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Figure S 1. Study outline. Numbers in ovals refer to sections in the main paper. The white boxes are the experimental data, the black box describe the data treatment for 
cytotoxicity, the red boxes the data treatment for effect data, the blue boxes convert the effect data from PDMS to lipid concentrations, the green boxes explain the calculation of 
predicted bioanalytical equivalent concentrations BEQchem from the chemical concentrations and their relative effect potencies. The questions not in boxes the three main 
questions. 

 
Figure S 2. Comparison of lipid-based toxic units, indicative of cytotoxicity, TUbio of the different samples between the two Beluga whales HI-14-11 and HI-14-06. HI-14-06 is the 
older of the two individuals. Data are from Table S3.  

Instrumentally based bioanalytical 
equivalent concentration of defined 

mixtures of identified chemicals 

<<<<<<<<<

Bioassay-based bioanalytical 
equivalent concentration

<<<<<<<<<<<<

Relative effect potency 
of individual chemicals

Determination of effect 
concentrations of PDMS 

passive sampling 
extracts in the bioassay 

(ECPDMS)

Determination of 
individual chemical 

concentrations in Beluga 
blubber samples using 
solvent extraction (Ci,lip) 

(Binnington et al.  2017)

Bioassay-based bioanalytical 
equivalent concentration of 
passive sampling extracts 

Determination of effect 
concentrations of 

individual chemicals 
(dominant chemicals in 

each group) in the 
bioassay (ECi)

Determination of effect 
concentrations of the 

reference compound in 
the bioassay (ECref)

Comparison --- Is PDMS extraction appropriate for undefined mixtures? 

How much of 
the mixture 
effect can be 

explained by the 
identified 

chemicals? 

Determination of PCBs 
and OCPs in Beluga 

blubber samples using 
PDMS (Ci,PDMS) 

Klip/PDMS (no lipid in PDMS)
and Dlip/PDMS (2% lipid in PDMS)  for single 

compounds Blubber concentrations in 
PCBs and OCPs in Beluga 

blubber samples from PDMS 
(Ci,lip (via PDMS)) 

Klip/PDMS (no lipid in PDMS)
and Dlip/PDMS ( experimental% lipid in PDMS)  for 

undefined mixture

BEQbio,PDMS=
EC (ref)

ECPDMS(sample)

BEQchem,lip=∑ REPi
n
i=1 ∙Ci

DPDMS/lip(% lipid) = KPDMS/lip×
mlip in PDMS

m PDMS

BEQbio,lip=BEQbio,PDMS×Dlip/PDMS

DPDMS/lip(% lipid) = KPDMS/lip×
mlip in PDMS

m PDMS

REPi=
ECy (ref)
ECy (i)

3.3

3.4

3.2

Cytotoxicity across cell lines

3.1

Toxic units TU=
1

ICPDMS

Is cytotoxicity a uniform 
indicator of chemical 
mixture burden?

2.2 2.4 2.6 2.8 3.0 3.2
2.2

2.4

2.6

2.8

3.0

3.2

log (TUbio [Lbioassay/kglipid])
 (HI-14-11) 

lo
g 

(T
U

bi
o 

[L
bi

oa
ss

ay
/k

g l
ip

id
])

 (H
I-1

4-
06

) 

Muktuk
Age 5d

Muktuk Roast



ESI Environmental Science: Processes & Impacts 

S4  |  

 
Figure S 3. Cumulative toxic units TUbio for cytotoxicity of the different cell lines. The vertical line at log TUbio = 2.3 represents the highest concentration without detected 
cytotoxicity. The rank distributions at lower TUbio were extrapolated. Data are from Table S3. 

  

  

  

 
Figure S 4. Concentration-response curves (CRCs) for the PDMS Blanks in (a) AhR-CALUX, (b) PPAR g-bla, (c) ERa-bla, (d) AR-bla, (e) GR-bla, (f) PR-bla, (g) AREc32. The left figures 
contain all data (cell viability and activation of the reporter gene) on a log-concentration scale, the right figures contain only the activation data up to IC10 concentrations on a 
linear scale. The dotted line in (a) corresponds to the approximate IC10 of 0.1 kgPDMS/Lbioassay for cytotoxicity. 
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Figure S 5. Concentration-response curves for the Muktuk samples of whales HI-14-11 (left) and HI-14-06 (right) in the AhR-CALUX assay. For each sample, the left plot is on the 
log-concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. The EC10 was derived from the portion of the CRC up to IC10. The full 
blue line refers to the log-sigmoidal CRC model, the thin line to the linear model, which did not yield a satisfactory fit and was not applied. The blue dotted line marks the 10% 
effect level. IC10 values are in Table S3 and EC10 values from the are in Table S4. 
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Figure S 6. Concentration-response curves for the Uqsuq samples of whales HI-14-11 (left) and HI-14-06 (right) in the AhR-CALUX assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. The EC10 was derived from the portion of the CRC up to IC10. The full 
blue line refers to the log-sigmoidal CRC model, the thin line to the linear model, which did not yield a satisfactory fit and was not applied. The blue dotted line marks the 10% 
effect level. IC10 values are in Table S3 and EC10 values from the are in Table S4. 
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Figure S 7. Concentration-response curves for the Muktuk samples of whales HI-14-11 (left) and HI-14-06 (right) in the PPARg-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration effect curves in each of the right plots. The EC10 was derived from the linear regression of the concentration versus IR. The blue dotted line 
marks the 10% effect level. IC10 values are in Table S3 and EC10 values from the are in Table S4. 
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Figure S 8. Concentration-response curves for the Uqsuq samples of whales HI-14-11 (left) and HI-14-06 (right) in the PPARg-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration effect curves in each of the right plots. The EC10 was derived from the linear regression of the concentration versus IR. The blue dotted line 
marks the 10% effect level. IC10 values are in Table S3 and EC10 values from the are in Table S4. 

