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aquatic 

ecosystem

multiple effects on 

different levels

• receptor binding

• biochemical response

• survival

• reproduction, fitness

• species interaction

observed 

effect in situ

• fish decline

• disappearance of 

sensitive species

• regime shifts

multiple 

stressors

• toxicants

• nutrients

• oxygen

• hydromorphology

• temperature

• pH

• pathogens

• invasive species

Multiple Stress on Aquatic Ecosystems

observed 

effect in vivo 

and in vitro

• bioassay response
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50 mio known 

chemicals
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TIC: WER046.D

thousands of 

compounds in 

real world 

samples

33 (+8) priority 

pollutants (WFD)

Contamination: Complex Mixtures

 How to assess complex contamination?
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How to Assess Complex Contamination?

field observation

ecological relevance

unresolved stressors

biotesting

effects, hazards

mode of action

toxicants as cause

limited ecological relevance

unknown toxicants

target analysis, EQS

predicted effect/hazard 

individual compound

no hazard of mixture

ignoring of most compounds

target analysis, TU/msPAF
predicted hazard of target 

mixture

ignoring of most compounds

non-target analysis
broad array of compounds

difficult identification

no hazard prediction
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no hazard predictionNone of the methods provides hazard and cause-effect 

relationships of complex mixtures Integrated approach!



MODELKEY (511237-GOCE) is a research project funded by

How to Assess Complex Contamination?

field observation

ecological relevance

unresolved stressors

biotesting

effects, hazards

mode of action

toxicants as cause

limited ecological relevance

unknown toxicants

target analysis, EQS

predicted effect/hazard 

individual compound

no hazard of mixture

ignoring of most compounds

target analysis, TU/msPAF

predicted hazard of target 

mixture

ignoring of most compounds

non-target analysis
broad array of compounds

difficult identification

no hazard prediction

WFD approach: 

large gap between ecological and chemical status



MODELKEY (511237-GOCE) is a research project funded by

How to Assess Complex Contamination?

field observation

ecological relevance

unresolved stressors

biotesting

effects, hazards

mode of action

toxicants as cause

limited ecological relevance

unknown toxicants

target analysis, EQS

predicted effect/hazard 

individual compound

no hazard of mixture

ignoring of most compounds

target analysis, TU/msPAF

predicted hazard of target 

mixture

ignoring of most compounds

non-target analysis
broad array of compounds

difficult identification

no hazard prediction

WFD approach: 

large gap between ecological and chemical status

EDA approach:

may help to bridge this gap
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EDA Approach

• Site specific

• Endpoint specific

• Based on selected in 

vivo or in vitro

biotests

• No a priori knowledge 

on or selection of 

compounds required

• Applicable to any 

matrix (water, 

sediments, biota, …) 

environmental

contamination

biological

analysis

biological

analysis

chemical

analysis

fractionation

confirmation

toxicant

• Basic assumption: Toxicity of complex environmental mixtures is 

predominated by few compounds.
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EDA of Sediments

Conventional sediment assessment: Focus on metals and non-

polar priority pollutants: PAHs, chlorinated pesticides (DDT, HCH, 

HCB, aldrin, dieldrin…) and PCBs and PCDD/Fs

Can we confirm this selection with EDA?

http://upload.wikimedia.org/wikipedia/commons/7/70/Aldrin.svg
http://upload.wikimedia.org/wikipedia/commons/f/fa/Benzo-a-pyrene.svg
http://upload.wikimedia.org/wikipedia/commons/0/0c/PCB_general_structure.svg
http://upload.wikimedia.org/wikipedia/commons/d/db/Hexachlorobenzene.png
http://upload.wikimedia.org/wikipedia/commons/5/57/Dieldrin.svg
http://de.wikipedia.org/w/index.php?title=Datei:Dioxin-2D-skeletal.svg&filetimestamp=20070203190917
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Complex Mixture vs. key toxicants

Example 1: AhR-mediated effects in sediment extracts
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• very complex mixture

• strong effects

Complex mixture 

or few outstanding 

key toxicants?

