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Bioassays to screen for estrogenic and anti-estrogenic activity 

 

EDC activity in the samples were determined by bioassays, T4TD-Kbluc assay which 

was described by Wilson et al.103-104 and the MDA-kb assays described also by 

Wilson et al.105 in another study. The protocol followed was according to the South 

African Water Research Commission (WRC) Toolbox project: K5-1816.101 Also, 

Nitrile (latex free) gloves was worn when preparing the assay components and while 

doing the assay. Working with latex gloves could have affected the outcome of the 

assays.101 

 

Preparation of all glassware used 

All glassware was prepared by washing in chromic acid a then rinsing in tap water, 

double distilled EDC free water and HPLC grade ethanol consecutively. The 

glassware was dried in the oven and covered with foil. The glassware was then  

sterilized by autoclaving at 121°C for 20 minutes.101 

 

The T47D-KBluc assay  

The T47D-Kbluc reporter gene assay was established to be a sensitive and specific 

assay for samples screening for estrogenic and anti-estrogenic activities. Human 

breast cancer cells,T47D cells,  can naturally express estrogen receptor alpha and 

beta. These cells were transfected with an estrogen-responsive element luciferase 

reporter gene construct. Active ligands that bind to the estrogen receptor result in the 

luciferase reporter gene’s activation and dose-dependent production of the luciferase 

enzyme.  

 

Materials 

The materials used included T47D-Kbluc cells, RPMI 1640 powder, sodium 

bicarbonate (NaHCO3), glycylglycine, adenosine 5’-triphosphate (ATP), bovine 

serum albumin (BSA), magnesium chloride (MgCl2) solution, E2, D(+)-glucose, 

Ethanol (EtOH), 4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES) buffer 

solution,  sodium pyruvate, antibiotic/antimycotic solution, Hank’s buffered salt 

solution (HBSS), trypsin, phosphate buffered saline (PBS), recovery cell culture 

freezing media, Fetal bovine serum (FBS), charcoal/dextran treated FBS (c/d FBS), 
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reporter lysis buffer, beetle luciferin and ICI 182,780. The apparatus used was 25cm2 

and 75 cm2 tissue culture flasks 96-well luminometer plates, cryovials and 50 mL 

centrifuge tubes and CoolCell freezing containers.  

 

Methods 

When testing chemicals using the T47D-Kbluc cells, estrogen is defined as “a 

chemical that induced a dose-dependent luciferase activity, which could be 

specifically inhibited by the anti-estrogen ICI 182,780.”104 T47D-Kbluc cells were 

maintained in RPMI growth media supplemented with 2.5 g/L glucose, 10 mM 

HEPES, 1 mM sodium pyruvate, 1.5 g/L NaHCO3, 10% fetal bovine serum (FBS), 

100 µg/mL penicillin, 100 U/mL streptomycin and 0.25 µg/mL amphotericin B. One 

week before the assay, cells were placed in growth media modified by replacing 10% 

FBS with 10% dextran-charcoal treated FBS, excluding antibiotic supplements.104  

 

As per figure 10, cells were then seeded at 5 x 104 cells per well in 96-well 

luminometer plates which was then allowed to attach overnight. Dosing dilutions was 

prepared in growth media containing 5% dextran charcoal treated FBS, and vehicle 

(ethanol) did not exceed 0.2%. Each plate contained a positive agonist control (E2), 

negative control (solvent only), antagonist control (E2 plus ICI) and background 

control (solvent plus ICI). Each sample was tested separately and also for the 

presence of 0.1 nM E2 or ICI. Cells were incubated 24h with 100 µL/well dosing 

solution at 37°C, with 5% CO2. 

 

Following the incubation period, cells were washed with phosphate-buffered saline at 

room temperature and lysed with 25 µL lysis buffer. The microtiter plate luminometer 

determined Luciferase activity and was quantified as relative light units (RLU). Each 

well received 2 5µℓ reaction buffer (25 mM glycylglycine, 15 mM MgCl2, 5 mM ATP, 

0.1 mg/mL BSA, pH 7.8), followed by 2 5µL 1mM D-luciferin 5 s later. RLU were then 

converted to a fold induction above the vehicle control value. 
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Figure 10: Summary of steps of a The T47D-Kbluc assay.100-101 

 

Bioassay for androgenic and anti-androgenic activity 

 

MDA-kb assay  

The MDA-kb2 is a cell line developed to screen androgen agonists and antagonists. 

This was done to characterize its specificity and sensitivity to endocrine-disrupting 

chemicals. The breast cancer cell line, MDA-MB-453, was stably transformed with 

the mouse mammary tumour virus promoter (MMTV). luciferase.neo reporter gene 

construct. Since both glucocorticoid receptors (GR) and androgen receptors (AR) are 

present in the MDA-MB-453 cells. These two receptors can act through the MMTV 

promoter, compounds that act through either AR or GR and thus activate the MMTV 

luciferase reporter.105 A Novel Cell Line, MDA-kb2, that Stably Expresses an 

Androgen- and Glucocorticoid-Responsive Reporter for the detection of hormone 

receptor agonists and antagonists.105 

 

Materials 

The materials used were MDA-kb2 cells, Lebovitz’s L-15 growth media, 10% FBS, 

Penicillin, streptomycin, amphotericin B. The apparatus used was 25 cm2 and 75 cm2 

tissue culture flasks, 96-well luminometer plates, centrifuge tubes, cryovials and 

CoolCell freezing containers  

 

 

Calculation Estradiol equivalents can then be calculated.

Day 9 
Cells are lyase and the luciferase activity is measured with a 
luminometer.

Day 8 Cells are exposed to the test compounds and controls and incubated

Day 7 Cells are seeded into the 96 well plates and allowed to attach overnight.

Days 1-6 Cells are withdrawn in the media that contain 10% c/d FBS.

Day 1
Cells are cultured in RPMI prepared media supplemented with 10 % FBS 
and antibiotic solution.
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Methods 

As per figure 11, MDA-kb2 cells were maintained in Lebovitz’s L-15 growth media 

(Cat. No. 41300-021, Gibco, Scientific Group, SA) supplemented with 10% FBS 

(characterised, Cat. No. SH30071.03, Hyclone, Separations, SA), 100 ug/m; 

penicillin, 100 U/m; streptomycin and 0.25 ug/m; amphotericin B (Cat. No. 15240-

062, Gibco, Scientific Group, SA) as described in Wilson et al. 105 

 

Cells were seeded at 5 x 104 cells per well in 96-well luminometer plates and allowed 

to attach overnight. Dosing solutions was prepared in growth media and vehicle 

(ethanol), not exceeding 0.2%. Each plate contained a positive agonist control 

(dihydrotestosterone, DHT), negative control (vehicle only), antagonist control (DHT 

plus flutamide) and background control (vehicle plus flutamide). Each sample was 

tested alone as well as in the presence of 0.1 nM DHT or flutamide. Cells  were 

incubated for 24hrs with 100; dosing solution per well at 37C, without supplemental 

CO2. After the incubation period, cells were lysed, and luciferase activity determined 

as described for the Kbluc assay. 

 

 

Figure 11: Summary of steps of the MDA-kb2 assay. 100-101 

 

3.3.2 Pharmaceutical Screening 

 

Chemical screening of the water extract was conducted using a UPLC (ultra-high-

performance liquid chromatography) system consisting of an Agilent 1290 Infinity 

Binary pump (G4220A);1290 Infinity Autosampler (G4226A); and 1290 Infinity 

Detection Androgen Agonists and Antagonists is then detected 

Day 9 Cells are lysed and luciferase activity is determined. 

Day 8 Cells  are incubated for 24hrs with 100; dosing solution per well.

Day 7
Each sample is  tested alone as well as in the presence of 0.1 nM DHT or 
flutamide.

Days 1-6 Cells are seeded into the 96 well plates and allowed to attach overnight.

Day 1
Cells are cultured in in Lebovitz’s L-15 growth media and supplemented 
with 10% FBS, penicillin, streptomycin and amphotericin B. 
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Thermostatted Column Compartment (G1316C) coupled to an Agilent 6540 Accurate 

mass Q-TOF/MS (G6540A) (Agilent Technologies, Santa Clara, CA, USA). Agilent’s 

Personal Compound Database and Library software, 7 500 compound 

forensic/toxicology database, and 2 500- compound MS/MS Broecker, Herre & 

Pragts PCDL library enabled identification of a long list of compounds. This list 

includes human doping drugs, designer drugs, veterinary drugs, pesticides, 

mycotoxins, cannabinoids, hallucinogens, stimulants, benzodiazepines, hypnotics, 

neuroleptics, barbiturates, antidepressants, cardiovascular medicine, anti-epileptics, 

opioids, anabolic agents, pharmaceuticals and personal care products and 

hormones. The software used was MassHunter’s data acquisition (version 10.1), 

qualitative analysis (version 10.0) and quantitative analysis (version 10.1). The mass 

axis calibration of the QTOF was performed daily for positive and negative ionisation 

with a tuning mix (G1969-85000, Agilent). A reference solution with masses of 

121.050873 [M+H] and 322.048121 [M+H] was constantly infused to serve as an 

accurate mass reference.  

