Supplementary Material for:

Effect of post-harvest cleaning of breadseed poppy (Papaver somniferum L.) on levels of pesticide residues and opium alkaloids

Dana Schusterova1*; Katerina Sebelova1; Ondrej Rubas1; Michal Stupak1; Jana Hajslova1

1 Department of Food Analysis and Nutrition, University of Chemistry and Technology, Technicka 3, 166 28 Prague, Czech Republic

*Dana Schusterova (corresponding author): dana.schusterova@vscht.cz; http://orcid.org/0000-0003-3783-0190, tel.: +420 220 445 181, Department of Food Analysis and Nutrition, Faculty of Food and Biochemical Technology, University of Chemistry and Technology, Prague, Technicka 3, 166 28 Prague 6, Czech Republic

SUPLEMENTARY TABLE CAPTIONS:
Table S1 Pesticide residues analyzed in the study, LC-MS/MS parameters and results of method validation
Table S2 UPLC gradient (analysis of opium alkaloids)
Table S3 Opium alkaloids analyzed and selected LC-MS parameters
Table S4 The results of method validation of opium alkaloids in poppy seed and dried poppy pods
Table S5 UHPLC gradient (analysis of pesticide residues)
Table S6 The results of opium alkaloid analysis in poppy samples (mean value, n=3)
Table S7 The results of pesticide residue analysis in poppy samples (mean value, n=3)


2


Table S1 Pesticide residues analyzed, LC-MS/MS parameters and results of method validation
	analyte
	RT 
[min]
	m/z parent ion
	m/z product ion I
	collision energy (V)
	m/z product ion II
	collision energy (V)
	poppy seed (n=6)
	dried poppy pods (n=6)

	
	
	
	
	
	
	
	LOQ [mg kg-1]
	REC [%]
	RSDr [%]
	LOQ [mg kg-1]
	REC [%]
	RSDr [%]

