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Wastewater treatment plant (WWTP) is the major source for steroid estrogens loaded 

into aquatic environment because wastewater treatment systems are generally designed 

to remove basic wastewater parameters. Amongst steroid estrogens, natural 17β-

estradiol (E2) and synthetic 17α-ethinylestradiol (EE2) are potent in estrogenic potency 

and have been classified as “Watch List” in Directive 2013/39/EU. The general 

objective of the study is to analyze the occurrence, removal, and potential risks of 

natural E2 and synthetic EE2 in six selected WWTPs located in Klang Valley. The 

specific objectives of the study are: (1) to determine natural E2 and synthetic EE2 

concentrations and wastewater physicochemical parameters in influent and effluent, (2) 

to identify the influence of socio-demographic profile on natural E2 and synthetic EE2 

concentration in influent, (3) to evaluate the removal efficiency of natural E2 and 

synthetic EE2 in WWTP, (4) to analyze relationship between wastewater 

physicochemical parameters associated with natural E2 and synthetic EE2 removal in 

WWTP, and (5) to assess the potential risks of natural E2 and synthetic EE2 to human 

and aquatic environment. Wastewater samples were collected bimonthly for a period of 

six months (from March to July 2016) from influent and effluent of six selected 

WWTPs located in Klang Valley. The wastewater samples were analyzed using 17β-

estradiol and 17α-ethynylestradiol ELISA kit. Kruskal-Wallis test and principal 

component analysis (PCA) were used for statistical analysis. Risk quotient (RQ) was 

applied for human risk while mathematical models such as estradiol equivalent 

concentration (EEQ) and concentration addition (CA) models were applied for aquatic 

environment risk. Quantitative results showed natural E2 concentration was 88.17±7.03 

ng/L to 93.93±6.91 ng/L in influent and 35.10±17.33 ng/L to 85.20±7.54 ng/L in 

effluent. Synthetic EE2 concentration was 0.22±0.21 ng/L to 4.94±6.32 ng/L in influent 

and 0.02±0.02 ng/L to 1.04±0.77 ng/L in effluent. For wastewater physicochemical 

parameters, total suspended solid was 95.17±3.96 mg/L to 129.80±4.95 mg/L in 

influent and 2.84±0.95 mg/L to 14.67±0.57 mg/L in effluent, pH was 6.73±0.01 to 

7.04±0.03 in influent and 6.79±0.06 to 6.95±0.02 in effluent, oxidation reduction 

potential was -29.20±3.20 mV to -18.07±1.93 mV in influent and 5.37±3.25 mV to 
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16.77±3.93 mV in effluent, and temperature was 32.20±0.1°C to 35.60±2.31°C in 

influent and 32.47±0.12°C to 34.63±0.67°C in effluent. Kruskal-Wallis test indicated 

significant difference between natural E2, synthetic EE2 concentrations in influent and 

socio-demographic profile (gender, marital status, education, and household). The 

removal efficiency was 6.4% to 63.0% for natural E2 and 28.3% to 99.3% for synthetic 

EE2. The PCA indicated wastewater physicochemical parameters were associated 

significantly with natural E2 and synthetic EE2 removal efficiency in WWTP. For 

human risk, cumulative RQ value was below the allowable limit, except WWTP 1. For 

aquatic environment risk, EEQ model predicted estrogenic activity of 35.1 EEQ-ng/L 

to 85.3 EEQ-ng/L, while CA model predicted estrogenic activity of 105.4 ng/L. 

However, these estrogenic activity in aquatic environment could be lower due to 

dilution effect through rainfall. This study output is useful as baseline quantitative data 

of E2 and EE2 in Klang Valley WWTPs and its potential risks to human and aquatic 

environment. 
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Loji rawatan kumbahan (WWTP) merupakan punca utama estrogen steroid masuk ke 

dalam lingkungan akuatik kerana sistem rawatan kumbahan biasanya direka untuk 

menyingkirkan parameter air kumbahan asas. Antara estrogen steroid, 17β-estradiol (E2) 

semulajadi dan 17α-ethinylestradiol (EE2) sintetik berpotensi dalam potensi estrogenik 

dan telah dikelaskan sebagai “Watch List” dalam Directive 2013/39/EU. Objektif 

umum kajian ini adalah untuk menganalisis kepekatan, kecekapan penyingkiran, dan 

potensi risiko E2 semulajadi dan EE2 sintetik di enam buah WWTP terpilih yang 

terletak di Lembah Klang. Objektif kajian ini adalah: (1) untuk menentukan kepekatan 

E2 semulajadi dan sintetik EE2, dan parameter fizikokimia kumbahan di influen dan 

efluen, (2) untuk mengenal pasti pengaruh profil sosio-demografi terhadap kepekatan 

E2 semulajadi dan EE2 sintetik di influen, (3) untuk menilai kecekapan penyingkiran E2 

semulajadi dan EE2 sintetik dalam WWTP, (4) untuk menganalisis hubungan antara 

parameter fizikokimia kumbahan dikaitkanan dengan kecekapan penyingkiran E2 

semulajadi dan EE2 sintetik dalam WWTP, dan (5) untuk menilai potensi risiko E2 

semulajadi dan EE2 sintetik terhadap manusia dan lingkungan akuatik. Sampel air 

kumbahan dikumpulkan dua bulan sekali dalam tempoh enam bulan (dari Mac hingga 

Julai 2016) dari influen dan effluen enam buah WWTP terpilih yang terletak di 

Lembah Klang. Sampel air kumbahan dianalisis dengan menggunakan kit ELISA 17β-

estradiol dan 17α-ethynylestradiol. Ujian Kruskal-Wallis dan analisis komponen utama 

(PCA) telah digunakan untuk analisis statistik. Risk quotient (RQ) digunakan untuk 

menilai risiko manusia manakala model matematik seperti model kepekatan estradiol 

(EEQ) dan model penambahan kepekatan (CA) digunakan untuk menilai risiko 

lingkungan akuatik. Hasil kuantitatif menunjukkan kepekatan E2 semulajadi adalah 

88.17±7.03 ng/L hingga 93.93±6.91 ng/L bagi influen dan 35.10±17.33 ng/L hingga 

85.20±7.54 ng/L bagi efluen. Kepekatan EE2 sintetik adalah 0.22±0.21 ng/L hingga 

4.94±6.32 ng/L bagi influen dan 0.02±0.02 ng/L hingga 1.04±0.77 ng/L bagi efluen. 

Untuk parameter fizikokimia kumbahan, jumlah pepejal terampai adalah 95.17±3.96 

mg/L hingga 129.80±4.95 mg/L bagi influen dan 2.84±0.95 mg/L hingga 14.67±0.57 

mg/L bagi efluen, pH adalah 6.73±0.01 hingga 7.04±0.03 bagi influen dan 6.79±0.06 



© C
OPYRIG

HT U
PM

iv 

 

hingga 6.95±0.02 bagi efluen, potensi penurunan oksidasi adalah -29.20±3.20 mV 

hingga -18.07±1.93 mV bagi influen dan 5.37±3.25 mV hingga 16.77±3.93 mV bagi 

efluen, dan suhu adalah 32.20±0.1°C hingga 35.60±2.31°C bagi influen dan 

32.47±0.12°C hingga 34.63±0.67°C bagi efluen. Ujian Kruskal-Wallis menunjukkan 

perbezaan bererti antara kepekatan E2 semulajadi, EE2 sintetik di influen dan profil 

sosio-demografi (jantina, status perkahwinan, pendidikan, dan isi rumah). Kecekapan 

penyingkiran adalah 6.4% hingga 63.0% bagi E2 semula jadi dan 28.3% hingga 99.3% 

bagi EE2 sintetik. Analisis PCA menunjukkan parameter fizikokimia kumbahan 

dikaitkan dengan kecekapan penyingkiran E2 semulajadi dan EE2 sintetik dalam 

WWTP. Untuk risiko manusia, nilai kumulatif RQ adalah di bawah had yang 

dibenarkan, kecuali WWTP 1. Untuk risiko lingkungan akuatik, model EEQ 

meramalkan aktiviti estrogenik dari julat 35.1 EEQ-ng/L hingga 85.3 EEQ-ng/L, 

manakala model CA meramalkan aktiviti estrogenik 105.4 ng/L. Walau bagaimanapun, 

aktiviti estrogenik dalam lingkungan akuatik boleh lebih rendah disebabkan kesan 

pencairan melalui hujan. Output kajian ini berguna sebagai data kuantitatif asas bagi E2 

semulajadi dan EE2 sintetik di WWTP Lembah Klang dan potensi risiko terhadap 

manusia dan lingkungan akuatik. 

 

 

Kata kunci: Loji rawatan kumbahan, Estrogen steroid, Kecekapan penyingkiran, 

Risiko potensi 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1  Background of study 

 

 

Endocrine disrupting compounds (EDCs) comprise a wide variety of contaminants, 

involving surfactants, plasticizers, pesticides, as well as natural and synthetic estrogens 

(Esperanza et al., 2007). Endocrine disrupting compounds have received considerable 

attention worldwide because of their potential as environmental contaminants that are 

capable of interfering with the normal functions of the endocrine system (Yang et al., 

2011). These EDCs could either mimic or prevent the endocrine system in human and 

aquatic organisms by disrupting the normal function of these glands thus potentially 

elicit negative effects on endocrine systems (Chang et al., 2009). The lowest observable 

effect concentration (LOEC), particularly for estrogens, was at the range of 0.2 ng/L to 

1.0 ng/L, which could cause estrogenic effects in fish at laboratory (Zha et al., 2008). 

Based on Adeel et al. (2017), human health could be affected by consuming 

contaminated fish or drinking water. 

 

 

Amongst this large group of EDCs, steroid estrogens are of particular interest for their 

relatively high estrogenic potency (Ternes et al., 1999), which found to be 102-107 

times more potent than other EDCs (Legler et al., 1999, 2002a, 2002b). Farre et al. 

(2007) stated that steroid estrogens have high estrogenic potency with physiological 

active concentrations ranging from picograms per liter (pg/L) to nanograms per liter 

(ng/L). Based on Water Framework Directive (WFD), the proposed annual average 

environmental quality standards (AA-EQS) value for priority substances were as low as 

3600 pg/L, 400 pg/L and 35 pg/L for estrone (E1), 17β-estradiol (E2), and 17α-

ethynylestradiol (EE2), respectively (Kase et al., 2018).  

 

 

Natural estrogens (E1, E2, and E3) naturally secreted by the adrenal cortex, placenta, 

testis, and ovary in human, while synthetic EE2 is a major component in oral 

contraceptive and hormone therapy pills (Zhang et al., 2011; Ye et al., 2012). Amongst 

these steroid estrogens, natural E2 and synthetic EE2 are the most potent in estrogenic 

potency (Desbrow et al., 1998; Racs and Goel, 2009). Natural E2 and synthetic EE2 

have been classified as “Watch List” in Directive 2013/39/EU, because they are used as 

active ingredients in oral contraceptive and hormone therapy pills (Manickum and John, 

2015; Cunha et al., 2016), in order to collect more monitoring data to support the 

priority substances list under the WFD since there is no maximum tolerable 

concentrations were determined so far (Cunha et al., 2016).  

