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Abstract 
 

Effective treatment of wastewater is crucial to reduce the impact of industry and human activities on the environment. Thus, a more effi-

cient water treatment is needed to remove the components of waste, or the pollutants, faster. Hence in the case of this study, the aim was 

to investigate the use of bio-filters to remove ammonia-nitrogen and endocrine disrupters (17α-ethynylestradiol, the EE2, and mestranol, 

the MeEE2) in a batch culture experiment. The initial concentrations of 100 µg/L of EE2 and 100 µg/L of MeEE2 were prepared and 

added to the batch reactor with bio-filters.  The bio-filters contained four concentrations of ammonia-nitrogen which were 35 mg/L, 65 

mg/L, 85 mg/L and 100 mg/L. The results showed that with 35 mg/L of ammonia-nitrogen, the concentration of the EE2 and the MeEE2 

was reduced to 30 µg/L showing 70% of them removed over the incubation period.  Whereas with 65 mg/L of ammonia-nitrogen, the 

EE2 and MeEE2 were reduced to 27 µg/L and 22 µg/L, of which 73% of the EE2 was removed while the MeEE2, 78%.  Thirdly, with 85 

mg/L ammonia-nitrogen, the concentration of both oestrogens was reduced nearly the same, which was the EE2 16 µg/L and the MeEE2 

14 µg/L. Here, 84% of the EE2 was removed and the MeEE2, 86%. Lastly, using 100 mg/L of ammonia-nitrogen, the concentrations of 

the EE2 and the MeEE2 were reduced to 11 µg/L and 14 µg/L, thus removing 89% of the former and 86% the later. These results dis-

played the highest removal of oestrogens in comparison with other experiments at different initial concentrations of ammonia-nitrogen in 

the attached growth system of bio-filters. 
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1. Introduction 

Steroid hormones are naturally occurring organic substances, mainly produced by humans and animals, which are more known as human 

sexual hormones. Oestrogens are female sexual hormones produced in the female ovaries while the androgens, the male sexual hor-

mones, are and produced in the testes. The most abundant oestrogens are 17β–oestradiol (E2) and oestrone (E1) [1] while the androgen is 

testosterone [2]. These hormones are excreted in the urine of humans or animals, normally in a conjugated form as soluble and inactive 

glucorinides [1]. This conjugated form is then become microbially-cleaved in the environment or wastewater treatment plants (WWTP) 

[3]. Alas these humans and animal’s hormones can be endocrine disruptors, especially to water organisms, which have become a critical 

concern [4]. Worse still, as city populations have grown larger, their excreted hormones, of which some from those taking contraceptive 

pills, are entering the environment.  They have become the effluent of the WWTPs [3]. To note, 17α–ethinylestradiol (EE2) and mestra-

nol (MeEE2) are the major compounds of contraceptive pills, which are excreted in urine, that enhance the concentration of hormone-like 

substances in the WWTP effluent [4,5]. One (1) percent of all        excreted oestrogens are EE2, of which 80% being the oestrogens, 

which are produced by women [6]. 

The concentration of oestrogens in water is mostly lower than 5 ng/L, whereas the concentration of oestrogens in the WWTP effluent can 

exceed 50 ng/L [7]. Due to the higher persistence of EE2 in the WWTP, the concentrations of synthetic oestrogens in the environment 

can be likened to the concentrations of natural oestrogens, although these synthetic hormones are emitted in smaller quantity [7]. For ease 

of understanding, in conventional wastewater treatment, nitrification occurs in the aeration tank of activated sludge systems.  It is the 

two-step biological conversion of ammonia to nitrite and then to nitrate under aerobic condition [8]. In it, the microorganisms that per-

form the nitrification and denitrification were able to act on the inorganic forms of nitrogen (ammonia, nitrite and nitrate). Here, the nitri-

fying bacteria in the wastewater produce monooxygenase enzymes to co-metabolise the organic compounds aerobically [9,10]. The co-

metabolism is a simultaneous degradation of two compounds, in which the degradation of the second compound (the secondary sub-

strate) depends on the presence of the first compound (the primary substrate). In this case, the first substrate is ammonia-nitrogen while 

the second, the oestrogens (the EE2 and the MeEE2) [10].  

