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1. Introduction

Table S1. The structures and chemical properties of 1H-benzotriazole, clarithromycin and imidacloprid.
	Compound
	Abbreviation
	Chemical structure
	pKaa
	logPb
	Ref.

	1H-benzotriazole
	BTA
	[image: image1.png]



	8.20
	1.23
	[1,2]

	clarithromycin
	CTM
	[image: image2.png]



	8.70
	3.24
	[3,4]

	imidacloprid
	IDC
	[image: image3.png]



	11.12
	0.57
	[5,6]


apKa - dissociation constant

blogP - partition coefficient

Table S2. Comparison of the developed UHPLC-MS/MS method with methods of determination of 1H-benzotriazole, clarithromycin and imidacloprid in water samples described in the literature.

	Method
	Matrix
	Compound
	Linear range
	Sensitivity

(LODa/LOQb)
	Analysis time
	Extraction
	Recovery (%)
	Sample volume (mL)/ Flow rate (mL/min)
	Concentration in sample (ng L-1)c
	Ref.

	UHPLC-MS/MS
	river water
	1H-benzotriazole
	50-10000 ng L-1
	-/10000 ng L-1
	11 min
	-
	-
	-
	181-345
	[7]

	
	
	clarithromycin
	10-10000 ng L-1
	
	
	
	
	
	n.d.
	

	
	
	imidacloprid
	5-10000 ng L-1
	
	
	
	
	
	n.d.
	

	LC-MS/MS
	river water
	1H-benzotriazole
	-
	-/6.0 ng L-1
	-
	SPE
	-
	-
	378-1850
	[8]

	
	
	clarithromycin
	
	-/60 ng L-1
	
	
	
	
	n.d.
	

	
	
	imidacloprid
	
	-/2.0 ng L-1
	
	
	
	
	18.2-19.9
	

	HILIC-MS/MS
	wastewater
	clarithromycin
	20-20000 ng L-1
	0.5/1.6 ng L-1
	8.5 min
	SPE
	37
	2.5/3.0
	18-1800
	[9]

	LC-MS/MS
	river water,

wastewater
	1H-benzotriazole
	10-500 ng L-1
	8.0/30 ng L-1
	-
	SPE
	99
	100/5.0*

25/5.0**
	636–3690* and
13000-100000**
	[10]

	UHPLC-MS/MS
	wastewater
	1H-benzotriazole
	-
	0.77/2.5 ng L-1
	21 min
	SPE
	93-104
	50/5.0
	14-2632
	[11]

	UHPLC-MS/MS
	wastewater
	imidacloprid
	-
	-/1.8 ng L-1
	14 min
	online SPE
	82-116
	500/2.0
	48.6-58.4
	[12]

	LC-MS/MS
	river water,

wastewater
	1H-benzotriazole
	-
	10/20 ng L-1
	16 min
	SPE
	91-106
	100-500/10
	33-153* and 62-2994**
	[13]

	HPLC-MS/MS
	surface water

wastewater
	1H-benzotriazole
	-
	-/10* and -/25 ** ng L-1
	15 min
	SPE
	95-113
	100/4.0*

50/4.0**
	10-3400* and 9600-11200**
	[14]

	LC-MS/MS
	river water
	imidacloprid
	40-800 ng L-1
	-/10 ng L-1
	18 min
	SPE
	82-103
	25/4.0
	-
	[15]

	LC-MS/MS
	water
	imidacloprid
	5000-200000 ng L-1
	60/200 ng L-1
	30 min
	SPE
	100-121
	250/2.0
	n.d.
	[16]

	UHPLC–MS/MS
	surface water,

wastewater
	clarithromycin
	1000-100000 ng L-1
	-/3.0 ng L-1
	10 min
	SPE
	85-125
	100/-
	91* and 247**
	[17]

	UHPLC-ToFMS
	wastewater
	clarithromycin
	3.91-500 ng mL-1
	-/3.9 ng mL-1
	25 min
	SPE
	96
	250/3.0
	61-1287.9
	[18]

