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Abstract - Oestrogenic pollutants have been detected in water 

bodies, raising serious concerns due to their endocrine-disrupting 

effects, which interfere with the normal metabolic functions of 

both humans and aquatic life. Conventional wastewater treatment 

technologies, such as biological wastewater treatment processes, 

are not designed to remove oestrogenic contaminants from water 

bodies. Conversely, the adsorption technique has gained attention 

as an effective and sustainable alternative due to its simple 

operation, high efficiency, and demonstrated ability to remove 

oestrogenic pollutants without producing harmful toxins. The 

carbonaceous adsorbents have shown high efficiencies in 

oestrogenic pollutants removal, but the quest for environmentally 

green and economically feasible adsorbents is still not yet over. 

This paper reviews research published between 2015 and 2025, 

highlighting key trends of carbonaceous adsorbents, such as 

chitosan, for the sorption of oestrogenic compounds in aqueous 

environments. The search engines that were adopted include Web 

of Science ® and PubMed ® to compare publications on 

adsorption technology and the application of chitosan-based 

adsorbent. Chitosan is a promising adsorbent as a low-cost 

feedstock for developing novel applications, as it has easy 

processing steps, and requires low energy consumption. 

Furthermore, this work reviews the influence of key operating 

parameters, such as pH, initial concentration of the adsorbate, and 

adsorbent dose, on the uptake mechanisms of model contaminants. 

The results revealed that carbonaceous adsorbents are effective in 

removing oestrogenic compounds, primarily due to the presence 

of functional groups and surface properties. Prospects towards the 

development of cost-effective hybrid adsorbents with tailored 

functionalities capable of simultaneously removing a wide range of 

endocrine-disrupting chemicals.  
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I. INTRODUCTION 

Oestrogenic pollutants have been detected in water systems, 

raising serious concerns due to their endocrine-disrupting 

effects, which harm both humans and aquatic life. They are 

categorized as emerging contaminants of environmental 

concern, and they are widely recognised as the third most 

significant global environmental issue after ozone layer 

depletion and global warming [1]. Other authors have reported  

that in the whole world, there are over 200 endocrine-disrupting 

chemicals detected in surface water, precisely in rivers, usually 

in concentrations ranging from nanograms to micrograms per 

1,2,3,4, Durban University of Technology, South Africa 

litre [2]. Most of the oestrogen that is defecated into the water 

bodies is from humans, animals, and improper disposal 

methods, such as hospital discharge. These are the main 

contributing sources of the increase in oestrogen levels found 

in surface water and sediments, which pose a threat to the 

environment [2], [3], [4]. For many years, these quantities have 

either been overlooked, complicated to quantify, or impossible 

to measure utilizing existing analytical techniques [5]. 

Therefore, this growing challenge emphasizes the urgent need 

for developing novel and effective water treatment technology 

capable of addressing oestrogen contaminants in water systems.  

Technologies like oxidation ditches, filters, anaerobic, anoxic, 

and oxic systems are not designed to eliminate micropollutants 

present in wastewater [6]. However, treatment technologies 

such as reverse osmosis, ultrafiltration, nanofiltration, 

ozonation, and photolysis are highly successful in eradicating 

micropollutants; their implementation is often constrained by 

the high installation and operational costs, particularly in 

developing countries such as Sub-Saharan African countries 

[7]. In contrast, the adsorption technique has gained attention as 

an effective and sustainable alternative due to its 

straightforward operation, high efficiency, and ability to 

remove oestrogenic pollutants without producing harmful 

byproducts [8]. Although the adsorption technology may be 

effective, it largely depends on the selection of the specific 

carbonaceous adsorbents, such as chitosan, biochar, and 

activated carbon, to effectively eradicate oestrogenic hormones 

from water bodies. European nations have enacted laws and 

regulations to protect the aquatic environment; however, the 

Sub-Saharan Africa region lacks strong legislative measures 

and regulations regarding the limitations of oestrogen waste in 

water bodies [7]. It is worth noting that risk assessment is 

necessary as an instrument for managing environmental 

impacts and preventing future pollution.  

Carbonaceous adsorbents have been applied to a wide range 

of sustainable water and wastewater treatments because of their 

exceptional physical structure, homogeneous pore size 

distribution, high specific surface area, and strong interaction 

with different pollutants, which has drawn some attention for 

environmental remediation [9]. Carbon-based adsorbent have 

been demonstrated to be effective adsorbents with a remarkable 

adsorption capacity and significant market value. Furthermore, 

they have advantages such as the ability to alter pore structure 
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and surface properties through preparation method, coupled 

with their cost-effectiveness due to the availability of resources 

such as coal and biomass [10]. 

