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The performance of four types of constructed wetlands (CWs) namely, free water surface CW (FWSCW), horizontal flow CW (HFCW), vertical flow CW (VFCW) and hybrid CW (HCW) was comprehensively and critically evaluated for the removal of steroidal hormones (SHs) based on peer-reviewed literature. The average removal efficiency of 11 widely studied SHs ranged from 55% to 100%. Although the effluent concentration of SHs was decreased after the treatment, the environmental risk posed by them was not considerably reduced in most cases. For instance, estimated risk quotient of five out of nine examined SHs (i.e., 17α-ethinylestradiol, 17ß-estradiol, testosterone, estrone and estriol) was extremely high for the effluent of CWs. In most of the examined SHs, biodegradation (aerobic and/or anaerobic) is the most dominant removal mechanism followed by plant uptake and adsorption and/or sorption, along with the physicochemical properties of SHs playing an important role in the elimination processes. Among the studied CWs, the VFCW performed better followed by HFCW, HCW and FWSCW. The aerobic biodegradation being more efficient than anaerobic explains the better removal in VFCW compared with HFCW, also because several SHs showed better biodegradation under aerobic conditions (e.g., 17α-ethinylestradiol, estriol, progesterone and testosterone). Additionally, plants and support matrix as well as other governing factors such as design and operational factors (area, depth, hydraulic loading rate, hydraulic retention time and organic loading rate), and physicochemical parameters (effluent dissolved oxygen, temperature and pH) of CWs also play a considerable role in the removal of the examined SHs.

Introduction

Steroidal hormones (SHs) are among the emerging organic contaminants (EOCs) that are considered as prospective endocrine disruptors (EDCs) [START_REF] Caliman | Pharmaceuticals, Personal Care Products and Endocrine Disrupting Agents in the Environment-A Review[END_REF][START_REF] Töre | Removal of Trace Pollutants from Wastewater in Constructed Wetlands[END_REF][START_REF] Gogoi | Occurrence and fate of emerging contaminants in water environment: A review[END_REF]. EDCs are characterized as external agents that obstruct the formation, release, transport, attachment, activity, or displacement of body's natural hormones that regulates homeostasis, development, reproduction and behavior (USEPA, 1997;[START_REF] Vogel | Tunnel vision: the regulation of endocrine disruptors[END_REF][START_REF] Ra | Occurrence of estrogenic chemicals in South Korean surface waters and municipal wastewaters[END_REF]. SHs are discharged to water resources and environment through various sources such as domestic wastewater (from excretion), runoff from concentrated animal feeding operations and aquaculture, industrial wastewater (from product manufacturing discharges), landfill leachate (from improper disposal of used, defective or expired items) and effluent discharge from wastewater treatment plants (WWTPs) [START_REF] Nakada | 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[END_REF][START_REF] Suárez | How are pharmaceutical and personal care products (PPCPs) removed from urban wastewaters?[END_REF][START_REF] Caliman | Pharmaceuticals, Personal Care Products and Endocrine Disrupting Agents in the Environment-A Review[END_REF][START_REF] Cai | Treatment of estrogens and androgens in dairy wastewater by a constructed wetland system[END_REF][START_REF] Luo | A review on the occurrence of micropollutants in the aquatic environment and their fate and removal during wastewater treatment[END_REF][START_REF] Pessoa | Occurrence and removal of estrogens in Brazilian wastewater treatment plants[END_REF][START_REF] Gogoi | Occurrence and fate of emerging contaminants in water environment: A review[END_REF]. The occurrence of SHs has raised an increasing concern and research interest in the last decade due to their possible toxicological effects to the environment and living organisms [START_REF] Qiang | A comparison of various rural wastewater treatment processes for the removal of endocrine-disrupting chemicals (EDCs)[END_REF][START_REF] Liu | Analysis of 21 progestagens in various matrices by ultra-high-performance liquid chromatography tandem mass spectrometry (UHPLC-MS/MS) with diverse sample pretreatment[END_REF]Liu et al., , 2015b;;[START_REF] Pessoa | Occurrence and removal of estrogens in Brazilian wastewater treatment plants[END_REF][START_REF] Barbosa | Occurrence and removal of organic micropollutants: An overview of the watch list of EU Decision 2015/495[END_REF][START_REF] Adeel | Environmental impact of estrogens on human, animal and plant life: a critical review[END_REF][START_REF] Biswas | Effect of rainfall timing and tillage on the transport of steroid hormones in runoff from manure amended row crop fields[END_REF][START_REF] Gogoi | Occurrence and fate of emerging contaminants in water environment: A review[END_REF], even at very low concentrations (0.1-0.5 ng L -1 ) [START_REF] Adeel | Environmental impact of estrogens on human, animal and plant life: a critical review[END_REF]. Therefore, regardless of their very small concentration (e.g., ng L -1 to µg L - 1 ) in water bodies, the continuous discharge of SHs can have negative impacts on human health as well as aquatic and terrestrial life [START_REF] Song | Estrogen removal from treated municipal effluent in small-scale constructed wetland with different depth[END_REF][START_REF] Kumar | Natural attenuation of endocrinedisrupting estrogens in an ecologically engineered treatment system (EETS) designed with floating, submerged and emergent macrophytes[END_REF][START_REF] Qiang | A comparison of various rural wastewater treatment processes for the removal of endocrine-disrupting chemicals (EDCs)[END_REF][START_REF] Vymazal | Occurrence and removal of estrogens, progesterone and testosterone in three constructed wetlands treating municipal sewage in the Czech Republic[END_REF][START_REF] Vystavna | Removal efficiency of pharmaceuticals in a full scale constructed wetland in East Ukraine[END_REF]. For instance, estrogens existing either as natural or synthetic substances are mostly found in the aquatic environment, and acting as EDCs [START_REF] Rocha | Identification of estrogenic chemicals in TTW effluent: 2. In vitro response in trout and roach[END_REF][START_REF] Sun | Ecological risk of estrogenic endocrine disrupting chemicals in sewage plant effluent and reclaimed water[END_REF][START_REF] Barreiros | Analysis of 17ßestradiol and 17α-ethinylestradiol in biological and environmental matrices -a review[END_REF]. This might be due to dramatic increase of their use in human medical treatments and veterinary applications [START_REF] Guedes-Alonso | Liquid chromatography methodologies for the determination of steroid hormones in aquatic environmental systems[END_REF][START_REF] Zhang | Accumulation of steroid hormones in soil and its adjacent aquatic environment from a typical intensive vegetable cultivation of North China[END_REF]. Estriol, estrone and 17ß-estradiol are natural estrogens that are mainly excreted by humans. Whereas, 17α-ethinylestradiol, a synthetic estrogen, is used as oral contraceptive and is also excreted by humans. These estrogens cause adverse effects to the ecosystems such as feminization of male fishes, DNA and immunity alterations [START_REF] Purdom | Estrogenic effects of effluents from sewage treatment works[END_REF][START_REF] Länge | Effects of the synthetic estrogen 17a-ethinylestradiol on the life-cycle of the Fathead Minnow (Pimephales promelas)[END_REF][START_REF] Kidd | Collapse of a fish population after exposure to a synthetic estrogen[END_REF][START_REF] Li | Occurrence, sources, and fate of pharmaceuticals in aquatic environment and soil[END_REF][START_REF] Leet | Environmental hormones and their impacts on sex differentiation in fathead minnows[END_REF]. [START_REF] Kidd | Collapse of a fish population after exposure to a synthetic estrogen[END_REF] concluded that the chronic exposure of fathead minnow to 5-6 ng L -1 of 17α-ethinylestradiol led to feminization of male fish and altered oogenesis in females. [START_REF] Leet | Environmental hormones and their impacts on sex differentiation in fathead minnows[END_REF] reported that 84% of the male fish that encountered 17α-ethinylestradiol during their first 45 days (larval stage) developed a cavity for ovary, which is a sign of feminization. Similarly, several studies revealed that the sexual differentiation of fish is influenced by 17ß-estradiol [START_REF] Hansen | Vitellogenin-a biomarker for endocrine disruptors[END_REF][START_REF] Rocha | Identification of estrogenic chemicals in TTW effluent: 2. In vitro response in trout and roach[END_REF][START_REF] Tabata | Estrogenic influences of 17ß -estradiol, p-nonylphenol and bisphenol-A on Japanese Medaka (Oryzias latipes) at detected environmental concentrations[END_REF] and androgens [START_REF] Katiadaki | Detection of environmental androgens: a novel method based on enzyme-linked immunesorbent assay of spiggin, the stickleback (Gasterosteus aculeatus) glue protein[END_REF]. [START_REF] Hansen | Vitellogenin-a biomarker for endocrine disruptors[END_REF] observed that 17ß-estradiol induced changes in the production of vitellogenin (egg yolk precursor protein expressed in the females of oviparous species such as fish, amphibians, reptiles, birds and most invertebrates) in male trout at concentrations as low as 1 ng L -1 , and Routledge et al. (1998) reported that its concentrations in the range of 1-10 ng L -1 led to feminization of some male fish species.

