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Investigative monitoring:

Trends are poorly described with spot sampling, especially at low frequency

 Sampling frequency increase = both analytical time and cost increase!

Mean or time weighted-average concentrations: better characterization of trends and 

chronic exposures
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Sampling strategies



Application domains of passive samplers

 POCIS and Chemcatchers (polar configuration): log Kow=0-4

 Very few calibration data for hydrophobic pesticides: log Kow>4

 No tools for highly hydrophilic and ionic pesticides: log Kow <0
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 Sampling of dissolved contaminants only…

But sampling and analysis of total water is compulsory (WFD)

Relationship between isolated fraction and bioavailable contaminants?

Passive samplers and contaminant partitioning

log of cut-off 

(porosity in nm)

Particulate matters

Colloids

Dissolved
contaminants

From Vrana et al., 2005 and Allan et al., 2006
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Uptake, diffusion and kinetics of chemicals

 Influence of WBL 

thickness and biofouling

of overall kinetics

 Use of Performance 

and Reference 

Compounds



• Polar Organic Chemical Integrative Sampler (POCIS)

(Alvarez et al., 2004)

Sampling of polar/moderately polar chemicals (log Kow=0-4)

Receiving phase (sorbent)

Membrane (polyethersulfone)

Compression holder

Passive sampling of hydrophilic pesticides

Liquid Chromatography 

Gas Chromatography

Elution step



• Stir Bar Sorptive Extraction (SBSE) 

Liquid Desorption or Thermodesorption

Liquid Chromatography 

Gas Chromatography

Magnet

Glass cell

PDMS coating

Extraction step 

Cap

Glass vial

Sample (20 mL)

SBSE stir bar

Passive sampling of hydrophobic pesticides

(Baltussen et al., 1999)

Sampling of non-polar chemicals (log Kow>4)

Use as in situ passive sampler
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From Vrana et al., 2005

Uptake, diffusion and kinetics of chemicals

t < t1/2
Kinetic regime

Cwater (t) =

ku

ku . t

CPOCIS



Constant temperature (17±1° C)

Obscurity

Large volume (80 L)

Constant flow velocity 2-3 cm s-1

• POCIS calibration

Uptake, diffusion and kinetics of chemicals
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t1/2 ≈ 7 d

Uptake, diffusion and kinetics of chemicals

• POCIS calibration



Mazzella et al., 2007

Lissalde et al., 2011

Rs=ku.Ms

Sampling rates (volume of 

water extracted per day):

Uptake, diffusion and kinetics of chemicals

• POCIS calibration

Rs~150-250 mL j-1
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 Rs values ranging from 700 µL/j to 140 mL/j, increasing with hydrophobicity

 Linear uptake from 1.5 to 7 days (most hydrophobic pesticides)

Herbicides

Fungicides

Insecticides

Uptake, diffusion and kinetics of chemicals

• SBSE calibration



Analyte uptake

PRC eliminationSuggestions:

Use of PRCs (Huckins et al., 2002)
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• Performance and Reference Compound

Observations:

ku depends on environmental parameters (flow velocity, temperature, biofouling,…)

Real time-weighted average concentrations are under/overestimated

Initial spiking 

of PRC

Residual 
amount of PRC

Estimate of 

ku in situ

Uptake, diffusion and kinetics of chemicals



Field deployment of POCIS

5.5 km2 watershed with 4.7 km2 for agriculture

Mainly maize and wheat cultures

N



t0 14 days
Automatic sampler

POCIS TWAC

Reference mean 

concentrations

Field deployment of POCIS



1er - 15 juin 2009

0

0,1

0,2

0,3

Ac
ét
oc
hl
or
e

At
ra
zi
ne D

ET D
IA

D
im
et
om
or
ph

Li
nu
ro
n

M
et
az
ac
hl
or
e

Si
m
az
in
e

Te
rb
ut
hy
la
zi
ne

µ
g

/L
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POCIS

Préleveur

 Better comparability with PRC correction

 Traces of contaminants were not detected in water samples collected with the 

automatic sampler

Ruiné - Charente

Field deployment of POCIS

Automatic 

sampler
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Significant differences between POCIS and 

automatic sampler (K-test, p=0.05)
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 Higher number of comparable populations with the PRC correction
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Field deployment of POCIS

• Comparison for one chemical and several 14-d exposures



 Significant improvement of quantitative comparison with PRC approach

 Application to other polar pesticides (phenylureas, triazoles, etc.)?

 Comparability with unfiltered water samples?

Percents of equivalent populations: 

CPOCIS / Cautomatic sampler

or CPOCIS-PRC / Cautomatic sampler

Field deployment of POCIS
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Metolachlore
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 Good agreement with raw water for some hydrophilic pesticides… 

more hydrophobic compounds (organophosphorous, organochlorines, etc.)?

Field deployment of POCIS

• POCIS vs. filtered and raw waters (spot sampling)
DIA

0

5

10

15

20

25

27-M
ay

3-Jun

10-Jun

n
g

/L

Filtered water samples

Raw water samples

POCIS-PRC

Charente River water:

- SPM = 6.4-7.6 mg/L

- TOC = 2.9-5.1 mg/L

 No significant differences 

between mean concentrations and 

TWAC derived from POCIS
Mean concentrations 

(automatic sampler)



Haut Beaujolais

Morcille river: located in a watershed in the Beaujolais region

Watershed of the Morcille river: 8 km², 70 % of the area dedicated to wine-growing 

Ardières

Morcille

Saône

Les Versauds

SBSE stir bars (n = 3)

Flow-average sampling

Time-average sampling

N

Field deployment of POCIS and SBSE



• One week exposure of SBSE
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Time-average sample

Flow-average sample

in situ SBSE

Quantification limit

 Same information as active sampling techniques (filtered water) for one week 

 Receiving phase amount should be increased for longer exposure times

Field deployment of POCIS and SBSE

log Kow=2.5-4



Adsorption of pesticides on POCIS and Twister Stir bars placed in situ at 

Pizay sampling point from 08/06/10 to 22/06/10
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 complementary tools regarding to pesticide polarity

 Application of PRC approach for SBSE (or any PDMS tool)

Azoxystrobin     Chlorpyriphos  DCPMU   Diuron    Dimetomorph

Field deployment of POCIS and SBSE

• Sampling domains of POCIS and SBSE



Conclusion and further developments

POCIS and hydrophilic pesticides

Application of PRC approach to other polar pesticides, various in situ conditions

Study of accumulation/desorption mechanisms, lag times

Calibration or development of a new tool for ionic organic pesticides

SBSE (or PDMS tools) and hydropobic pesticides

Increasing the receiving phase amount for longer exposure periods

Application of PRCs?

More generally

Characterization of the isolated fractions (dissolved contaminants)

Comparability with the filtered/raw water for a wide range of pesticides

Determination of uncertainties (calibration step, field deployment)
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