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Reagents and Materials. Cinoxacin, lomefloxacin, pipemidic acid, ofloxacin, danofloxacin, enrofloxacin, ciprofloxacin, sarafloxacin, difloxacin, sparfloxacin, moxifloxacin, and fleroxacin were purchased from Sigma (St. Louis, MO, USA); norfloxacin, oxolinic acid, pefloxacin, and flumequine were purchased from Dr. Ehrenstorfen (GmbH, Germany); nalidixic acid was purchased from Acros Organics (Geel, Belgium); piromidic acid was purchased from Wako (Japan); gatifloxacin was purchased from LKT Laboratories Inc. (Minnesota, USA), and norfloxacin-d5 was purchased from RdH Laborchemikalien GmbH (Germany). Chemical structures of all compounds are listed in Figure S1.

Methylene chloride (HPLC grade) was purchased from J.T. Baker, USA, and methanol and acetonitrile (HPLC grade) were obtained from Fisher Chemicals, USA. Formic acid (HPLC grade) was purchased from Dima Technology TNC (USA). Triethylamine, citric acid, monobasic sodium phosphate, dibasic sodium phosphate, hydrochloric acid (HCl), and ethylenediamine tetraacetic acid disodium (Na2EDTA) were of analytical reagent grade and obtained from Sinopharm Chemical Reagent Co., Ltd. (Beijing, China). Oasis HLB (500 mg, 6 mL) cartridge was purchased from Waters Corporation (Milford, MA, USA). Distilled water was purified by a Milli-Q Synthesis water purification system (Millipore, Bedford, MA, USA).
LC-MS/MS Analysis. Analyses were carried out using a Waters Acquity UPLCTM system (Waters, Milford, MA, USA). Separation of target antibiotics was achieved with a Waters Acquity UPLC BEH C18 column (100 mm × 2.1 mm, 1.7 µm). The column was maintained at 40°C at a flow rate of 0.2 mL/min, and the injection volume was 2 μL. Methanol (A) and purified water containing 0.1% formic acid (v/v) (B) were used as mobile phases. The gradient was as follows: initial 10% A was increased linearly to 30% in 6 min and then to 50% in 3 min. Then A was increased to 100% in 0.5 min and maintained for 3 min. At 0.1 min, A was then sharply returned to the initial percentage and held for 4 min to allow for equilibration.

Mass spectrometry was performed using a Waters Micromass Quattro Premier XE detector equipped with an electrospray ionization source (Micromass, Manchester, UK). The MS parameters were as follows: capillary voltage, 3.6 kV; source temperature, 110°C; desolvation temperature, 350°C; source gas flow, 50 L/h; and desolvation gas flow, 800 L/h. Quantitative analysis was performed in the selected reaction monitoring (MRM) mode, and time-segmented scanning was used to obtain maximum sensitivity of the ESI+ mode. The precursor and product ions, cone voltage, and collision energy of all analytes are summarized in Table S1.
Calculations of Mass Flow and Solid-water Partition Coefficient. Mass flow was calculated by multiplying the measured concentration of each detected compound by the respective water flow or solid amount during the sampling period.  Mass balances were performed using the sum of mass flow in dissolved and sorbed phases:
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where 
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 is the total mass of individual compound in aqueous and sorbed phase; 
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 represent the dissolved and sorbed concentrations, respectively; 
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 is the water flow; and 
[image: image6.wmf]TSS

C

 represents the concentration of total suspended solids. Detailed STP parameters are listed in Table S3.
The sorption behavior of FQs was assessed using the apparent solid-water partition coefficient (Kd, L/kg) as calculated by 
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 represent the chemical concentrations in sorbed and dissolved phase from the activated sludge treatment units, respectively.
Cation Exchange Capacity (CEC) Measurement. CEC values in sludge samples collected from aerobic, anoxic and anaerobic units were measured assess the variations of Kd values in different treatment units.  The freeze-dried sludge samples were grounded and sieved through a 0.2 mm mesh.  About 0.5 g sludge was weighed into a 50 mL centrifuge tube, and immediately added with 20 mL 1 M ammonium acetate (NH4OAc, pH=7.0).  The tubes were shake in a rotor shaker for two hours, and centrifuged for 10 min at 6,000 g.  15 mL supernatant was diluted with 10 times, and analyzed for exchangeable Ca, Mg, Na and K by Inductively Coupled Plasma (ICP)-Atomic Emission Spectrometer (AES).  And acidity in the sludge was measured by titration with 0.01 M NaOH solution.  CEC was estimated by summation of exchangeable bases (Ca, Mg, Na and K) and exchangeable acidity. 
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Figure S1 Structures of the target quinolone and fluoroquinolone antibiotics. The red and green shades were the locations of the negatively and positively-charged moieties for each compound.  Positively-charged moieties for each chemical should be occurred at nitrogen atoms which interact with H ion. Of nitrogen atoms in a chemicals, the nitrogen atom with the lowest atom partial charge was most easily interact with H ion, and therefore a potential positively-charged moiety.  The atom partial charges were calculated by MOPAC (version 6, CAChe Scientific Inc., Oxford, U.K.), and the PM3 parameter was served to optimize stable structures (Hu et al., 2002).
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Figure S2. Schematic diagram of the treatment processes in Qinghe STP.
Table S1. Multi-selected Reaction Monitoring (MRM) Conditions of the Target Quinolone and Fluoroquinolone Antibiotics.