 

 

Liquid chromatography (LC) and mass spectrometry (MS) parameters 

The injection volume for analysis was 1 μL. A Poroshell 120 Bonus-RP column 

(Agilent, 2.1 x 100 mm, 2.7 μm) kept at 25°C was used for separation. The mobile 

phase for positive ionisation consisted of water (solvent A) and acetonitrile (solvent 

B) both containing 0.1% formic acid.106 The mobile phases for negative ionisation was 

water (solvent A) and methanol (solvent B) without modifiers. 

 

Qualitative screening of unknown compounds 

 

The data obtained after the chromatographic analysis were utilised to screen for and 

identify some of the compounds present in the extracts. Compound possibilities were 

generated based on molecular features and subjected to the Agilent Forensic 

Toxicology Personal Compound Database and Library (PCDL). The library includes 9 

200 compounds including human doping drugs, designer drugs, veterinary drugs, 

pesticides, mycotoxins, cannabinoids, hallucinogens, stimulants, benzodiazepines, 

hypnotics, neuroleptics, barbiturates, antidepressants, cardiovascular medicine, anti- 

epileptics, opioids, anabolic agents, pharmaceuticals and personal care products and 
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hormones. This PCDL combined with the accurate mass capabilities of the Q-TOF 

instrument confirm the presence of compounds based on accurate monoisotopic 

mass, isotope patterns, fragment confirmations and retention time. 

 

Quantitative analysis of specific target compounds 

 

Matrix-matched-calibration. 

The matrix to be analysed was drinking and surface water. To account for matrix 

effects during quantification an external matrix-matched calibration curve was used. 

To mimic natural water in the matrix-matched calibrations, deionised water (18.2 

mΩ·cm) was supplemented with 0.7 mM NaHCO3, 2 mM CaCl2∙2H2O, 0.5 mM 

MgSO4∙7H2O, and 75 μM KCl to create artificial freshwater (ISO, 2012). This water 

was inoculated with 50 mL of the same water after 25 mature specimens of the 

freshwater snail Bulinus tropicus had been living in one litre of the first type for at least 

24 hours. This was done to assist to simulate at least some form of organic content.  

The concentrations used in the calibration curve were determined based on the 

expected levels of pharmaceuticals present in the sample (after enrichment) and the 

performance of the instrument. Samples were concentrated 2 000 times during 

extraction. This should be accounted for when choosing a calibration range (Table 7). 

Matrix-matched calibration curves were prepared by extracting 1L of the prepared 

water, evaporating the extract to dryness and resuspending it in 500 μL. This 

reconstitute was spiked with a mixture of pharmaceuticals and internal standards at 

the calibration range concentrations. Serially dilutions were not prepared but 

originated from different stocks. These standards were analysed in triplicate to assess 

the reportable range (Westgard, 2008). They were injected in order of increasing 

concentration, with blank injections between batches to prevent carry-over.  

Table 7: Concentration range of calibration curves used for pharmaceuticals 

quantification 

Pharmaceutical compound Calibration curve range (ug/mL) 

Ampicillin 0–10 (1.2x serial dilution) 

Chloramphenicol 0–10 (1.2x serial dilution) 

Ciprofloxacin 0–2 (1.2x serial dilution) 
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Efavirenz 0–2 (5x serial dilution) 

Erythromycin 0–8 (1.2x serial dilution) 

Fluconazole 0–8 (5x serial dilution) 

Nevirapine 0–10 (5x serial dilution) 

Lopinavir 0–10 (5x serial dilution) 

Sulfamethoxazole 0–5 (1.2x serial dilution) 

Trimethoprim 0–0.5 (1.2x serial dilution) 

Tetracycline 0–4 (1.2x serial dilution) 

Ritonavir 0–10 (5x serial dilution) 

Vancomycin 0–20 (1.2x serial dilution) 

 

 

 

Precision and accuracy  

Precision (repeatability, in terms of % RSD) and accuracy (percentage recoveries) 

were estimated by recovery experiments at two spiked levels, each one analysed in 

triplicate. 

Accuracy was determined as the recovery of spiked samples (Table 8). 

Precision was calculated using % RSD = (SDEV of QCs/mean of QCs) x 100 (Table 

7).  

 

Linearity  

The linearity of the calibration curve was assessed by determining the R2 value. 

Good linearity is indicated with R2 as close to 1 as possible (at least 0.9).107 The 

linearity of the calibration curve for this analysis can be found in table 8.  

 

Limit of detection (LOD)/Limit of quantification (LOQ) 

Sensitivity of an analytical method is defined as “the increased response of the 

analyte linear to the analyte concentration.”108 A calibration curve and the slope of 

the calibration curve is used as a display. By using linear regression statistics, the 

uncertainties of the calibration curve can be used to calculate limit of detection(LOD) 

and limit of quantification(LOQ) for the method from the external matrix-matched 
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calibration curve. By use of the y = m x +c model, LOD is calculated by 3*Sa/b and 

LOQ by 10*Sa/b; where Sa is the SD of the intercept (abundance) and b is the slope 

of the calibration curve.109 

 

Table 8: Method validation parameters 

Pharmaceutical 

compound 

Precursor ion 

(m/z) 

RT 

(min) 

R2 LOD 

(ug/mL) 

LOQ 

(ug/mL) 

Accuracy 

(%) 

Precision 

(%) 

Ampicillin 350.1500 3.3 0.993 0.96 3.19 83 8 

Chloramphenicol 320.9358 0.9 0.995 0.73 2.44 73 7 

Ciprofloxacin 332.1446 3.464 0.999 0.09 0.30 93 5 

Efavirenz 314.0193 2.0 0.988 3.06 10.23 78 12 

Erythromycin 734.7401 8.914 0.996 0.60 2.01 48 10 

Fluconazole 307.1111 5.007 0.998 0.44 1.48 71 4 

Nevirapine 267.1224 7.58 0.993 1.48 4.93 87 9 

Sulfamethoxazole 254.0588 9.2 0.994 0.48 1.61 75 16 

Trimethoprim 291.1473 3.181 0.997 0.03 0.11 111 5 

Tetracycline 445.1649 3.4 0.988 1.9 6.5 72 15 

Vancomycin 1447.1446 3.2 0.998 0.91 3.04 61.8 7 

 

  

3.3.3 Viral Content 

 

Virus Concentration and Nucleic Acid Extraction 

The glass wool adsorption-elution technique was used for viral recovery from water 

samples.110 The recovered viruses were eluted from glass wool using 100 millilitres 

(mL) of glycine-beef extract buffer (pH 9.5) (Glycine; Merck KgaA) (BBL™ Beef 

Extract; Becton, Dickinson and Company, Sparks, MD) and the pH of the eluate was 

adjusted to pH 7 using 1 M HCl (Merck KgaA). The viruses in 100 mL eluate were 

further concentrated into a final volume of 10 mL in phosphate-buffered saline (PBS) 

(pH 7.4) (Sigma-Aldrich Co., St. Louis, MO) by polyethylene glycol 8000/sodium 

chloride (PEG8000/NaCl) precipitation (PEG8000; Amresco LLC, Solon, OH) (NaCl; 
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Merck KgaA).111-112 The extracted nucleic acids will be eluted in a final volume of 100 

µL and stored in 10 µL aliquots at −70 °C. 

 

Detection and Quantification of Norovirus (NoV) and Adenovirus (AdV) 

Commercial real-time reverse transcription-PCR (RT-PCR) kits were used for the 

detection and quantification of NoV and AdV GI and GII using 

CeeramTools™(Ceeram S.A.S, La Chapelle Sur Erdre Cedex, France) and 

(norovirusGII@ceeramTools™) (Ceeram S.A.S). All kits used contained internal, 

positive, and negative PCR inhibition controls to monitor the efficiency of target 

amplification. According to the manufacturer’s instructions, Nov and AdV GI and GII 

were detected and quantified using one-step real-time qRT-PCR. Norovirus and 

Adenovirus standard curves were generated using plasmid DNA standards 

(Norovirus and Adenovirus GI Q Standard) (Norovirus and Adenovirus GII Q 

Standard) (Ceeram S.A.S). Norovirus and Adenovirus concentrations were adjusted 

to compensate for extraction efficiencies below 100% and expressed as genome 

copies/litre (gc/L). All NoV and AdV-negative samples were re-tested using a 1:10 

dilution of RNA in nuclease-free water to exclude possible false-negative results due 

to inhibition.  

 

3.4 Data Management and Analysis  

 

3.4.1 Assays to assess endocrine disruption 

 

T47-Kbluc-Assay 

The E2 standard curve was fitted (sigmoidal function, variable slope) using GraphPad 

Prism (version 4), which was then used to calculated the minimum, maximum, slope, 

EC50 value and 95% confidence limits. The EEq values of extracts with greater than 

a two-fold induction above the vehicle control was interpolated from the estradiol 

standard curve and corrected with the appropriate dilution factor for each sample. 

 

MDA-kb assay 

Each well was receive 25; reaction buffer (25 mM glycylglycine, 15 mM MgCl2, 5 mM 

ATP, 0.1 mg/m; BSA, pH 7.8), followed by 25mM; 1 mM D-luciferin 5s later. The RLU 
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was converted to a fold induction above the vehicle control value. The curves for DHT 

and selected EC samples was fitted (sigmoidal function with variable slope) using 

GraphPad Prism (version 4), then the minimum, maximum, slope, EC50 value and 

95% confidence limits was calculated. 