 

 

Municipal wastewater is the main disposal pathway for human waste born estrogenic 

compounds providing synthetic estrogen ingested will excrete together with natural 

estrogens as urine and feces that eventually enter the wastewater stream (Hamid and 

Eskicioglu, 2012). Wastewater treatment plant (WWTP) is regarded as the major 

source for steroid estrogens release to aquatic environment because the wastewater 
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treatment systems are generally designed to remove basic physical, chemical, and 

biological wastewater parameters (Aerni et al., 2004). Instead, estrogen are organic 

compounds (Sparkman et al., 2011), which involve basic wastewater parameters for 

removal, such as sorp to suspended solid (physically), or biodegrade by organism 

where biological oxygen demand is measured (biologically). 

 

 

1.2  Problem statement 

 

 

Wastewater treatment plant has been a major point source of emerging pollutants into 

water bodies, provided that estrogenic compounds are not a design criterion for 

conventional wastewater treatment system (Hamid and Eskicioglu, 2012). Globally, the 

WWTPs were estimated to eliminate about 50.0% of the total estrogens in wastewater 

(Cargouet et al., 2004). To date, quantification of steroid estrogens in WWTPs has been 

conducted in several countries. Mohagheghian et al. (2014) study in Iran reported 

natural E1 (71.8% removal), natural E2 (68.2% removal) and synthetic EE2 (80.4% 

removal) were partially removed in activated sludge treatment systems, with 

concentration of 3.2±0.8 ng/L, 0.9±0.5 ng/L, and 1.2±0.4 ng/L respectively detected in 

effluent, and indicated adverse effects to environment. Besides, Manickum and John 

(2014) study in South Africa observed contamination of downstream river due to 

partial estrogens removal in wastewater treatment systems, at estrogenic activity of 3.5 

ng-EEQ/L (natural E2) and 15.2 ng-EEQ/L (synthetic EE2), which eventually served as 

raw source to drinking water treatment plants. In Malaysia, limited studies were 

conducted on occurrence and removal of steroid estrogens in WWTPs. Study done by 

Al-Odaini et al. (2013) determined occurrence of synthetic hormones (levonorgestrel, 

norethindrone, cyproterone acetate, and EE2) in WWTP effluent, with concentration 

detected less than method detection limit (<MDL), <MDL–11336 ng/L, <MDL-262 

ng/L, and <MDL-1898 ng/L respectively, and indicated potential risks to aquatic 

environment and drinking water. However, understanding on the occurrence and 

removal of steroid estrogens (natural E2 and synthetic EE2) in both influent and effluent 

of Klang Valley WWTPs together with its risks to the receiving rivers is very limited. 

 

 

Steroid estrogens quantification involves high cost and challenging due to complexity 

of wastewater matrix, low concentration (pg/L to ng/L) in wastewater, and laborious 

instrumental analysis protocols (Johnson and Williams, 2004; Umali et al., 2012). 

Previous studies had shown wide application of instrumental analytical techniques such 

as gas chromatography mass spectrometry (GCMS) (Atkinson et al., 2012; Pessoa et al., 

2014) and liquid chromatography mass spectrometry (LCMS) (Sim et al., 2011; Muz et 

al., 2012) to quantify steroid estrogens in wastewater samples. However, application of 

instrumental GCMS often required derivatization step for better sensitivity, attribute to 

low volatility of steroid estrogens (Briciu et al., 2009). The application of LCMS is 

expensive because high consumption of solvents is required, and qualified personnel is 

needed for complex instrumental operation (Mauricio et al., 2006; Pacakova et al., 

2009). Therefore, there is a necessity for rapid, simple, and cost-effective analytical 

technique such as non-instrumental enzyme-linked immunosorbent assay (ELISA) in 

steroid estrogens quantification (Farre et al., 2007). To date, ELISA has been used by 

Dorabawila and Gupta (2005) for determination of natural E2 in environmental samples, 

because of its good sensitivity that can detect as low as 50 pg/L. The ELISA was also 

used by Swart and Pool (2007) to quantify steroid hormones in environmental samples, 
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which is simple because large number of samples can be analysed simultaneously, and 

cheap because the kit provides manual and all needed chemical for amalysis. In 

Malaysia, ELISA was used to diagnose infectious disease, such as avian influenza 

(Ong et al., 2010), human immunodeficiency virus (Paranthaman et al., 2015), and 

foot-and-mouse disease (Zubaidah et al., 2017). Yet, application of ELISA for steroid 

estrogens quantification in wastewater samples is very limited studied.  

 

 

The European Commission had highlighted the estrogenic activity of estrogens mixture 

in wastewater effluent, and acknowledged the need to implement monitoring and risk 

assessments methods (European Commission, 2012). However, the potential risks of 

estrogenic activity to human is rarely evaluated since the exposure threshold value 

(ETV) is unavailable. In perspectives of potential risks to aquatic environment, direct 

measuring of estrogenic activity by analytical monitoring is an expensive and time-

consuming approach, which may pose challenges during study design, data analysis 

and interpretation (Sumpter et al., 2006). The measuring techniques could combine 

with mathematical models for greatest confidence in risk assessment. Several studies 

have employed mathematical model to predict the toxicity of chemicals mixture. Zhang 

et al. (2011) used estradiol equivalent concentration (EEQ) model to predict total 

estrogenic activity (EEQt) of natural E1, E2, E3, synthetic EE2, diethylstilbestrol, OP 

and NP in WWTP effluent (3.5-29.6 ng-EEQ/L), and indicated the potential to pose 

ecological risk to the receiving river. Avbersek et al. (2011) also used EEQ model to 

determine EEQt of natural E2, E3, and synthetic EE2 in WWTP effluent (1.7 ng-EEQ/L) 

and highlighted low potency natural E3 could contribute to EEQt. On the other hand, 

Rider and LeBlanc (2005) used concentration addition (CA) model to assess the 

toxicity of pesticides chemical in ternary mixture. Hadrup et al. (2013) also used CA 

model to predict the toxicity of pesticide chemical mixture, and proven the presence of 

multiple chemicals contribute to mixture effects. To date, only Bermudez et al. (2012) 

employed both EEQ and CA models to evaluate the estrogenic activity of 

environmental estrogens mixtures (equilin, mestranol, natural E1, E2, and synthetic EE2) 

in animal waste. However, the quality of Klang Valley WWTPs effluent in terms of 

estrogenic pollution remains unclear. 

 

 

1.3  Study justification 

 

 

Steroid estrogens, as emerging organic compounds in wastewater are limited studied 

because there is currently no legislation for maximum allowable levels in water matrix 

(Umali et al., 2012). By understanding the occurrence and removal of natural E2 and 

synthetic EE2 in Klang Valley WWTPs, the adverse effects of estrogenic pollutants to 

human and aquatic environment could be determined. There is a great concern 

regarding the threats of steroid estrogens presence in WWTP effluent, as the treated 

wastewater is eventually released to the receiving river (Muz et al., 2012). Their 

eventual presence in the receiving river has the potential to bio-accumulate and enter 

the food chain as drinking water (Magi et al., 2010), thus affect reproduction and 

development of human (Manickuma and John, 2014). Besides, studies reported 

concentration as low as 1.0 ng/L of natural E2 (Routledge et al., 1998) and 0.5 ng/L of 

synthetic EE2 (Hansen et al., 1998) could induce vitellogenin production in fish. 
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Non-instrumental ELISA is indispensable for rapid, simple, and cost-effective method 

for steroid estrogens quantification in environmental samples (Farre et al., 2007; Swart 

and Pool, 2007). This is because, ELISA analysis is performed using 96 well plates, 

where large numbers of samples involving blank and spike samples can be analyzed 

simultaneously (Pacakova et al., 2009). The assay involved in ELISA is relatively 

cheap compared to the cost of the instrumental analytical techniques because ELISA 

kit includes all chemicals needed as well as manual for the analysis (Mispagel et al., 

2009). Besides, ELISA has good sensitivity with detection limit as low as picogram, 

which is more sensitive than instrumental analytical techniques that detect up to 

nanogram (Mauricio et al., 2006). Based on Auckland Regional Council, ELISA was 

validated to be adequate for steroid estrogens analysis with good recovery rates 

(Singhal et al., 2009).  

 

 

The potential risks of estrogenic activity to human is assessed because Aerni et al. 

(2004) observed estrogenic activity as low as 0.1 ng/L are sufficient to cause estrogenic 

effects to human. The potential risks of estrogenic activity to aquatic environment is 

assessed because exposure studies reported fish exposed to 1.0 ng/L of natural E2 

(Routledge et al., 1998) and 0.1 ng/L of synthetic EE2 (Desbrow et al., 1998) could 

exhibit changes in biomarkers due to estrogenic activity. Application of both EEQ and 

CA models to predict the estrogenic activity in WWTP effluent is for the comparison 

of two predictive models. This is because, CA model is extensively used in chemical 

mixture toxicity research, while EEQ model which is a derived approach of CA model 

required less data for prediction due to assumptions of parallel concentration curve is 

made (Bermudez et al., 2012). Despite the fact complex chemical matrices in a real-

world mixture could weaken both CA and EEQ models in estrogenic activity prediction 

(Kortenkamp et al., 2009), these models had the strength that allow for easier and quick 

interpretation of effect-based mixture quality monitoring data (Bermudez et al., 2012). 

Besides, application of EEQ and CA models in estrogenic activity predictions require 

less time and low cost (Ting et al., 2017), because they involved mathematical 

formulae, where the raw data could be obtained from measuring technique.  

 

 

1.4  Significance of study 

 

 

This study is a pioneer work to understand the occurrence and removal of natural E2 

and synthetic EE2 in Klang Valley WWTPs. This is the first attempt that involved non-

instrumental ELISA to quantify steroid estrogens in wastewater samples, which 

subsequently assessed the potential risks to aquatic environment by using mathematical 

modelings. Hence, the outputs from present study are applicable as baseline data in 

Malaysia. The data obtained from present study will be useful and enables alert 

relevant practitioners regarding this issue. By understanding fate of steroid estrogens in 

six different WWTPs, will provide insights into which wastewater treatment systems 

can remove estrogenic compounds more effectively. Besides, understanding the fate of 

steroid estrogens within the WWTPs will yield better removal technology based on 

minor modifications of current wastewater treatment systems, so the effluent 

discharged to the receiving river will be more environmental friendly and safe. 

Moreover, the outputs from mathematical modelings (CA and EEQ models) can be 

used to address the shortage of information on environmental toxicity caused by 

WWTPs. 
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1.5  Research objectives  

 

 

The general objective of the study is to analyze the occurrence, removal, and potential 

risks of natural E2 and synthetic EE2 in six selected WWTPs located in Klang Valley. 

 

 

The specific objectives of the study are: 

i. To determine natural E2 and synthetic EE2 concentrations and wastewater 

physicochemical parameters (TSS, pH, temperature, and ORP) in influent and 

effluent. 

ii. To identify the influence of socio-demographic profile on natural E2 and 

synthetic EE2 concentration in influent. 

iii. To evaluate the removal efficiency of natural E2 and synthetic EE2 in WWTP. 

iv. To analyze relationship between wastewater physicochemical parameters 

associated with natural E2 and synthetic EE2 removal in WWTP. 

v. To assess the potential risks of natural E2 and synthetic EE2 to human and 

aquatic environment. 

 

 

1.6  Research hypotheses 

 

 

The research hypotheses of the study are: 

i. There is a significant difference between socio-demographic profile based on 

natural E2 and synthetic EE2 concentration in influent. 

ii. There is a significant association between wastewater physicochemical 

parameters with natural E2 and synthetic EE2 removal in WWTP. 