The progestogen such as levonorgestrel is usually associated with 17α-ethinylestradiol in contraceptive pills and is known to have androgenic effect, which leads to masculinization in fish [START_REF] Pu | Trace analysis of contraceptive drug levonorgestrel in wastewater samples by a newly developed indirect competitive enzyme-linked immunosorbent assay (ELISA) coupled with solid phase extraction[END_REF][START_REF] Kloas | Endocrine disruption in aquatic vertebrates[END_REF][START_REF] Leet | Environmental hormones and their impacts on sex differentiation in fathead minnows[END_REF][START_REF] Runnalls | From single chemicals to mixtures -reproductive effects of levonorgestrel and ethinylestradiol on the fatheadminnow[END_REF]. In some recent toxicological studies with fish, it was shown that levonorgestrel at concentration of 6.5 ng L -1 inhibited spermatogenesis, reduced egg production, decreased fish reproduction, increased the weight and lengths of female fish, and led females to acquire male characteristics [START_REF] Svensson | Environmental concentrations of an androgenic progestin disrupts the seasonal breeding cycle in male three-spined stickleback (Gasterosteus aculeatus)[END_REF][START_REF] Overturf | Responses to various exposure durations of levonorgestrel during early-life stages of fathead minnows (Pimephales promelas)[END_REF][START_REF] Runnalls | From single chemicals to mixtures -reproductive effects of levonorgestrel and ethinylestradiol on the fatheadminnow[END_REF]. Norethisterone also known as norethindrone (progestogen) is used for hormone regulation, endometriosis and chronic pelvic treatment [START_REF] Simon | Reduced vaginal bleeding in postmenopausal women who receive combined norethindrone acetate and low-dose ethinyl estradiol therapy versus combined conjugated equine estrogens and medroxyprogesterone acetate therapy[END_REF][START_REF] Chawla | Treatment of Endometriosis and Chronic Pelvic Pain with Letrozole and Norethindrone Acetate[END_REF][START_REF] Kaser | Use of norethindrone acetate alone for postoperative suppression of endometriosis symptoms[END_REF]. Although it is not frequently found in natural environment, some studies have revealed the potential transformation of norethindrone to 17α-ethinylestradiol (e.g., [START_REF] Kuhnz | In vivo conversion of norethisterone and norethisterone acetate to ethinyl estradiol in postmenopausal women[END_REF]. Several studies reported the toxic effects of norethindrone and its derivatives to organisms [START_REF] Safholm | Risks of hormonally active pharmaceuticals to amphibians: a growing concern regarding progestagens[END_REF][START_REF] Fent | Progestins as endocrine disrupters in aquatic ecosystems: Concentrations, effects and risk assessment[END_REF][START_REF] Wu | Monitoring the contents of six steroidal and phenolic endocrine disrupting chemicals in chicken, fish and aquaculture pond water samples using pre-column derivatization and dispersive liquid-liquid microextraction with the aid of experimental design methodology[END_REF]. Furthermore, EDCs are of profound concern as some studies suggested that long term exposure to EDCs could pose severe risk to human health, which includes a decrease in male sperm count, an increase in testicular, prostate, ovarian and breast cancers and reproductive malfunctions (e.g., [START_REF] Joffe | Are problems with male reproductive health caused by endocrine disruption?[END_REF]. The major concern is related to fetuses and newborn babies, because of their higher vulnerability [START_REF] Sharpe | How strong is the evidence of a link between environmental chemicals and adverse effects on human reproductive health[END_REF]. [START_REF] Barbosa | Occurrence and removal of organic micropollutants: An overview of the watch list of EU Decision 2015/495[END_REF] summarized available data and the concentration of three estrogens, namely 17α-ethinylestradiol, 17ß-estradiol and estrone, which are on the watch list of European Union (EU) as per EU decision 2015/495. The concentration of 17α-ethinylestradiol, 17ß-estradiol and estrone in different aquatic compartments, including effluents of wastewater, surface water and groundwater was estimated from the data reported in case studies from nine countries across different regions (China, Korea, Japan, South Africa, Sweden, France, Germany, UK and USA).

The estimated average concentration of 17α-ethinylestradiol in wastewater, surface water and groundwater was up to 0.008, 0.002 and 0.23 μg L -1 , respectively. The corresponding concentration of 17ß-estradiol was 0.09, 0.01 and 0.15 μg L -1 , respectively, and that of estrone was 0.22, 0.07 and 0.08 μg L -1 , respectively. The removal efficiencies indicated large variations across case studies and treatment technologies. For instance, the estimated removal efficiency of estrone after the treatment with conventional and advanced treatment technologies was in the range of 65-78% and 62-100%, respectively. Therefore, the authors suggested conducting more research to analyze the comparative performance of different treatment technologies for the removal of SHs. Few review studies were carried out, which focused on the performance of conventional and advanced treatment technologies for the treatment of SHs. The detail information on these studies can be found in literature, for instance, in the reviews by [START_REF] Suárez | How are pharmaceutical and personal care products (PPCPs) removed from urban wastewaters?[END_REF], [START_REF] Caliman | Pharmaceuticals, Personal Care Products and Endocrine Disrupting Agents in the Environment-A Review[END_REF], [START_REF] Onesios | Biodegradation and removal of pharmaceuticals and personal care products in treatment systems: a review[END_REF], [START_REF] Luo | A review on the occurrence of micropollutants in the aquatic environment and their fate and removal during wastewater treatment[END_REF], [START_REF] Barbosa | Occurrence and removal of organic micropollutants: An overview of the watch list of EU Decision 2015/495[END_REF], [START_REF] Cheng | Bioprocessing for elimination antibiotics and hormones from swine wastewater[END_REF], [START_REF] Gogoi | Occurrence and fate of emerging contaminants in water environment: A review[END_REF][START_REF] Kanakaraju | Advanced oxidation process-mediated removal of pharmaceuticals from water: A review[END_REF].

Constructed wetlands (CWs) are environmental friendly, cost-effective and nature-based treatment technologies that were explored over the last decade for the removal of SHs from wastewater [START_REF] Gorito | A review on the application of constructed wetlands for the removal of priority substances and contaminants of emerging concern listed in recently launched EU legislation[END_REF][START_REF] Vo | Insights of the Removal Mechanisms of Pharmaceutical and Personal Care Products in Constructed Wetlands[END_REF] (e.g., between VFCW and HCW, and between FWSCW and HCW). Furthermore, detailed statistical analysis is lacking, as only a correlation analysis of design and operational factors, and physicochemical parameters was conducted within few individual studies but not between studies (Table 1). Moreover, a meta-analysis of existing studies is required to establish a significant difference in the performance of different types of CWs. In addition, most of the studies examined only a limited number of SHs (Supplementary materials 1: Tables S1-S4). Furthermore, only a few studies reviewed and summarized the existing knowledge on some of the above-mentioned areas with specific focus on SHs removal by CWs [START_REF] Töre | Removal of Trace Pollutants from Wastewater in Constructed Wetlands[END_REF][START_REF] Gorito | A review on the application of constructed wetlands for the removal of priority substances and contaminants of emerging concern listed in recently launched EU legislation[END_REF][START_REF] Vo | Insights of the Removal Mechanisms of Pharmaceutical and Personal Care Products in Constructed Wetlands[END_REF]. [START_REF] Gorito | A review on the application of constructed wetlands for the removal of priority substances and contaminants of emerging concern listed in recently launched EU legislation[END_REF] investigated the removal of three SHs by CWs that are on EU priority list (i.e., 17α-ethinylestradiol, 17ß-estradiol and estrone) and discussed the associated removal processes, as well as the influence of design and operational parameters. A scientific explanation on removal processes in CWs was presented by [START_REF] Töre | Removal of Trace Pollutants from Wastewater in Constructed Wetlands[END_REF] and [START_REF] Vo | Insights of the Removal Mechanisms of Pharmaceutical and Personal Care Products in Constructed Wetlands[END_REF], which was supported by limited scientific evidence from available studies and the SHs considered were the same as by [START_REF] Gorito | A review on the application of constructed wetlands for the removal of priority substances and contaminants of emerging concern listed in recently launched EU legislation[END_REF]. Although these review studies contributed in advancing the scientific knowledge on the removal of estrogens by CWs, a comprehensive and critical examination is still lacking.

Therefore, the focus of this research is to fill the existing knowledge gaps indicated above. The main objectives are: (1) to conduct a critical comparison of four types of CWs for the removal of a large number of SHs from wastewater; (2) to critically evaluate the available evidence on major SHs removal mechanisms; (3) to investigate the impact of physicochemical properties of SHs on their removal processes; (4) to assess the environmental risk posed by SHs and the contribution of CWs in their risk reduction; (5) to explore the role of design and operational factors of CWs in SHs removal; (6) to examine the impact of physicochemical parameters of CWs on SHs removal; and (7) to summarize the effect of plants and support matrix of CWs on SHs removal.

Methodology

This research is based on the analysis of secondary data and a critical review of the published literature. The research papers, review papers and books were obtained from various sources, such as Scopus, Google Scholar and individual journal websites, related to the performance of different types of CWs for the removal of different categories of SHs. The snowball sampling method yielded over 25 journal articles, which were further screened and used for the purpose of this research. The screening was carried out to check the quality of published data. Only peerreviewed journal papers were selected for this research, which helped to ensure the reliability of the given data. The selected studies have used generally accepted and reliable data handling and analytical methods such as solid phase extraction-gas chromatography-tandem mass spectrometry (SPE-GC-MS/MS) and SPE-(ultra) high performance liquid chromatography-MS/MS (SPE-(U)HPLC-MS/MS). Instrumental detection and quantification limits described as limit of detection and limit of quantification were in the range of 0.00005-0.6 μg L -1 and 0.0002-0.8 μg L -1 , respectively. The samples were analyzed soon after the collection, as the storage time was less than one or two days in most cases. Moreover, the selected studies contained the required information on most of the key parameters such as concentration of SHs in influent and effluent waters, removal efficiency, chemical oxygen demand (COD), biochemical oxygen demand (BOD), hydraulic loading rate (HLR) and hydraulic retention time (HRT). A global database was compiled containing information of 55 CWs that were reported in 18 peer reviewed journal publications with case studies from 13 countries (Supplementary materials 1: Tables S1-S4). This database contains influent and effluent concentrations, removal efficiencies, and removal rates of 14 SHs grouped into four categories based on their structural characteristics and pharmacological effects (Table 2). The treatment performance of four types of CWs namely, FWSCW, HFCW, VFCW and HCW was evaluated for the removal of selected SHs. The other parameters such as: treatment scale and type, wastewater type, depth, area, HLR, organic loading rate (OLR), HRT, experiment duration, system age, filter media, temperature, pH, effluent dissolved oxygen (DO) and oxidationreduction potential (ORP) were considered for the comparison of four types of CWs and to investigate their influence on the removal of SHs. Some of these parameters are summarized in Table 3, and details are provided in Tables S1-S4. The risk assessment was carried out by estimating risk quotient (RQ), which is a ratio between the predicted or measured environmental concentrations (PEC or MEC), and the worst-case predicted no effect concentration (PNEC) [START_REF] Hernando | Environmental risk assessment of pharmaceutical residues in wastewater effluents, surface waters and sediments[END_REF]. Following on the recommendations by [START_REF] Hernando | Environmental risk assessment of pharmaceutical residues in wastewater effluents, surface waters and sediments[END_REF] and several applications [START_REF] Cai | Treatment of estrogens and androgens in dairy wastewater by a constructed wetland system[END_REF][START_REF] Zhu | The fate and risk of selected pharmaceutical and personal care products in wastewater treatment plants and a pilot-scale multistage constructed wetland system[END_REF]Liu et al., 2015a;[START_REF] Zhang | Occurrence, fate and risk assessment of androgens in ten wastewater treatment plants and receiving rivers of South China[END_REF][START_REF] Chen | Removal of steroid hormones and biocides from rural wastewater by an integrated constructed wetland[END_REF][START_REF] Luo | Endocrine-disrupting compounds in the Xiangjiang River of China: Spatio-temporal distribution, source apportionment, and risk assessment[END_REF], risk is categorized into four levels: high risk (RQ > 1.0), medium risk (0.1 ≤ RQ ≤ 1.0), low risk (0.01 ≤ RQ ≤ 0.1) and no risk (RQ < 0.01) (Table 4).

