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Abstract 

This study aimed to identify human specific metabolites of selected known or suspected endocrine 

disruptors (EDCs), mainly UV filters, used in personal care and consumer products whose metabolism 

has hardly been explored and to select suitable candidate biomarkers for human exposure studies using 

wastewater based epidemiology (WBE). The analysis of metabolic biomarkers of target chemicals is 

crucial in order to distinguish between internal and external exposure, since many sources contribute to 

chemicals being discharged into wastewater. This was achieved through the employment of a new 

analytical framework for verification of biomarkers of exposure to chemicals combining human 

biomonitoring and water fingerprinting. Eight EDCs with unknown metabolic pathways 

(benzophenone-1 (BP-1); benzophenone-2 (BP-2); 4,4’-dihydroxybenzophenone (4,4’-DHBP); 4-

benzylphenol (4-BenzPh); homosalate (HO); octocrylene (OC); 3-benzylidene camphor (3-BC), and 

two EDCs with known metabolism (bisphenol A (BPA) and benzophenone-3 (BP-3)) were tested. The 

biotransformation observed consisted mainly of phase I processes such as hydrolysis and hydroxylation 

together with phase II conjugation reactions such as sulphation and glucuronidation. Only two 

chemicals (BP-1, BP-3) were identified in urine and three chemicals (BPA, BP-1, BP-3) in wastewater. 

Five newly discovered metabolites (HO-Met1, OC-Met1, 4-BenzPh-Met4, 4-BenzPh-Met5 and 4-

BenzPh-Met6) and one previously known metabolite (BPA-Met3) were detected in tested 

urine/wastewater samples from five WWTPs serving large communities ranging between 17 and 100 

thousand inhabitants. The presence of metabolic biotransformation products of OC, 4-BenzPh, BPA 

and HO in wastewater provides evidence for internal exposure of studied populations to these 

chemicals.  

Keywords: wastewater, epidemiology, exposure, UV filter, endocrine disruptor, personal care product, 

environment 

1. Introduction 

The last decades have seen a rapid increase in usage of personal care products and resultant public 

exposure to chemicals contained in those products (Calafat et al., 2015). Although the level of exposure 

to many of these chemicals might be low, the risk associated with it cannot be underestimated since 

simultaneous exposure to undefined mixtures might result in a synergistic effect making a 

comprehensive risk assessment process more complex compared to the assessment of a single chemical 

(Silins and Högberg, 2011). Long-term exposure leading to chronic effects should also not be 

underestimated. However very little is known about actual human exposure and therefore about the 

possibility to cause long term effects. UV filters are extensively used in a wide range of products 

including plastics, adhesives, rubber and personal care and consumer products including cosmetics, 

body lotions, hair sprays, skin creams, hair dyes or shampoos to preserve the integrity of the products 

(or skin, in the case of cosmetic sunscreens) from damage caused by the ultra-violet (UV) component 

of sunlight (particularly UVB, 290–320 nm).  Some of these chemicals, their metabolites and/or their 

degradation products have been reported to be potentially bioaccumulative (Environment Agency, 

2008), leading to endocrine disrupting effects(Krause et al., 2012; Zhao et al., 2013) and ecotoxicity in 
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aquatic ecosystems (Díaz-Cruz and Barceló, 2009; Fent et al., 2008; Kaiser et al., 2012). In particular 

homosalate (HO), ethylhexylmethoxycinnamate (EHMC), octocrylene (OC) and benzophenone-3 (BP-

3, regulated in the EU and commonly used in personal care products in the UK (Kerr, 2011)), have been 

demonstrated to exert endocrine disrupting effects in vitro and/or in vivo. According to Schlumpf et al. 

(Schlumpf et al., 2001) HO showed estrogenic effects in vitro (median effective concentration (EC50) 

at 1.56 µM)  and but not in vivo at similar concentrations, whereas EHMC has been proven to interfere 

with multiple endocrine pathways in rats (EC50 934 mg/kg/day). Seidlová–Wuttke et al. (Seidlová-

Wuttke et al., 2006) observed a weak estrogenic effect of EHMC at high concentrations (275 mg/day 

for 6 weeks) while Klammer et al. (Klammer et al., 2007) observed an alteration of the hypothalamo-

pituitary-thyroid function in the animals after 5 days of treatment. OC instead has been proven to exert 

antiestrogenic activity in vitro and in vivo in fish by Kunz et al., 2006 (Kunz and Fent, 2006a). 

