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Abstract 10 

Passive sampling devices (PSDs) offer key benefits for monitoring of chemical water quality, but the 11 

uptake process of PSDs for hydrophilic compounds still needs to be better understood. Determining 12 

mass transfer coefficients of the water boundary layer (kw) during calibration experiments and in-situ 13 

monitoring would contribute towards achieving this; it allows for combining calibration data obtained 14 

in different temperature and hydrodynamic conditions and facilitate the translation of laboratory-derived 15 

calibration data to field exposure. This study compared two kw measurement methods applied to 16 

extraction disk housings (Chemcatcher), namely alabaster dissolution and dissipation of performance 17 

reference compounds (PRCs) from silicone. Alabaster- and PRC-based kw were measured at four flow 18 

velocities (5-40 cm s-1) and two temperatures (11 and 20 °C) in a channel system. Data were compared 19 

using a relationship based on Sherwood, Reynolds and Schmidt numbers. Good agreement was observed 20 

between data obtained at both temperatures, and for the two methods. Data were well explained by a 21 

model for mass transfer to flat plate under laminar flow. It was slightly adapted to provide a semi-22 

empirical model accounting for the effects of housing design on hydrodynamics. The use of PRC-spiked 23 

silicone to obtain in-situ integrative kw for Chemcatcher-type PSDs is also discussed. 24 
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Synopsis 31 

This study shows a good agreement between methods to characterize the hydrodynamics at the surface 32 

of Chemcatcher passive samplers.  33 



 3 

Introduction 34 

Global surface water is increasingly threatened by emerging organic pollutants (e.g. pesticides or 35 

pharmaceuticals) that can have adverse effects on organisms at very low levels 1-4. Monitoring data is 36 

essential for decision-makers to identify the most vulnerable water bodies, prioritize their surveillance, 37 

take actions against pollution sources and evaluate the effectiveness of those actions 5, 6. However, 38 

current monitoring programs mainly rely on the analysis of grab water samples and often suffer from 39 

lack of temporal representativeness, sensitivity and comparability 5, 7, 8.  40 

Passive sampling – which is based on in-situ accumulation of analytes in a receiving phase – is an 41 

alternative to traditional sampling methods that offers key benefits for large-scale monitoring of 42 

chemical water quality. First, temporal representativeness is improved because passive sampling devices 43 

(PSD) operating in the kinetic sampling stage provide time-weighted average concentrations 9. Second, 44 

passive sampling allows reaching very low limits of quantification thanks to sampling rates (RS) of 45 

several hundreds of millilitres per day (hydrophilic compounds) to several litres per day (hydrophobic 46 

compounds) 10, 11. Third, better comparability of data is achieved because PSDs can be deployed at a 47 

large scale, enabling the sorption of pollutants in the same sampling medium at all sampling sites 12.  48 

A wide variety of PSD has been developed. For hydrophobic compounds (log KOW > 3), single-phase 49 

low-density polyethylene (LDPE) and silicone rubber (SR) strips have both become popular samplers 50 

13, 14. The two most used samplers for hydrophilic compounds (log KOW < 3) are the polar organic 51 

chemical integrative sampler (POCIS) - i.e. a particulate sorbent material sandwiched between two 52 

diffusion limiting membranes - and the polar version of the Chemcatcher® – i.e. a solid-phase extraction 53 

disk usually covered by a diffusion limiting membrane 11, 14-16. 54 

Sampling rate (RS) of time-integrative PSDs needs to be known to infer time-weighted average 55 

concentrations from the amount of analyte accumulated in the samplers. RS of a specific compound 56 

depends on (i) PSD properties as well as on (ii) environmental factors (such as hydrodynamics, pH and 57 

temperature). Impacts due to PSD materials can be distinguished from impacts due to hydrodynamics 17: 58 
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where RS,max is the limiting RS at an infinite flow rate and kw is the mass transfer coefficient of the water 60 

boundary layer (WBL). The uptake of PSDs for hydrophobic compounds is usually controlled by the 61 

