

Table 1
Characteristics of the primary sewage effluent samples collected on different days.
	Date
	pH
	NH4+
(mg/L as N)
	DOC
(mg/L as C)
	UV254
(cm−1)
	COD a
(mg/L)
	TSS a
(mg/L)

	May 7, 2015
	7.12
	26.2
	23.7
	0.119
	40.0
	44.0

	Jun 3, 2015
	7.00
	27.2
	20.7
	0.175
	48.0
	47.0

	Jun 12, 2015
	7.06
	21.2
	20.4
	0.195
	32.0
	36.0

	Jun 19, 2015
	7.00
	27.4
	27.0
	0.252
	41.0
	39.0

	Jun 26, 2015
	7.15
	23.7
	22.2
	0.204
	28.0
	34.0

	Jul 3, 2015
	7.12
	19.3
	22.1
	0.211
	36.0
	34.0

	Jul 9, 2015
	7.08
	27.2
	28.1
	0.223
	25.0
	35.0

	Jul 17, 2015
	7.11
	23.9
	25.7
	0.151
	43.0
	41.0

	Jul 24, 2015
	7.08
	23.0
	29.9
	0.216
	49.0
	38.0

	Jul 29, 2015
	7.06
	25.4
	25.2
	0.210
	46.0
	46.0

	Aug 8, 2015
	6.99
	21.0
	20.4
	0.352
	42.0
	39.0

	Aug 28, 2015
	7.21
	27.3
	28.0
	0.189
	49.0
	34.0

	Sep 1, 2015
	6.85
	22.4
	23.0
	0.189
	46.0
	43.0

	Sep 9, 2015
	6.82
	27.0
	18.5
	0.190
	47.0
	38.0

	Sep 16, 2015
	6.89
	19.3
	29.6
	0.283
	53.0
	44.0

	Sep 23, 2015
	7.06
	23.3
	27.2
	0.219
	68.0
	42.0

	Oct 13, 2015
	7.04
	24.1
	18.2
	0.207
	30.0
	45.0

	Nov 17, 2015
	7.12
	21.7
	27.9
	0.191
	38.0
	45.0

	Feb 15, 2016
	7.15
	25.7
	18.8
	0.264
	57.0
	40.0

	Mean
	7.05
	23.9
	23.7
	0.209
	41.8
	40.0

	Standard deviation
	0.10
	2.7
	3.9
	0.05
	10.5
	4.3


a Data was collected from Hong Kong Drainage Services Department (HKDSD, 2015b; 2016).
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[bookmark: _GoBack]Fig. 1. Comparison of the disinfection efficiencies of the primary sewage effluent samples with one-step chlorination (dashed lines) and two-step chlorination (solid lines) 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 or disinfected with two-step chlorination with different dosage ratios or time intervals. Each error bar indicates the standard deviation of triplicate measurements.
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Fig. 2. Two-step chlorination with a total chlorine dose of 4.0 mg/L as Cl2 and a total contact time of 30 min. (a) 3-D diagram of the disinfection efficiency of two-step chlorination with time interval and dosage ratio; (b) 2-D diagram of the disinfection efficiency of two-step chlorination with time interval; (c) 2-D diagram of the disinfection efficiency of two-step chlorination with dosage ratio.
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Fig. 3. Change of the residual disinfectant concentration with contact time in one-step and two-step chlorination: (a) chlorine, and (b) monochloramine. The unchlorinated primary sewage effluent (collected on February 15, 2016) was 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. 


[image: ]
Fig. 4. Disinfection efficiencies of the primary sewage effluent samples (collected on different days) which were disinfected with 4.0 mg/L chlorine or monochloramine as Cl2 for a 30-min contact time. Each error bar indicates the standard deviation of triplicate measurements.
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Fig. 5. Inactivation caused by the synergism between 0.20 mg/L chlorine (for a contact time of 1, 2, 4, 6, 8 or 10 s) and 4.0 mg/L monochloramine (for a contact time of 1.0 min). Each error bar indicates the standard deviation of tetraplicate measurements.
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(p) Time interval 600 s  (July 17, 2015)

(q) Dosage ratio 1:1  (June 3, 2015) (r) Dosage ratio 1:1  (June 12, 2015)

3.4

3.6

3.8

4.0

4.2

4.4

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

3.2

3.5

3.8

4.1

4.4

4.7

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

2.8

3.0

3.2

3.4

3.6

3.8

250 300 350 400 450 500 550 600 650

−

Log(Nt/No)

Time interval (s)

3.4

3.6

3.8

4.0

4.2

4.4

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

3.2

3.5

3.8

4.1

4.4

4.7

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

2.8

3.0

3.2

3.4

3.6

3.8

250 300 350 400 450 500 550 600 650

−

Log(Nt/No)

Time interval (s)

3.4

3.6

3.8

4.0

4.2

4.4

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

3.2

3.5

3.8

4.1

4.4

4.7

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

2.8

3.0

3.2

3.4

3.6

3.8

250 300 350 400 450 500 550 600 650

−

Log(Nt/No)

Time interval (s)

3.4

3.6

3.8

4.0

4.2

4.4

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

3.2

3.5

3.8

4.1

4.4

4.7

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

2.8

3.0

3.2

3.4

3.6

3.8

250 300 350 400 450 500 550 600 650

−

Log(Nt/No)

Time interval (s)

3.4

3.6

3.8

4.0

4.2

4.4

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

3.2

3.5

3.8

4.1

4.4

4.7

0 50 100 150 200 250 300

−

Log(Nt/No)

Time interval (s)

2.8

3.0

3.2

3.4

3.6

3.8

250 300 350 400 450 500 550 600 650

−

Log(Nt/No)

Time interval (s)

(s) Dosage ratio 1:1  (July 19, 2015) (t) Dosage ratio 1:1  (September 23, 2015) (u) Dosage ratio 1:1  (September 23, 2015)


