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ABSTRACT 
Chlorination is extensively applied for disinfecting sewage effluents, but it unintentionally generates disinfection byproducts (DBPs). Using seawater for toilet flushing introduces a high level of bromide into domestic sewage. Chlorination of sewage effluent rich in bromide causes the formation of brominated DBPs. The objectives of achieving a disinfection goal, reducing disinfectant consumption and operational costs, as well as diminishing adverse effects to aquatic organisms in receiving water body remain a challenge in sewage treatment. In this study, we have demonstrated that, with the same total chlorine dosage, a three-step chlorination (dosing chlorine by splitting it into three equal portions with a 5-min time interval for each portion) was significantly more efficient in disinfecting a primary saline sewage effluent than a one-step chlorination (dosing chlorine at one time). Compared to one-step chlorination, three-step chlorination enhanced the disinfection efficiency by up to 0.73-log reduction of Escherichia coli. The overall DBP formation resulting from one-step and three-step chlorination was quantified by total organic halogen measurement. Compared to one-step chlorination, the DBP formation in three-step chlorination was decreased by up to 23.4%. The comparative toxicity of one-step and three-step chlorination was evaluated in terms of the development of embryo-larva of a marine polychaete Platynereis dumerilii. The results revealed that the primary sewage effluent with three-step chlorination was less toxic than that with one-step chlorination, indicating that three-step chlorination could reduce the potential adverse effects of disinfected sewage effluents to aquatic organisms in the receiving marine water. 
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1. Introduction
[bookmark: OLE_LINK2]Sewage disinfection aims at providing protection for humans from exposure to pathogenic waterborne microorganisms (Jacangelo and Trussell, 2002). Chlorine is extensively used as a disinfectant in municipal sewage treatment plants due to its effectiveness, low cost and ease of application (Lee and von Gunten, 2010; Drinan and Spellman, 2012; Shannon et al., 2008). In addition to inactivating pathogenic microorganisms, chlorine reacts with effluent organic matter present in sewage effluents to generate unintended disinfection byproducts (DBPs) (Rebhun et al., 1997; Shon et al., 2006; Krasner et al., 2009; Sedlak and von Gunten, 2011; Tang et al., 2012; Hatt et al., 2013; Huang et al., 2016; Cai et al., 2016). 
   To relieve the stress from fresh water shortage, seawater has been applied for toilet flushing in many coastal communities such as Hong Kong, the Marshall Islands, Kiribati, and Avalon (Mirti and Davies 2005; Tang et al, 2007). However, such a practice introduces a high level of bromide ions (65 mg/L in seawater) into the corresponding sewage disposal system, which may cause the production of brominated DBPs during disinfection of the saline sewage effluent using chlorine (Ding et al., 2013; Yang and Zhang, 2013; Yang and Zhang, 2014; Sun et al., 2009). Evidence has shown that brominated DBPs generally presented significantly higher cytotoxicity, genotoxicity, developmental toxicity and growth inhibition than their chlorinated analogs (Plewa et al., 2002; Richardson et al., 2007; Yang and Zhang, 2013; Liu and Zhang, 2014; Li J. et al., 2016). Total organic halogen (TOX), a collective parameter, is a good surrogate and a toxicity indicator for the overall halogenated DBPs in a disinfected water sample (Simmons et al., 2002; Kristiana et al., 2009; Gong et al., 2016; Zhu and Zhang, 2016). TOX includes total organic chlorine (TOCl), total organic bromine (TOBr), and total organic iodine (TOI).
   For a specific disinfection unit in a sewage treatment plant, increasing the chlorine dose may increase the disinfection efficiency, but more chlorine will be consumed and thus the operational cost will be increased; also, more halogenated DBPs will be formed in the chlorinated saline sewage effluent (Ding et al., 2013). Thus, it is of great importance to develop and optimize the sewage disinfection process in order to enhance its cost-effectiveness and reduce any adverse impacts of the treated effluent on the receiving environment.
   Ding (2010) reported that, with the same total chlorine dose, a three-step addition of chlorine (three-step chlorination) showed a greater disinfection efficiency than a one-step addition of chlorine (one-step chlorination), corresponding to an enhancement of 0.20-log. The result indicated that three-step chlorination had the potential to reduce the chlorine dose for the same level of Escherichia coli removal. However, this study of step-wise chlorination was still at a preliminary stage, as only disinfection efficiency was considered. It was not clear whether the reported better performance of three-step chlorination was reproducible. Additionally, compared to one-step chlorination, the comparative effect of three-step chlorination on effluent toxicity was not considered. Therefore, this study aimed to further investigate the comparative performance of three-step chlorination and the commonly used one-step chlorination, of a primary saline sewage effluent, in terms of disinfection efficiency, DBP formation and developmental toxicity.

