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Table S1. Supplementary information on preservatives and sample containers used for chemical analysis 
Analytes Container Washing Preservative 
pH, conductivity, colour, Na, K, Ca, Mg, 

fluoride, hardness, SiO2, turbidity 
125-mL HDPE Reverse osmosis water 1 mL of ethylene diamine (0.5 % w/v) 

Heavy metals 250-mL HDPE Acid 2.5 mL of nitric acid 
Dissolved metals 1-L HDPE Detergent None 
Sulfide 500-mL HDPE Detergent 2 mL of zinc acetate (10 % solution) 
Phenols, total petroleum hydrocarbons 1-L amber glass Solvent 80 mg of sodium thiosulfate 
VOC, BTEX 2 × 40-mL glass vials with septum cap None Sodium bisulfate 
PAHs 1-L amber glass Solvent 80 mg of sodium thiosulfate 
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Supplementary information on the chemical analysis of the organic compounds at QHFSS 

The total petroleum hydrocarbons (TPHs) were analysed by Gas Chromatography–Flame Ionisation 

Detector (GC/FID) after solid phase extraction according to QHFSS method QIS 16308. The phenols 

and PAHs were analysed by Gas Chromatography–Mass Spectrometry (GC-MS) after solvent 

extraction according to QHFSS method QIS 16647. The volatile organics were analysed by purge and 

trap GC-MS, which were subcontracted to Advanced Analytical P/L. 

Supplementary information on bioanalytical tools used in this study 

Induction of xenobiotic metabolism 

AhR-CAFLUX 

The hepatoma H4IIE cells, which are stably transfected with the dioxin control elements and green 

fluorescent protein (GFP),[1–3] were seeded for 24 h at 3 × 105 cells mL–1 in 96-well black, clear-

bottom microtitre plates (Corning). This cell line was a gift from Prof Michael Dension from UC 

Davis. Prior to dosing the sample extracts were evaporated to near dryness and reconstituted with 

MEM α medium consisted of 10 % foetal bovine serum (FBS) (GIBCO BRL Life Technologies) and 

were serially diluted before transferring to the plates containing the seeded cells. Sixteen 

concentrations were used in each experiment. Concentrations of reference compound 2,3,7,8-

tetrachloro-dibenzo-dioxin (TCDD, Novachem) ranging from 0.1 pM to 10 nM were run on each 

plate. The GFP signal was measured after 24 h of incubation at 485-nm excitation and 520-nm 

emission on a FluoStar Omega plate reader (BMG Labtech). The induction of AhR is proportional to 

the quantity of GFP expressed. 

Specific modes of action 

ERα-, AR, GR, PR and TRβ-CALUX 

The U2OS human osteosarcoma cells had been stably transfected with either estrogen receptor α 

(ERα),[4] androgen receptor (AR),[5] glucocorticoid receptor (GR),[6] progesterone receptor (PR)[6] or 

thyroid receptor β (TRβ)[7] with a luciferase reporter gene. Upon exposure to endocrine active 

compounds, the enzyme luciferase is induced and the endocrine activity can be quantified as 

luminescence production after adding the substrate luciferin. The CALUX cells were seeded at 

8 × 104 to 1.2 × 105 cells mL–1 (depending on the specific assay) in 96-well clear microtitre plates 

(Greiner Bio-One) with DMEM/F12 medium without phenol red supplemented with 5 % stripped 

FBS and 100-μM non-essential amino acids (GIBCO BRL Life Technologies) for 24 h (except for the 

ERα-CALUX cells that were incubated for a further 24 h with a change of medium after the first 

24 h). The sample extracts were serially diluted and transferred to the seeded cells, the final methanol 

concentration was below 0.1 %. Three concentrations in two replicate wells were run in each 

independent experiment. After incubation for 24 h the medium was completely removed and the cells 

were lysed with 30 μL of lysis reagent (25 mM Tris, 2 mM dithiothreitol, 2 mM EDTA, 10 % 
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glycerol and 1 % Triton X-100 in MilliQ water). The luciferase activity was measured using a 

FluoStar Omega plate reader (BMG Labtech) at the luminescence mode after injection of the glowmix 

as described in Van der Linden et al.[6] Reference compounds were run on each plate, 17β-estradiol 

(E2) and tamoxifen for ERα-CALUX in agonist and antagonist modes respectively. 