Despite the growing body of literature on carbonaceous 

adsorbents for oestrogen removal, a comprehensive synthesis 

of recent findings is lacking. This paper aims to 

comprehensively review recent advancements in using 

chitosan-based adsorbents for the removal of oestrogenic 

compounds from wastewater, with a focus on understanding 

their adsorption efficiency, underlying mechanisms, and key 

operating parameters that influence performance. Furthermore, 

the analysis will extend to assess the environmental and 

operational feasibility of these materials in real-world 

applications, identifying emerging trends and research gaps for 

future investigation. 

II. METHODOLOGY 

Web of Science and PubMed database tools were applied to 

carry out the search trend related to adsorption and removal of 

oestrogenic pollutants from wastewater, with an emphasis on 

the adsorption process. The literature search was performed 

with the keywords: (“Adsorption” OR “wastewater treatment” 

AND “Removal efficiency”) and (“Chitosan-based adsorbent” 

OR “Oestrogenic pollutants”) in a span of 10 years (2015-

2025), and only experimental articles were selected. 

The publication counts were generated, then extracted and 

plotted in Microsoft Excel. Data retrieved from Web of Science 

(430360 and 504) and PubMed (120050 and 43)  as shown in 

Fig. 1 and 2.  
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Fig. 1. Web of Science survey data publication for adsorption, 

wastewater, and removal efficiency. 

 

The bibliometric analysis reflects a significant gap between 

broad research output on adsorption technology and relatively 

studies on the application of chitosan for eradicating emerging 

contaminants from water and wastewater. Data extracted from 

Web of Science and PubMed demonstrates that while 

adsorption remains a widely researched topic, the specific focus 

on chitosan as an adsorbent for emerging contaminants such as 

oestrogenic compounds is still less explored. The gap is critical 

considering that oestrogenic compounds such as estrone (E1), 

estradiol (E2), estriol (E3), and ethinylestradiol (EE2) are 

increasingly recognized and detected in the aquatic 

environments [11]. These pollutants pose ecological risks and 

potential human health concerns due to their interference with 

the endocrine system. Although the current publication trend 

shows a gradual increase in the number of studies utilizing 

chitosan, relatively low volume emphasizes the need for 

intensified research efforts in this direction. 

Furthermore, disciplinary analysis in Fig. 3 indicates that 

publications are concentrated in a few leading fields, namely 

Chemical Engineering, Chemistry Physical, Materials Science 

Multidisciplinary, and Environmental Sciences. While these 

disciplines drive significant progress in adsorption technology 

research, it remains necessary to broaden interdisciplinary 

collaboration, especially in the chitosan application for 

oestrogenic removal. Expanding this research domain would 

not only advance adsorption technology but also provide 

practical and environmentally friendly solutions for reducing 

water contamination from oestrogenic residue.  
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Fig. 2. PubMed survey data publications for chitosan-based adsorbent 

and oestrogenic pollutants. 

 

9295

5761
5521

5274

4952
ENGINEERING
CHEMICAL

CHEMISTRY PHYSICAL

MATERIALS SCIENCE
MULTIDISCIPLINARY

ENVIRONMENTAL
SCIENCES

ENGINEERING
ENVIRONMENTAL

 
Fig. 3 Web of Science survey data publication in various leading 

disciplines for the application of chitosan-based adsorbent. 

III. THE OCCURRENCE OF OESTROGENIC COMPOUNDS IN 

URBAN WASTEWATER 

Oestrogen is a cluster of natural occurrences and synthetic 

hormones that play an important role in the endocrine system, 

regulating the reproductive process in humans, animals, and 

plants [5]. In contemporary times, rising attention was directed 

towards the presence of oestrogenic compounds such as E1, E2, 

E3, and EE2 in urban wastewater, which originated in the feces 

and urine of humans and livestock [14].  When discharged into 

urban sewage, such as municipal wastewater, these pollutants 

can persist through the traditional treatment process and the 
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aquatic environment, as reported in Table I. The contributing 

factors to the occurrence of oestrogenic compounds in urban 

wastewater can be ascribed to unregulated disposal of hospital 

waste, untreated industrial effluents from producing companies, 

 

 

 

TABLE I: THE COMPOSITION OF OESTROGENIC COMPOUNDS IN URBAN WASTEWATER 

 

E1 (ng/L) E2 (ng/L) E3 (ng/L) EE2 (ng/L) Country Ref. 

62.9  17.9 - 62.9  62.6  - China [12] 

41 -95  45 – 78  680 -1020  199 – 600  North Africa [13] 

123.6 +/- 77.8  0.6 +/- 0.3  0.2 +/- 0.1  11.6 +/- 1.3  South Africa [14] 

8.69  2.03  20.56  5.54  Australia [15] 

 

and wastewater treatment plants (WWTPs) effluent streams[4], 

[16]. In addition, oestrogen concentration excreted by humans 

also plays a role, with reported concentrations of approximately 

1.5 μg/day in men,  4.71 μg/day in women, and in pregnant 

women, it can go up to 347 μg/day of natural hormone [17]. 