 

 

1.7  Scope of study 

 

 

This study focused on the occurrence, removal, and potential risks of natural E2 and 

synthetic EE2 (estrogenic pollutants) in six selected WWTPs in Klang Valley. The 

quantification was carried out by using simple, rapid, and cost-effective non-

instrumental ELISA, which was appeared to be the most reliable analytical techniques 

to quantify ultra-trace concentration of steroid estrogens in wastewater samples. Socio-

demographic profile for population living nearby six selected WWTPs was obtained to 

describe the potential sources of estrogens in WWTPs influent. The influence of socio-

demographic profile on natural E2 and synthetic EE2 concentration in influent was 

determined. Besides, the removal efficiency of natural E2 and synthetic EE2 in WWTP 

was evaluated. The wastewater physicochemical parameters (TSS, pH, temperature, 

and ORP) associated with natural E2 and synthetic EE2 removal in WWTP was 

identified. Finally, the potential risks of estrogenic activity (estrogenic pollutants 

mimic action of natural E2, binds to normal estrogen receptor and interfere normal 

estrogen signalling process) to human and aquatic environment were assessed.  
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1.8  Study limitation 

 

 

The quantification and assessment of estrogenic activity in WWTPs effluent would be 

more ideal if the study was conducted continuously over long term; daily, weekly or 

monthly. Burt et al. (2008) emphasize that generating long term data sets will provide 

more reliable outputs and allow observations on the gradual change of estrogenic 

activity in WWTPs effluent. The long-term monitoring is essential to further 

understand data stability and its reasons, as well as observe gradual change and its 

causes. On the other hand, prediction of estrogenic activity in a real-world WWTP 

effluent mixture is more challenging by application of EEQ and CA models, due to the 

complex chemical matrices involved. There are other industrial chemicals (Bisphenol 

A, phathalates) and estrogenic compounds (estrone, estriol, other steroidal estrogens, 

conjugates of steroidal estrogens, phyoestrogens) that are capable of invoking the 

estrogenic response present in WWTPs effluent (Tanaka et al., 2001; Pawlowski et al., 

2003; Aerni et al., 2004; Liney et al., 2005). Likewise, the occurrence of antagonists in 

WWTP effluent may inhibit the estrogen responsive pathway and alter the estrogenic 

potency of the mixture, which could lead to reduction in estrogenic activity (Thorpe et 

al., 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

98 

 

REFERENCES 

 

 

Abdullah, B., Moize, B., Ismail, B.A., Zamri, M. and Mohd Nasir, N. (2016).  

Prevalence of menopausal symptoms, its effect on quality of life among 

Malaysian women and their treatment seeking behaviour. Med J Malaysia 

72(2): 94-99. 

 

Activella. (2006). Accessed on October 2018. Available at:  

https://www.accessdata.fda.gov/drugsatfda_docs/label/2006/022001lbl.pdf 

(accessed 23 October 2018) 

 

Adeel, M., Song, X.M., Wang, Y.Y., Francis, D. and Yang, Y.S. (2017).  

Environmental impact of estrogens on human, animal and plant life: A critical 

review. Env Int 99:107-119. 

 

Aerni, H.R., Kobler, B., Rutishauser, B.V., Wettstein, F.E., Fischer, R., Giger, W.,  

Hungerbuhler, A., Marazuela, M.D., Peter, A., Schonenberger, R., Vogeli, 

A.C., Suter, M.J.F. and Eggen, R.I.L. (2004). Combined biological and 

chemical assessment of estrogenic activities in wastewater treatment plant 

effluents. Anal Bioanal Chem 378:688-696. 

 

Ahmad, N., Tey, N.P., Kamarulzaman, K.F., Sapri, N.A.M., Manaf, M.A., and Yeoh,  

Y.K. (2010). Status of family planning in Malaysia, Paper presented at Family 

Planning in Asia and the Pacific Addressing the Challenges, Bangkok, 

Thailand. 8-10 December 2010. 

 

Aizat, M.M., Roslan, M.K.M. and Sulaiman, W.N.A. (2013). Water quality index of  

selected station at Rasau River, Ayer Hitam Forest Reserve, Puchong, 

Selangor. J Water Res 1:37-42. 

 

Alda, M. J. L. and Barcelo, D. (2001). Review of analytical methods for the  

determination of estrogens and progestrogens in waste waters. J Anal Chem 

371:437-447. 

 

Al-Odaini, N.A., Zakaria, M.P., Yaziz, M.I., Surif, S. and Kannan, N. (2013).  

Occurrence of synthetic hormones in sewage effluents and Langat River and 

its tributaries, Malaysia. Inter J Environ Anal Chem 93:1457-1469. 

 

Andersen, H., Siegrist, H., Halling-Sorensen, B. and Ternes, T.A. (2003). Fate of  

estrogens in a municipal sewage treatment plant. Environ Sci Technol 

37(18):4021-4026. 

 

Andersen, H.R., Hansen, M., Kjolholt, J., Stuer-Lauridsen, F., Ternes, T. and Halling- 

Sorensen, B. (2005). Assessment of the importance of sorption for steroid 

estrogens removal during activated sludge treatment. Chemosphere 61:139-

146. 

 

Asuero, A.G., Sayago, A. and Gonzalez, A.G. (2006). The correlation coefficient: An  

overview. Cri Rev Anal Chem 36:41-59. 

 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2006/022001lbl.pdf


© C
OPYRIG

HT U
PM

99 

 

Atkinson, S.K., Marlatt, V.L., Kimpe, L.E., Lean, D.R.S., Trudeau, V.L. and Blais, J.M.  

(2012). The occurrence of steroidal estrogens in south eastern Ontario 

wastewater treatment plants. Sci Total Environ 430:119-125. 

 

Avbersek, M., Somen, J. and Heath, E. (2011). Dynamics of steroid estrogen daily  

concentrations in hospital effluent and connected waste water treatment plant. 

J Environ Monit 13:2221. 

 

Axelhoehnke. (2015). NABC method by the Stanford Research Institute.  

http://sembassy.com/nabc/ 

 

Aziz, H.A., Mojiri, A., Ghobahi, Y. and Zarbakhsh, M. (2014). Wastewater  

Engineering: Advanced wastewater treatment systems. Int J Sci Res Books, 

IJSR Publications, ISSN, 2322-4657. 

 

Backhaus, T. and Faust, M. (2012). Predicitve environmental risk assessment of  

chemical mixtures: A conceptual framework. Environ Sci Technol 46(5):2564-

2573. 

 

Barel-Cohen, K., Shore, L.S., Shemesh, M., Wenzel, A., Mueller, J. and Kronfeld- 

Schor, N. (2006). Monitoring of natural and synthetic hormones in a polluted 

river. J Environ Manage 78:16-23. 

 

Baresel, C., Cousins, A.P., Ek, M., Ejhed, H., Allard, A.S., Magner, J., Westling, K.,  

Fortkamp, U., Wahlberg, C., Horsing, M. and Sohr, S. (2015). Pharmaceutical 

residues and other emerging substances in the effluent of sewage treatment 

plants. Review on concentrations, quantification, behavior, and removal 

options. Swedish Environmental Research Institute: No. B 226. 

 

Barreiros, L., Queiroz, J.F., Magalhaes, L.M., Silva, A.M.T. and Segundo, M.A. (2016).  

Analysis of 17β-estradiol and 17α-ethinylestradiol in biological and 

environmental matrices-A review. Microchem J 126:243-262. 

 

Beaumont, R. (2012). An introduction to principal component analysis and factor  

analysis using SPSS 19 and R (psych package). http://assessment-

matters.weebly.com/blogs/an-introduction-toprincipal-component-analysis-

factor-analysisusing-spss-19-and-r-psych-package (accessed on 25 April 

2019). 

 

Beck, I.C., Bruhn, R. and Gandrass, J. (2006). Bioassay-directed fractionation for  

analyzing estrogens in surface waters of the German Baltic Sea. Acta 

Hydrochim Hydrobiol 34:560-567. 

 

Bermudez, D.S., Gray, L.E. and Wilson, V.S. (2012). Modelling defined mixtures of  

environmental oestrogens found in domestic animal and sewage treatment 

effluents using an in vitro oestrogen-mediated transcriptional activation assay 

(T47D-KBluc). Int J Androl 35:397-406. 

 

 

 

 

http://sembassy.com/nabc/
http://assessment-matters.weebly.com/blogs/an-introduction-toprincipal-component-analysis-factor-analysisusing-spss-19-and-r-psych-package
http://assessment-matters.weebly.com/blogs/an-introduction-toprincipal-component-analysis-factor-analysisusing-spss-19-and-r-psych-package
http://assessment-matters.weebly.com/blogs/an-introduction-toprincipal-component-analysis-factor-analysisusing-spss-19-and-r-psych-package


© C
OPYRIG

HT U
PM

100 

 

Bialk-Bienlinska, A., Kumirska, J., Borecka, M., Caban, M., Paszkiewicz, M., Pazdro,  

K. and Stepnowski, P. (2016). Selected analytical challenges in the 

determination of pharmaceuticals in drinking/marine waters and soil/sediment 

samples. J Pharmaceut Biomed 121:271-296. 

 

Bittner, G.D., Denison, M.S., Yang, C.Z., Stoner, M.A. and He, C.G. (2014).  

Chemicals having estrogenic activity can be released from some bisphenol a-

free, hard and clear, thermoplastic resins. Env Health 13:103. 

 

Braga, O., Smythe, G.A., Schafer, A.I. and Feitz, A.J. (2005). Fate of steroid estrogens  

in Australian inland and coastal wastewater treatment plants. Environ Sci 

Technol 39:3351-3358. 

 

Brian, J.V., Harris, C.A., Scholze, M., Backhaus, T., Booy, P., Lamoree, M., Pojana, G.,  

Jonkers, N., Runnalls, T., Bonfa, A., Marcomini, A. and Sumpter, J.P. (2005). 

Accurate prediction of the response of freshwater fish to a mixture of 

estrogenic chemicals. Environ Health Perspect 113: 721-728. 

 

Briciu, R. D., Kot-Wasik, A. and Namiesnik, J. (2009). Analytical challenges and  

recent advances in the determination of estrogens in water environments. J 

Chromatogr Sci 47:127-139. 

 

Burt, T.P., Howden, N.J.K., Worrall, F. and Whelan, M.J. (2008). Importance of long  

term monitoring for detecting environmental change: lessons from a lowland 

river in south east England. Biogeosciences 5:1529-1535. 

 

Campbell, C.G., Borglin, S.E., Green, F.B., Grayson, A., Wozei, E. and Stringfellow,  

W.T. (2006). Biologically directed environmental monitoring, fate, and 

transport of estrogenic endocrine disrupting compounds in water: A review. 

Chemosphere 65:1265-1280. 

 

Cao, Q., Yu, Q. and Connell, D.W. (2010). Fate simulation and risk assessment of  

endocrine disrupting chemicals in a reservoir receiving recycled wastewater. 

Sci Total Environ 408:6243-6250. 

 

Carbella, M., Omil, F., Lema, J.M., Llompart, M., Garcia-Jares, C., Rodriguez, I.,  

Gomez, M. and Ternes, T. (2004). Behaviour of pharmaceuticals, comestics, 

and hormones in a sewage treatment plant. Water Res 38: 2918-2926. 

 

Cargouet, M., Perdiz, D., Mouatassim-Souali, A., Tamisier-Karolak, S., and Levi, Y.  

(2004). Assessment of river contamination by estrogenic compounds in Paris 

area (France). Sci. Total Environ 324:55-66.  