	Function (min)
	Compound
	MRM transition
	Cone voltage (V)
	Collision energy (eV)
	Function (min)
	Compound
	MRM transition
	Cone voltage (V)
	Collision energy (eV)

	4.4-7.1
	pipemidic acid
	304>217

304>286
	31
	22

16
	6.7-7.8
	lomefloxacin
	352>265

352>308
	34
	22

16

	
	flerofloxacin
	370>269

370>326
	37
	25

19
	
	difloxacin
	400>299

400>356
	45
	28

20

	
	ofloxacin
	362>261

362>318
	34
	25

19
	
	sarafloxacin
	386>299

386>342
	45
	28

18

	
	pefloxacin
	334>290

334>316
	37
	19

19
	7.8-9.4
	gatifloxacin
	376>289

376>332
	37
	28

19

	
	norfloxacin
	320>276

320>302
	31
	16

19
	
	sparfloxacin
	393>292

393>349
	40
	24

20

	
	norfloxacin-d5
	325>281

325>307
	31
	19

22
	
	moxifloxacin
	402>358

402>384
	34
	19

22

	
	ciprofloxacin
	332>288

332>314
	37
	34

16
	
	cinoxacin
	263>189

263>245
	30
	28

15

	
	danofloxacin
	358>283

358>340
	40
	25

25
	9.2-11.5
	oxolinic acid
	262>216

262>244
	32
	25

18

	
	enrofloxacin
	360>316

360>342
	42
	20

22
	
	nalidixic acid
	233>187

233>215
	30
	25

14

	
	
	
	
	
	
	flumequine
	262>202

262>244
	28
	34

22

	
	
	
	
	
	
	piromidic acid
	289>243

289>271
	32
	30

18


Table S2. Efficiency of Different Extraction Solutions to Target Quinolone and Fluoroquinolone Antibiotics from the Sludge Samples, the Optimized Method Detection Limits (MDLs), and Matrix Effects.
	Chemicals
	Solution
A×3
	Solution
B×3
	Solution C×1 +

Solution D×1
	Solution C×1 +

Solution D×2
	Solution
D×3

	
	Recovery (%)
	Recovery (%)
	Recovery (%)
	Recovery (%)
	Recovery (%)
	Matrix effect (%）
	MDL

(mg/Kg)