	acephate
	2.9
	184.1
	143.0
	8
	49.0
	20
	0.004
	87
	5
	0.01
	87
	6

	acetamiprid
	4.0
	223.1
	126.1
	28
	56.0
	16
	0.004
	101
	2
	0.01
	103
	2

	acetochlor
	8.8
	270.2
	224.1
	8
	148.0
	16
	0.008
	92
	4
	0.02
	90
	7

	aclonifen
	9.3
	264.9
	247.8
	16
	181.8
	32
	0.008
	93
	9
	0.02
	97
	12

	acrinathrin
	12.4
	559.2
	208.2
	12
	181.2
	38
	0.008
	91
	5
	0.02
	92
	6

	alachlor
	8.8
	270.2
	238.1
	8
	162.0
	24
	0.008
	93
	6
	0.02
	98
	10

	aldicarb
	4.8
	208.0
	116.0
	4
	89.1
	16
	0.01
	89
	7
	0.03
	85
	9

	aldicarb-sulfone
	3.4
	240.1
	148.1
	12
	86.1
	24
	0.004
	100
	5
	0.01
	103
	6

	aldicarb-sulfoxide
	3.3
	207.1
	132.0
	4
	89.1
	13
	0.004
	92
	5
	0.01
	96
	5

	ametoctradin
	10.3
	276.0
	176.0
	48
	149.0
	40
	0.004
	88
	6
	0.01
	88
	8

	ametryn
	6.9
	228.1
	186.1
	20
	95.8
	28
	0.004
	89
	2
	0.01
	91
	2

	asulam
	3.3
	231.0
	156.0
	8
	92.0
	28
	0.004
	78
	3
	0.01
	83
	3

	atrazine
	6.6
	216.1
	174.1
	16
	96.0
	28
	0.004
	90
	2
	0.01
	92
	3

	azadirachtin
	6.3
	743.6
	725.2
	32
	585.0
	12
	0.01
	92
	4
	0.03
	91
	5

	azoxystrobin
	7.5
	404.1
	372.1
	13
	344.2
	24
	0.004
	98
	2
	0.01
	99
	2

	BAC C10
	8.2
	276.0
	184.0
	20
	91.0
	40
	0.004
	88
	2
	0.01
	88
	3

	BAC C12
	9.8
	304.0
	212.0
	24
	91.0
	40
	0.004
	87
	4
	0.01
	85
	5

	BAC C14
	11.1
	332.0
	240.0
	24
	91.0
	48
	0.004
	89
	2
	0.01
	88
	3

	BAC C16
	12.1
	360.0
	268.0
	24
	91.0
	36
	0.004
	86
	2
	0.01
	84
	2

	BAC C18
	12.9
	388.0
	296.0
	28
	91.0
	44
	0.004
	70
	9
	0.01
	70
	11

	BAC C8
	6.3
	248.0
	156.0
	20
	91.0
	36
	0.004
	88
	3
	0.01
	88
	3

	benalaxyl
	9.8
	326.2
	294.1
	8
	148.1
	24
	0.004
	95
	2
	0.01
	95
	3

	bendiocarb
	5.4
	224.1
	167.1
	8
	109.0
	20
	0.004
	99
	3
	0.01
	102
	3

	bitertanol
	10.0
	338.1
	269.2
	6
	99.1
	14
	0.008
	94
	11
	0.02
	96
	12

	bixafen
	9.2
	414.2
	394.0
	12
	266.0
	20
	0.004
	98
	3
	0.01
	98
	3

	boscalid
	7.9
	343.0
	307.0
	24
	271.1
	40
	0.004
	95
	2
	0.01
	95
	1

	bromacil
	5.5
	260.8
	204.9
	12
	187.8
	32
	0.004
	97
	3
	0.01
	98
	3

	bromuconazole
	8.4+9.2
	377.9
	159.0
	32
	70.1
	24
	0.008
	91
	3
	0.02
	89
	4

	bupirimate
	8.8
	317.1
	166.1
	24
	108.1
	28
	0.004
	95
	4
	0.01
	98
	4

	buprofezin
	11.2
	306.1
	116.1
	16
	57.1
	24
	0.004
	87
	3
	0.01
	89
	2

	cadusafos
	10.4
	271.0
	215.0
	8
	159.0
	12
	0.004
	90
	2
	0.01
	91
	2

	carbaryl
	5.8
	202.0
	144.9
	8
	127.1
	34
	0.004
	97
	3
	0.01
	100
	4

	carbendazim
	3.6
	192.0
	160.1
	18
	132.1
	36
	0.004
	80
	3
	0.01
	84
	2

	carbofuran
	5.5
	222.1
	165.1
	10
	123.1
	22
	0.004
	100
	3
	0.01
	102
	3

	carbofuran-3-hydroxy
	4.0
	255.1
	220.0
	8
	163.1
	20
	0.004
	106
	3
	0.01
	110
	4

	carbophenothion
	11.4+11.7
	345.0
	159.0
	12
	157.0
	12
	0.008
	78
	8
	0.02
	78
	9

	chlorantraniprole
	7.2
	483.9
	452.9
	20
	285.9
	12
	0.008
	96
	4
	0.02
	97
	5

	chlorfenviphos
	9.8
	361.0
	155.1
	10
	155.1
	8
	0.004
	96
	2
	0.01
	98
	3

	chloridazon
	4.2
	222.0
	104.1
	24
	91.8
	28
	0.004
	95
	2
	0.01
	99
	2

	chlorotoluron
	6.3
	213.1
	72.0
	20
	46.1
	16
	0.004
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	3
	0.01
	94
	4

	chloroxuron
	8.3
	291.0
	72.1
	30
	46.0
	24
	0.004
	94
	2
	0.01
	94
	2

	chlorsulfuron
	5.8
	358.1
	166.9
	12
	140.9
	16
	0.008
	98
	6
	0.02
	98
	7

	cinerin-I
	12.0
	317.2
	149.1
	6
	107.1
	22
	0.01
	80
	8
	0.03
	92
	5

	cinerin-II
	10.5
	361.2
	149.1
	6
	107.0
	22
	0.01
	98
	7
	0.03
	91
	4

	clofentezine
	10.0
	303.2
	138.0
	16
	101.9
	48
	0.004
	84
	4
	0.01
	87
	5

	clomazone
	7.3
	239.9
	124.7
	20
	88.9
	60
	0.004
	94
	3
	0.01
	96
	2

	clopyralid
	3.2
	192.0
	110.0
	42
	75.1
	60
	0.04
	81
	3
	0.10
	88
	8

	clothianidin
	3.9
	250.0
	169.1
	12
	132.0
	18
	0.008
	103
	4
	0.02
	109
	5

	cyanazine
	5.1
	241.0
	213.9
	16
	103.7
	40
	0.004
	98
	2
	0.01
	99
	2

	cyazofamid
	8.9
	327/325
	108.0
	16
	108.0
	16
	0.004
	97
	3
	0.01
	99
	4

	cycloxydim
	7.3+10.8
	326.2
	280.2
	12
	180.1
	24
	0.004
	84
	2
	0.01
	87
	3

	cymoxanil
	4.4
	199.1
	127.9
	4
	82.9
	28
	0.008
	98
	5
	0.02
	101
	7

	cypermethrin
	12.3
	435.1/433.1
	193.0
	14
	191.0
	14
	0.004
	98
	4
	0.01
	98
	5

	cyproconazole
	8.1+8.4
	292.1
	125.1
	38
	70.1
	20
	0.008
	94
	3
	0.02
	92
	4

	cyprodinyl
	9.1
	226.2
	108.0
	28
	93.1
	44
	0.004
	79
	3
	0.01
	83
	3

	DEET
	6.7
	192.1
	119.0
	16
	91.0
	32
	0.008
	96
	3
	0.02
	100
	3

	deltamethrin
	12.3
	523/521
	280.9
	14
	278.9
	14
	0.008
	88
	5
	0.02
	89
	6

	demeton-S-methyl
	5.5
	231.0
	89.1
	12
	61.0
	36
	0.004
	88
	13
	0.01
	91
	15

	demeton-S-methyl-sulfone
	3.5
	263.1
	169.1
	16
	109.0
	36
	0.004
	105
	4
	0.01
	113
	5

