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Text S1. Polyparameter linear free energy relationships 

Storage lipid-water (KSLW), membrane lipid-water (KMLW), serum albumin-water (KAPW), 

and non-albumin protein-water (KNPW) partition ratios were predicted using polyparameter linear 

free energy relationships (ppLFER) according to Endo et al. [1]. Polyparameter linear free energy 

relationships are multiple regression models that use several descriptors as independent variables 

to characterize the free energy of partitioning. The logarithm of the partition ratio (log K) is 

calculated as the sum of the contributions of the various inter-molecular interactions: 

log𝐾 = 𝑒𝐸 + 𝑠𝑆 + 𝑎𝐴 + 𝑏𝐵 + 𝑣𝑉 + 𝑐    (S1) 

where E, S, A, B, and V are properties of the solute, and e, s, a, b, v, and c are properties of the two 

solvent phases. Solvent descriptors (e, s, a, b, v) are given by Endo et al. [1] and quantify the 

magnitude of the difference in the corresponding solute–solvent interactions between the two 

solvent phases. The solute descriptors are excess molar refraction (E), dipolarity/polarizability (S), 

solute H-bond acidity (A), solute H-bond basicity (B), and molar volume (V). Solute descriptors 

for the chemicals in Table 3 of the main text were obtained from the UFZ-LSER Database [2]. 

Chemicals were identified within the UFZ website using either the CAS number or, if unavailable, 

the universal SMILES format. Solute descriptors for each chemical are given in Table S3.  

Text S2. Estimation of chemical volume of distribution 

Apparent chemical volumes of distribution (VD; L blood kg fish-1) for chemicals ranging 

in log KOW between 2 and 9 are summarized for several fish species in Table 3 of the main text. 

The VD may be obtained directly using a traditional pharmacokinetic test design wherein a bolus 

dose of chemical is administered by intravascular (IV) injection and the chemical concentration in 

blood is measured over time [3] (Figure 6C of the main text). For chemicals that exhibit simple 1-
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compartment elimination kinetics, the VD can be determined as the administered dose divided by 

the chemical concentration at t=0 (C0) or the dose divided by the product of the area under the 

curve (AUC) and the estimated elimination rate constant (kT,B).  

Alternatively, VD may be determined as the ratio of fish-water and blood-water partitioning 

values (VD=KFW/KBW; Equation 4 of main text). The KBW may be determined in vivo from 

measured chemical concentrations in blood and expired water [4] or in vitro using different 

partitioning systems [5,6]. The KBW may also be estimated from in vitro binding data reported in 

trout blood plasma [7−9] as:  

𝐾!" = 𝑣#$/𝜙!       (S2) 

where fB is the unbound chemical fraction in blood plasma (unitless) and vWB is the water content 

of blood (0.89 L water L blood-1 [5]). 

For VD values derived as KFW/KBW, the standard deviation of VD for each test chemical 

(SDVD) can be propagated from the standard deviations of KFW (SDKFW) and KFW (SDKBW) using the 

equation: 

𝑆𝐷%! = 𝑉&5(𝑆𝐷'"#/𝐾(")) + (𝑆𝐷'$#/𝐾!"))   (S3) 

Ideally, for the derivation of VD, the KFW would be measured in the same study as KBW 

using the same measurement approach. However, for many studies the KFW was not reported and 

in these cases, we used Equation 11 (Table 1 of main text) to estimate fish-water partitioning. In 

such cases, the SDKFW was unavailable and was therefore not included in the calculation of SDVD  

(Equation S3). 
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TABLES 
 

Table S1. Independent variable inputs to the in vitro-in vivo extrapolation (IVIVE; [10]) and bioaccumulation (B; [11]) sub models.  
Parameter  Value Descriptiona 