WBL 13, with a few exceptions when diffusion in polymer is slow 18. Partial or complete WBL-controlled 62 

kinetics may also occur for samplers of hydrophilic compounds 19-22.  63 

The kw increases with temperature and flow velocity 23, 24. Determining kw during calibration and field 64 

studies provides a basis for comparing calibration data obtained in different exposure conditions 25, 65 

offering the possibility to better understand how RS depends on water velocities and/or temperature 26. 66 

It can then help choosing the most accurate RS for specific in-situ conditions. In addition, knowing the 67 

contribution of the WBL resistance (1/kw) to the overall mass transfer resistance (A/RS) facilitates the 68 

development of models describing the resistance in PSD materials (1/RS,max); this is particularly 69 

important to improve the mechanistic understanding of the uptake of PSD for hydrophilic compounds 70 

19, 22.  71 

Alabaster dissolution is a quick and reliable method to measure kw, and therefore perfectly suitable for 72 

calibration studies in laboratory 25. It is however not adapted to field exposure because the whole 73 

alabaster dissipates after a few days. Dissipation of performance and reference compounds (PRCs) 74 

provides integrative kw values over long periods of time. PRCs cannot be used directly with PSDs for 75 

hydrophilic compounds as uptake and release of chemicals are anisotropic in this case 26-29. However, 76 

PRC-based kw can be obtained from silicone PSDs deployed simultaneously to Chemcatcher-type PSDs, 77 

in a same housing (example of sampler holder given in Supporting Information Figure S1.1) 13, 30, 31. 78 

When using PCBs as PRCs, kinetics are WBL-controlled because Biot numbers (ratio of 79 

internal/external transfer resistance) of PCB transport in silicone are typically smaller than 0.0001 22. 80 

The kw is rarely measured during calibration experiments despite its relevance for identifying flow 81 

effects on RS. Instead an equation for mass transfer to a flat plate under laminar flow was used in several 82 

studies 22, 26, 32: 83 
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where Dw is the diffusion coefficient in water (m2 s-1), ν is the kinematic viscosity of water (m2 s-1), U is 85 

the water velocity (m s-1) and L is the length of the flow line along the sorbent-covered part of the 86 
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membrane (m). Equation 2 can be expressed as a relationship between Sherwood number (Sh = kwL/Dw), 87 

Reynolds number (Re = UL/ν) and Schmidt number (Sc = ν/Dw): 88 

Sh = 0.664Re!/+Sc!/,	  (3) 89 

The goal of this study was to compare two methods – one based on alabaster dissolution and the other 90 

on PRC dissipation from silicone – to determine kw in the case of extraction disk housings 91 

(Chemcatcher). Then, this study aimed at testing equation 3 and adapting it to describe as good as 92 

possible the experimental data. Finally, the feasibility of the PRC dissipation method to determine in-93 

situ integrative kw for Chemcatcher will be more particularly discussed. 94 

 95 

Materials and Methods 96 

Materials 97 

Analytical grade hexane, ethyl acetate and methanol were obtained from Sigma-Aldrich (Switzerland). 98 

Standard solutions of PRCs (biphenyl-d10, PCBs 1, 2, 3, 10, 14, 21, 30, 50, 55, 78, 104, 145 and 204) 99 

were purchased from Dr Ehrenstorfer (Germany). 13C-labeled PCBs (13C-PCBs 1, 8, 28, 52, 101, 118, 100 

138, 153, 180) from Cambridge Isotope Laboratories (UK) were used as internal standards. The 101 

alabaster disks were purchased from PaSOC (Netherlands). They were shaped into 42 mm diameter and 102 

10 mm thick disks and fitted into a protective PVC housing (one side exposed) with an outer diameter 103 

of 51.8 mm. SSP-M823 silicone sheets with a thickness of 0.25 mm were purchased from Shielding 104 

