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ABSTRACT

Estrogens are endocrine-disrupting chemicals that impact both human and animal health, even
at very low levels. Fate of estrogens were evaluated for three municipal wastewater treatment plants
(WWTPs) in Kuwait, through determination of estrogens concentrations in influent and effluent
streams. The solid-phase extraction gas chromatography-mass spectrometry method was used for
analysis of estrogens concentrations in wastewater. Obtained results indicated that concentration of
estrogens in the influent streams ranged from 0.0 to 474 ng/L, while that in the effluent streams were
between 0.0 to 233 ng/L. Both influent and effluent concentrations showed high variations around
mean values. Total removal of estrogens were found to be 13%, 79%, 68%, for Kabd, Sulaibiya and
Umm Al Hayman, respectively. Even with high influent loadings, Sulaibiya plant achieved the
highest removal of all types of estrogens, except estrone. The obtained results demonstrated that
WWTPs require upgrading/optimization to maximize estrogens’ removal. The study also discussed
the potential impacts of estrogens in treated wastewater reused as irrigation water and recommended
that Kuwait urgently needs to develop regulations for estrogens discharges from WWTPs in order to

prevent further pollution of marine environment and groundwater with estrogens.
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1. Introduction

Nowadays endocrine-disrupting chemicals (EDCs) are
receiving great attention worldwide due to their potential
adverse impacts on human and environmental health [1].
Estrogens hormones are a group of EDCs that are produced
either naturally or synthetically. Natural estrogens are pro-
duced by humans and animals, whereas synthetic estro-
gens are man-made hormones. The most common types
of natural estrogenic hormones are estrone (E1), estradiol
(E2) and estriol (E3). Examples of the synthetic steroid are
ethynylestradiol (EE2) and diethylstilbestrol (DES). EE2
and DES are commonly used in manufacturing birth control
pills. Both natural and synthetic estrogens can adversely
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affect humans, animals or fish. Estrogens can disrupt
the reproductive and sexual systems of fish, wildlife and
humans [2]. According to the World Health Organization
(WHO), the adverse impact of estrogens can appear at low
concentrations as 1 ng/L [3].

Estrogens are often excreted as urine, and thus, they
end ultimately in wastewater treatment plants (WWTPs).
Since conventional WWTPs do not remove efficiently estro-
gens, they are considered to be the major point sources of
pollution with estrogens [4]. In fact, the best control strat-
egy for the problem of estrogens pollution is to remove
estrogens efficiently during wastewater treatment [5]. This
means that conventional WWTPs have to be upgraded/
optimized for estrogens removal and regulations must be
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issued to regulate discharges of estrogens from WWTPs. In
Kuwait and many other countries, however, fate of estro-
gens in WWTPs is not even monitored due to absence of
regulations [6].

Numerous studies have been conducted worldwide
to investigate the occurrence and removal of estrogens by
municipal WWTPs [7]. These studies have indicated that
activated sludge WWTPs are generally effective in remov-
ing estrogens from wastewater [8,9]. However, the removal
rates were found to depend on many factors such as estro-
gens type, estrogens load, plant design and plant operation
mode [1].

Removals of estrogens in conventional activated
sludge plants occur mainly during the secondary stage of
treatment (biological treatment). In this stage, estrogens
removals happen mainly through biodegradation and
adsorption onto flocs. In fact, this stage alone was found
to account for more than 80% of the removals of estrogens
[10]. The removals of the primary stage (primary sedimen-
tation) were found to be about 10%, while that of the pre-
liminary treatment stage (bar screening and grit removal)
were insignificant [11]. The operational parameters that
have significant influence on the removal of estrogens in an
ASPs were found to be the hydraulic retention time (HRT)
and the solids retention time (SRT) [4,12]. Advanced treat-
ment processes (e.g., membrane filtration and advanced
oxidation processes) can also enhance the elimination of
emerging contaminants such as estrogens [13].

