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Table S1: Chemical concentrations used in experiments herein and in previous studies in OOC devices.

Chemical Cosolvent Conc. used here (µM) Conc. used previously (µM) Citations
Amodiaquine – 140 1 – 10 [1, 2]
Benzo[a]pyrene 50-70% DMSO 12 – 40 3 – 100 [3, 4, 5, 6]
Chlorpyrifos 70-90% DMSO 28 10 – 30 [7]
Fluorescein – 0.2 100 [8]
FITC – 2.5 1.25 [1]
Indole 0-40% DMSO 128 1 – 500 [9, 10, 11]
Paraoxon – 120 0.1 – 200 [12, 13, 14]
Parathion 1-70% DMSO 34 0.01 – 37 [15, 16]
Rhodamine B – 23 100 [17]
Rhodamine 6G – 5.5 100 [17]

Acridine Orange – 28 0.75 – 377 [18]
1,2,3-Benzotriazole – 0.5 – –
Benzyl Alcohol – 1.0 x 104 – –
Bromophenol Blue 0.8% MeOH 22 – –
Colchicine – 54 25 [19]
Cyclohexanol – 3.6 x 105 – –
Diacetone Alcohol – 1.5 x 105 – –
Ethofumesate 10% DMSO 352 75 [20]
Glutaraldehyde – 138 – –
Hexazinone – 39 40 [20]
Imazaquin 10% DMSO 6.7 17 [20]
N-Nitrosodiphenylamine 0.7% MeOH 42 – –
N-Nitrosodimethylamine 10% MeOH 3.2 x 103 – –
Pentaerythritol – 1.2 x 105 – –
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Table S2: CAS numbers and selected properties for chemicals tested. Chemical properties sourced from PubChem
[21]. Reported value of logP for rhodamine 6G, bromophenol blue, FITC, acridine orange, imazaquin, and
rhodamine B are computed values (XlogP).

Chemical name CAS # logP H-Bond Donors Molar Mass (amu)

Rhodamine 6G 989-38-8 6.4 2 479.0
Benzo[a]pyrene 50-32-8 6.1 0 252.3
Bromophenol Blue 115-39-9 5.8 2 670.0
Chlorpyrifos 2921-88-2 5.0 0 350.6
FITC 3326-32-7 4.8 2 389.4
Parathion 56-38-2 3.8 0 291.3
Amodiaquine 86-42-0 3.7 2 355.9
Fluorescein 2321-07-5 3.4 2 332.3
Acridine Orange 10127-02-3 3.4 0 265.4
N-Nitrosodiphenylamine 86-30-6 3.1 0 198.2
Ethofumesate 26225-79-6 2.7 0 286.4
Imazaquin 81335-37-7 2.5 2 311.3
Indole 120-72-9 2.1 1 117.2
Paraoxon 311-45-5 2.0 0 275.2
Rhodamine B 81-88-9 1.9 1 479.0
Hexazinone 51235-04-2 1.9 0 252.3
1,2,3-Benzotriazole 95-14-7 1.4 1 119.1
Cyclohexanol 108-93-0 1.2 1 100.2
Colchicine 64-86-8 1.1 1 399.4
Benzyl Alcohol 100-51-6 1.1 1 108.1
Diacetone Alcohol 123-42-2 -0.2 1 116.2
Glutaraldehyde 111-30-8 -0.3 0 100.1
N-Nitrosodimethylamine 62-75-9 -0.6 0 74.1
Pentaerythritol 115-77-5 -1.7 4 136.2
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Figure S1: Disk-soak and diffusion-through-membrane results for two additional chemicals in phosphate-buffered
saline: rhodamine 6G binds to the surface of PDMS, but does not diffuse into the bulk; fluorescein does not
measurably interact with PDMS. Left column shows disk-soak data and associated fits (dashed). Right column
shows diffusion-through-membrane results with data from both source chamber (filled symbols) and sink chamber
(open symbols) with associated fits (dashed).
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Figure S2: Best-fit values for the diffusion constants in solution, logDS (A), and the mass-transport coefficient,
logH (B), for indole, benzo[a]pyrene, chlorpyrifos, and parathion at several DMSO volume fractions. Shaded
regions mark regimes in which the plotted parameter is not rate limiting. Note that in (A), the rate-limiting
boundary (logDS ≈ 3.55) has several overlapping points for different chemicals.
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Figure S3: Experimental results from disk-soak (left) and diffusion-through-membrane experiments (right) for
parathion in mixed PBS-DMSO solutions at the noted DMSO volume fractions, fV . For disk soaks, the equilibrium
concentration in all three mixed solutions is around 10% of the initial concentration; for membrane experiments,
the source and sink chambers equilibrate around 20% of the initial concentration. These results indicate that
saturation occurs when parathion reaches a concentration of approximately 3.2 mM in PDMS. This concentration
corresponds to one parathion molecule per 520 nm3 of PDMS, i.e., approximately one molecule per (8 nm)3-cube.
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Figure S4: Contour plots of percent error of 1D heuristic model with full 3D simulation of indole flowing through
PDMS microchannels at (Left) 5 µL/min and (Right) 10 µL/min. Upper plots have log-scaled time, showing
increasing error at small times. Lower plots show that at long times (≥ 30 min), percent error drops to below
10%, with error increasing with z.
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Table S3: logKPW and logDP for seven PCBs, including two pairs of isomers. Reported values of logKPW

compiled and reported by Zhu et al [22]. Reported values of logDP from Rusina et al (PCB 18, PCB 153) [23]
or Belles et al. [24].