Octanol-water partition ratio (KOW; L water L octanol-1)  Varied between 2 and 9 
Body weight of modelled fish (WB; kg fish) 0.01 Assumed 
Liver S9 protein concentration (CS9; mg protein mL S9-1) 1.0 Assumed 
Substrate depletion rate constant (kDEP; h-1)  Varied between 0.01 h-1 and 10 h-1 
Fish acclimatation temperature (T; °C) 15 Assumed 
Liver S9 protein content (LS9; mg protein g liver-1) 163 [10] 
Fractional liver weight (LFBW; g liver g fish-1) 0.015 [12] 
Fractional liver blood flow (QFRAC; unitless) 0.259 [13] 
Fractional water content of blood (vWB; L water L blood-1) 0.889 [5] 
Fractional total lipid content of blood (vLB; L lipid L blood-1) 0.014 [5] 
Fractional total protein content of blood (vPB; L protein L blood-1) 0.096 1−(vLB+vWB) 
Fractional total protein content of S9 (vPS9; L protein L S9-1) 0.0010 [14] 
Fractional total lipid content of S9 (vLS9; L lipid L S9-1) 0.0003 [14] 
Fractional water content of S9 (vWS9; L water L S9-1) 0.9987 1−(vLS9+vPS9) 
Fractional whole-body total lipid content (vLF; L lipid L fish-1) 0.050 Assumed 
Fractional whole-body total protein content (vLF; L lipid L fish-1) 0.161 [2] 
Fractional whole-body water content (vPF; L lipid L fish-1) 0.789 1−(vLF+vPF) 
Density of fish (dF; kg fish L water-1) 1.00 Assumed 
Particulate organic carbon content (CPOC; kg POC L water-1) 4.6×10-6 [15] 
POC binding constant (αPOC; unitless) 0.35 [16] 
Dissolved organic carbon content (CDOC; kg DOC L water-1) 1.0×10-6 [15] 
DOC binding constant (αDOC; unitless) 0.08 [17] 
Total aqueous chemical concentration (CW; mg chemical L water-1) 1.0 Assumed 

aDescribes the parameter, its reference, or the equation used to estimate it.  
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Table S2. Dependent variable inputs to the in vitro-in vivo extrapolation [10] and bioaccumulation [11] sub models. 
In vitro-in vivo extrapolation model   
Parameter Equation Reference 

In vitro intrinsic clearance rate (CLINT,S9; mL S9 h-1 mg-1) kDEP/CS9  
In vivo intrinsic clearance rate (CLINT,LIV; L S9 d-1 kg-1) CLINT,LIVS9×LS9×LFBW×24  
Blood-water partition ratio (KBW; L water L blood-1) Varied Table 1 of main text 
S9 system-water partition ratio (KS9W; L water L S9-1) Varied Table 1 of main text 
Unbound fraction in S9 system (ϕS9; unitless) vWS9/KS9W  
Unbound fraction in blood plasma (ϕP; unitless) vWBL/KBW  
Clearance binding term (fU; unitless) ϕP/ϕS9  
Cardiac output (QC; L blood d-1 kg-1) ([(0.23×T)−0.78]×[WB/500]–0.1)×24×103 [18] 
Tissue blood flow (QH; L blood d-1 kg-1) QC×QFRAC [13] 

Hepatic clearance (CLH; L blood d-1 kg-1 ([QH×fU×CLINT,LIV]×[vWS9/vWBL]) / 
(QH+[fU×CLINT,LIV]×[vWS9/vWBL]) [19,20] 

Fish-water partition ratio (KFW; L water kg fish-1) Varied Table 1 of main text 
Apparent volume of distribution (VD; L blood kg fish-1) KFW/KBW  
Whole-body biotransformation rate constant (kB; d-1) CLH/VD  

Bioaccumulation model   
Parameter Equation Reference 

Gill uptake rate constant (k1; L water kg fish-1 d-1) 1 / ((0.01 + KOW
-1) × WB

0.4 [11] 
Gill elimination rate constant (k2; d-1) k1/(vLF × KOW) [11] 

Fecal egestion rate constant (kE; d-1) 0.125 × (0.02 × WB
−0.15 × e(0.06 − T)) / 

(5.1×10-8 × KOW + 2) [11] 

Growth rate constant (kG; d-1) Assumed negligible (0 d-1) [11] 
Freely dissolved chemical fraction in water (Φ; unitless) 1/(1+CDOC×αDOC×KOW+CPOC×αPOC×KOW) [11] 
Bioconcentration Factor (BCF; L water kg fish-1) ((k1×CW×Φ]/[k2+kB+kG+kE])/CW [11] 
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Table S3. Chemical solute descriptors (E, S, A, B, and V; Ulrich et al. [2]) and polyparameter linear free energy relationship (ppLFER)-
estimated partition ratios for storage lipid-water (KSLW); membrane lipid-water (KMLW), albumin protein-water (KAPW), and non-albumin 
protein-water (KNPW) partitioning (Equation S1).  