The biotransformation, where the second compound is modified but not utilized for growth, is another important biodegradation [9]. The 

knowledge of co-metabolism transformations of the endocrine disrupting chemicals (EDCs), especially the EE2 and MeEE2, is essential 

to assess the potential effects of the compounds [11]. Hence this study focused on the use of K2 AnoxKaldnes packing material as bio-

filters to remove ammonia-nitrogen and the oestrogens.  These bio-filters act as an attached growth system of the nitrifying bacteria. 
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2. Material and methods 

This investigation of the batch culture for the nitrifying bacteria was done using bio-filter of Anox-Kaldnes packing materials provided 

from Veolia Environmental Services (UK).  Then the removal of ammonia-nitrogen by the nitrifying bacteria and the degradation of 

oestrogens were assessed by the different concentrations of the ammonia oxidation in a batch culture system.  The incubation period was 

nine (9) days. 

2.1. Chemicals and materials 

A nitrification medium was used whose formulation was as follows: Na2HPO4, 13.5 g; KH2PO4, 0.7 g; NaHCO3, 0.5 g; MgSO4.7H2O, 

0.1g; FeCl3.6H2O, 0.014 g; CaCl2.2H2O, 0.18 g and 1000 mL of distilled water [8]. The aliquots of 100 mL of medium were placed in 

250 mL Erlenmeyer flasks. They were steriled at 121oC for 15 min. A steriled stock solution of (NH4)2SO4 was prepared separately from 

the basal medium as ammonium oxidizers. The stock solution of (NH4)2SO4 was added aseptically to provide the final concentration of 

0.5 g/L. The pH of the final media was 8.0 [8]. 

The nitrifying bacteria were inoculated from the Centre for Sustainable Aquatic Research, College of Science, Swansea University. The 

chemicals for the nitrification medium, ammonia-nitrogen, the EE2 and the MeEE2 were purchased from Sigma Aldrich Co. Ltd, the 

United Kingdom. 

2.2. Reactor configuration 

The reactor configuration is shown in Figure 1. Four flasks were used of which each had 1 litre of nitrification medium. All the flasks 

were submerged in the water bath to gain an optimum temperature of 30oC.  This was controlled by a thermal regulator (Figure 1).  Each 

flask contained a bio-filter with 35 mg/L, 65 mg/L, 85 mg/L and 100 mg/L of ammonia-nitrogen.  The ammonia-nitrogen was added 

separately. 

 

 
Fig. 1: Reactor Configuration 

 

The aeration was provided using an aeration pump and the dissolved oxygen (DO) was monitored by an oxygen meter. The dissolved 

oxygen was observed with a dissolved oxygen probe on a daily basis to maintain its concentration above 6 mg/L in the reactor. The aera-

tion allowed the submerged bio-filter to move constantly in the reactor medium. To maintain the pH of 8.0 a pH meter was used. The 

initial concentrations of 100 µg/L of EE2 and 100 µg/L of MeEE2 were prepared and added to the batch reactor with the bio-filters con-

taining 35 mg/L, 65 mg/L, 85 mg/L and 100 mg/L of ammonia-nitrogen, respectively. 

2.3. Instruments 

The ammonia-nitrogen, nitrite-nitrogen and nitrate-nitrogen concentrations were determined in a phenate method and ion-

chromatography (IC) [12]. The EE2 and the MeEE2 were detected by a gas chromatograph-mass spectrometer (GC-MS) using method 

from [13] with some modifications [14]. The pH was monitored by a pH probe and the dissolved oxygen was observed by an oxygen 

meter. 