Solutions Limited (UK). 105 

Experimental setup 106 

Channel system 107 

Experiments were conducted in a 4-channel system running with lake water (pumped 70 m below the 108 

surface of Lake Geneva) inspired by Vermeirssen et al. 21 (see Figure S1.2). The system was made up 109 

of a Plexiglass dispenser box (0.70 x 0.40 x 0.45 m), Plexiglass channels (2.00 m long, 0.09 m wide and 110 

0.14 m high) and a plastic receiver tank (0.85 x 0.60 x 0.80 m). The dispenser box delivered the water 111 

to the channels through four steel vents (5 cm diameter) fitted with PVC screw caps drilled with holes 112 
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of different diameters. Volumetric flowrates delivered to a channel were adjusted by varying the 113 

diameter of the hole. The water level was adjusted by changing the size of the opening at the end of each 114 

channel (plexiglass gates).  115 

After arriving in the receiver box, water was re-circulated to the dispenser box with an external block 116 

pump (NM4 50/16, Brunner AG, Switzerland). The water in the system was continuously refreshed with 117 

lake water (dispensed in the receiver box) at a rate of approximately 0.4 L min-1, leading to a renewing 118 

of all the water in the system (450 L) within 1 day. Total volume in the system remained constant thanks 119 

to an overflow installed on the receiver box. 120 

Exposure conditions 121 

To have a constant water velocity in the channels, the dispenser box was designed with an overflow. 122 

Thus, the water level in the box (0.36 m) and the volumetric flow through the vents remained constant. 123 

The water velocity in the 4 channels was set at 5, 12, 20 and 40 cm s-1 by adjusting the volumetric flow 124 

rate (PVC caps) and the water level (gates) in the channels. The flow rates were measured at the 125 

beginning of the experiments with a magnetic-inductive flow meter (MF Pro, OTT HydroMet, 126 

Germany). 127 

To maintain a constant water temperature, a copper coil (15 m, 18 mm diameter) was installed in the 128 

receiver box and connected to a cold water supply (7 °C). A solenoid valve controlled by a temperature 129 

regulation system (FOX-1004, Conrad, Switzerland) allowed cold water to run through the copper tube 130 

when the temperature exceeded the set value. A logger was used to monitor the temperature during the 131 

experiments (Multiline Multi 3620 IDS, WTW, USA). 132 

Before starting the experiments, the system was run for some time allowing the pH to stabilize at 133 

8.1±0.1. The system was placed in a dark environment. 134 

Deployment of alabaster plates and silicone disks 135 

Four main experiments have been conducted: alabaster-based kw measurements at 11 °C (exp. 1) and 20 136 

°C (exp. 2), and PRC-based kw measurements at 11 °C (exp. 3) and 20 °C (exp. 4). 137 

Alabaster plates and PRC-spiked silicone disks were mounted in housings that had one side closed and 138 

two 40 mm holes on the other side. They were sandwiched between two stainless steel plates (150 x 70 139 
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x 2 mm) assembled with 6 screws (drawings in SI, Figure S1.3). Alabaster plates had a thickness of 10 140 

mm; therefore, a plastic block of equivalent thickness was used to hold them in place between the two 141 

stainless steel plates (Figure S1.4). Although silicone disks (0.25 mm thick) could be maintained using 142 

only the two stainless steel plates, the plastic block was also used in experiments 3 and 4 to keep the 143 

same total thickness (Figure S1.5). 144 

The housings were suspended in the channels at mid-height, parallel to the flow, with the surface of the 145 

disks situated at 35 mm from the wall of the channel. The length of a channel (2 m) allowed deploying 146 

6 housings (one behind the other) leading to a maximum of 12 disks per channel. These 12 positions 147 

were located from 0.85 m to 1.75 m from the beginning of the channel (Figure 1). 148 

 149 

Figure 1: Arrangement of the six housings installed in each channel in experiment 1, leading to 12 usable positions for kw 150 
measurements. In experiments 2, 3 and 4, only positions 3 to 6 were used for kw determination; plastic disks (dummies) were 151 
installed in positions 1 and 2 (to keep the same hydrodynamical conditions) and the three last housings (positions 7 to 12) were 152 
not installed. 153 