Furthermore, synthetic oestrogen such as ethinylestradiol, 

excretion is estimated to be 8 μg/day/person due to prescribed 

medication such as oral contraceptive pills, which then further 

contributes to the increase of oestrogenic pollutants in urban 

wastewater [18], [19]. Table I shows the traces of oestrogenic 

pollutants detected in wastewater streams in different countries, 

and these pollutants are classified as endocrine-disrupting 

chemicals, which can reach levels as high as 15 μg/L in drinking 

water, which is sufficient to mimic the standard hormonal 

systems [20]. The concentrations are projected to increase 

further due to the extensive use of oestrogen hormones in 

humans, animals, and agricultural applications. This growing 

presence highlights the urgent need for effective monitoring, 

regulatory measures, and removal strategies to preserve the 

aquatic ecosystem and safeguard public health. 

IV. CHITOSAN 

Chitosan is a widely utilized biopolymer derived from the 

deacetylation of chitin, primarily sourced from crustaceans 

such as shrimps [21]. Globally recognized as a promising 

adsorbent, it offers numerous advantages, including cost-

effectiveness, environmental sustainability, high abundance, 

excellent adsorption capacity, non-toxicity, and the presence of  

hydroxyl and amino functional groups [22]. The existence of 

hydroxyl (-OH) and amino (-NH2 ) functional groups in the 

chitosan structure, as depicted in Fig. 4, makes it exceptional 

for accessibility to reagents and soluble compared to chitin. 

While most aqueous acids are capable of dissolving chitosan, 

chitin is insoluble in most acid solvents. The protonation of 

amino groups along a chain generates numerous cationic sites, 

which elevates their polarity and thereby improves their 

solubility. This distinctive characteristic broadens the potential 

applications of chitosan, particularly its capacity to adsorb a 

variety of pollutants [23]. The functional groups and chemical 

properties of chitosan depend on the source of raw material and 

the preparation technique [24]. However, there are a few 

challenges related to chitosan application, such as low solubility 

in a basic environment, and other challenges are related to its 

source,  such as molecular structure with differences in their 

composition, size, and monomer distribution [25]. Therefore, 

cross-linking is normally applied to enhance the chemical and 

mechanical stabilities of chitosan, which often leads to 

decreased  adsorption capacity for pollutant removal, and the 

adsorption performance of cross-linked chitosan can be 

improved by modifications such as grafting, hybrid adsorbents, 

and combinations of these approaches [26]. Available literature 

suggests that some different modifications have been studied to 

upgrade the physicochemical properties of chitosan, and 

modified chitosan is found to be more effective in removing 

antibiotics, hormones, metals, pesticides, and microplastics 

from wastewater [27]. The growing recognition of chitosan-

based adsorbents is due to good properties such as 

biodegradability, non-toxicity, and hydrophilicity, which 

collectively make chitosan an environmentally friendly 

adsorbent [28]. 

 
Fig. 4. Chemical structure of Chitosan [26]. 

V.  ADSORPTION  

Among other water treatment technologies, adsorption using 

carbon-based adsorbent has emerged as one of the most 

efficient and affordable. Carbon-based adsorbents are widely 

used because of their high surface area, porosity, and carboxyl 

group that facilitates strong interactions with oestrogenic 

compounds [22]. The uptake mechanism of oestrogenic 

compounds by carbon-based adsorbents normally involves a 

combination of physisorption, such as hydrogen bonds, and 

chemisorption, such as covalent bonds, as shown in Table II 

[29]. Ref. [30]  reported that hydrogen bonds are stronger than 

van der Waals forces which plays crucial role in adsorption of 

oestrogenic compounds, as each molecule’s hydroxyl group (-

OH) can act as proton donor, while the presence of a 

nucleophilic carbonyl group (-C=O) allows it to behave as both 

a donor and acceptor which results to the increase in the 

removal efficiency. Furthermore, the adsorption behavior of 

oestrogenic compounds is also examined by utilizing kinetics 

models such as pseudo-first order (PFO) and pseudo-second 

order (PSO). The PFO model assumes that the adsorption rate 

is proportional to the number of available sites, making it 

suitable for characterizing physical adsorption processes 

governed by relatively weak forces like van der Waals 
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interactions [23]. On the other hand, the PSO model implies that 

the rate is dependent on the square of the available sites, which 

is typically indicative of chemical adsorption involving stronger 

interactions, such as electron sharing [24]. It is worth noticing 

that developing cost- 

 

 
 

TABLE II: ADSORPTION CAPACITY, MECHANISM, KINETICS, AND ISOTHERMS. 