 

3.4.2 Pharmaceutical screening 

 

Quantitative screening of known compounds  

The concentration of target compounds was calculated by using the below formula:  

 

Xcompound = ((native/stable isotope)-c) / m) x ISO conc 

 

where: 

 

Xcompound = calculated analyte concentration native = native abundance 

 

stable isotope = stable isotope abundance  

c = calibration curve is the y-intercept 

m = slope of  the calibration curve 

ISO conc = stable isotope concentration 

 

Qualitative screening of unknown compounds  

The data obtained after the chromatographic analysis were utilised to screen for and 

identify some of the compounds present in the extracts. Compound possibilities were 

generated based on molecular features and subjected to the Agilent Forensic 

Toxicology Personal Compound Database and Library (PCDL). This PCDL combined 

with the accurate mass capabilities of the Q-TOF instrument confirm the presence of 

compounds based on accurate monoisotopic mass, isotope patterns, fragment 

confirmations and retention time  

 

3.5 Ethical and legal considerations 
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Ethical approval was attained from the University of Pretoria’s Faculty of Health 

Sciences Research Ethics Committee with the ethical approval numbers 151/2021 

and letter attached at Annexure A. 

The risk of the study was negligible since water sampling was used. Principles of 

Helsinki and Good Clinical Practice was adhered to, and there were no conflicts of 

interest. No samples or information were obtained from the community or other 

people and no experimental animals were used.  Permission to conduct the study 

was obtained from the City of Tshwane, please see Annexure B. 
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CHAPTER 4: RESULTS  
 

4.1 Estrogenic activity: T46D-Kbluc-assay 
 

T46D-Kbluc-assay results indicated that water samples analysed from selected 

sample points contained compounds with estrogenic activity. Estrogenic activity was 

detected in thirteen samples with only 2 samples (C3 and E) below the detection limit 

(dl). The estradiol equivalency (EEq) values ranged from below the dl to 0.216. The 

samples collected from the houses in samples A1, A2 and A4 were collected from 

JOJO A (sample A). Samples collected from JOJO tank A’s EEq values (average of 3 

houses= 0.028 ng/L) were higher than their source (JOJO A). Higher activity was seen 

in the samples collected from the houses compared to source JOJO was also seen in 

samples B1, B2 and B3 (average= 0.03 ng/L) from the source, JOJO B. Higher or 

same EEq values were also seen in the houses’ samples (C1, C2 and C4 except 

sample C3) compared to source JOJO C. The average across all these houses was 

0.018 ng/L. As seen in the graph in Figure 10 sample B3’s EEq value was 193.65% 

more than the source JOJO B and the house with the highest EEq value. The average 

EEq value across all the houses was 0.025 ng/L and the EEq value average of the 3 

JOJO tanks (samples A, B and C) were 0.012 ng/L which is almost double that of the 

houses. The JOJO tank with the highest EEq value was JOJO C. 

 

 

Figure 12: Estradiol equivalency (EEq) across all samples. 
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The only house with an EEq below the level of quantification of the bioassay was 

house sample C3. The dam (sample D) had the highest EEq value of 0.216 also seen 

how high the EEq value is compared to other samples. The community tap (Sample 

E) which is sourced from a borehole had an EEq value below the level of quantification 

of the bioassay. No cytotoxicity or anti-estrogenic activity was detected in any of the 

samples at the concentrations tested (Table 9). 

 

Table 9: Estrogenic and Cytotoxic activity across all samples 

Sample code EEq (ng/L) Cytotoxicity 

A 0.007 ± 0.001 - 

A1 0.013 ± 0.002 - 

A2 0.057 ± 0.014 - 

A3 0.015 ± 0.002 - 

B 0.010 ± 0.003 - 

B1 0.015 ± 0.003 - 

B2 0.013 ± 0.004 - 

B3 0.062 ± 0.007 - 

C 0.019 ± 0.004 - 

C1 0.030 ± 0.010 - 

C2 0.024 ± 0.004 - 

C3 <loq - 

C4 0.019 ± 0.002 - 

D 0.216 ± 0.019 - 

E <loq - 
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4.2 Androgenic activity: MDA-kb2 reporter gene assay 
 

No androgenic activity was observed in any of the water samples, as none of the 

samples had a RLU (Relative light unit) values above the level of quantification (loq) 

for each plate. Therefore, none of the samples were able to suppress the activity of 

DHT, which shows none of the samples have anti-androgenic activity at the tested 

concentrations. 

 

4.3 Emerging contaminant screening and quantification 

 

4.3.1 Emerging contaminant screening 

 

The most predominant compound seen across all samples is Atrazine-desisopropyl a 

common herbicide. The second most possibly detected compound is also an 

herbicide, Trietazine. These two herbicides are seen in almost all samples. The most 

common pharmaceuticals possibly detected was Enprofylline, a Bronchodilator and 

Valdetamide, a sedative (Table 10).  

 

Table 10: Frequently screened compounds across all the samples 

Ranking Samples containing compounds in top 5 Name Used as a 

1 A, A1, A3, B1, B2, B3, C, C1, C3, C4 Atrazine-desisopropyl  Herbicide  

2 A1, A2, B2, B3, C, C3, E Trietazine  Herbicide 

3 A, A3, B3, C1. E Enprofylline  Bronchodilator 

3 A1, B1, C, C2, D Valdetamide  Hypnotic; Sedative 

3 A, B3, C, C3, E Propisochlor   Herbicide 

4 A, A1, A3, C1 Dimazole  Antimycotic 

5 C3, C4, E Atrazine  Herbicide 

5 A3, B2, D Nonoxinol 9 Spermicide 

6 A, C3 Atraton  Herbicide 

 

There is one pharmaceutical which may be prevalent in JOJO A and all the 

corresponding houses, A1, A2 and A3, namely Dimazole which is known to be an 

Antimycotic (An antifungal medication). In addition, Atrazine-desisopropyl (herbicide 
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metabolite) is also seen in JOJO A as well as houses A1, A3. Another pharmaceutical, 

Enprofylline (Brochodilator) which is seen in JOJO A as well as house A3.  All the top 

5 compounds seen in JOJO A is also seen in all the other samples’ top 5 compounds. 

For example, Enprofylline is seen in 4 other samples, Atraton seen in 1 other sample, 

Atrazine-desisopropyl is seen in 9 other samples, Propisochlor is seen in 4 other 

samples and Dimazole is seen in 3 other samples. In other words, there is no 

compound unique only in JOJO A. (Table 11)  
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Table 11: Compounds with highest screening scores from samples A,A1,A2 and A3 

Sample A       

CAS   Notes Mass (DB) Score (DB) Formula Height 

41078-02-8 Enprofylline 5 Bronchodilator 194.0804 97.48 C8 H10 N4 O2 135982 

1610-17-9 Atraton 2 Herbicide 211.1433 96.39 C9 H17 N5 O 61908 

1007-28-9 Atrazine-desisopropyl 

10 

Herbicide metabolite 173.0468 95.72 C5 H8 Cl N5 80764 

86763-47-5 Propisochlor 5 Herbicide 283.1339 94.56 C15 H22 Cl N O2 73747 

95-27-2 Dimazole 4 Antimycotic 293.1562 93.88 C15 H23 N3 O S 176583 

Sample A1       

1007-28-9 Atrazine-desisopropyl 

10 

Herbicide metabolite  173.0468 94.95 C5 H8 Cl N5 50459 

95-27-2 Dimazole 4 Antimycotic (skin infections) 293.1562 93.12 C15 H23 N3 O S 89286 

1912-26-1 Trietazine 7 Herbicide 229.1094 88.53 C9 H16 Cl N5 89902 

15534-92-6 Terbuficin Antilipidemic (cholesterol medication) 468.324 87.81 C30 H44 O4 10821 

512-48-1 Valdetamide 5 Hypnotic; Sedative 155.131 87.28 C9 H17 N O 10000 

Sample A2       

15793-40-5 Terodiline 2 Coronary Dilator 281.2143 98.02 C20 H27 N 28521 

511-96-6 Gitogenin Biomolecule 432.324 93.49 C27 H44 O4 75369 

  Nonoxinol 15  Evidence of 

developmental/endocrine/reproductive 

880.5759 93.08 C45 H84 O16 5000 
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effects; chronic aquatic toxicity; acute 

aquatic toxicity 

1912-26-1 Trietazine Herbicide 229.1094 90.34 C9 H16 Cl N5 22404 

56695-65-9 Rosaprostol Anticulcerative 298.2508 88.8 C18 H34 O3 11259 

Sample A3       

1007-28-9 Atrazine-desisopropyl Herbicide metabolite 173.0468 96.52 C5 H8 Cl N5 26845 

95-27-2 Dimazole Antimycotic 293.1562 96.39 C15 H23 N3 O S 52505 

9016-45-9 Nonoxinol 9- 3 Spermicide 616.4186 95.15 C33 H60 O10 37821 

41078-02-8 Enprofylline Bronchodilator 194.0804 93.24 C8 H10 N4 O2 53701 

23790-08-1 Moxipraquine Antiamebic (parasites) 414.2995 86.6 C24 H38 N4 O2 14097 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



62 

 

House A1 also may contain Atrazine-desisopropyl and Dimazole which may also be 

in JOJO A. House A1 may also have Trietazine (an herbicide) which is seen in 6 other 

samples as well especially sample A2. Furthermore, House A1 may also contain 

Valdetamide (Hypnotic; a sedative) which is seen is 4 other samples. House A1 may 

contain a unique compound, Terbuficin, which is only seen in house A1’s top 5 

compounds and not in another sample’s top 5. Terbuficin is known to be an 

Antilipidemic which is used as a cholesterol medication. 