2. Materials and methods
2.1. Chemical reagents and seawater
All the chemical solutions were prepared from chemicals of reagent grade or higher. Ultrapure water (with a resistivity of 18.2 MΩ·cm) was provided by a Cascada I Laboratory Water Purification System (PALL). A chlorine stock solution was prepared by diluting a reagent grade NaOCl solution (Allied Signal), and titrated based on the DPD/FAS method (APHA et al., 2012). Methyl tert-butyl ether (MtBE) was supplied from Sigma–Aldrich. Seawater was collected from a local bay in Hong Kong with a salinity of approximately 3.5%. Prior to use, it was filtered through a 0.45-μm membrane and autoclaved at 121 ºC for 30 min. After it was cooled to ambient temperature and aerated for 1 h with air, the seawater was used for culturing Platynereis dumerilii and testing the comparative developmental toxicity.

2.2. Collection and characterization of effluent samples from a primary saline sewage treatment plant
A total of eight undisinfected effluent samples were collected from a primary saline sewage treatment plant over a 19-month period from May 5, 2014 to December 1, 2015 covering the range of different seasons. This sewage treatment plant has a treatment capacity of 2.0×106 m3/d, and is one of the largest primary sewage treatment plants in Hong Kong, and in the world. Each collected sample of primary effluent was transported immediately to the laboratory in an ice cooler to minimize any changes in its composition. Selected chemical characteristics of the undisinfected sewage effluent were measured using the samples collected on September 1 and December 1, 2015 to better understand the correlation among disinfection efficiency, DBP formation and developmental toxicity. Details of the characterization are described in the Supplementary Information (SI) and Table S1.

2.3. Chlorination of the primary saline sewage effluent
Initially, a preliminary test was conducted to choose appropriate disinfection conditions which were capable of meeting the disinfection goal (HKEPD, 2013). Aliquots of a sewage effluent sample were chlorinated by dosing 1.0‒6.0 mg/L NaOCl as Cl2. After a 15- or 30-min contact time, each aliquot was dechlorinated with 105% of the requisite stoichiometric amount of 0.10 M Na2S2O3. Generally, the disinfection efficiency increased with chlorine dose and contact time (Fig. S1). Primary sewage effluent samples which were chlorinated by dosing 4.0 mg/L of NaOCl as Cl2 for a 30-min contact time, and by dosing 6.0 mg/L of NaOCl as Cl2 for a 15-min contact time, were found to meet the required disinfection goal. Thus, these two representative chlorination scenarios for one-step chlorination were selected as the basis for comparing the disinfection performance of one-step and three-step chlorination.
[bookmark: OLE_LINK1][bookmark: OLE_LINK5]   To compare the disinfection performance of three-step chlorination and one-step chlorination, aliquots of an undisinfected primary saline sewage effluent sample were chlorinated. For one-step chlorination, 250-mL aliquots of the sewage effluents were dosed with 4.0 mg/L of NaOCl as Cl2 for a 30-min contact time; for three-step chlorination, 250-mL aliquots of the sewage effluent sample were chlorinated with the same total chlorine dose (4.0 mg/L as Cl2), but the dose was split into three portions at a 1:1:1 ratio and the three portions were dosed with a 5-min time interval (i.e., the first step at 0 s, the second step at 5 min, and the third step at 10 min). After disinfection with thorough mixing for a total 30-min contact time, the chlorine residual in each aliquot was measured and dechlorinated with 105% of the requisite stoichiometric amount of 0.10 M Na2S2O3. To further compare the disinfection effects of three-step chlorination and one-step chlorination, the experiments above were repeated with an another representative chlorination scenario (i.e., a total chlorine dose of 6.0 mg/L as Cl2 and a total contact time of 15 min), with the same dosing arrangements for the three-step chlorination (i.e., the 6.0 mg/L dose was split into three portions at a 1:1:1 ratio, and the three portions were dosed with a 5-min time interval from time 0 s).