Chemical E S A B V log 
KMLW 

log 
KSLW 

log 
KAPW 

log 
KNPW 

Paraoxon 0.81 1.71 0.00 1.18 1.89 1.62 1.55 1.65 1.07 
Benzene 0.61 0.52 0.00 0.14 0.72 2.22 2.16 1.92 1.14 
Tetrachloroethane 0.60 0.76 0.16 0.12 0.88 2.67 2.37 2.44 1.60 
Pentachloroethane 0.65 0.66 0.17 0.06 1.00 3.40 3.25 3.03 2.23 
Methyltestosterone 1.54 2.51 0.21 1.27 2.52 3.36 3.05 3.26 2.72 
Carprofen 2.07 2.18 1.03 0.89 1.94 3.53 1.54 3.42 2.75 
Parathion 1.20 1.49 0.00 0.88 2.00 3.51 3.73 3.11 2.59 
Hexachloroethane 0.68 0.68 0.00 0.00 1.12 4.02 4.29 3.51 2.74 
Cyclo salicylate 1.20 1.29 0.02 0.47 1.73 4.25 4.50 3.73 3.11 
Pyrene 2.81 1.71 0.00 0.28 1.58 5.35 5.40 4.40 3.85 
Chlorpyrifos 1.37 1.36 0.00 0.61 2.15 5.21 5.73 4.50 4.01 
Polysantol 0.65 0.78 0.31 0.58 2.09 5.02 5.18 4.43 3.92 
Methoxychlor 1.85 2.08 0.00 0.82 2.37 5.01 5.33 4.44 3.93 
Ambrofix 0.63 0.64 0.00 0.50 2.10 5.40 6.22 4.63 4.16 
Galaxolide 1.09 1.15 0.00 0.63 2.25 5.40 6.08 4.67 4.21 
Trifluralin 1.01 1.20 0.00 1.08 2.20 3.53 3.93 3.05 2.67 
Karanal 0.64 1.04 0.00 0.74 2.36 5.12 5.90 4.50 4.05 
Nonylphenol 0.78 0.89 0.53 0.33 2.04 5.83 5.63 5.21 4.60 
PCB 52 1.90 1.48 0.00 0.15 1.81 6.07 6.50 5.20 4.58 
PCB 153 2.18 1.74 0.00 0.11 2.06 7.04 7.58 6.05 5.44 
Diethylhexylphthalate 0.66 1.06 0.00 0.90 3.40 7.97 9.50 6.92 6.70 
PCB 202 2.44 2.00 0.00 0.06 2.30 8.04 8.70 6.93 6.33 
PCB 209 2.72 2.26 0.00 0.02 2.55 9.01 9.78 7.78 7.20 
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Table S4. Log-transformed trout liver S9-water (KS9W), blood-water (KBW), and whole fish-water (KFW) chemical partition ratios 
estimated using empirically-based (Emp), composition-based (Comp), and polyparameter linear free energy relationship (ppLFER) 
prediction methods.  