Dihydrotestosterone and flutamide were used for AR-CALUX in agonist and antagonist modes 

respectively. Dexamethasone and mifepristone were used for GR-CALUX in agonist and antagonist 

modes respectively. Levonorgestrel and mifepristone were used for PR-CALUX in agonist and 

antagonist modes respectively. Triiodothyronine (T3) was used for TRβ-CALUX in agonist mode. All 

reference compounds were purchased from Sigma–Aldrich. 

GH3.TRE-luc 

The GH3.TRE-luc cells were grown in DMEM/F12 supplemented with 10 % FBS (GIBCO BRL 

Life Technologies), the medium was replaced with serum free medium PCM 24 h before plating.[8] 

The PCM medium contained DMEM/F12 without phenol red (GIBCO BRL Life Technologies), 

10 µg mL–1 bovine insulin, 10 µM ethanolamine, 10 ng mL–1 sodium selenite, 10 µg human 

apotrasferrin, and 500 µg mL–1 bovine serum albumin (all components were purchased from Sigma–

Aldrich). The cells were seeded for 24 h at 3 × 105 cells mL–1 in 96-well white, clear-bottom 

microtitre plates (Corning). Prior to dosing the sample extracts were evaporated to near dryness and 

reconstituted with PCM medium and were serially diluted before transferring to the seeded cells. 

Fourteen concentrations in duplicate wells were performed in each experiment. Reference compound 

T3 for ranging from 1 fM to 8.4 nM was run on each plate. At the end of a 24 h incubation 50 μL of 

lysis reagent (125 mM Tris, 10 mM dithiothreitol, 10 mM EDTA, 50 % glycerol and 5 % Triton X-

100 in MilliQ water) was added to each well. The luciferase activity was measured using a FluoStar 

Omega plate reader (BMG Labtech) at the luminescence mode after addition of 100 μL of luciferase 

reagent (60 mM Tricine, 8 mM magnesium sulfate heptahydrate, 0.3 M EDTA, 100 mM DTT, 

0.83 mM coenzyme A, 1.6 mM ATT, 1.4 mM luciferin). 

Reactive modes of action 

umuC assay

The bacteria Salmonella typhimurium TA1535 were stably transfected with the plasmid pSK 1002 

carrying a lacZ gene under the control of the umu regulatory region.[9] The lacZ reporter gene encodes 

for proteins with β-galactosidase activity that can metabolise a colourless substrate ortho-nitrophenyl-

β-galactoside (ONPG) into a yellow-coloured product ortho-nitrophenol (ONP). The induced enzyme 

activity was measured at 420 nm in the absorbance mode on a FluoStar Optima plate reader (BMG 

Labtech). The assay was also run in the presence of a rat liver metabolic enzyme mix (S9 fraction) to 

differentiate between chemicals that require metabolic activation and those that are detoxified by 

metabolism. Six concentrations were run on each experiment. Reference compound for the non-
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metabolic mode was 4-nitroquinoline-1-oxide (4NQO) and for the metabolic active mode was 2-

aminoanthracene (2AA). Both 4NQO and 2AA were purchased from Sigma–Aldrich. 

E. coli GSH
+
/GSH

–
 assay 

The E.coli GSH+/GSH– assay for protein damage is based on the growth inhibition differences 

between a strain that is glutathione-deficient (GSH–) and the corresponding parent strain (GSH+).[10,11] 

In this assay the parent strain MJF276 (GSH+) is capable of synthesising GSH whereas the mutant 

strain MJF335 (GSH–) lacks both γ-glutamylcysteine synthase and GSH synthase. The GSH– strain 

has the same sensitivity as the GSH+ strain to non-reactive and DNA damaging chemicals but the 

GSH– strain is more sensitive to chemicals that attack cysteine in proteins. The difference in effect 

concentrations for 50 % inhibition of growth assessed as biomass increase between GSH+ and GSH– 

indicates the relevance of GSH conjugation as a detoxification step as well as direct reactivity with 

cysteine-containing proteins. The growth measurements were measured at 600-nm absorbance mode 

on a FluoStar Omega plate reader (BMG Labtech). Sixteen concentrations were run on each 

experiment. The reference compound for this assay was Sea-Nine (4,5-dichloro-2-n-octyl-4-

isothiazolin-3-one, CAS 64359–81–5, >97 %, Rohm and Haas Co.). 