	desmedipham
	7.0
	300.9
	181.8
	4
	135.7
	20
	0.004
	98
	3
	0.01
	100
	3

	desmethyl-pirimicarb
	3.9
	225.1
	168.1
	16
	72.1
	28
	0.004
	86
	4
	0.01
	90
	4

	desmetryn
	5.9
	214.1
	172.1
	16
	82.1
	36
	0.004
	88
	2
	0.01
	91
	2

	diazinon
	9.8
	305.1
	169.1
	22
	153.1
	20
	0.004
	91
	1
	0.01
	90
	1

	dichlofluanid
	8.6
	333.0
	224.1
	12
	123.0
	28
	0.008
	79
	3
	0.02
	80
	4

	dichlormid
	5.7
	208.0
	140.0
	10
	98.1
	12
	0.008
	85
	6
	0.02
	82
	9

	dicrotophos
	3.7
	238.1
	112.1
	10
	72.1
	26
	0.004
	100
	4
	0.01
	103
	2

	diethofencarb
	7.6
	268.1
	226.1
	8
	124.0
	36
	0.004
	98
	1
	0.01
	100
	1

	difenoconazole
	9.7+10.2
	408/406
	253.0
	24
	251.0
	24
	0.004
	92
	3
	0.01
	93
	4

	diflubenzuron
	9.0
	311.0
	158.0
	12
	141.0
	40
	0.008
	94
	3
	0.02
	96
	4

	diflufenican
	10.4
	394.8
	265.9
	24
	246.0
	44
	0.008
	90
	7
	0.02
	88
	9

	dimethachlor
	7.1
	256.1
	224.1
	12
	148.1
	28
	0.004
	96
	3
	0.01
	98
	5

	dimethenamid
	7.9
	275.9
	243.9
	12
	167.8
	28
	0.004
	94
	2
	0.01
	95
	1

	dimethoate
	4.1
	230.1
	199.0
	8
	125.1
	20
	0.004
	105
	4
	0.01
	109
	5

	dimethomorph
	7.6+8.0
	388.0
	301.1
	24
	165.1
	32
	0.004
	99
	3
	0.01
	98
	3

	dimoxystrobin
	9.3
	327.3
	205.1
	8
	115.9
	20
	0.004
	96
	3
	0.01
	97
	4

	diniconazole
	10.2
	328/326
	70.1
	32
	70.1
	32
	0.004
	91
	5
	0.01
	93
	7

	dinotefuran
	3.3
	203.2
	157.2
	4
	114.2
	10
	0.008
	94
	4
	0.02
	100
	3

	disulfoton-sulfone
	6.4
	307.0
	124.9
	16
	96.9
	32
	0.004
	98
	2
	0.01
	99
	2

	disulfoton-sulfoxide
	6.2
	291.1
	213.0
	8
	185.2
	12
	0.004
	98
	3
	0.01
	101
	4

	diuron
	6.8
	235.0
	72.1
	26
	72.1
	24
	0.004
	95
	2
	0.01
	99
	2

	DMSA
	4.7
	201.1
	92.1
	20
	65.0
	40
	0.004
	107
	3
	0.01
	108
	3

	DMST
	5.6
	215.2
	106.0
	16
	77.0
	48
	0.004
	103
	3
	0.01
	107
	5

	dodine
	9.7
	228.3
	60.1
	28
	57.1
	28
	0.008
	89
	3
	0.02
	96
	4

	EPN
	10.4
	324.0
	296.1
	12
	157.0
	26
	0.008
	87
	11
	0.02
	84
	10

	epoxiconazole
	8.9
	330.2
	121.1
	24
	101.1
	56
	0.004
	97
	2
	0.01
	97
	3

	ethametsulfuron-methyl
	6.1
	411.1
	196.1
	16
	168.1
	36
	0.004
	97
	3
	0.01
	98
	3

	ethiofencarb
	6.1
	226.1
	163.9
	4
	107.0
	20
	0.004
	88
	3
	0.01
	87
	3

	ethion
	11.4
	385.0
	199.0
	8
	143.0
	24
	0.004
	89
	2
	0.01
	90
	1

	ethirimol
	4.9
	210.2
	140.0
	24
	98.1
	32
	0.004
	86
	3
	0.01
	88
	3

	ethofumesate
	7.6
	304.1
	259.0
	12
	121.1
	22
	0.004
	95
	4
	0.01
	95
	6

	ethoprophos
	8.8
	243.0
	131.0
	20
	97.0
	40
	0.004
	93
	2
	0.01
	94
	2

	etofenprox
	13.1
	394.2
	177.2
	16
	107.1
	44
	0.004
	70
	4
	0.01
	70
	4

	etoxazol
	11.9
	360.0
	141.0
	36
	113.0
	64
	0.004
	76
	3
	0.01
	77
	3

	famoxadone
	9.7
	392.1
	331.1
	6
	238.1
	16
	0.004
	95
	3
	0.01
	95
	3

	fenamidone
	7.7
	312.1
	236.2
	14
	92.1
	24
	0.004
	96
	2
	0.01
	97
	3

	fenamiphos
	9.1
	304.1
	217.0
	24
	202.0
	44
	0.004
	95
	2
	0.01
	96
	2

	fenamiphos-sulfone
	5.6
	336.1
	308.1
	16
	266.0
	16
	0.004
	100
	3
	0.01
	101
	4

	fenamiphos-sulfoxide
	5.5
	320.1
	233.1
	28
	108.1
	44
	0.004
	98
	3
	0.01
	100
	3

