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18To understand the adsorption behavior of endocrine disrupting chemicals (EDCs) is important
19for enhancing the treatment performance and preventing potential secondary pollution
20caused by EDCs desorption in a microfiltration system. The dynamic adsorption of four
21representative EDCs, namely estriol (E3), 17β-estradiol (E2), 17α-ethynylestradiol (EE2), and 4-
22nonylphenol (4-NP) in a microfiltration system was investigated using the Thomas' model.
23The product of the equilibrium constant and the total adsorption capacity of the membrane,
24Ka, for E3, E2, EE2, and 4-NPwere 4.91, 9.78, 15.6, and 826, respectively, strongly correlatingwith
25the compound octanol–water partition coefficient (KOW). Adsorption appeared to be enhanced
26when organic fouling formed on the surface ofmembrane, indicating the role of an additional
27adsorption column for EDCs acted by a fouling layer inmicrofiltration. Results of a comparison
28between the Ka values for clean membrane and fouled membrane illustrated that the
29significant contribution made by fouling layers may be attributed to the foulant layer's
30hydrophobicity (in the case of calcium humate layer) and thickness (in the case of calcium
31alginate layer). This study provided a novel perspective to quantitatively analyze the dynamic
32adsorption behavior of trace pollutants in membrane process.
33© 2018 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences.
34Published by Elsevier B.V.
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4647 Introduction

48 Endocrine disrupting chemicals (EDCs) can interfere with the
49 hormone system and adversely affect the reproductive
50 behavior of aquatic and terrestrial animals (Bhandari et al.,
51 2015; Han et al., 2010). Moreover, human exposure to EDCs at
52 trace concentration level is potentially linked to obesity, decreas-
53 ing of male sperm counts, and increasing risks of cancer (Kabir
54 et al., 2015). With the rapid development of modern analytical
55 techniques, the presence of EDCs in urban water cycles has

56beenwidelydetected (Kolpin et al., 2002;Nakada et al., 2006; Sun
57et al., 2014; Writer et al., 2011; Wu et al., 2017; Xue et al., 2010;
58Zhang et al., 2016). Hence, increasing efforts have beenmade to
59understand the behavior of EDCs in waterways, especially in
60various water and wastewater treatment processes, in order to
61effectively minimize the health risk with regard to this special
62group of emerging pollutants.
63Microfiltration has been widely applied in water treatment
64and wastewater reclamation since 1990s. Hence, its ability to
65remove trace pollutants is attracting increasing concerns (Han
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66 et al., 2010, 2013; Prasertkulsak et al., 2016; Silva et al., 2012;
67 Zhu and Li, 2013). Adsorption and desorption are the primary
68 mechanisms that dominate the fate of trace pollutants such
69 as neutral EDCs in membrane processes. This is particularly
70 evident in the case of microfiltration, where size exclusion is
71 invalid due to the small molecular weight of EDCs. Although
72 porous membrane processes are usually not considered to be
73 effective barriers for EDCs, the repeated adsorption and desorp-
74 tion of EDCs on membrane materials due to backwash and
75 cleaning processes may lead to a special scenario for the
76 discharge of EDCs from membrane treatment systems. Several
77 researchers have focused on describing the adsorption capabil-
78 ities of EDCs using the partition coefficients in either a static
79 circumstance (by simply exposing the contaminated solution to
80 membranematerial) or a dynamic circumstance (by filtering the
81 contaminated solution through membrane material) (Chang
82 et al., 2003; Dong et al., 2010; Han et al., 2010, 2013; Schäfer et al.,
83 2011). Nevertheless, fewhave attempted to delineate the process
84 from the perspective of adsorption thermodynamics, which has
85 the potential to provide more insight into the dynamic proper-
86 ties of EDC adsorption and desorption. The presence of organic
87 matter in surface water and wastewater is one of the principle
88 causes of fouling in membrane treatment processes. Accompa-
89 nied by the formation of membrane fouling, the fate of trace
90 organic contaminantsmayalter due to the additional adsorption
91 sites provided by the fouling layers (Jermann et al., 2009). To our
92 best knowledge, a modeling interpretation and a comparison of
93 the roles played by membranes and organic fouling layers in
94 terms of the removal of EDC by microfiltration have not been
95 performed in previous studies.
96 The objectivesof this studywere toquantitatively determine
97 the adsorption capabilities of representative EDCs in a micro-
98 filtration system with the contribution of synthetic organic
99 fouling layers. The predominant mechanisms for EDC removal
100 by the organic fouling layers were interpreted by comparing
101 the adsorption capacities of clean membranes and fouled
102 membranes. Unlike in previous studies, the adsorption kinetics
103 of selected EDCs during the membrane filtration process were
104 described using the Thomas' model, which was specifically

105applied to simulate the dynamic adsorption on an adsorption
106column.

1071081. Materials and methods

1091.1. Target EDCs and chemicals

110The four EDCs selected for membrane adsorption tests included
111two natural hormones (estriol [E3] and 17β-estradiol [E2]), one
112synthetic hormone (17α-ethinylestradiol [EE2]), and one indus-
113trial product (4-nonylphenol [4-NP]) with endocrine disrupting
114activity, whereas E3 and EE2 were used for the adsorption
115experiment for gel-membrane assemblage. Their physicochem-
116ical characteristics are summarized in Table 1. The presence of
117these EDCs in both natural water matrices and municipal
118secondary effluents has been widely reported in the literature
119(Sun et al., 2014; Xue et al., 2010). Stock solutionswere separately
120prepared for each EDC by dissolving the corresponding com-
121pound into methanol at 1 g/L and stocked at −20°C. Each EDC
122stock solution was diluted to 100 μg/L using a salt solution
123composed of 20 mmol/L NaCl and 2 mmol/L NaHCO3 for
124adsorption experiments.
125Two model organic foulants, sodium alginate (NaAlg) and
126sodium humate (NaHA), which were provided by Sigma-
127Aldrich, USA, were used to form the synthetic fouling layers
128on the microfiltration membranes. Each model compound was
129dissolved in a salt solution composed of 16 mmol/L NaCl and
1302 mmol/L NaHCO3 at 1 g/L, and the mixture was well stirred
131overnight prior to further experimentation. The concentration
132of the model foulant was higher than that in practical
133wastewater in order to shorten the duration of fouling layer
134formation in the subsequent experiment. The 2 mmol/L CaCl2
135was then added into the solution to enhance the growth of
136calcium alginate (CaAlg) or humic acid calcium (CaHA) colloid,
137followed by gently blending for another 24 hr. To remove
138the undissolved particles, CaHA solutions were pre-filtered
139using 0.45 μmnylon filters prior to the gel layer formation tests.
140The CaAlg colloid possessed an average particle diameter

Table 1t1:1 – Physicochemical properties of target EDCs (Ahel and Giger, 1993; Xue et al., 2010; Yamamoto et al., 2003).
t1:2t1:3
t1:4 EDCs Molecular formula Molecular weight

(g/mol)
Solubility in water

(mg/L)
LogKOW Molecular structure

t1:5 Estriol (E3) C18H24O3 288.4 30.2 2.45

t1:6 17Beta-estradiol (E2) C18H24O2 272.4 3.85 4.01

t1:7 17Alpha-ethinylestradiol (EE2) C20H24O2 296.4 19.1 3.67, 4.15

t1:8 4-Nonylphenol (4-NP) C15H24O 220.4 1.66 5.76, 4.48

t1:9 EDCs: endocrine disrupting chemicals.t1:10
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