2.4. Determination of disinfection efficiency
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]All the materials for testing the disinfection efficiency were autoclaved at 121 ºC for 15 min. E. coli, a main species in the fecal coliform group, was used as an indicator organism to assess the water quality (Sherchan et al., 2014; Lin et al., 2016). A membrane filter procedure (APHA et al., 2012) was used to quantify the E. coli concentrations before and after disinfection. Briefly, m-FC medium (Becton, Dickinson and Company) was freshly prepared prior to the test. For each undisinfected or disinfected sewage effluent sample, it was diluted stepwise to a series of aliquots with different dilution factors (100, 10−1, 10−2, 10−3, 10−4, and 10−5). An appropriate volume of an aliquot was filtered through a 0.45-μm membrane. Then, the membrane was placed onto a pad saturated with 1.7 mL m-FC medium and the number of colony forming units (CFU) was counted after 22 h incubation at 45 ºC. The best counting range of colony forming number was 20 to 80. For each dilution factor, triplicate measurements of the corresponding aliquot were conducted. The disinfection efficiency was calculated and expressed as log reduction of the E. coli survival ratio after disinfection.

2.5. TOX measurement
The measurement of TOCl and TOBr followed the procedure used in previous studies (Hua and Reckhow, 2007; Li et al., 2010; Kristiana et al., 2009) and modified (for reasons to be given in the SI and Fig. S2) in this study, with an off-line ICS-3000 ion chromatography system with conductivity detection (Dionex, Sunnyvale, CA). The procedure is detailed in the SI. Notably, TOI was not measured in this study. According to our previous study (Gong and Zhang, 2015), compared with the unchlorinated effluent sample (collected from the same wastewater treatment plant as done in this study), the TOI concentration increased only by 0.14 μg/L as Cl when the effluent sample was chlorinated with one-step chlorination with a chlorine dose of 6.0 mg/L as Cl2 and a contact time of 30 min. Accordingly, TOI might not significantly contribute to the TOX or toxicity variation from one-step to three-step chlorination and thus was not considered in this study.
2.6. Comparative developmental toxicity test with P. dumerilii
The procedure for pretreating sewage effluent samples prior to the developmental toxicity test was conducted according to that used in previous studies (Zhang et al., 2008; Ding et al., 2013; Gong et al., 2016; Yang and Zhang, 2016; Gong and Zhang, 2015). Briefly, each 250-mL dechlorinated sample was acidified to pH 0.5 with 70% (v/v) H2SO4 and saturated by adding Na2SO4. Subsequently, liquid-liquid extraction of the sample was conducted with 25 mL of MtBE, and 15 mL of the MtBE supernatant was transferred into a 40-mL amber glass vial and dried with nitrogen sparging (with a flow rate of 150 mL/min). The resulting solid substances therefore contained the non-volatile fraction of a DBP mixture extracted from the 150 mL sewage effluent sample. It was stored at 4 ºC and re-dissolved in 7.5 mL seawater prior to the toxicity test. Then, a concentrated sample stock solution with a concentration factor (CF) of 20× was obtained. Notably, although the volatile fraction of the DBP mixture was evaporated during sample pretreatment, it has been reported that this fraction represents a negligible contribution to the overall toxicity (Zhu, 2015). Hence, this bioassay could reveal the overall toxicity of the DBP mixture from the chlorinated sewage sample.
   The marine polychaete P. dumerilii is a cosmopolitan species, widely distributed in temperate and tropical climates (Hutchinson et al., 1995), and is a useful representative organism for toxicity studies. Previously, the authors have adopted and improved an in vivo assay using the embryo-larva of P. dumerilii and increased its precision, i.e., by controlling the relative standard deviation of percent normal development to within 5%. This improved method has been employed in evaluating developmental toxicity of various individually DBPs and water samples (Yang and Zhang, 2013; Gong et al., 2016). Stock cultures of P. dumerilii were maintained according to previous studies (Dorresteijn, 1990; Hutchinson et al., 1995) and the cultural conditions are detailed in the SI. The procedure for the developmental toxicity assay is also detailed in the SI.