 

 
Figure S 9. Plot indicating that there is no association between the Rosiglitazone-EQ [ngRosiglitazone/glipid] (Table S7) and the weight gain due to lipid uptake (Table S1). 
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Figure S 10. Concentration-response curves for the Muktuk samples of whales HI-14-11 (left) and HI-14-06 (right) in the ERa-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration response curves in each of the right plots. IC10 values are in Table S3 and no activation of the estrogen receptor was detected. 
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Figure S 11 Concentration-response curves for the Uqsuq samples of whales HI-14-11 (left) and HI-14-06 (right) in the ERa-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration response curves in each of the right plots. IC10 values are in Table S3 and no activation of the estrogen receptor was detected. 
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Figure S 12. Concentration-response curves for the Muktuk samples of whales HI-14-11 (left) and HI-14-06 (right) in the AR-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration response curves in each of the right plots. IC10 values are in Table S3 and no activation of the estrogen receptor was detected. 
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Figure S 13. Concentration-response curves for the Uqsuq samples of whales HI-14-11 (left) and HI-14-06 (right) in the AR-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration response curves in each of the right plots. IC10 values are in Table S3 and no activation of the estrogen receptor was detected. 
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Figure S 14 Concentration-response curves for the Muktuk samples of whales HI-14-11 (left) and HI-14-06 (right) in the GR-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration response curves in each of the right plots. IC10 values are in Table S3 and no activation of the estrogen receptor was detected. 
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Figure S 15 Concentration-response curves for the Uqsuq samples of whales HI-14-11 (left) and HI-14-06 (right) in the GR-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration response curves in each of the right plots. IC10 values are in Table S3 and no activation of the estrogen receptor was detected. 
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Figure S 16. Concentration-response curves for the Muktuk samples of whales HI-14-11 (left) and HI-14-06 (right) in the PR-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration response curves in each of the right plots. IC10 values are in Table S3 and no activation of the estrogen receptor was detected. 
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Figure S 17. Concentration-response curves for the Uqsuq samples of whales HI-14-11 (left) and HI-14-06 (right) in the PR-bla assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All % effect values above IC10 concentrations or above 40% effect were 
excluded for the linear concentration response curves in each of the right plots. IC10 values are in Table S3 and no activation of the estrogen receptor was detected. 
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Figure S 18 .Concentration-response curves for the Muktuk samples of whales HI-14-11 (left) and HI-14-06 (right) in the AREc32 assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All induction ratios (IR) values above IC10 concentrations or above IR 4 
were excluded for the linear concentration response curves in each of the right plots. The ECIR1.5 is derived from the linear regression of the concentration versus IR. The red dotted 
line marks the IR 1.5. IC10 values are in Table S3 and ECIR1.5 values from the are in Table S4. 
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Figure S 19. Concentration-response curves for the Uqsuq samples of whales HI-14-11 (left) and HI-14-06 (right) in the AREc32 assay. For each sample, the left plot is on the log-
concentration scale to determine the cytotoxicity. The vertical dotted line indicates the IC10 for cytotoxicity. All induction ratios (IR) values above IC10 concentrations or above IR 4 
were excluded for the linear concentration response curves in each of the right plots. The ECIR1.5 is derived from the linear regression of the concentration versus IR. The red dotted 
line marks the IR 1.5. IC10 values are in Table S3 and ECIR1.5 values from the are in Table S4. 

 
 
Figure S 20. (a) Comparison of effect concentrations EC10 (AhR, PPAR, AR) and ECIR1.5 (ARE) for the activation of reporter genes. Data in Table S4. (b) Comparison with data from 
literature (based on PDMS concentrations).2, 3 
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Figure S 21. Comparison of concentrations of analytes in lipids from direct extraction and via PDMS extraction. Data in Table S2 and S5. 

 

 
Figure S 22. Bioassay medium-air partition constants Kmedium/air for all detected chemicals. The dotted line is the “volatility cutoff” of Kmedium/air = 104 and all chemicals with lower 
Kmedium/air are expected to escape during the bioassay exposure.4 

 
Figure S 23. Comparison between the predicted baseline toxicity IC10 calculated with the model of Lee et al.1 and the measured cytotoxicity IC10 and response concentrations for 
the specific effects. Only chemicals below the 1:1 line show a specific effect, most chemicals are active but merely as baseline toxicants. Data from Table S6. 
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Figure S 24. Comparison between the bioanalytical equivalent concentrations predicted from the detected chemicals (BEQchem) and the contribution to BEQchem by (a) PAHs and (b) 
other chemicals in the AhR-CALUX. Data in Table S7. 

 

 
Figure S 25. Comparison between the bioanalytical equivalent concentrations as derived from the bioassays (BEQbio) and as derived from the measured concentrations of the 
detected chemicals (BEQchem) for (a) AhR-CALUX, (b) PPARg-bla and (c) AREc32 Data in Table S7. 

 
Figure S 26. Contribution of nonpersistent polycyclic aromatic hydrocarbons (PAHs) and persistent organochlorine pesticides (OCPs) to B[a]P-EQchem in the AREc32 assay. Data in 
Table S7. 
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