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Table S1. Transitions and optimised mass spectrometric parameters used in Multiple Reaction Monitoring (MRM) mode for SCRA analytes and deuterated analogues. Analytes are followed by their corresponding deuterated analogues (bold type)
	Analyte
	RT 
[min]
	Q1 
[Da]
	Q3 
[Da]
	DP 
[V]
	EP 
[V]
	CE 
[V]
	CXP 
[V]

	
	ADB-BUTINACA N-(4-hydroxy-butyl) metabolite
	2.16
	347.20
	217.10
	50
	10
	35
	17

	
	
	
	
	302.20
	50
	10
	18
	18

	
	AB-PINACA N-pentanoic acid metabolite-d4
	2.00
	365.11
	320.10
	64
	10
	21
	32

	
	5F-ADB oxidative/hydrolytic defluorination metabolite
	4.35
	376.20
	213.00
	62
	10
	37
	15

	
	
	
	
	316.00
	62
	10
	24
	19

	
	JWH-250 N-(4-hydroxypentyl) metabolite-d5
	4.24
	357.20
	121.10
	72
	10
	31
	20

	
	5F-ADB hydrolysis product
	4.75
	364.00
	233.00
	50
	10
	33
	15

	
	
	
	
	318.30
	50
	10
	20
	15

	
	ADB-BUTINACA 3,3-dimethylbutanoic acid metabolite
	5.14
	332.20
	201.10
	50
	10
	35
	17

	
	
	
	
	145.00
	50
	10
	57
	14

	
	MDMB-4en-PINACA 
butanoic acid metabolite
	5.21
	344.00
	213.00
	70
	10
	35
	15

	
	
	
	
	298.00
	70
	10
	20
	10

	
	JWH-073 N-(4-hydroxybutyl) metabolite-d5
	4.42
	349.20
	155.12
	100
	10
	37
	12

	ADB-BUTINACA
	4.47
	331.20
	201.10
	55
	10
	35
	15

	
	
	
	286.19
	55
	10
	21
	15

	AB-PINACA-d9
	4.45
	340.27
	224.17
	85
	10
	34
	15

	5F-ADB
	6.15
	378.10
	233.20
	70
	10
	35
	11

	
	
	
	318.30
	70
	10
	24
	12

	MDMB-4en-PINACA
	6.69
	358.00
	213.00
	70
	10
	35
	15

	
	
	
	298.20
	70
	10
	25
	17

	JWH-015-d7
	6.57
	335.20
	155.10
	85
	5
	34
	11


RT: Retention time, Q1: m/z of precursor ion, Q3: m/z of fragment ion, DP: Declustering Potential, EP: Entrance Potential, CE: Collision energy, CXP: Collision cell exit potential

Table S2. Transitions and optimised mass spectrometric parameters used in MRM mode to detect 5F-ADB phase I metabolites and glucuronic acid conjugates, including those measured in unscheduled mode (RT = Unsch.), together with those of the deuterated internal standard analogues
	Analyte
	RT [min]
	Q1 [Da]
	Q3 
[Da]
	DP 
[V]
	EP 
[V]
	CE 
[V]
	CXP [V]