The removal mechanisms for the selected SHs in CWs were identified as presented in the published case studies. Majority of the studies only attributed removal to certain mechanisms (e.g., biodegradation, biotransformation, adsorption and/or sorption, plant uptake and photodegradation) (Table 5). The relative contribution of these mechanisms in the removal of SHs was only quantified in few experimental studies (Supplementary materials 2: Table S5). Therefore, the analysis on removal mechanisms was based on a critical oversight from both qualitative and quantitative information. The information on the physicochemical properties of SHs was collected from various sources (e.g., journal papers, reports and websites) for molecular formula/structure/weight, water solubility, dissociation constant (pKa), organic carbon sorption coefficient (Log Koc), octanol-water partition coefficient (Log Kow) and distribution coefficient (Log Dow) (Table 6). The available evidence on the role of these properties in the removal of SHs in CWs was comprehensively and critically analyzed.

The statistical analysis was conducted to estimate the mean and standard deviation of the selected studied variables (Supplementary materials 3: Table S6). The statistical comparison among different types of CWs was done with one-way ANOVA for the significance and z-Test for comparison of means (Supplementary materials 4: Tables S7-S8). Pearson correlation was done to examine the influence of selected design and operational factors (depth, area, HLR, HRT and OLR) and physicochemical parameters (pH, temperature and effluent DO) on the performance of CWs for SHs removal (Supplementary materials 6: Table S9).

Results and Discussion

Performance comparison of different types of CWs for SHs removal

Although recent studies have extensively investigated the occurrence and removal of a number of SHs in CWs and data could be compiled for 14 SHs from different sources, the number of data points for several SHs is still limited (Tables S1-S4). Therefore, the removal efficiency statistics of 11 out of 14 examined SHs for which three or more observations were available is presented in Figure 1. The estimated statistics (mean and standard deviation of influent and effluent concentration, removal rate, and removal efficiency) are given in Supplementary materials 3: Table S6. The results demonstrate a moderate to high potential of CWs for the removal of SHs, which is explicit by the average removal efficiency of 11 widely studied SHs, which ranged from 55% to 100%.

Figure 1. The removal efficiency (mean and standard deviation) of the widely investigated SHs.

Note: The statistics are for 11 SHs for which three or more data points were available.

The removal efficiency of 11 widely studied SHs in four types of CWs (FWSCW, HFCW, VFCW and HCW) is given in Supplementary materials 4: Table S7. A statistical comparison is made only for six SHs that were studied by several authors and in more than two types of CWs.

The results of ANOVA and z-Test for comparison of means for statistical significance or nonsignificance of observed difference among studied CWs for the removal of six selected SHs (Table S8) are discussed in this section and substantiated by Figure 2. Note: 17α-ethinylestradiol: 'a' shows that FWSCW exhibit significant difference from HCW; 'b' shows that HFCW and HCW are significantly different from each other; 'c' shows that VFCW exhibit significant difference from HCW; 17ß-estradiol: 'a' shows that FWSCW exhibit significant difference from HFCW; Estrone: 'a' shows that HFCW exhibits significant difference from HCW; Estriol: 'a' shows that FWSCW exhibit significant difference from VFCW; 'b' shows that HFCW and VFCW are significantly different from each other; 'c' shows that HCW exhibit significant difference from VFCW; Progesterone: 'a' shows that HFCW exhibit significant difference from HCW at α = 0.05 (P < 0.05); The number of observations for studied SHs in different types of CWs is given in Table S7.

The removal of 17α-ethinylestradiol was significantly higher in HCW (78±12%) compared with HFCW (52±25%), FWSCW (51±20%) and VFCW (50±22%) (Figure 2 and Tables S7 &S8). Its main removal mechanism in CWs is sorption onto organic surfaces (Table 5) and the provision of longer HRT in HCW due to the availability of more than one compartment might be the reason of its better removal in HCW. Its moderate removal in FWSCW suggests that photodegradation could be a considerable removal pathway as well (Table 5). Its uptake by the plants cannot be considered as one of its dominant removal mechanisms in CWs but the aerobic biodegradation enhanced in planted CWs might contribute to its removal (Table 5). VFCW are predominantly aerobic compared with anoxic HFCW and comparatively better removal in VFCW (Figure 2) indicates that the aerobic biodegradation mainly contributes to its microbial degradation process. Furthermore, aerobic biodegradation is much faster compared with anaerobic/anoxic degradation route [START_REF] Song | Estrogen removal from treated municipal effluent in small-scale constructed wetland with different depth[END_REF][START_REF] Kumar | Natural attenuation of endocrinedisrupting estrogens in an ecologically engineered treatment system (EETS) designed with floating, submerged and emergent macrophytes[END_REF], which can be explained by two possible degradation mechanisms: (1) the formation of hydroxylated products of estrogens from oxygenase-catalyzed reactions requires molecular oxygen;

(2) for the subsequent cleavage of carbon-carbon bonds oxygen is also a prerequisite [START_REF] Song | Estrogen removal from treated municipal effluent in small-scale constructed wetland with different depth[END_REF].

The removal of 17ß-estradiol was higher in HFCW (79±14%) compared with HCW (55±38%), VFCW (54±27%) and FWSCW (53±16%) (Table S7) but exhibits statistical significance in differences only with FWSCW (Figure 2 and Table S8). Some studies ascribed its removal to anaerobic biodegradation. However, its moderate removal in the studied CWs might be due to the major processes responsible for its removal such as sorption onto organic surfaces and biotransformation (Table 5). Consistent with that, the removal of estrone was higher in HFCW (83±21%) compared with VFCW (74±19%) and HCW (56±28%) (Table S7) but reveals significant differences only with HCW (Figure 2 and Table S8). Although the removal in HCW is much lower compared with VFCW, it does not show statistical significance in differences (Figure 2 and Table S8). The almost similar removal in HFCW and VFCW could be due to the possibility of its biodegradation under both aerobic and anaerobic conditions (Table 5). Considering this fact, its higher removal could be expected in HCW. Nevertheless, its moderate removal in the studied CWs might be due to the contribution of other major processes responsible for its removal such as sorption onto organic surfaces and biotransformation (Table 5). In contrast, the removal of estriol was significantly higher in VFCW (100±0%) compared with FWSCW (65±17%), HCW (62±47%) and HFCW (44±26%) (Figure 2 and Tables S7 &S8). This might be due to its removal by aerobic biodegradation, which is expected in VFCWs (Table 5). Although the removal in HFCW is much lower compared with FWSCW and HCW, it does not exhibit statistically significant differences (Figure 2 and Table S8). However, its low to moderate removal in these CWs might be due to the other processes responsible for its removal such as sorption onto carbon rich surfaces (Table 5).

The removal of progesterone was higher in VFCW (100±1%) compared with HCW (93±8%) and HFCW (92±5%) (Table S7) but shows significant differences only with HFCW (Figure 2 and Table S8). This could be due to its biodegradation under aerobic conditions (Table 5).

Nevertheless, its higher removal in all types of studied CWs designates the other major processes responsible for its removal such as biotransformation (Table 5). On the other hand, the nonsignificant differences in the removal of testosterone might be due to its somewhat similar removal in VFCW (91±16%), HFCW (90±7%) and HCW (87±24%) (Figure 2 and Table S7 &S8). This might be due the involvement of several processes in its removal such as biodegradation (aerobic), photodegradation and sorption onto organic surfaces (Table 5).

Environmental risk assessment for the selected SHs

Environmental risk was estimated for nine SHs for which the PNEC estimates were available from the literature. The PNECs for a certain SH are reported based on experimental and modeling studies related to several organisms such as fish, crustaceans, algae and invertebrates (e.g., Liu et al., 2015a;[START_REF] Zhang | Occurrence, fate and risk assessment of androgens in ten wastewater treatment plants and receiving rivers of South China[END_REF][START_REF] Chen | Removal of steroid hormones and biocides from rural wastewater by an integrated constructed wetland[END_REF][START_REF] Luo | Endocrine-disrupting compounds in the Xiangjiang River of China: Spatio-temporal distribution, source apportionment, and risk assessment[END_REF]. Considering the approach of these studies, the lowest estimate of PNEC is used to calculate RQ. For instance, PNEC estimates for estrone were available for fish (0.006 μg L -1 ), crustaceans (0.410 μg L -1 ) and invertebrates (0.604 μg L -1 ) from [START_REF] Luo | Endocrine-disrupting compounds in the Xiangjiang River of China: Spatio-temporal distribution, source apportionment, and risk assessment[END_REF]. In this case, the lowest value of 0.006 μg L -1 was adopted as the PNEC to estimate the RQ of estrone. Although the PNEC values of selected SHs shows large variation in water, these were below 0.5 μg L -1 in most of the cases, which indicates the high toxicities of these compounds in the aqueous phase [START_REF] Zhu | The fate and risk of selected pharmaceutical and personal care products in wastewater treatment plants and a pilot-scale multistage constructed wetland system[END_REF]) (Table 4). Therefore, the stringent approach of using lowest PNEC value is considered, as it is safest from ecological protection point of view. Note: Risk is categorized into four levels: high risk (RQ > 1.0; above red line), medium risk (0.1 ≤ RQ ≤ 1.0; between red and orange line), low risk (0.01 ≤ RQ ≤ 0.1; between orange and green line), and no risk (RQ < 0.01; below green line).

The MEC was based on average SH concentration of influent and effluent. The subsequent RQ estimates of influent and effluent of CWs are presented in Figure 3 and Table 4. The results show that estimated effluent RQs are lower compared with influent RQs. These assessments are similar to the estimations of [START_REF] Cai | Treatment of estrogens and androgens in dairy wastewater by a constructed wetland system[END_REF] and [START_REF] Chen | Removal of steroid hormones and biocides from rural wastewater by an integrated constructed wetland[END_REF]. However, the ecological risk category of several SHs is still the same as before treatment with CWs (Table 4). Based on the effluent RQ assessment, five SHs could be classified under high risk category. These are in order from high to low risk as: 17α-ethinylestradiol > 17ß-estradiol > testosterone > estrone > estriol. Androstenedione and norethisterone could be grouped to medium risk category. Progesterone could be classified under no risk category. On the other hand, boldenone was in no risk category even based on influent RQ assessment. Consistent with these results, Cai et al.

(2012) reported 17ß-estradiol under high risk category. [START_REF] Chen | Removal of steroid hormones and biocides from rural wastewater by an integrated constructed wetland[END_REF] depicted that androstenedione and norethisterone had a medium to high risk, and progesterone had no to low risk in the effluent of the studied CWs. In contrast, testosterone (high risk SH) was designated under low to medium risk category by [START_REF] Chen | Removal of steroid hormones and biocides from rural wastewater by an integrated constructed wetland[END_REF].