	HPLC-MS/MS
	river water and seawater,

wastewater
	1H-benzotriazole
	2.5-1400 ng L-1 * and 12.5-7000 ng L-1 **
	-/4.7 ng L-1 *
and -/18 ng L-1 **
	57 min
	SPE
	60-100
	500/15*

100/15**
	29-670* and 3846**
	[19]

	
	
	clarithromycin
	2.5-2000 ng L-1 * and 12.5-10000 ng L-1 **
	-/7.5 ng L-1 *
and -/18 ng L-1 **
	
	
	
	
	14-77* and 520**
	


Table S2. Continue.
	Method
	Matrix
	Compound
	Linear range
	Sensitivity

(LODa/LOQb)
	Analysis time
	Extraction
	Recovery (%)
	Sample volume (mL)/ Flow rate (mL/min)
	Concentration in sample (ng L-1)c
	Ref.

	LC-MS/MS
	wastewater
	1H-benzotriazole
	1-2000 ng L-1
	-/16 ng L-1
	26 min
	online SPE
	86
	250/2.0
	226-1380
	[20]

	
	
	clarithromycin
	
	-/14 ng L-1
	
	
	89
	
	130-260
	

	
	
	imidacloprid
	
	-/15 ng L-1
	
	
	71
	
	45-106
	

	UHPLC-MS/MS
	tap water, wastewater
	1H-benzotriazole
	1.0-100 ng L-1
	0.33/0.98 ng L-1
	5 min
	SPE
	62-102
	1000/6.0
	7201
	this work

	
	
	clarithromycin
	
	0.18/0.35 ng L-1
	
	
	
	
	1148
	

	
	
	imidacloprid
	
	0.12/0.55 ng L-1
	
	
	
	
	217
	


aLOD – limit of detection
bLOQ – limit of quantification
cThe range given for wastewater is related to influent concentrations and effluent concentrations.
* surface water
** wastewater
HILIC-MS/MS - hydrophilic interaction chromatography coupled with tandem mass spectrometry; LC-HR-MS/MS - liquid chromatography-high-resolution tandem mass spectrometry; LC-MS/MS - liquid chromatography with tandem mass spectrometry; SPE - solid-phase extraction; TWs effluent - the effluent from the treatment wetlands system; UHPLC-MS/MS - ultra-high performance liquid chromatography coupled with tandem mass spectrometry; UHPLC-ToFMS - ultra-high performance liquid chromatography combined with time-of-flight mass spectrometry; UPLC-MS/MS - ultra-performance liquid chromatography with tandem mass spectrometry; - not mentioned; n.d. - not determined.

2. Experimental

2.6. Determination of BTA, IDC and CTM and detection of their TPs in wastewater during biotransformation tests.
Table S3. The detailed information on the composition of the raw wastewater used in the experiment [21].
	Componenta
	Concentration (mg L-1)

	urea
	208.76

	NH4Cl
	62.45

	yeast extract
	264.00

	skim milk powder
	118.00

	sodium acetate
	510.40

	peptone
	40.00

	KH2PO4
	41.37

	KCr(SO4)2∙12H2O
	0.96

	CuSO4∙5H2O
	0.781

	MnSO4∙H2O
	0.108

	NiSO4∙7H2O
	0.359

	PbCl2
	0.100

	ZnCl2
	0.208

	MgSO4∙7H2O
	4.408

	FeSO4∙7H2O
	11.6


a The influent was prepared in tap water by dissolving the following components.
Table S4. Standard chemical analysis of wastewater.
	Parameter
	Method

	Dissolved organic carbon (DOC)
	The parameter was determined by TOC analyser Shimadzu TOC–L using the non-purgeable organic carbon method.

	Total nitrogen (TN)
	The parameter was determined by TOC analyser Shimadzu TOC–L equipped with a unit for total nitrogen analysis.