	5F-ADB 1
	6.15
	378.1
	233.2
	70
	10
	35
	11

	5F-ADB 2
	6.15
	378.1
	318.3
	70
	10
	24
	12

	5F-ADB 3
	6.15
	378.1
	145
	70
	10
	55
	10

	5F-ADB hydrolysis 1
	4.75
	364.0
	233.001
	50
	10
	32
	15

	5F-ADB hydrolysis 2
	4.75
	364
	318
	50
	10
	20
	15

	5F-ADB hydrolysis 3
	4.75
	364.00
	145.001
	50
	10
	52
	15

	5F-ADB N-5-OH 1
	4.35
	376.2
	213
	62
	10
	37
	15

	5F-ADB N-5-OH 2
	4.35
	376.2
	231
	62
	10
	33
	17

	5F-ADB N-5-OH 3
	4.35
	376.2
	316
	62
	10
	24
	19

	5F-ADB N-5-OH 4
	4.35
	376.2
	145
	62
	10
	52
	14

	MDMB-INACA 1
	3.75
	290.15
	230.1
	48
	10
	26
	15

	MDMB-INACA 2
	3.75
	290.15
	145
	48
	10
	47
	11

	5F-ADB N-pentanoic acid 1
	Unsch.
	390.2
	217.1
	68
	10
	39
	13

	5F-ADB N-pentanoic acid 2
	Unsch.
	390.2
	227.1
	68
	10
	37
	14

	5F-ADB N-pentanoic acid 3
	Unsch.
	390.2
	245.1
	68
	10
	35
	15

	5F-ADB N-pentanoic acid 4
	Unsch.
	390.2
	330.2
	68
	10
	26
	19

	5F-ADB N-pentanoic acid 5
	Unsch.
	390.2
	145
	68
	10
	56
	11

	5F-ADB-OH 1
	Unsch.
	394.2
	249.1
	62
	10
	34
	15

	5F-ADB-OH 2
	Unsch.
	394.2
	231.1
	62
	10
	36
	14

	5F-ADB-OH 3
	Unsch.
	394.2
	334.2
	62
	10
	26
	18

	5F-ADB-OH 4
	Unsch.
	394.2
	145
	62
	10
	55
	12

	5F-ADB-OH 5
	Unsch.
	394.2
	161
	62
	10
	53
	13

	5F-ADB-OH 6
	Unsch.
	394.2
	213.1
	62
	10
	38
	14

	5F-ADB-OH 7
	Unsch.
	394.2
	233.2
	62
	10
	35
	15

	5F-ADB hyd + OH 1
	Unsch.
	380.2
	249.1
	61
	10
	35
	15

	5F-ADB hyd + OH 2
	Unsch.
	380.2
	231.1
	61
	10
	37
	14

	5F-ADB hyd + OH 3
	Unsch.
	380.2
	334.2
	61
	10
	24
	17

	5F-ADB hyd + OH 4
	Unsch.
	380.2
	145
	61
	10
	53
	12

	5F-ADB hyd + OH 5
	Unsch.
	380.2
	161
	61
	10
	52
	13

	5F-ADB hyd + OH 6
	Unsch.
	380.2
	213.1
	61
	10
	39
	14

	5F-ADB hyd + OH 7
	Unsch.
	380.2
	233.2
	61
	10
	37
	15

	5F-ADB hyd + N-5-OH 1
	Unsch.
	362.21
	231.1
	60
	10
	34
	14

	5F-ADB hyd+ N-5-OH 2
	Unsch.
	362.21
	316.2
	60
	10
	23
	15

	5F-ADB hyd+ N-5-OH 3
	Unsch.
	362.21
	145
	60
	10
	52
	12

	5F-ADB hyd + acid 1
	Unsch.
	376.18
	217.1
	65
	10
	38
	13

	5F-ADB hyd + acid 2
	Unsch.
	376.18
	227.1
	65
	10
	36
	14

	5F-ADB hyd + acid 3
	Unsch.
	376.18
	245.1
	65
	10
	34
	15

	5F-ADB hyd + acid 4
	Unsch.
	376.18
	145
	65
	10
	56
	11

	5F-ADB hyd + acid 5
	Unsch.
	376.18
	330.2
	65
	10
	21
	18

	5F-ADB hyd-H2 1
	Unsch.
	362.2
	213.1
	62
	10
	37
	12

	5F-ADB hyd-H2 2
	Unsch.
	362.2
	233.1
	62
	10
	34
	14

	5F-ADB hyd-H2 3
	Unsch.
	362.2
	318.2
	62
	10
	21
	16

	5F-ADB hyd-H2 4
	Unsch.
	362.2
	145
	62
	10
	55
	11

	5F-ADB hyd +Gluc 1
	Unsch.
	540.2
	540.2
	80
	10
	5
	18

	5F-ADB hyd +Gluc 2
	Unsch.
	540.2
	364.2
	80
	10
	29
	16

	5F-ADB hyd +Gluc 3
	Unsch.
	540.2
	233.1
	80
	10
	42
	12

	5F-ADB hyd +Gluc 4
	Unsch.
	540.2
	318.2
	80
	10
	31
	14

	5F-ADB hyd +Gluc 5
	Unsch.
	540.2
	213.1
	80
	10
	45
	11

	5F-ADB hyd +Gluc 6
	Unsch.
	540.2
	145
	80
	10
	68