These results, based on data from several countries, demonstrated very high influent and effluent risk of the three estrogens: 17α-ethinylestradiol, 17ß-estradiol and estrone (Figure 3 and Table 4), which are on the watch list of EU [START_REF] Barbosa | Occurrence and removal of organic micropollutants: An overview of the watch list of EU Decision 2015/495[END_REF]. Additionally, estriol and testosterone also revealed very high influent and effluent risk (Figure 3 estimated RQ would still be greater than one (high risk) in these five high risk category SHs even if, in extreme case, the maximum PNEC value of 0.5 μg L -1 would have been used. on our results (*). Risk is categorized into four levels: high risk (RQ > 1.0), medium risk (0.1 ≤ RQ ≤ 1.0), low risk (0.01 ≤ RQ ≤ 0.1) and no risk (RQ < 0.01).

Role of physicochemical properties of SHs and removal mechanisms in CWs

The physicochemical properties of SHs that play a fundamental role in their removal processes are: molecular weight/structure, solubility in water, Log Kow, Log Dow, Log Koc, cationic or anionic nature (pKa/charge) and presence of certain elements (e.g., chlorine) (Tables 5 and6). In the case of SHs, few experimental studies (e.g., hydroponic microcosms, media adsorption experiments and CWs) were conducted to estimate the relative contribution of various removal mechanisms (Figure 4 and Table S5). The possible removal pathways demonstrated by experimental studies for the elimination of SHs are: biodegradation (aerobic and anaerobic), plant uptake, adsorption to substrate media, sorption onto organic surfaces and photodegradation. Despite the total removal of most of the SHs depends on more than one mechanism, all the above-mentioned removal pathways do not contribute equally to the removal of every SH, which necessitate a compound specific examination to understand its removal mechanisms. Additionally, the variation in the environmental conditions of different types of CWs (e.g., FWSCW, HFCW and VFCW) facilitates the specific removal mechanisms. For instance, though HFCW and VFCW provide suitable conditions for the growth of microbial communities to degrade SHs but the aerobic biodegradation is dominant in VFCW (aerobic conditions) compared with HFCW (anaerobic conditions). On the other hand, the free water surface in FWSCW provides the possibility of photodegradation of SHs. Most of the examined SHs revealed their removal by biodegradation (aerobic and/or anaerobic) (Table 5), which suggests that the removal of multiple SHs in CWs could be achieved by providing suitable environment for biodegradation. However, it is noteworthy that biodegradability cannot be established only by physicochemical properties in the case of readily biodegradable compounds, which mostly showed moderate to high removal (e.g., 17ß-estradiol, levonorgestrel and testosterone) (Tables 5 andS6) because most of the studies attributed the removal of SHs with Log Kow < 3.5 to biodegradation (e.g., estrone, estriol, androstenedione, boldenone, testosterone and prednisone) (Tables 5 and6). Therefore, experimental studies are needed to ascertain the biodegradability of a certain SH. Although uptake by the plants is considered an important removal mechanism in CWs and might contribute to the removal of majority of the EOCs, it is dominant in the case of only few SHs such as estrone, norethisterone, levonorgestrel and androstenedione (Table 5), and the removal of these SHs is moderate to high (Figure 1 and Table S6). On the other hand, the SHs showed a moderate removal, if adsorption onto the substrate and/or sorption onto organic surfaces are considered the dominant removal mechanism (e.g., 17α-ethinylestradiol and estriol) (Tables 5 andS6). The creation of biofilms around the filter media might obstruct the access of SHs to adsorption and/or sorption surfaces [START_REF] Dordio | Preliminary media screening for application in the removal of clofibric acid, carbamazepine and ibuprofen by SSFconstructed wetlands[END_REF][START_REF] Dordio | Removal of pharmaceuticals in microcosm constructed wetlands using Typha Spp. and LECA[END_REF]. Similarly, despite photodegradation contributed significantly to the removal of some of the studied SHs (e.g., 17α-ethinylestradiol, 17ß-estradiol and testosterone), these SHs demonstrated moderate removal (Tables 5 andS6). In this section, the role of physicochemical properties in the removal mechanisms of six selected SHs is presented, for which sufficient data (three or more data points) are available in two or more types of CWs for statistical comparison to choose the best possible design of CWs. The synthesis on the other five SHs is discussed in Supplementary materials 5.

Estrogens 17α-ethinylestradiol:

The removal of 17α-ethinylestradiol was moderate in HCW (78±12%), HFCW (52±25%) and FWSCW (51±20%), and lower in VFCW (50±22%) (Table S7). Based on its low water solubility (116 mg L -1 at 25 °C), high hydrophobicity and distribution coefficient (Log Kow=3.67; Log Dow=3.90) with moderate molecular weight (296.40 g mol -1 ) (Table 6) the removal by adsorption onto soil particles can be considered one of its removal pathways in CWs.

Although its removal is not attributed to adsorption in CWs in any of the reviewed studies, its removal by adsorption can be explained by its detection in the sediments (4.5-5.5 μg g -1 ) during batch partitioning experiments from water to sediments under a range of environmental conditions (e.g., rivers and estuarine systems) [START_REF] Lai | Binding of Waterborne Steroid Estrogens to Solid Phases in River and Estuarine Systems[END_REF]. Nevertheless, its high organic carbon sorption capacity (Log Koc=2.70) (Table 6) might favor its removal by sorption onto organic solid surfaces. This is explicit by its higher removal in bamboo charcoal and gravelbased HFCW compared with only gravel-based HFCW (88±6% and 50±9%, respectively) [START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF]. It is a neutral compound under neutral conditions (pH=7) (Table 6), and the neutral compounds that are hydrophilic in nature might be taken up by rooted vascular plants via hydrogen bonding with water molecules into the transpiration stream [START_REF] Petrie | Biotic phase micropollutant distribution in horizontal sub-surface flow constructed wetlands[END_REF]. Its high hydrophobicity might hinder its uptake by the plants. However, [START_REF] Nuel | Seasonal and ageing effect on the behaviour of 86 drugs in a full-scale surface treatment wetland: Removal efficiencies and distribution in plants and sediments[END_REF] reported its uptake by the plants such as Juncus effusus and Salix alba with the concentration of 295 and 157 μg kg -1 , respectively in FWSCWs. In addition to direct uptake, plants might facilitate the removal of SHs by aerobic biodegradation due to the release of root exudates (such as carbohydrates and amino acids) and oxygen supply by the roots in the rhizosphere, which can provide organic carbon and a nutrient source for microbial growth and maintain an aerobic environment [START_REF] Song | Estrogen removal from treated municipal effluent in small-scale constructed wetland with different depth[END_REF][START_REF] Kumar | Natural attenuation of endocrinedisrupting estrogens in an ecologically engineered treatment system (EETS) designed with floating, submerged and emergent macrophytes[END_REF][START_REF] Dai | Application of a full-scale newly developed stacked constructed wetland and an assembled bio-filter for reducing phenolic endocrine disrupting chemicals from secondary effluent[END_REF][START_REF] Nuel | Seasonal and ageing effect on the behaviour of 86 drugs in a full-scale surface treatment wetland: Removal efficiencies and distribution in plants and sediments[END_REF][START_REF] Chen | Removal of steroid hormones and biocides from rural wastewater by an integrated constructed wetland[END_REF]. Therefore, the higher removal in planted compared with unplanted HFCW (63±21% and 31±15%, respectively) [START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF] could be due to the indirect positive effects of plants presence such as aerobic biodegradation. Some studies reported its degradation by nitrifying bacteria in activated sludge and CWs [START_REF] Vader | Degradation of Ethinyl Estradiol by Nitrifying Activated Sludge[END_REF][START_REF] Gray | The fate of estrogenic hormones in an engineered treatment wetland with dense macrophytes[END_REF].

17ß-estradiol:

The removal of 17ß-estradiol was moderate in HFCW (79±14%), HCW (55±38%), VFCW (54±27%) and FWSCW (53±16%) (Table S7). Its low water solubility (82 mg L -1 at 25 °C), high hydrophobicity and distribution coefficient (Log Kow=4.01; Log Dow=3.74) with moderate molecular weight (272.38 g mol -1 ) (Table 6) suggest that the adsorption onto soil particles can be considered as one of its removal pathways in CWs. It can also be removed by sorption onto organic surfaces due to its high organic carbon sorption capacity (Log Koc=2.90) (Table 6). [START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF] observed its sorption (17±2%) onto the wetland plants (Scirpus validus) in batch sorption experiment (Figure 4 and Table S5). This is also explicit by its better removal in palm mulch (organic substrate media) based VFCW (31±96%) compared with its negative removal in gravel-based VFCW (-53±33%) [START_REF] Herrera-Melián | Study on the removal of hormones from domestic wastewaters with lab-scale constructed wetlands with different substrates and flow directions[END_REF]. Next to adsorption and sorption, its moderate removal in FWSCW indicates that photodegradation might be a considerable removal pathway, since its removal by photodegradation was achieved in photolysis experiments (12±1%) [START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF] (Figure 4 and Table S5). However, its moderate removal in all types of CWs suggests the contribution of other removal pathways. [START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF] reported its removal by biodegradation (34±4%) in microcosm experiments (Figure 4 and Table S5). Some studies ascribed its removal to anaerobic biodegradation in CWs (Table 5), and in river water and anaerobic sediments [START_REF] Jürgens | The potential for estradiol and ethinylestradiol degradation in English rivers[END_REF], which is evident by its better removal in HFCW-anaerobic (30±28%) compared with VFCW-aerobic (20±14%) [START_REF] Herrera-Melián | Study on the removal of hormones from domestic wastewaters with lab-scale constructed wetlands with different substrates and flow directions[END_REF]. [START_REF] Czajka | Anaerobic biotransformation of estrogens[END_REF] reported that 17ß-estradiol was chemically transformed to estrone in the lake water and sediment under anaerobic conditions (e.g., methanogenic, sulfate, iron, and nitrate-reducing conditions). This might be the reason that several studies considered that its biotransformation into estrone can be one of its major removal mechanisms in CWs (Table 5). For instance, [START_REF] Gray | The fate of estrogenic hormones in an engineered treatment wetland with dense macrophytes[END_REF] designated the increase in concentration of estrone (12-35 ng L -1 ) in FWSCW compared with influent concentration (5-10 ng L -1 ) to the biotransformation of 17ß-estradiol to estrone.

