IN/TGIANAN/INV/VOIESIS I
JESIENEH to detect, and assess the environmental hazards

of, ”,._._clisrupting chemicals

-
"~

J Ovar ,; same timescale, a more or less full suite of EDC-
SENS iLive standardlsed tests will become available

- — -~ -———-
 l ,4——' —
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= ’AnOECD Guidance Document is in preparation which will

fp‘rowde support for regulators with the interpretation of
endocrine test data (ecotoxicity and mammalian toxicity)

 The retrograde move away from risk assessment towards
regulation by hazard looks set to continue
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