	pipemidic acid
	11±65
	16±83
	55±3.0
	44±20
	78±1.4
	-1.4±2.8
	0.014

	fleroxacin
	56±31
	15±114
	97±2.5
	91±2.6
	82±21
	-1.7±3.5
	0.0085

	ofloxacin
	71±33
	17±94
	80±3.1
	83±7.4
	87±1.3
	25±3.1
	0.028

	pefloxacin
	42±4
	19±73
	55±6.0
	60±11
	68±3.4
	-11±1.0
	0.085

	norfloxacin
	40±43
	20±102
	61±0.5
	62±10
	74±4.1
	26±12
	0.036

	norfloxacin-d5
	21±18
	15±18
	49±9.8
	59±13
	87±2.4
	17±6.0
	0.026

	ciprofloxacin
	23±28
	27±63
	62±2.7
	60±13
	74±2.4
	-13±4.1
	0.028

	danofloxacin
	57±17
	31±76
	85±15
	77±0.5
	77±9.8
	-12±1.2
	0.069

	enrofloxacin
	27±30
	52±48
	62±5.0
	76±4.7
	86±9.8
	-12±1.5
	0.0094

	lomefloxacin
	78±13
	29±76
	84±5.4
	91±2.1
	88±0.7
	-6.4±0.1
	0.043

	difloxacin
	69±9.9
	54±52
	84±6.9
	84±8.7
	81±15
	-2.5±0.9
	0.020

	sarafloxacin
	37±11
	67±39
	73±2.2
	85±4.5
	74±1.6
	3.9±0.95
	0.039

	gatifloxacin
	80±7.2
	61±62
	83±1.9
	84±1.7
	80±0.9
	2.8±4.3
	0.021

	sparfloxacin
	77±1.9
	65±54
	78±1.5
	78±4.7
	73±4.0
	12±1.0
	0.0061

	moxifloxacin
	70±6.8
	70±64
	90±4.8
	81±2.2
	77±6.6
	-4.5±3.9
	0.032

	cinoxacin
	87±9.4
	94±22
	94±1.9
	75±3.3
	74±7.1
	-19±4.3
	0.041

	oxolinic acid
	67±6.5
	89±33
	81±1.1
	92±13
	78±23
	20±2.2
	0.031

	nalidixic acid
	90±7.3
	90±22
	91±0.4
	67±2.2
	67±4.7
	-0.7±2.8
	0.015

	flumequine
	97±3.5
	95±14
	102±2.5
	78±5.3
	78±3.6
	-8.9±8.0
	0.020

	piromidic acid
	53±15
	81±11
	66±8.3
	84±1.7
	98±4.3
	1.7±2.6
	0.027


Solution A: methanol/citrate buffer (1/1, pH 2.6); solution B: 1/1 acetonitrile/phosphate buffer (pH 2.2); Solution C: phosphate buffer (pH 6.0); solution D: 5/25/75 triethylamine/methanol/purified water (pH 11.0).
Table S3. Treatment Parameters in Qinghe STP during the Sampling Period.

	
	raw sewage
	primary effluent
	primary sludge
	anaerobic
	anoxic
	aerobic
	internal recirculation
	secondary effluent
	return
sludge
	excess sludge
	Supernatant of excess sludge
	dewatered sludge

	water flow (m3/d)
	2×105
	2×105
	-
	4×105
	10×105
	10×105
	6×105
	2×105
	1.90×105
	0.023×105
	0.028×105
	-

	
	
	
	
	
	
	
	
	
	1.75×105
	
	0.025×105
	

	
	
	
	
	
	
	
	
	
	2.28×105
	
	0.013×105
	

	TSS (Kg/d)
	7/7
	6.16×105
	3.70×105
	-
	17.5×105
	43.8×105
	43.8×105
	26.3×105
	1.23×104
	17.6×105
	2.31×105
	-
	0.29×105

	
	7/8
	6.24×105
	3.74×105
	
	17.1×105
	42.8×105
	42.8×105
	25.7×105
	1.25×104
	16.8×105
	
	
	0.26×105

	
	7/11
	4.48×105
	2.69×105
	
	19.1×105
	47.8×105
	47.8×105
	28.7×105
	0.90×104
	17.9×105
	
	
	0.14×105

	COD (mg/L)
	
	476
	
	
	
	
	
	
	41.3
	
	
	
	

	BOD5 (mg/L)
	
	229
	
	
	
	
	
	
	9.06
	
	
	
	

	DO (mg/L)
	
	
	
	
	
	
	
	
	3.52
	
	
	
	

	NH4-N (mg/L)
	
	
	
	
	
	
	
	
	0.672
	
	
	
	

	NO3-N (mg/L)
	
	
	
	
	
	
	
	
	10.8
	
	
	
	

	TP (mg/L)
	
	5.89
	
	
	
	
	
	
	0.214
	
	
	
	

	pH
	
	
	
	
	
	
	
	
	7.74
	
	
	
	

	Temp (0C)
	
	
	
	
	
	
	
	
	24.4
	
	
	
	


Table S4. Mass flux (g/d) of Detected Quinolone and Fluoroquinolone Antibiotics in Qinghe STP.
	Chemicals
	Raw sewage
	Primary effluent
	primary sludge
	anaerobic
	anoxic
	aerobic
	internal recirculation
	secondary effluent
	return sludge
	excess sludge
	supernatant of excess sludge
	dewatered sludge

	
	dissolved
	sorbed
	
	
	dissolved
	sorbed
	dissolved
	sorbed
	dissolved
	sorbed
	dissolved
	sorbed
	
	dissolved
	sorbed
	dissolved
	sorbed
	
	

	pipemidic acid
	17±3.4
	1.2±0.8
	16±2.5
	1.6±2.0
	11±1.4
	511±21
	22±6.3
	1226±25
	22±7.9
	1329±163
	13±4.7
	798±98
	6.5±2.4
	3.7±2.2
	553±160
	0.12±0.04
	6.2±1.5
	0.08±0.01
	6.2±1.5

	fleroxacin
	2.7±0.3
	1.0±0.3
	2.9±0.26
	0.74±0.15
	2.9±0.26
	136±10
	4.9±0.44
	363±13
	5.2±0.95
	430±45
	3.1±0.57
	258±27
	1.0±0.07
	0.72±
0.19
	149±21
	0.02±0.01
	1.9±0.1
	0.02±0.01
	2.1±0.5