	fenazaquin
	12.6
	307.2
	161.1
	16
	57.1
	28
	0.004
	74
	2
	0.01
	75
	1

	fenbuconazole
	8.9
	337.1
	125.1
	36
	70.1
	20
	0.004
	96
	3
	0.01
	98
	4

	fenbutatin-oxide
	13.9
	519.2
	196.9
	48
	91.1
	48
	0.008
	70
	3
	0.02
	70
	4

	fenhexamid
	8.6
	302.1
	97.2
	24
	55.0
	44
	0.008
	92
	3
	0.02
	96
	4

	fenoxaprop
	9.1
	334.0
	288.1
	20
	244.1
	20
	0.02
	96
	2
	0.05
	89
	5

	fenoxaprop-ethyl
	10.9
	362.1
	288.0
	16
	119.0
	24
	0.004
	91
	3
	0.01
	92
	3

	fenoxycarb
	9.1
	302.1
	116.1
	8
	88.1
	16
	0.004
	94
	2
	0.01
	95
	1

	fenpropathrin
	12.0
	367.2
	350.1
	4
	125.1
	16
	0.008
	88
	2
	0.02
	92
	3

	fenpropidin
	6.9
	274.2
	147.1
	32
	117.0
	60
	0.004
	94
	3
	0.01
	95
	3

	fenpropimorph
	7.4
	304.2
	146.9
	36
	117.0
	68
	0.004
	96
	2
	0.01
	98
	3

	fenpyrazamin
	8.4
	332.0
	230.0
	16
	189.0
	32
	0.004
	90
	3
	0.01
	90
	5

	fenpyroximate
	12.2
	422.2
	366.0
	20
	135.0
	36
	0.004
	86
	2
	0.01
	87
	3

	fensulfothion
	6.6
	309.1
	281.0
	12
	253.0
	16
	0.004
	100
	3
	0.01
	102
	3

	fensulfothion oxon
	4.5
	293.1
	265.1
	12
	237.0
	20
	0.004
	93
	9
	0.01
	91
	9

	fensulfothion sulfone
	6.8
	325.0
	269.0
	12
	191.0
	24
	0.004
	92
	3
	0.01
	93
	3

	fensulfothion-PO-sulfon
	4.6
	309.0
	253.0
	16
	175.0
	32
	0.01
	102
	11
	0.03
	92
	3