 

Cespedes, R., Petrovic, M., Raldua, D., Saura, U., Pina, B., Lacorte, S., Viana, P. and  

Barcelo, D. (2004). Integrated procedure for determination of endocrine-

disrupting activity in surface waters and sediments by use of the biological 

technique recombinant yeast assay and chemical analysis by LC-ESI-MS. 

Anal Bioanal Chem 378:697-708. 

 

 

 



© C
OPYRIG

HT U
PM

101 

 

Chang, H.S., Choo, K.H., Lee, B. and Choi, S.J. (2009). The methods of identification,  

analysis, and removal of endocrine disrupting compounds (EDCs) in water. J 

Hazard Mater 172(1):1-12. 

 

Chang, H., Wan, Y., Wu, S., Fan, Z. and Hu, J. (2011). Occurrence of androgens and  

progestrogens in wastewater treatment plants and receiving river waters: 

comparison to estrogens. Water Res 45:732-740. 

 

Chen, T.S., Chen, T.C., Yeh, K.J.C., Chao, H.R., Liaw, E.T., Hsieh, C.Y., Chen, K.C.,  

Hsieh, L.T. and Yeh, Y.L. (2010). High estrogen concentrations in receiving 

river discharge from a connected livestock feedlot. Sci Total Environ 

408:3223-3230. 

 

Chimchirian, R.F., Suri, R.P. and Fu, H. (2007). Free synthetic and natural estrogen  

hormones in influent and effluent of three municipal wastewater treatment 

plants. Water Environ Res 79(9):969-974. 

 

Chou, T.C. and Talalay, P. (1984). Quantitative-analysis of dose-effect relationships- 

The combined effects of multiple-drugs or enzyme inhibitors. Adv Enzyme 

Regul 22:27-55. 

 

Clara, M., Strenn, B., Saracevic, E. and Kreuzinger, N. (2004). Adsorption of  

bisphenol-A, 17β-estradiole and 17α-ethinylestradiole to sewage sludge. 

Chemosphere 56:843-851. 

 

Clara, M., Kreuzinger, N., Strenn, B., Gans, O. and Kroiss, H. (2005). The solids  

retention time- A suitable design parameter to evaluate the capacity of 

wastewater treatment plants to remove micropollutants. Water Res 39:97-106. 

 

Code of Federal Regulations. Title 40: Protection of Environment. Part 63. Section  

8980. (40 CFR 63.8980). 

 

Colman, J.R., Baldwin, D., Johnson, L.L. and Scholz, N.L. (2009). Effects of the  

synthetic estrogen, 17α-ethinylestradiol, on aggression and courtship behavior 

in male zebrafish (Danio rerio). Aquat Toxicol 91(4):346-354. 

 

Combalbert, S. and Hernandez-Raquet, G. (2010). Occurrence, fate, and  

biodegradation of estrogens in sewage and manure. Appl Microbiol Biot 

86:1671-1692. 

 

Commission Decision 2002/657/EC of the European Commission of 12th August 2002  

implementing Council Directive 96/23/EC concerning the performance of 

analytical methods and the interpretation of results. 

 

Costa, E.M.F., Spritzer, P.M., Hohl, A. and Bachega, T.A.S.S. (2014). Effects of  

endocrine disruptors in the development of the female reproductive tract. Arq 

Bras Endocrinol Metab 58:153-161. 

 

Cui, C.W., Ji, S.L. and Ren, H.Y. (2006). Determination of steroid estrogens in  

wastewater treatment plant of a contraceptives producing factory. Environ 

Monit Assess 121:409-419. 



© C
OPYRIG

HT U
PM

102 

 

Cunha, D.L., Silva, S.M.C., Bila, D.M., Mota, O.J.L., Novaes, S.P. and Larentis, A.L.  

(2016). Regulation of the synthetic estrogen 17α-ethinylestradiol in water 

bodies in Europe, the United States, and Brazil Cad Saude Publica. Rio de 

Janeiro 32(3):56715. 

 

Daniel, W.W. (1999). Biostatistics: A Foundation for Analysis in the Health Sciences.  

7th edition. New York: John Wiley & Sons. 

 

Deng, J., Tang, K., Zhu, S.J., Ma, X.Y., Zhang, K.J., Song, Y.L., Li, X.Y., Li, Q.S., Liu,  

Z.H. and Zhou, K.J. (2015). Competitive degradation of steroid estrogens by 

potassium permanganate combined with ultrasound. Int J Environ Res Public 

Health 12:15434-15448. 

 

Department of Environment Malaysia (DOE). (2006). Environmental Quality Report  

2006. 

 

Desbrow, C., Routledge, E.J., Brighty, G.C., Sumpter, J.P. and Waldock, M. (1998).  

Identification of estrogenic chemicals in STW effluent. 1. Chemical 

fractionation and in vitro biological screening. Enviro Sci Technol 

32(11):1549-1558. 

 

Diamanti-Kandarakis, E., Bourguignon, J.P., Giudice, L.C., Hauser, R., Prins, G.S.,  

Soto, A.M., Zoeller, R.T. and Gore, A.C. (2009). Endocrine-disrupting 

chemicals: An endocrine society scientific statement. Endocr Rev 30(4):293-

342. 

 

Diniz, M.S., Mauricio, R., Petrovic, M., Alda, M.J.L., Amaral, L., Peres, I., Barcelo, D.  

and Santana, F. (2010). Assessing the estrogenic potency in a Portuguese 

wastewater treatment plant using an integrated approach. J Environ Sci 

22(10):1613-1622. 

 

Directive 2000/60/EC of the European Parliament and of the Council of 31st January  

2012 amending Directive 2000/60/EC and 2008/105/EC as regards priority 

substances in the field of water policy. 

 

Directive 2013/39/EU of the European Parliament and of the Council of 12th August  

2013 amending Directives 2000/60/EC and 2008/105/EC as regards priority 

substances in the field of water policy. 

 

Dorabawila, N. and Gupta, G. (2005). Endocrine-disrupter-estradiol-in Chesapeake  

Bay tributraries. J Hazard Mater 120:67-71. 

 

Draman, S., Maliya, S., Farhan, A., Syazwan, S., Atikah, N.A. and Aziz, K.H.A.  

(2018). Hormone consumption among mak nyahs in Kuantan town: A 

preliminary survey. Int Med J 17(1): 63-70. 

 

Esperanza, M., Suidan, M.T., Marfil-Vega, R., Gonzalez, C., Sorial, G.A., McCauley,  

P. and Brenner, R. (2007). Fate of sex hormones in two pilot scale municipal 

wastewater treatment plants: conventional treatment. Chemosphere 66:1535-

1544. 

 



© C
OPYRIG

HT U
PM

103 

 

Eulexin. (2018). https://www.rxlist.com/eulexin-drug.htm#clinpharm (accessed 23  

October 2018) 

 

European Commission, Communication from the commission to the council- The  

combination effects of chemicals. Chemical mixtures. COM, 2012, p.252 final 

2012/0252, Brussels, 2012. 

 

European Commission, Proposal for a Directive of the European Parliament and of the  

council on the quality of water intended for human consumption (recast), 

COM, 2017, p.753 final 2017/0332 (COD), Brussels, 2018.  

 

Ezechias, M. and Cajthaml, T. (2016). Novel full logistics model for estimation of the  

estrogenic activity of chemical mixtures. Toxicology 359:58-70. 

 

Fall. (1997). Basic Wastewater Characteristics. Pipeline 8:4. 

 

Fayad, P. B., Prevost, M. and Sauve, S. (2013). On line solid phase extraction coupled  

to liquid chromatography tandem mass spectrometry optimized for the 

analysis of steroid hormones in urban wastewaters. Talanta 115:349-360. 

 

Farre, M., Kuster, M., Brix, R., Rubio, F., Alda, M. J. L. D. and Barcelo, D. (2007).  

Comparative study of an estradiol enzyme-linked immunosorbent assay kit, 

liquid chromatography tandem mass spectrometry, and ultra-performance 

liquid chromatography-quadrupole time of light mass spectrometry for part-

per-trillion analysis of estrogens in water samples. J Chromatogr A 1160:166-

175. 

 

Faul, A. K., Julies, E. and Pool, E. J. (2013). Oestrogen, testosterone, cytotoxin and  

cholinesterase inhibitor removal during reclamation of sewage to drinking 

water. Water SA 39:499-506. 

 

Fechner, P., Damdimopoulou, P. and Gauglitz, G. (2011). Biosensors paving the way  

to understanding the interaction between cadmium and estrogen receptor alpha. 

Plos One 6(8):1-9. 

 

Field, A. (2013). Discovering Statistics Using IBM SPSS Statistics. London, Sage  

Publications Ltd. 

 

Fonseca, A.P., Cardoso, M. and Esteves, V. (2013). Determination of Estrogens in Raw  

and Treated Wastewater by High-Performance Liquid Chromatography-

Ultraviolet Detection. J Environ Anal Toxicol 4:203. 

 

Foucquier, J. and Guedj, M. (2015). Analysis of drug combinations: current  

methodological landscape. Pharma Res Pers 3(3):e00149. 

 

Furuichi, T., Kannan, K., Giesy, J.P. and Masunaga, S. (2004). Contribution of known  

endocrine disrupting substances to the estrogenic activity in Tama River water 

samples from Japan using instrumental analysis and in vitro reporter gene 

assay. Water Res 38:4491-4501. 

 

 

https://www.rxlist.com/eulexin-drug.htm#clinpharm


© C
OPYRIG

HT U
PM

104 

 

Gani, P., Sunar, N.M., Matias-Peralta, H., Jamaian, S.S. and Latiff, A.A.A. (2016).  

Effects of different culture conditions on the phycoremediation efficiency of 

domestic wastewater. J Environ Chem Eng 4:4744-4753. 

 

Ghasemi, A. and Zahediasl, S. (2012). Normality tests for statistical analysis: A guide  

for non-statisticians. Int J Endocrinol Metab 10(2): 486-489. 

 

Gronemeyer, H. (1993). Transcription activation by nuclear receptor. J Recept Res  

13:667-691. 

 

Guedes-Alonso, R., Montesdeoca-Esponda, S., Sosa-Ferrera, Z. and Santana-Rodriguez,  

J.J. (2014). Liquid chromatography methodologies for the determination of 

steroid hormones in aquatic environmental systems. Trends Environ Analyt 

Chem 3:14-27. 

 

Hadrup, N., Taxvig, C., Pedersen, M., Nellemann, C., Hass, U. and Vinggaard, A.M.  

(2013). Concentration addition, independent action and generalized 

concentration addition models for mixture effect prediction of sex hormone 

synthesis in vitro. Plos One 8(8): e70490. 

 

Hair, J.F., Anderson, R.E., Tatham, R.L. and Black, W.C. (1998). Multivariate Data  

Analysis. New Jersey, Prentice Hall. 

 

Halim, M.H.A., Azmi, S.I., Jamal, N.S.A., Anuar, A.N., Ujang, Z. and Bob, M.M.  

(2015). Cultivation and characteristics of aerobic granular sludge for 

simultaneous organics and nutrients removal performances at high 

temperature. Malaya J Civil Eng 27 Special Issue 2:301-310. 

 

Hall, K.S., Trussell, J. and Schwarz, E.B. (2012). Progestin-only contraceptive pill use  

among women in the United States. Contraception 86(6): 653-658. 