Additionally some of these compounds are capable of damaging DNA via formation of radicals (Inbaraj 

et al., 2002).   

Even though available information concerning the percutaneous absorption of UV filters in humans is 

still scarce, it is known that some of them can be absorbed through the skin (León-González et al., 

2013), suggesting that exposure results mostly from topical application of personal care products (Ko 

et al., 2016). Moreover, Schlumpf et al. (Schlumpf et al., 2010) found a correlation between the presence 

of UV filters in human milk and the use of cosmetics, indicating that internal exposure resulted 

consistently from the usage of cosmetics. Ingestion of contaminated food and water (Loraine and 

Pettigrove, 2006; Wu et al., 2013) and inhalation of indoor dust represent other important 

indirect/environmental sources of exposure (Geens et al., 2009; Wang et al., 2013). The presence of 

those compounds has been also demonstrated in urine (Asimakopoulos et al., 2014; Schauer et al., 

2006), wastewater and ultimately in the receiving environment as a consequence of their environmental 

persistence and widespread use (Gago-Ferrero et al., 2015; Gautam et al., 2014; Li et al., 2007; Poiger 

et al., 2004). Furthermore, given their physico-chemical properties, many of the compounds under 

investigation show great potential for bioaccumulation contributing to the formation of complex 

environmental mixtures raising public concern regarding their possible effects on human health and 

ecosystems (Balmer et al., 2005; Meyer et al., 2009). Dermal absorption of UV filters is considered to 

be one of the main routes of human exposure due to their extensive use in personal care and consumer 

products (León-González et al., 2013; Schauer et al., 2006; Schebb et al., 2011). Understanding 

toxicokinetic process, including metabolism, is therefore crucial in the determination of toxicological 

effects and bioaccumulation of these chemicals, as well as in the identification of biomarkers of 

exposure. Still there are only a few studies which reported the in vivo or in vitro biotransformation of 

UV filters. The metabolism of benzophenone-type UV filters has been investigated by Jeon et al. (Jeon 

et al., 2008) in rats observing mainly oxidative metabolites. These results were in accord with Watanabe 

et al. (Watanabe et al., 2015) who observed oxidative metabolites of BP-3 in vitro. Phase I and phase II 

metabolites of 3-(4′-methylbenzylidene)camphor (4-MBC) were found in urine, after oral 

administration in rats, as well as after dermal administration in both humans and rats (León-González 

et al., 2013; Schauer et al., 2006; Völkel et al., 2006). However, most other UV filters still remain hardly 

investigated. 

This study aims to identify human specific metabolites of selected endocrine disruptors (EDCs), mainly 

UV filters, used in personal care and consumer products whose metabolism has hardly been explored 

and to select suitable candidate biomarkers of human exposure studies to these chemicals and for 

possible application in wastewater based epidemiology (WBE). The analysis of metabolic biomarkers 

of target chemicals is crucial in order to distinguish between internal and external exposure (e.g. direct 

disposal), since many sources contribute to chemicals being discharged into wastewater. This could be 

achieved through the employment of a new analytical framework (Fig.S4) for verification of biomarkers 

of exposure to chemicals combining human biomonitoring and water fingerprinting that was proposed 

by Lopardo et al. (Lopardo et al., 2017). Table S1 shows a list of eleven compounds that were prioritised 

in this study. The list includes nine chemicals (UV filters) used in personal care and consumer products, 

which are established or suspected EDCs and whose metabolism is yet unknown, and two compounds 

with known metabolism (bisphenol A (BPA) and benzophenone 3 (BP-3)).   
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2. Experimental section 

2.1. Reagents and analytical standards 

Water and methanol were of HPLC purity level and were purchased from Sigma-Aldrich. Pooled human 

liver microsomes (HLM), S9 fraction pooled from human liver, β-nicotinamide adenine dinucleotide 

