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Looking back, looking forwards ...

» Legacy contaminants
- heavy metals
- organochlorine pesticides
- polychlorinated biphenyls

« Emerging contaminants
- endocrine disrupters
- flame retardants
- personal care products
- pharmaceuticals
- plastics Cefas

Key EU Policy Drivers

Activity Regulatory Driver

Agriculture Plant Protection Products Directive 1107/2009/EC
Aquaculture Veterinary Medicines Directive 2001/82/EC
Biofouling Biocidal Products Directive 98/8/EC

Corrosion control Biocidal products Directive 98/8/EC

Industrial chemicals REACH Directive EC1907/2006

Marine ecosystems Marine Strategy Framework Directive 2008/56/EC
Nanomaterials REACH Directive EC1907/2006

Offshore gas & oil OSPAR Harmonized Mandatory Control System

Pharmaceuticals (humans)  Medicinal Products for Human Use Dir 2001/83/EC
Pharmaceuticals (veterinary) Veterinary Medicines Directive 2001/82/EC
Water quality Water Framework Directive 2000/60/EC

6 Further information: http://ec.europa.eu/environment/index_en.htm cefﬁ
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J—t 3 Plant Protection Products Directive 1107/2009/EC
KEZE Veterinary Medicines Directive 2001/82/EC
EWEE Biocidal Products Directive 98/8/EC

[EEBRhLE Biocidal products Directive 98/8/EC

ITXEFm REACH Directive EC1907/2006

BIEEER Marine Strategy Framework Directive 2008/56/EC
FT/RTIVTIL REACH Directive EC1907/2006

MEAR A OSPAR Harmonized Mandatory Control System
EER (N) Medicinal Products for Human Use Dir 2001/83/EC
EXEm (RH) Veterinary Medicines Directive 2001/82/EC

K& Water Framework Directive 2000/60/EC

8 F£#0: http://ec.europa.eu/environment/index_en.htm cem




Input of hazardous substances into North-East . . . .
Atlantic from 1990-2008 Production of toxic chemicals in EU

Production volumes of toxic chemicals in EU (27 countries)
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R——. — Py Ha — Lindane PCBY Individual substances in Annex V1 to the D Irective as by EC Directive 2001/59/EC (adapting
ta technical progress for the 28th time Council Directive 67/548/EEC on the approximation of the laws, regulations and
i - p administrative provisions relating to the classification, packaging and labelling of dangerous substances).
Ref: EEA (2011) Hazardous substances in Europe’s fresh and marine waters. Technical report 8/2011
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Medical endocrine disrupters

Cholesterol

Fadrozole side-chain cleavage

17a-hydroxylase
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13 Ref: Purchase & Randall (1998) Pure Appl Chem 70: 1671-1784 Cefas

Environmental endocrine disrupters

Retinoic Acid Receptor

A Cholesterol

Tributyltin « side-chain cleavage
H 17a-hydroxylase
V ¢ C;;,Cylyase

Aromatase 17p-hydroxy dehydrogenase
Oestradiol €—— Testosterone

¢ 5a reductase

Dihydrotestosterone
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Estrogen receptor Androgen receptor
Competitive Agonists Competitive Agonists
A A
Bisphenol A

Diethylstilbestrol DDT & metabolites
Ethinylestradiol Procymidone

Genistein Vinclozolin

14 Nonylphenol
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Drug Target Conservation:

Bioinformatics Approach

Conserved Human Drug Targets (%)
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Predictive Ecotoxicology
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Environmental Risk Assessment assessment
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Adverse Outcome Pathways in Fish
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An adverse outcome pathway in fish [2,50]. Aromatase inhibitor example. (A) Aromatase inhibition by
fadrozole; (B) Reduction in circulating oestradiol; (C) Reduction in circulating vitellogenin (VTG); (D)
Histopathology of ovarian tissue, top panel normal ovary, bottom panel fadrozole treated; note oocyte
atresia; (E) Adverse outcome on egg production—fecundity