	fenthion-sulfone
	5.9
	311.1
	137.1
	16
	125.0
	24
	0.004
	100
	3
	0.01
	103
	3

	fenthion-sulfoxide
	5.6
	295.0
	280.1
	20
	109.1
	36
	0.004
	98
	3
	0.01
	100
	3

	fentin
	6.5
	351.0
	197.0
	28
	119.9
	52
	0.004
	85
	7
	0.01
	85
	7

	fipronil
	9.1
	436.9
	332.0
	16
	367.8
	18
	0.008
	95
	6
	0.02
	101
	8

	flonicamid
	3.6
	230.1
	203.0
	16
	98.0
	48
	0.008
	106
	4
	0.02
	114
	4

	florasulam
	4.5
	360.0
	192.0
	16
	129.0
	44
	0.004
	101
	3
	0.01
	102
	3

	fluacrypyrim
	10.4
	427.1
	205.1
	4
	145.1
	28
	0.004
	97
	3
	0.01
	97
	4

	fluazifop
	7.7
	328.0
	282.1
	20
	254.1
	28
	0.008
	100
	3
	0.02
	105
	3

	fluazifop-P-butyl
	11.0
	384.1
	327.9
	20
	282.0
	20
	0.008
	93
	2
	0.02
	94
	2

	flucythrinate
	11.7
	469.2
	412.1
	10
	199.1
	16
	0.004
	93
	6
	0.01
	96
	8

	flufenacet
	8.7
	363.8
	194.0
	8
	152.0
	24
	0.004
	97
	3
	0.01
	97
	3

	flufenoxuron
	11.8
	489.0
	158.0
	24
	141.0
	56
	0.004
	92
	3
	0.01
	93
	3

	flumioxazin
	7.2
	355.1
	327.1
	20
	299.0
	28
	0.008
	102
	3
	0.02
	108
	4

	fluopicolide
	8.1
	384.9
	174.9
	30
	172.9
	30
	0.004
	97
	2
	0.01
	98
	3

	fluopyram
	8.5
	397.1
	208.0
	28
	173.0
	28
	0.004
	98
	2
	0.01
	98
	3

	fluoxastrobin
	8.6
	459.1
	427.1
	16
	188.0
	36
	0.004
	99
	2
	0.01
	99
	2

	fluquinconazole
	8.6
	376.0
	307.0
	24
	108.0
	60
	0.008
	98
	3
	0.02
	103
	2

	flurochloridone
	8.3
	312.0
	292.0
	24
	53.0
	32
	0.004
	96
	5
	0.01
	97
	5

	fluroxypyr
	5.0
	254.9
	209.0
	16
	181.0
	20
	0.02
	96
	10
	0.05
	92
	3

	flusilazole
	9.1
	316.2
	247.0
	20
	165.1
	36
	0.004
	95
	2
	0.01
	95
	1

	flutolanil
	8.0
	324.1
	282.1
	12
	262.2
	20
	0.004
	98
	8
	0.01
	93
	10

	flutriafol
	6.4
	302.1
	123.1
	28
	70.1
	16
	0.008
	100
	3
	0.02
	105
	4

	fluxapyroxad
	8.0
	382.0
	362.0
	12
	342.0
	20
	0.004
	98
	3
	0.01
	99
	4

	foramsulfuron
	5.9
	453.1
	272.0
	12
	182.1
	32
	0.008
	90
	2
	0.02
	90
	1

	formetanate
	3.1
	222.0
	165.1
	12
	120.0
	32
	0.004
	78
	4
	0.01
	80
	4

	formothion
	4.9
	258.0
	199.0
	4
	170.9
	12
	0.004
	103
	5
	0.01
	106
	5

	fosthiazate
	6.2
	284.2
	228.0
	8
	104.0
	24
	0.004
	98
	3
	0.01
	100
	3

	furathiocarb
	11.1
	383.2
	195.0
	16
	167.0
	24
	0.004
	92
	2
	0.01
	93
	3

	haloxyfop
	9.3
	362.0
	316.1
	16
	91.1
	32
	0.004
	93
	6
	0.01
	87
	9

	haloxyfop-2-ethoxyethyl
	11.0
	434.1
	316.0
	24
	91.1
	48
	0.004
	93
	2
	0.01
	93
	3

	haloxyfop-methyl
	10.4
	376.0
	316.0
	16
	91.0
	32
	0.004
	93
	2
	0.01
	93
	3

	heptenophos
	6.8
	251.0
	127.0
	24
	124.9
	20
	0.004
	97
	2
	0.01
	99
	2

	hexaconazole
	9.8
	314.0
	159.0
	36
	70.1
	32
	0.008
	94
	3
	0.02
	98
	4

	hexazinon
	5.5
	253.2
	171.1
	16
	71.1
	36
	0.004
	96
	3
	0.01
	98
	3

	hexythiazox
	11.6
	353.1
	228.1
	16
	168.0
	24
	0.004
	81
	3
	0.01
	81
	3

	imazalil
	6.1
	299/297
	161.0
	20
	159.0
	24
	0.004
	95
	4
	0.01
	97
	4

	imazamethabenz-methyl
	5.5
	289.2
	144.0
	40
	86.0
	20
	0.004
	97
	3
	0.01
	98
	3

	imazamox
	4.3
	306.0
	261.0
	24
	192.9
	24
	0.008
	95
	4
	0.02
	98
	5

	imazapyr
	3.9
	262.2
	217.0
	20
	149.0
	28
	0.004
	93
	3
	0.01
	96
	4

	imazaquin
	5.5
	312.1
	267.0
	24
	128.0
	56
	0.008
	96
	3
	0.02
	102
	3

	imazethapyr
	5.1
	290.1
	245.1
	20
	177.0
	30
	0.004
	93
	5
	0.01
	94
	6

	imazosulfuron
	8.0
	413.1
	156.0
	16
	153.0
	12
	0.008
	96
	4
	0.02
	97
	4

	imidacloprid
	3.8
	256.1
	209.1
	12
	175.1
	24
	0.004
	102
	3
	0.01
	104
	2

	indoxacarb
	10.4
	528.0
	218.0
	20
	203.0
	56
	0.008
	98
	2
	0.02
	99
	2

	iodosulfuron-methyl
	7.2
	508.0
	167.1
	24
	141.0
	32
	0.008
	94
	5
	0.02
	93
	6

	iprovalicarb
	8.7
	321.2
	203.1
	4
	119.1
	20
	0.004
	98
	2
	0.01
	100
	1

	isofenphos
	10.2
	346.1
	244.9
	10
	216.9
	24
	0.005
	94
	5
	0.01
	97
	5

	isofenphos-methyl
	9.5
	332.1
	273.0
	4
	230.9
	12
	0.004
	89
	8
	0.01
	86
	12

	isoprocarb
	6.5
	194.2
	137.1
	6
	95.0
	14
	0.008
	96
	3
	0.02
	100
	3

	isoprothiolane
	8.1
	291.1
	231.0
	8
	188.9
	24
	0.004
	95
	2
	0.01
	96
	2

	isoproturon
	6.7
	207.1
	165.1
	12
	72.1
	28
	0.004
	95
	3
	0.01
	98
	3

	isopyrazam
	10.3
	360.0
	320.0
	20
	244.0
	24
	0.004
	90
	2
	0.01
	88
	3

	jasmolin-I
	12.5
	331.2
	163.1
	10
	77.0
	66
	0.01
	95
	10
	0.03
	92
	3

	jasmolin-II
	11.1
	375.2
	163.1
	8
	77.0
	78
	0.01
	91
	6
	0.03
	96
	2

	kresoxim-methyl
	9.4
	314.1
	267.1
	4
	222.2
	20
	0.004
	99
	8
	0.01
	103
	13

	lambda-cyhalothrin
	12.1
	469.1/467.1
	227.0
	16
	225.0
	16
	0.004
	115
	6
	0.01
	114
	6