3. Results and discussion
3.1. Disinfection efficiencies of three-step chlorination and one-step chlorination
Fig. 1a shows the E. coli concentrations in the primary saline sewage effluent samples without chlorination, with one-step and three-step chlorination with a total chlorine dose of 4.0 mg/L as Cl2 and a total contact time of 30 min. It includes four groups of bars for the sewage effluent samples collected on different days over a 19-month period. As shown in Fig. 1a, the E. coli concentration in the primary sewage effluent without chlorination fluctuated in the range from 0.8×107 to 2.4×107 CFU/100mL with a geometric mean of 1.5×107 CFU/100mL. After disinfection, for one-step chlorination, the E. coli concentration decreased to 0.9×104–1.9×104 CFU/100mL with a geometric mean of 1.3×104 CFU/100mL; for three-step chlorination, the E. coli concentration decreased to 0.2×104–0.8×104 CFU/100mL with a geometric mean of 0.4×104 CFU/100mL. Therefore, although the E. coli concentration varied with sampling date, the E. coli concentrations in the primary effluent samples with one-step chlorination were clearly higher than those with the three-step chlorination. Fig. 1b shows the comparative disinfection efficiencies (E. coli reduction) of one-step and three-step chlorination. It should be noted that, even for the same disinfection setting (with a chlorine dose of 4.0 mg/L as Cl2 and a contact time of 30 min), the disinfection efficiency varied with the sampling date. Previous studies (Gehr et al., 2003; Zanetti et al., 2007; Li Y. et al., 2016) have also observed that, for the same sewage and the same disinfection setting, the disinfection efficiency could vary significantly. However, the difference between the two disinfection scenarios was consistent; to be specific, the disinfection efficiencies of the three-step chlorination were significantly greater than those of the one-step chlorination. For one-step chlorination, the disinfection efficiencies for the primary effluent samples collected on the four sampling days were 3.36-, 3.15-, 3.09- and 2.61-log, respectively, while the corresponding disinfection efficiencies with the three-step chlorination were 4.09-, 3.59-, 3.48- and 3.15-log, respectively. Compared to the one-step chlorination, the three-step chlorination elevated the disinfection efficiency up to a maximum of 0.73-log. 
   To further compare the disinfection efficiencies of one-step and three-step chlorination, additional chlorination tests were conducted with a total chlorine dose of 6.0 mg/L as Cl2 and a total contact of 15 min. The results shown in Fig. S3a summarize the E. coli concentrations in the primary sewage effluent samples without chlorination, with one-step and three-step chlorination, and these were found to have a similar trend as those shown in Fig. 1a. The E. coli concentrations in the primary effluent samples with one-step chlorination were significantly higher than those with three-step chlorination, with geometric means of 1.4×104 CFU/100mL and 0.6×104 CFU/100mL, respectively. As depicted in Fig. S3b, although the disinfection efficiencies were not consistent in different samples collected from different days due to the variation of effluent characteristics, the disinfection efficiencies of the three-step chlorination were invariably higher than those of the one-step chlorination when the total chlorine dose and contact time were the same. Compared with the one-step chlorination, the three-step chlorination enhanced the disinfection efficiency up to a maximum of 0.55-log. 
   The mechanism for the greater disinfection efficiency of three-step chlorination remains unclear. Due to the high concentration of ammonia (~22.6 mg/L NH4+ as N) in the primary sewage effluent, monochloramine could be generated quickly once chlorine was applied to the effluent. Although complete conversion of chlorine to monochloramine was expected to finish within a short period of time (Morris, 1967), the concurrence time of chlorine and monochloramine was observed and noticed to be several seconds (SI and Fig. S4). Wolfe et al. (1984) indicated that for sub-optimal treatment conditions, such as insufficient mixing, chlorine may co-exist with monochloramine for a short time (usually for a few minutes) prior to complete monochloramine formation. It is likely that bacteria with a sublethal injury in three-step chlorination experience a shorter recovery time than those in one-step chlorination (Li Y. et al., 2016). The cell wall and plasma membrane of bacteria can be oxidized by chlorine to some extent, whereas they cannot be oxidized by monochloramine (Wolfe et al., 1984; Jacangelo et al., 1991). After the physiological barriers are weakened or partially damaged by chlorine, monochloramine can penetrate into cells readily, and further damage or inactivate the microorganism via attacking the intracellular content. However, as the chlorine residence time is expected to be extremely short, the extent of damage may be different among bacteria, with some suffering severe attack and becoming inactivated, and others only suffering partial and reversible damage. For bacteria with a damaged cell wall but intact plasma membrane, monochloramine is unlikely to be able to enter the cells and cause further damage after the disappearance of chlorine. In addition, specific functional proteins in the intact membrane can repair the damaged cell wall, leading to the recovery of those bacteria (McCrary et al., 2013; Camper and McFeters, 1979; Salton, 1967; Li Y. et al., 2016). For one-step chlorination, bacteria with injured cell walls have a relatively longer recovery time after chlorine has disappeared. In contrast, for three-step chlorination, the bacteria would encounter the second and third attack of chlorine, leading to the injury of the plasma membrane and the loss of cellular repair ability.