Adaptive stress response 

Induction of oxidative stress responses (AREc32) 

The AREc32 cells[12] were seeded for 24 h at 1.2 × 105 cells mL–1 in 96-well white, clear-bottom 

microtitre plates (Corning). Prior to dosing the sample extracts were evaporated to near dryness and 

reconstituted with DMEM supplemented with 10 % FBS (GIBCO BRL Life Technologies) and were 

serially diluted before transferring to the seeded cells. Sixteen concentrations were run on each 

experiment. Reference compound tert-butylhydroquinone (tBHQ, Sigma–Aldrich) ranging from 1 to 

8.6 μM was run on each plate. At the end of a 24-h incubation the medium was completely removed 

and the cells were lysed with 30 μL of lysis reagent (25 mM Tris, 2 mM dithiothreitol, 2 mM EDTA, 

10 % glycerol and 1 % Triton X-100 in MilliQ water). The luciferase activity was measured using a 

FluoStar Omega plate reader (BMG Labtech) at the luminescence mode after addition of 100 μL of 

luciferase reagent (20 mM Tricine, 2.67 mM magnesium sulfate heptahydrate, 0.1 M EDTA, 

33.3 mM DTT, 261 μM coenzyme A, 530 μM ATT, 470 μM luciferin). 

Cell viability/cytotoxicity 

Microtox assay or bioluminescence inhibition test with bacteria Vibrio fischeri 

The Microtox assay[13] measures the relative decrease in light output in luminescence mode 

following exposure to water extracts after 30-min incubation. Damage occurring at any cellular level 

including the disruption of membranes, electron transport chain, enzymes or cytoplasmic composition 

can result in decreased light output. Phenol was used as the reference chemical but a ‘virtual baseline 
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toxicant’ with a logKow of 3 and a molecular weight of 300 g mol–1 was used to describe the 

bioanalytical equivalents.[14] 

Caco2-NRU (neutral red uptake) assay 

The Caco2-NRU assay was adapted from Konsoula and Barile.[15] In brief, Caco2 cells were grown 

in DMEM/F12 with phenol red supplemented with 8 % FBS and 100 μM non-essential amino acids 

(GIBCO BRL Life Technologies), the cells were seeded at 2 × 105 cells mL–1 in 96 well plates 

(Greiner Bio-One) before dosing with the sample extracts with a final methanol concentration below 

1 %. Methanol at this concentration failed to produce toxicity. Three concentrations in two replicate 

wells were run in each experiment. After 21 h of incubation the medium was removed and replaced 

with neutral red medium (50 μg mL–1 neutral red). After a further 3 h incubation the neutral red 

medium was removed and replaced with neutral red desorbing fixative (1 % acetic acid, 50 % 

ethanol) before shaking on an orbital shaker for 10 min at 600 rpm at room temperature. The 

absorbance was read in a FluoStar Omega plate reader (BMG Labtech) at 540 nm. 

AREc32 cell viability assay 

In the AREc32 cell viability assay the medium used and the cell density were the same as described 

above for the AREc32 induction assay, except the cells were seeded on 96-well clear microtitre plates 

(Corning). Sixteen concentrations were run on each experiment. After 21 h of incubation the medium 

was removed and replaced with MTS solution (CellTiter Aqueous One Solution Cell Proliferation 

Assay, Promega) for further 2-h incubation. The absorbance was read in a FluoStar Omega plate 

reader (BMG Labtech) at 492 nm. 

THP1 cytokine production (TP1-CPA) assay 

The THP1-CPA methodology was adapted from Baqui et al.[16] In brief, THP1 cells were seeded at 

1 × 106 cells mL–1 in 96 well plates (Greiner Bio-One) in DMEM/F12 with phenol red supplemented 

with 8 % FBS, 100 μM non-essential amino acids (GIBCO BRL Life Technologies) and 1 μg mL–1 

E. coli lipopolysaccharide (LPS, Sigma–Aldrich). The sample extracts were serially diluted and

transferred to the cells for 24-h incubation and the final methanol concentration was below 0.1 %.