Adsorbent Adsorbate Capacity (mg/g) Mechanism 
Best fit 

kinetics 

Best fit isotherm Reference 

Mesoporous carbons EE2 157 Physisorption PSO 
Freundlich  [31] 

Yeast biomass E1 0.93  
Electrostatic 

interactions 
PSO 

Freundlich [32] 

Carbon nanotube derived 

from mining tailings 
EE2 21.60 π-π interaction PSO 

Freundlich [33] 

Lotus seedpod BC E2 147.12 

Chemisorption

, 

Electrostatics, 

and π-π 

interaction 

PSO 

Langmuir [34] 

Plastic-char EE2 82.30 
Covalent and 

π-π interaction  
PSO 

Freundlich [35] 

Rice straw–derived biochar E2 26.91 

Electrostatic 

attraction and  

π-π interaction 

PSO 

Freundlich [8] 

Carbonized montmorillonite E2 
139.0 

 

H-Bonding, 

pore-filling, 

and π-π 

interaction 

R-NOKM 

Freundlich [36] 

effective and environmentally friendly methods to eliminate 

diverse and persistent emerging contaminants from water 

bodies remain a great challenge. Chitosan is promising as the 

adsorbent due to its abundance, inexpensive, proven 

effectiveness in other pharmaceuticals removal, and ability to 

be regenerated for reuse [37]. 

VI. EFFECT OF OPERATING PARAMETERS 

A. Solution pH 

The pH of the solution plays a vital role as it influences both 

the surface charge of the adsorbent and the ionization state of 

oestrogenic pollutants, which in turn affects the nature and 

strength of interactions [27]. Carbon-based adsorbents such as 

chitosan and its derivatives contain functional groups like (-

COOH, -OH, -C=O), whose protonation and deprotonation are 

sensitive to pH changes. Similarly, emerging contaminants such 

as oestrogenic hormones have functional groups with specific 

pKa values, causing their ionization to vary across the pH 

range. Therefore, solution pH determines whether adsorption 

occurs through electrostatic attraction, hydrogen bonding, or 

pore filling. Additionally, when pH values are below the point 

of zero charge (pHPZC) of the carbonaceous adsorbent, the 

surface is positively charged, which enhances the uptake of 

partially deprotonated pollutants. Conversely, when the pH 

exceeds the pHpzc, the surface becomes negatively charged, 

promoting cationic adsorption but inhibiting anionic uptake due 

to repulsion. This explains why optimal adsorption usually 

occurs within an intermediate pH range of 4 to 10 rather than 

under strongly acidic or alkaline conditions [24]. 

B. Adsorbate concentration 

Adsorbate concentration is a crucial factor that has an impact 

on the adsorption performance of carbonaceous adsorbents in 

the eradication of emerging contaminants. It is ideal to note that 

at lower concentrations, high adsorption efficiency is obtained  

because of the availability of active sites on the adsorbent’s 

surface, enhancing greater interaction between adsorbate 

molecules and functional groups [24]. The mass transfer from 

the solution is supported by the availability of the active site in 

the carbonaceous adsorbent. Therefore, as the adsorbate 

concentration increases, the available active site becomes 

saturated [24]. Once super-saturation is achieved, the adsorbate 

remains unadsorbed in the solution, resulting in a decrease in 

pollutant removal efficiency as reported when pH and chitosan 

dose were kept constant at 7 and 100 mg/L and varying 

oestrogen concentration between 2 to 50 mg/L [38]. This trend 

shows the limited number of binding sites on carbonaceous 

absorbents, which cannot accommodate unlimited amounts of 

pollutants. Thus, adsorption efficiency tends to decrease 

gradually with increasing adsorbate concentration, emphasizing 

the importance of optimizing parameters, such as increasing the 

adsorbent dose, in industrial applications [39]. 

C. Adsorbent dose 

Adsorbent dosage, such as chitosan, is one of the factors that 

influence adsorption efficiency, as it directly affects the number 

of active sites available for removing the adsorbate. Increasing 

the dosing rate of the adsorbent results in obtaining a high 

removal efficiency by providing a large surface area [10]. 

Therefore, when the adsorbent is applied at a low dose, the 

limited available active site on the adsorbent surface results in 
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reduced adsorption efficiency, particularly when adsorbate 

concentrations are high. However, as the adsorbent dosing 

increases, removal efficiency improves because more adsorbate 

molecules in a solution are captured until the system  reaches a 

saturation point where further addition of an adsorbent makes 

no difference, and at this stage, the adsorption curve reaches a 

straight line [40]. This plateau occurs because, beyond a certain 

dosage, the excess adsorbent sites remain unused, as the 

available pollutant molecules are insufficient to occupy them. 

Moreover, at high adsorbent loadings, the distribution of 

adsorbate molecules across an excessive number of active sites 

decreases the driving force for mass transfer, further limiting 

the improvement in removal efficiency. Consequently, while 

increasing the adsorbent dose initially promotes uptake, there is 

an optimal dose beyond which additional adsorbent does not 

significantly enhance any removal efficiency [41]. 