Estrone:

The removal of estrone was moderate in HFCW (83±21%), VFCW (74±19%) and HCW (56±28%) (Table S7). Its low water solubility (147 mg L -1 at 25 °C), moderate hydrophobicity and high distribution coefficient (Log Kow=3.43; Log Dow=4.31) as well as moderate molecular weight (270.37 g mol -1 ) (Table 6) suggest that adsorption onto soil particles can be considered one of its removal pathways in CWs. This can be explained by its detection in the sediments (3.2-4.1 μg g -1 ) during batch partitioning experiments from water to sediments [START_REF] Lai | Binding of Waterborne Steroid Estrogens to Solid Phases in River and Estuarine Systems[END_REF]. Its high organic carbon sorption capacity (Log Koc=3.02) (Table 6) might favor its removal by sorption onto organic solid surfaces, which is evident by its higher removal in palm mulch-based VFCW compared with gravel-based VFCW (100% and 71±34%, respectively) [START_REF] Herrera-Melián | Study on the removal of hormones from domestic wastewaters with lab-scale constructed wetlands with different substrates and flow directions[END_REF]. Similarly, [START_REF] Hakk | Fate of estrone in laboratory-scale constructed wetlands[END_REF] reported that the sorption of estrone to sediment due to the development of biofilms in CWs (17% of the total removal of 89%) was better compared with control sediment that contained no organic matter (11.7%) (Figure 4 and Table S5). It is a neutral compound under neutral conditions (pH=7) (Table 6) and slightly water soluble with moderate hydrophilicity, which favors its removal by plant uptake [START_REF] Petrie | Biotic phase micropollutant distribution in horizontal sub-surface flow constructed wetlands[END_REF]. This is explicit with its considerable uptake by the plants (Lemna perpusilla) in HFCW (37% of the total removal of 89%) [START_REF] Hakk | Fate of estrone in laboratory-scale constructed wetlands[END_REF] (Figure 4 and Table S5). Furthermore, several studies ascribed its removal to biodegradation (aerobic) (Table 5), which is also enhanced in the presence of plants in CWs [START_REF] Dai | Application of a full-scale newly developed stacked constructed wetland and an assembled bio-filter for reducing phenolic endocrine disrupting chemicals from secondary effluent[END_REF][START_REF] Hakk | Fate of estrone in laboratory-scale constructed wetlands[END_REF]. For instance, [START_REF] Adeel | Environmental impact of estrogens on human, animal and plant life: a critical review[END_REF] reported the degradation of estrone to estriol with microorganisms living in aerobic conditions (e.g., nitrifying bacteria). This can be elucidated by its higher removal in VFCWaerobic (85±9%) compared with HFCW-anaerobic (63±12%) [START_REF] Herrera-Melián | Study on the removal of hormones from domestic wastewaters with lab-scale constructed wetlands with different substrates and flow directions[END_REF]. Some studies considered that the biotransformation of estrone into 17ß-estradiol (parent compound) is its major removal mechanism in wastewater treatment plants [START_REF] Ternes | Behavior and occurrence of estrogens in municipal sewage treatment plants-I. Investigations in Germany, Canada and Brazil[END_REF][START_REF] Joss | Removal of estrogens in municipal wastewater treatment under aerobic and anaerobic conditions: consequences for plant optimization[END_REF][START_REF] Xu | Removal of estrogens in municipal wastewater treatment plants: a Chinese perspective[END_REF], which is evident by the comparatively higher removal of estrone than 17ß-estradiol in the studied types of CWs (Table S7).

Estriol: The removal of estriol was moderate in FWSCW and HCW (65±17% and 62±47%, respectively). Although it was completely removed in VFCW (100±0%), HFCW showed poor removal (44±26%) (Table S7). It is moderately soluble in water (441 mg L -1 at 25 °C), moderately hydrophilic (Log Kow=2.45) with moderate molecular weight (288.38 g mol -1 ) and a neutral compound under neutral conditions (pH=7) (Table 6), which suggest that uptake by the plant can be considered one of its removal pathways in CWs. However, [START_REF] Nuel | Seasonal and ageing effect on the behaviour of 86 drugs in a full-scale surface treatment wetland: Removal efficiencies and distribution in plants and sediments[END_REF] did not observe the uptake of estriol by any of the studied plants in FWSCW (Salix alba, Callitriche palustris, Carex caryophyllea, Juncus effuses and Iris pseudacorus). Nevertheless, its moderate to high removal in FWSCW, HCW and VFCWs suggest that it can be easily biodegraded under aerobic conditions in planted CWs (Table 5), which can be seen by its high removal in VFCW. Furthermore, its high organic carbon sorption capacity (Log Koc=3.50) (Table 6) might favor its removal by sorption onto organic solid surfaces, which is explicit by its detection in the sediments (22 μg kg -1 ) of FWSCW [START_REF] Nuel | Seasonal and ageing effect on the behaviour of 86 drugs in a full-scale surface treatment wetland: Removal efficiencies and distribution in plants and sediments[END_REF] and in the sediments (3.2-4.1 μg g -1 ) during batch partitioning experiments from water to sediments [START_REF] Lai | Binding of Waterborne Steroid Estrogens to Solid Phases in River and Estuarine Systems[END_REF]. This can also be explained by its complete removal (100%) in palm mulch-based VF filter (VFF) in HCW [START_REF] Herrera-Melián | Clogging reduction and removal of hormone residues with laboratory-scale vertical flow organic-based filter and hybrid wetland[END_REF].

Progestogens

Progesterone: The removal of progesterone was higher in VFCW (100±1%), HCW (93±8%) and HFCW (92±5%) (Table S7). A very low water solubility (8.8 mg L -1 at 25 °C), high hydrophobicity (Log Kow=3.67) and moderate molecular weight (314.46 g mol -1 ) (Table 6) favors progesterone's removal by adsorption onto soil particles in CWs, and its high organic carbon sorption capacity (Log Koc=3.46) (Table 6) might support its removal by sorption onto organic solid surfaces. Although it is a neutral compound under neutral conditions (pH=7) (Table 6) but very low hydrophilicity might obstruct its uptake by the plants, whereas, the indirect positive effects of plants presence such as enhancement in aerobic biodegradation [START_REF] Chen | Removal of steroid hormones and biocides from rural wastewater by an integrated constructed wetland[END_REF] might contribute to achieve higher removal in the studied types of CWs (Table 5). Its removal by aerobic biodegradation can be explained by its comparatively better removal in VFCW-aerobic than HFCW-anaerobic (99±3% and 84±9%, respectively) [START_REF] Herrera-Melián | Study on the removal of hormones from domestic wastewaters with lab-scale constructed wetlands with different substrates and flow directions[END_REF]. The biotransformation of progesterone into androgens (e.g., androstenedione and androsta-1,4-diene-3,17-dione) has been reported in river water and sediments at a site receiving inflow from a paper mill [START_REF] Jenkins | Production of androgens by microbial transformation of progesterone in vitro: a model for androgen production in rivers receiving paper mill waste water[END_REF], thus, biotransformation can also be considered one of its major removal mechanisms in CWs. The comparatively higher removal of progesterone than androstenedione in HCW (93±8% and 67±28%, respectively) could be due to the biotransformation of progesterone into androstenedione (Table S7).

Androgens

Testosterone: The removal of testosterone was higher in VFCW (91±16%) and HFCW (90±7%) but moderate in HCW (87±24%) and FWSCW (70±3%) (Table S7). Its low water solubility (68 mg L -1 at 25 °C), moderate hydrophobicity (Log Kow=3.32) with moderate molecular weight (288.42 g mol -1 ) (Table 6) suggests that adsorption onto soil particles can be considered one of its major removal mechanisms in CWs. Its high organic carbon sorption capacity (Log Koc=2.55) favors its sorption onto organic surfaces, which is evident by its sorption (9.0%) onto wetland plants (Scirpus validus) in batch sorption experiment [START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF] (Figure 4 and Table S5) and its complete removal (100%) in palm mulch-based VFF in HCW [START_REF] Herrera-Melián | Clogging reduction and removal of hormone residues with laboratory-scale vertical flow organic-based filter and hybrid wetland[END_REF]. Beside adsorption and sorption, its moderate removal in FWSCW suggests that photodegradation might be an important removal pathway. The considerable removal by photodegradation was achieved in photolysis experiments (26±1%) by [START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF] (Figure 4 and Table S5). However, its moderate to high removal in all types of CWs designates the contribution of other removal pathways such as uptake by the plants due to its neutral nature under neutral conditions (pH=7) (Table 6), slight water solubility and moderate hydrophobicity as well as biodegradation. [START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF] reported its removal by biodegradation (35±1%) in microcosm experiments (Figure 4 and Table S5). Several studies ascribed its removal to aerobic biodegradation (Table 5) in planted CWs, which is explicit by its higher removal in VFCWaerobic (73±19%) compared with HFCW-anaerobic (45±63%) [START_REF] Herrera-Melián | Study on the removal of hormones from domestic wastewaters with lab-scale constructed wetlands with different substrates and flow directions[END_REF]. 

Factors governing the removal of SHs by CWs

The performance of CWs for the removal of SHs is governed by their design and operational parameters such as depth, area, OLR, HLR and HRT, and physicochemical parameters such as pH, temperature and effluent DO, which is evident by the Pearson correlation statistics (Supplementary materials 6: Table S9). The variable influence of these governing factors indicates that the removal of SHs in CWs might not only relate to one design parameter, all the parameters might directly or indirectly impact their removal in a positive or negative manner. Note: 'a' shows a significant correlation between the parameters at 90% confidence level. The number of studies reporting these parameters are different and hence the number of data points. 17α-ethinylestradiol: the number of data points in the case of depth, area, HLR, OLR, HRT, temperature, pH and effluent DO were 27, 10, 30, 13, 27, 11, 8 and 7, respectively; 17ß-estradiol: the number of data points in the case of depth, area, HLR, OLR and HRT were 15, 7, 12, 10 and 11, respectively; Estriol: the number of data points in the case of depth, area, HLR, OLR, HRT, temperature, pH and effluent DO were 16, 13, 13, 13, 8, 5, 6 and 4, respectively; Estrone: the number of data points in the case of depth, area, HLR, OLR, HRT, temperature, pH and effluent DO were 20, 13, 22, 18, 21, 10, 10 and 7, respectively; Progesterone: the number of data points in the case of depth, area, HLR, OLR and HRT were 8, 9, 9, 9 and 4, respectively; Testosterone: the number of data points in the case of depth, area, HLR, OLR and HRT were 11, 10, 12, 10 and 5, respectively; Levonorgestrel: the number of data points in the case of depth, HLR and HRT were 18, 18 and 15, respectively.