21 Ref: Kramer et al (2011) ET&C 30(1): 64-76 cem

European Chemicals Agency:
PBT & vPvB Assessment

Table C.1-1: PBT and vPvB criteria according to Annex XIII of the REACH

Regulation
Property PBT-criteria vPvB-criteria
Persistence' = Ty2 = 60 days in marine water, or - Ty > 60 days in marine,
- Ty2 = 40 days in fresh- or estuarine water, or 1;‘:5]]- or estuarine water,
[k
= T,2 = 180 days in marine sediment, or . .
R ye i © sedument, © - Ty2= 180 days in
- Ty2 = 120 days in fresh- or estuarine sediment, marine, fresh- or
or estuarine sediment, or
- Ty2 = 120 days in soil. - Ty = 180 days in soil.
Bioaccumulation® BCF = 2000 L'kg BCF = 5000 L'kg
Texicity - NOEC < 0.01 mg/L for marine or freshwater -
organisms, or
- substance is classified as carcinogenic
(category 1 or 2), mutagenic (category 1 or 2),
or toxie for reproduction (category 1, 2 or 3),
or
- there is other evidence of chronic toxicity, as
identified by the classifications: T, R48, or
Xn, R48 according to Directive 67 548 EEC.
22 Further info: http://ec.europa.eu/environment/chemicals/reach/reviews_en.htm ceras
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Table C.1-1: PBT and vPvB criteria according to Annex XIII of the REACH

Regulation
Property PBT-criteria vPvB-criteria
Persistence' = Ty2 = 60 days in marine water, or - Ty > 60 days in marine,
- Ty2 = 40 days in fresh- or estuarine water, or 1;‘:5]]- or estuarine water,
[k
“T,n> 18 ine sediment, . .
T2 = 180 days in marine sediment, or - Tya> 180 days in
- T2 = 120 days m fresh- or estuarine sediment, marine, fresh- or
or estuarine sediment, or
- Ty2 = 120 days in soil. - Ty = 180 days in soil.
Bioaccumulation® BCF = 2000 L'kg BCF = 5000 L'kg
Texicity - NOEC < 0.01 mg/L for marine or freshwater -
organisms, or
- substance is classified as carcinogenic
(category 1 or 2), mutagenic (category 1 or 2),
or toxie for reproduction (category 1, 2 or 3),
or
- there is other evidence of chronic toxicity, as
identified by the classifications: T, R48, or
Xn, R48 according to Directive 67 548 EEC.
24 S http://ec.europa.eu/environment/chemicals/reach/reviews_en.htm Geras




Prospective Environmental Risk
Assessment

Available data

Assessment factor

Base set acute data 1000
(most sensitive of 3 sp.)

One log-term NOEC 100
Two long-term NOECs 50

Long-term NOECs from 10

3 sp.

Field or mesocosm data

Case-by-case basis

Note - under REACH, PNEC

marine

is often simply PNECcspwater

el ()

See http://ec.europa.eu/environment/chemicals/reach/reviews_en.htm )
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Cefas

OECD

Conceptual Framework

Level 1
Sorting & prioritization
based on existing information

- physico chemical properties (eg MW, volatility, biodegradability)
- human and environmental exposure (eg production, release patterns)
- hazard (eg available toxicological data)

Level 2

In vitro assays providing
mechanistic data

-ER, AR
- transcriptional activation
- aromatase & steroidogenesis

-Thyroid function
- fish hepatocyte VTG
- fish kidney spiggin

Level 3
In vivo assays providing
data about single
mechanisms & effects

Level 4
In vivo assays providing
data about multiple
mechanisms & effects

Level 5
In vivo assays providing
data on effects from

endocrine & other mechanisms

- Uterotrophic assay
- Hershberger assay

- Non-receptor mediated
hormone function

- fish 21d VTG assay
- fish spiggin assay

- enhanced TG407 (endpoints based
on endocrine mechanisms)