D. Regeneration of the adsorbent using different solvents 

The regeneration and recovery of spent carbonaceous 

adsorbents is a major issue for sustainable and cost-effective. 

Different solvents such as hydrochloric acid (HCl), sodium 

hydroxide (NaOH), and nitric acid (HNO3 ) have been utilized 

for desorbing emerging contaminants and recovering the 

adsorbent [42]. The highest desorption efficiency, reaching up 

to 99.5%, has been achieved using chemical solvents, with 

regeneration typically sustained from  1–10 cycles with an 

energy demand of 6.6 kWh/kg [43]. Current challenges in 

regenerating and recovering saturated adsorbents include high 

operational costs, secondary waste generation, the need for 

environmental methods, preservation of adsorbent stability and 

efficiency [44]. Furthermore, there are many adsorbent 

regeneration approaches that have been explored with varying 

levels of effectiveness such as solvent washing, thermal 

treatment, chemical, and electrochemical regeneration. Solvent 

washing has been proven effective in recovering carbonaceous 

adsorbents [45].    

VII. CONCLUSION 

The effectiveness of carbonaceous adsorbents such as 

chitosan in eradicating oestrogenic contaminants from water 

bodies has been examined across academic research. The 

performance is influenced by factors such as surface properties, 

pore geometry, and functional groups. Therefore, different 

modifications of adsorbents are advised to improve the surface 

properties, and distinct structures that play an important role in 

defining removal efficacy. Their efficacy in treating complex 

real-world wastewater and water is not yet fully understood, 

emphasizing the necessity for more extensive pilot systems to 

do further research. Tailoring surface functionalities with 

targeted functional groups can improve selectivity and 

adsorption efficiency. However, this detailed understanding of 

the underlying mechanism through kinetics and isotherms 

model, such as electrostatic interactions depending on the type 

of endocrine disrupting chemicals. There is another important 

aspect, which is the cost and sustainability of the modified 

adsorbent. Engineering processes often demand significant 

energy input and chemical usage, increasing production costs 

and potentially impacting the environmental footprint. 

Therefore, optimization of synthesis methods is necessary to 

balance performance with affordability. Moreover, improving 

the reusability of a modified adsorbent is vital for long-term 

viability. High regeneration potential not only minimizes 

secondary waste generation but also enhances the economic 

feasibility of these materials. Lastly, locally available materials 

and conditions should be considered during adsorbent selection 

to ensure accessibility, affordability, and alignment with 

improving wastewater challenges. Advancing these areas 

through focused research will be key to enabling the practical, 

sustainable use of carbonaceous adsorbents such as chitosan in 

oestrogenic pollutant removal. In conclusion, the ability to 

regenerate and reuse waste-derived material in their synthesis 

makes them outstanding alternatives in the removal of 

endocrine-disrupting compounds. 

FUNDING 

This research project was funded by the Durban University 

of Technology. 

ACKNOWLEDGMENT 

The acknowledgments go to Green Engineering Research 

Group at Durban University of Technology. 

REFERENCES 

 

[1] H. Cai, Y. Liu, Z. Zhang, X. Wang, X. Song, and Y. Wen, "Advances 

of Steroid Estrogens Pollution in Waters: A Systematic Review," 

Water, Air, & Soil Pollution, vol. 236, no. 1, pp. 1-29, 2025. 

 https://doi.org/10.1007/s11270-024-07673-6 

[2] E. Grignard, H. Håkansson, and S. Munn, "Regulatory needs and 

activities to address the retinoid system in the context of endocrine 

disruption: The European viewpoint," Reproductive Toxicology, vol. 

93, pp. 250-258, 2020. 

 https://doi.org/10.1016/j.reprotox.2020.03.002 

[3] D. Gu, K. Andreev, and M. E. Dupre, "Major trends in population 

growth around the world," China CDC weekly, vol. 3, no. 28, p. 604, 

2021. 

 https://doi.org/10.46234/ccdcw2021.160 

[4] M. Ciślak, I. Kruszelnicka, J. Zembrzuska, and D. Ginter-Kramarczyk, 

"Estrogen pollution of the European aquatic environment: a critical 

review," Water research, vol. 229, p. 119413, 2023. 

 https://doi.org/10.1016/j.watres.2022.119413 

[5] M. Kárászová, M. Bourassi, and J. Gaálová, "Membrane removal of 

emerging contaminants from water: which kind of membranes should 

we use?," Membranes, vol. 10, no. 11, p. 305, 2020. 

 https://doi.org/10.3390/membranes10110305 

[6] G. Frascaroli et al., "Pharmaceuticals in wastewater treatment plants: 

a systematic review on the substances of greatest concern responsible 

for the development of antimicrobial resistance," Applied sciences, 

vol. 11, no. 15, p. 6670, 2021. 