 

House A2 may have 3 unique compounds namely, Gitogenin, Nonoxinol 15, 

Rosaprostol. Gitogenin is known to be a biomolecule and Rosaprostol is known to be 

an anticulcerative. Interestingly Nonoxinol 15, is known to show evidence of 

developmental/endocrine/reproductive effects, chronic aquatic toxicity, and acute 

aquatic toxicity. 

 

House A3 may contain Nonoxinol 9, a spermicide, which is also seen in 2 other 

sample’s top 5 possible compounds. In Sample A4 there is also one unique possible 

compound, namely Moxipraquine which is an antiamebic. 

 

JOJO B shares no possible compounds in its top 5 compounds with any other sample. 

Propentofylline (Vasodilator), Cholesta-3,5-dien-7-one (biomolecule found in high 

concentrations in fatty/cirrhotic alcoholic liver), delta8-Tetrahydrocannabinol 

(Psychedelic), Hetramine (Antihistamine), Phenamidine (Chemotherapeutic) are all 

unique to sample B (Table 12). 

 

Sample B1, B2 and B3 all share a possible compound, Atrazine-desisopropyl. Sample 

B1 has 3 unique compounds, namely Tacrolimus (immunosuppressant), 

Norephedrine (Phenylpropanolamine) and Tolylethanol. 
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Table 12: Compounds with highest screening scores from samples B, B1, B2 and B3 

Sample B       

CAS Name Notes Mass (DB) Score (DB) Formula Height 

55242-55-2 Propentofylline Vasodilator 306.1692 92.61 C15 H22 N4 O3 11094 

567-72-6 Cholesta-3,5-dien-7-one High concentrations in fatty/cirrhotic 

alcoholic liver 

382.3236 89.03 C27 H42 O 191958 

28646-40-4 delta8-

Tetrahydrocannabinol 

Psychedelic 330.2195 85.56 C21 H30 O3 16367 

531-08-8 Hetramine Antihistamine 256.1688 84.76 C15 H20 N4 5337 

101-62-2 Phenamidine Chemotherapeutic 254.1168 82.58 C14 H14 N4 O 3528 

Sample B1       

1007-28-9 Atrazine-desisopropyl Herbicide metabolite 173.0468 92.09 C5 H8 Cl N5 11816 

104987-11-

3 

Tacrolimus Immunosuppressant 803.482 91.02 C44 H69 N O12 37646 

512-48-1 Valdetamide Hypnotic; Sedative 155.131 87.35 C9 H17 N O 45758 

14838-15-4 Norephedrine 

(Phenylpropanolamine) 

Anorectic, sympathomimetic; synonym 

= Phenylpropanolamin with Pragst ID = 

P158 

151.0997 87.33 C9 H13 N O 38868 

536-50-5 Tolylethanol   136.0888 87.13 C9 H12 O 15066 

Sample B2       

142-91-6 Isopropyl palmitate Dermatic 298.2872 94.49 C19 H38 O2 16805 

1007-28-9 Atrazine-desisopropyl Herbicide metabolite 173.0468 93.73 C5 H8 Cl N5 13342 

1912-26-1 Trietazine Herbicide 229.1094 91.21 C9 H16 Cl N5 8938 
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9016-45-9 Nonoxinol 9 Spermicide 616.4186 89.29 C33 H60 O10 235240 

120-80-9 Pyrocatechol Insecticide 110.0368 87.78 C6 H6 O2 10405 

Sample B3       

86763-47-5 Propisochlor Herbicide 283.1339 92.92 C15 H22 Cl N O2 76134 

1007-28-9 Atrazine-desisopropyl Herbicide metabolite 173.0468 92.27 C5 H8 Cl N5 53431 

1912-26-1 Trietazine Herbicide 229.1094 90.61 C9 H16 Cl N5 96920 

60762-57-4 Pirlindole Antidepressant 226.147 85.7 C15 H18 N2 5320 

835-31-4 Naphazoline Vasoconstrictor 210.1157 85.18 C14 H14 N2 8703 
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Sample B2 and B3 share 2 possible herbicide compounds, Atrazine-desisopropyl and 

Trietazine. Sample B2 has 2 unique possible compounds, Isopropyl palmitate and 

Pyrocatechol which are a dermatic and an insecticide, respectively. Sample B3 and 2 

other samples share the possibility of containing Pirlindole, an anti-depressant. 

Sample B# has 1 unique possible compound Naphazoline, which is a vasoconstrictor. 

 

Sample C, which is one of the JOJO tanks may possibly have 5 compounds which is 

seen across all corresponding houses’ samples. Atrazine-desisopropyl is seen in 

sample C1, C3 and C4. Propisochlor is also seen in sample C3 and Valdetamide is 

possibly seen in sample C2 (Table 13). Sample C1 shows to possibly have 2 unique 

compounds namely N-Desalkyl-pentazozin an opioid medication and Hydracarbazine, 

a diuretic.  Sample C2 possibly has 2 unique compounds one an anabolic and another 

an antimycotic, which is Zearalenone and N-(2-hydroxyethyl)-10-Undecenamide, 

respectively. Sample C3’s top 5 possible compounds are Herbiceds, namely trazine, 

Propisochlor, Atrazine-desisopropyl, Trietazine, Atraton. There are also no unique 

compounds only seen in sample C3’s top 5 compounds. Atrazine is also seen in 2 

other samples, sample C4 and the community tap sample E Sample C4 shows to 

possibly have 3 unique compounds. Th first unique compound in this sample’s top 5 

possible compounds is Leucomalachite green, which is a dye used as a dye for 

materials such as silk, leather, and paper and controversially as an antimicrobial in 

aquaculture. In addition, 2 another unique compound possibly in sample 3 is 

Octamylamine which is a Parasympatholytic and Cassaidine which is used as a 

Cardiotonic.  
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Table 13: Compounds with highest screening scores from samples C, C1, C2, C3 and C4 

Sample C       

CAS Name Notes Mass (DB) Score (DB) Formula Height 

1007-28-9 Atrazine-desisopropyl Herbicide metabolite 173.0468 97.44 C5 H8 Cl N5 17823 

86763-47-5 Propisochlor Herbicide 283.1339 89.1 C15 H22 Cl N O2 19968 

1912-26-1 Trietazine Herbicide 229.1094 88.67 C9 H16 Cl N5 30555 

60762-57-4 Pirlindole Antidepressant 226.147 86.69 C15 H18 N2 33572 

512-48-1 Valdetamide Hypnotic; Sedative 155.131 85.91 C9 H17 N O 32861 

Sample C1       

  N-Desalkyl-pentazozin Opioid pain medication 217.1467 98.93 C14 H19 N O 50724 

41078-02-8 Enprofylline Bronchodilator 194.0804 96.19 C8 H10 N4 O2 78072 

3614-47-9 Hydracarbazine Diuretic 153.0651 92.84 C5 H7 N5 O 55862 

95-27-2 Dimazole Antimycotic 293.1562 88.72 C15 H23 N3 O S 92153 

1007-28-9 Atrazine-desisopropyl Herbicide metabolite 173.0468 88.22 C5 H8 Cl N5 37083 

Sample C2       

15793-40-5 Terodiline Coronary Dilator 281.2143 95.32 C20 H27 N 54998 

17924-92-4 Zearalenone Anabolic 318.1467 89.27 C18 H22 O5 20912 

512-48-1 Valdetamide Hypnotic; Sedative 155.131 86.62 C9 H17 N O 16097 

60762-57-4 Pirlindole 3 Antidepressant 226.147 86.58 C15 H18 N2 23884 

20545-92-0 N-(2-hydroxyethyl)-10-

Undecenamide 

Antimycotic 227.1885 84.34 C13 H25 N O2 7223 

Sample C3       
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1912-24-9 Atrazine Herbicide 215.0938 96.45 C8 H14 Cl N5 23895 

86763-47-5 Propisochlor Herbicide 283.1339 96.28 C15 H22 Cl N O2 57211 

1007-28-9 Atrazine-desisopropyl Herbicide metabolite 173.0468 93.77 C5 H8 Cl N5 41379 

1912-26-1 Trietazine Herbicide 229.1094 89.62 C9 H16 Cl N5 78236 

1610-17-9 Atraton Herbicide 211.1433 86.15 C9 H17 N5 O 8082 

Sample C4       

  Leucomalachite green Dye unique 330.2096 99.62 C23 H26 N2 96731 

502-59-0 Octamylamine Parasympatholytic 199.23 98.99 C13 H29 N 76941 

26296-41-3 Cassaidine Cardiotonic 407.3036 97.54 C24 H41 N O4 17452 

1007-28-9 Atrazine-desisopropyl Bronchodilator 173.0468 96.72 C5 H8 Cl N5 29585 

1912-24-9 Atrazine 3 Herbicide 215.0938 94.65 C8 H14 Cl N5 11836 
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Sample D shares the possibility to have Nonoxinol 9 present in the sample with samples A3 and B2 as well as Valdetamide with 4 

other samples. Simvastatin a cholesterol synthesis inhibitor is a unique to the dam as well as Leptacline (Stimulant) and Enprazepine 