2′-phosphate reduced (-NADPH ≥95%), alamethicin from Trichoderma viride (≥98%), 3′-

phosphoadenosine 5′-phosphosulphate lithium salt (PAPS, ≥60%), uridine 5′-diphosphoglucuronic acid 

trisodium salt (UDPGA, 98-100%), were purchased from Sigma-Aldrich (Gilligam, UK). The reference 

standards: 4-chloro-3-methylphenol (PCMC), 4-benzylphenol (4-BenzPh), bisphenol A (BPA), 

bisphenol A-D16, homosalate (HO), 3-benzylidene camphor (3BC), benzophenone-1 (BP-1), 

benzophenone-2 (BP-2), benzophenone-3 (BP-3), 4,4’-dihydroxybenzophenone (4,4’-DHBP), , 

octocrylene (OC), potassium phosphate monobasic tetrasodium salt hydrate (KH2PO4), magnesium 

chloride hexahydrate (MgCl2), were purchased from Sigma-Aldrich (Gilligam,UK). The following 

internal standards: 4-chloro-3-methylphenol-2,6-d2, triclosan-d3, benzophenone 3-d5 and bezafibrate-

d6 were purchased from QMX Laboratories Ltd. 

2.2. In vitro assays 

Two step in vitro assay developed by Lopardo et al.(Lopardo et al., 2017), was undertaken in this study 

employing HLM and S9 fraction. 4-Cl-3-methylphenol was selected as a positive control to evaluate 

the performance of the assay. Two incubation mixtures were prepared in duplicate by mixing 10 μL of 

phosphate buffer (50 mM KH2PO4, pH 7.4, 5 mM MgCl2), 10 μL of analyte solution (50 μM), 10 μL of 

100 μM UDPGA solution, and 10 μL of HLM spiked with 1 μL of an alamethicin solution (12.5 

mg/mL). The reaction was initiated by the addition of 10 μL of a 10 mM NADPH solution followed by 

an incubation at 37 °C. The incubation was carried out for 3 hours under the same conditions for two 

of the four samples. At 3 hours, 10 μL of S9 fraction and 10 μL the 100 μM PAPS solution were added 

to the samples to be incubated for six hours and incubation was continued. The negative controls with 

either no analyte or no enzymes were prepared as well for each time point. The reaction was quenched 

with 100 μL of acetonitrile ice cold, followed by centrifugation at 10 000 rpm for 10 min (Centrifuge 

5418, Eppendorf). The supernatant was removed and transferred to a new eppendorf tube and gently 

dried down by a stream of nitrogen at 40 °C using TurboVap evaporator (Caliper, UK). The resulting 

residue was reconstituted with 50 μL of a solution 80:20 H2O/MeOH containing the internal standard 

(100 ng/mL), transferred into a polypropylene vial and analysed using Dionex Ultimate 3000 HPLC 

coupled with a Bruker Maxis HD Q-TOF according to the procedure described below. The range of 

metabolites produced and their relative ratios were investigated and compared (Table S2).  

2.3. In vivo pooled urine essay 

In vivo pooled urine essays were performed on seven pooled urine samples collected from a UK festival 

event. The samples were collected on three different days from five different urinals. Solid phase 

extraction (SPE) was performed using HLB Oasis® cartridges (Water, UK). For further details see 

Lopardo et al. (Lopardo et al., 2017). In addition HLB Oasis® cartridges, MCX and MAX Oasis® 

cartridges (Water, UK) were also used in this study. SPE extraction on the MCX and MAX cartridges 

was performed by loading 2 mL of pooled urine onto the cartridges, which were preconditioned with 2 

mL MeOH (both cartridges) followed by 2 mL of H2O with 2% formic acid on MCX and 2 mL of H2O 

with 5% ammonium hydroxide on MAX. After loading, cartridges were dried for 30 min and elution 

was undertaken using 2 mL of MeOH (both cartridges), followed by 2 mL of MeOH with 7% 

ammonium hydroxide on MAX and 2mL of MeOH with 2% formic acid on MCX. Extracts were dried 

using a TurboVap evaporator (Caliper, UK,) under a gentle nitrogen stream in a water bath at 40°C then 

reconstituted in 500 µL 80:20 H2O:MeOH and analysed using Dionex Ultimate 3000 HPLC coupled 

with a Bruker Maxis HD Q-TOF according to the procedure described below. 