The main objectives of this study were to determine
the fate of estrogenic compounds in Kuwaiti municipal
WWTPs. This information is urgently needed for assessing
the environmental and health risks from estrogens pollution
in Kuwait. The paper also discusses the potential adverse
impacts of estrogens laden treated wastewater reused in
Kuwait as irrigation water.

2. Materials and methods

Kuwait has four main activated sludge municipal
WWTPs that have different design capacities and differ-
ent treatment technologies. As shown in Table 1, Sulaibiya
plant treats to advanced levels, using ultrafiltration (UF)
and reverse osmosis (RO), while the other three plants treat
to tertiary levels, using various activated sludge systems.
During the study, however, estrogens concentrations were
monitored for only three of these plants (Kabd, Sulaibiya and
Umm Al Hayman WWTPs).

2.5-L grab samples of wastewater were collected monthly
from the influent and effluent streams of the Kabd, Sulaibiya
and Umm Al Hayman municipal WWTPs between October

Table 1
Technical information about main municipal WWTPs in Kuwait

2015 and August 2016. The samples were then transported
to the laboratory for analysis in iceboxes and stored at 4°C
until being analysed. Before analysis, however, the sam-
ples were allowed to come to room temperature. The sam-
ple preparation consisted of filtration through a prebaked
glass fibre filter to remove suspended material. The fil-
tered sample was then passed through Oasis HLB cartridge
(Waters Corporation). The cartridge was preconditioned by
passing methyl tert-butyl ether (MTBE) followed by meth-
anol and finally ultrapure water. The sample was passed
through the cartridge at 3-4 mL/min rate. The cartridge
was then washed with methanol/water mixture (5/95). The
dried cartridge was then eluated with methanol/MTBE
to recover the retained estrogens. The eluate fraction was
evaporated to dryness. The residue was transferred to a
V-shaped vial for derivatization (conversion of a chemical
compound into a product of similar chemical structures)
with BSTFA and TMCS (100 pL). After derivatization, and
evaporation, the residue was dissolved in hexane for GC/
MS analysis by Shimadzu GC coupled to QP2010 Plus MS.
Detailed description of the analytical condition and the
standard method used for quantization of estrogens are
given in our previous paper [14].

3. Results and discussion

3.1. Influent concentrations

The influent concentrations of both natural (E1, E2, E3)
and synthetic (EE2) estrogens are given in Table 2. This table
shows that the concentration of estrogens during the sam-
pling period ranged from 0.0 to 474 ng/L. Although this is a
bit of a wide range, it falls within the range of values reported
for some countries [8,15-19]. Table 2 also shows that the con-
centrations of both natural (E1, E2, E3) and synthetic (EE2)
estrogens in the influent stream of the Sulaibiya plant were
the highest compared to the other two plants. This can be
attributed to the fact that the Sulaibiya plant is the largest
WWTP in Kuwait (Table 1), which treats about 60% of the
wastewater generated in Kuwait. Furthermore, the catch-
ment area of this plant cover almost 80% of the highly pop-
ulated urban area of Kuwait City. In this area, most of the
Kuwaiti and non-Kuwaiti families live. It is expected in such
areas that large amounts of both natural and synthetic estro-
gens will be produced by menstruating females, pregnant
women and users of contraceptive pills. In contrast, Kabd
plant (250,000 m?/d) and Umm Al Hayman plant are smaller
and treat wastewater of suburb areas.

It is worth noting that standard deviations (STDs) of
all types of estrogens concentrations, except for El in the

Plant Type of ASP Treatment level Design capacity (m*/d)
Kabd Oxidation ditch Tertiary (disk filtration and chlorination) 250,000

Sulaibiya Oxidation ditch Advanced (UF and RO and chlorination) 600,000

Umm Al Hayman Carrousel Tertiary (sand filtration, chlorination and UV) 27,000

Rigqa Extended aeration Tertiary (sand filtration and chlorination) 180
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influent of Umm Al Hayman plant (Table 2), are larger than
the mean values. This indicates that variations of influ-
ent concentrations around mean values were relatively
high. This is also evident from values of coefficient of vari-
ation (C.V.) being greater than 100% in most of the cases
(Table 2). The high variability of estrogens concentrations
in the influent streams can partly be attributed to the grab
sampling method adopted. Grab sampling method often
represents wastewater quality at the instant of sampling,
which can be different for the same time in another day.
Usually wastewater quality changes continuously. However,
it often shows diurnal, weekly and seasonal patterns.