(antidepressant). Sample D contain no Herbicides (Table 14).  
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Table 14: Compounds with highest screening scores from sample D 
 

 

 

 

 

 

 

 

 

 

 

 

 

Sample D       

CAS Name Notes Mass (DB) Score 

(DB) 

Formula Height 

79902-63-9 Simvastatin Cholesterol synthesis inhibitor 418.2719 96.26 C25 H38 O5 26105 

9016-45-9 Nonoxinol 9 Spermicide 616.4186 89.49 C33 H60 O10 203820 

512-48-1 Valdetamide Hypnotic; Sedative 155.131 86.59 C9 H17 N O 29045 

5005-72-1 Leptacline Stimulant 181.183 86.16 C12 H23 N 7513 

47206-15-5 Enprazepine Antidepressant 292.1939 85.52 C20 H24 N2 8060 
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Sample E, which is the community, tap at the clinic, contains 3 herbicides, 1 insecticide and 1 pharmaceutical, with only 1 unique 

compound in its top 5 possible compounds, namely Fenazaquin, which is and insecticide (Table 15). 
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Table 15: Compounds with highest screening scores from sample E 

 

 

 

 

Sample E       

CAS Name Notes Mass (DB) Score (DB) Formula Height 

1912-24-9 Atrazine Herbicide 215.0938 93.12 C8 H14 Cl N5 14287 

86763-47-5 Propisochlor Herbicide 283.1339 89.23 C15 H22 Cl N O2 42812 

1912-26-1 Trietazine Herbicide 229.1094 89.09 C9 H16 Cl N5 66791 

41078-02-8 Enprofylline Bronchodilator 194.0804 86.36 C8 H10 N4 O2 10117 

 N/A Fenazaquin Insecticide 306.1732 82.9 C20 H22 N2 O 14050 
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4.3.2 Quantification of Pharmaceuticals 

 

The UPLC analysis showed the presence of the 3 antibiotics, Ciproflaxin, 

Sulfamethoxazole and Vancomycin (Table 16). Samples A1, A3, B, C1, C3, and E 

showed the presence of Ciproflaxin ranging between 0.2 ug/L - 0.3 ug/L. 

Sulfamethoxazole was quantified in 2 samples namely sample A3 (0.6 ug/L) and B 

(1ug/L).  Only sample A3 was quantifiable for Vancomycin at a concentration of 8 ug/L. 

In addition, sample A3 was the only sample where all three antibiotics, Ciproflaxin (0.3 

ug/L), Sulfamethoxazole (0.6 ug/L) and Vancomycin (8 ug/L) wat quantified. JOJO 

tank B was the only source JOJO to show the presence of a pharmaceutical, namely 

Sulfamethoxazole. Interestingly, the community tap sample showed the presence of 

Ciproflaxin at a concentration of 0.2 ug/L. It is important to note that sample B3 was 

lost through analysis. 
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Table 16: Pharmaceuticals quantification (ug/mL) using UPLC/Q-TOF/MS 

 

Sample Ciprofloxacin Erythromycin Fluconazole Sulfamethoxazole Trimethoprim Vancomycin Nevirapine Tenofovir Tetracycline Efavirenz Chloramphenicol 

A <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

A1 0.2±0.1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD 

A2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

A3 0.3±0.1 <LOD <LOQ 0.6±0.5 <LOD 8±6 <LOD <LOD <LOD <LOD <LOD 

B <LOD <LOD <LOD 1±0.08 <LOQ <LOD <LOD <LOD <LOD <LOD <LOD 

B1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

B2 <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD 

B3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

C <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

C1 0.3±0.1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

C2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

C3 0.3±0.4 <LOQ <LOQ <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

C4 <LOQ <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

D <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD 

E 0.2±0.1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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4.4 Screening and quantification of Viruses: RT-PCR for viruses 

 

Two samples were taken from the dam for RT-PCR to detect the presence of Norovirus 

and Adenovirus. Norovirus GI and GII were undetected in both samples. Both samples 

exhibited inhibition of the internal control when testing the concentrated nucleic acids. 

Thus, both samples were also tested at 1 in 10 dilutions of the nucleic acids. The 

inhibition was resolved when the nucleic acids were diluted, but norovirus GI and GII 

were still not detected.  

 

However, Adenoviruses were detected in the concentrated screen, 1 and 2. Sample 1 

was detected at a concentration of 36.8 and 2 at a concentration of 40, which is the 

cut-off for positive samples. Both samples showed weak, but clear positives. (Table 

17) 

 

Table 17. Noro GI, GII and Adenovirus detection in dam water in Melusi informal 
settlement 

 

Sample ID 
Nucleic acid 
concentration IC 

Noro 
GI IC 

Noro 
GII IC Adenovirus 

1 Concentrated 34,5 ND ND ND 31,5 36,8 

2 Concentrated 34,5 ND ND ND 31,5 40,0 
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CHAPTER 5: DISCUSSION 
 

This study seeked to determine the estrogenic, anti-estrogenic, androgenic and anti-

androgenic activity in drinking water sources using a battery of in vitro bioassays. 

Additionally, the occurrence of selected pharmaceuticals and viruses will be 

determined to assess the water quality and propose possible strategies to minimise 

adverse health effects and health risk for the community of Melusi, Pretoria.  

 

There is a paucity of evidence in South Africa regarding personal exposure to multi-

pollutants. Thus, our aim with screening and quantifying multi-pollutants, has the 

potential to reveal multi-pollutant exposure patterns that could inform future toxicology 

and epidemiology research. Findings will contribute to a transdisciplinary strategy to 

reduce exposure to multi-pollutants (SDG 3 – indicator 3.9) in water sources (SDG6 – 

6.3, 6b) by using novel technology through partnerships (SDG 17 – 17.6) and 

educational tools (SDG 4) to achieve resilient and sustainable environments (SDG 11 

– 11a) to ensure health and wellbeing (SDG 3) for communities like the community of 

Melusi, Pretoria.  

 

Table 18 below summarizes all the results obtained through our investigation across 

all samples tested. 

 

Table 18: Comprehensive summary of all results across all samples 

Sample  Appearance 

and storage  
EEQ Pharmaceuticals Shared compounds Unique compounds Viruses 

A Clear, JOJO 

tank 
0.007  - • Enprofylline 

• Atraton  

• Atrazine-

desisopropyl  

• Propisochlor  

• Dimazole  
 

 
Not Applicable 

A1 Clear, paint 

container, 

shade 

0.013 
 

Ciprofloxacin  • Atrazine-

desisopropyl  

• Dimazole 

• Trietazine 

• Valdetamide  
 

• Terbuficin  Not Applicable 
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A2 Clear, paint 

container, sun 
0.057  - • Terodiline 

• Trietazine 
 

• Gitogenin 

• Nonoxinol 15 

• Rosaprostol 
 

Not Applicable 

A3 Green with 

algae, white 

container, 

shade 

0.015  Ciprofloxacin  
Sulfamethoxazole 
Vancomycin   

• Atrazine-

desisopropyl 

• Dimazole 

• Nonoxinol 9 

• Enprofylline 
 

• Moxipraquine  Not Applicable 

B Clear, JOJO 

tank 
0.010  Sulfamethoxazole  

 
• Moxipraquine 

• Propentofylline 

• Cholesta-3,5-dien-7-

one 
delta8- 

• Tetrahydrocannabinol 

• Hetramine 

• Phenamidine 
 

Not Applicable 

B1 Clear, white 

container, 

shade 

0.015  - • Atrazine-

desisopropyl 

• Valdetamide 
 

• Tacrolimus 

• Norephedrine  

• Tolylethanol 
 

Not Applicable 

B2 Clear, paint 

container, 

shade 

0.013  - • Atrazine-

desisopropyl 

• Trietazine 

• Nonoxinol 9 
 

• Isopropyl palmitate 

• Pyrocatechol 
 

Not Applicable 

B3 Clear, blue 

container, sun 
0.062  N/A • Propisochlor 

• Atrazine-

desisopropyl 

• Trietazine 

• Pirlindole 

• Naphazoline 
 

Not Applicable 

C Clear, JOJO 

tank 
0.019  - • Atrazine-

desisopropyl 

• Propisochlor 

• Trietazine 

• Pirlindole 

• Valdetamide 

 
Not Applicable 

C1 Clear, paint 

container, sun 
0.030  Ciprofloxacin  • Enprofylline 

• Dimazole 

• Atrazine-

desisopropyl 
 

• N-Desalkyl-pentazozin 

• Hydracarbazine 
 

Not Applicable 

C2 Clear, paint 

container, sun 
0.024  - • Terodiline 

• Valdetamide 

• Pirlindole  
 

• Zearalenone 

• N-(2-hydroxyethyl)-10-

Undecenamide 
 

Not Applicable 
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C3 Clear, white 

container, 

shade 

<loq* Ciprofloxacin  • Atrazine 

• Propisochlor 

• Atrazine-

desisopropyl 

• Trietazine 

• Atraton 
 

 
Not Applicable 

C4 Clear, white 

container, 

shade 

0.019  - • Atrazine-

desisopropyl 

• Atrazine 
 

• Leucomalachite green 

• Octamylamine 

• Cassaidine 
 

Not Applicable 

D Pungent smell 

and cloudy 
0.216  - • Nonoxinol 9 

• Valdetamide 
 

• Simvastatin 

• Leptacline 

• Enprazepine 
 

Adenovirus 

E Little cloudy 

but clear 
<loq* Ciprofloxacin  • Atrazine 

• Propisochlor 

• Trietazine 

• Enprofylline 
 

• Fenazaquin  Not Applicable 

 *<loq is below limit of detection. 