3. Results and discussion 

The performance of nitrifying bacteria in the immobilized batch culture system with bio-filter could be studied by the reduction of the 

synthetic oestrogens, in this case the EE2 and MeEE2. Here, the focus of the analysis was to note in percentage how much the EE2 and 

MeEE2 being removed by the nitrifying bacteria. 
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3.1. Reduction of oestrogens in 35mg/L of ammonia-nitrogen 

 
Fig. 2: The ammonia-nitrogen, nitrite-nitrogen and nitrate-nitrogen in 35 mg/L ammonia nitrogen 

 

 
Fig. 3: Degradation of EE2 and MeEE2 in 35 mg/L of ammonia-nitrogen 

 

Figure 2 shows the results of the ammonia oxidation in the moving bed batch reactor with the bio-filter in 35 mg/L of ammonia-nitrogen. 

It was found that the ammonia-nitrogen levels constantly decreased over time, with the build-up of the nitrate-nitrogen throughout 9 

days. On Day 3, the nitrite-nitrogen concentration was at its peak which was 95 μg/L. It then was reduced after Day 5.  

Figure 3 shows the amount of synthetic oestrogens EE2 and MeEE2 being removed where their concentrations are shown lower, which 

are close to 30 µg/L.  Both oestrogens in the moving bed batch reactor with bio-filter were removed about 70% over the incubation peri-

od. By comparing the nitrification profile and that of the oestrogen degradation, its activity correlates with the reduction of the nitrite-

nitrogen. 

3.2. Reduction of oestrogens in 65 mg/L of ammonia-nitrogen 

Figure 4 shows the batch reactor with bio-filter in 65 mg/L of ammonia-nitrogen. As shown, the concentration of the ammonia-nitrogen 

declines towards zero with the production of nitrate-nitrogen to the maximum of nearly 60 mg/L nitrate-nitrogen in 9 days. This shows 

that the nitrifying bacteria consumed most of the ammonia-nitrogen in the batch reactor in the ammonia oxidation.  

In Figure 5, the levels of the synthetic oestrogens EE2 and MeEE2 decreases further compared to the batch reactor with the bio-filter in 

35 mg/L ammonia-nitrogen. The EE2 and MeEE2 are shown reduced to 27 µg/L and 22 µg/L, respectively. An amount of 73% of EE2 is 

removed whereas the 78% of MeEE2 removed, which is slightly higher than the removal of the former. 

 

 
Fig. 4: The ammonia-nitrogen, nitrite-nitrogen and nitrate-nitrogen in 65 mg/L of ammonia-nitrogen 
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Fig. 5: Degradation of EE2 and MeEE2 in 65 mg/L of ammonia-nitrogen  

3.3. Reduction of oestrogens in 85 mg/L of ammonia-nitrogen 

Figure 6 shows the reduction of ammonia-nitrogen in the batch reactor of 85 mg/L ammonia-nitrogen. It shows the ammonia-nitrogen 

level decreases rapidly towards zero in 7 days.  In these 7 days, it can be deduced that the nitrate-nitrogen was produced in the ammonia 

oxidation through the consumption of ammonia-nitrogen and nitrite-nitrogen by the ammonia oxidising bacteria and the nitrite oxidising 

bacteria in the batch reactor. The level of nitrate-nitrogen produced was nearly 80 mg/L at the end of the incubation period. Again, the 

most rapid decline of the oestrogens was during the nitrite-nitrogen degradation phase. 

Figure 7 shows the degradation of EE2 and MeEE2 in 85 mg/L of ammonia-nitrogen in the batch reactor with the bio-filter. As shown in 

Figure 7, the MeEE2 decreases slowly compared to the EE2. However, towards the end of the incubation period, the concentrations of 

both oestrogens were nearly the same, which were 16 µg/L of EE2 and 14 µg/L MeEE2. The removal of both oestrogens was much high-

er than that in the 35 mg/L and 65 mg/L ammonia-nitrogen, which were 84% for EE2 and 86% for MeEE2, respectively. 