Table 2 shows that the mean influent concentrations
of E1 were determined to be 4, 72 and 11 ng/L for Kabd,
Sulaibiya and Umm Al Hayman plants, respectively, which
were the highest compared to the natural estrogens E2 and
E3. This can be attributed to biodegradation and transfor-
mation of E2 and EE2 into E1 conjugates during transpor-
tation in the sewerage system [18]. In fact, Kabd, Sulaibiya
and Umm Al Hayman plants are located at distances of
6, 25 and 10 km, respectively, from the catchment areas.

Table 2
Influent concentrations of estrogens (ng/L)
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Thus, the influent concentrations of E1 seemed to increase
with the increase of the distance between the plant and its
catchment area.

3.2. Effluent concentrations

Table 3 shows that the determined effluent concen-
trations of estrogens were between 0.0 to 233 ng/L, which
fall within the range reported in literature [8,20-27]. As
expected, the highest effluent concentrations of both natural
estrogens (E1, E2 and E3) and synthetic estrogens (EE2) of
the effluent streams were found out for the Sulaibiya plant.
Sulaibiya plant experienced the highest estrogens loading
during the sampling period (Table 2). Except for E1 concen-
trations, there were no significant difference between the
average concentrations of estrogens in the effluent stream of
Umm Al Hayman plant and that of Kabd plant. However,
Umm Al Hayman achieved much lower concentration of E1
(1 ng/L) compared to Kabd plant (12 ng/L).

Table 3 indicates that the standard deviation (STD) of
the effluent concentrations is greater than the mean effluent

Estrogenic type WWTP Minimum Mean Maximum Std. deviation C.V. (%)
El Kabd 0 4 14 5 147
Sulaibiya 0 72 372 148 205
Umm Al Hayman 6 11 14 3 29
E2 Kabd 0 3 9 4 128
Sulaibiya 0 32 160 63 195
Umm Al Hayman 0 5 10 4 83
EE2 Kabd 0 19 50 15 80
Sulaibiya 0 194 474 199 102
Umm Al Hayman 0 36 90 42 116
E3 Kabd 0 3 20 8 265
Sulaibiya 0 65 360 145 225
Umm Al Hayman 0 25 88 32 127
Table 3
Effluent concentrations of estrogens (ng/L)
Estrogenic type WWTP Minimum Mean Maximum Std. deviation C.V. (%)
El Kabd 0 12 54 19 155
Sulaibiya 0 45 233 92 205
Umm Al Hayman 0 1 4 243
E2 Kabd 0 1 8 3 265
Sulaibiya 0 7 3 78
Umm Al Hayman 0 2 8 4 155
EE2 Kabd 0 10 28 12 124
Sulaibiya 0 14 70 28 200
Umm Al Hayman 0 16 40 15 96
E3 Kabd 0 7 18 8 122
Sulaibiya 0 12 22 10 83
Umm Al Hayman 0 7 19 10 144
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values for most of the cases. As for the influent, this also
indicates that effluent concentrations varied highly from
mean values. This was also confirmed by C.V. values greater
than 100%. In other countries, removals of EDCs by activated
sludge WWTPs were also found to have fluctuating trends
[8,28-31]. However, the very high variations (STD > mean)
in effluent concentrations may points out that the operation
of the Kuwaiti WWTPs need to optimized/upgraded for the
removal of estrogens.