Table 18 shows that estrogenic activity was detected in most samples (13 out of 15 

samples) in this study using the T47D-KBluc bioassay, with the EEq values ranging 

from below limit of detection (<loq) to 0.216 ng/L. However, none of the samples 

exceeded the trigger value of 0.7 ng/l for estrogenic activity in drinking water.113 If the 

trigger value is exceeded, possible adverse health effects are implicated and warrants 

further investigation and continued testing of the water.114 Estrogens (estradiol, 

estrone, estriol) are female hormones responsible for the maintenance and 

development of reproductive tissues and secondary sex characteristics in females.115 

In addition, estrone is also the main metabolite of 17 β estradiol (C18H24O2 , a natural 

estrogen) and reaches the environment via the sewer system or animal excretion.116 

It should also be kept in mind that estradiol equivalents are only rough estimates, as 

the intricacy of the sample,  the pH of the water, extraction procedure used and the 

nature of the assay (i.e. a biological system) might all have an influence on the results.  

As the trigger value, these ranges were determined by assuming long-term continuous 

use (lifelong exposure) and incorporating a margin of safety. In conjunction with the 

South African National Standards (SANS), the water-quality guidelines do not take into 

consideration the very sensitive receptors among humans which EDCs are known to 

effect, especially infants and children. Also the  latest edition of the SANS has a limited 
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requirement in terms of known EDC which needs to be considered more thoroughly in 

the following editions which will ultimately contribute to SDG 6 which focuses on 

ensuring a clean and stable water supply and effective water sanitation for all people 

by the year 2030. 

There was no cytotoxicity detected in the samples. Additionally, no anti-estrogenic 

activity was detected in any of the water samples in this study. It should also be kept 

in mind that a water sample consists of a complex mixture of chemicals with possible 

(anti)-androgenic and (anti)-estrogenic activity, as well as other chemicals not 

measured, that could affect the outcome of the assay. In a Dutch study, by Van der 

Linden et al.117 no antagonist activity was reported in various water sources and this 

was ascribed it the complex mixture of agonist and antagonist interaction which could 

be masking the contribution of each individual compound. The androgenic activity 

measured in the MDA-kb2 assay was absent and may be attributed to the complexity 

of the samples. This could be that possible androgens present were also below the 

limit of detection of the MDA-kb2 assay. Furthermore, Blake et al.118 concluded  in 

their study that the steroidal estrogen estradiol  possibly could bind to the androgen 

receptor in MDA-kb2 cells. Agonism and antagonism is showed by Estradiol in MDA-

kb2 cell line, however only at high concentrations. Steroidal estrogens therefore 

potentially interfere with the response of the cells to androgens.118 So, in future, 

methods such as effect-based monitoring should be explored to identify the activity of 

these complex environmental mixtures.119  

It is interesting to note that the estrogenic activity is more in the samples taken from 

the homes than in the sourced JOJO tank. This can be attributed to the way the water 

is stored in the homes, either in blue or white containers or paint containers and 

predominantly stored outside in the sun. These containers are made from Base 

polyethylene with pigment antioxidants and UV stabilizers to ensure extended service 

life. Studies have shown that High-Density Poly Ethylene (HDPE), is a thermoplastic 

polymer made from petroleum120 is currently considered an EDC, as contains 

nonylphenol, which has been found to be dangerous to aquatic life.121-122 It is 

suggested that HDPE is UV resistant, however, according to a study done by Said et 

al.123, polypropylene fibres can only withstand approximately 6 days of exposure to 

high-intensity UV light before losing 70% of their strength to resist UV rays. These 
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containers are used not only for six days but for several years. Ultimately this enclosed 

environment, coupled with potentially poor water quality may lead to a source for 

estrogenic contamination. 

 

JOJO A had the lowest estrogenic activity of all the JOJO tanks and the third lowest 

of all the samples, this may be because it was noted from the community that this 

JOJO tank is used by the most people and is regularly filled by the municipality. 

Therefore, the water does stay for a long period of time in the JOJO tank and limited 

leaching from the JOJO tank can occur. When focusing on the homes, houses A2 and 

B3 had the highest EEq value compared to all the other houses. When screening water 

from House A2, the presence of Nonoxinol 15 was identified in the samples. Nonoxinol 

15 is part of the Nonoxinols group which is produced by ethoxylation of alkylphenols 

and vary in the number of repeating ethoxy (oxy-1,2-ethanediyl) groups. Nonoxynols 

have been used as detergents, emulsifiers, and wetting agents in cosmetics, including 

hair products, and defoaming agents.124 Only nonoxynol-9 with 9 repeating ethoxy 

groups, has been used as a spermatocide, which is seen in samples A3, B2 and D.  

House B3 had an EEq value almost twice that of its source JOJO B. It is interesting to 

note that House B3 with its high EEq value was also the only house to store water in 

a blue container. This high EEq value may be from phthalates used to produce this 

plastic container, or from the blue dye, or another unidentifiable source. Phthalates 

are known EDCs and have an estrogenic effect.125 Phthalates may induce alterations 

in puberty, the development of testicular dysgenesis syndrome, cancer, and fertility 

disorders in both males and females.125-126 However, there was no possible Phthalate 

found in the Qualitative screening of unknown compounds, only herbicides and 

pharmaceuticals which can also contribute to estrogenic activity. 

JOJO C had the highest estrogenic activity compared to JOJO A and B. It is important 

to note that according to the community, this JOJO tank was filled for the first time in 

4 months. This may contribute to the EEq value observed for the JOJO tank heated 

up to a higher degree for there was no water inside to cool it down and this could 

cause leaching from the JOJO tank to the water. In addition temperature shows to 

affects the rate of chemical reactions in a stored water body and it plays an important 

role in the survival of microorganisms.127-128 The highest noted temperature in water 

storage tanks was reported to be 23.1°C which exceeds the WHO permissible limit of 
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drinking water guidelines of 15°C. Furthermore, high temperature favoures the re-

growth of bacteria.128 The storage tank material and colour can affect the temperature 

of the water in the JOJO tanks. Additionally placing the JOJO tank in a shaded location 

can reduce temperature meanwhile microbial contamination.129  

House C3 had the lowest estrogenic activity seen across all houses. This is quite 

interesting for the owners of this house, who pertinently stated that they wash their 

white container every time before refilling it and never leave it in the sun. 

The Melusi community lies adjacent to a dam, which is a decommissioned quarry. The 

dam had a very pungent smell and was cloudy in appearance with a very high EEq 

value compared to the other samples. It is evident that this water is polluted and not 

safe to drink. Water pollution causes 1.8 million deaths worldwide, according to a study 

published in 2022.130 Together with that Contaminated water sickens about 1 billion 

people worldwide.130 And low-income communities like Melusi are disproportionately 

at risk because their homes are often closest to the most polluting industries, like 

mines and are exposed to the results  such as this decommission quarry hole. 130 

While residents reported that they do not usually use the dam water for drinking, they 

do regularly use the community tap. The community tap had an EEq value below the 

detection limit, however almost all the top 5 possible compounds were Herbicides. 

This may be attributed to the community tap being near a nursery where a high 

concentration of Herbicides is potentially used. These herbicides may leach into the 

underground water and ultimately end up in the borehole from which the water is 

extracted.131 Additionally, In this study, herbicides, were 5 out of the 10 most frequently 

possibly detected compounds across all the samples. This can be because herbicides 

are one of the most major contaminants in the environment as they are widely use in 

agriculture and are transported into the environment after their application132 

contributing to water quality degradation.133  

When analysing the data from all the sample sites, the most predominant compound 

across all samples was Atrazine, and its environmental transformation product 

atrazine-desisopropyl. Atrazine has been shown to increase the conversion of 

testosterone and other androgens into estrogens, especially estradiol, by increasing 

the activity of the enzyme aromatase, which is responsible for the conversion.134 

Resent research, which compared women in Illinois to women in Vermont in the United 
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States showed that women who drink water contaminated with low levels of atrazine 

may be more likely to have irregular menstruation and low estrogen levels.135 

Ciprofloxacin is an antibiotic drug that targets Gram-negative and Gram-positive 

bacteria and is prescribed to millions of individuals annually.136 Low-income countries 

like South Africa has a higher rate of infectious diseases  and generally higher rate of 

over-the-counter self-medication.57 Ciprofloxacin which is widely used in South Africa, 

it is used to treat microbial infections, and belongs to the fluoroquinolones group. It is 

widely prescribed and frequently found in sewage due to its incomplete uptake and 

metabolism in patients.137 Studies have shown the presence of ciprofloxacin in sewage 

treatment effluents, wastewaters, and domestic waters, which ranged from 0.03 μg/L 

to 5.6 μg/L.138-139 In this study, ciprofloxacin was detected in five samples with 

concentrations ranging from 0.2-0.3 ug/L. In other studies, ciprofloxacin has been 

detected in South African river systems at 0.71 μg/L observed concentration140, and  

in other countries, the presence of ciprofloxacin has been confirmed in their municipal 

wastewaters and drinking water.141-143 The estimate of at which concentration Studies 

negative health effects or estrogenic effects are associated with ciprofloxacin require 

investigation. This is concerning as  ciprofloxacin has been shown to have endocrine-

disrupting effects.138,144 This may possibly contribute to the estrogenic activity seen in 

samples A1,A3 and C1 which contain ciprofloxacin. 

