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Micropollutants in the aquatic environment

unwanted by-products

unwanted by-products

O

Cl ClO

ClCl

>100’000

Br

Br

Br

Br

Br

Br

PO

O

O

O

O

O

O

O

Cln

Clm

Cl

NH2

Cl

ClF

ClCl

F

Cl

Cl

Cl

Cl

Cl

O

Sn

OH

O

Cl Cl

OH Cl

N

C
O NH2

H3C COOH

Cl

Cl

Cl Cl

Cl

Cl

OCl

NHNH

N

CHCH2CH3
N

N

CH3

CH3

Cl Cl

Cl

Cl

Cl

transformation products

HO

OH

H H

H

drugs and 
hormones

industrial chemicals
consumer products

pesticides

biocides



unwanted by-products

O

Cl ClO

ClCl

Br

Br

Br

Br

Br

Br

PO

O

O

O

O

O

O

O

Cln

Clm

Cl

NH2

Cl

ClF

ClCl

F

Cl

Cl

Cl

Cl

Cl

O

Sn

OH

O

Cl Cl

OH Cl

N

C
O NH2

HO

OH

H H

H

H3C COOH

Cl

Cl

Cl Cl

Cl

Cl

OCl

NHNH

N

CHCH2CH3
N

N

CH3

CH3

Cl Cl

Cl

Cl

Cl

Chemical Analysis Biological analysis



unwanted by-products

O

Cl ClO

ClCl

Br

Br

Br

Br

Br

Br

PO

O

O

O

O

O

O

O

Cln

Clm

Cl

NH2

Cl

ClF

ClCl

F

Cl

Cl

Cl

Cl

Cl

O

Sn

OH

O

Cl Cl

OH Cl

N

C
O NH2

H3C COOH

Cl

Cl

Cl Cl

Cl

Cl

OCl

NHNH

N

CHCH2CH3
N

N

CH3

CH3

Cl Cl

Cl

Cl

Cl

HO

OH

H H

H

Chemical Analysis Biological analysis

hormones

herbicides
general toxicity

Escher et al. submitted JEM



Reproductive biology � aquatic chemistry

Environmental estrogens

Effects



Exposure assessment with grab sampling

grab sample

solid phase extraction

yeast estrogen screen

EEQ: 17β-estradiol equivalents



Grab sampling data

Estrogenicity is low and variableEstrogenicity is low and very variable
Vermeirssen et al. 2005 ETC 24

Rivers

0

1

2

3

4

Rivers

E
E

Q
 (

ng
/L

)

0

1

2

3

4

order left = order right

n = 3 n = 3



A more integrative method is needed…

Environmental estrogens

Effects

Maybe
passive sampling 

is a solution.

Kind of using an 
artificial fish…

Aquatic
chemist



Passive sampling

Zeit
0 5 10 15

C
sa

m
pl

er

0

500

1000

1500

2000

Time

t = 0

t = x days

Partitioning (K) 
Csampler

Cwater

Sampling rate, R S (L/d)



Ideal passive sampling scenario

10 days
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Passive sampling – size of research field
Vrana et al. 2005 TrAC 24

1                              2                  3          

1 – first passive sampler for organic micropollutants in water

2 – first publication on DGT

3 – first publication on POCIS



Passive sampling – sampler diversity

Vrana et al. 2005 TrAC 24



POCIS Alvarez et al. 2004 ETC 23

polar organic chemical integrative sampler



Chemcatcher Kingston et al. 2000 JEM 2

Empore disk in a teflon, polycarbonate or other holder



POCIS around effluent discharges

• Do POCIS see the effluent?

• Do POCIS integrate variable EEQ concentrations?

• How do POCIS compare to fish?
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POCIS and grab samples

• Do POCIS see the effluent?

• Do POCIS integrate variable EEQ concentrations?

• How do POCIS compare to fish?

EEQ grab samples (ng/L)
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POCIS and fish bile

• Do POCIS see the effluent?

• Do POCIS integrate variable EEQ concentrations?

• How do POCIS compare to fish?
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Estrogen plume in a river transect
Vermeirssen et al. 2006 ETC 25
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Chemcatcher and photosynthesis inhibition

Diuron equivalents
DEQ



Passive sampling: biofouling, °C, m/s…
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Turbulence and Chemcatcher

Vrana et al. 2006 Environ. Pollut. 142



Turbulence and Chemcatcher

Stephens et al. 2005 EST 39

Vrana et al. 2006 Environ. Pollut. 142

20 litres

1400 litres



Flow under environmental conditions 

Vermeirssen et al. 2008 JEM 10
20000 L/h



Conclusions

• Passive samplers already provide very valuable data sets

Is concentration always needed?

• They provide good samples for biological and chemical analysis

• Environmental effects on the sampling rate can be large – a system is 
needed for correcting field sampling rates

For SPMDs and non-polar Chemcatcher, performance reference 
compounds exit

Huckins et al. 2002 EST 36
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