	lenacil
	6.7
	235.2
	153.0
	12
	135.8
	40
	0.004
	93
	2
	0.01
	94
	2

	linuron
	7.6
	249.0
	182.1
	16
	160.0
	20
	0.004
	93
	2
	0.01
	95
	1

	lufenuron
	11.4
	511.0
	158.0
	28
	141.0
	60
	0.008
	94
	6
	0.02
	95
	7

	malaoxon
	5.5
	315.0
	126.9
	12
	99.0
	28
	0.004
	93
	2
	0.01
	89
	2

	mandipropamide
	7.9
	412.1
	328.1
	12
	125.0
	40
	0.01
	97
	1
	0.03
	96
	2

	mecarbam
	8.8
	330.0
	227.0
	4
	97.1
	48
	0.004
	96
	4
	0.01
	95
	5

	mefenpyr-diethyl
	9.9
	373.1
	327.0
	14
	160.0
	36
	0.004
	95
	1
	0.01
	95
	1

	mepanipyrim
	8.5
	224.0
	106.1
	28
	104.0
	28
	0.004
	84
	2
	0.01
	87
	3

	mepanipyrim-2-hydroxypropyl
	6.6
	244.2
	226.1
	16
	200.1
	16
	0.004
	90
	4
	0.01
	93
	5

	mepronil
	8.2
	270.1
	228.0
	12
	118.9
	28
	0.004
	94
	2
	0.01
	96
	2

	metaflumizone
	10.4+11.0
	507.0
	178.1
	36
	116.0
	56
	0.008
	96
	4
	0.02
	98
	5

	metamitron
	4.1
	203.1
	175.1
	20
	104.0
	24
	0.004
	77
	5
	0.01
	81
	5

	metamitron desamino
	4.1
	188.2
	160.1
	16
	104.1
	20
	0.008
	85
	9
	0.02
	83
	12

	metazachlor
	6.6
	278.2
	210.1
	8
	134.0
	20
	0.004
	96
	3
	0.01
	98
	3

	metconazole
	9.9
	320.1
	125.1
	42
	70.1
	32
	0.004
	92
	3
	0.01
	93
	3

	methamidophos
	2.3
	141.9
	125.0
	12
	94.1
	16
	0.004
	79
	4
	0.01
	83
	3

	methidathion
	7.0
	302.9
	145.0
	4
	85.0
	24
	0.004
	95
	3
	0.01
	98
	4

	methiocarb
	7.7
	226.1
	169.0
	8
	120.9
	18
	0.004
	92
	2
	0.01
	94
	2

	methiocarb-sulfone
	4.1
	275.1
	201.0
	12
	122.0
	24
	0.004
	104
	2
	0.01
	107
	2

	methiocarb-sulfoxide
	3.9
	242.0
	185.1
	12
	122.1
	32
	0.004
	102
	4
	0.01
	105
	3

	methomyl
	3.5
	162.9
	106.1
	8
	88.1
	6
	0.01
	105
	5
	0.03
	96
	2

	methoxyfenozide
	8.3
	369.2
	313.1
	4
	148.9
	20
	0.004
	102
	5
	0.01
	100
	3

	metobromuron
	6.4
	259.0
	170.0
	20
	148.0
	14
	0.004
	95
	2
	0.01
	96
	2

	metolachlor
	9.1
	284.1
	252.2
	12
	176.2
	28
	0.004
	92
	2
	0.01
	93
	3

	metolcarb
	5.0
	166.1
	108.9
	8
	93.9
	36
	0.004
	96
	7
	0.01
	97
	9

	metominostrobin-E+Z
	6.9+7.1
	285.1
	196.1
	12
	194.1
	16
	0.004
	100
	3
	0.01
	98
	3