 154 

kw measurements and calculations 155 

Physicochemical properties 156 

Dynamic viscosity of water (ƞ) was taken from Kestin et al. 33, and water density (ρ) from Jones and 157 

Harris 34, which allowed to calculate kinematic viscosity (ν = ƞ / ρ). 158 

Dw,CaSO4 (m2 s-1) at experimental temperature (11 °C and 20 °C) were obtained from Li and Gregory 35. 159 

𝑙𝑜𝑔𝐷%,./012 = −	5.407 −	!34+
5
	 (4) 160 

where T is the temperature in Kelvin. 161 

Dw,org at 25 °C was calculated from McGowan molar volume (VMcG in cm3 mol−1) as suggested by 162 

Schwarzenbach et al. 36;  163 
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	𝐷%,678,+9°.	 =	
!.9+∙!3'(

>)*+,../
  (5) 164 

where Dw,org,25°C is given in m2 s−1. VMcG was used  rather than molecular weight as it shows better 165 

correlation with Dw. Then, Dw,org at experimental temperature was determined from Dw,org,25°C applying 166 

the temperature effect as predicted by Hayduk and Laudie 37.  167 

𝐷%,678,?@A = 𝐷%,678,+9°.	 7
B0123°5
B016%7

8
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 (6) 168 

where ƞt=25°C and ƞt=exp are dynamic viscosity at 25 °C and experimental temperature, respectively. 169 

Re, Sc, and Sh were calculated from ƞ, ρ, U, Dw, and the characteristic length (L) of the exchange 170 

surface. The latter was taken to be equal to the area/diameter ratio (see SI, section S2).  171 

Alabaster-based kw (experiments 1 and 2)  172 

Alabaster mass loss (Dm) in experiments 1 and 2 was determined by weighing (XS104, Mettler Toledo, 173 

Switzerland) the alabaster disks before and after exposure. Mass measurements were preceded by drying 174 

plates at 40 °C for 10 min and cooling at room temperature (30 min). To reduce measurement 175 

uncertainty, mass losses of approximatively 200 mg were aimed for, by varying the exposure times 176 

depending on the velocity (5 hours at 5 cm s-1, 3 hours at 12 cm s-1, 2 hours at 20 cm s-1,  1 hour at 40 177 

cm s-1).  178 

In experiment 1 (11 °C), we measured kw with 12 alabaster disks on positions 1 to 12 to verify 179 

homogeneity of flow conditions along the channels. In the following experiments (exp. 2 to 4), the disks 180 

were only deployed at positions 3, 4, 5 and 6 which were the most appropriate (see reasons in Results 181 

and Discussion section). To keep similar hydrodynamical conditions, positions 1 and 2 were occupied 182 

by a housing without any alabaster/silicone disk. In experiment 2 (20 °C), alabaster-based kw were 183 

measured one time on positions 3 to 6 in each channel. 184 

Alabaster-based kw for CaSO4 (kw,CaSO4) were measured using the method proposed by Booij et al. 25, in 185 

the case of a very large water volume: 186 

𝑘%,./012 =
CD
#E.&∗

  (7) 187 
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where A is the surface area of the plate, t is time, Δm is the mass loss after dissolution of alabaster, and 188 

C*
w is the alabaster solubility in water calculated as described by O’Brien et al. 38 using background 189 

concentrations of calcium and sulfate (obtained from the local environmental agency). 190 

PRC-based kw (experiments 3 and 4) 191 

SSP silicone disks were cut with a round punch with a diameter of 42 mm. Before use, the silicone disks 192 

were Soxhlet-extracted with ethyl acetate for 100 h to remove oligomers that may interfere with the 193 

chemical analysis. The disks were spiked with PRC according to the procedure described in Smedes and 194 

Booij 10. A total of 150 disks were put in a 1 L glass bottle with 0.3 L of methanol. The solution was 195 

spiked with 14 PRCs at an amount of 0.3 µg per disk for biphenyl-d10, PRC 1, 2, 3, 10, 14, 21 and 30; 196 

