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Evaluating effects of flow under
environmental conditions
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A view of the chemical world
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A rationale for bioassays

unwanted by-products
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Contents

ERE Galactosidase

hER

Yeast estrogen screen
Routledge and Sumpter, 1996 ET&C 15
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EEQ: 17β-estradiol equivalents
ng 17β-estradiol per well
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Data evaluation along:

“toxicity equivalent concentrations”

Toxicity equivalents
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Environmental estrogens

Effects

From grab sampling to passive sampling
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Contents

From grab sampling to passive sampling
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From grab sampling to passive sampling
“Estrogens in Swiss rivers and effluents - sampling matters” Vermeirssen et al. (2008) Chimia 62
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Nov 2003: passive sampling and bioassays
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Petty et al. (2004) Chemosphere 54
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POCIS feasibility test

STW
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• Do POCIS see the effluent?
• Do POCIS data correlate with repeated grab sampling data?
• Do POCIS compare to bioaccumulation?
• Do bioassay data relate to LC/MS/MS?

Vermeirssen et al. 2005 ES&T 39/ 2008 Chimia 62
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Further evaluation of POCIS – EPSA

© swisstopo
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Deployment in effluents (and rivers)
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EPSA – results: YES
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Vermeirssen et al. 2008 Chimia 62
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Other studies on POCIS estrogens and YES

• Calibration of the POCIS
• LC/MS/MS
• YES
• Link between biological and chemical analysis
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Combined algal test

PS-II inhibitors, e.g. diuron

DEQ – diuron equivalents
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Escher et al. 2008 J. Environ. Monit. 10



Combined algal test – inhibition of algal growth
Escher et al. 2008 J. Environ. Monit. 10
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Bacterial bioluminescence

Vibrio fischeri
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POCIS: 21 effluents – 3 bioassays
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Vermeirssen et al. (in preparation): Micropollutants in effluent-exposed passive samplers – linking 
toxicity in algal and bacterial assays with chemical analysis



Linking bioassays with chemical analyses

Relative potencies
Diuron = 1.00
Terbutryn = 0.78
Isoproturon = 0.16
Atrazine = 0.11
Irgarol = 2.51
Terbutylazine = 0.46
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Bioassays and chemical analyses – other examples

Matthiessen  et al. 2006 STOTEN 367

False negatives

“Unexplained” estrogens
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Bioassays and chemical analyses – other examples

Rastall et al. 2004 ESPR 11: on SPMDs, EROD, YES, AMES test

Bopp et al. 2007 ES&T 41

Toximeter – in ground water
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Passive sampling and flow rate

Stephens et al. 2005 ES&T 39

Matrix:
effluent
river water

Flow rate

“Channel trials”
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Effects of flow: basic set-up

No stirring Stirring

Alvarez et al. 2004 ETC 23
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Rotating samplers
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Vrana et al. 2006 Environ. Pollut. 142

Microcosm running at 2 to 50 cm/s
Mazzella et al. 2008 Chemosphere 73



SPMDs and effects of flow rate

Fig 3.6 from “The SPMD book”: Huckins, Petty and Booij (2006)
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In prep.
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Figure provided by: Kees Booij
Royal Netherlands Institute for Sea Research
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Channel system set-up
Vermeirssen et al. 2008 J. Environ. Monit. 10



Environmental conditions

Vermeirssen et al. 2008 JEM 10
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Channel system running with effluent
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Flow rate (m/s)
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Flow rate (m/s)
0.0 0.1 0.2 0.3 0.4

ng
 p

er
 S

D
B

 (r
iv

er
 w

at
er

)

0

6

ng
 p

er
 S

D
B

 (e
ffl

ue
nt

)

0

80

0.0 0.1 0.2 0.3 0.4
0

6

ng
 p

er
 S

D
B

 (e
ffl

ue
nt

)

0

80

Flow rate (m/s)
0.0 0.1 0.2 0.3 0.4

0

700

0

140

0.0 0.1 0.2 0.3 0.4
0

730

ng
 p

er
 S

D
B

 (r
iv

er
 w

at
er

)

0

210
Sulfamethoxazole Carbamazepine Clarithromycin

Empore SDB-RPS disks
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Salinity: Togola & Budzinski 2007 AC 79

Vermeirssen et al. 2008 J. Environ. Monit. 10



Three pharmaceuticals; overlapping exposure slots

Flow rate (m/s)
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Extending the integrative sampling window

Cover the Empore disk
with a membrane

Explore Empore SDB-XC

Kingston et al. 2000 J. Env. Monit. 2 Figure 2

see also Tran et al. 2007 ET&C 26

Gunold et al. 2008 Env. Pollut. 155
Approximate linear uptake for 12 days
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Three experiments

1.      5 day flow rate trials with SDB-RPS and SDB-RPS-PES (polyethersulfone)

2.      5 day flow rate trials with SDB-RPS and SDB-XC

3.      overlapping sampling blocks with all three configurations at 0.1 m/s

Combined bioanalysis and chemical analysis

3 3
6 6 6 6

12 12
24 days

36/45



Adding a PES membrane

Flow rate (m/s)
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Vermeirssen et al. 2008 Wat. Res. 43



Comparing RPS and XC

Flow rate (m/s)
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Duration of integrative period
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Three Chemcatcher configurations – 24 days
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Estimating sampling rates
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An integrative ratio

ng/L
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Sampling properties and logKOW

logKOW
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Summary

unwanted by-products
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