2.4. Wastewater fingerprinting assay 

24h composite (flow proportional) samples of raw wastewater (after physical screening) were collected 

from 5 different wastewater treatment plants and filtered using GF/F glass microfibre filter 0.75 µm 

(Fisher Scientific, UK). Solid phase extraction (SPE) was performed using HLB (Lopardo et al., 2017), 
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MCX and MAX Oasis® cartridges (Waters, UK). Extraction procedure included loading 100 mL of 

filtered wastewater onto Oasis cartridges which were preconditioned with 2 mL of MeOH for all 

cartridges followed by 2 mL of H2O for HLB, 2 mL of H2O with 2% formic acid for MCX and 2 mL 

of H2O with 5% ammonium hydroxide for MAX. After loading the cartridges were dried for 30 minutes 

and analytes were eluted with 2 mL of MeOH for all cartridges followed by 2 more mL of MeOH for 

HLB cartridges, 2 mL of MeOH with 7% ammonium hydroxide for MCX and 2 mL of MeOH with 2% 

formic acid for MAX. Extracts were dried using a TurboVap evaporator (Caliper, UK,) under a gentle 

nitrogen stream in a water bath at 40°C then reconstituted in 250 µL 80:20 H2O:MeOH and analysed 

using Dionex Ultimate 3000 HPLC coupled with a Bruker Maxis HD Q-TOF according to the procedure 

described below. 

2.5. Liquid –chromatography coupled with tandem mass spectrometry 

All samples were analysed with a Dionex Ultimate 3000 HPLC (Thermo Fisher UK Ltd.) coupled with 

a Bruker Maxis HD Q-TOF (Bruker) equipped with an electrospray ionization source. Nitrogen was 

used as nebulising gas at a flow rate of 11 L/min at a temperature of 220°C end at a pressure of 3 Bar. 

Capillary voltage was set at 4500 V and End Plate offset was set at 500 V. The method was applied 

both in ESI positive and negative and acquisition was performed in data independent broadband 

collision-induced dissociation acquisition mode (bbCID). In bbCID, precursor and product ion spectra 

were obtained by alternating low and high collision energy (respectively 7 and 20 eV). HyStar™ Bruker 

was used to coordinate the LC-MS system. Chromatographic separation of the metabolites formed was 

achieved by using an ACQUITY UPLC BEH C18 column (50 mm x 2.1 mm, 1.7 µm) and the following 

mobile phase composition: 1 mM ammonium fluoride in water (A) and methanol (B). The gradient 

elution both in ESI positive and negative mode was 5% B from 0 to 3 min and then increased for B as 

follows: 5–60% B from 3 to 4 min, followed by isocratic conditions at 60% B until 14 min, and 60-98% 

B from 14.1 to 17 min. The last step was a decrease of B 98%-5% from 17.1 to 20 min to re-equilibrate 
with the initial mobile phase composition before the next injection. The flow rate was kept constant at 

0.4 ml/min and the column temperature was set at 40°C (see Lopardo et al., 2017). Method validation 

data are shown in Tables S3 and S4. 

2.6.  Biomarkers identification 

Data extracted from the system after analysis of in vitro test samples were processed with MetID 

software from Advanced Chemistry Development, Inc. (ACD/Labs) for in silico prediction of suspected 

metabolite structures. The exact theoretical accurate mass of the structures was then associated to 

accurate masses found in the sample leading in case of a positive match to the identification of a 

chromatographic peak. The criteria for the elimination of false positives and the identification of actual 

metabolites amongst the numerous structures suggested were: (i) high mass accuracy (mass error below 

5ppm for metabolites produced by in vitro studies and below 10 ppm for wastewater analysis) and (ii) 

lower Kow compared to the non-metabolised compound. The chemical structure was then confirmed 

through the analysis of the fragmentation pattern (identification of fragments predicted by ACD/Labs 

MS fragmenter) and isotope pattern (when distinctive). The same workflow was then applied to confirm 

the presence in urine and wastewater of positively identified metabolites (Fig. S4). For details see 

(Lopardo et al., 2017). 

3. Results and discussion 

3.1. In vitro studies 

A comprehensive listing of all observed metabolites, their masses, retention times and metabolite’s 

respective identifying fragments generated at high energy (bbCID) mode is shown in Table S2. In most 

cases, at least one metabolite per UV filter was observed in in vitro studies. Both negative and positive 

ionisation modes were tested for the analysis, however all the potential metabolites resulted in better 

ion intensity in the negative ionization mode. The most common enzymatic biotransformation reactions 

observed for the UV filters investigated were hydroxylation, sulphate conjugation, glucuronidate 

conjugation and combinations of hydroxylation and phase II biotransformation. The XIC of BP-1 Met2 

(m/z 405.0827) produced two chromatographic peaks due to single hydroxylation occurring on two 

different positions, which lead to the identification of two different metabolites (Fig. S1, left). The XIC 
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of 4-BenzPh Met5 (m/z 279.0333) also produced two chromatographic peaks due to single 

hydroxylation occurring on two different positions, which lead to the identification of two different 

metabolites (Fig. S1, right). Enzymatic hydrolysis was observed only in the case of HO and OC that 

were broken down to smaller molecules that were reported not to be the products of photolysis (Karlsson 

et al., 2012; Rodil et al., 2009). All the metabolites produced have not been previously documented in 

literature. 