	10

	5F-ADB OH + Gluc 1
	Unsch.
	570.25
	570.246
	80
	10
	5
	18

	5F-ADB OH + Gluc 2
	Unsch.
	570.25
	145
	80
	10
	69
	11

	5F-ADB OH + Gluc 3
	Unsch.
	570.25
	231.1
	80
	10
	47
	12

	5F-ADB OH + Gluc 4
	Unsch.
	570.25
	249.1
	80
	10
	45
	13

	5F-ADB OH + Gluc 5
	Unsch.
	570.25
	334.2
	80
	10
	38
	14

	5F-ADB OH + Gluc 6
	Unsch.
	570.25
	394.2
	80
	10
	28
	16

	5F-ADB OH + Gluc 7
	Unsch.
	570.25
	161
	80
	10
	67
	11

	5F-ADB N-5-OH + Gluc 1
	Unsch.
	552.26
	552.255
	80
	10
	5
	17

	5F-ADB N-5-OH + Gluc 2
	Unsch.
	552.26
	145
	80
	10
	67
	11

	5F-ADB N-5-OH + Gluc 3
	Unsch.
	552.26
	213
	80
	10
	47
	12

	5F-ADB N-5-OH + Gluc 4
	Unsch.
	552.26
	231
	80
	10
	45
	13

	5F-ADB N-5-OH + Gluc 5
	Unsch.
	552.26
	376.2
	80
	10
	28
	15

	5F-ADB N-5-OH + Gluc 6
	Unsch.
	552.26
	316.2
	80
	10
	36
	14

	5F-ADB acid + Gluc 1
	Unsch.
	566.23
	566.234
	80
	10
	5
	17

	5F-ADB acid + Gluc 2
	Unsch.
	566.23
	390.2
	80
	10
	27
	15

	5F-ADB acid + Gluc 3
	Unsch.
	566.23
	217
	80
	10
	47
	12

	5F-ADB acid + Gluc 4
	Unsch.
	566.23
	227
	80
	10
	45
	13

	5F-ADB acid + Gluc 5
	Unsch.
	566.23
	245
	80
	10
	43
	14

	5F-ADB acid + Gluc 6
	Unsch.
	566.23
	145
	80
	10
	68
	11

	5F-ADB acid + Gluc 7
	Unsch.
	566.23
	330.2
	80
	10
	34
	16

	5F-ADB acid + hyd + Gluc 1
	Unsch.
	552.22
	552.219
	80
	10
	5
	17

	5F-ADB acid + hyd + Gluc 2
	Unsch.
	552.22
	217
	80
	10
	47
	12

	5F-ADB acid + hyd + Gluc 3
	Unsch.
	552.22
	227
	80
	10
	45
	13

	5F-ADB acid + hyd + Gluc 4
	Unsch.
	552.22
	245
	80
	10
	43
	14

	5F-ADB acid + hyd + Gluc 5
	Unsch.
	552.22
	376.2
	80
	10
	28
	16

	5F-ADB acid + hyd + Gluc 6
	Unsch.
	552.22
	145
	80
	10
	69
	11

	5F-ADB acid + hyd + Gluc 7
	Unsch.
	552.22
	330.2
	80
	10
	35
	15

	5F-ADB N-5-OH + hyd + Gluc 1
	Unsch.
	538.24
	538.24
	80
	10
	5
	18

	5F-ADB N-5-OH + hyd + Gluc 2
	Unsch.
	538.24
	145
	80
	10
	67
	11

	5F-ADB N-5-OH + hyd + Gluc 3
	Unsch.
	538.24
	213
	80
	10
	48
	13

	5F-ADB N-5-OH + hyd + Gluc 4
	Unsch.
	538.24
	231
	80
	10
	46
	14

	5F-ADB N-5-OH + hyd + Gluc 5
	Unsch.
	538.24
	362.21
	80
	10
	28
	16

	5F-ADB N-5-OH + hyd + Gluc 6
	Unsch.
	538.24
	316.2
	80
	10
	35
	15

	5F-ADB Hyd + OH + Gluc 1
	Unsch.
	556.23
	556.231
	80
	10
	5
	18

	5F-ADB Hyd + OH + Gluc 2
	Unsch.
	556.23
	145
	80
	10
	68
	11

	5F-ADB Hyd + OH + Gluc 3
	Unsch.
	556.23
	231
	80
	10
	47
	13

	5F-ADB Hyd + OH + Gluc 4
	Unsch.
	556.23
	249
	80
	10
	45
	14

	5F-ADB Hyd + OH + Gluc 5
	Unsch.
	556.23
	161
	80
	10
	67
	12

	5F-ADB Hyd + OH + Gluc 6
	Unsch.
	556.23
	334.2
	80
	10
	36
	15

	5F-ADB Hyd + OH + Gluc 7
	Unsch.
	556.23
	380.2
	80
	10
	28
	16


RT: Retention time, Q1: m/z of precursor ion, Q3: m/z of fragment ion, DP: Declustering Potential, EP: Entrance Potential, CE: Collision energy, CXP: Collision cell exit potential