 https://doi.org/10.3390/app11156670 

[7] N. P. Ngqwala and P. Muchesa, "Occurrence of pharmaceuticals in 

aquatic environments: A review and potential impacts in South 

Africa," South African Journal of Science, vol. 116, no. 7-8, pp. 1-7, 

2020. 

 https://doi.org/10.17159/sajs.2020/5730 

[8] K. A. Adegoke et al., "Adsorptive removal of endocrine-disrupting 

chemicals from aqueous solutions: a review," Water, Air, & Soil 

Pollution, vol. 233, no. 2, p. 38, 2022. 

 https://doi.org/10.1007/s11270-021-05405-8 

[9] V. I. Isaeva et al., "Modern carbon–based materials for adsorptive 

removal of organic and inorganic pollutants from water and 

wastewater," Molecules, vol. 26, no. 21, p. 6628, 2021. 

 https://doi.org/10.3390/molecules26216628 

41st Durban Int'l Conference on Green Chemical Engineering, Energy & Environmental Sustainability (GCEEES-25) Nov. 17-18, 2025 Durban (South Africa)

https://doi.org/10.17758/URUAE29.UA1125305 13

https://doi.org/10.1016/j.reprotox.2020.03.002


[10] X. Liu, Q. Hao, M. Fan, and B. Teng, "Carbonaceous adsorbents in 

wastewater treatment: From mechanism to emerging application," 

Science of The Total Environment, vol. 955, p. 177106, 2024. 

 https://doi.org/10.1016/j.scitotenv.2024.177106 

[11] C. Pironti, M. Ricciardi, A. Proto, P. M. Bianco, L. Montano, and O. 

Motta, "Endocrine-disrupting compounds: An overview on their 

occurrence in the aquatic environment and human exposure," Water, 

vol. 13, no. 10, p. 1347, 2021. 

 https://doi.org/10.3390/w13101347 

[12] Z. Tang et al., "Trace determination of eleven natural estrogens and 

insights from their occurrence in a municipal wastewater treatment 

plant and river water," Water research, vol. 182, p. 115976, 2020. 

 https://doi.org/10.1016/j.watres.2020.115976 

[13] D. Belhaj, K. Athmouni, B. Jerbi, M. Kallel, H. Ayadi, and J. L. Zhou, 

"Estrogenic compounds in Tunisian urban sewage treatment plant: 

occurrence, removal and ecotoxicological impact of sewage discharge 

and sludge disposal," Ecotoxicology, vol. 25, no. 10, pp. 1849-1857, 

2016. 

 https://doi.org/10.1007/s10646-016-1733-8 

[14] M. G. Kibambe, M. N. Momba, A. Daso, M. Van Zijl, and M. A. 

Coetzee, "Efficiency of selected wastewater treatment processes in 

removing estrogen compounds and reducing estrogenic activity using 

the T47D-KBLUC reporter gene assay," Journal of Environmental 

Management, vol. 260, p. 110135, 2020. 

 https://doi.org/10.1016/j.jenvman.2020.110135 

[15] R. Islam et al., "Secondary treatment phase of tertiary wastewater 

treatment works significantly reduces estrogenic load," Water 

Research, vol. 200, p. 117257, 2021. 

 https://doi.org/10.1016/j.watres.2021.117257 

[16] M. H. Kangasniemi et al., "Effects of estradiol-and ethinylestradiol-

based contraceptives on adrenal steroids: a randomized trial," 

Contraception, vol. 116, pp. 59-65, 2022. 

 https://doi.org/10.1016/j.contraception.2022.08.009 

[17] W. Sun and K. Zhou, "Adsorption of 17β-estradiol by multi-walled 

carbon nanotubes in natural waters with or without aquatic colloids," 

Chemical Engineering Journal, vol. 258, pp. 185-193, 2014. 

 https://doi.org/10.1016/j.cej.2014.07.087 

[18] J. P. Laurenson, R. A. Bloom, S. Page, and N. Sadrieh, "Ethinyl 

estradiol and other human pharmaceutical estrogens in the aquatic 

environment: a review of recent risk assessment data," The AAPS 

journal, vol. 16, no. 2, pp. 299-310, 2014. 

 https://doi.org/10.1208/s12248-014-9561-3 

[19] F. Z. Stanczyk, S. A. Winer, J.-M. Foidart, and D. F. Archer, 

"Comparison of estrogenic components used for hormonal 

contraception," Contraception, vol. 130, p. 110310, 2024. 

 https://doi.org/10.1016/j.contraception.2023.110310 

[20] T. K. Kasonga, M. A. Coetzee, I. Kamika, V. M. Ngole-Jeme, and M. 