0.15 µg per disk for PRC 50, 55 and 78; and 0.1 µg per disk for PRC 104, 145 and 204. The bottle was 197 

shaken under stepwise addition of Milli-Q water over 14 days, ending in 50% (v/v) methanol. Disks 198 

were stored at -20 °C in an amber bottle until deployment in the channel system. After 14 days of 199 

exposure, they were removed from the water, dried with lint-free wipes and stored at -20 °C in 10 mL 200 

amber glass vials (Infochroma, Switzerland) before extraction.  201 

The silicone disks were solvent-extracted with 8 mL of hexane (24 h on a rotary shaker, 30 rpm). A 202 

subsample of 0.7 mL of the solvent fraction was spiked with 0.3 mL of the internal standard solution in 203 

clean vials. All samples were stored at -20 °C until analysis. The 14 PRC and 10 internal standards were 204 

analysed by gas chromatography-tandem mass spectrometry (GC-MSMS, Agilent 7890A GC coupled 205 

to an Agilent 7000 Triple Quadrupole MS/MS). The GC-MSMS was equipped with an Agilent HP-5MS 206 

column (20 m × 0.2 mm × 0.33 μm). The injection volume was set to 4 µL and injections were performed 207 

in splitless mode at 280 °C. Helium was used as carrier gas at 1.2 ml min-1. The temperature program 208 

started at 50 °C (0.5 min), increased to 170 °C (50 °C min-1), and then to 250 °C (5 °C min-1) and finally 209 

to 320 °C (25 °C min-1) and was held for 8.3 min. The transfer line and ion source temperatures were 210 

set at 290 °C and 280 °C respectively.  The mass spectrometer was operated in electron impact at −70 211 

eV in the multiple reaction monitoring (MRM) mode (nitrogen was used as collision gas). For each 212 

compound, two MRM specific transitions were used. 213 
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PRC-based kw (surface area normalized sampling rate – RS/A) were determined using a method adapted 214 

from Booij and Smedes 30. All PRCs are used in fitting their retained fractions (f) as a function of their 215 

sorbent-water partition coefficients (Ksw) and VMcG
0.43 using non-linear least square (NLS) regression: 216 

 217 

𝑓 = .9:5
.,

= exp	 7− F	E
	D;G;&𝑉𝑀𝑐𝐺0.43

8  (8) 218 

 219 

where CPRC is the PRC concentration at time t, C0 is the initial concentration and β is a proportionality 220 

constant that depends on exposure conditions and which is estimated by NLS. In equation 8, VMcG
  is 221 

raised to the power 0.43 because kw is considered proportional to Dw
2/3 , according to hydrodynamical 222 

theory 39 and Dw~VMcG
-0.64 (see equation 5). 223 

Ksw are usually determined at 20 °C in literature 40, 41.  As experiment 3 was conducted at 11 °C, it was 224 

necessary to correct those values using the enthalpies of phase transfer from Jonker et al. (2015) (see SI, 225 

section S3).  226 

PRC-based kw were calculated from eq. 8 by: 227 

kw,org = F
#	>)*+,./<

  (9) 228 

As kw is compound specific, all PRC-based kw were expressed for the same organic compound (kw,org). 229 

PCB 14 was chosen because it showed intermediate dissipation (𝑓 = 0.14 to 0.88, see Tables S5.1 to 230 

S5.3). Estimating kw,org from PCB 14 data only would be less accurate, because of the high retained 231 

fractions at low flow velocities. In addition, obtaining kw,org using eq. 9 makes optimal use of all PRC 232 

data, averaging out potential errors in log Ksw values of these compounds.  233 

 234 

Results and discussion 235 

All alabaster-based kw, as well as PRC retained fractions obtained at 11 °C and 20°C are given in 236 

supporting information, sections S4 and S5. 237 

  238 
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Preliminary results: characterization of hydrodynamics along the channels 239 

