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Summary 

The drinking water production process is routinely monitored by water laboratories to 

ensure safe drinking water. Traditionally, target screening is used to monitor the 

presence of a well-defined set of toxic (priority) compounds. Unknown toxic 

compounds in the aquatic environment, however, are missed by this approach and a 

strategy to identify these emerging contaminants is required to expand the knowledge 

on environmentally relevant bioactive compounds. Effect-directed analysis (EDA) is a 

well-established approach for the identification of (unknown) bioactive contaminants in 

environmental research. Classical EDA strategies, however, are too time consuming 

to achieve identification during routine (drinking) water quality control. This thesis 

describes the development of a high-throughput EDA (HT-EDA) approach for the 

identification of endocrine disruptive chemicals (EDCs) and mutagens in the aquatic 

environment. 

The background and scope of the thesis are presented in Chapter 1. In classical EDA, 

complex fractions from low-resolution fractionated samples present large numbers of 

masses for non-target analysis and complicate identification. High-resolution 

fractionation into high-density well plates reduces the number of masses in each 

fraction and allows a more focused and faster identification process. Analyzing large 

numbers of fractions, however, requires compatible bioassays. Existing bioassays can 

be miniaturized and optimized to that end to allow rapid testing of high-resolution 

fractionated samples. 

A miniaturized luminescent Ames fluctuation test for the rapid detection of mutagenicity 

was developed and validated in Chapter 2. The use of a luminescence as marker for 

revertant growth enabled detection of mutagenicity after 28 hours of incubation 

compared to 48 hours in the regular Ames fluctuation test. A newly developed 

luminescent miniaturized fluctuation test format was performed in 10-fold lower 

volumes and together with the luminescent fluctuation test in regular format showed 

high similarity with the regular Ames fluctuation test in its response to a set of 14 

mutagens. When tested with environmental extracts, mutagenicity was measured in 

active samples, however, a clear dose-response relationship was not observed for all 

extracts. While compounds in the extracts were suggested to interfere with the 

luminescent reporter, their negative effect would be reduced in fractionated extracts. 
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A glucocorticoid insensitive glucocorticoid receptor (GR) knock-out (KO) mutant of the 

AR-EcoScreen was developed using CRISPR/Cas9 genome editing in Chapter 3. 

Sequencing of targeted sites within the GR gene revealed that introduced frame-shift 

mutations had led to formation of premature stop codons. The resulting absence of 

functional GR rendered mutant cells unresponsive to GR agonist dexamethasone. 

Validation of the mutant against the unmodified AR-EcoScreen with single AR-

(ant)agonistic compounds and mixtures thereof indicated that the GR-KO mutation had 

not affected the sensitivity of the reporter system. When exposed to passive sampler 

extracts, the GR-KO AR-EcoScreen mutant reported lower agonism and stronger 

antagonism compared to the unmodified AR-EcoScreen which indicated the presence 

of glucocorticoids. This demonstrated that the unmodified AR-EcoScreen 

overestimates androgenicity in samples and that the GR-KO mutant is a better 

alternative for testing of (anti-)androgenicity in (environmental) mixtures. 

Luciferase reporter gene bioassays for testing of androgens, estrogens and dioxin-like 

compounds were miniaturized and applied in EDA of passive sampler extracts in 

Chapter 4. The miniaturization to a 384-well plate format did not affect sensitivity when 

compared to the original 96-well plate format. A metabolic system, introduced for 

investigating the impact of biotransformation on the bioassay responses, revealed 

bioactivation of flutamide and bisphenol-A as an anti-androgenic and estrogenic 

compound, respectively. No bioactivation was detected, however, in liquid 

chromatography (LC)-fractionated samples, possibly due to the residual activity of 

potent (synthetic) steroid hormones that obscured detection of changes in activity of 

less potent non-steroidal EDCs. A high-throughput exposure method was developed 

where 64 collected fractions were tested in triplicate wells to generate bioactivity 

chromatograms for eight different endpoints in parallel following a single fractionation. 

A high-resolution fractionation was tested with 192 fractions which improved bioactivity 

peak separation. Bioactive fractions were coupled to high-resolution MS (HRMS) data 

recorded in parallel on TOF-ESI-MS in positive mode and subjected to a newly 

developed non-target analysis approach. From 64 tentatively identified structures, 16 

candidates were further analyzed, 13 compounds could be chemically confirmed and 

10 were found to be biologically active. Piperine and oxybenzone were identified as 

the most potent agonists of the non-steroidal estrogens. Six anti-androgens were 

found, including UV filter diethylamino hydroxybenzoyl hexyl benzoate (DHHB), flame 
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retardant tris(2-butoxyethyl) phosphate (TBEP) and tricyclic antidepressant 

amitriptyline, for which no anti-androgenic potency had been reported at the time of 

writing. 

The miniaturized bioassays and non-target analysis method were combined with high-

resolution fractionation platform in a HT-EDA approach and applied on surface water 

and wastewater samples in Chapter 5. A surface water sample and a wastewater 

influent and effluent sample were tested positive for androgenic, estrogenic, 

glucocorticoid and mutagenic activity and subjected to EDA. The majority of activity in 

LC-fractions from high-resolution fractionated samples (228 fractions) measured with 

the miniaturized EDC responsive reporter gene bioassays was observed at retention 

times corresponding with steroid hormones. Differences in retention time were, 

however, observed between WWTP influent and effluent and indicated transformation 

of compounds during water treatment. Five (synthetic) steroidal structures were 

tentatively identified using QTOF-ESI-MS in positive and negative mode. Identification 

of less potent non-steroidal EDCs is obscured by the ubiquitous activity of potent 

(synthetic) steroid hormones. Exposures and reversions of the luminescent Ames 

strains on 384-well plates were performed in 50-fold lower volumes compared to the 

original Ames fluctuation test and revealed multiple separate bioactivity peaks. While 

a dose-response relationship was not observed in unfractionated mixtures, peak 

shapes in bioactivity chromatograms of fractionated extracts followed the shape of 

peaks observed in the HRMS chromatogram. Out of the five major mutagenicity peaks, 

2-Formyl-1H-pyrrole and flame retardant diethylene glycol bis(di(2-chloroisopropyl) 

phosphate) (DEG-BDCIPP) were tentatively identified while the presence of the, 

mutagenic, anti-fouling agent benzotriazole (BTA) was confirmed. 

Finally, in Chapter 6, the results of this thesis are discussed. With the newly-developed 

ability to measure and couple bioactivity data from high-resolution fractionated 

samples to HRMS data, sample fractionation and bioassay testing are no long a 

bottleneck in EDA. Development of an automated liquid handling system for bioassay 

testing, however, is required to reduce the workload during routine EDA and increase 

throughput. The main challenge in EDA remains to improve the identification of 

bioactive compounds responsible for the observed bioactivity through non-targeted 

analysis. The identification method may be improved by (1) improving selection 

process of candidate masses based on historical data, (2) improving the analysis of 
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mass fragments to reconstruct precursor structures for identification of structures not 

described in chemical databases and (3) using multiple LC/HRMS approaches to 

detect poorly ionized but relevant bioactive compounds. 

  