17α-ethinylestradiol

The removal efficiency of 17α-ethinylestradiol demonstrated a positive correlation with depth, OLR, pH and effluent DO, although a significant positive correlation only with OLR and pH (Figure 5). Despite the microbial degradation of pollutants enhances when the organic matter is added into the wetlands to a certain HLR [START_REF] Dai | Application of a full-scale newly developed stacked constructed wetland and an assembled bio-filter for reducing phenolic endocrine disrupting chemicals from secondary effluent[END_REF], the microbial overproduction and plant growth at high HLR reduces the porosity of the CWs [START_REF] Dan | Removal and factors influencing removal of sulfonamides and trimethoprim from domestic sewage in constructed wetlands[END_REF][START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF], which might hinder the adsorption to the substrate as well as sorption onto organic surfaces. On the other hand, the high effluent pH controls the adsorption behavior of EOCs due to their dissociation and subsequent attachment to soil/sediment by ion exchange [START_REF] Lorphensri | Sorption of Acetaminophen, 17a-ethynyl estradiol, nalidixic acid, and norfloxacin to silica, alumina, and a hydrophobic medium[END_REF][START_REF] Auvinen | Laboratory-and fullscale studies on the removal of pharmaceuticals in an aerated constructed wetland: effects of aeration and hydraulic retention time on the removal efficiency and assessment of the aquatic risk[END_REF]. Furthermore, the pH of the system is positively correlated with DO, thus enhances the removal of SHs that are degraded under aerobic conditions. Several studies ascribed its removal to aerobic biodegradation and sorption onto carbon rich surfaces in CWs (Table 5). Its removal efficiency revealed a negative correlation with some of the studied governing factors such as area, HLR, HRT and temperature (Figure 5). The negative correlation of its removal efficiency with HLR is evident by the reduction in its removal efficiency with increasing HLR in HCW. Its removal efficiency at HLRs of 0.06, 0.13 and 0.18 m 3 m -2 d -1 was 76%, 73% and 67%, respectively (Ávila et al., 2014) (Table S4). Similarly, the negative correlation of its removal efficiency with HRT is in agreement with [START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF]. The authors investigated its removal efficiency at HRT of two and four days in HFCWs and observed that two days HRT was statistically more efficient in its removal and the corresponding removal efficiency was 96±6% and 81±4%, respectively (Table S2). This indicates the influence of the other removal pathways in its removal such as aerobic biodegradation (Table 5). In contrast, the negative correlation of its removal efficiency with temperature designates that adsorption onto soil might contribute to its removal because the abiotic processes like adsorption are exothermic processes, which are favored by low temperature [START_REF] Reyes-Contreras | Temporal evolution in PPCP removal from urban wastewater by constructed wetlands of different configuration: a medium-term study[END_REF].

17ß-estradiol

The removal efficiency of 17ß-estradiol revealed a positive correlation (although not significant) with depth, area, HLR, OLR and HRT (Figure 5). The positive correlation with depth is contrary to the findings of [START_REF] Song | Estrogen removal from treated municipal effluent in small-scale constructed wetland with different depth[END_REF]. The authors evaluated the efficiency of three VFCWs planted with Phragmites australis with different depths (7.5, 30 and 60 cm) and sand as a support medium to polish the effluent of conventional wastewater treatment plant containing estrogens. Although a considerable removal efficiency of 17ß-estradiol was achieved at all depths (86%, 63 and 69%, respectively), it is decreased with increasing depth of the system (Table S3). [START_REF] Chen | Estrogen degradation and sorption onto colloids in a constructed wetland with different hydraulic retention times[END_REF] achieved its better removal efficiency with increase in HRT from two to six days (45% and 59%, respectively) (Table S4). Analogous to that, the positive correlation of HLR and OLR with its removal efficiency indicates that anaerobic biodegradation is its major removal pathway in CWs (Table 5).

Estriol

The removal efficiency of estriol showed a positive correlation with depth, HLR, OLR and HRT, although a significant positive correlation only with HLR (Figure 5). Several studies attributed its removal to sorption onto organic surfaces (Table 5), which is a slow process [START_REF] Chen | Estrogen degradation and sorption onto colloids in a constructed wetland with different hydraulic retention times[END_REF][START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF] and contributes more efficiently to the removal of EOCs when their contact time with the media is increased, which could be achieved by increasing the depth and HRT of the system (e.g., [START_REF] Song | Estrogen removal from treated municipal effluent in small-scale constructed wetland with different depth[END_REF][START_REF] Petrie | Biotic phase micropollutant distribution in horizontal sub-surface flow constructed wetlands[END_REF]. For instance, [START_REF] Chen | Estrogen degradation and sorption onto colloids in a constructed wetland with different hydraulic retention times[END_REF] reported its better removal efficiency at HRT of six days (40%) compared with at HRT of two days (0%) in HCW (Table S4). Its removal efficiency showed a negative correlation with some of the examined governing factors such as area, temperature, pH and effluent DO (Figure 5). Although microbial degradation of estriol under aerobic conditions is documented by some studies (Table 5), the negative correlation of its removal efficiency with effluent DO is in agreement with [START_REF] Kumar | Natural attenuation of endocrinedisrupting estrogens in an ecologically engineered treatment system (EETS) designed with floating, submerged and emergent macrophytes[END_REF]. Its removal efficiency in two FWSCWs with effluent DO of 6.8 and 1.8 mg L -1 was 43% and 62%, respectively [START_REF] Kumar | Natural attenuation of endocrinedisrupting estrogens in an ecologically engineered treatment system (EETS) designed with floating, submerged and emergent macrophytes[END_REF] (Table S1) Similarly, the negative correlation of its removal efficiency with temperature, which is crucial for biodegradation designates that adsorption onto soil might contribute to its removal.

Estrone

The removal efficiency of estrone demonstrated a positive correlation with OLR, HRT, pH and effluent DO, although a significant positive correlation only with OLR (Figure 5). A number of studies ascribed its removal to sorption onto organic surfaces (Table 5), which can be favored by increasing OLR and HRT of the system as well as the high effluent pH controls the adsorption behavior of EOCs. For instance, [START_REF] Chen | Estrogen degradation and sorption onto colloids in a constructed wetland with different hydraulic retention times[END_REF] reported that its removal efficiency was enhanced from 46% at HRT of two days to 84% at HRT of six days in HCW (Table S4). Nevertheless, [START_REF] Vystavna | Removal efficiency of pharmaceuticals in a full scale constructed wetland in East Ukraine[END_REF] observed its similar removal efficiency with an increase in HRT from 10 to 13 days (43% in both cases) in HCW (Table S4). Furthermore, several studies attributed its removal to aerobic biodegradation, which is evident by its positive correlation with effluent DO (Table 5). Its removal efficiency showed also a negative correlation with depth, area, HLR and temperature, although a significant negative correlation only with temperature, which indicates the major contribution of adsorption and/or sorption processes to its removal being favored at low temperature.

Progesterone

The removal efficiency of progesterone revealed a positive correlation with depth, HLR and OLR, and negative correlation with area and HRT, although not significant with any of the examined factors (Figure 5). While some studies ascribed its removal to aerobic biodegradation, its positive correlation with depth, HLR and OLR designates that sorption onto carbon rich surfaces might be one of its major removal mechanisms (Table 5).

Testosterone

The removal efficiency of testosterone showed a positive correlation with depth, area, HLR, and OLR, and negative correlation with HRT, although a significant positive correlation only with depth of the system (Figure 5). Some studies ascribed its removal to photodegradation besides sorption onto organic surfaces and aerobic biodegradation (Table 5). [START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF] investigated the effect of OLR on the removal of testosterone. The authors observed that the high OLR increased the level of dissolved organic carbon (DOC), which significantly reduced the photolysis of testosterone. This counter effect of DOC might lead to non-significant impact of OLR on its removal efficiency. Furthermore, in FWSCW, [START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF] observed the decrease in its removal efficiency from 72% to 68% with increase in an HLR from 0.03 to 0.06 m 3 m -2 d -1 .

Levonorgestrel

The removal efficiency of levonorgestrel revealed a positive correlation with depth, HLR and HRT (Figure 5). The positive correlation of its removal efficiency with HRT is in agreement with [START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF]. The authors examined its removal efficiency at HRT of two and four days in HFCWs and observed that four days HRT was statistically more efficient in its removal. The corresponding removal efficiency was 91±1% and 99±2%, respectively (Table S2). Its removal is attributed to plant uptake but the positive correlation of its removal efficiency with depth and HRT suggests that adsorption and sorption onto organic surfaces might also contribute to its removal (Table 5).

Role of plants and support matrix of CWs in the removal of SHs

The role of plants and support matrix of CWs in the removal of SHs was considered by several studies, which provided the opportunity to synthesize and discuss their role in the removal of several types of SHs in CWs.

Role of plants

Plants play a considerable role in the removal of SHs by direct uptake [START_REF] Li | Phytoremediation of levonorgestrel in aquatic environment by hydrophytes[END_REF][START_REF] Lee | Potential of Typha angustifolia L. in removing norethindrone from water[END_REF][START_REF] Nuel | Seasonal and ageing effect on the behaviour of 86 drugs in a full-scale surface treatment wetland: Removal efficiencies and distribution in plants and sediments[END_REF]. In addition to direct uptake, the indirect positive effects of plants presence such as degradation by enzymatic exudates and aerobic biodegradation due to the release of root exudates (such as carbohydrates and amino acids) and oxygen supply by the roots in the rhizosphere might facilitate the removal of SHs [START_REF] Dai | Application of a full-scale newly developed stacked constructed wetland and an assembled bio-filter for reducing phenolic endocrine disrupting chemicals from secondary effluent[END_REF][START_REF] Nuel | Seasonal and ageing effect on the behaviour of 86 drugs in a full-scale surface treatment wetland: Removal efficiencies and distribution in plants and sediments[END_REF]. This indicates that the biotic pathways such as plant uptake and microbial degradation are the feasible degradation mechanisms for some SHs in CWs [START_REF] Kumar | Natural attenuation of endocrinedisrupting estrogens in an ecologically engineered treatment system (EETS) designed with floating, submerged and emergent macrophytes[END_REF][START_REF] Li | Phytoremediation of levonorgestrel in aquatic environment by hydrophytes[END_REF][START_REF] Dai | Application of a full-scale newly developed stacked constructed wetland and an assembled bio-filter for reducing phenolic endocrine disrupting chemicals from secondary effluent[END_REF]Hakk et al., 2017;[START_REF] Lee | Potential of Typha angustifolia L. in removing norethindrone from water[END_REF][START_REF] Nuel | Seasonal and ageing effect on the behaviour of 86 drugs in a full-scale surface treatment wetland: Removal efficiencies and distribution in plants and sediments[END_REF].