 

 
Fig. 6: Ammonia-nitrogen, nitrite-nitrogen and nitrate-nitrogen in 85 mg/L of ammonia-nitrogen 

 

 
Fig. 7: The degradation of EE2 and MeEE2 in 85 mg/L of ammonia-nitrogen 
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3.4. Reduction of oestrogens in 100 mg/L of ammonia-nitrogen 

Figure 8 shows the concentration of 100 mg/L of ammonia-nitrogen in the batch reactor with the bio-filter. The concentrations of ammo-

nia-nitrogen reduce rapidly toward the end of the incubation period. The build-up of nitrate-nitrogen was nearly 100 mg/L, demonstrating 

that the ammonia oxidation process by nitrifying bacteria occurs at the highest rate. 

Figure 9 shows the decreased levels of EE2 and MeEE2. The figure shows the same pattern of degradation of both synthetic oestrogens 

as shown in Figure 7. MeEE2 decreases slowly compared to EE2. Here, the concentrations of EE2 and MeEE2 are 11 µg/L and 14 µg/L, 

respectively, showing removals of 89% for EE2 and 86% MeEE2. This was the highest removal achieved compared to the other studies’ 

results that employed different initial concentrations of ammonia-nitrogen in batch reactors with bio-filter. 

 

 
Fig. 8: Ammonia-nitrogen, nitrite-nitrogen and nitrate-nitrogen in 100 mg/L of ammonia-nitrogen 

 

 
Fig. 9: Degradation of EE2 and MeEE2 in 100 mg/L of ammonia-nitrogen. 

 

As can be seen in the results shown above, the experiment demonstrated that the enrichment of actively growing nitrifying bacteria in the 

batch reactor with the bio-filter is capable of degrading the EE2 and MeEE2 synthetic oestrogens. The experiment displayed that the 

degradation of both oestrogens increased when the concentration of ammonia-nitrogen increased to 85 mg/L or 100 mg/L.  The removal 

of EE2 and MeEE2 was nearly 90% in all ammonia-nitrogen concentrations.  

This study on the 1 litre batches were performed in an optimum condition suitable for the growth of the nitrifying bacteria [8]. This con-

dition allowed more effective sorption of the substrate and offered a maximum allowable incubation time to observe the dynamics of the 

ammonia-nitrogen, nitrite-nitrogen and nitrate-nitrogen transformation within the batch culture system. Studies employing 1 litre batches 

showed that the rates of transformation were dependent on the ammonia-nitrogen concentration, and the kinetics were typical of those 

observed by other workers [15]. The saturation constant of the ammonia-nitrogen transformation was thought to be slightly high.  The 

formation and disappearance of nitrite-nitrogen was observed and is a classic observation [16]. The levels of nitrite-nitrogen in the cul-

ture were dependent on the amount of ammonia-nitrogen added. 

The results were also compared to the experiments of the batch culture in the absence of the bio-filter with the same concentration of 

ammonia-nitrogen of 35 mg/L, 65 mg/L, 85 mg/L and 100 mg/L of ammonia-nitrogen. However, the oestrogens were not included in the 

experiment without bio-filter [14]. This is due to the results for the percentage removals of all the concentration of ammonia-nitrogen 

were lower from the experiment with bio-filter [14]. Hence the present experiment provided insights into the importance of suspended 

carriers which combine the features of both fixed-growth and activated sludge systems.   

In an immobilized system, the microbial community is largely attached on the surface of supported media and retained within the reactor 

as a biofilm. This microbial community can flourish and multiply better than when present in a suspension as free-floating cells or small 

flocs [17]. The immobilized system of supported media, compared to the absence of the packing material system, could support the de-
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velopment of microbial biofilms of nitrifying bacteria on the surface of the carriers within the microenvironment which occurred in the 

batch reactor system. The movement of the suspended packing material in the reactor system maintains effective gas and nutrient transfer, 

since an ideal biofilm is relatively thin and evenly distributed over the carrier surface [18]. The turbulence in the batch reactor system 

from the aerator influences the substrate and oxygen transfer within the suspended carrier [19]. In contrast to the absence of the bio-filter 

in the batch culture system, the performance of the immobilized system with the bio-filter was much better. Higher ammonia oxidation 

was found in the experimental analysis of the immobilized packing material at different concentrations of ammonia-nitrogen compared to 

the batch culture without the suspended carrier [14]. 