	Ammonium nitrogen (N-NH4)
	The parameter was analysed photometrically using Spectroquant tests from Merck (test no. 1.00683.0001)

	Nitrate nitrogen 
(N-NO3)
	The parameter was analysed photometrically using Spectroquant tests from Merck (test no. 1.09713.0001)

	Nitrite nitrogen 
(N-NO2)
	The parameter was analysed photometrically using Spectroquant tests from Merck (test no. 1.14776.0001)

	Organic nitrogen (Norg)
	The parameter was calculated as:
Norg = TN- [(N-NH4) + (N-NO3)+ (N-NO2)]


3. Results and discussion
3.1. Development of UHPLC-MS/MS conditions
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Figure S1. UHPLC-UV chromatogram from simultaneous analysis of BTA (1), IDC (2), CTM (3) and NIF (IS).
3.2. Selection of SPE conditions
3.2.2. Selection of the eluent
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Figure S2. Comparison of BTA, IDC and CTM recoveries after extraction by six different elution solvents.
3.2.3. Selection of the eluent volume
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Figure S3. Comparison of BTA, IDC and CTM recoveries after extraction by different elution solvents volumes.
3.2.4. Selection of sample pH
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Figure S4. Comparison of BTA, IDC and CTM recoveries after extraction of samples with different pH.
3.2.5. Selection of the sample volume
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Figure S5. Comparison of BTA, IDC and CTM recoveries after extraction of different samples volume.
3.3. Method validation
3.3.1. Selectivity
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Figure S6. Selectivity of the developed UHPLC-MS/MS method.
3.3.2. Matrix effect
Table S5. The matrix effect of BTA, IDC and CTM in model water samples (n=6).
	Analyte
	Concentration (ng L-1)
	Matrix effect (%)

	BTA
	5.0
	5.90

	
	50.0
	7.50

	
	80.0
	1.79

	IDC
	5.0
	6.38

	
	50.0
	11.6

	
	80.0
	5.31

	CTM
	5.0
	3.26

	
	50.0
	11.1

	
	80.0
	1.25


3.4. Determination of BTA, IDC and CTM and detection of their TPs in wastewater during biotransformation tests
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Figure S7. Transformation of organic carbon (A) and nitrogen forms (B) in the wastewater during the biotransformation tests

Table S6. MRM conditions for the detection of BTA, IDC and CTM transformation products.
	Transformation product
	Q1a (m/z)
	Q3b (m/z)
	DPc (V)
	EPd (V)
	CEe (V)
	CXPf (V)
	Ref.

	TPs-BTA
	
	
	
	
	
	
	

	1-CH3-BTA
	134.1
	91.0
	61
	10
	33
	8
	

	4-CH3-BTA
	134.1
	79.1
	61
	10
	33
	8
	

	5-CH3-BTA
	134.1
	77.0
	61
	10
	33
	8
	[21,22]

	1-OH-BTA
	136.1
	91.0
	61
	10
	33
	8
	

	4-OH-BTA
	136.1
	80.1
	61
	10
	33
	8
	

	5,6-diCH3-BTA
	148.1
	91.1
	61
	10
	33
	8
	

	TPs-CTM
	
	
	
	
	
	
	

	DES-CTM
	590.4
	158.0
	136
	10
	18
	8
	[23,24]

	14-OH-CTM
	764.5
	606.2
	136
	10
	23
	8
	

	TPs-IDC
	
	
	
	
	
	
	

	NH-IDC
	211.4
	126.4
	66
	10
	24
	9
	

	IDC -urea
	212.2
	195.3
	66
	10
	24
	9
	

	ketourea-IDC
	226.5
	209.5
	66
	10
	24
	9
	[25–28] 

	olefin-IDC
	254.2
	236.3
	66
	10
	24
	9
	

	OH-IDC
	272.4
	254.4
	66
	10
	24
	9
	

	4,5-diOH-IDC
	288.3
	242.8
	66
	10
	24
	9
	


a Q1 - precursor ion

b Q3 - fragment ion

c DP - declustering potential

d EP - entrance potential

e CE - collision energy

f CXP - cell exit potential
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Figure S8. The chemical structures of the [M+H]+ ions and their product ions of 14-OH-CTM and DES-CTM.
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Figure S9. The chemical structures of the [M+H]+ ions and their product ions of TPs-BTA.
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