3.2. In vivo pooled urine assay  

The in vivo pooled urine assay led to identification of two metabolites that were also identified via in 

vitro studies: 4-BenzPh Met6 and OC Met1 (Table 1).  The identification of the 4-BenzPh Met6 and 

OC Met1 in urine is reported in Figure 1. Figure 1a shows the XIC of 4-BenzPh twice hydroxylated 

and sulphated (m/z 295.0279; Fig. 1b) with elemental composition of the deprotonated molecule 

denoting C13H12O6S- (1.0 ppm mass error). The analysis of the high-energy spectrum (bbCID mode; 

Fig. 1c) led to the identification of a fragment (m/z 215.0706) which corresponded with the loss of 

[SO3] from the precursor ion. Figure 1d shows the XIC of the hydrolytic metabolite of OC (m/z 

248.0711; Fig. 1e) with elemental composition of the deprotonated molecule denoting C15H11NO2- (2.4 

ppm mass error). The analysis of the high-energy spectrum (bbCID mode; Fig. 1f) led to the 

identification of a fragment (m/z 204.0815) which corresponded with the loss of [COO] from the 

precursor ion. Moreover, BP-3 and BP-1 were also identified in the analysed urine sample (Fig. S2). It 

is worth mentioning here that BP-1 can be also formed as a metabolite of BP-3. Interestingly, no BPA 

conjugated metabolites were observed in the analysed pooled urine samples.  

3.3. Wastewater fingerprinting assay 

Finally, the presence of the discovered metabolites was investigated in wastewater to selected 

biomarkers of public exposure to these chemicals. Analysis of untreated wastewater samples serving 

five large communities ranging between 17 and 100 thousand people was undertaken. The compounds 

detected in wastewater are summarised in Table 1.  Among them are: BPA and BPA-Met2, BP-3, BP-

1, HO-Met1, OC-Met1, 4-BenzPh-Met4 and 4-BenzPh-Met5.  

Initial analysis of samples, performed using ACDLabs software, identified four potential metabolites: 

(1) the hydrolytic product of octocrylene (OC Met1), (2) the hydrolytic product of homosalate (HO 

Met1), (3) 4-benzylphenol sulphated (4-BenzPh-Met4) and (4) 4-benzylphenol sulphated and 

hydroxylated (4-BenzPh-Met5). The identification of the four metabolites is reported in Figures 2 and 

3.  

Figure 2a shows the XIC of HO Met1 (m/z 137.0247; Fig. 2b) with elemental composition of the 

deprotonated molecule denoting C7H5O3- (2.2 ppm mass error). The analysis of the high energy 

spectrum (bbCID mode; Fig. 2c) led to the identification of a fragment (m/z 93.0350) which 

corresponded with the loss of [C9H18] from the precursor ion. It is worth mentioning here that HO Met1, 

salicylic acid, has different application, e.g. as a pharmaceutical. Further work is needed to verify 

contributions from HO in the overall salicylic acid load in wastewater. 

Figure 2d shows the XIC of OC Met1 (m/z 248.0735; Fig. 2e) with elemental composition of the 

deprotonated molecule denoting C15H11NO2- (7.2 ppm mass error). The analysis of the high-energy 

spectrum (bbCID mode, Fig. 2f) led to the identification of a fragment (m/z 204.0834) which 

corresponded with the loss of [COO] from the precursor ion.  

Figure 3a shows the XIC of 4-BenzPh-Met4 (m/z 263.0408; Fig. 3b) with elemental composition of the 

deprotonated molecule denoting C13H11O4S- (9.1 ppm mass error). The analysis of the high energy 

spectrum (bbCID mode; Fig. 3c) led to the identification of a fragment (m/z 183.0815) which 

corresponded with the loss of [SO3] from the precursor ion.  