Methanol at this concentration failed to produce toxicity. Three concentrations in two replicate wells

were run in each experiment. After 24 h the cells were transferred to a V-bottom 96 well plate

(Corning), centrifuged at 300g for 5 min and the supernatant was transferred to a new flat-bottom 96

well plate. The IL1β concentration in the supernatant was quantified by a Human IL1β Quantikine

ELISA kit (R&D Systems).
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Table S2. On-site measurements of physicochemical properties and sample electroneutrality assessed in the laboratory 
Sample ID Sampling date Conductivity at t 

= 25°C 
(μS cm–1) 

pH Sample 
temperature 

(°C) 

Sample 
electroneutrality 

(%) 
RN 15811 20-Mar-12 2746 9.42 19.7 0.48 
RN 15811 14-Nov-13 2560 7.15 25.2 1.01 
RN 107761 20-Mar-12 3250 8.18 26.0 3.56 
RN 107761 14-Nov-13 3820 9.8 27.5 0.60 
RN 100739 20-Mar-12 2006 8.53 23.6 0.73 
RN 24467 14-Nov-13 3950 8.99 26.8 0.30 

Table S3. Phenols by GCMS (both 2012 and 2013 sampling campaigns) 

WB, non-CSG water bore 

Concentration 
units 

LOR Public 
Health 

Regulation 
Standard 

RN 15811 RN 107761 RN 
107739 

RN 
24467 

WB Field 
Blank 

Trip 
Blank 

Sampling year 2012 2013 2012 2013 2012 2013 2013 2013 2013 

Phenol μg L–1 0.25 150 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 0.5 <0.25 <0.25 
2-Chlorophenol μg L–1 1 300 <1 <1 <1 <1 <1 <1 <1 <1 <1 
4-Chlorophenol μg L–1 0.3 10 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
2-Methylphenol μg L–1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
4-Methylphenol μg L–1 1 600 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2-Nitrophenol μg L–1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2,4-Dimethylphenol μg L–1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2,4-Dichlorophenol μg L–1 1 200 <1 <1 <1 <1 <1 <1 <1 <1 <1 
4-Chloro-3-methylphenol μg L–1 1 10 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2,4,6-Trichlorophenol μg L–1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2,4,5-Trichlorophenol μg L–1 1 20 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2,4-Dinitrophenol μg L–1 1 350 <1 <1 <1 <1 <1 <1 <1 <1 <1 
4-Nitrophenol μg L–1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2,3,4,6-Tetrachlorophenol μg L–1 1 30 <1 <1 <1 <1 <1 <1 <1 <1 <1 
2-Methyl-4,6-dinitrophenol μg L–1 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 
Pentachlorophenol μg L–1 1 10 <1 <1 <1 <1 <1 <1 <1 <1 <1 
Coumarin μg L–1 0.3 0.5 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 
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Table S4. Volatile organic carbons (VOCs) by purge and trap GCMS (2012 sampling 

campaign only) 
Units LOR RN 15811 RN 107761 RN 100739 

BTEX (benzene, toluene, ethylbenzene, xylene) 
Benzene μg L–1 1 <1 <1 <1 
Toluene μg L–1 2 <2 <2 <2 
Ethylbenzene μg L–1 2 <2 <2 <2 
m- & p-Xylenes μg L–1 4 <4 <4 <4 
o-Xylene μg L–1 2 <2 <2 <2 
Total Xylenes μg L–1 6 <6 <6 <6 
Total BTEX μg L–1 11 <11 <11 <11 

THMs (trihalomethanes)
Chloroform μg L–1 2 <2 <2 <2 
Bromodichloromethane μg L–1 2 <2 <2 <2 
Dibromochloromethane μg L–1 2 <2 <2 <2 
Bromoform μg L–1 2 <2 <2 <2 
Total Trihalomethanes μg L–1 8 <8 <8 <8 