- TG 408 90d study

- male & female pubertal assays

- adult intact male assay

- amphibian metamorphosis assay
- fish gonadal histopathology

- 1-gen assay (TG415 enhanced)
- 2-gen assay (TG416 enhanced)
- repro test (TG421 enhanced)
- combined 28d reprod test
(TG422 enhanced)

- partial and full lifecycle assays
in amphibians, birds, fish and
invertebrates

(development & reproduction)
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1FE ¥ DR EANOEC 100
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Level 1
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Case study: 17a-ethinylestradiol

Level 1
Sorting & prioritization
based on existing information

- molecular weight = 296.44 log Kow = 3.67 water solubility 4.8 mg/L
- pharmaceutical mode of action targets oestrogen receptor (ER)
- widespread use, persistent, diffuse release via sewage effluents

Level 2

In vitro assays providing
mechanistic data

- positive in wide range of yeast & mammalian in vitro assays
- positive inducer of vitellogenin in amphibian and fish hepatocytes
- inactive in the insect ecdysteroid assay (BIl assay)

Level 3

In vivo assays providing
data about single
mechanisms & effects

- positive in rodent Uterotrophic assay

- negative in rodent Hershberger assay

- positive inducer of vitellogenin (VTG) and related biomarkers in
amphibians, birds and fish

Level 4 - positive in rodent TG407 enhanced to assess endocrine mechanisms)

In vivo assays providing - positive on rodent TG 408 90d study
data about multiple - positive in range of fish studies using molecular biomarkers anchored
mechanisms & effects into phenotypic observations (eg VTG, kidney pathology, etc)

Level 5 - Large database of studies in

In vivo assays providing aquatic animals Risk assessment conclusions:

data on effects from - fish full lifecycle NOEC = 1 ng/L PNEC freshwater =0.35ng /L
endocrine & other mechanisms - chronic LOEC low ng/L range PNEC marine =0.035ng /L

- lake study effects at 5 ng/L
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Water Framework Directive:
Retrospective Risk Assessment

S—

Prevent deterioration and enhance
status of aquatic ecosystems &
associated wetlands

Promote sustainable water use

Reduce pollution from priority
substances

Water Table g
Ground water

Prevent deterioration/reduce
pollution of groundwater

Contribute to mitigating effects
of floods/droughts DI

Credit: Paul Whitehouse, Environment Agency
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-BFE 296.44 KAVR/—ILAEGE 3.67 KEHRE 4.8 mg/L
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Level 1
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Level 2
ERAN=XLT—H2%5B5
=8O DEHERE M (In vitro) FXER

Level 3
B—kAANZA L EET—4
%17 5-H0EY (In vivo) :HER

- (FolEFERRHERIENTHE
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Level 4 - AR AN =X LFHED 1= D 1T o8 ETGA07 HEERARICEVLTHHE
BHERAN=X L-2ET—45| | - [ToH%E TG 408 BREFERICH L THE
%B5=H0EW(In vivo) RER | | - RERBR(VTG. BMBENRELE) 7oh—0F
RAAT—h—F AV =RERRICEVLTHEMS

Level 5 S KEEWHRDRBF —HA—2
M BEDMAD= K LIzED || - BETILSATH AL NOEC = 1 ng/L R PESESF L &
BT REEEHO - {814 LOEC & ng/L #iF BKCHPNEC =0.35ng /L
4 (In vivo) HER - MK TOREHETIE 5 ng/L #KTOPNEC = 0.035ng /L
TREHY

Water Framework Directive (7K #4#0 &5 5
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Water Framework Directive

EQS values for saltwater & freshwater ecosystems

PO”UtantS S 'f .+ Separate EQSs for saltwater and

~ . freshwater ecesystems

210/ [[S1e"Based on separate analyses of
Selected at EU level Selected by Member R T BT R W A SO G Wfteshwater and saltwater data ...unless
States more biodiversity) unless exclusively evidence that they can be pooled