Figure 3d shows the XIC of 4-BenzPh-Met5 (m/z 279.0350; Fig. 2e) with elemental composition of the 

deprotonated molecule denoting C13H11O5S - (6.1 ppm mass error). The analysis of the high-energy 

spectrum (bbCID mode, Fig. 3f) led to the identification of a fragment (m/z 199.0765) which 

corresponded with the loss of [COO] from the precursor ion.  
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The relative intensities between the detected ions showed consistency compared to the in vitro 

experiments. BP-3, BP-1 (Fig. S3) and sulphated BPA (Fig. 4) were also identified in the analysed 

wastewater samples. 

 

The presence of all the above metabolites detected in wastewater (including BPA sulphate) has not been 

previously documented in literature. As a result, there is no knowledge of the occurrence and effects of 

these chemicals in the context of environmental and public health. This study has proven that selected 

chemicals (4-benzylphenol, homosalate, octocrylene) used in personal care and consumer products 

undergo metabolism in humans leading to the formation of new chemicals that are found in communal 

wastewater and can be discharged into the receiving environment. Further work is required (a) to verify 

public exposure to EDCs utilising WBE and (b) to understand fate and biological effects of EDCs and 

their metabolites in exposed ecosystems.  

To summarise, out of eleven chemicals were selected in this study, only two (BP-1, BP-3) were 

identified in urine and three (BPA, BP1, BP3) in wastewater. Five newly discovered metabolites (HO-

Met1, OC-Met1, 4-BenzPh-Met4, 4-BenzPh-Met5 and 4-BenzPh-Met6) and one previously known 

metabolite (BPA-Met3) were detected in urine and/or wastewater. Such difference in detection patterns 

of selected EDCs and their metabolites was expected as: 

(1) They have different applications (Table S5), i.e. some (e.g. BP-3, HO, OC) are used mainly in 

personal care products and are applied directly to skin. Hence, due to direct exposure, they are 

more likely to be excreted with urine and discharged with wastewater as a result of e.g. 

showering. 

(2) They differ in frequency and volume of usage, i.e. only homosalate, octocrylene, and 

benzophenone-3 are in the top 10 of the most commonly used UV filters in the UK (Kerr, 2011). 

Their usage is season dependent.  

(3) Some could not be detected due to analytical constraints, e.g. HO, OC and 3-BC have higher 

hydrophobicity and could be more amenable to GC analysis. 

(4) Pooled urine and wastewater samples were collected at different time and location, therefore 

representing populations with different exposure signature.  

The presence of BPA, OC and HO and 4-benzylphenol metabolic residues as well as the confirmation 

of benzophenones in urine and wastewater is of significant importance. For example, BPA and 4-

BenzPh are mostly employed in the production of epoxy-phenolic resins and polycarbonate plastics 

used as thin protecting coatings on the interior surface of metal cans but it can be also found in many 

products like dental sealants, food packaging, beverage cans, personal care products, baby bottles, 

building materials and flame retardant materials. Consequently, there is a widespread potential for 

human exposure, which this study reports. Epidemiological studies along with animal and in vitro 

experiments reported BPA exposure as a potential cause of several adverse health effects, such as 

cancer, obesity and disorders in endocrine, renal and reproductive systems (Joint Fao Oms Expert 

Committee On Food Additives, 2010). Benzophenones, 4-BenzPh, OC and HO have been demonstrated 

in many studies to possess endocrine disrupting properties at rather high concentrations (Akahori et al., 

2008; Fent et al., 2008; Kunz and Fent, 2006a; Schlumpf et al., 2001), but as highlighted by Kunz and 

Fent (Kunz and Fent, 2006b), for an adequate risk assessment when investigating endocrine disrupting 

properties, it becomes crucial to consider exposure to compound mixtures rather than single compounds 

given the possibility for a synergistic effects. Also, given their lipophilic nature, these compounds show 

great potential for bioaccumulation (Gago-Ferrero et al., 2015) and for ecotoxicological effects in 

aquatic ecosystems (Díaz-Cruz and Barceló, 2009; Fent et al., 2008; Kaiser et al., 2012).  

 

4. Conclusions 

This study presents a comprehensive examination of the in vitro metabolism of eleven EDCs used in 

personal care and consumer products (Table S5) in order to identify suitable biomarkers of exposure 

and their analysis in biological matrices such us urine and wastewater, and ultimately to verify the extent 
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of public internal and external exposure to these chemicals. External exposure indicates the whole EDC 

dose to which an organism was exposed. Internal exposure indicates only the fraction of the initial 

chemical dose that was absorbed by and distributed throughout the body. The biotrasformation observed 

were mainly phase I processes such as hydrolysis and hydroxylation together with phase II conjugation 

reactions such as sulphation and glucuronidation. Eleven chemicals were selected in this study. Only 

two (BP-1, BP-3) were identified in urine and three (BPA, BP1, BP3) in wastewater. Five newly 

discovered metabolites (HO-Met1, OC-Met1, 4-BenzPh-Met4, 4-BenzPh-Met5 and 4-BenzPh-Met6) 

and one previously known metabolite (BPA-Met3) were detected in urine and/or wastewater.  