N. B. Momba, "Endocrine-disruptive chemicals as contaminants of 

emerging concern in wastewater and surface water: A review," Journal 

of Environmental Management, vol. 277, p. 111485, 2021. 

 https://doi.org/10.1016/j.jenvman.2020.111485 

[21] M. Kozma, B. Acharya, and R. Bissessur, "Chitin, chitosan, and 

nanochitin: extraction, synthesis, and applications," Polymers, vol. 14, 

no. 19, p. 3989, 2022. 

 https://doi.org/10.3390/polym14193989 

[22] G. d. V. Brião, J. R. De Andrade, M. G. C. da Silva, and M. G. A. 

Vieira, "Removal of toxic metals from water using chitosan-based 

magnetic adsorbents. A review," Environmental Chemistry Letters, 

vol. 18, pp. 1145-1168, 2020. 

 https://doi.org/10.1007/s10311-020-01003-y 

[23] D. C. da Silva Alves, B. Healy, L. A. d. A. Pinto, T. R. S. A. Cadaval 

Jr, and C. B. Breslin, "Recent developments in chitosan-based 

adsorbents for the removal of pollutants from aqueous environments," 

Molecules, vol. 26, no. 3, p. 594, 2021. 

 https://doi.org/10.3390/molecules26030594 

[24] S. M. Khumalo, B. F. Bakare, and S. Rathilal, "Single and 

multicomponent adsorption of amoxicillin, ciprofloxacin, and 

sulfamethoxazole on chitosan-carbon nanotubes hydrogel beads from 

aqueous solutions: Kinetics, isotherms, and thermodynamic 

parameters," Journal of Hazardous Materials Advances, vol. 13, p. 

100404, 2024. 

 https://doi.org/10.1016/j.hazadv.2024.100404 

[25] I. Aranaz et al., "Chitosan: An overview of its properties and 

applications," Polymers, vol. 13, no. 19, p. 3256, 2021. 

 https://doi.org/10.3390/polym13193256 

[26] I. O. Saheed, W. Da Oh, and F. B. M. Suah, "Chitosan modifications 

for adsorption of pollutants–A review," Journal of hazardous 

materials, vol. 408, p. 124889, 2021. 

 https://doi.org/10.1016/j.jhazmat.2020.124889 

[27] Q. Chen et al., "Progress in research of chitosan chemical modification 

technologies and their applications," Marine Drugs, vol. 20, no. 8, p. 

536, 2022. 

 https://doi.org/10.3390/md20080536 

[28] J. O. Gonçalves et al., "Advances in chitosan-based materials for 

application in catalysis and adsorption of emerging contaminants," 

Sustainability, vol. 16, no. 19, p. 8321, 2024. 

 https://doi.org/10.3390/su16198321 

[29] R. Davarnejad, K. Sarvmeili, Z. Safari, and J. F. Kennedy, "Estrogen 

adsorption from an aqueous solution on the chitosan nanoparticles," 

International Journal of Biological Macromolecules, vol. 237, p. 

124224, 2023. 

 https://doi.org/10.1016/j.ijbiomac.2023.124224 

[30] M. Yasir, T. Šopík, L. Lovecká, D. Kimmer, and V. Sedlařík, "The 

adsorption, kinetics, and interaction mechanisms of various types of 

estrogen on electrospun polymeric nanofiber membranes," 

Nanotechnology, vol. 33, no. 7, p. 075702, 2021. 

 https://doi.org/10.1088/1361-6528/ac357b 

[31] R. C. F. Silva, P. S. Pinto, and A. P. de Carvalho Teixeira, "Control of 

porous size distribution on solvent-free mesoporous carbon and their 

use as a superadsorbent for 17α-ethinylestradiol removal," Chemical 

Engineering Journal, vol. 407, p. 127219, 2021. 

 https://doi.org/10.1016/j.cej.2020.127219 

[32] K. B. Debs, H. D. T. da Silva, M. de Lourdes Leite de Moraes, E. N. 

V. M. Carrilho, S. G. Lemos, and G. Labuto, "Biosorption of 17α-

ethinylestradiol by yeast biomass from ethanol industry in the presence 

of estrone," Environmental Science and Pollution Research, vol. 26, 

no. 28, pp. 28419-28428, 2019. 

 https://doi.org/10.1007/s11356-019-05202-1 

[33] R. C. F. Silva, J. D. Ardisson, A. A. C. Cotta, M. H. Araujo, and A. P. 

de Carvalho Teixeira, "Use of iron mining tailings from dams for 

carbon nanotubes synthesis in fluidized bed for 17α-ethinylestradiol 

removal," Environmental Pollution, vol. 260, p. 114099, 2020.  

 https://doi.org/10.1016/j.envpol.2020.114099 

[34] N. Liu et al., "Adsorption of 17β-estradiol from aqueous solution by 

raw and direct/pre/post-KOH treated lotus seedpod biochar," Journal 

of Environmental Sciences, vol. 87, pp. 10-23, 2020. 