3.3. Remouval efficiencies

The average removal efficiencies of estrogens were
calculated from the average influent and effluent concen-
trations and presented in Table 4. In spite of high loading,
the Sulaibiya plant achieved the highest removal of both
synthetic (93% for EE2) and natural estrogens (87% for E2
and 82% for E3), except E1. The best removal of E1 (94%)
was achieved by Umm Al Hayman plant. This plant had
also performed relatively better than Kabd plant in remov-
ing EE2 and E3.

The overall average removal of estrogens achieved by
Sulaibiya, Umm Al Hayman, and Kabd plants were calcu-
lated to be 79%, 68% and 13%, respectively. The removal
rates of Sulaibiya, Umm Al Hayman were consistent with
the rates reported in literature for activated sludge systems
[1,18]. As given in Table 1, Kabd and Umm Al Hayman treat
up to tertiary level, whereas Sulaibiya plant treats up to
advanced level that consist of UF and RO. Thus, the highest
removal of estrogens at the Sulaibiya plant may be partly
attributed to the advanced treatment level used there.
However, this study did not investigate the contributions of
the different stages of wastewater treatment (preliminary,
secondary, tertiary or advanced) on estrogens removals nor
monitored the operational variables of the plants. Thus,
it is difficult to attribute the superior performance of the
Sulaibiya plant to only advanced treatment nor give scien-
tific explanations of the relatively poor performance of the
Kabd plant.

3.4. Potential impacts of treated wastewater reused

As shown above, the final effluents of the three
plants studied in Kuwait contain significant and highly
fluctuating concentrations of estrogens that can adversely
impact the human and environmental health. In a very
recent study, it had been found that concentrations of
EDCs, including estrogens, near the sewage outlets in
the coastal area of Kuwait were high enough to initiate
alterations in the hepatic tissue of fish in a period of two
weeks [32].

Table 4
Removal efficiency of estrogens (%)
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On the other hand, threats to human health arises from
ingesting estrogens via drinking water (un)intentionally
mixed with treated wastewater or eating food irrigated
by treated wastewater [33-36]. The likelihood of mixing
treated wastewater with drinking water, intentionally or
unintentionally, is zero in Kuwait as treated wastewa-
ter is not reused in any potable applications. Also treated
wastewater is not allowed to be used for irrigating edible
crops. In Kuwait treated wastewater is reused mainly for
irrigating fodder crops. Nonetheless, there is a probability
of indirectly ingesting estrogens via eating meat of animals
fed on grass irrigated with treated wastewater. Although this
risk seems to be very low, it needs to be carefully assessed
in order to help in developing appropriate regulations for
estrogens in effluents reused as irrigation water in Kuwait.
Such regulations are urgently needed because estrogens
may not only contaminate the food indirectly, but they may
also pollute the groundwater [37]. Development of regula-
tions for the discharges of estrogens into the environment
has recently started in EU, USA, Japan and Canada. So far,
however, only the EU has proposed some regulations for
estrogens in agriculture waters [38].

4. Conclusions and recommendations

To assess the fate of estrogens in municipal WWTPs of
Kuwait, influent and effluent concentrations of three plants
(Kabd, Sulaibiya and Umm Al Hayman) were determined
through solid-phase extraction gas chromatography-mass
spectrometry method. Accordingly, the following conclu-
sions and recommendations were drawn:

e Concentration of estrogens in the influent streams ranged
from 0.0 to 474 ng/L, while that in the effluent streams
ranged between 0.0 and 233 ng/L.

e Estrogens concentrations in both influent and effluent
streams of the three plants varied highly from mean
values.

¢ Influent concentration of E1 seemed to increase with the
distance of plant from catchment area.

* The average removal of total estrogens were 13%, 79%
and 68% for Kabd, Sulaibiya and Umm Al Hayman,
respectively.

e Despite high influent loading, the Sulaibiya plant
achieved the highest removal of EE2, E2 and E3

e Umm Al Hayman plant accomplished the best removal
of E1.

e Operations of WWTPs in Kuwait need to be upgraded/
optimized in order to maximize estrogens’ elimination.

e Kuwait needs to regulate estrogens discharges from
WWTPs in order to prevent further pollution of marine
areas and ground water by estrogens.