- marine taxa represented in dataset X - -

er are usually more
PRIORITY SPECIFIC ~ stringe t(loWer) than freshwatergg&
SUBSTANCES POLLUTANTS '

(ANNEX X) (ANNEX VIII)

< N

Requires Environmental Quality Standard (‘EQS’)
33 Cefas 34 Credit: Paul Whitehouse, Environment Agency Cefas
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Cefas {21%: Paul Whitehouse, Environment Agency Cefas
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Water Fram ework ] e p oY = = Risk & Evidence Conference, Cranfield University 22 June 2011

Directive chemical W e A mixture of endocrine

status of surface o® . . . ]
EIETE £ O [DEEETIED PN | disrupters in a typical UK river
2010 Ou_ e Chemical Likely concentration
£ ® ° Oestrone 1 nanogram per L
Chemical status cI:I; \\ _; § ®e & Q & Oestradiol 0.1 nanogram per L
::‘\:IeerrB\;iE Pé:;tr':c.:\; b lep &4 © ._q_, N9 X Ethinylestradiol 0.1 nanogram per L
! Equine oestrogens 0.2 nanogram per L

B Good (eg equinelin)
B Risk of failure to Nonylphenol 100 nanograms per L

achleye good

chemical steiv Octylphenol 10 nanograms per L
] Unknown ) © :

Bisphenol A 5 nanograms per L
Chemical status not  d &
yet reported for RBD { b
Sl I L ... and probably many more.
Source: EEA based on information reported by Member States in the REMPs.
37 Ref: EEA (2011) Hazardous substances in Europe’s fresh and marine waters. Cefas 38 Adapted from Sumpter (2011) SETAC Mixtures Symposium, Brussels Cefas
Water FrameWO rk J | : oy o Risk & Evidence Conference, Cranfield University 22 June 2011

Directive (K474 5% — et | HEEOBEAIIZBITS
FTIZBF2LEMERD o® NS R g N=|
i‘H_’,J:?KG)’{ﬁfR(ZOlOﬂE].Z @ ! W /7] ILZ\b\<EL1t%¢%§O)Iﬂ$ :t

AIR7E) L BETORE
IXkAY 1ng/L
T il o IRRSTA—IL 01ng/L
S e eneins ' = e e RO UG
© EREIR OS5 VE 0.2ng/L
] Good (T4 RE)
i 2 ,, J=ILIT/—IL 100ng /L
W g o AOFNTZI—L 10ng /L
N o' g ¥ ' EZ7z/—IL A 5ng/L
Chemical status not i oo
yet reported for RBD { - 0
.. ZOM. BAFEELTVRLDEEDIS.

Source: EEA based on information reported by Member States in the REMPs.

39 Hi#8: EEA (2011) Hazardous substances in Europe’s fresh and marine waters. cem 40 Adapted from Sumpter (2011) SETAC Mixtures Symposium, Brussels cefﬁ




Mixtures in vitro
“Something from Nothing”

—

g Using in vitro yeast reporter
= gene assay (human ERa)
=] 0.8 tested combination of
= 11 xenoestrogens (1 = E2)
S 0.6
W
. —
(1~
= 0.4
o
3
=02
(=]
o
1 2 3 4 5 6 7 8 9 10 11 12 ES CAMIX
Compound
Ref: Rajapakse et al (2002) EHP 110: 917-921 Cefas
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Prospective approach: in vivo
exposure in fish VTG assay

JLELERTAE
Conen.
LILERVAE addition
LA
111001

100

111
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=
=
g
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=

AT

001

0.001 i i) 1

Chemical concentration [pg 177]

Mixtures of E2 and NP were additive at the concentrations; data
presented illustrate that model of concentration addition accurately
predicts VTG response (Thorpe et al (2001) ES&T 35: 2476-2481 Cafas
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= 06
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(1~
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(-L]
2
= 02
(=]
o
1 2 3 4 5 6 7 & 9 10 11 12 ES CAMIX