Several researchers investigated the contribution of different removal mechanisms to the removal of SHs in hydroponic microcosms and CWs to quantify the direct uptake of SHs by the plants. [START_REF] Li | Phytoremediation of levonorgestrel in aquatic environment by hydrophytes[END_REF] reported that although levonorgestrel has not been detected in the leaves of Cyperus alternifolius and Eichhornia crassipes during the entire experimental period, its higher uptake by the plants was achieved in hydroponic microcosms (78% of the total removal efficiency of 98% at HRT of 31 days) (Figure 4 and Table S5), which was considered due to the presence of lipophilic groups in its molecular structure: a benzene ring, a ketone group and alkynyl group. Lipophilic organic compounds (e.g., levonorgestrel) mostly stay in the tissues of plant root surfaces, which mainly consist of lipid contents. This can be seen by its concentration in different tissues of Cyperus alternifolius (root surface: 3.58±0.89 μg g -1 ; root: 1.58±0.17 μg g -1 ; stem: 0.56±0.05 μg g -1 ). This indicates that its conversion took place mainly in the roots. [START_REF] Lee | Potential of Typha angustifolia L. in removing norethindrone from water[END_REF] investigated the removal of norethisterone by plants (Typha angustifolia) in hydroponic microcosms. The uptake by the plants was 70% of the total removal efficiency of 90% at HRT of 21 days (Figure 4 and Table S5). The roots of plants were washed and immersed with dilute hydrochloride acid as suggested by [START_REF] Dordio | Study on the use of Typha spp. for the phytotreatment of water contaminated with ibuprofen[END_REF] in order to avoid the influence of microbial activities. [START_REF] Hakk | Fate of estrone in laboratory-scale constructed wetlands[END_REF] achieved the high removal efficiency of estrone in HFCW planted with Lemna perpusilla and plant uptake contributed up to 37% of the total removal efficiency of 89% (Figure 4 and Table S5). [START_REF] Nuel | Seasonal and ageing effect on the behaviour of 86 drugs in a full-scale surface treatment wetland: Removal efficiencies and distribution in plants and sediments[END_REF] reported the uptake of 17α-ethinylestradiol by the plants with the concentration of 295 μg kg -1 (Juncus effusus) and 157 μg kg -1 (Salix alba) and uptake of prednisolone by the plants with the concentration of 61 μg kg -1 (Carex caryophyllea). Some studies focused on the effect of different plant species on the removal of SHs in hydroponic microcosms and CWs to find the best combination of plants in CWs for the optimal removal of different types of SHs. [START_REF] Li | Phytoremediation of levonorgestrel in aquatic environment by hydrophytes[END_REF] reported that the removal of levonorgestrel in hydroponic microcosms planted with Cyperus alternifolius and Eichhornia crassipes was almost similar and plant uptake contributed up to 78% of the total removal of 98% at HRT of 31 days (Figure 4 and Table S5). The accumulated amount of levonorgestrel in different tissues was significantly less at HRT of 31 days compared with 13 days. This can be seen by its concentration in different tissues of Cyperus alternifolius at HRT of 13 days (root surface: 3.58±0.89 μg g -1 ; root: 1.58±0.17 μg g -1 ; stem: 0.56±0.05 μg g -1 ) and at HRT of 31 days (root surface: 0.83±0.05 μg g -1 ; root: 0.31±0.09 μg g -1 ). This suggested that the accumulated levonorgestrel was gradually transformed and degraded during the plant growth and its conversion took place mainly in the roots. Cyperus alternifolius had greater internal levonorgestrel transformation efficiency than Eichhornia crassipes. This can be seen by its concentration in different tissues of Eichhornia crassipes at HRT of 13 days (root surface: 1.54±0.38 μg g -1 ; root: 0.62±0.22 μg g -1 ) and at HRT of 31 days (root surface: 1.18±0.26 μg g -1 ). Analogous to that, [START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF] reported the almost similar removal efficiency of levonorgestrel in HFCWs planted with Cyperus isocladus and Eichhornia crassipes (90±13% and 93±9%, respectively). In contrast, the removal efficiency of 17α-ethinylestradiol was higher in HFCW planted with Cyperus isocladus (71±19%) compared with Eichhornia crassipes (45±8%). Consistent with the removal of above-mentioned SHs, [START_REF] Kumar | Natural attenuation of endocrinedisrupting estrogens in an ecologically engineered treatment system (EETS) designed with floating, submerged and emergent macrophytes[END_REF] also reported that the effect of plant species exists on the removal of estrogens. Three FWSCWs were studied: FWSCW-1, a 'floating macrophytes based system' containing vascular aquatic plant (Eichhornia crassipes) as the main component; FWSCW-2, a 'submerged-emergent macrophytes based integrated system' comprised of hydroponic plants such as Oriza sativa and ferns supported by racks and submerged plants (Hydrilla verticillata and Myriophyllum) as the main components; FWSCW-3 comprised of submerged-rooted microphytes integrated system. The main function of this CW was to improve water quality by oxygenation and removing nutrients by the submerged aquatic plants (Myriophyllum) and rooted floating microphytes (Duck weed). The removal efficiency of estriol was 62%, 43% and 71% in FWSCW-1, FWSCW-2 and FWSCW-3, respectively. The corresponding removal efficiency of 17α-ethinylestradiol was 69%, 60% and 63%, respectively.

The effect of plants in CWs has also been examined for SHs by considering their removal in planted and unplanted hydroponic microcosms and CWs (Table 1). [START_REF] Li | Phytoremediation of levonorgestrel in aquatic environment by hydrophytes[END_REF] reported the higher uptake of levonorgestrel by Cyperus alternifolius at HRT of 13 and 31days (52% and 98%, respectively) and by Eichhornia crassipes (49% and 98%, respectively). In contrast, the removal efficiency in the control (unplanted) at HRT of 13 and 31 days was 16% and 20%, respectively. The removal in the control was attributed to biodegradation (Figure 4 and Table S5). Although its removal by microorganisms increased with time, the contribution by biodegradation was low compared with that of the plants. Analogous to that, [START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF] reported significantly higher (almost twice) removal efficiency of 17α-ethinylestradiol in planted compared with unplanted HFCW (63±21% and 31±15%, respectively). However, the removal efficiency of levonorgestrel was almost similar in planted and unplanted HFCW (91±11% and 93±10%, respectively) [START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF]. This could be due to the reason that other removal mechanisms might be responsible for its removal in CWs. Furthermore, [START_REF] Reyes-Contreras | Temporal evolution in PPCP removal from urban wastewater by constructed wetlands of different configuration: a medium-term study[END_REF] suggested the efficient contribution of plants when they are young because the aging effect (e.g., clogging or shading) might lead to non-significant differences in the treatment performance of planted and unplanted CWs.

Role of support matrix

Several researchers investigated the role of substrate material in the removal of SHs by using different types of substrate media in CWs and indicated that adsorption to the substrate media and/or sorption onto organic surfaces is an important removal mechanism to reduce SHs from wastewater [START_REF] Herrera-Melián | Clogging reduction and removal of hormone residues with laboratory-scale vertical flow organic-based filter and hybrid wetland[END_REF], 2018;[START_REF] Hakk | Fate of estrone in laboratory-scale constructed wetlands[END_REF][START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF]. [START_REF] Herrera-Melián | Clogging reduction and removal of hormone residues with laboratory-scale vertical flow organic-based filter and hybrid wetland[END_REF] investigated the removal of estrogens, androgens and progestogens in HCW, which were the combination of VFF, HFCW and VFCW. In all compartments different substrate media was used: VFF (palm mulch-organic substrate media); HFCW (gravel and lapilli); VFCW (lapilli). The authors observed the complete removal of estrone, 17ß-estradiol, 17ßethynylestradiol, estriol, norethisterone and testosterone in VFF (100% of all) (Table S4). Consistent with that, [START_REF] Herrera-Melián | Study on the removal of hormones from domestic wastewaters with lab-scale constructed wetlands with different substrates and flow directions[END_REF] studied VFCWs using palm mulch and gravel as a substrate media for the removal of estrogens, androgens, progestogens and glucocorticoids. They found that the palm mulch-based VFCWs performed substantially better than the gravel-based VFCW for the removal of 17ß-estradiol (31±96% and -53±33%, respectively), estrone (100% and 71±34%, respectively) and boldenone (100% and 80±37%, respectively). The authors attributed this better removal in palm mulch-based VFCWs to the surface chemistry and structural characteristics of the organic substrate. Among the structural characteristics are its organic nature and possibly high sorptive potential, the presence of small size particles, its hygroscopicity (10% in weight) and higher porosity (54%) compared with gravel (49%) [START_REF] Herrera-Melián | Study on the removal of hormones from domestic wastewaters with lab-scale constructed wetlands with different substrates and flow directions[END_REF]. The highly hygroscopic substrates improve plant root growth, biofilm establishment and stability, and provide longer HRT to achieve better treatment performance [START_REF] Bruch | Improving the treatment efficiency of constructed wetlands with zeolite-containing filter sands[END_REF].

Analogous to that, [START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF] investigated the removal of 17α-ethinylestradiol and levonorgestrel in HFCWs by using bamboo charcoal and gravel as a substrate material. They observed that the performance of bamboo charcoal and gravel-based HFCW was significantly better compared with only gravel-based HFCW for the removal efficiency of 17αethinylestradiol (88±6% and 50±9%, respectively), which indicates that bamboo charcoal as a support medium possibly contributed to this better removal. In contrast, the removal efficiency of levonorgestrel was comparatively better in gravel-based HFCW than bamboo charcoal and gravel-based HFCW (94±7% and 87±17%, respectively) (Table S2). This might be due to the reason that the mechanisms of levonorgestrel removal are different from those of 17αethinylestradiol. Similarly, [START_REF] Hakk | Fate of estrone in laboratory-scale constructed wetlands[END_REF] reported the higher sorption of estrone to the sediment due to the development of biofilms in CWs (17% of the total removal of 89%) compared with control sediment that contained no organic matter (11.7%) (Figure 4 and Table S5).

Conclusions

In this paper, the performance of different types of CWs for the removal of SHs was evaluated.

A statistical comparison was made among four types of CWs namely, FWSCW, HFCW, VFCW and HCW for the removal of SHs. The environmental risk was assessed based on their influent and effluent concentrations in CWs to analyze the attenuation in risk after the treatment. In addition to that, the role of physicochemical properties of SHs on their removal mechanisms was extensively investigated. Furthermore, the role of design and operational factors as well as physicochemical parameters in the removal of SHs was examined. Some specific conclusions drawn from this research are outlined below:

1. The CWs could not considerably reduce the environmental risk posed by most of the examined SHs. Five SHs were classified under extremely high risk category based on their influent and effluent RQ. These are in order from high to low risk as: 17α-ethinylestradiol > 17ß-estradiol > testosterone > estrone > estriol. These high risk SHs are recommended to consider for regular monitoring, control and water quality standard formulation purposes. For instance, EU watch list of three SHs (17α-ethinylestradiol, 17ß-estradiol and estrone) could be improved by considering other high risk SHs such as testosterone and estriol.

2. The CWs have demonstrated a good capacity for removing most of the examined SHs from wastewater, and all of the 11 widely studied SHs showed positive removal efficiency ranged from 55% to 100%. In most of the examined SHs, biodegradation (aerobic and/or anaerobic) is the most dominant removal mechanism (five out of 11) followed by plant uptake (planted CWs) (four out of 11) and adsorption onto the substrate and/or sorption onto organic surfaces (two out of 11). The physicochemical properties of SHs play a fundamental role in their removal processes. Nevertheless, the total removal efficiency of most of the SHs depends on the contribution of two or more removal mechanisms.