This new approach towards biomarkers selection shows a significant potential, especially in its future 

application in verification of public exposure to chemicals using WBE. Furthermore, an opportunity for 

further studies focussing on understanding of fate and effects of EDCs and their metabolites in the 

aquatic environment needs to be emphasised too. It is apparent that further work is needed to increase 

the pool of available biomarkers, increase selectivity and sensitivity of analytical methods, and analyse 

larger sets of samples allowing for the verification of spatial and temporal changes in exposure patterns 

to chemicals. When combined with further studies in this area, researchers will have a basis for fine 

tuning in vitro assays to better produce results useful for comprehensive metabolic profiling of both 

known and novel chemicals. 

Supporting information 

The supporting information section contains: 

List of tables  

Table S1 List of compounds selected and their physical-chemical properties (https://scifinder.cas.org) 

Table S2 List of metabolites produced via in vitro studies, suggested structures and relative abundances. 

Accurate masses, retention times and confirmation fragmets structures produced in MS/MS mode are 

also provided. 

Table S3 UHPLC-QTOF instrument performance parameters 

Table S4 SPE-UHPLC-QTOF method performance parameters 

Table S5 Purpose, commercial use and potential exposure sources of the selected compounds 

List of figures  

Figure S1 XIC at m/z 405.0827 (0.005-Da mass-window width) (a) and mass spectra of the peak eluted 

at 6.4 minutes (b) and of the peak eluted at 6.6 minutes (c). XIC at m/z 279.0333 (0.005-Da mass-

window width) (d) and mass spectra of the peak eluted at 6.5 minutes (b) and of the peak eluted at 6.9 

minutes (c). 

Figure S2 Detection and identification of BP-1 (m/z 213.0557) and BP-3 (229.0859) by UHPLC-

QTOF-MS following analysis of standard solutions and in vivo pooled urine assay.  (a) XIC at and m/z 

213.0557 (0.005-Da mass-window width) of a BP-1 standard solution; (b) XIC at and m/z 213.0557 

(0.005-Da mass-window width) of a pooled urine sample and mass spectra (c). (d) XIC at m/z 229.0859 

(0.005-Da mass-window width) of a BP-3 standard solution; (e) XIC at and m/z 229.0859 (0.005-Da 

mass-window width) of a pooled urine sample and mass spectra (f). 

Figure S3 Detection and identification of BP-1 (m/z 213.0557) and BP-3 (229.0859) by UHPLC-

QTOF-MS following analysis of standard solutions and wastewater fingerprinting assay. (a) XIC at and 

m/z 213.0557 (0.005-Da mass-window width) of a BP-1 standard solution; (b) XIC at and m/z 213.0557 

(0.005-Da mass-window width) of a wastewater sample and mass spectra (c). (d) XIC at m/z 229.0859 

(0.005-Da mass-window width) of a BP-3 standard solution; (e) XIC at and m/z 229.0859 (0.005-Da 

mass-window width) of a wastewater sample and mass spectra (f). 

Figure S4 A systematic workflow for identification and selection of human biomarkers of exposure to 

environmental contaminants via combined in vitro, pooled urine and pooled wastewater profiling 

assay 

https://scifinder.cas.org/
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Table 1 Presence of the metabolites identified via in vitro studies in the analysed matrices 

Compound 
Metabolites identified via in vitro 

studies 

Matrices 

Urine 
June 

WW 

July 

WW 

August 

WW 

September 

WW 

October

WW 

 
BPA 

Parent * < LOD      

 
Parent + O 

(BPA Met1) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

Parent + C6H8O6 

(BPA Met2) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

 
Parent + O3S 

(BPA Met3) 

 < LOD  < LOD    

 
BP-3 

Parent(Ye et al., 2005)        

BP-1(Gonzalez et al., 2008; León 

et al., 2010) 
       