Chemical log 
KOW 

log KS9W log KBW log KFW 
Emp Comp ppLFER Emp Comp ppLFER Emp Comp ppLFER 

Paraoxon 2.00 0.07 0.01 0.01 0.74 0.45 0.51 0.68 0.82 0.79 
Benzene 2.13 0.08 0.02 0.02 0.82 0.54 0.69 0.81 0.94 1.08 
Tetrachloroethane 2.39 0.12 0.04 0.05 0.99 0.75 1.05 1.07 1.18 1.40 
Pentachloroethane 3.22 0.34 0.21 0.24 1.57 1.51 1.73 1.90 1.99 2.16 
Methyltestosterone 3.36 0.40 0.27 0.27 1.67 1.65 1.93 2.04 2.13 2.23 
Carprofen 3.79 0.60 0.52 0.19 1.97 2.08 1.96 2.47 2.55 2.16 
Parathion 3.83 0.62 0.55 0.50 2.00 2.12 2.03 2.51 2.59 2.55 
Hexachloroethane 4.14 0.79 0.79 0.90 2.23 2.42 2.47 2.82 2.90 3.06 
Cyclo salicylate 4.70 1.14 1.30 1.10 2.64 2.98 2.71 3.38 3.46 3.28 
Pyrene 4.90 1.27 1.49 1.96 2.78 3.18 3.63 3.58 3.66 4.20 
Chlorpyrifos 4.96 1.31 1.55 2.27 2.83 3.24 3.81 3.64 3.72 4.46 
Polysantol 5.00 1.33 1.59 1.77 2.85 3.28 3.45 3.68 3.76 3.99 
Methoxychlor 5.08 1.39 1.66 1.90 2.91 3.36 3.52 3.76 3.84 4.10 
Ambrofix 5.10 1.40 1.68 2.75 2.93 3.38 4.22 3.78 3.86 4.92 
Galaxolide 5.30 1.53 1.88 2.62 3.07 3.58 4.12 3.98 4.06 4.79 
Trifluralin 5.34 1.56 1.92 0.63 3.10 3.62 2.14 4.02 4.10 2.71 
Karanal 5.60 1.74 2.18 2.43 3.29 3.88 3.92 4.28 4.36 4.60 
Nonylphenol 5.76 1.85 2.34 2.26 3.41 4.04 4.09 4.44 4.52 4.55 
PCB 52 6.10 2.08 2.68 3.03 3.66 4.38 4.57 4.78 4.86 5.22 
PCB 153 6.34 2.24 2.92 4.11 3.83 4.62 5.61 5.02 5.10 6.29 
Diethylhexylphthalate 7.60 3.12 4.18 6.02 4.75 5.88 7.42 6.28 6.36 8.17 
PCB 202 7.73 3.21 4.31 5.22 4.85 6.01 6.69 6.41 6.49 7.39 
PCB 209 8.27 3.58 4.85 6.30 5.24 6.55 7.75 6.95 7.03 8.47 
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Table S5. Linear regression equations obtained by regressing log transformed chemical partition ratios against log KOW. The partition 
ratios were generated for trout liver S9 (KS9W), blood (KBW), and whole fish (KFW) for test chemicals presented in Table 3 of the main 
text.  

Phase Partitioning approach Entire log KOW range log KOW > 4 

Liver S9 
system 

Empirical log KS9W = 0.58 × log KOW − 1.46; R2 = 0.97 log KS9W = 0.68 × log KOW − 2.08; R2 = 0.99 

Composition-based log KS9W = 0.77 × log KOW − 2.24; R2 = 0.94 log KS9W = 0.99 × log KOW − 3.54; R2 = 0.99 
ppLFER log KS9W = 0.91 × log KOW – 2.77; R2 = 0.85 log KS9W = 1.26 × log KOW − 4.90; R2 = 0.90 

Blood 

Empirical log KBW = 0.72 × log KOW − 0.74; R2 = 0.99 log KBW = 0.73 × log KOW − 0.79; R2 = 1.00 
Composition-based log KBW = 0.98 × log KOW − 1.61; R2 = 0.99 log KBW = 1.00 × log KOW − 1.72; R2 = 1.00 

ppLFER log KBW = 1.13 × log KOW − 2.10; R2 = 0.93 log KBW = 1.35 × log KOW − 3.24; R2 = 0.88 

Whole 
fish 

Empirical log KFW = 1.00 × log KOW − 1.32; R2 =1.00 log KFW = 1.00 × log KOW − 1.32; R2 =1.00 
Composition-based log KFW = 0.99 × log KOW − 1.20; R2 =1.00 log KFW = 1.00 × log KOW − 1.24; R2 =1.00 

ppLFER log KFW = 1.22 × log KOW − 1.99; R2 = 0.93 log KFW = 1.37 × log KOW – 2.91; R2 = 0.88 
 



 
 

 
 

S9 

FIGURES 
 

 
Figure S1. Relative contribution of lipid, protein, and water components (x) to the system (S) 
sorptive capacity for liver S9 incubation media, blood, and whole fish, estimated using 
composition-based and ppLFER prediction approaches. Volume fractions (v) for each component 
used are presented in Table 2 of the main text and the calculated system partition ratios (KSW) for 
trout liver S9, blood, and whole fish are in Table S4. The relative contribution for each component 
was calculated as vX×KXW/KSW, where KXW is the partition ratio for x-water partitioning [1].   
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Figure S2. Chemical volumes of distribution (VD; L blood kg fish-1) for selected test chemicals 
calculated using KBW (Equation 13 of main text) and KFW (Equation 14 of main text) values 
estimated from ppLFERs. The equation for the linear model (purple dotted line) describing the 
relationship between VD and log KOW is provided in the figure.  
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