 https://doi.org/10.1016/j.jes.2019.05.026 

[35] C. Lai et al., "Adsorption and photochemical capacity on 17α-

ethinylestradiol by char produced in the thermo treatment process of 

plastic waste," Journal of Hazardous Materials, vol. 423, p. 127066, 

2022. 

 https://doi.org/10.1016/j.jhazmat.2021.127066 

[36] S. Liu et al., "Removal of 17β-Estradiol from water by adsorption onto 

montmorillonite-carbon hybrids derived from pyrolysis carbonization 

of carboxymethyl cellulose," Journal of environmental management, 

vol. 236, pp. 25-33, 2019. 

 https://doi.org/10.1016/j.jenvman.2019.01.064 

[37] M. A. Kaczorowska and D. Bożejewicz, "The application of chitosan-

based adsorbents for the removal of hazardous pollutants from 

aqueous solutions—a review," Sustainability, vol. 16, no. 7, p. 2615, 

2024. 

 https://doi.org/10.3390/su16072615 

[38] L. Li et al., "Chitosan/Al2O3-HA nanocomposite beads for efficient 

removal of estradiol and chrysoidin from aqueous solution," 

International journal of biological macromolecules, vol. 145, pp. 686-

693, 2020. 

 https://doi.org/10.1016/j.ijbiomac.2019.12.223 

[39] B. Kakavandi, A. Raofi, S. M. Peyghambarzadeh, B. Ramavandi, M. 

H. Niri, and M. Ahmadi, "Efficient adsorption of cobalt on chemical 

modified activated carbon: characterization, optimization and 

modeling studies," Desalination and Water Treatment, vol. 111, pp. 

310-321, 2018. 

 https://doi.org/10.5004/dwt.2018.22238 

[40] S. O. Akpasi and Y. M. Isa, "Effect of operating variables on CO2 

adsorption capacity of activated carbon, kaolinite, and activated 

carbon–kaolinite composite adsorbent," Water-Energy Nexus, vol. 5, 

pp. 21-28, 2022. 

 https://doi.org/10.1016/j.wen.2022.08.001 

[41] M. Gorbounov, J. Taylor, B. Petrovic, and S. M. Soltani, "To DoE or 

not to DoE? A technical review on & roadmap for optimisation of 

41st Durban Int'l Conference on Green Chemical Engineering, Energy & Environmental Sustainability (GCEEES-25) Nov. 17-18, 2025 Durban (South Africa)

https://doi.org/10.17758/URUAE29.UA1125305 14



carbonaceous adsorbents and adsorption processes," South African 

Journal of Chemical Engineering, vol. 41, no. 1, pp. 111-128, 2022. 

 https://doi.org/10.1016/j.sajce.2022.06.001 

[42] T. Dutta et al., "Recycling and regeneration of carbonaceous and 

porous materials through thermal or solvent treatment," Chemical 

Engineering Journal, vol. 364, pp. 514-529, 2019. 

 https://doi.org/10.1016/j.cej.2019.01.049 

[43] T. Sithole, "A review on regeneration of adsorbent and recovery of 

metals: adsorbent disposal and regeneration mechanism," South 

African Journal of Chemical Engineering, vol. 50, no. 1, pp. 39-50, 

2024. 

 https://doi.org/10.1016/j.sajce.2024.07.006 

[44] N. El Messaoudi et al., "Regeneration and reusability of non-

conventional low-cost adsorbents to remove dyes from wastewaters in 

multiple consecutive adsorption–desorption cycles: a review," 

Biomass conversion and biorefinery, vol. 14, no. 11, pp. 11739-11756, 

2024. 

[45] S. Kulkarni and J. Kaware, "Regeneration and recovery in adsorption-

a review," Int. J. Innov. Sci. Eng. Technol, vol. 1, no. 8, pp. 61-64, 

2014. 

 

Bhekinkosi Mkhize was born in Durban, KwaZulu-

Natal, South Africa. He received the National 

Diploma and Advanced Diploma in chemical 

engineering from Mangosuthu University of 

Technology at Umlazi, South Africa in 2020 and 

2023. He also obtained a Bachelor of Engineering 

Technology (Honours) in chemical engineering from 

Durban University of Technology in 2024. He is 

currently pursuing the Master of Engineering degree 

in chemical engineering. His research interest is water and wastewater 

treatment with a focus on emerging contaminants. 

He has worked as a Brewing Operator and Coal Boiler Operator Trainee, 

gaining experience in energy and water utility systems. He also serves as a 

Research Mentor, supervising Honours and undergraduate projects while 

conducting his postgraduate research. Mr. Mkhize has received recognition 

for his academic excellence and research contributions, including selection 

for international research collaboration programs.  

 

41st Durban Int'l Conference on Green Chemical Engineering, Energy & Environmental Sustainability (GCEEES-25) Nov. 17-18, 2025 Durban (South Africa)

https://doi.org/10.17758/URUAE29.UA1125305 15