Another antibiotic drug screened for and detected was Sulfamethoxazole. This 

regularly prescribed antibiotic is known to upregulate CYP17 and CYP19 gene 

expression in the human adenocarcinoma cell line (H295R) and also increase the  

estradiol hormone levels and aromatase enzyme activity in male fish.144-145 

Sulfamethoxazole was also found in the Surface water and WWTW influent7 in 

KwaZulu-Natal140, WWTW influent and WWTW effluent in Gauteng146 and the WWTW 

influent and sewage treatment works effluent in the Western Cape.147  

Vancomycin is seen in only one sample, sample A3 at a concentration of 8ug/L, which 

is the highest concentration of any pharmaceutical screened for across all samples. 

This is significant because sample A3 is also the only sample with no clear appearance 

but rather a green appearance with algae. In a study done by Cheng et al.148 that even 

at trace concentrations of (0.01–2 mg L−1) antibiotics may enhance the growth of 

microalgae, which may be the reason for the algae seen in the sample taken from 
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house A3. Vancomycin is also prone to antimicrobial resistance 149and is shown to 

cause a reduction in spermatozoa integrity, hormonal levels and sperm morphology 

that contribute to male infertility.150  

Antibiotics such as the ones detected, Ciprofloxacin, Sulfamethoxazole and 

Vancomycin are biologically active and can cause non-target toxicity to aquatic 

organisms. They are increasing concern due to their continuous exposure threatening 

human health through diet and environmental ecosystems. Even at low concentrations 

they can produce antibiotic resistant bacteria, which has been detected in sludge, 

ultimately used as a fertilizer on agricultural fields.151 Antibiotic resistant bacteria is 

generated resistance which occurs through mutations in their genes or by acquisition 

of foreign DNA coding through horizontal gene transfer, and the bacteria can survive, 

and even grow, in the presence of antibiotic drugs, leading to a condition under which 

the drugs become noneffective on the patient, which aggravates with time and, at the 

end, may lead to death Moreover, it has been reported that microplastics can increase 

the accumulation of these analytes in fish and algae.152 However it would be advised 

to perform an Environmental and Human Health risk assessment to understand and 

evaluate the risk of these antibiotics in the waters of the Melusi community. 

 

All of the above-mentioned possible contaminants have an impact on the homeostatic 

systems of the body, especially the immune system.153 Homeostatic control is affected 

by the fact that most EDCs tend to bind to steroid hormone receptors including the 

estrogen receptor (ER), progesterone receptor (PR) and androgen receptor (AR). As 

EDCs disrupt the actions of endogenous hormones, they may induce abnormal 

reproduction, stimulation of cancer growth, dysfunction of neuronal and immune 

system.154 In general, sex hormones such as testosterone help stimulate the immune 

system. 154This logically implies that immune system is sensitive to EDCs in a manner 

similar to that of endogenous hormones. However, synthetic non-steroidal compounds 

such as DES are potent suppressors of thymus-dependent cellular immune 

responses via gene expression alterations in animal.154 Susceptibility of the immune 

system to toxic chemicals is increased during the perinatal period as shown by in 

vivo studies of various compounds such as dioxin.154 
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Given the wide range of emerging contaminants present in the JoJo tanks and the 

household water, the presence of Nonoxinol 9, Valdetamide, Simvastatin, Leptacline 

and Enprazepine in the dam water, is of concern as the presence of a DNA virus was 

also present. Human adenovirus was the only virus to present in the viral screening 

and is ubiquitous in the environment and humans are the only reservoir for them.155 

The virus is excreted in large numbers in human faeces and although adenoviruses 

have been reported to infect a variety of animals, they are more reported in humans 

to be highly specific to them.156 The viruses persist wherever the environment has 

been polluted by human faeces or sewage157-159  

 

Therefore, in natural aquatic environments, the incidence of human adenovirus is 

probably attributable to contamination with untreated or inefficiently treated sewage.159 

Various variants of adenovirus have been identified, and over 50 serotypes are known 

throughout the world.160-161 The burden of disease is caused by adenoviruses 

manifests as pneumonia, bronchiolitis, otitis media, conjunctivitis, and tonsillitis. The 

public health implications of these viruses depend upon the physiological status of the 

wastewater microbial community. The presence of Adenovirus signifies the imminent 

danger posed to public health by the discharge of poorly treated effluent into the 

environment because the adenoviral species have been implicated in clinical illnesses. 

The complex mixture of emerging contaminants and adenovirus in the water from the 

dam is concerning and an effect-based monitoring approach should be explored to 

assess the extent of the endocrine disrupting activity the water poses. These are in 

line with SDG 3 and 6 about health and wellbeing and access to clean and safe 

drinking water. 
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CHAPTER 6: CONCLUSION 
 

The exposure to EDCs in  our environment through; water, air, soil, food, personal 

care products and medical devices, are unavoidable. Due to the ubiquity of EDCs in 

the environment and endocrine disruptive activity, the potential impact of EDCs on 

public health is a great reason for concern. 

 

There is limited information available on estrogenic activity and pharmaceutical and 

viral content in drinking and dam water in South Africa. This study has shown the 

presence of herbicides, pharmaceuticals, and adenovirus in various water sources in 

the Melusi Community.  

 

The objectives of this study were to: 

 

1. Determine the estrogenic and anti-estrogenic activity (T47D-Kblassay), and 

androgenic and anti-androgenic activity (MDA-kb assay) in drinking water 

and wastewater samples using a battery of in vitro bioassays.  

 

Findings: Androgenic or anti-androgenic activity together with no anti-estrogenic 

activity was observed. However estrogenic activity was seen in the tested samples 

ranging from <loq to 0.216 ng/L. Additionally, estrogenic activity was higher in the 

samples taken from the homes compared to samples taken from the JOJO tanks. 

This can be attributed to the manner in which the water is collected and stored in 

the homes. Understanding the water collection and storage practices would aid in 

interventions to improve potable water. An interesting observation was that JOJO 

A (which is frequently re-filled) had the lowest estrogenic activity compared to 

JOJO C (which was left empty for 4 months) which had the highest estrogenic 

activity. This high EEq difference observed between the samples from these two 

tanks requires further investigation. In addition, cleaning containers and removing 

them from UV exposure may also impact estrogenic activity and require 

investigation. House C3 has the lowest estrogenic activity seen across all houses 

and the water storage containers are washed regularly and left in the shade. 

Investigating community water collection and storage practices may aid in 

improving access to safe and clean water in the community. Exposure to a large 
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range of environmental contaminants may n also impact estrogenic activity as seen 

in the estrogenic activity seen in the sample from the dam and warrants further 

investigation. 

 

2. Determine the occurrence of selected pharmaceuticals in water  samples 

using ultra-high-performance liquid chromatography (UPLC)  

 

Findings: Quantitative screening showed that three different antibiotics could be 

detected, Ciprofloxacin, Sulfamethoxazole and Vancomycin in six out of the 15 

samples. The qualitative screening showed that the most predominant possible 

compound across all samples was Atrazine and its metabolite atrazine-

desisopropyl. The community tap, near a nursery, is interesting to note as it 

contains herbicides and requires further investigation. 

 

3. Determine the occurrence of viral contaminants in drinking water and 

wastewater samples using real-time reverse transcription-polymerase chain 

reaction (RT-PCR). 

 

Findings: None of the 2 samples taken from the showed to contain any Norovirus 

GI or GII, however Adenovirus was detected in varying concentrations in both 

samples and further investigation is needed. 

 

It is evident that water is a potential source of human exposure to EDCs and 

pharmaceuticals and viruses, for the drinking water was found to be oestrogenic and 

can contain pharmaceuticals and adenovirus. Also, poverty-stricken rural communities 

such as Melusi will be at higher risk since they lack proper water services in the area. 

The findings suggest that community knowledge, attitudes and practices to water 

pollution and water storage practices would be essential. This information, coupled 

with the findings from this study, would enable community information sessions and 

workshops to be held to improve the safe handling of waste, and practices that 

improve the safe storage of water.  
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CHAPTER 7: RECOMMENDATIONS 
 

Low levels of estrogenic activity were frequently detected in most samples a 

monitoring strategy is therefore recommended for the municipalities filling the JOJO 

tanks. Continued monitoring and constant refilling of JOJO tanks is vital to reduce any 

potential estrogenic activity of the water in the JOJO tanks (for example the high EEq 

concentration seen at JOJO C after being left empty) to identify the source and take 

remedial action as soon as possible. Also, more focus on EDC in water quality 

guidelines will contribute to better monitoring of water quality regarding EDCs. 