Gluc: glucuronic acid conjugate, Hyd: hydrolysis product; OH: monohydroxylation product; Unsch.: measured in unscheduled mode
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KI-generierte Inhalte können fehlerhaft sein.]Fig. S1. Chromatograms for the target and qualifier ions for each of the analytes depicted in Fig. S1 at a concentration of 0.25 µg/kg

Table S3. Matrix effects and extraction efficiencies, calculated according to the post-extraction addition method [1] at 5 µg/kg
	Analyte
	Matrix 
Effects*
	Extraction 
Efficiencies

	5F-ADB
	10.9%
	71.3%

	
	5F-ADB hydrolysis product
	Significant ion enhancement
	44.6%

	
	Hydrolytic/oxidative defluorination metabolite
	118.3%
	51.0%

	ADB-BUTINACA
	104.1%
	97.0%

	
	ADB-BUTINACA 3,3-dimethylbutanoic acid metabolite
	Significant ion enhancement
	37.4%

	
	ADB-BUTINACA N-(4-hydroxybutyl) metabolite
	92.2%
	90.4%

	MDMB-4en-PINACA
	22.4%
	83.4%

	
	MDMB-4en-PINACA hydrolysis product
	Significant ion enhancement
	42.5%


       *Values above 100% are indicative of ion enhancement and values below 100% of ion suppression


Table S4 Three-Way ANOVA, showing the effects of time, 5F-ADB dose, and beaker on larval mass
	
	SS
	DF
	MS
	F
	p

	Intercept
	6326.73
	1
	6326.727
	613.7626
	0.000000

	Time
	17439.99
	10
	1743.999
	169.1872
	0.000000

	Dose
	336.59
	3
	112.196
	10.8842
	0.000001

	beaker nr
	28.72
	2
	14.361
	1.3931
	0.250180

	time*dose
	2081.67
	30
	69.389
	6.7315
	0.000000

	time*beaker nr
	261.21
	20
	13.061
	1.2670
	0.201463

	dose*beaker nr
	119.76
	6
	19.960
	1.9363
	0.075434

	time*dose*beaker nr
	769.85
	60
	12.831
	1.2447
	0.126566

	Error
	2628.57
	255
	10.308
	
	


SS: Sum of Squares, DF: Degrees of Freedom, MS: Mean Square, F: F-statistic, Significant effects (p < 0.05) are indicated in bold type 

Table S5 Three-Way ANOVA, showing the effects of sampling time (larval age) and 5F-ADB dose on larval length
	
	SS
	DF
	MS
	F
	p

	Intercept
	7592.636
	1
	7592.636
	9571.489
	0.000000

	beaker nr
	3.379
	2
	1.689
	2.130
	0.120973

	Time
	2791.236
	10
	279.124
	351.871
	0.000000

	Dose
	25.368
	3
	8.456
	10.660
	0.000001

	beaker nr*time
	19.685
	20
	0.984
	1.241
	0.220955

	beaker nr*dose
	9.423
	6
	1.571
	1.980
	0.068948

	time*dose
	96.657
	30
	3.222
	4.062
	0.000000

	beaker nr*time*dose
	63.934
	60
	1.066
	1.343
	0.061965

	Error
	203.867
	257
	0.793
	
	


SS: Sum of Squares, DF: Degrees of Freedom; MS: Mean Square, F: F-statistic, Significant effects (p < 0.05) are shown in bold type

[image: Ein Bild, das Text, Reihe, Schrift, Zahl enthält.

KI-generierte Inhalte können fehlerhaft sein.]
Fig. S2. (a) Log-transformed mean masses and (b) log-transformed mean lengths of larvae in the four dose treatments of In vitro Experiment I
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