As the ammonia-nitrogen removal increases with an increase of the ammonia-nitrogen concentration, hence showing a similar behaviour 

between the nitrifying bacteria in the suspended growth batch reactor without bio-filter [14] and the ones in the attached growth in the 

moving bed batch reactor with bio-filter in the present study. Both nitrifying bacteria cultures, i.e. in the batch reactor with bio-filter and 

the batch reactor without bio-filter, can consume ammonia-nitrogen up to 100 mg/L. Rapid consumption of ammonia-nitrogen was ob-

served at an ammonia-nitrogen concentration of 100 mg/L for the nitrifying bacteria in the batch culture with and without bio-filter. This 

occurred since the bacteria in the serial batch enrichment culture had been grown in an initial ammonia-nitrogen concentration of 100 

mg/L [20]. The system using bio-filters also showed that it was more effective than the one without bio-filter [14]. 

In the case of using the bio-filter, the results show that the nitrifying bacteria had the ability to transform oestrogens in batch culture. 

These substances were indeed degraded of which its amount influenced by the amount of ammonia-nitrogen used. There is some sugges-

tion that the best degradation rate should coincide with the degradation of nitrite-nitrogen and the formation of nitrate-nitrogen [9,21]. 

Hence, the MeEE2 can be degraded over the EE2 in the high concentrations of ammonia-nitrogen [22]. The synthetic hormone EE2 is 

primarily removed in wastewater treatment plants (WWTP) by sorption.  Here, the nitrifying biomass has been shown to be able of EE2 

biodegradation [23]. The MBR systems can be achieved and successfully remove more than 90% EE2 [23]. The membrane bioreactor 

(MBR) technology, combined with an activated sludge system, was chosen to develop a community of autotrophic, nitrifying micro-

organisms. However, the disadvantages of this reactor system are predominantly due to the membrane fouling and the rejection efficien-

cy of the membrane type depends on the physicochemical properties of the organic micro-pollutants [24].  

To compare, the adsorption of estrogenic compounds, i.e. 17β-estradiol (E2), and EE2 on several powdered activated carbons (PAC) was 

investigated by [25]. The removal of the activated carbon for these estrogenic compounds was found to be efficient [25]. However, the 

removal of the activated carbon was controlled by the physiochemical properties of the organic pollutant and the type of the activated 

carbon used [26]. Further, the adsorption capabilities of the activated carbon depend on the activated carbon type. Hence, the service life 

of the activated carbon could affect the performance of the oestrogen removal rate [26]. The adsorption capacity of activated carbon de-

creased with an increase in the adsorbent concentration and the presence of others surfactant [27]. Here, the results with the batch reactor 

using bio-filter showed an excellent reduction in EE2 and MeEE2. This study demonstrated that the biodegradation of oestrogens in the 

batch culture system was approximately 90% for EE2 and MeEE2. Therefore, the bio-filter can be considered a reliable system based on 

the usage of small cylindrical carriers which move freely in the reactor system. These cylindrical carriers are specifically designed to 

provide a large surface area for the growth of attached microbial biofilms [28]. Furthermore, the microbial growth of the nitrifying bacte-

ria was mainly confined to the surface of the moving bio-filter, especially within the sheltered internal surfaces [29]. This resulted in the 

formation of a stable and sheltered biofilm, protecting the microbes from alterations in the wastewater parameter characteristics, in this 

study attributed to organic pollutants, i.e. oestrogens. Besides promoting the microbial activity of nitrifying bacteria, the major ad-

vantages of the batch reactor using bio-filter also include reduced head losses and the elimination of backwashing costs as this bio-filter 

is moving constantly in the reactor medium with the aid of aeration system [30]. 