3.2. Comparison of DBP formation of three-step chlorination and one-step chlorination
TOCl and TOBr in the primary saline effluent samples with one-step and three-step chlorination were measured to indicate the concentrations of total chlorinated DBPs and total brominated DBPs, respectively. TOBr was normalized to the unit of μg/L as Cl and TOX was calculated as the summation of TOCl and TOBr.
   Fig. 2 shows the comparative TOCl and TOBr formation of three-step and one-step chlorination with a total chlorine dose of 4.0 mg/L as Cl2 and a total contact time of 30 min. It includes four groups of primary saline effluent samples collected on different days. As shown in Fig. 2, the TOBr concentrations in the samples with one-step chlorination were similar to those in the samples with three-step chlorination; Compared with one-step chlorination, the TOCl concentrations of three-step chlorination decreased dramatically. Because the main portion of TOX formation was TOCl, the TOX concentrations of three-step chlorination were significantly less than those of one-step chlorination. Thus, when the chlorination scenario was shifted from one-step chlorination to three-step chlorination, the TOX concentrations of the primary effluent samples from the four sampling events decreased from 201 to 160 μg/L as Cl, from 188 to 158 μg/L as Cl, from 184 to 141 μg/L as Cl, and from 140 to 126 μg/L as Cl, respectively. A maximum reduction of TOX was observed to be 23.4% in the sample collected on September 1, 2015.
   A similar pattern was also found in the one-step and three-step chlorinated primary effluent samples with a total chlorine dose of 6.0 mg/L as Cl2 and a total contact time of 15 min. As shown in Fig. S5, the TOBr concentrations of one-step and three-step chlorination were substantially the same; whereas in comparison with one-step chlorination, the TOCl concentrations of three-step chlorination decreased significantly. Similarly, when the chlorination scenario was shifted from one-step chlorination to three-step chlorination, the TOX concentrations of the primary effluent samples from all four sampling events were reduced, with the effluent sample from September 1, 2015 showing a maximum reduction of TOX from 229 to 185 μg/L as Cl (19.2%).
   Table S2 lists the residual chlorine concentrations of primary effluent samples (collected on September 1 and December 1, 2015) with one-step and three-step chlorination with two representative chlorination scenarios. Then, the chlorine consumption in each effluent sample was calculated. As shown in Table S2, the chlorine consumptions of three-step chlorination were less than those of one-step chlorination, which was likely contributed to the shorter contact time for the chlorine dosed at the second and the third steps. Thus, compared to one-step chlorination, a smaller amount of chlorine in three-step chlorination reacted with the effluent organic matter in the sewage effluent, which led to the lower level of DBP formation.

3.3. Comparison of developmental toxicity of three-step chlorination and one-step chlorination
Fig. 3 and Fig. S6 show CF‒response curves of the developmental toxicity (against the marine polychaete P. dumerilii) of the primary effluent samples chlorinated with two representative chlorination scenarios (i.e., 4.0 mg/L as Cl2 for 30 min and 6.0 mg/L as Cl2 for 15 min), respectively. Each figure includes four charts for the primary effluent samples collected on different days and each chart shows the comparative CF‒response curves of the effluent samples with one-step and three-step chlorination. Generally, when the CF was lower than 1×, the normal developmental percentage of the chlorinated samples decreased slightly and even close to the control sample; within the CF range from 1× to 6×, the normal developmental percentage of the chlorinated samples decreased dramatically as the CF increased. Although the shape of the curves slightly varied with the sampling date, the development percentage of each primary effluent sample with three-step chlorination was substantially larger than that with one-step chlorination. 
   For each CF‒response curve of a chlorinated primary effluent sample, the EC50 value (the CF at which the normal development percentage was 50% of that in the seawater control) and the regression coefficient (R2) were obtained based on the regression analysis, and the values are summarized in Table 1 and Table S3. It can be seen that the R2 for all the curves were high, ranging from 0.984 to 0.999. A larger EC50 value indicates a lower developmental toxicity and a lower toxicity potential. According to the EC50 values of primary effluent samples treated with a total chlorine dose of 4.0 mg/L as Cl2 and a total contact time of 30 min (Table 1), the developmental toxicity of the primary effluent sample with three-step chlorination was lower than that with one-step chlorination. To determine the significant difference of the EC50 values of one-step and three-step chlorination, one-tailed t-statistical significance test was conducted per Tao (1994), with details shown in the SI. The results (Table 1) indicated that when the chlorination scenario was shifted from one-step chlorination to three-step chlorination, the developmental toxicity of each primary effluent sample was significantly decreased (p < 0.05 or 0.10). A similar pattern was also found in the one-step and three-step chlorinated primary effluent samples with a total chlorine dose of 6.0 mg/L as Cl2 and a total contact time of 15 min. As shown in Table S3, the EC50 values of primary effluent sample with three-step chlorination were higher than those with one-step chlorination. Thus, the developmental toxicity of primary effluent sample with three-step chlorination was also lower than that with one-step chlorination. As aforementioned, TOX is a good toxicity indicator for the overall DBPs in a disinfected water sample (Gong et al., 2016; Zhu and Zhang, 2016; Du et al., 2017) and the TOX concentrations of the three-step chlorination were confirmed as being lower than those of the one-step chlorination. Therefore, it is reasonable to conclude that the primary effluent samples with three-step chlorination were less toxic, in terms of developmental damage to the marine polychaete, than their one-step chlorination counterparts.