Chemical name Num. Cl logKPW Num. studies for KPW logDP (mm2/h)

CB 18 3 4.93± 0.15 17 −0.68
CB 28 3 5.06± 0.20 28 −0.72
CB 52 4 5.38± 0.17 33 −1.06
CB 101 5 5.83± 0.41 25 −1.11
CB 138 6 6.20± 0.42 17 −1.16
CB 153 6 6.15± 0.60 30 −1.11
CB 180 7 6.30± 0.67 28 −1.17

Table S4: Calculated molecular descriptors, extrapolated logKPW , and logDP for seven PBDEs, including
two pairs of isomers. Extrapolated logKPW (xlogKPW ) is calculated using the QSPR model developed by
Zhu et al. [22] based on descriptors calculated using PaDEL: Crippen logP (cLogP); relative negative charge-
most negative charge/total negative charge (RNCG); centered Broto-Moreau auto-correlation-lag 4/weighted by
Sanderson electro-negativity (ATSC4e); and Geary auto-correlation-lag 6/weighted by polarizabilities (GATS6p)
[25]. Values of logDP reported by Narváez Valderrama et al. [26].

Chemical name Num. Br cLogP RNCG ATSC4e GATS6p xlogKPW logDP (mm2/h)

BDE 28 3 6.27 0.37 -0.80 0.94 4.43 -1.05
BDE 47 4 7.03 0.35 -0.85 0.89 5.01 -1.04
BDE 99 5 7.79 0.34 -0.64 0.88 5.59 -1.15
BDE 100 5 7.79 0.33 -0.59 0.88 5.62 -1.04
BDE 153 6 8.55 0.32 -0.48 0.90 6.17 -1.21
BDE 154 6 8.55 0.32 -0.44 0.90 6.20 -1.22
BDE 209 10 11.60 0.24 0.39 1.00 8.67 -1.24
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Figure S5: (A) COMSOL simulation of how PBDE 28 distributes in and around a microfluidic channel (21.1-mm
long by 1.5-mm wide by 0.1-mm tall) under continuous flow (10 uL/min from left to right) after 1 hour (left) and
1 week (right). (B-C) Relative concentration remaining in solution at the end of the channel based on COMSOL
simulations for seven PCBs (B) and seven PBDEs (C). Results presented after one hour, one day, and one week
of continuous flow. Parameters KPW and DP for each compound were as detailed in Tables S3 and S4; solution
diffusivity (DS) was estimated via the method developed by Miyamoto and Shimono.[27] Given the large ratio
of PDMS volume to channel volume and the large partition coefficients of PCBs and PBDEs, all 14 compounds
are predicted to have less than 1.25% their inlet concentration remaining at the outlet, even after a week of
continuous flow.
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Supplemental Movies

Figure S6: (Left) Direct observation of diffusion of rhodamine B into bulk PDMS. A microchannel was pre-soaked
with a rhodamine B solution for three hours to pre-load chemical into the PDMS walls. The microchannel was
then flushed, and the subsequent diffusion of pre-loaded dye was imaged for 12 hours. (Right) Under similar
conditions, rhodamine 6G remains on the PDMS surface and does not measurably diffuse into bulk PDMS over
12 hours.

Figure S7: Sample results from a COMSOL Multiphysics simulation of the partitioning and diffusion of indole
from a solution flowing through a microfluidic channel. Flow rate was 5 µL/min over a duration of two hours,
with flow direction from left to right along the bottom of the figure. Highest concentrations of indole are red;
lowest are blue.
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Supplemental Derivation

Suppose we have a channel filled with aqueous solution in a block of PDMS. We will say that this flow is in di-
rection ẑ. Now, we must consider the flux across the walls of the channel into bulk PDMS. This flux is in the radial
direction, r̂ The flux, J, is

J = −r̂DP
∂cP
∂r

∣∣∣∣
r=0

Let’s suppose that the mass transfer rate H is fast, such that we can approximate the surface concentration to be fixed at
cP (r = 0) = KcS , where cS is the concentration in solution and K is the PDMS-water partition coefficient. We can then
say that the concentration profile in the bulk PDMS is

cP (r, t) = KcS erfc

(
r√

4DP t

)
Then, taking the derivative of this function, the magnitude of the surface flux must be

J =
KcS

√
DP√

πt

From this, we consider the cross-sectional perimeter, P , and area, A, of the channel, along with the flow velocity v (here
assumed to be constant relative to r), and relate the change in concentration across channel slice dz to the flux

−Av
dcS
dz

∆z = JP∆z =
Kcs

√
DP√

πt
P∆z

We will solve for the derivative and define a length constant λ,

dcs
dz

= −PKcs
√
DP

Av
√
πt

= − 1

λ
cs

From there, it trivially follows that the concentration at axial distance z from the channel inlet can be approximated as

cS(z, t) = cS,0e
−z/λ

where

λ =
Av

√
πt

PK
√
DP

=
Q
√
πt

PK
√
DP

where we make one final substitution and define our familiar volumetric flow rate, Q = Av.
So, we can see that as K increases, DP increases, P increases, or Q decreases, we will see a greater loss of chemical

from solution. Note also that the two chemical-PDMS interaction parameters, K
√
DP , are coupled, hinting that for

simple devices where diffusion between channels is not a concern, a doubling in partitioning is indistinguishable from a
quadrupling of diffusivity. This provides a good heuristic tool for a researcher – with only geometric knowledge of their
channels and the chemical-PDMS interaction properties for their chemical-of-interest, one can estimate concentration loss
anywhere within a simple device.
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