4. Conclusion  

It can be concluded that removing synthetic oestrogens with bio-filter is reliable compared with the other type of removal techniques. 

The feasibility of using immobilized system can be considered as potential alternatives in removing the oestrogens as this technique has 

shown satisfying results. In addition, immobilized suspended carrier system has posed several advantages compared to other treatments 

which are a low maintenance and being more cost effective. 

Acknowledgement 

The authors gratefully acknowledged Universiti Teknologi MARA, Shah Alam and Government of Malaysia for financially supporting 

this study and providing the resources. 

References  

[1] Yung YL, Yi SL, Chia HY, Chang L.M & Ting CC (2018), Identification, contribution. and estrogenic activity of potential EDCs in a river receiv-
ing concentrated livestock effluent in Southern Taiwan. Science of The Total Environment 636, 464-476. 

[2] Young RB & Borch T (2009), Sources, Presence, Analysis, and Fate of Steroid Sex Hormones in Freshwater Ecosystems – a Review. In N. GH, 

Aquatic Ecosystem Research Trends, Nova Science Publishers, Hauppauge, NY, pp. 103-164. 
[3] Hamid H & Eskicioglu C (2012), Fate of estrogenic hormones in wastewater and sludge treatment: a review of properties and analytical detection 

techniques in sludge matrix. Water Research 46(18), 5813-5833. 

[4] Aris AZ & Praveena SM (2014), Occurrence of 17alpha-ethynylestradiol (EE2) in the environment and effect on exposed biota: a review. Envi-
ronment International 69, 104-119. 

[5] Peng L, Dai X, Liu Y, Sun J, Song S, Ni BJ (2018), Model-based assessment of estrogen removal by nitrifying activated sludge. Chemosphere 197, 
430-437. 

[6] Asfaq M, Li Y, Wang Y, Qin D, Rehman MSU, Rashid A, Yu CP, Sun Q (2018), Monitoring and mass balance analysis of endocrine disrupting 

compounds and their transformation products in an anaerobic-anoxic-oxic wastewater treatment system in Xiamen, China. Chemosphere 204, 170-
177. 

[7] Yu CH, Roh H, Chu KH (2007), 17β-Estradiol-degrading bacteria isolated from activated sludge. Environmental Science &            Technology 

2(41), 486-492. 
[8] Kasmuri N, Lovitt RW, Omar M (2017), Consumption of ammonia-nitrogen by AOB in immobilized batch culture. Journal of Fundamental and 

Applied Sciences 9(6S), 257-272. 



102 International Journal of Engineering & Technology 

 
[9] Yi T, Harper Jr WP (2007), The link between nitrification and biotransformation of 17α-ethynylestradiol. Environmental Science and Technology 

47, 4311-4316. 
[10] Men Y, Achermann S, Helbling DE, Johnson DR, Fenner K (2017), Relative contribution of ammonia oxidizing bacteria and other members of ni-

trifying activated sludge communities to micropollutants biotransformation. Water Resource 109, 217-226. 

[11] Pomiès M, Choubert JM, Wisniewski C, Coquery M (2013),   Modelling of micropollutant removal in biological wastewater treatment: a review. 
Science of Total Environment 443, 733-748. 

[12] Standard Methods (2005), Standard Methods for the Examination of Water and Wastewater, Centennial Edn. American Public Health Association 

(APHA), Washington, USA.  
[13] Hájková K, Pulkrabová J, Schurek J, Hajslova J, Poustka J, Nápravníková M, Kocourek V (2006), Novel approaches to the analysis of steroid es-

trogen in river sediments. Analytical and Bioanalytical Chemistry 387, 1351 – 1363. 
[14] Kasmuri N (2014), The removal of ammonia-nitrogen and degradation of 17alpha-ethynylestradiol and mestranol using PFBR and MBBR. (Un-

published doctoral dissertation) Swansea University, Wales, United Kingdom. 