El E2 EE2 E3 Total
Kabd 234 66 49 -131 13
Sulaibiya 37 87 93 82 79
Umm Al Hayman 94 52 56 74 68




A. Abusam et al. | Desalination and Water Treatment 263 (2022) 139-144 143

Acknowledgement

The authors wish to gratefully acknowledge the par-
tial funding of this study by Kuwait Foundation for the
Advancement of Sciences (Code: P214-42WE-01).

References

[1] Z.-h. Liu, G.-n. Lu, H. Yin, Z. Dang, B. Rittmann, Removal of
natural estrogens and their conjugates in municipal wastewater
treatment plants: a critical review, Environ. Sci. Technol.,
49 (2015) 5288-5300.

[2] H.Chang, Y. Wan, S. Wu, Z. Fan, J. Hu, Occurrence of androgens
and progestogens in wastewater treatment plants and receiving
river waters: comparison to estrogens, Water Res., 45 (2011)
732-740.

[3] WHO, Global Assessment on the State of the Science of
Endocrine Disruptors, T. Damstra, S. Barlow, A. Bergman,
R. Kavlock, G. van der Kraak, Eds., International Program on
Chemical Safety, World Health Organization, 2002.

[4] E.B. Estrada-Arriaga, PN. Mijaylova, Influence of operational
parameters (sludge retention time and hydraulic residence
time) on the removal of estrogens by membrane bioreactor,
Environ. Sci. Pollut. Res., 18 (2011) 1121-1128.

[5] G.-G. Yin, R.S. Kookana, Y.-J. Ru, Occurrence and fate of
hormone steroids in the environment, Environ. Int., 28 (2002)
545-551.

[6] Kuwait Environmental Public Authority (KEPA), Kuwait
Al-Youm (Today) Newspaper, Annex to Issue 1355, Year 63,
2017.

[7] V. Gabet-Giraud, C. Miege, ].M. Choubert, S. Martin Ruel,
M. Coquery, Occurrence and removal of estrogens and beta
blockers by various processes in wastewater treatment plants,
Sci. Total Environ., 408 (2010) 4257-4269.

[8] C. Baronti, R. Curini, G. D’Ascenzo, A. Di Corcia, A. Gentili,
R. Samperi, Monitoring natural and synthetic estrogens at
activated sludge sewage treatment plants and in a receiving
river water, Environ. Sci. Technol., 34 (2000) 5059-5066.

[9] ED.L. Leusch, H.F. Chapman, W. Korner, S. Ravi Gooneratne,
L.A. Tremblay, Efficacy of an advanced sewage treatment
plant in southeast Queensland, Australia, to remove estrogenic
chemicals, Environ. Sci. Technol., 39 (2005) 5781-5786.

[10] Q. Cao, Q. Yu, D.W. Connell, Degradation rate constants of
steroids in sewage treatment works and receiving water,
Environ. Technol., 29 (2008) 1321-1330.

[11] H. Hamid, C. Eskicioglu, Fate of estrogenic hormones in
wastewater and sludge treatment: a review of properties and
analytical detection techniques in sludge matrix, Water Res.,
46 (2012) 5813-5833.

[12] H. Andersen, H. Siegrist, B. Halling-Serensen, T.A. Ternes, Fate
of estrogens in a municipal sewage treatment plant, Environ.
Sci. Technol., 37 (2003) 4021-4026.

[13] Z. Zhang, P. Gao, H. Su, P. Zhan, N. Ren, Y. Feng, Anaerobic
biodegradation characteristics of estrone, estradiol, and
17a-ethinylestradiol in activated sludge batch tests, Desal.
Water Treat., 53 (2015) 985-993.