4. Conclusions
The disinfection effects of three-step chlorination and commonly applied one-step chlorination of a primary sewage effluent were compared, in terms of disinfection efficiency, DBP formation and developmental toxicity. The results demonstrated that three-step chlorination was generally significantly more efficient in disinfecting the effluent than one-step chlorination. Compared to one-step chlorination, three-step chlorination enhanced the disinfection efficiency for E. coli by up to 0.73-log reduction. The overall DBP formation resulting from one-step and three-step chlorination was quantified by TOX measurement. Compared to one-step chlorination, the DBP formation of three-step chlorination was decreased up to 23.4%, which was mainly associated with the reduction of chlorinated DBPs. The overall toxicity of one-step and three-step chlorination was evaluated in terms of adverse effects on the development of embryo-larva of a marine polychaete P. dumerilii. The results revealed that the primary saline sewage effluent with three-step chlorination was less toxic than that with one-step chlorination, indicating that three-step chlorination could moderate potential adverse effects of disinfected sewage effluents on aquatic organisms in receiving marine water. The results also suggested that for the same disinfection goal, three-step chlorination should consume less chlorine than the commonly used one-step chlorination.
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Fig. 1. (a) E. coli concentrations in the primary sewage effluent samples without or with one-step and three-step chlorination. (b) Disinfection efficiencies of the primary sewage effluent samples with one-step and three-step chlorination. The primary sewage effluent samples, collected on different days, were chlorinated with a total chlorine dose of 4.0 mg/L as Cl2 and a total contact time of 30 min. Each error bar indicates the standard deviation of triplicate measurements.
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Fig. 2. TOCl and TOBr concentrations in the primary sewage effluent samples (collected on different days) with one-step and three-step chlorination with a total chlorine dose of 4.0 mg/L as Cl2 and a total contact time of 30 min. Each error bar indicates the difference between the mean and the measured value. 
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Fig. 3. Developmental toxicity of the primary sewage effluent samples with one-step chlorination (  ) and three-step chlorination (  ) with a total chlorine dose of 4.0 mg/L as Cl2 and a total contact time of 30 min. Different charts represent samples collected on different days. Each datum presents the mean of duplicate measurements and the difference between the mean and the measured value.

Table 1 
Developmental toxicity of the primary sewage effluent samples (collected on different days) with one-step and three-step chlorination with a total chlorine dose of 4.0 mg/L as Cl2 and a total contact time of 30 min.
	Effluent sample
	EC50±SD a
	R2 b
	ts c
	t2α[2] d
	p & α

	Effluent collected
on Feb 27, 2014
	1-step
	2.30±0.01
	0.999
	2.30
	1.89
	p < 0.10

	
	3-step
	2.44±0.08
	0.999
	
	
	

	Effluent collected 
on Apr 17, 2015
	1-step
	1.97±0.01
	0.991
	4.33
	2.92
	p < 0.05

	
	3-step
	2.36±0.13
	0.985
	
	
	

	Effluent collected 
on Sep 1, 2015
	1-step
	3.78±0.03
	0.989
	6.41
	2.92
	p < 0.05

	
	3-step
	3.92±0.02
	0.993
	
	
	

	Effluent collected 
on Dec 1, 2015
	1-step
	2.65±0.01
	0.991
	14.33
	2.92
	p < 0.05

	
	3-step
	2.87±0.02
	0.998
	
	
	


a the standard deviation of duplicate measurements for each chlorinated primary saline effluent sample; b the regression coefficient of the concentration factor‒response curve for each chlorinated saline primary effluent sample; c the statistic value; d the critical value for one-tailed t-test with a statistical significance level of α (Tao, 1994).
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