[15] Zielińska M, Bernat K, Cydzik-Kwiatkowska A, Sobolewska J, Wojnowska-Baryla I (2011), Nitrogen removal from wastewater and bacterial di-
versity in activated sludge at different COD/N ratios and dissolved oxygen concentrations. Journal of Environmental Sciences 24, 990-998. 

[16] Wu J, Zhang Y, Yan G (2016), Differentiating two partial nitrification mechanisms: inhibiting nitrite oxidizing bacteria activity or promoting am-

monium oxidizing bacteria activity. Journal of Environmental Chemical Engineering 4, 3260-3266. 
[17] Kawan JA, Abu Hasan H, Suja F, Jaafar O, Abd-Rahman R (2016), A review on sewage treatment and polishing using moving bed bioreactor 

(Mbbr). Journal of Engineering Science and Technology 11(8), 1098-1120. 

[18] Li HQ, Han HJ, Du MA, Wang W (2011), Removal of phenols, thiocyanate and ammonium from coal gasification wastewater using moving bed 
biofilm reactor. Bioresource Technology 102(7), 4667-4673. 

[19] Zafarzadeh A, Bina B, Nikaeen M, Movahedian Attar H, Hajian nejad M (2010), Performance of moving bed biofilm reactors for biological nitro-

gen compounds removal from wastewater by partial nitrification-denitrification process. Iranian Journal of Environmental Health Science & Engi-

neering 7(4), 353-364. 

[20] Kasmuri N, Lovitt RW (2018), Enriching the culture of ammonia oxidizing bacteria from soil and fishpond with bio-filters. Journal of Science and 

Technology 13(6), 1562-1572. 
[21] Xu Y, Yuan Z, Ni BJ. (2016), Biotransformation of pharmaceuticals by ammonia oxidizing bacteria in wastewater treatment processes. Science of 

Total Environment 566-567, 796-805. 

[22] Ternes TA, Kreckel P, Mueller J (1999b), Behaviour and occurrence of estrogens in municipal sewage treatment plants – II. Aerobic batch experi-
ments with activated sludge. Science of the Total Environment 91-99. 

[23] Clouzot L, Doumenq P, Vanloot P, Roche N, Marrot B (2010), Membrane bioreactors for 17α-ethinylestradiol removal. Journal of Membrane Sci-

ence 362, 81-85. 
[24] Park J, Yamashita N, Tanaka H (2018), Membrane fouling control and enhanced removal pf pharmaceuticals and personal care products by coagu-

lation-MBR. Chemosphere 197, 467-476. 

[25] Hartmann J, Beyer R, Harm S (2014), Effective removal of estrogens from drinking water and wastewater by adsorption technology. Environmen-
tal Processes 1(1), 87-94. 

[26] Ifelebuegu AO (2012), Removal of steroid hormones by activated carbon adsorption-kinetic and thermodynamic studies. Journal of Environmental 

Protection 3, 469-475. 
[27] Ogata F, Tominaga H, Yabutani H, Kawasaki N (2011), Removal of estrogens from water using activated carbon and ozone. Journal of Oleo Sci-

ence 60(12), 609-611. 

[28] Accinelli C, Saccà ML, Mencarelli M, Vicari A (2012), Application of bioplastic moving bed biofilm carriers for the removal of synthetic pollu-
tants from wastewater. Bioresource Technology 120, 180-186. 

[29] Zhu Y, Zhang Y, Ren HQ, Geng JJ, Xu K, Huang H, Ding LL (2015), Physicochemical characteristics and microbial community evolution of bio-

films during the start-up period in a moving bed biofilm reactor. Bioresource Technology 180, 345-351. 
[30] Mannina G, Trapani DD, Viviani G, Ødegaard H (2011). Modelling and dynamic simulation of hybrid moving bed biofilm reactors: model con-

cepts and application to a pilot plant. Biochemical       Engineering Journal 56, 23-36. 

 