[14] T. Saeed, N. Al-Jandal, A. Abusam, H. Taqi, A. Al-Khabbaz,
J. Zafar, Sources and levels of endocrine-disrupting compounds
(EDCs) in Kuwait’s coastal areas, Mar. Pollut. Bull., 118 (2017)
407-412.

[15] J.K. Fawell, D. Sheahan, H.A. James, M. Hurst, S. Scott,
Oestrogens and oestrogenic activity in raw and treated water in
Severn Trent Water, Water Res., 35 (2001) 1240-1244.

[16] G. D’Ascenzo, A. Di Corcia, A. Gentili, R. Mancini,
R. Mastropasqua, M. Nazzari, R. Samperi, Fate of natural
estrogen conjugates in municipal sewage transport and
treatment facilities, Sci. Total Environ., 302 (2003) 199-209.

[17] M. Cargouét, D. Perdiz, A. Mouatassim-Souali, S. Tamisier-
Karolak, Y. Levi, Assessment of river contamination by
estrogenic compounds in Paris area (France), Sci. Total Environ.,
324 (2004) 55-66.

[18] G.P. Pessoa, N.C. de Souza, C.B. Vidal, J.A.C. Alves,
P.IM. Firmino, R.F. Nascimento, A.B. dos Santos, Occurrence

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

(32]

(33]

[34]

and removal of estrogens in Brazilian wastewater treatment
plants, Sci. Total Environ., 490 (2014) 288-295.

A. Mohagheghian, R. Nabizadeh, A. Mesdghinia, N. Rastkari,
A.H.Mahvi, M. Alimohammadi, M. Yunesian, R. Ahmadkhaniha,
S. Nazmara, Distribution of estrogenic steroids in municipal
wastewater treatment plants in Tehran, Iran, J. Environ. Health
Sci. Eng., 12 (2014) 97, doi: 10.1186/2052-336X-12-97.

T.A. Ternes, M. Stumpf, ]J. Mueller, K. Haberer, R.-D. Wilken,
M. Servos, Behavior and occurrence of estrogens in municipal
sewage treatment plants — I Investigations in Germany,
Canada and Brazil, Sci. Total Environ., 225 (1999) 81-90.

A.C. Johnson, ]J.P. Sumpter, Removal of endocrine-disrupting
chemicals in activated sludge treatment works, Environ.
Sci. Technol., 35 (2001) 4697-4703.

A. Dick Vethaak, ]J. Lahr, S. Marca Schrap, A.C.
Belfroid, G.B.J. Rijs, A. Gerritsen, ]. de Boer, A.S. Bulder,
G.CM. Grinwis, R.V. Kuiper, J. Legler, T.AJ. Murk,
W. Peijnenburg, H.].M. Verhaar, P. de Voogt, An integrated
assessment of estrogenic contamination and biological
effects in the aquatic environment of The Netherlands, Chem-
osphere, 59 (2005) 511-524.

N. Nakada, H. Shinohara, A. Murata, K. Kiri, S. Managaki,
N. Sato, H. Takada, Removal of selected pharmaceuticals and
personal care products (PPCPs) and endocrine-disrupting
chemicals (EDCs) during sand filtration and ozonation at
a municipal sewage treatment plant, Water Res., 41 (2007)
4373-4382.

C.-Y. Chen, T.-Y. Wen, G.-5. Wang, H.-W. Cheng, Y.-H. Lin,
G.-W. Lien, Determining estrogenic steroids in Taipei waters
and removal in drinking water treatment using high-flow
solid-phase extraction and liquid chromatography/tandem
mass spectrometry, Sci. Total Environ., 378 (2007) 352-365.

S. Jin, F. Yang, T. Liao, Y. Hui, Y. Xu, Seasonal variations of
estrogenic compounds and their estrogenicities in influent and
effluent from a municipal sewage treatment plant in China,
Environ. Toxicol. Chem., 27 (2008) 146-153.