The alabaster-based kw obtained at 5, 12, 20 and 40 cm s-1 during experiment 1 (11 °C) are shown in 240 

Figure 2. Average kw (n=12 at 5 cm s-1, n=36 at 12, 20 and 40 cm s-1) increased with increasing velocity 241 

(ANOVA, p= 0.05 and Tukey, α= 0.05). At each flow rate, a higher kw was measured on position 1 242 

compared to the 11 following positions (t-test, p=0.05), revealing that hydrodynamics were slightly 243 

different on the first position (higher turbulences due to entrance effects). In the following experiments, 244 

alabaster (exp. 2) and silicone (exp. 3 and 4) disks were only deployed on positions 3 to 6. It allowed 245 

working with four replicates presenting low variability while minimizing the number of deployed 246 

material. For each channel, the relative standard deviation of alabaster-based kw measured at positions 247 

3 to 6 was < 7 %. Those results show that sampler position may impact field-studies and should be 248 

further studied, for example by measuring kw at different positions of sampler holders commonly used 249 

in monitoring campaigns. 250 

   251 

Figure 2: Alabaster-based kw,CaSO4 measured on positions 1 to 12 in channels 1 (5 cm s-1), 2 (12 cm s-1), 3 (20 cm s-1) and 252 
4 (40 cm s-1). 36 measurements (3 per position) were done in each of the channels 2, 3 and 4; 12 measurements (1 per position) 253 
were done in channel 1. Positions 3 to 6 (framed) were conserved for the following experiments (see reasons in the text). 254 

Agreement between alabaster-based kw, PRC-based kw and calculated kw  255 

Values of kw increased with flow velocity and temperature, and were overall higher for alabaster than 256 

for PRCs (Figure 3). These differences are related to WBL thickness (this parameter decreases with 257 
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increasing flow velocity), viscosity (h decreases with increasing temperature), and diffusion in water 258 

(Dw,CaSO4 > Dw,PCB14 , and both Dw increase with increasing temperature). 259 

 260 

  261 

Figure 3: Alabaster-based kw (circles) and PRC-based kw (squares) measured at 11 °C (open) and 20 °C (filled) versus velocity.  262 

Estimating Dw,CaSO4, Dw,PCB14 and ν at both temperatures (as described in Materials and Methods section) 263 

and plotting Sh versus Re1/2 Sc1/3 removed much of the differences caused by temperature (Figure 4). 264 

Indeed, the slopes of linear regressions (with origin forcing) obtained at 11 °C and 20 °C were not 265 

significantly different (t-test, p=0.05) both with alabaster (0.52±0.06 vs 0.52±0.03) and PRC (0.66±0.08 266 

vs. 0.67±0.08). The slopes of linear regressions obtained by combining PRC data were slightly higher 267 

than the ones obtained with alabaster data, but this difference was not statistically different because of 268 

the higher scatter of PRC data. Average relative standard deviation of alabaster-based kw was indeed 269 

lower than the one of PRC-based kw (2.2 % vs. 10.6%), most probably because measurement of mass 270 

loss after dissolution of CaSO4 is less prone to errors compared to determination of PRC retained 271 

fractions. 272 

The proportionality constant between Sh and Re1/2 Sc1/3 given by equation 3 (0.664) was close to the 273 

experimental ones: the lowest slope obtained in this study (0.52, with alabaster) was only 22% smaller 274 

than the theoretical value (0.664). Thus, equation 3 gives a surprisingly good description of mass 275 
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transfer, considering that present housing and flow conditions differed significantly from the idealized 276 

surface (rectangular flat plate with zero thickness) and flow conditions (laminar flow) for which equation 277 