Compound

Hi#2: Rajapakse et al (2002) EHP 110: 917-921

AIRIERET:
£48 VIG HERTOEM (in vivo) [E<HE

HCLEEIES
Conen.
LILERVAE addition
LA
111001
1004

111

Plasma VTG Conen, (g ml'|

AT

001

0.001

B A BB Fﬁ
FE*h"fH}JDE’J,EF:ET)Lb\b*‘EEI % ﬂ'J_IHu’CZBé_&’ETL,’CL\é
(Thorpe et al (2001) ES&T 35: 2476-2481) Cefas
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Risk & Evidence Conference, Cranfield University 22 June 2011

UK river basin modeling of the expected
consequences of oestrogenic mixtures

= Discharge sites

e Cumulative assessment: River netwark
- nonylphenol
- natural estrogens ) o alisct.
- pharmaceutical (EE2) %m;‘:z‘;?’d

N/ severe effect

Catchment Area

Risk & Evidence Conference, Cranfield University 22 June 2011

Retrospective approach (1)
Whole Effluent Assessment

a3
=

% Methanol »
% -3
1 7

_/’//\

wn
by
I

o
o

. Active
O inaciive

Fine fraction of Southend
STW effluent with yeast assay used
to identify source of oestrogenic
activity in complex mixture

Absorbance 540nm m

Ref: Desbrow et al (1998)
EST 32: 1549-1558

Elution time of fraction

5 Ref: Sumpter et al (2006) Environ Sci Technol 40:5478-5489  (Cafas 26 (mins) Oz
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Retrospective approach (2):
Biological effects monitoring

¢ Environmental monitoring is a
valuable tool for environmental
risk assessment (ERA) and
environmental impact
assessment (EIA).

— Field collection
environmental samples :
(from point source to ocean) [

— Biological effects
monitoring

— Compare biology data with
quality assured chemical

49 analysis
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Prospective and retrospective
risk assessment of chemicals

Legacy
synthetic
contaminants

Emerging
synthetic
contaminants

Natural endocrine
disrupters & other
bioactive natural
chemicals

Risk & Evidence Conference, Cranfield University 22 June 2011

kAERE Q) EYMEEE=FIVYT

o BEBE—SYLIITBEIVRIE
{li (ERA) R U BRI &S (EIA
VEEBETHLETERLEY—ILT
H%.

- REAHOHNMER (KR
MoiFEET)

- EYMENEET—4)Y

- £ TR E RIS
h-EEDITED LB

51

52

LZMEDRIRERV
®&mE") X5

BOEELLTD
LEMESBE

EELAY DB [ il
BlLemEsL

RRISHET BRI BOE, W
EENBRUEOMENTN S
EETHRRILEME 1




53

Future needs

Exposure assessment (chemicals & nanomaterials)
- validated models a key tool
- chemical monitoring in the environment

Hazard assessment

- OECD test guidelines play key role

- increasing use of predictive ecotoxicology
(Adverse Outcome Pathways supported by
molecular and physiological data)

Risk assessment of mixtures
- prospective risk assessment:
» need validated models
- retrospective risk assessment:
» need whole effluent assessment
& biological effects monitoring

54

Thank you for listening!

Contact: tom.hutchinson@cefas.co.uk

Cefas

55

P < =
SERDEE

(X<EEHM (IELEMBE RV /ME)
-BERY—ILERBBRIIETIL
-REFOIEEMEE=F2)T
I NH— R FTif
-FELEE|ZIES OECDTAMNIARAARSAY
- FHISEAEZ S FRILRESMESE
(RF.EBEZHT—2ZIRUET T LR B
BEYDRFHE A
- BmE) RO E1:

» RETILDOLEN
- mE) R T

w [ HE /K ET

RUEMFHEEE=L) T DOLEM

56

CHERHYNESITETNFELE!

E#& 4 tom.hutchinson@cefas.co.uk
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