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 Mixture effect:

Combined effect of all chemicals in a 

sample

blubber tissue

 What types of effects are caused by the chemical cocktail? 



Equilibrium passive sampling
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 Conventional exhaustive extraction requires a clean-up to minimize 

bioanalytical interferences (matrix effects)

 limiting spectrum of chemicals

PDMS 

(Polydimethylsiloxane)

thermodynamic

equilibrium tissue

 Examination of mixture effects with bioanalytical tools



Equilibration kinetics
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thermodynamic

equilibrium tissue

 Equilibration kinetics:

When will the thermodynamic equilibrium be reached?

• Blubber spiked with seven indicator PCBs 

(PCB 28, 52, 101, 118, 153, 138, 180)

• Samples collected at 8 time points 

between 10 min and 96 h

 Equilibrium was reached within 1.5    

(PCB 118 and 180) to 2.6 (PCB 28) hours

 KLipid/PDMS = 36.7 ± 8.5 

 Sampling for 24 h 

mean ± SD, n=7 

PDMS

equilibrium
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Bioanalytical tools to assess cellular effects

Escher and Leusch, Bioanalytical Tools in Water Quality Assessment, IWA, London, 2012.

Metabolism Interaction with target Defense Cell death

Cellular toxicity pathway

What can be measured?

Induction of 

xenobiotic 

metabolism 

pathways

Non-specific toxicity

specific, receptor-

mediated toxicity

reactive toxicity

Induction of 

general stress 

response 

pathways

Cell viability 

(cells repre-

sentative for 

system 

response)

How can it be measured?

- in vitro cell-based assays

 reporter gene assays



Toxicity pathway (toxicodynamics)
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activation or 

detoxification
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event (MIE)

Intermediate 

effect

Cellular stress 

response

Apical effectToxicokinetics

Covalent 

interaction with 

DNA or proteins

Inhibition of

enzymes

DNA 

damage/ 

mutagenicity

Alteration of 

hormone 

signaling 

pathways

Disruption 

of cellular 

homeo-

stasis

p53 

mediated 

DNA 

repair

Oxidative 

stress 

response

p53 

mediated 

apoptosis

Cell 

death

Inflammation

etc….

p53

PPAR, AhR,

PXR

Nrf2

nfκB

various 

cell lines 

RAR & 

RXR

Binding to 

hormone 

receptors

Heat shock response

HRE

Hormone 

receptors:

ER, AR, 

GR, PR, 

TR
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Neale et al. (2017),Development of a bioanalytical test battery for water quality monitoring: Fingerprinting identified micropollutants and their contribution to 

effects in surface water, Water Research.

Bioanalytical tools to assess cellular effects

Oxidative 

stress 

response

Estrogenicity, 

androgenicity, 

glucocorticoid

activity, 

progesterone

activity

Peroxisome

proliferating activity, 

arylhydrocarbon

receptor induction
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Cell-based bioassays

Escher et al. (2018), The advantages of linear concentration-response curves for in vitro bioassays with environmental samples, Environmental Toxicology and 

Chemistry. Manuscript submitted for publication.  

Linear range up

to 30 – 40 %
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Dose-response in cell-based bioassays

1. dosed at high levels with serial dilution (> cytotoxicity)

2. repeated with linear dilution in the target range

 derive EC10 data

IC10 EC10

For oxidative stress 

response assay : ECIR1.5
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adapted from Weijs et al. (2016), Screening of organic and metal contaminants in Australian humpback dolphins (Sousa sahulensis) inhabiting an 

urbanised embayment, Chemosphere.

Du 2

Dolp

Du 3
Du 1

Port of 

Brisbane

Moreton 

Island

Stradbroke 

Island

Samples: 4 dugongs (Dugong dugon) and 1 dolphin (Sousa sahulensis)

pilot study

Moreton Bay
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 No effects detected with ERα

and GR assays

Specific responses of mixtures extracted from blubber
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Samples: 33 dugongs (Dugong dugon)

*

*
***

*
****

n=4, Northern Queensland

n=7, Middle Queensland

n=21, Southern Queensland
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Cytotoxicity and activation of specific mode of action

How specific are the 

responses of mixtures 

extracted from blubber?

Cytotoxicity: IC10

Specific response: 

EC10 or ECIR1.5
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Are there any sex, spatial or temporal trends?

PPARγ AREc32
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From mixtures in PDMS to mixtures in blubber

 Thermodynamic equilibrium was reached 

within 1.5 (PCB 118, 180) to 2.6 (PCB 28) 

hours

 KLipid/PDMS = 36.7 ± 8.5 

 No significant differences between sex or 

strand year

 Dugong has a long life span

 no information of age was available       

 PPARγ activity lower in animals from 

tropical North Queensland

Further steps:

Chemical analysis of the extracts

Total extraction of samples
Jin et al. (2015), Adaptive stress response pathways induced by environmental mixtures of bioaccumulative chemicals in dugongs, Environmental Science and 

Technology.

Bioanalytical equivalent - BEQ:

BEQbio, PDMS=
ECreference compound

ECPDMS
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