Priority PAHs and 

PCDD/Fs or 

something new?
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Fractionation procedure 

Brack et al. 2003 J. Chrom. A

open column NP-LC (Al2O3) 

NP-LC (NO-Phenyl)
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Complex Mixture vs. key toxicants
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Extract

F2.5.8

EDA helps to 

dramatically reduce 

complexity  

Complex Mixture vs. key toxicants
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Mass balances comparing 

• original sample

• reconstituted mixture of 

fractions MFx

• prediction SFx (CA)  

Reasonable agreement 

considering uncertainty 

of IEQs and losses 

during fractionation

Complex Mixture vs. key toxicants



MODELKEY (511237-GOCE) is a research project funded by

B

F2.
1

F2.
2

F2.
3

F2.
4

F2.
5

F2.
6

F2.
7

N
.a

.N
.

F2

M
F2.

x

S
F2.

x

IE
Q

B
 (

n
g
 S

E
q
/L

)

0

1000

2000

3000

4000

5000

6000

7000

PCDD/F

~ 70 % of IEQs caused by one PCDF isomer

~ 28 % of IEQs caused by four other PCDF isomers

O

Cl

Cl

Cl

Cl

Cl

Cl

Complex Mixture vs. key toxicants



MODELKEY (511237-GOCE) is a research project funded by

C

F2.
5.

1

F2.
5.

2

F2.
5.

3

F2.
5.

4

F2.
5.

5

F2.
5.

6

F2.
5.

7

F2.
5.

8

F2.
5.

9

F2.
5.

10

N
.a

.N
.

F2.
5

S
F2.

5.
x

IE
Q

B
 (

n
g

 S
E

q
/L

)

0

100

200

300

400

500

600

700

S

O O

Excellent tool to identify 

new compounds to be 

considered in a mixture

Complex Mixture vs. key toxicants
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2123DNF

22NBT

9MBaA

1MCHR

1212DNF

IE
Q

• Quantitative 

confirmation of new 

compounds as 

significant 

contributors 

• Relevant non-

identified compounds 

may not be excluded 

Complex Mixture vs. key toxicants
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Often (but not always) 

few outstanding 

toxicants 

predominating mixture 

effects 

 key toxicants to be 

included in 

assessment.

 often include 

unknowns/unexpected 

compounds

Complex Mixture vs. key toxicants
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Example 2: multiple toxicological endpoints, several 

sediments

Does EDA allow 

for any 

generalisation 

across individual 

sediments and 

endpoints?

Multiple Endpoints/Several Sediments
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Automated NP HPLC-

fractionation

Separation according to polarity, size of the aromatic system and 

planarity/degree of halogenation

PyrenylNitrophenyl

PyrenylNitrophenyl

PyrenylNitrophenyl chlorinated diaromatic 
compounds (PCBs, PCDDs/Fs)

alkanes, alkenes, sulphur, non-
planar diaromatic compounds

Sample
injection keto-, hydroxy-, nitro-PAHs, 

N-heterocyclic PACs, quinones 

Nitrophenyl stationary 
phase (NO)

Porous Graphitised Carbon 
stationary phase (PGC)

Cyanopropyl stationary 
phase (CN)

N

CH 3

CH3

N
+

O
-

O

Step 1

Step 2

Step 3-5

PAHs, S-, O-heterocyclic PACs

Functional groups

  CN

  NO

 PGC   electron-rich 
               surface

F1-5

PCBs, PCDD/Fs

F6-F12

PAHs 

increasing size

F13-F18 

polar fractions

Multiple Endpoints/Several Sediments
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Ames ïMutagenicity
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In Most PAH fractions 

predominate. In Bitterfeld and 

Pardubice great mutagenicity 

in polar fractions

 unknown mutagens!

PCBs, PCDD/Fs PAHs polar compounds

Multiple Endpoints/Several Sediments
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Inhibition of gap junctional intercellular communication ï

Tumor promotion
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ER-CALUX ïestrogenic activity
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PardubiceBitterfeld

Estrogenic activity only in 

polar fractions. 

Predominating F17 (steroids 

and bisphenol A) and F15 

(alkylphenols)

Multiple Endpoints/Several Sediments
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Multiple Endpoints/Several Sediments
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Multiple Endpoints/Several Sediments

Polar compounds 

play an important 

role for in vitro

effects of sediment 

extracts.

