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Multiple contaminants and sources
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Biological effects at different organisational level
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Increasing ecological relevance
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Chemical risk assessment

Environmental risk !

Bioaccumulation (LogKOW>3)

Toxicity (NOEC<1 mg/L) => Hazard

Persistence (not readily biodeg. <30% in 28d)
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Objectives
Ecotoxicological screening tests and risk assessment

• (Priority/existing pollutants)

• Compounds of emerging concern (Ag-NPs, sucralose)

• Complex mixtures (estrogen mimics)

• Integrated testing strategies

• Alternative testing/screening methods

• Future directions



Seminar on Screening of Environmental Contaminants 11.10.2010 6

Experimental models

Air

Control 1 ng/L 10 ng/L 100 ng/L

In vivo
(1-100 days exposure)

In vitro
(1-4 days exposure)
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Engineered nanoparticles

http://www.nanotechproject.org/inventories/consumer/analysis_draft/)

medical application
consumer products

Gold (Au NP)
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In vitro experimental model
What are the possible effects of nanoparticles 
on fish cells used as an in vitro test system?

Liver

Gill

Exposure 

(48h)

Cytotoxicity

Reactive oxygen species (ROS) production

Epithelial integrity

Primary hepatocytes

Primary gill epithelium cells
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ROS & Cytotoxicity
(hepatocytes)

Silver NPs Gold NPs

Cytotoxicity

Farkas et al. 2010. Effects of silver and gold nanoparticles on rainbow trout (Oncorhynchus mykiss) hepatocytes. Aquatic toxicol. 
96: 44-52. 

ROS
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In vivo study with salmon

Contr 1 µg/L 20 µg/L 100 µg/L 20 µg/L 100 µg/L

Commercial NP 
solution

Ag+ HM NP

Biological endpoints
Gill accumulation
Gill histopathology
Gill genetic stressmarkers (qPCR)
Plasma ions and glucose
Mortality
----------------------------------
Microarray

NP characterisation
220 nm ultrafiltration
4 nm hollow fibre X-flow 
ultrafiltration
ICP-MS

4 nm 220 nm

Salmon (∼25g, n=15) exposed to Ag+ and AgNPs for 2x24h (48h)
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Sucralose
• 600 times sweeter than sucrose

• Chemically stable (inert)

• pH and UV stable

• High water-solubility 

• Low fat-solubility

• Slow biodegradation potential in STW
Sucralose

Concentrations (μgL-1) References

STW effluents 1.8-119 (Brorström-Lunden et al., 2008; Green et al., 2008; Loos 
et al., 2009; Mead et al., 2009; Scheurer et al., 2009)

Lake/riverine water 0.004-3.6 (Brorström-Lunden et al., 2008; Loos et al., 2009; Mead 
et al., 2009; Scheurer et al., 2009)

Sea water 0.001-0.39 (Green et al., 2008; Loos et al., 2009; Mead et al., 2009)
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Bioaccumulation tests
(OECD 305)

Exposure
2 concentrations (10 and 100 mg/L) 
Control

Duration
48 hours (Zebrafish 48h dep.)

P. subcapitata

Daphnia maga

Danio rerio

Lillicrap, A. et al. (In press). Bioconcentration of sucralose in a multitrophic battery of aquatic organisms Environ. Toxicol. Chem.

Sampling
Time-specifc sampling

Chemical analysis
Biota and exposure media

0.471.60.15100 mg/L

0.722.20.1010 mg/L

ZebrafishDaphnia
magna

P. 
subcapitata

Test conc
(mg/L)

Bioconcentration factor (BCF)
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Zf-liver gene expression

Agilent Zebrafish oligoarray

•High density oligoarray

•22k (V1)/44k (V2) D. rerio probes

•Highly annotated

•Sequences (RefSeq, UniGene, TIGR, 

Ensemble & UCSC Zv7) X Y

Z

Control
1 mg/L
10 mg/L
100 mg/L

RUN and FYVE domain containing 2 , ARNT-like 1A, 1 unknown

basic helix-loop-helix domain containing, class B, 3 like
cryptochrome 1b, zinc finger CCCH-type containing 10, 2 unknown
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Effects to be expected?
MEC

NOEC

Sucralose

MEC= ~200 ng/L (effluent: 3-10 µg/L)

BCFfish= <1

NOECacute for fish ≥ 1800 mg/L 

NOECgene: ≥100 mg/L (known toxic mechanisms) 

NOECLemma: ≥ 100 mg/L (growth inhibition)

MEC/NOECgene: ≤ 5x10-5 (Effluent: ≤ 0.3-1x10-4)
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Combined (joint) toxicity
Concentration addition

(similar MoA)

Independendent action
(dissimilar MoA)

Comp A Comp B Comp D…..Comp C

Additivity
(1+1=2)

Antagonism
(1+1<2)

Synergy
(1+1>>2)
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Joint toxicity - estrogens

CA
IA

Petersen, K. & Tollefsen, K.E. (In press). Assessing combined toxicity of 
estrogen receptor agonists in a primary culture of rainbow trout (Oncorhynchus
mykiss) hepatocytes. Aquatic. Toxicol.
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Mixtures – gene expression

Finne, E. F., et al. (2007). Toxicogenomic responses in rainbow trout (Oncorhynchus mykiss) 
hepatocytes exposed to model chemicals and a synthetic mixture. Aquat. Toxicol .81: 293-303.

EE2

73 14 84

MIX TCDD

44

MIX

7523

Single & Mix (equi-potent)
10 nM EE2
0.75 nM TCDD
0.75 μM 4-Nitroquinoline-1-oxide
100 μM Paraquat
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Risk assessment

Biological tests
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Algae

Crustacean

Fish

Estimated animal usage
Base set (1-100 t/y):  >1 million fish
Level 1 production (100-1000 t/y): >2 million fish 

3 R’s
Reduction
Refinement
Replacement
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Integrated testing strategies
Chemical

(Q)SAR, HTS, In vitro screening

Prioritization for further testing

In vivo testing

Hazard identification

Risk Assessment

Risk Management

Exposure
- exposure categories
- models
- measurements

Existing data

Read
across

(modified from Bradbury et al. 2004)
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”OMICS” in toxicity screening

Compound
A Compound

C

Compound
D Compound

B

Air

Compound A
Compound B

Compound C
Compound D

? ? ?

Use OMICS for preliminary screening, prioritization and read-across?
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Adverse outcome pathways (AOP)

Exposure

Outcome

Cell Tissues
& 

Organ Systems

Organism
& 

Population

Initiating event
(Anchor 1)

Adverse effect
(Anchor 2)

Causal
Mechanistical

Inferential
Correlational
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Strategy predicting PBT properties
Subtance X

Existence of data?

QSARs

Similar compounds tested? 

Read-across? 

No further testing required
Full/partial testing required

Screening

Molecular
screening

YESNO

YESNO

In vitro
screening

Can use data for RA?NO YES
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Future directions

• Determine fate & effects of nanoparticles under realistic exposure
scenarios (hard vs soft water)

• Assess toxicity of sucralose to mysid shrimp

• Determine combined (joint) toxicity to fish and crustaceans in vivo

• Develop/evaluate non-animal alternatives to ecotoxicological
testing

– In silico models, in vitro screening, ZF embryotest, ”Limits” test

– AOP and OMICS approaches

• Support international initiatives to promote use of ITS approaches
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