3. The six selected SHs (17α-ethinylestradiol, 17ß-estradiol, estrone, estriol, progesterone and testosterone), which were studied by more than two types of CWs, revealed a moderate to high removal efficiency ranged from 55% to 95%. Among the studied CWs, the VFCW performed better followed by HFCW, HCW and FWSCW. The aerobic biodegradation being more efficient than anaerobic explains the better removal in VFCW compared with HFCW as well as majority of the SHs (four out of six) showed their biodegradation under aerobic conditions (17α-ethinylestradiol, estriol, progesterone and testosterone). The considerable removal of SHs in HCW might be due to the co-existence of aerobic and anaerobic conditions and longer HRT that is beneficial for the removal of SHs (17α-ethinylestradiol, 17ß-estradiol and estrone), which are able to degrade under both conditions (aerobic and anaerobic) and are removed by adsorption and/or sorption processes. In FWSCW, photodegradation is the main removal pathway and only few SHs (17α-ethinylestradiol, 17ßestradiol and testosterone) demonstrated the contribution of this process to their removal.

4.

The design and operational factors (area, depth, HLR, HRT and OLR), and the physicochemical parameters (effluent DO, pH and temperature) play an essential role in the performance of CWs for the removal of SHs. It is evident by the variable influence of these governing factors that the removal efficiency of SHs in CWs might not only relate to one design and operational parameter, but all the parameters might directly or indirectly impact their removal efficiency. For instance, OLR showed a significant correlation with the removal efficiency of two of the studied SHs (17α-ethinylestradiol and estrone), whereas, depth and HLR were significantly correlated with the removal efficiency of one of the studied SHs (testosterone and estriol, respectively). In contrast, area and HRT were not significantly correlated with the removal efficiency of any of the studied SHs. The significant correlation of temperature and pH was observed with the removal efficiency of one of the studied SHs (estrone and 17α-ethinylestradiol, respectively), which indicates the contribution of biodegradation, plant uptake and photodegradation at warm temperature and adsorption/sorption processes at low temperature. Although not significant but a positive correlation of effluent DO with the removal efficiency of some of the SHs showed the importance of DO in the removal of SHs, which are mainly removed under aerobic conditions (e.g., 17α-ethinylestradiol and estrone).

5.

Although plants contributed significantly in the removal of some of the SHs by direct uptake (estrone, levonorgestrel, norethisterone and androstenedione) and their degradation by enzymatic exudates, the indirect positive effects of plants such as release of root exudates (e.g., carbohydrates and amino acids) and oxygen supply by the roots in the rhizosphere facilitate aerobic biodegradation, which is demonstrated as one of the major removal mechanism of most of the SHs (nine out of studied 11 SHs).

6.

The available evidence suggests that the use of substrate material of high adsorption capacity and rich in organic matter (e.g., palm mulch and bamboo charcoal) enhanced the removal efficiency of SHs by adsorption onto the substrate and sorption onto carbon rich surfaces, as these are among the major removal mechanisms of most of the examined SHs (17αethinylestradiol, 17ß-estradiol, estrone, estriol, androstenedione and boldenone) in CWs depending upon their physicochemical properties.
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 4 Figure 4. Relative contribution of removal mechanisms for SHs in hydroponic microcosms, media adsorption experiments and CWs.Note: Adsorption is the adhesion of dissolved solid molecules (adsorbate) to a surface of the substrate (adsorbent). It is a surface phenomenon. Absorption is a process in which a fluid (absorbate) permeates a solid (absorbent), thus involves the whole volume of the material. In the case of sorption both processes take place.Data is taken from:[START_REF] Li | Phytoremediation of levonorgestrel in aquatic environment by hydrophytes[END_REF];[START_REF] Sharif | Impact of hydraulic and carbon loading rates of constructed wetlands on contaminants of emerging concern (CECs) removal[END_REF];[START_REF] Hakk | Fate of estrone in laboratory-scale constructed wetlands[END_REF];[START_REF] Lee | Potential of Typha angustifolia L. in removing norethindrone from water[END_REF].
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 5 Figure 5. Pearson correlation statistics among the studied factors and the removal efficiency of seven selected SHs.

  . Four types of CWs namely, free water surface CW (FWSCW), horizontal flow CW (HFCW), vertical flow CW (VFCW) and hybrid CW (HCW) were investigated by more than 25 individual studies published in peer reviewed journals. A detailed examination of available knowledge revealed that most of the research studies focus on one or more topics such as role of different design and operational factors, and/or physicochemical properties of SHs. Several individual studies examined the influence of plants in CWs on the removal of SHs, however, only[START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF] considered the removal of SHs in planted and unplanted CWs as noted in Table1. Some recent studies examined the role of a support matrix in the removal of SHs by using a substrate material of high

adsorption capacity and rich in organic surfaces such as

[START_REF] Herrera-Melián | Clogging reduction and removal of hormone residues with laboratory-scale vertical flow organic-based filter and hybrid wetland[END_REF], 2018)

;

[START_REF] Hakk | Fate of estrone in laboratory-scale constructed wetlands[END_REF] 

and

[START_REF] Campos | Removal of the endocrine disruptors ethinyl estradiol, bisphenol A, and levonorgestrel by subsurface constructed wetlands[END_REF] 

(Table

1

  ). As summarized in Table 1, the comparative assessment of treatment performance of different types of CWs for the removal of SHs was not investigated comprehensively. For instance, a limited research exists on the comparison of two types of CWs

Table 1 .

 1 The design, operational and physicochemical parameters of studied four types of CWs and corresponding references.

Table 2 .

 2 Categories of examined 14 SHs based on structural characteristics and pharmacological effects.

	No. of		
	categories	Category	Steroidal hormones
	1	Estrogens	17α-ethinylestradiol; 17ß-ethinylestradiol; 17ß-estradiol; Estrone;
			Estriol
	2	Progestogens	Progesterone; Norethisterone; Levonorgestrel
	3	Androgens	Androstenedione; Androsta-1,4-diene-3,17-dione; Boldenone;
			Testosterone

Table 3 .

 3 Summary of selected design and operational factors, and physicochemical parameters of the studied four types of CWs.

	Design, Operational and				
	Physicochemical parameters	FWSCW	HFCW	VFCW	HCW
	Number of CWs	7	24	6	18
	Number of studies	4	5	2	9
	Scale of application	Lab, Full	Lab, Full	Lab	Lab, Pilot, Full
	Type of treatment	Primary,	Primary,	Primary,	Primary,
		Secondary	Secondary,	Secondary,	Secondary,
			Tertiary	Tertiary	Tertiary
	Depth (m)	0.3±0.1	0.5±0.2	0.7±0.2	1.5±0.7
	Area (m 2 PE -1 )	0.9±0.1	5.6±0.8	1.0±0.3	4.5±4.2
	HLR (m 3 m -2 d -1 )	0.2±0.1	0.2±0.8	0.3±0.2	0.3±0.4
	OLR (g COD m -2 d -1 )	59±32	12±5	87±64	123±206
	HRT (days)	3.5±0.0	5.1±3.2	0.5±0.4	3.5±3.5
	pH	7.5±0.9	8.3±0.3	NA	7.4±0.6
	Temperature (°C)	24±3	16±0	21±0	22±5
	Effluent DO (mg L -1 )	4.8 ±2.4	5.8±0.3	NA	4.3±1.3
	Note: Constructed wetlands (CWs); Free water surface CW (FWSCW); Horizontal flow CW (HFCW); Vertical flow
	CW (VFCW); Hybrid CW (HCW); Population equivalent (PE); Hydraulic loading rate (HLR); Organic loading rate
	(OLR); Chemical oxygen demand (COD); Hydraulic retention time (HRT); Dissolved oxygen (DO); Not available
	(NA)				

  and Table 4), which designate the need to extend the EU watch list of three SHs by considering these two SHs emerging under high risk category. A close examination of data given in Table4reveals that the classification of high risk SHs is insensitive to the selection of PNEC values. For example, the
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Table 4 .

 4 Risk assessment of nine selected SHs based on influent and effluent concentration in CWs.

			MEC	MEC			Risk	
	Class/	PNEC	Influent	Effluent	Influent	Effluent	rank*	References for
	SHs	(μg L -1 )	conc.	conc.	RQ	RQ	Influent/	PNEC values
			(μg L -1 )	(μg L -1 )			Effluent	
	Estrogens							
	17α-	0.0001	80	49	800000	490000	High/	Young et al.
	ethinylestradiol						High	(2002); Caldwell
								et al. (2012); Laurenson et al.
								(2014); Luo et al.
								(2019)
	17ß-estradiol	0.002	31	12	15500	6000	High/	Caldwell et al.
							High	(2012); Luo et al. (2019)
	Estrone	0.006	6.2	0.8	1033	133	High/	Caldwell et al.
							High	(2012); Luo et al.
								(2019)
	Estriol	0.06	5.5	1.1	92	18	High/	Caldwell et al.
							High	(2012)
	Progestogens							
	Progesterone	0.545	0.01	0.001	0.02	0.002	Low/No	Liu et al.
								(2015a); Chen et
								al. (2019); Luo et al. (2019)
	Norethisterone	0.0074	3.5	0.001	473	0.14	High/	Chen et al.
							Medium	(2019)
	Androgens							
	Androstenedione	0.014	0.05	0.01	3.57	0.71	High/	Liu et al.
							Medium	(2015a); Zhang
								et al. (2018);
								Chen et al.
								(2019); Luo et al.
								(2019)
	Boldenone	51	0.04	0.02	0.001	0.0004	No/No	Zhang et al.
								(2018)
	Testosterone	0.1	49	14	490	140	High/	Liu et al.
							High	(2015a); Zhang
								et al. (2018); Chen et al.
								(2019); Luo et al.
								(2019)
	Note: Predicted no effect concentration (PNEC); Measured environmental concentration (MEC); Risk quotient
	(RQ); PNEC values are taken from the referred studies; Bold values indicate a high risk category; Risk rank is based

Table 5 .

 5 Removal mechanisms of 11 widely studied SHs in CWs.

	380			
	Class/ SHs	Possible removal mechanism	References	Dominant removal mechanism *
	Estrogens			
	17α-ethinylestradiol	Biodegradation	Gray and Sedlak (2005); Song et al.	Sorption onto
		(aerobic)	(2009); Kumar et al. (2011); Nuel et al.	organic surfaces;
			(2018); Campos et al. (2019)	Biodegradation
				(aerobic)
		Sorption onto	Song et al. (2009); Ávila et al. (2014);	
		organic surfaces	Vymazal et al. (2015); Herrera-Melián et	
		Photodegradation	al. (2018) Ávila et al. (2014); Campos et al. (2019)	
		Plant uptake	Song et al. (2009); Nuel et al. (2018)	
	17ß-estradiol	Biodegradation (aerobic)	Song et al. (2009); Sharif et al. (2014)	Biodegradation (anaerobic); Sorption
				onto organic
				surfaces;
				Biotransformation
		Biodegradation		
		(anaerobic)