 

Hamid, H. and Eskicioglu, C. (2012). Fate of estrogenic hormones in wastewater and  

sludge treatment: A review of properties and analytical detection techniques in 

sludge matrix. Water Res 46:5813-5833. 

 

Hansen, P.D., Dizer, H., Hock, B., Marx, A., Sherry, J., McMaster, M. and Blaise, C.  

(1998). Vitellogenin-a biomarker for endocrine disruptors. Trends Analy 

Chem 17(7):448-451. 

 

Hashimoto, T., Onda, K., Nakamura, Y., Tada, K., Miya, A. and Murakami, T. (2007).  

Comparison of natural estrogen removal efficiency in the conventional 

activated sludge process and the oxidation ditch process. Water Res 41:2117-

2126. 

 

Hecker, M. and Hollert, H. (2011). Endocrine disruptor screening: Regulatory  

perspectives and needs. Environ Sci Europe 23:15. 

 

Heffron, K.T., Gaines, K.F., Novak, J.M., Canam, T. and Collard, D.A. (2016). 17β- 

estradiol influent and effluent concentrations in wastewater: demographic 

influences and the risk to environmental health. Environ Monit Assess 188:288. 

 



© C
OPYRIG

HT U
PM

105 

 

Henderson, M.M., Dorflinger, L.J., Fishman, J., Foster, H.W., Gump, F.E., Hellman, S.,  

Hulka, B.S., Mattison, D.R. and McKay, S.A.R. (1991). Oral contraceptives 

and breast cancer. National Academy Press, Washington, D.C. 

 

Horton, T.M., Gannavarapu, A., Blaney, S.M., D’Argenio, D.Z., Plon, S.E. and Berg,  

S.L. (2006). Bortezomib interactions with chemotherapy agents in acute 

leukemia in vitro. Cancer Chemother. Pharmacol 58(1): 13-23. 

 

Huang, B., Li, X., Sun, W., Ren, D., Li, X., Li, X., Liu, Y., Li, Q. and Pan, X. (2014).  

Occurrence, removal, and fate of progestrogens, androgens, estrogens, and 

phenols in six sewage treatment plants around Dianchi Lake in China. Environ 

Sci Pollut Res 21:12898-12908. 

 

Ifelebuegu, A.O. (2011). The fate and behavior of selected endocrine disrupting  

chemicals in full scale wastewater and sludge treatment unit processes. Int J 

Environ Sci Tech 8:245-254. 

 

Indah Water Konsortium. Population equivalent.  

https://www.iwk.com.my/do-you-  know/population-equivalents (accessed 8 

November 2016). 

 

Irwin, L.K., Gray, S. and Oberdorster, E. (2001). Vitellogenin induction in painted  

turtle, Chrysemys picta, as a biomarker of exposure to environmental levels of 

estradiol. Aquat Toxicol 55:49-60. 

 

Jarosova, B., Blaha, L., Giesy, J.P. and Hilscherova, K. (2014). What level of  

estrogenic activity determined by in vitro assays in municipal waste waters 

can be considered safe? Environ Int 64:98-109. 

 

Jiang, W.W., Yan, Y., Ma, M., Wang, D.H., Luo, Q. and Wang, Z.J., Satyanarayanan,  

S.K. (2012). Assessment of source water contamination by estrogenic 

disrupting compounds in China. J Enviro Sci 24 (2): 320-328. 

 

Johnson, A.C., Belfroid, A. and Corcia, A.D. (2000). Estimating steroid oestrogen  

inputs into activated sludge treatment works and observations on their 

removal from the effluent. Sci Total Environ 256:163-173. 

 

Johnson, A.C. and Sumpter, J.P. (2001). Removal of endocrine-disrupting chemicals in  

activated sludge treatment works. Environ Sci Technol 35(24):4697-4703. 

 

Johnson, A.C. and Williams, R.J. (2004). A model to estimate influent and effluent  

concentrations of estradiol, estrone, and ethinylestradiol at sewage treatment 

works. Environ Sci Technol 38:3649-3658. 

 

Jonker, D.M., Visser, S.A.G., Graaf, P.H.V.D., Voskuyl, R.A. and Danhof, M. (2005).  

Towards a mechanism-based analysis of pharmacodynamic drug-drug 

interactions in vivo. Phamacol Therapeut 106:1-18. 

 

 

 

 

https://www.iwk.com.my/do-you-%20%20know/population-equivalents


© C
OPYRIG

HT U
PM

106 

 

Jugan, M.L., Oziol, L., Bimbot, M., Huteau, V., Tamisier-Karolak, S., Blondeau, J.P.  

and Levi, Y. (2009). In vitro assessment of thyroid and estrogenic endocrine 

disruptors in wastewater treatment plants, rivers, and drinking water supplies 

in the greater Paris area (France). Sci Total Environ 407:3579-3587. 

 

Jurgens, M.D., Holthaus, K.J., Johnson, A.C., Smith, J.L., Hetheridge, M. and Williams,  

R.J. (2002). The potential for estradiol and ethinylestradiol degradation in 

English rivers. Environ Toxicol Chem 21(3): 480-488.  

 

Kabir, E.R., Rahman, M.S. and Rahman, I. (2015). A review on endocrine disruptors  

and their possible impacts on human health. Environ Toxicol Phar 40:241-258. 

 

Karen, G.M. (2008). The fundamental difference principal component analysis and  

factor analysis. The Analysis Factor. https://www.theanalysisfactor.com/the-

fundamental-difference-between-principal-component-analysis-and-factor-

analysis/ (accessed 25 April 2019). 

 

Kase, R., Javurkova, B., Simon, E., Swart, K., Buchinger, S., Konemann, S., Escher,  

B.I., Carere, M., Dulio, V., Ait-Aissa, S., Hollert, H., Valsecchi, S., Polesello, 

S., Behnisch, P., di Paolo, C., Olbrich, D., Sychrova, E., Gundlach, M., 

Schlichting, R., Leborgne, L., Clara, M., Scheffknecht, C., Marneffe, Y., 

Chalon, C., Tusil, P., Soldan, P., von Danwitz, B., Schwaiger, J., Palao, A.M., 

Bersani, F., Perceval, O., Kienle, C., Vermeirssen, E., Hilscherova, K., 

Reifferscheid, G. and Werner, I. (2018). Screening and risk management 

solutions for steroidal estrogens in surface and wastewater. Trends Anal Chem 

102:343-358.  

 

Katz, M.H. (2006). Study design and statistical analysis: A practical guide for  

clinicians. Cambridge University Press 24-25. 

 

Khanal, S.K., Xie, B., Thompson, M.L., Sung, S., Ong, S.K. and Leeuwen. J. (2006).  

Fate, transport, and biodegradation of natural estrogens in the environment 

and engineered systems. Environ Sci Technol 40(21):6536-6546. 

 

Kidd, K.A., Blanchfield, P.J., Mills, K.H., Palace, V.P., Evans, R.E., Lazorchak, J.M.  

and Flick, R.W. (2007). Collapse of a fish population after exposure to a 

synthetic estrogen. P Natl Acad Sci USA 104:8897–901. 

 

Koh, Y.K.K., Chiu, T.Y., Boobis, A., Cartmell, E., Lester, J.N. and Scrimshaw, M.D.  

(2007). Determination of steroid estrogens in wastewater by high performance 

liquid chromatography-tandem mass spectrometry. J Chromatogr A 1173:81-

87. 

 

Koh, Y.K.K., Chiu, T.Y., Boobis, A., Cartmell, E., Scrimshawm, M.D. and Lester, J.N.  

(2008). Treatment and removal strategies for estrogens from wastewater. 

Environ Technol 29:245-267. 

 

Kolodziej, E.P., Harter, T. and Sedlak, D.L. (2004). Dairy wastewater, aquaculture, and  

spawning fish as sources of steroid hormones in the aquatic environment. 

Environ Sci Technol 38(22):6377-6384. 

 

https://www.theanalysisfactor.com/the-fundamental-difference-between-principal-component-analysis-and-factor-analysis/
https://www.theanalysisfactor.com/the-fundamental-difference-between-principal-component-analysis-and-factor-analysis/
https://www.theanalysisfactor.com/the-fundamental-difference-between-principal-component-analysis-and-factor-analysis/


© C
OPYRIG

HT U
PM

107 

 

Kong, M. and Lee, J.J. (2006). A generalized response surface model with varying  

relative potency for assessing drug interaction. Biometrics 62:986-995. 

  

Kortenkamp, A. (2007.) Ten years of mixing cocktails: a review of combination effects  

of endocrine-disrupting chemicals. Environ Health Persp 115(1):98-105. 

 

 

Kortenkamp, A., Backhaus, T., and Faust, M. (2009). State of the art report on mixture  

toxicity- Final report, executive summary. 9. 

 

Kreuzinger, N., Clara, M., Strenn, B. and Kroiss, H. (2004). Relevance of the sludge  

retention time (SRT) as design criteria for wastewater treatment plants for the 

removal of endocrine disruptors and pharmaceuticals from wastewater. Water 

Sci Technol 50:149-156. 

 

Kumar, V., Nakada, N., Yasojima, M., Yamashita, N., Johnson, A.C. and Tanaka, H.  

(2011). The arrival and discharge of conjugated estrogens from a range of 

different sewage treatment plants in the UK. Chemosphere 82:1124-1128. 

 

Kuster, M., Lopez de Alda, M.J., Hernando, M.D., Petrovic, M., Martin-Alonso, J. and  

Barcelo, D. (2008). Analysis and occurrence of pharmaceuticals, estrogens, 

progestrogens and polar pesticides in sewage treatment plant effluents, river 

water and drinking water in the Llobregat river basin (Barcelona, Spain). J 

Hydrol 358:112-123. 

 

Kutty, S.R.M., Ngatenah, S.N.I., Isa, M.H. and Malakahmad, A. (2009). Nutrients  

removal from municipal wastewater treatment plant effluent using Eichhornia 

Crassipes. Int J Res Innov 3(12):414-419. 

 

Lagana, A., Bacaloni, A., Leva, I., Faberi, A., Fago, G. and Marino, A. (2004).  

Analytical methodologies for determining the occurrence of endocrine 

disrupting chemicals in sewage treatment plants and natural waters. Analytica 

Chimica Acta 501:79-88. 

 

Lai, K.M., Johnson, K.L., Scrimshw, M.D. and Lester, J.N. (2000). Binding of  

waterborne steroid estrogens to solid phases in river and estuarine systems. 

Environ Sci Technol 34:3890-4000. 

 

Lange, R., Hutchinson, T.H., Croudace, C.P., Siegmund, F., Schweinfurth H., Hampe,  

P., Panter, G.H. and Sumpter, J.P. (2001). Effects of the synthetic estrogen 

17α-ethinylestradiol on the life-cycle of the fathead minnow (pimephales 

promelas). Environ Toxic Chem 20(6):1216-1227. 

 

Laurenson, J.P., Bloom, R.A, Page, S. and Sadrieh, N. (2014). Ethinyl estradiol and  

other human pharmaceutical estrogens in environment: A review of recent risk 

assessment data. Am Assoc Pharm Scient 16(2):299-310. 

 

Layton, A.C., Gregory, B.W., Seward, J.R., Schultz, T.W. and Sayler, G.S. (2000).  

Mineralization of steroidal hormones by biosolids in wastewater treatment 

systems in Tennessee U.S.A. Environ Sci Technol 34:3925-3931. 