3 is derived. Indeed, the flow in the channels of the present study was turbulent, but Opdyke et al. 42 278 

demonstrated that mass transfer equations for laminar flow also apply for turbulent flow in the short 279 

plate limit, i.e. when the diffusive sublayer is well embedded in the viscous sublayer. Further, the steel 280 

plate in present housings caused the flow to slow down before it reaches the area where mass transfer 281 

occurs, thereby reducing the advection parallel to the surface, and reducing mass transfer. In addition, 282 

the presence of the 2 mm rim around the exchange surface may also alter the mass transfer rates. In the 283 

case of a flat plate with zero thickness (equation 3), mass transfer already occurs at the edge of the plate, 284 

thus explaining why the use of a smaller proportionality constant would even make the description better 285 

for Chemcatcher housings. For this purpose, the constant obtained with alabaster data – less scattered 286 

than PRC data – was adopted to provide the following semi-empirical model: 287 

𝑘% =
&%
H
	0.52 ) )

&&
*
!/,

)('
)
*
!/+

  (10) 288 

 289 

Figure 4: Sherwood number (Sh) for PRC dissipation (circles) and alabaster dissolution (squares) versus Re1/2Sc1/3 at 11 °C 290 
(open) and 20 °C (filled). Results of linear regression analysis with origin forcing are shown as solid lines (PRC in grey ; 291 
alabaster in black). Equation 3 (flat plate model) is shown as a dashed line. 292 
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Considerations about the semi-empirical model 294 

Improving the understanding of the uptake of PSD necessitates development and testing (mechanistic) 295 

models using calibration data 19, 22. Many calibration studies however did not measure kw. Equation 10 296 

provides kw estimates in the case of extraction disk housings (Chemcatcher). Its use only requires 297 

knowing the experimental velocity (U), the diameter of the exposed sorbent/membrane (to determine L) 298 

and the experimental temperature (to determine Dw and ν as described in Materials and Methods 299 

section). The sampler design needs however to be carefully considered. The model is likely applicable 300 

to Chemcatcher designs that are similar to the housing of the present study, e.g. the commercial 301 

Chemcatcher 3M Empore (cavity depth of 2.5mm), the Chemcatcher Horizon Atlantic (cavity depth of 302 

4 mm but with an exposed membrane surface that is flush with the outer edge of the housing) 26 or the 303 

housings used by Mutzner et al. 20 (cavity depth of 2 mm). Conversely, caution is required when one 304 

should want to use the semi-empirical model with initial designs of Chemcatcher that had a cavity depth 305 

of 20 mm (e.g. the cylindrical housing proposed by Kingston et al. 43 or the rectangular blocks used by 306 

Vermeirssen et al. 27). Indeed, literature is not unanimous regarding the impact of this change in cavity 307 

depth. While Booij and Chen 26 showed that a difference of cavity from 20 mm to 3-7 mm (polycarbonate 308 

design) does not largely impact the uptake of atrazine, Lobpreis et al. 44, showed that this same difference 309 

can impact the uptake up to a factor of 2. The use of other housings designs (POCIS) and canisters was 310 

shown to lead to proportionality coefficients that are much lower (0.41 for POCIS and 0.21 for POCIS 311 

inside canisters), revealing that equation 10 would not be appropriate for these situations 45. 312 

To refine the provided semi-empirical model, two aspects should be further studied. First, data obtained 313 

at the two lowest velocities (5 and 12 cm s-1) were below the regression lines whereas data obtained at 314 

the two highest velocities (20 and 40 cm s-1) were above the regression line (Figure 4). It suggests that 315 

the relationships between kw and U could be slightly different at low and high flows. Such a difference 316 

could be due to the rim around the exchange surface. At low flow the surface may be partially shielded 317 

from the flow and at increasing flow wake shedding could occur near sharp edges. Second, it cannot be 318 

excluded that exponents other than 1/2 and 1/3 apply to the relationship between Sh, Re and Sc, but 319 

present data does not allow an assessment of this possibility. When using this specific housing design, 320 

we suggest using equation 10 until additional data allow refining the model. 321 
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Practical aspects to measure kw in the field 322 