C. Desbrow, E. Routledge, G.C. Brighty, ]J.P. Sumpter,
M. Waldock, Identification of estrogenic chemicals in STW
effluent. 1. Chemical fractionation and in vitro biological
screening, Environ. Sci. Technol., 32 (1998) 1549-1558.

T. Damstra, S. Barlow, A. Bergman, R. Kavlock, G. Van Der
Kraak, Eds., International Program on Chemical Safety, WHO/
PCS/EDC/02.2 ed., 1998.

M. Holmes, A. Kumar, A. Shareef, H. Doan, R. Stuetz,
R. Kookana, Fate of indicator endocrine disrupting chemicals in
sewage during treatment and polishing for non-potable reuse,
Water Sci. Technol., 62 (2010) 1416-1423.

AY.-C. Lin, Y-T. Tsai, T-H. Yu, X.-H. Wang, C.-F. Lin,
Occurrence and fate of pharmaceuticals and personal care
products in Taiwan's aquatic environment, Desal. Water Treat.,
32 (2011) 57-64.

M. Kock-Schulmeyer, A. Ginebreda, C. Postigo, R. Lépez-Serna,
S. Pérez, R. Brix, M.. Llorca, M.L. de Alda, M. Petrovié¢, A. Munné,
L. Tirapu, D. Barceld, Wastewater reuse in Mediterranean semi-
arid areas: the impact of discharges of tertiary treated sewage
on the load of polar micro pollutants in the Llobregat river
(NE Spain), Chemosphere, 82 (2011) 670-678.

X. Lin, J. Xu, A.A. Keller, L. He, Y. Gu, W. Zheng, D. Sun,
Z. Lu, J. Huang, X. Huang, G. Li, Occurrence and risk
assessment of emerging contaminants in a water reclamation
and ecological reuse project, Sci. Total Environ., 744 (2020)
140977, doi: 10.1016/j.scitotenv.2020.140977.

N. Al-Jandal, T. Saeed, I. Azad, S. Al-Subiai, W. Al-Zekri,
S. Hussain, E. Al-Hasan, Impact of endocrine disrupting
compounds in sewage impacted coastal area on seabream,
Ecotoxicol. Environ. Saf., 150 (2018) 280-288.

R. Delli Compagni, M. Gabrielli, F. Polesel, A. Turolla, S. Trapp,
L. Vezzaro, M. Antonelli, Risk assessment of contaminants
of emerging concern in the context of wastewater reuse for
irrigation: an integrated modelling approach, Chemosphere,
242 (2020) 125185, doi: 10.1016/j.chemosphere.2019.125185.
Q.-Y. Wy, Y.-R. Shao, C. Wang, Y. Sun, H.-Y. Hu, Health risk
induced by estrogens during unplanned indirect potable reuse



144

[35]

[36]

A. Abusam et al. / Desalination and Water Treatment 263 (2022) 139-144

of reclaimed water from domestic wastewater, Huan Jing Ke
Xue/Environ. Sci., 35 (2014) 1041-1050.

LR. Falconer, H.F. Chapman, M.R. Moore, G. Ranmuthugala,
Endocrine-disrupting compounds: a review of their challenge
to sustainable and safe water supply and water reuse, Environ.
Toxicol., 21 (2006) 181-191.

D.M. Kvanli, S. Marisetty, T.A. Anderson, W. Andrew Jackson,
A.N. Morse, Monitoring estrogen compounds in wastewater
recycling systems, Water Air Soil Pollut., 188 (2008) 31-40.

[37]

[38]

D. Avisar, Y. Lester, D. Ronen, Sulfamethoxazole contamination
of a deep phreatic aquifer, Sci. Total Environ., 407 (2009)
4278-4282.

Y.F. Ting, SM. Praveena, Sources, mechanisms, and fate of
steroid estrogens in wastewater treatment plants: a mini
review, Environ. Monit. Assess., 189 (2017) 178, doi: 10.1007/
510661-017-5890-x.