 



© C
OPYRIG

HT U
PM

108 

 

Lee, H.B. and Liu, D. (2002). Degradation of 17β-estradiol and its metabolites by  

sewage bacteria. Water Air Soil Pollut 134:353-368. 

 

Lee, J.J., Kong, M., Ayers, G.D. and Lotan, R. (2007). Interaction index and different  

methods for determining drug interaction in combination therapy. J Biopharm 

Stat 17(3): 461-480. 

 

Legler, J., van den Brink, C.E., Brouwer, A., Murk, A.J., van der Saag, P.T., Vethaak,  

A.D. and van der Burg, P. (1999). Development of a stably transfected 

estrogen receptor-mediated luciferase reporter gene assay in the human T47D 

breast cancer cell line. Toxicol Sci 48(1):55-56. 

 

Legler, J., Dennekamp, M., Vethaak, A.D., Brouwer, A., Koeman, J.H., van der Burg,  

P. and Murk, A.J. (2002a). Detection of estrogenic activity in sediment-

associated compounds using in vitro reporter gene assays. Sci Total Environ 

293(1-3):69-83. 

 

Legler, J., Jonas, A., Lahr, J., Vethaak, A.D., Brouwer, A. and Murk, A.J. (2002b).  

Biological measurement of estrogenic activity in urine and bile conjugates 

with the in vitro Er-Calux reporter gene assay. Environ Toxicol Chem 

21(3):473-479. 

 

Leusch, F.D.L, Chapman, H.F., Heuvel, M.R., Tan, B.L.L., Gooneratne, S.R. and  

Tremblay, L.A. (2006). Bioassay-derived androgenic and estrogenic activity 

in municipal sewage in Australia and New Zealand. Ecotox Environ Safe 

65:403-411. 

 

Levin, K.A. (2006). Study design III: Cross-sectional studies. Evidence-Based  

Dentistry 7:24-25. 

 

Li, Y.M., Zeng, Q.L. and Yang, S.J. (2011). Removal and fate of estrogens in an  

anaerobic-anoxic-oxic activated sludge system. Water Sci Technol 51-56. 

 

Liney, K.E., Jobling, S., Shears, J.A., Simpson, P. and Tyler, C.R. (2005). Assessing  

the sensitivity of different life stages for sexual disruption in roach (Rutilus 

rutilus) exposed to effluents from wastewater treatment works. Environ 

Health Persp 113(10):1299-1307. 

 

Liscio, C., Magi, E., Carro, M.D., Suter, M.J.F. and Vermeirssen, E.L.M. (2009).  

Combining passive samplers and biomonitors to evaluate endocrine disrupting 

compounds in a wastewater treatment plant by LC/MS/MS and bioassay 

analyses. Environ Pollut 157:2716-2721. 

 

Lishman, L., Smyth, S.A., Sarafin, K., Kleywegt. S., Toito, J., Peart, T., Lee, B.,  

Servos, M., Beland, M. and Seto, P. (2006). Occurrence and reductions of 

pharmaceuticals and personnel care products and estrogens by municipal 

wastewater treatment plants in Ontario, Canada. Sci Total Environ 367:544-

558. 

 

 

 



© C
OPYRIG

HT U
PM

109 

 

Liu, S., Ying, G.G., Zhao, J.L., Zhou, L.J., Yang, B., Chen, Z.F. and Lai, H.J. (2012).  

Occurrence and fate of androgens, estrogens, glucocorticoids and 

progestagens in two different types of municipal wastewater treatment plants. 

J Environ Monit 14:482.  

 

Liu, A.P., Anfossi, L., Shen, L., Li, C. and Wang, X.H. (2018). Non-competitive  

immunoassay for low molecular-weight contaminant detection in food, feed 

and agricultural products: A mini review. Trends Food Sci Tech 71:181-187. 

 

Loewe, S. and Muischnek, H. (1926). Combined effects I announcement-implements to  

the problem. Naunyn-Schmiedebergs Arch. Exp. Pathol. Phramakol 114:313-

326. 

 

Ma, M., Rao, K. and Wang, Z. (2007). Occurrence of estrogenic effect in sewage and  

industrial wastewaters in Beijing, China. Environ Pollut 147:331-336. 

 

Magi, E., Scapolla, C., Carro, M.D. and Liscio, C. (2010). Determination of endocrine- 

disrupting compounds in drinking waters by fast liquid chromatography-

tandem mass spectrometry. J Mass Spectrom 45:1003-1011. 

 

Manickum, T., John, W., and Terry, S. (2011). Determination of selected steroid  

estrogens in treated sewage effluent in the Umsunduzi (Duzi) River water 

catchment. Hydrol Current Res 2:3. 

 

Manickum, T. and John, W. (2014). Occurrence, fate and environmental risk  

assessment of endocrine disrupting compounds at the wastewater treatment 

works in Pietermaritzburg (South Africa). Sci Total Environ 468-469: 584-597. 

 

Manickum, T. and John, W. (2015). The current preference for the immune-analytical  

ELISA method for quantification of steroid hormones (endocrine-disruptor 

compounds) in wastewater in South Africa. Analyt Bioanaly Chem 407:4949-

4970. 

 

Martin, J., Camacho-Munoz, D., Santos, J.L., Aparicio, I. and Alonso, E. (2012).  

Occurrence of pharmaceutical compounds in wastewater and sludge from 

wastewater treatment plants: Removal and exotoxicological impact of 

wastewater discharges and sludge disposal. J Hazard Mater 239-240:40-47. 

 

Marx, C., Schmidt, M., Flanagan, J., Hanson, G., Nelson, D., Shaw, J., Tomaro, D.,  

Nickels, C., Fass, H., Schmidt, A. and Saltes, J. (2010). Introduction to 

activated sludge study guide. Wisconsin Department of Natural Resources. 7. 

 

Mathieu, M. (2017). What are the difference between ELISA types?  

http://www.enzolifesciences.com/science-center/technotes/2017/april/what-

are-the-differences-between-elisa-assay-types?/ (accessed 6 August 2017). 

 

Mauricio, R., Diniz, M., Petrovic, M., Amaral, L., Peres, I., Barcelo, D. and Santana, F.  

(2006). A characterization of selected endocrine disruptor compounds in a 

Portuguese wastewater treatment plant. Environ Monit Assess 118:75-87.  

 

 

http://www.enzolifesciences.com/science-center/technotes/2017/april/what-are-the-differences-between-elisa-assay-types?/
http://www.enzolifesciences.com/science-center/technotes/2017/april/what-are-the-differences-between-elisa-assay-types?/


© C
OPYRIG

HT U
PM

110 

 

McAdam, E.J., Bagnall, J.P., Koh, Y.K.K., Chiu, T.Y., Pollard, S., Scrimshaw, M.D.,  

Lester, J.N. and Cartmell, E. (2010). Removal of steroid estrogens in 

carbonaceous and nitrifying activated sludge processes. Chemosphere 81:1-6. 

 

McDonald, J.H. (2014). Handbook of biological statistics (3rd ed.). Sparky House  

Publishing, Baltimore, Maryland. 157-164. 

 

Merlo, J., Berglund, G., Wirfalt, E., Gulberg, B., Hedblad, B, Manjer, J., Hovelius, B.,  

Janzon, L., Hanson, B.S. and Ostergren, P.O. (2000). Self-administered 

questionnaire compared with a personal diary for assessment of current use of 

hormone therapy: An analysis of 16,060 women. Am J Epidemiol 152 (8): 

788-792. 

 

Mes, T., Zeeman, G. and Lettinga, G. (2005). Occurrence and fate of estrone, 17β- 

estradiol and 17α-ethinylestradiol in STPs for domestic wastewater. Environ 

Sci Technol 4:275-311. 

 

Mills, M.R., Arias-Salazar, K., Baynes, A., Shen, L.Q., Churchley, J., Beresford, N.,  

Gayathri, C., Gill, R.R., Kanda, R., Jobling, S., and Collins, T.J. (2015). 

Removal of ecotoxicity of 17α-ethinylestradiol using TAML/peroxide water 

treatment. Sci Rep-Uk 5:10511. 

 

Mirasoli, A.R.M., Michelini, E., Magliulo, M., Simoni, P., Guardigli, M., Curini, R.,  

Sergi, M. and Marino, A. (2006). Analytical approaches for monitoring 

endocrine-disrupting compounds in urban waste water treatment plants. Anal 

Bioanal Chem 385:742-752. 

 

Mispagel. C., Allinson, G., Allinson, M., Shiraishi, F., Nishikawa, M. and Moore, M. R.  

(2009). Observations on the estrogenic activity and concentration of 17β-

estradiol in the discharges of 12 wastewater treatment plants in Southern 

Australia. Arch Environ Contam Toxicol 56:631-637.  

 

Mittal, A. (2011). Biological Wastewater Treatment. Water Today 32-44. 

 

Mnif, W., Dagnino, S., Escande, A., Pillon, A., Fenet, H., Gomez, E., Casellas, C.,  

Duchesne, M.J., Hernandez-Raquet, G., Cavailles, V., Balaguer, P. and 

Bartegi, A. (2010). Biological analysis of endocrine disrupting compounds in 

Tunisian sewage treatment plants. Arch Environ Con Tox 59:1-2. 

 

Mohagheghian, A., Nabizadeh, R., Mesdghinia, A., Rastkari, N., Mahvi, A.H.,  

Alimohammadi, M., Yunesian, M., Ahmadkhaniha, R. and Nazmara, S. 

(2014). Distribution of estrogenic steroids in municipal wastewater treatment 

plants in Tehran, Iran. J Environ Health Sci 12:97. 

 

Muz, M., Sonmez, M.S., Komesli, O.T., Barirdere, S. and Gokcay, C.F. (2012).  

Determination of selected natural hormones and endocrine disrupting 

compounds in domestic wastewater treatment plants by liquid 

chromatography electrospray ionization tandem mass spectrometry after solid 

phase extraction. Analyst 137:884. 

 

 



© C
OPYRIG

HT U
PM

111 

 

Navisa, J., Srayya, T., Swetha, M. and Venkatesan, M. (2014). Effect of bubble size on  

aeration process. Asian J Sci Res 7:482-487. 

 

Nelson, J., Bishay, F., Roodselaar, A., Ikonomou, M. and Law, F.C.P. (2007). The use  

of in vitro bioassays to quantify endocrine disrupting chemicals in municipal 

wastewater treatment plant effluents. Sci Total Environ 374:80-90. 

 

Noppe, H., Bizec, B.L., Verheyden, K. and Brabander, H.F. (2008). Novel analytical  

methods for the determination of steroid hormones in edible matrices. Anal 

Chimi Acta 611:1-16. 

 

Occupational Safety and Health Administration, 29 CFR 1910.1030(b) of blood borne  

pathogens. 

https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STAN

DARDS&p_id=10051 (accessed 15 November 2016). 

 

Ong, G.H., Suriani, M.N., Syamsiah, A.S., Khairul, A.M., Ramlan, M.,  

Chandrawathani, P. and Maizan, M. (2010). Development of indirect avian 

influenza ELISA test using Malaysia local isolate H5N2. Am J Vet Res 

1(1):19-21. 

 

Othman, F., Alaa Eldin, M.E. and Mohamed, I. (2012). Trend analysis of a tropical  

urban river water quality in Malaysia. J Environ Monit 14:3164. 

 

Pacakova, V., Loukotkova, L., Bosakova, Z. and Stulik, K. (2009). Analysis for  

estrogens as environmental pollutants- A review. J Sep Sci 32:867-882. 