Similarities between 

activity patterns of 

different sediments 

helps to focus 

monitoring.
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AR-CALUX

RP-NP fractionation

Weiss et al., Anal Bioanal Chem, 2009

Example 3: androgenicity in sediment extracts

Frequent 

observation for 

specific effects: 

No effects 

observed in 

complex mixture 

but after 

fractionation 

DHT: dihydrotestosterone

Masking of Effects
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27

androgenic activity
anti-androgenic activity

Androgenic effect in sediment 

extract remains non-detected 

due to antagonists 

fractionation enhances chance 

to detect effects in complex 

samples

Weiss et al., Anal Bioanal Chem, 2009

Masking of Effects
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Bioaccessibility and EDA of Sediments

Example 4: green algae cell multiplication, bioaccessible 

fraction

Influence of 

extraction procedure 

on the mixture and 

the prioritisation of 

the fractions? 
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Bioaccessibility and EDA of Sediments
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EDA of Sediments

Consideration of 

exposure (e.g. 

desorption kinetics) 

may significantly 

impact mixture and 

prioritisation.
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Partition-Based Dosing

Example 4: green algae cell multiplication, partition-based 

dosing

In sediments: pore 

water concentrations 

as a result of 

partitioning.

Solvent dosing: 

attempt to dissolve 

whole mixture.

Impact?
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ÁPDMS rods loaded with 

sediment extract

Ápartitioning according to 

KPDMS/water

Ásimulation of partitioning in 

sediments 
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ÁPDMS rods loaded with 

sediment extract

Ápartitioning according to 

KPDMS/water

Ásimulation of partitioning in 

sediments 

Áconstant dose by compensation of losses due to 

adsorption, degradation, evaporation
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Dramatic impact of 

dosing technique on 

prioritisation. 

Relevance of very 

lipophilic compounds 

e.g. PAHs 

overestimated.

Relevance of less 

lipophilic compounds 

underestimated

Again: unexpected 

outstanding key toxicants 

(triclosan)

Partition-Based Dosing
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Non-regulated compounds identified by EDA studies (algal 

toxicity, endocrine disuption, mutagenicity) 
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EDA of Surface Waters

Example: Mutagens in River Elbe downstream of 

Pardubice, Czech Republic

• Receiving industrial wastewater

• Significant mutagenicity

• Not related to priority pollutants
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BR1-N-2-8-APCI-pos #10-1863 RT: 0.36-60.30 AV: 686 NL: 1.03E5
F: FTMS + p APCI corona Full ms [150.00-1400.00]
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Mutagenicity 

prediction
(toxnet)

Standards for 

confirmation Good match

Target/suspect screening: 

Comparison  with site-specific 

target lists of compounds

Exact mass extraction 

(MZmine)

No match with 

the sample

No match
Empirical 

formula
(isotope peaks)

DataBase search 

(ChemSpider)
(Exact mass, formula     

and logKow range)

or

Structure 

generation

Decrease 

of the 

number of 

candidates
(Fragmentation 

prediction)

Log Kow, pKa and MS2

checking

Matches with the 

sample

EDA of Surface Waters: Identification 

Strategy
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Conclusions

• Environmental samples normally contaminated with very complex 

mixtures of mostly unknown compounds

• Mixture toxicity models (CA): Valuable tool for toxicity prediction of 

known mixtures and supportive in EDA confirmation. However: does 

not solve the main problem: Uncertainty on key toxicants. 

• EDA as an approach to simplify mixtures and to identify key toxicants 

 significant improvement of mixture assessment. However: No 

guarantee to get all relevant compounds.

• Quantitative mass balance may be difficult. Incomplete recovery, 

masking effects, uncertainty in testing of complex mixtures.

• Exposure scenarios (how to consider bioavailability) may significantly 

impact identified mixtures.

• Polar compounds (non-accessible to GC-MS) play a significant role in 

water and sediment. Great challenge for isolation and identification

• In vitro assays are a valuable tool for EDA not for risk assessment. 

They should trigger in vivo studies. 
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In Vitro Triggering In Vivo

in vitro

assay 

(YES) 

sediment-

extract

 

Potamopyrgus 
antipodarum

 

Analysis community

Caging experiment in situ

Schmitt et al., Chemosphere, 2010

Estrogenicity in Scheldt sediments
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