 

This study used a grab sample approach, and a follow up study should be conducted 

to monitor the changes in concentrations of the emerging contaminants over time with 

an increased sample size. Effect-based monitoring of water sources would need to be 

explored to fully elucidate the effects of the complex mixtures seen in the water 

sources in Melusi. 

 

Based on the estrogenic activity and presence of a wide range of emerging 

contaminants in the water, future studies should explore a health risk assessment, to 

understand the risks exposure to these aquatic pollutants may have on the health of 

the Melusi community. 

 

More awareness can be created of the harm that endocrine disruptors and 

pharmaceuticals can cause. This research project was presented at a United Nations 

Children’s Fund One Health for Change (UNICEF-OHC) Symposium and more people 

need to be made aware of the impact that these contaminants have on human health. 

 

The community must be more empowered to better equip them to the harm that these 

contaminants can cause. This research will contribute to a Community Resilience 

Planning Guide and the Community Resilience Development Framework that will be 

developed specifically for the South African context and will address the community's 

short term and long-term needs. Further research needs to develop strategies to 

improve community health and well-being, especially through an integrative approach. 
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This study shows that water is a potential source of human exposure to EDCs and 

pharmaceuticals, for the drinking water was found to be oestrogenic and contain 

pharmaceuticals and viruses. Also, poverty-stricken rural communities such as Melusi 

will be at higher risk since they lack proper water services in the area. Together with 

other sources of exposure, the potential for health risks needs further investigation. 

With regards to sustainability going forward our country aims to move toward 

establishing sustainable cities (SDG 11), access to water and sanitation (SDG 6), and 

an environment free from chemicals and other pollutants (SDG 3), this study 

contributed to attaining health and well-being for all. 
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sources of phthalate exposure with human biomonitoring: Results of a 48h fasting 

study with urine collection and personal activity patterns. Int J Hyg Environ Health 

2013; 216(6):672-81. doi:10.1016/j.ijheh.2012.12.002 

 

42. Bjorklund K, Stromvall AM, Malmqvist PA, Cousins AP. Phthalates and 

nonylphenols in urban runoff: Occurrence, distribution and area emission factors. Sci 

Total Environ. 2009; 407(16):4665-72. doi:10.1016/j.scitotenv.2009.04.040 

 

43. Pascoli Mn, Lopes-Oliveira PcJ, Fraceto LF, Seabra AB, Oliveira HC. State of the 

art of polymeric nanoparticles as carrier systems with agricultural applications: A 

minireview. Ener Ecol Environ. 2018; 3(3):137-48. doi:10.1007/s40974-018-0090-2 

 

44. Guo W, Pan B, Sakkiah S, Yavas G, Ge W, Zou W, et al. Persistent organic 

pollutants in food: Contamination sources, health effects and detection methods. Int J 

Environ Res Public Health. 2019; 16(22) doi:10.3390/ijerph16224361 

 

45. Dabrowski JM. Development of pesticide use maps for South Africa: Research 

article. South Afr J Sci. 2015; 111(1):52-8. doi:10.17159/sajs.2015/20140091 

 

46. Bornman M, Barnhoorn IEJ, Genthe B, van Vuren J, Wagenaar GM, Aneck-Hahn 

N, et al. Ddt for malaria control: Effects in indicators and health risk. 2010. Pretoria: 

University of Pretoria: Report No.: 1674/1/09. 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



94 

 

47. Aris AZ, Shamsuddin AS, Praveena SM. Occurrence of 17α-ethynylestradiol (ee2) 

in the environment and effect on exposed biota: A review. Environ Int. 2014; 69:104-

19. doi:10.1016/j.envint.2014.04.011 

 

48. Rearick DC, Fleischhacker NT, Kelly MM, Arnold WA, Novak PJ, Schoenfuss HL. 

Phytoestrogens in the environment, i: Occurrence and exposure effects on fathead 

minnows. Environ Tox Chem. 2014; 33(3):553-9. doi:10.1002/etc.2461 

 

49. A Aris AZ, Shamsuddin AS, Praveena S. Occurrence of 17α-ethynylestradiol (ee2) 

in the environment and effect on exposed biota: A review. Environ Int. 2014; 69:104–

19. 

 

50. Wojnarowski K, Podobiński P, Cholewińska P, Smoliński J, Dorobisz K. Impact of 

estrogens present in environment on health and welfare of animals. Animals. 2021; 

11(7) doi:10.3390/ani11072152 

 

51. S Sánchez-Garrido MA, García-Galiano D, Tena-Sempere M. Early programming 

of reproductive health and fertility: Novel neuroendocrine mechanisms and 

implications in reproductive medicine. Hum Reprod Update. 2022; 28(3):346-75. 

doi:10.1093/humupd/dmac005 

 

52. Naidu R, Arias Espana VA, Liu Y, Jit J. Emerging contaminants in the environment: 

Risk-based analysis for better management. Chemosphere. 2016; 154:350-7. 

doi:10.1016/j.chemosphere.2016.03.068 

 

53. Kolpin DW, Furlong ET, Meyer MT, Thurman EM, Zaugg SD, Barber LB, et al. 

Pharmaceuticals, hormones, and other organic wastewater contaminants in US. 

Streams, 1999-2000: A national reconnaissance. Environ Sci Technol. 2002; 

36(6):1202-11. doi.org/10.1021/es011055j 

 

54. Li S, Wen J, He B, Wang J, Hu X, Liu J. Occurrence of caffeine in the freshwater 

environment: Implications for ecopharmacovigilance. Environ Poll: Part B. 2020; 

263(Part B) doi:10.1016/j.envpol.2020.114371 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



95 

 

55. Fekadu S, Alemayehu E, Dewil R, Van der Bruggen B. Pharmaceuticals in 

freshwater aquatic environments: A comparison of the African and European 

challenge. Science Total Environ. 2019; 654:324-37. 

doi:10.1016/j.scitotenv.2018.11.072 

 

56. Boxall ABA, Rudd MA, Brooks BW, Caldwell DJ, Choi K, Hickmann S, et al. 

Pharmaceuticals and personal care products in the environment: What are the big 

questions? Environ Health Perspect. 2012; 120(9):1221-9. DOI: 

10.1289/ehp.1104477 

 

57. Ayukekbong JA, Ntemgwa M, Atabe AN. The threat of antimicrobial resistance in 

developing countries: Causes and control strategies. Antimicrob Resist Infect Control. 

2017; 6:47. doi:10.1186/s13756-017-0208-x 

 

58. Rivas Chen F, Chefetz B, Thompson ML. Comparison of adsorption behaviors of 

selected endocrine-disrupting compounds in soil. J Environ Qual. 2021; 50(3):756-67. 

doi:10.1002/jeq2.20221 

 

59. Yu W, Du B, Yang L, Zhang Z, Yang C, Yuan S, et al. Occurrence, sorption, and 

transformation of free and conjugated natural steroid estrogens in the environment. 

Environ Sci Poll Res. 2019; 26(10):9443-68. doi:10.1007/s11356-019-04402-z 

 

60. Quinn L, Pieters R, Nieuwoudt C, Borgen AR, Kylin H, Bouwman H. Distribution 

profiles of selected organic pollutants in soils and sediments of industrial, residential 

and agricultural areas of South Africa. J Environ Monit. 2009; 11(9):1647-57. 

doi:10.1039/b905585a 

 

61. Richardson SD. Water analysis: Emerging contaminants and current issues. 

Analyt Chem. 2009; 81(12) doi.org/10.1021/acs.analchem.7b04577 

 

62. Tijani JO, Fatoba OO, Petrik LF. A review of pharmaceuticals and endocrine-

disrupting compounds: Sources, effects, removal, and detections. Wat Air and Soil 

Poll. 2013; 224(11) doi:10.1007/s11270-013-1770-3 

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



96 

 

63. Hester RE, Harrison RM Pharmaceuticals in the environment. [Cambridge]: Royal 

Society of Chemistry; 2015. doi.org/10.1039/9781782622345. 

 

64. Thompson KC, Gray J Water contamination emergencies :Enhancing our 

response. Cambridge: Royal Society of Chemistry; 2006 

https://doi.org/10.1039/9781847552426. 

 

65. Kabir ER, Rahman MS, Rahman I. A review on endocrine disruptors and their 

possible impacts on human health. Environ Toxicol Pharmacol. 2015; 40(1):241-58. 

doi:10.1016/j.etap.2015.06.009 

 

66. Reiter LW, Falk H, Groat CG, Coussens C, Institute of Medicine . Roundtable on 

Environmental Health Sciences R, Medicine, et al. From source water to drinking water 

: Workshop summary. [Internet] Washington, D.C.: National Academies Press; 2004 

http://public.eblib.com/choice/publicfullrecord.aspx?p=3377818 

 

67. Forte M, Mita L, Mita DG, De Falco M, Laforgia V, Crispi S, et al. Triclosan and 

bisphenol a affect decidualization of human endometrial stromal cells. Mol Cell 

Endocrinol. 2016; 422:74-83. doi:10.1016/j.mce.2015.11.017 
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