 

Paranthanman, V., Yip, H.L. and Ker, H.B. (2015). A case study of human  

immunodeficiency virus with positive seroconversion to negative. Malays 

Fam Physician 10(1):44-46. 

 

Pawlowski, S., Ternes, T., Bonerz, M., Kluczka, T., Burg, B.V.D., Nau, H., Erdinger, L.  

and Braunbeck, T. (2003). Combined in-situ and in vitro assessment of the 

estrogenic activity of sewage and surface water samples. Toxicol Sci 75:57-65. 

 

Pereira, R.O., Postigo, C., Alda, M.L., Daniel, L.A. and Barcelo, D. (2011). Removal  

of estrogens through water disinfection processes and formation of by-

products. Chemosphere 82:789-799. 

 

Pessoa, G., Souza, N.D., Vidal, C., Alves, J.A.C., Firmino, P.I.M., Nascimento, R.F.  

and Santos, A.B.D. (2014). Occurrence and removal of estrogens in Brazilian 

wastewater treatment plants. Sci Total Environ 490:288-295. 

 

Pojana, G., Gomiero, A., Jonkers, N. and Marcomini, A. (2007). Natural and synthetic  

endocrine disrupting compounds (EDCs) in water, sediment and biota of a 

coastal lagoon. Environ Int 33(7):929-936 

 

Pokhrel, P. (2015). ELISA-principle, types and applications. Microbiology notes.  

http://www.microbiologynotes.com/elisa-principle-types-and-applications/ 

(Accessed 16 December 2017). 

 

https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10051
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10051
http://www.microbiologynotes.com/elisa-principle-types-and-applications/


© C
OPYRIG

HT U
PM

112 

 

Polyzos, S.A., Kountouras, J., Deretzi, G., Zavos, C. and Mantzoros, C.S. (2012). The  

emerging role of endocrine disruptors in pathogenesis of insulin resistance: A 

concept implicating nonalcoholic fatty liver disease. Curr Mol Med 12(1):68-

82. 

 

Queensland Government Public Health Regulation, Office of the Queensland  

Parliamentary Counsel, Brisbane, Australia. (2005). pp.54. 

 

Ra, J.S., Lee, S.H., Lee, J., Kim, H.Y., Lim, B.J., Kim, S.H. and Kim, S.D. (2011).  

Occurrence of estrogenic chemicals in South Korea surface waters and 

municipal wastewaters. J Environ Monit 13:101. 

 

Racz, L.A. and Goel, R.K. (2009). Fate and removal of estrogens in municipal  

wastewater. J Environ Monit 12:58-70. 

 

Raven, P.H. and Johnson, G.B. (1999). Biology. 5th ed. Boston: WCB/McGraw-Hill. 

 

Razali, S.S. and Ishak, M.B. (2010). Clinical waste handling and obstacles in Malaysia.  

J Urban Env Eng 4(2):47-54. 

 

Ren, Y.X., Nakano, K., Nomura, M., Chiba, N. and Nishimura, O. (2007). Effects of  

bacterial activity on estrogen removal in nitrifying activated sludge. Water Res 

41:3089-3096. 

 

Rice, E.W., Baird, R.B., Eaton, A.D. and Clesceri, L.S. (2016). Standard methods for  

the examination of water and wastewater. 22nd edition. 220-223. 

 

Rider, C.V. and LeBlanc, G.A. (2005). An integrated addition and interaction model  

for assessing toxicity of chemical mixtures. Toxicol Sci 87(2):520-528. 

 

Routledge, E.J., Parker, J., Odum, J., Ashby, J. and Sumpter, J.P. (1998). Some alkyl  

hydroxy benzoate preservatives (parabens) are estrogenic. Toxicol Appl 

Pharma 153: 12–19 

 

Salierno, J.D. and Kane, A.S. (2009). 17α-ethinylestradiol alters reproductive behaviors,  

circulating hormones, and sexual morphology in male fathead minnows 

(Pimephales promelas). Environ Toxicol Chem 28:953-961. 

 

Sample Pretreatment Protocol for Female Steroid Hormones. 2005. Japan  

EnviroChemicals. 

http://www.ecologiena.jp/pdf/Pretreatment%20Protocol_0505.pdf (accessed 

20 June 2015) 

 

Sarmah, A.K., Northcott, G.L., Leusch, F.D.L. and Tremblay, L.A. (2006). A survey of  

endocrine disrupting chemicals (EDCs) in municipal sewage and animal waste 

effluents in the Waikato region of New Zealand. Sci Total Environment 

355:135-144. 

 

 

 

 

http://www.ecologiena.jp/pdf/Pretreatment%20Protocol_0505.pdf


© C
OPYRIG

HT U
PM

113 

 

Scholze, M., Silva, E. and Kortenkamp, A. (2014). Extending the applicability of the  

dose addition model to the assessment of chemical mixtures of partial agonists 

by using a novel toxic unit extrapolation method. Dose Addition Mixture 

Model for Partial Agonists 9(2):1-10. 

 

Servos, M.R., Bennie, D.T., Burnison, B.K., Jurkovic, A., Mclnnis, R., Neheli, T.,  

Schnell, A., Seto, P., Smyth, S.A. and Ternes, T.A. (2005). Distribution of 

estrogens, 17β-estradiol and estrone, in Canadian municipal wastewater 

treatment plants. Sci Total Environ 336:155-170. 

 

Shareef, A., Angove, M.J., Wells, J.D. and Johnson, B.B. (2006). Aqueous solubilities  

of estrone, 17β-estradiol, 17α-ethylnylestradiol, and bisphenol A. J Chem Eng 

Data 51:879-881. 

 

Sharif, S.M., Kusin, F.M., Ashaari, Z.H. and Aris, A.Z. (2015). Characterization of  

water quality conditions in the Klang River Basin, Malaysia using self 

organizing map and K-means algorithm. P Environ Sci 30:73-78. 

 

Shore, L.S. and Shemesh, M. (2003). Naturally produced steroid hormones and their  

release into the environment. Pure Appl Chem 11-12(75):1859-1871. 

 

Silva, C.P., Otero, M. and Esteves, V. (2012). Process for the elimination of estrogenic  

steroid hormones from water: A review. Environ Pollut 165:38-58. 

 

Silva, E., Rajapakse, N. and Kortemkamp, A. (2002). Something from “nothing”- eight  

weak estrogenic chemicals combined at concentrations below NOECs produce 

significant mixture effects. Environ Sci Technol 36: 1751-1756. 

 

Sim, W.J., Lee, J.W., Shin, S.K., Song, K.B. and Oh, J.E. (2011). Assessment of fates  

of estrogens in wastewater and sludge from various types of wastewater 

treatment plants. Chemosphere 82:1448-1453. 

 

Singhal, N., Song, Y., Johnson, A. and Swift, S. (2009). Estrogenic endocrine  

disrupting compounds. Prepared by UniServives for Auckland Regional 

Council. Auckland Regional Council Technical Report Number TR 2010/005. 

 

Soto, A.M., Calabro, J.M., Prechtl, N.V., Yau, A.Y., Orlando, E.F., Daxenberger, A.,  

Kolok, A.S., Guillete, L.J., Bizec, B., Lange, I.G. and Sonnenschein, C. 

(2004). Androgenic and estrogenic activity in water bodies receiving cattle 

feedlot effluent in Eastern Nebraska, USA. Environ Health Persp 112(3):346-

352. 

 

Sparkman, O.D., Penton, Z.E., and Kitson, F.G. (2011). Gas chromatography and mass  

spectrometry (second edition). Chapter 34- Steroids. 403-406. 

 

Spellman, F.R. (1999). Spellman’s standard handbooks for wastewater operators. Vol 1. 

 

Sperling, M. (2006). Wastewater characteristics, treatment and disposal. Biological  

Wastewater Treatment Series, Vol 1. 

 

 



© C
OPYRIG

HT U
PM

114 

 

Straetemans, R., O’Brien, T., Wouters, L., Dun, J.V., Janicot, M., Bijnens, L.,  

Burzykowski, T. and Aerts, M. (2005). Design and analysis of drug 

combination experiments. Biometrical J 47(3):299-308. 

 

Suarez, S., Lema J.M. and Omil F. (2009). Pre-treatment of hospital wastewater by  

coagulation–flocculation and flotation.  Bioresource Technol 100(7): 2138-

2146. 

 

Sumpter, J.P., Johnson, A.C., Williams, R.J., Kortenkamp, A. and Scholze, M. (2006).  

Modeling effects of mixtures of endocrine disrupting chemicals at the river 

catchment scale. Environ Sci Technol 40(17):5478-5489  

 

Surujlal-Naicker, S. and Bux, F. (2013). Application of radio-immunoassays to assess  

the fate of estrogen EDCs in full scale wastewater treatment plants. J Environ 

Sci Health 48:37-47. 

 

Svenson, A., Allard, A.S. and Ek, M. (2003). Removal of estrogenicity in Swedish  

municipal sewage treatment plants. Water Res 37:4433-4443. 

 

Swart, N. and Pool, E. (2007). Rapid detection of selected steroid hormones from  

sewage effluents using an ELISA in Kuils River water catchment area, South 

Africa. J Immunoass Immunoch 28(4):395-408. 

 

Syukor, A.R.A., Sulaiman, S., Siddique, M.N.I., Zularisam, A.W. and Said, M.I.M.  

(2016). Integration of phytogreen for heavy metal removal from wastewater. J 

Clean Prod 112:3124-3131. 

 

Tallarida, R.J. (2012). Revisiting the isobole and related quantitative methods for  

assessing drug synergism. Perpect Pharmacol 342(1):2-7. 

 

Tamoxifen. (2018). https://www.drugbank.ca/drugs/DB00675 (accessed 23 October  

2018) 

 

Tan, B.L.L., Hawker, D.W., Muller, J.F., Leusch, F.D.L., Tremblay, L.A. and  

Chapman, H.F. (2007). Comprehensive study of endocrine disrupting 

compounds using grab and passive sampling at selected wastewater treatment 

plants in South East Queensland, Australia. Environ Int 33:654-669. 

 

Tanaka, H., Yakou, Y., Takahashi, A., Higashitani, T. and Komori, K. (2001).  

Comparison between estrogenicities estimated from DNA recombinant yeast 

assay and from chemical analyses of endocrine disruptors during sewage 

treatment. Water Sci Technol 43(2):125-132. 

 

Tavakol, M. and Dennick, R. (2011). Making sense of Cronbach’s alpha. Int J Med  

Edu 2: 53-55. 

 

Taylor, A.E., Keevil, B. and Huhtaniemi, I.T. (2015). Mass spectrometry and  

immunoassay: how to measure steroid hormones today and tomorrow. Eur J 

Endocrinol 173: D1-D12. 

 

 

https://www.drugbank.ca/drugs/DB00675


© C
OPYRIG

HT U
PM

115 

 

Ternes, T.A., Kreckel, P. and Mueller, J. (1999). Behaviour and occurrence of  

estrogens in municipal sewage treatment plants – II. Aerobic batch 

experiments with activated sludge. Sci Total Environ 225:91-99. 

 

Thakre, S.B., Bhuyar, L.B. and Deshmukh, S.J. (2008). Effect of different  

configurations of mechanical aerators on oxygen transfer and aeration 

efficiency with respect to power consumption. Int J Mech Eng 2(2):170-178. 