Halogenated Aliphatic Chemicals 
1,1,1,2-Tetrachloroethane μg L–1 2 <2 <2 <2 
1,1,1-Trichloroethane μg L–1 2 <2 <2 <2 
1,1,2,2-Tetrachloroethane μg L–1 2 <2 <2 <2 
1,1,2-Trichloroethane μg L–1 2 <2 <2 <2 
1,1-Dichloroethane μg L–1 2 <2 <2 <2 
1,1-Dichloroethene μg L–1 2 <2 <2 <2 
1,1-Dichloropropene μg L–1 2 <2 <2 <2 
1,2,3-Trichloropropane μg L–1 2 <2 <2 <2 
1,2-Dibromo-3-chloropropane μg L–1 2 <2 <2 <2 
1,2-Dibromoethane (EDB) μg L–1 1 <1 <1 <1 
1,2-Dichloroethane μg L–1 2 <2 <2 <2 
cis-1,2-Dichloroethene μg L–1 2 <2 <2 <2 
trans-1,2-Dichloroethene μg L–1 2 <2 <2 <2 
1,2-Dichloropropane μg L–1 2 <2 <2 <2 
1,3-Dichloropropane μg L–1 2 <2 <2 <2 
cis-1,3-Dichloropropene μg L–1 2 <2 <2 <2 
trans-1,3-Dichloropropene μg L–1 2 <2 <2 <2 
trans-1,4-Dichloro-2-butene μg L–1 2 <2 <2 <2 
1-Chlorobutane μg L–1 2 <2 <2 <2 
2,2-Dichloropropane μg L–1 2 <2 <2 <2 
Allyl chloride μg L–1 2 <2 <2 <2 
Bromochloromethane μg L–1 2 <2 <2 <2 
Carbon tetrachloride μg L–1 2 <2 <2 <2 
Dibromomethane μg L–1 2 <2 <2 <2 
Dichlorodifluoromethane μg L–1 10 <10 <10 <10 
Dichloromethane μg L–1 4 <4 <4 <4 
Hexachlorobutadiene μg L–1 1 <2 <2 <2 
Hexachloroethane μg L–1 2 <2 <2 <2 
Iodomethane μg L–1 2 <2 <2 <2 
Pentachloroethane μg L–1 2 <2 <2 <2 
Tetrachloroethene μg L–1 2 <2 <2 <2 
Trichloroethene μg L–1 2 <2 <2 <2 
Trichlorofluoromethane μg L–1 10 <10 <10 <10 
Vinyl chloride μg L–1 10 <10 <10 <10 

Halogenated aromatics 
1,2,3-Trichlorobenzene μg L–1 2 <2 <2 <2 
1,2,4-Trichlorobenzene μg L–1 2 <2 <2 <2 
1,2-Dichlorobenzene μg L–1 2 <2 <2 <2 
1,3-Dichlorobenzene μg L–1 2 <2 <2 <2 
1,4-Dichlorobenzene μg L–1 2 <2 <2 <2 
2-Chlorotoluene μg L–1 2 <2 <2 <2 
4-Chlorotoluene μg L–1 2 <2 <2 <2 
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Units LOR RN 15811 RN 107761 RN 100739 
Bromobenzene μg L–1 2 <2 <2 <2 

 Chlorobenzene μg L–1 2 <2 <2 <2 
Other aromatics 

1,2,4-Trimethylbenzene μg L–1 2 <2 <2 <2 
1,3,5-Trimethylbenzene μg L–1 2 <2 <2 <2 
4-Isopropyltoluene μg L–1 2 <2 <2 <2 
n-Butylbenzene μg L–1 2 <2 <2 <2 
sec-Butylbenzene μg L–1 2 <2 <2 <2 
tert-Butylbenzene μg L–1 2 <2 <2 <2 
Isopropylbenzene μg L–1 2 <2 <2 <2 
n-Propylbenzene μg L–1 2 <2 <2 <2 
Naphthalene μg L–1 4 <4 <4 <4 
Nitrobenzene μg L–1 1 <1 <1 <1 

O-, N-, S- compounds 
2-Butanone (MEK) μg L–1 4 <4 <4 <4 
2-Hexanone (MBK) μg L–1 4 <4 <4 <4 
2-Nitropropane μg L–1 1 <1 <1 <1 
4-Methyl-2-pentanone (MIBK) μg L–1 4 <4 <4 <4 
Acetone μg L–1 4 <4 <4 <4 
Acrylonitrile μg L–1 0.1 <0.1 <0.1 <0.1 
Carbon disulfide μg L–1 2 <2 <2 <2 
Chloroacetonitrile μg L–1 1 <1 <1 <1 
Ethyl methacrylate μg L–1 4 <4 <4 <4 
Methacrylonitrile μg L–1 0.1 <0.1 <0.1 <0.1 
Methyl acrylate μg L–1 0.1 <0.1 <0.1 <0.1 
Methyl methacrylate μg L–1 0.1 <0.1 <0.1 <0.1 
Methyl t-butyl ether (MTBE) μg L–1 4 <4 <4 <4 
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