	ofloxacin
	257±19.4
	19±2.3
	315±20.2
	11±0.4
	219±66.0
	11417±
1135
	384±21.5
	32550±
4828
	336±70.4
	32804±
2371
	202±42.2
	19683±
1423
	106±17.8
	48±23.9
	13174±754
	2.6±1.0
	171±69
	1.6±0.31
	180±55

	norfloxacin
	155±17.5
	46±14
	166±19.5
	34±5.1
	100±11.5
	11482±
1284
	207±38.1
	29847±
1157
	190±52.4
	33715±
1239
	114±31.4
	20229±
744
	51±12.9
	32±22.2
	12594±
1439
	1.4±0.5
	148±49
	0.78±0.08
	167±61

	ciprofloxacin
	20±4.3
	11±1.9
	21±2.6
	7.4±3.7
	15±1.9
	1670±143
	30±4.9
	4434±93
	27±7.2
	4687±319
	16±4.3
	2812±191
	7.4±3.2
	4.8±3.2
	2000±168
	0.20±0.08
	22±7.1
	0.11±0.02
	24±11

	enrofloxacin
	1.7±0.6
	1.0±0.1
	1.3±0.63
	0.54±0.17
	1.0±0.43
	171±10
	2.5±0.67
	349±11
	2.6±1.11
	401±163
	1.5±0.66
	241±98
	0.41±0.13
	0.15±0.11
	171±22
	0.01±0.01
	1.7±0.3
	0.01±0.01
	1.7±0.6

	lomefloxacin
	32±0.7
	3.2±0.0
	37±5.1
	2.0±0.5
	34±8.6
	1807±112
	71±16.3
	4365±259
	61±17.2
	4732±291
	37±10.3
	2839±175
	14±2.7
	11±6.4
	2044±324
	0.67±0.24
	23±8.3
	0.25±0.01
	23±9.1

	sarafloxacin
	-
	-
	-
	-
	-
	1025±66
	-
	2191±53
	-
	2273±217
	-
	1364±130
	-
	-
	1075±199
	-
	13±4.1
	-
	12±4.1

	gatifloxacin
	13±1.3
	3.6±0.6
	14±1.8
	3.0±0.7
	15±4.2
	693±90
	28±3.5
	1809±70
	25±5.1
	2136±38
	15±3.1
	1282±23
	7.9±1.6
	4.0±1.7
	824±174
	0.25±0.09
	10±4.0
	0.10±0.01
	11±4.4

	sparfloxacin
	0.9±0.06
	0.5±0.1
	0.78±0.07
	0.4±0.2
	0.39±0.09
	55±4.9
	0.72±0.04
	113±7.7
	0.74±0.17
	151±32
	0.44±0.10
	91±19
	0.22±0.03
	0.12±
0.08
	49±7.8
	0.01±0.01
	0.78±0.31
	0.003±0.001
	0.86±0.24

	moxifloxacin
	14±6.8
	9.1±0.3
	20±8.9
	5.7±0.4
	14±1.0
	908±86
	31±4.2
	2042±52
	33±7.1
	2499±142
	20±4.3
	1499±85
	8.0±4.1
	4.2±2.9
	989±202
	0.19±0.08
	13±4.6
	0.10±0.01
	12±6.3


Table S5. Calculated Coefficients and Solid-water Partition Coefficients (Kd, L/Kg) of Detected Quinolone and Fluoroquinolone Antibiotics.

	Chemicals
	pKaa
	logPow (at pH7.74)b
	Kd

	
	
	
	Anaerobic
	Anoxic
	Aerobic
	Average

	sparfloxacin
	8.88
	4.53
	31900
	35300
	45800
	37700

	enrofloxacin
	7.11
	1.80
	39000
	32700
	35800
	35800

	norfloxacin
	8.76
	1.45
	25700
	32500
	40500
	32900

	pipemidic acid
	8.75
	1.02
	10300
	12500
	14100
	12300

	ciprofloxacin
	8.76
	1.29
	25400
	33000
	38900
	32400

	fleroxacin
	7.03
	1.54
	10600
	16500
	18500
	15200

	ofloxacin
	6.81
	-0.02
	12000
	18800
	22100
	17600

	lomefloxacin
	8.80
	2.31
	12100
	14000
	17600
	14600

	moxifloxacin
	10.68
	2.49
	14000
	14900
	17000
	15300

	gatifloxacin
	8.82
	2.27
	10800
	14300
	19100
	14700


a, ref (1); b, logPow was calculated by ACD/logPow ver. 1.0 (Advanced Chemistry Development, Inc.), and the average pH values in raw sewage and secondary effluent were all 7.74 during the sampling period in Qinghe STP. 
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