 

Thorpe, K.L., Cummings, R.I., Hutchinson, T.H., Scholze, M., Brighty, G., Sumpter,  

J.P. and Tyler, C.R. (2003). Relative potencies and combination effects of 

steroidal estrogens in fish. Environ Sci Technol 37: 1142-1149. 

  

Thorpe, K.L., Gross-Sorokin, M., Johnson, I., Brighty, G. and Tyler, C.R. (2006). An  

assessment of the model of concentration addition for predicting the 

estrogenic activity of chemical mixtures in wastewater treatment works 

effluents. Environ Health Persp 114(1):90-97. 

 

Tokiwa Chemical Japan. (2015). ELISA kit: User’s guide. Toshima-ku, Tokyo. 

 

Ting, Y.F. and Praveena, S.M. (2017). Sources, mechanisms, and fate of steroid  

estrogens in wastewater treatment plants: a mini review. Environ Monit Assess 

189:178.  

 

Ting, Y.F., Praveena, S.M., Aris, A.Z., Ismail, S.N.S. and Rasdi, I. (2017).  

Mathematical modeling for estrogenic activity prediction of 17β-estradiol and 

17α-ethynylestradiol mixtures in wastewater treatment plants effluent. 

Ecotoxicology 26:1327-1335.  

 

Umali, H.M., Pagsuyoin, S.A. and Parker, W.J. (2012). Estimation of influent  

concentrations of estrogens and select prescription drugs in wastewater 

treatment plants. In Proceedings of the 2012 IEEE Systems and Information 

Design Symposium, Charlottesville, Virginia, USA. 103-106. 

 

UNEP (United Nations Environmental Programme) and WHO (World Health  

Organization). (2012). State of the science of endocrine disrupting chemicals-

2012.  

 

USEPA (United States Environmental Protection Agency). (2000). Supplementary  

guidance for conducting health risk assessment of chemical mixtures. In: Risk 

Assessment Forum, Washington, DC. 

 

USEPA. (December 2007) Method 1698: Steroids and Hormones in Water, Soil,  

Sediment, and Biosolids by HRGC/HRMS.  

 

USEPA. (2009). Contaminant candidate list (CCL3). EPA-HQ-OW-2007-1189 at  

Regulations.gov. 

 

USEPA. (2017). Technical overview of ecological risk assessment: risk  

characterization. https://www.epa.gov/pesticide-science-and-assessing-

pesticide-risks/technical-overview-ecological-risk-assessment-risk (accessed 

15 October 2018). 

https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/technical-overview-ecological-risk-assessment-risk
https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/technical-overview-ecological-risk-assessment-risk


© C
OPYRIG

HT U
PM

116 

 

Vajda, A.M., Barber, L.B., Gray, J.L., Lopez, E.M., Bolden, A.M., Schoenfuss, H.L.  

and Norris, D.O. (2011). Demasculinization of male fish by wastewater 

treatment plant effluent. Aquat Toxicol 103(3-4):213-221. 

 

Vega-Morales, T., Sosa-Ferrera, Z. and Santana-Rodriguez, J.J. (2013). Evaluation of  

the presence of endocrine-disrupting compounds in dissolved and solid 

wastewater treatment plant samples of Grain Canaria Island (Spain). BioMed 

Res Int 2013. 

 

Villeneuve, D.L., Blankenship, A.L. and Giesy, J.P. (2000). Derivation and application  

of relative potency estimates based on in vitro bioassay results. Environ 

Toxicol Chem 19 (11), 2835-2843. 

 

Volkova, K., Caspillo, N.R., Porseryd, T., Hallgren, S., Dinnetz, P. and Porsch- 

Hallstrom, I. (2015). Development exposure of zebrafish (Danio rerio) to 17α-

ethinylestradiol affects non-reproductive behavior and fertility as adults, and 

increases anxiety in unexposed progeny. Horm Behav 73:30-38. 

 

Vulliet, E., Baugros, J.B., Flament-Waton, M.M. and Grenier-Loustalot, M.F. (2007).  

Analytical methods for the determination of selected steroid sex hormones and 

corticosteroids in wastewater. Anal Bioanal Chem 387:2143-2151. 

 

West, P.W. (2016). Simple random sampling of individual items in the absence of a  

sampling frame that lists in the individuals. New Zeal J For Sci 46:15. 

 

WHO (World Health Organization). (2004). Guidelines for drinking water quality.  

Recommendations 1. 

 

Williams, R.J., Johnson, A.C., Smith, J.J. and Kanda, R. (2003). Steroid estrogens  

profiles along river stretches arising from sewage treatment works discharges. 

Environ Sci Technol 37:1744-1750. 

 

Williard, R., Jammalamadaka, V., Zava, D., Benz, C.C., Hunt, A.C., Kushner, P.J. and  

Scanlan, T.S. (1995). Screening and characterization of estrogenic activity 

from a hydroxystilbene library. Chem Bio 2:45-51. 

 

Wong, L.P. and Nur Liyana, A.H. (2007). A survey of knowledge and perceptions of  

menopause among young to middle-aged women in federal territory, Kuala 

Lumpur, Malaysia. Jummec 10(2): 22-30. 

 

Xu, N., Xu, Y.F., Xu, S., Li, J. and Tao, H.C. (2012). Removal of estrogens in  

municipal wastewater treatment plants: A Chinese perspective. Environ Pollut 

165:215-224. 

 

Yang, M., Wang, K., Shen, Y. and Wu, M. (2011). Evaluation of estrogenic activity in  

surface water and municipal wastewater in Shanghai, China. Bull Environ 

Contam Toxicol 87:215-219. 

 

Yang, R., Li, N., Ma, M. and Wang, Z.J. (2014). Combined effects of estrogenic  

chemicals with the same mode of action using an estrogen receptor binding 

bioassay. Environ Toxicol Phar 38:829-837 



© C
OPYRIG

HT U
PM

117 

 

Ye, X., Guo, X., Cui, X., Zhang, X., Zhang, H., Wang, M.K., Qiu, L. and Chen, S.  

(2012). Occurrence and removal of endocrine disrupting chemicals in 

wastewater treatment plants in the Three Gorges Reservoir area, Chongqing, 

China. J Environ Monit 14:2204. 

 

Yim, O. and Ramdeen, K.T. (2015). Hierarchical cluster analysis: Comparison of three  

linkage measures and application to psychological data. The Quantitative 

Methods for Psychology 11(1): 8-21. 

 

Ying, G.G., Kookana, R.S. and Ru, Y.J. (2002). Occurrence and fate of hormone  

steroids in the environment. Environ Int 28:545-551. 

 

Young, W.F., Whitehouse, P., Johnson, I. and Sorokin, N. (2004). Proposed Predicted  

No Effect Concentrations (PNECs) for natural and synthetic steroid 

oestrogens in surface waters. Environment Agency R&D Technical Report 

P2-T04/1. Bristol, U.K: England and Wales Environment Agency. 

 

Zain, N.M., Low, W.Y. and Othman, S. (2015). Factors associated with pregnancy  

among unmarried women in Malaysia. Southeast Asian J Trop Med Pub 

Health 46(3): 1-13. 

 

Zeng, Q.L., Li, Y.M., Gu, G.W., Zhao, J.M., Zhang, C.J. and Luan, J.F. (2008).  

Sorption and biodegradation of 17β-estradiol by acclimated aerobic activated 

sludge and isolation of the bacterial strain. Environ Eng Sci 26(4):783-790. 

 

Zha, J.M., Sun, L.W., Ma, M. and Wang, Z.J. (2008). Assessment of 17α- 

ethynylestradiol effects and underlying mechanisms in a continuous, 

multigeneration exposure of the Chinese rare minnow (Gobiocypris rarus). 

Toxicol Appl Pharmacol 226: 293-308. 

 

Zhang, Y. and Zhou, J.L. (2008). Occurrence and removal of endocrine disrupting  

chemicals in wastewater. Chemosphere 73:848-853. 

 

Zhang, Z., Feng, Y., Gao, P., Wang, C. and Ren, N. (2011). Occurrence and removal  

efficiencies of eight EDCs and estrogenicity in a STP. J Environ Monit 

13:1366. 

 

Zheng, M., Wang, L., Bi, Y. and Liu, F. (2011). Improved method for analyzing the  

degradation of estrogens in water by solid-phase extraction coupled with ultra-

performance liquid chromatography-ultraviolet detection. J Environ Sci 

23(4):693-698. 

 

Zhou, Y., Zha, J., Xu, Y., Lei, B. and Wang, Z. (2012). Occurrence of six steroid  

estrogens from different effluents in Beijing, China. Environ Monit Assess 

184:1719-1729. 

 

Zorita, S., Mathiasson, L. and Hallgren, P. (2008). Steroid hormone determination in  

water using an environmentally friendly membrane-based extraction technique. 

J Chromatogr A 1192:1-8. 

 

 



© C
OPYRIG

HT U
PM

118 

 

Zorita, S., Martensson, L. and Mathiasson, L. (2009). Occurrence and removal of  

pharmaceuticals in a municipal sewage treatment system in the south of 

Sweden. Sci Total Environ 407:2760-2770. 

 

Zubaidah, M.A., Tariq, J., Mohd Daud, Z. and Mahazan, M.S. (2017). Antigen  

detection of foot- and-mouth disease and serotypes from samples submitted to 

the regional veterinary laboratory Kota Bharu from 2012 to 2016. Malaysian 

Journal of Veterinary Research. 8(2):67-70. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

144 

 

BIODATA OF STUDENT 

 

 

Ting Yien Fang was born on 26th April 1990 in Sibu, Sarawak. She completed her 

Bachelor of Occupational Safety and Health (Hons) at Faculty of Engineering 

Technology, Universiti Malaysia Pahang in year 2014. Before she pursues her Phd 

study, she was offered a position as research assistant for four months to gain 

experience on conducting experiments for future research. During her PhD study, she 

became a teaching assistant and demonstrator for Environmental Health Principle 

(EOH 4101) subject. She had participated as presenter in The International Conference 

of Environmental and Occupational Health (ICEOH) 2016. She had also joined as a 

facilitator in the Ilham-UPM Science Outreach 2017 Phase 2- Batch 1. Besides, she had 

published two review papers and one modeling paper. 

  



© C
OPYRIG

HT U
PM

145 

 

LIST OF PUBLICATIONS 

 

 

Published 

 

 

Fang, T.Y., Praveena, S.M., Aris, A.Z., Ismail, S.N.S. and Rasdi, I. (2019).  

Quantification of selected steroid hormones (17β-estradiol and 17α-

ethynylestradiol) in wastewater treatment plants in Klang Valley (Malaysia). 

Chemosphere 215: 153-162. (IF: 4.208, Q1) 

 

Fang, T.Y., Praveena, S.M., deBurbure, C., Aris, A.Z., Ismail, S.N.S. and Rasdi, I.  

(2016). Analytical techniques for steroid estrogens in wastewater samples-A 

review. Chemosphere 165:358-368. (IF: 4.208, Q1) 

 

Ting, Y.F. and Praveena, S.M. (2017). Sources, mechanisms, and fate of steroid  

estrogens in wastewater treatment plants: a mini review. Environ Monit Assess 

189:178. (IF: 1.687, Q3) 

 

Ting, Y.F., Praveena, S.M., Aris, A.Z., Ismail, S.N.S. and Rasdi, I. (2017).  

Mathematical modeling for estrogenic activity prediction of 17β-estradiol and 

17α-ethynylestradiol mixtures in wastewater treatment plants effluent. 

Ecotoxicology 26:1327-1335. (IF: 2.329, Q2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



