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The Big Challenges: Defra Evidence 
Investment Strategy 2010+
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Source: http://www.defra.gov.uk/evidence/science/how/strategy.htm 



1. Climate 
change, risk 

assessment & 
contaminants.
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The Big Challenges -
Environmental Risk
Assessment

Adapted from: http://www.defra.gov.uk/evidence/science/how/strategy.htm 

2. Chemicals 
impacting water 

quality & 
biodiversity in 

freshwater & marine 
ecosystems.

3. Protecting wild 
fish & shellfish 
populations; 

aquaculture & 
food safety.



Economic Importance of 

Aquatic Ecosystems

Ecosystem types Ecosystem services value 
($ US per ha per yr)

Grasslands 232

Evergreen pine forest 302

(Source: Martinez et al (2007) Ecol Economics 63: 254-272)

Evergreen broadleaf forest 2007

Permanent wetlands 14,785

Floodplains - Swamps 19,580

Estuaries 22,832



Chemicals & 

Water Quality

Legacy

contaminants 

(eg PBTs)

Emerging

contaminants 

(growing list)
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Complex

Natural 

chemicals & 

biotoxins

Complex

mixtures



Looking back, looking ahead …

• Legacy contaminants
- antifoulants (eg tributyltin)
- heavy metals 
- polychlorinated biphenyls
- polycyclic aromatic hydrocarbons
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- polycyclic aromatic hydrocarbons

• Emerging contaminants
- endocrine disrupters
- flame retardants
- fragrances
- pharmaceuticals
- plastics



Emerging contaminants …

• Endocrine disrupters
- affect development
& reproduction

• Nanoparticles

• Flame retardants
eg fluorinated chemicals
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• Nanoparticles
- antimicrobials (eg silver)
- antifoulants (eg carbon nanotubes)

• Pharmaceuticals
- human & veterinary

• Plastics
- microplastic + litter (MSFD)



More people, more chemicals

• 75% of the world’s 
megacities are by sea

• by 2010, >80% of global population       
estimated within 60 km of coasts
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���� synthetic chemicals likely 
to reach coastal ecosystems 
via sewage, unless 
rapidly degraded

Refs: UNEP (2004)
Martinez et al (2007) Ecol Economics 63: 254–272

Energy Food

Health

Water

Flooding



Pan-European coastal trends
Country Total 

population 
2003 

(millions)

Coastal 
population 

2003 
(millions)*

Coastal 
density 

increment 
(%)

2003-2015

Algeria 31.90 21.95 19.44

Egypt 71.30 37.86 23.70

France 60.00 23.76 3.83

Spain 42.10 28.59 5.46
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Source: EEA & Martínez et al (2007)

Sweden 9.00 7.89 3.33

UK 59.30 58.47 3.54

Energy Food

Health

Water

Flooding



Climate change & the oceans
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(Blackford & Gilbert 2007; Turley et al., 2008)



Bioconcentration a Critical Issue

• Nanoparticles – aggregates taken 
up by commercial shellfish 
species (filter feeders)

• POPs still a major concern
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• POPs still a major concern

• Plastics – microplastics 
in shellfish & sediment fauna

Could in vivo invertebrate bioconcentration 

data be useful to strengthen traditional 

log Kow model for chemicals & nanomaterials?

Refs: Browne et al (2008) ES&T 42: 5026-5031; Ward & Kach (2009) Mar Env Res 68: 137-142



Recent news …

12• SETAC 2009



Medical endocrine disrupters

Cholesterol

TestosteroneOestradiol

• side-chain cleavage

• 17ββββ-hydroxy dehydrogenase

• C17C20 lyase

• 17αααα-hydroxylase

5αααα reductase

Aromatase
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Dihydrotestosterone

Estrogen

Receptor 

(ER)

Androgen

Receptor

(AR)

Ref: Purchase & Randall (1998) Pure Appl Chem 70: 1671-1784

Tamoxifen

Fulvestrant



Environmental endocrine disrupters

Cholesterol

Testosterone

Dihydrotestosterone

Oestradiol

• side-chain cleavage

• 17ββββ-hydroxy dehydrogenase

• C17C20 lyase

• 17αααα-hydroxylase

5αααα reductase

Ketoconazole

Finasteride

Tributyltin

Aromatase

Tamoxifen

RXR
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Dihydrotestosterone

ER AR

Competitive Agonists Competitive Agonists

Bisphenol A
Diethylstilbestrol
Ethinylestradiol

Genistein
Nonylphenol

DDT & metabolites
Procymidone
Vinclozolin

Tamoxifen

Flutamide



OECD Guidelines VTG validation

15
From: Hutchinson et al (2006) Environ Health Perspect 114: 106-114.Ref: Hutchinson et al

(2006) EHP 114 



Health consequences in vivo -

plasma VTG in male medaka (14d)

• Refs
- Sun et al (2009) Chemosphere 75: 410-415
- Länge et al (2001) Env Toxicol Chem 20: 1216-1227