 
BP-1 

Parent *       

Parent + C6H8O6 

(BP-1 Met1) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

Parent + O + C6H8O6 

(BP-1 Met2) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

 
Parent + O3S 

(BP-1 Met3) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

 
Parent + O + O3S 

(BP-1 Met4) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

 
Parent + O + O + O3S **** 

(BP-1 Met5) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

 
BP-2 

Parent * < LOD < LOD < LOD < LOD < LOD < LOD 

Parent + O3S **** 

(BP-2 Met1) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

 
4,4-DHBP 

Parent * < LOD < LOD < LOD < LOD < LOD < LOD 

 
Parent + O 

(4,4-DHBP Met1) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

Parent + C6H8O6 

(4,4-DHBP Met2) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

 
Parent + O3S 

(4,4-DHBP Met3) 

 < LOD < LOD < LOD < LOD < LOD < LOD 
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Parent + O + O3S 

(4,4-DHBP Me4) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

 
4-BenzPh 

Parent * < LOD < LOD < LOD < LOD < LOD < LOD 

 
Parent + O 

(4-BenzPh Met1) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

Parent + C6H8O6 

(4-BenzPh Met2) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

Parent + O + C6H8O6 

(4-BenzPh Met3) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

 
Parent + O3S 

(4-BenzPh Met4) 

 < LOD < LOD < LOD  < LOD < LOD 

 
Parent + O + O3S 

(4-BenzPh Met5) 

 < LOD    < LOD  

 
Parent + O +O + O3S 

(4-BenzPh Met6) 

  < LOD < LOD < LOD < LOD < LOD 

 
HO 

Parent n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

 
Parent - C9H16 

(HO Met1) 

 < LOD      

 
OC 

Parent n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

 
Parent – C8H16 

(OC Met1) 

       

 
3-BC 

Parent n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

 
Parent + O 

(3-BC Met1) 

 < LOD < LOD < LOD < LOD < LOD < LOD 

*present as non-metabolized residue 

** n.d. (non detectable) 

*** WW (wastewater) 

****same accurate mass and retention time 
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Figure 1 Detection and identification of 4-BenzPh Met6 (a;b;c) and OC Met1 (d;e;f) by UHPLC-QTOF-

MS following in vivo pooled urine assay.  (a) XICs at m/z 295.0282 (0.005-Da mass-window width) 

and 217.0171. Low-energy (full-scan analysis) (b) and High-energy (bbCID mode) (c) spectra and 

structures of 4-BenzPh Met6 and fragment ion observed. (d) XICs at m/z 248.0717 (0.005-Da mass-

window width) and 204.0815. Low-energy (full-scan analysis) (e) and High-energy (bbCID mode) (f) 

spectra and structures of OC Met1 and fragment ion observed.   

 

Figure 2 Detection and identification of HO Met1 (a;b;c)  and OC Met1 (d;e;f) by UHPLC-QTOF-MS 

following  wastewater fingerprinting assay.  (a) XICs at m/z 137.0244 (0.005-Da mass-window width) 

and 93.0350. Low-energy (full-scan analysis) (b) and High-energy (bbCID mode) (c) spectra and 

structures of HO Met1 and fragment ion observed. (d) XICs at m/z 248.0717 (0.005-Da mass-window 

width) and 204.0834. Low-energy (full-scan analysis) (e) and High-energy (bbCID mode) (f) spectra 

and structures of OC Met1 and fragment ion observed. 
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Figure 3 Detection and identification of 4-BenzPh Met4 (a;b;c)  and 4-BenzPh Met5 (d;e;f) by 

UHPLC-QTOF-MS following  wastewater fingerprinting assay.  (a) XICs at m/z 263.0384 (0.005-Da 

mass-window width) and 183.0815. Low-energy (full-scan analysis) (b) and High-energy (bbCID 

mode) (c) spectra and structures of HO Met1 and fragment ion observed. (d) XICs at m/z 279.0333 

(0.005-Da mass-window width) and 199.0765. Low-energy (full-scan analysis) (e) and High-energy 

(bbCID mode) (f) spectra and structures of OC Met1 and fragment ion observed. 
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Figure 4 Detection and identification of BPA Met3 by UHPLC-QTOF-MS following wastewater 

fingerprinting assay.  (a) XICs at m/z 307.0646 (0.005-Da mass-window width) and 227.1096. (b) Low-

energy (full-scan analysis) and (c) High-energy (bbCID mode) spectra and structures of BPA Met 3 and 

fragment ion observed.  

 