	metosulam
	5.6
	417.9
	175.0
	28
	140.0
	52
	0.004
	97
	4
	0.01
	98
	5

	metoxuron
	4.8
	229.0
	72.0
	26
	46.0
	16
	0.004
	98
	2
	0.01
	100
	1

	metrafenone
	10.2
	409.1
	226.9
	12
	209.1
	12
	0.008
	90
	1
	0.02
	90
	1

	metribuzin
	5.6
	215.0
	187.1
	20
	84.1
	20
	0.008
	99
	5
	0.02
	98
	8

	metsulfuron-methyl
	5.4
	382.0
	199.0
	24
	167.1
	18
	0.008
	98
	2
	0.02
	101
	2

	mevinphos
	4.0+4.4
	225.0
	193.1
	4
	127.0
	16
	0.004
	103
	6
	0.01
	106
	9

	monocrotophos
	3.6
	224.1
	193.0
	4
	127.0
	16
	0.004
	101
	5
	0.01
	106
	6

	monolinuron
	6.0
	215.0
	147.9
	12
	126.0
	16
	0.004
	95
	3
	0.01
	97
	3

	monuron
	5.3
	199.0
	126.0
	30
	72.1
	18
	0.008
	99
	2
	0.02
	104
	2

	myclobutanil
	8.2
	289.1
	125.0
	40
	70.1
	20
	0.004
	96
	3
	0.01
	98
	3

	napropamide
	8.8
	271.9
	171.0
	20
	129.0
	16
	0.004
	93
	3
	0.01
	93
	3

	neburon
	9.3
	275.1
	114.1
	16
	88.1
	16
	0.004
	91
	3
	0.01
	92
	3

	nicosulfuron
	5.3
	411.2
	213.1
	16
	182.0
	24
	0.008
	90
	3
	0.02
	92
	3

	nitenpyram
	3.4
	271.1
	225.2
	8
	56.1
	40
	0.008
	71
	4
	0.02
	72
	4

	norflurazon
	6.9
	306.0
	286.0
	28
	284.0
	24
	0.004
	96
	3
	0.01
	97
	3

	omethoate
	3.2
	214.1
	183.0
	8
	125.0
	24
	0.004
	88
	4
	0.01
	92
	4

	oxadixyl
	4.7
	279.1
	219.1
	8
	132.1
	34
	0.004
	101
	4
	0.01
	103
	5

	oxamyl
	3.4
	237.0
	90.1
	4
	72.1
	10
	0.004
	101
	6
	0.01
	105
	5

	oxamyl oxime
	3.2
	163.1
	90.1
	16
	72.1
	12
	0.004
	95
	12
	0.01
	91
	14

	oxydemeton-methyl
	3.5
	247.0
	169.0
	14
	109.1
	30
	0.004
	109
	4
	0.01
	115
	3

	paclobutrazol
	8.0
	294.1
	125.0
	44
	70.1
	20
	0.004
	96
	3
	0.01
	98
	3

	penconazole
	9.4
	284.0
	159.0
	36
	70.1
	16
	0.004
	89
	2
	0.01
	90
	1

	pencycuron
	10.2
	331.1
	127.0
	30
	125.1
	28
	0.004
	89
	1
	0.01
	90
	1

	penflufen
	9.4
	318.0
	234.0
	16
	141.0
	36
	0.004
	89
	2
	0.01
	89
	2

	penthiopyrad
	9.4
	360.0
	276.0
	12
	256.0
	20
	0.004
	94
	2
	0.01
	92
	3

	pethoxamid
	8.9
	296.1
	131.0
	20
	91.0
	52
	0.008
	96
	2
	0.02
	96
	2

	phenmedipham
	7.1
	318.1
	168.1
	12
	136.0
	28
	0.004
	97
	2
	0.01
	99
	2

	phentoate
	9.3
	321.0
	247.0
	8
	135.0
	24
	0.004
	93
	3
	0.01
	94
	4

	phorate
	10.0
	261.0
	199.0
	4
	75.1
	8
	0.008
	88
	8
	0.02
	99
	13

	phorate-sulfone
	6.4
	310.0
	171.0
	12
	96.9
	40
	0.004
	100
	4
	0.01
	100
	5

	phorate-sulfoxide
	6.3
	277.0
	142.8
	20
	96.9
	44
	0.004
	97
	3
	0.01
	98
	3

	phosalone
	10.0
	385.0
	182.0
	18
	110.9
	40
	0.004
	91
	4
	0.01
	92
	6

	phosmet
	7.3
	317.9
	160.0
	20
	133.0
	44
	0.004
	96
	3
	0.01
	98
	3

	phosphamidon
	4.9
	300.1
	226.8
	12
	174.1
	8
	0.004
	100
	4
	0.01
	101
	4

	phoxim
	9.9
	299.1
	129.1
	10
	77.1
	36
	0.004
	93
	3
	0.01
	92
	3

	picloram
	3.6
	240.9
	195.0
	24
	140.8
	44
	0.01
	84
	4
	0.03
	96
	2

	picolinafen
	11.1
	377.2
	359.0
	20
	238.0
	28
	0.004
	88
	2
	0.01
	88
	3

	picoxystrobin
	9.1
	368.2
	205.0
	4
	145.0
	16
	0.004
	96
	3
	0.01
	96
	2

	pinoxaden
	10.1
	401.3
	317.2
	20
	57.1
	36
	0.004
	96
	3
	0.01
	98
	3

	piperonyl-butoxide
	11.4
	356.2
	177.1
	12
	119.1
	36
	0.004
	90
	2
	0.01
	90
	1

	pirimicarb
	5.4
	239.1
	182.2
	12
	72.1
	24
	0.004
	92
	3
	0.01
	94
	2

	pirimiphos-ethyl
	11.3
	334.1
	198.0
	20
	182.1
	24
	0.004
	87
	2
	0.01
	87
	3

	pirimiphos-methyl
	10.0
	306.0
	164.2
	24
	108.1
	32
	0.004
	80
	5
	0.01
	81
	5

	prochloraz
	9.8
	378.0
	310.0
	8
	308.0
	8
	0.004
	93
	2
	0.01
	93
	3

	prochloraz met. BTS 44595
	9.8
	327.0
	129.0
	20
	282.0
	12
	0.004
	84
	4
	0.01
	83
	5

	prochloraz met. BTS 44596
	9.7
	355.0
	310.0
	12
	308.0
	12
	0.004
	84
	5
	0.01
	84
	7