High VTG levels
cause kidney 

damage & death



Mixtures in vivo fish VTG assay
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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



Evolution of physiological systems  .. 

knowledge from genomics

ProtostomesDeuterostomes

Chordates Echinoderms

Annelids

Crustaceans Insects
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Molluscs

Annelids

Cnidarians

Protozoans

Vertebrate-type steroids

Ecdysteroids, terpenoids 
& neuropeptides



Gunnarsson et al -
Bioinformatics Approach to Drug 
Target Conservation
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Source:
Gunnarsson et
al (2008)
Env Sci
Technol 42:
5807-5813



Insect cell line for hormone 

(ecdysteroid) binding
SubstanceSubstance

Bisphenol A
Diethylstilbestrol
Diethylphthalate
Ethinylestradiol

Flutamide

EC50 ValuesEC50 Values

1.0 x 10-4M
1.0 x 10-3M
2.0 x 10-3M
3.0 x 10-5M
5.0 x 10-5M

Response (+/Response (+/--))

Active antagonist
Inactive

Active antagonist
Inactive
Inactive
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Flutamide
Genistein

20-hydroxyecdysone
Lindane

Methoxychlor
Octylphenol
Tamoxifen
ZM189,154

5.0 x 10-5M
1.0 x 10-3M

7.6 x 10-9M (~4 ppb)
3.0 x 10-5M
1.0 x 10-3M
1.0 x 10-3M
1.0 x 10-4M
5.0 x 10-5M

Inactive
Inactive

Active agonist
Active antagonist

Inactive
Inactive
Inactive

Weak antagonist

Dinan et al (2001) Environ Toxicol Chem 20: 2038-2046



The ToxCast™ Challenge …
• Large number of environmental chemicals to be assessed

(ca. 90,000)

100

1000

10000

100000 Pesticide
actives

High
production
volume
Medium
production
volume
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1

10

Chemical class

volume
TSCA list

ERA Neuro toxCancer toxRepro tox Immunotox

• Animal testing concerns & costs – millions £££

http://www.epa.gov/comptox/toxcast



ToxCast™ - Systems Toxicology

Chemicals

1

2

3

…..

200

Physico-chemical indicators

Chemical 1

Chemical 2

Chemical 3

Chemical 4

Computational indicators

Chemical 1

Chemical 2

Chemical 3

Chemical 4

Biochemical indicators

Chemical 1

Chemical 2

Chemical 3

Cellular indicators

Chemical 1
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…. etc
Chemical 4Chemical 3

Chemical 4

Chemical 1

Chemical 2

Chemical 3

Chemical 4

In vitro molecular studies

Chemical 1

Chemical 2

Chemical 3

Chemical 4

Model organism studies

Zebrafish      Rodents           

Chemical 1

Chemical 2

Chemical 3

…

Ref: Dix et al (2007) Toxicol Sci 95: 5-12



Zebrafish in biomedicine
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23

Zebrafish in PubMed  

since 1980 …



Zebrafish locomotor assay for 
biotoxin & p,p´-DDE interactions

• Domoic acid (neurotoxin)

• p,p´-DDE alone did 

not induce seizures

• p,p´-DDE body burdens

close to levels found in
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Tiedeken & Ramsdell (2009) EHP 117:68–73

• Duration of seizures in embryo-exposed 
p,p´-DDE larvae after exposure to 5 mM PTZ.

close to levels found in

foetal marine mammals 

enhance seizures due 

to domoic acid



Targeted Hazard Assessment

Absorption

Distribution

Metabolism

Target sites

Excretion

a) physico-
chemical 

properties 
& mode-of-

action 
(MOA)

info
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Target sites

Species 

selection
Field monitoring Lab testing

b) 
guidance 
on design 

of field 
surveys & 
lab tests

Population impacts

Environmental Risk Assessment (eg set EQS, PNEC)
c) decision 

making

Exposure



Chemicals in Water Report: 

Ideas for Case Studies

1. Oestrogens & fish feminisation – integration of 

biology and chemistry using TIE approach, led to 

OECD test guideline with VTG biomarker;

2. Pesticides & pharmaceuticals – mode of action 

EEA Chemicals & Water Workshop, Copenhagen, 6-7 December 2010

2. Pesticides & pharmaceuticals – mode of action 

approach and PNECs for complex datasets;

3. Tributyl tin – a success story which spans 

ecological observations, in depth mechanistic 

studies & policy actions;

4. POPs (eg methylmercury, PCBs, PFOS) – levels 

in aquatic environment & human health



Future Investment Priorities

1. Smart assessment approaches needed for 

increasingly complex range of chemicals & 

nanoparticles;

2. Targeted (‘intelligent’) testing strategies needed to 

link population relevance + mode-of-action;
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link population relevance + mode-of-action;

3. Need validated biological effects tools for multiple 

stressors (eg ocean acidification & contaminants)

4. Need to ensure EC supports training in essential 

pertinent to environmental risk assessment