Measuring accurate in-situ kw values is essential to correctly translate laboratory-derived calibration data 323 

to field exposure. The good agreement between PRC and alabaster data (Figure 4) demonstrate that the 324 

use of PRC-spiked silicone deployed in a Chemcatcher is adequate to measure time-integrative kw over 325 

the exposure period. To provide the best possible kw values, some aspects must however be considered 326 

carefully. First, good silicone clamping is essential. In the first experiments, a plastic block was placed 327 

between the two stainless steel plates of the housing and a Teflon disk was used to avoid contact between 328 

the silicone disk and the plastic block (see reasons in Materials and Methods section). It appeared that 329 

the silicone disks were not held completely flat (Figure S1.6). The experiment at 20 °C was repeated by 330 

sandwiching the silicone disks between the two stainless steel plates (no Teflon) and by placing the 331 

plastic block at the back of the plate without holes (Figure S1.5). The decrease of relative standard 332 

deviation between the two experiments (30% vs. 11%) and the better agreement of the proportionality 333 

coefficient (0.853 vs. 0.672, Figure S5.4) with the one obtained using alabaster (0.520) indicated that 334 

bad clamping can contribute to higher turbulences and more scattered data. 335 

A sufficient portion of PRC-spiked silicone needs to be firmly clamped in the housing to avoid any 336 

movement and to hold the disks flat. However, it has to be considered that PRCs from the clamped part 337 

first need to diffuse laterally before dissipating. The time scale for lateral diffusion from the rim to the 338 

exposed area needs to be much shorter than the time scale of PRC dissipation. Time scale for lateral 339 

diffusion is given by the ratio length2/Dp where the length is the lateral distance and Dp the diffusion 340 

coefficient in the polymer. Time scale for PRC dissipation is given by the ratio Kpwm/kwA. In the present 341 

study, silicone disk and exposed area had a diameter of 42 mm and 40 mm, respectively. Adopting a Dp 342 

value of 10-10.26 m2 s-1 for PCB14 46, it was determined that the time scale for lateral diffusion 343 

(approximately 5 h) was about 70 times shorter than the time scale for PRC dissipation at 40 cm s-1 and 344 

20 °C (and about 200 times shorter at 5 cm s-1 and 20 °C). A uniform PRC distribution over the whole 345 

silicone volume can therefore be assumed. 346 

Ksw values of PRCs should be selected based on the best available knowledge because Ksw values from 347 

different studies may differ up to 0.55 log units, which results in a 3 fold error in kw 47. The choice of 348 

silicone can thus be guided by the availability of accurate Ksw in the literature. In this study, SSP-M823 349 
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was used because Ksw values for silicone were given by Smedes 40. The good correspondence between 350 

plots of Sh vs. Re1/2Sc1/3 for the PRC data at 20°C and 11°C also suggests that the applied temperature 351 

correction method for Ksw is appropriate.  However, as this impact for a 9 °C difference is low (Table 352 

S5.5), further studies are needed to confirm the efficiency of the correction for higher differences of 353 

temperature. 354 

Implications 355 

During calibration and field experiments, kw should be measured to provide a comparison basis between 356 

studies conducted at different exposure conditions 25. The results of this study show that both alabaster 357 

and PRC dissipation methods can be used to obtain accurate kw measurements. The alabaster allows to 358 

measure kw over a few hours but it will be completely dissolved after a few days. This method is thus 359 

suitable for laboratory experiments under stable conditions. On the other hand, the PRC dissipation 360 

method is more appropriate for field measurements where samplers are typically deployed over a few 361 

weeks. When none of these methods is – or has been – applied, Equation 10 should be used to estimate 362 

kw based on water velocity and temperature measurements. Equation 10 is valid when using the specific 363 

sampler configuration used in this study. It may be extrapolated to similar housing designs (such as 364 

commercial Chemcatcher) but this requires further experimental confirmation.  365 

Knowing kw during calibration studies and field experiments helps choosing the most accurate RS for 366 

specific in-situ conditions and thus provides more accurate TWA water concentrations from 367 

concentrations in the samplers.  368 

 369 

Supporting Information 370 
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