	prometon
	6.3
	226.2
	184.1
	20
	142.2
	24
	0.004
	93
	3
	0.01
	95
	3

	prometryn
	8.0
	242.1
	200.1
	20
	158.0
	28
	0.004
	88
	2
	0.01
	89
	2

	propachlor
	6.7
	212.1
	170.0
	16
	94.0
	32
	0.004
	95
	3
	0.01
	97
	3

	propamocarb
	3.2
	189.1
	102.0
	20
	74.2
	32
	0.004
	82
	3
	0.01
	89
	2

	propaquizafop
	11.2
	444.0
	371.1
	12
	100.1
	20
	0.004
	91
	2
	0.01
	93
	3

	propargite
	11.8
	368.1
	231.2
	8
	175.2
	14
	0.004
	88
	3
	0.01
	88
	3

	propazine
	7.7
	230.2
	188.1
	16
	146.0
	28
	0.004
	86
	2
	0.01
	86
	2

	propiconazole
	9.7
	342.0
	158.9
	28
	69.1
	20
	0.008
	95
	2
	0.02
	98
	3

	propoxur
	5.4
	210.1
	168.1
	4
	111.1
	16
	0.004
	97
	4
	0.01
	100
	6

	propoxycarbazone
	5.2
	399.0
	199.0
	20
	116.0
	28
	0.02
	94
	3
	0.05
	96
	2

	propyzamide
	8.1
	256.0
	190.0
	16
	173.0
	24
	0.004
	93
	4
	0.01
	96
	5

	proquinazid
	12.3
	372.9
	331.0
	12
	289.0
	24
	0.004
	70
	3
	0.01
	70
	4

	prosulfocarb
	10.7
	252.1
	128.2
	12
	91.1
	44
	0.004
	84
	1
	0.01
	85
	1

	prothioconazole-desthio
	8.9
	312.2
	125.1
	44
	70.2
	24
	0.008
	89
	4
	0.02
	89
	4

	pyraclostrobin
	9.9
	388.2
	194.1
	8
	163.1
	20
	0.004
	93
	3
	0.01
	93
	3

	pyrazophos
	10.2
	374.0
	222.2
	24
	194.1
	36
	0.004
	94
	2
	0.01
	94
	2

	pyrethrin-I
	12.0
	329.2
	161.1
	7
	77.0
	76
	0.008
	87
	4
	0.02
	91
	6

	pyrethrin-II
	10.6
	373.2
	161.1
	8
	77.0
	74
	0.008
	93
	5
	0.02
	95
	7

	pyridaben
	12.5
	365.1
	309.1
	8
	147.1
	32
	0.004
	79
	1
	0.01
	80
	1

	pyridate
	12.9
	378.9
	350.9
	8
	206.9
	24
	0.004
	70
	4
	0.01
	70
	5

	pyrifenox
	7.90+8.4
	297/295
	93.1
	20
	93.1
	20
	0.004
	81
	6
	0.01
	77
	7

	pyrimethanil
	7.2
	200.2
	107.0
	28
	82.1
	28
	0.004
	78
	4
	0.01
	81
	5

	pyriproxyfen
	11.4
	322.2
	185.1
	24
	96.0
	24
	0.004
	81
	2
	0.01
	82
	3

	quinclorac
	4.7
	242.0
	224.0
	16
	161.0
	44
	0.008
	91
	3
	0.02
	92
	4

	quinmerac
	4.3
	222.1
	204.1
	14
	141.0
	40
	0.004
	85
	3
	0.01
	87
	3

	quinoclamine
	5.2
	208.0
	172.0
	20
	105.0
	28
	0.004
	91
	5
	0.01
	93
	7

	quinoxyfen
	11.5
	308.0
	197.0
	36
	162.1
	56
	0.004
	72
	3
	0.01
	73
	4

	quizalofop
	9.0
	345.0
	299.1
	20
	192.0
	40
	0.02
	92
	7
	0.05
	96
	2

	quizalofop-ethyl
	10.9
	373.0
	299.1
	20
	271.1
	24
	0.004
	88
	2
	0.01
	88
	3

	resmethrin
	12.6
	339.2
	171.1
	12
	128.1
	48
	0.008
	73
	3
	0.02
	75
	4

	rimsulfuron
	5.9
	432.0
	325.1
	12
	182.1
	24
	0.008
	90
	4
	0.02
	94
	5

	rotenone
	9.1
	395.1
	213.0
	24
	192.1
	28
	0.008
	93
	3
	0.02
	91
	4

	simazine
	5.5
	202.1
	132.0
	20
	124.1
	20
	0.004
	92
	4
	0.01
	94
	4

	simetryn
	5.9
	214.1
	124.1
	20
	68.0
	60
	0.004
	89
	3
	0.01
	91
	2

	spinosyn-A
	10.0
	732.6
	142.2
	28
	98.2
	52
	0.008
	99
	3
	0.02
	102
	3

	spinosyn-D
	10.5
	746.5
	142.1
	36
	98.5
	52
	0.008
	99
	4
	0.02
	102
	4

	spirodiclofen
	12.3
	411.1
	313.0
	10
	71.1
	20
	0.008
	87
	2
	0.02
	88
	3

	spiromesifen
	11.9
	371.2
	255.1
	24
	187.1
	30
	0.008
	89
	4
	0.02
	90
	4

	spirotetramat
	8.7
	374.2
	302.2
	16
	216.1
	36
	0.004
	98
	2
	0.01
	98
	3

	spirotetramate enol
	6.2
	302.0
	216.0
	28
	117.0
	52
	0.004
	83
	14
	0.01
	84
	14

	spirotetramate enol glukosid
	3.7
	464.0
	270.0
	40
	216.0
	52
	0.004
	80
	11
	0.01
	81
	13

	spirotetramate keto hydroxy
	7.0
	318.0
	214.0
	25
	268.0
	20
	0.02
	94
	8
	0.05
	96
	2

	spirotetramate monohydroxy
	5.4
	304.0
	254.0
	16
	211.0
	24
	0.004
	87
	8
	0.01
	82
	10

	spiroxamin
	7.6
	298.3
	144.0
	24
	100.1
	34
	0.004
	97
	3
	0.01
	98
	3

	sulfosulfuron
	7.5
	470.8
	261.0
	16
	218.0
	28
	0.004
	96
	3
	0.01
	98
	3

	sulfotep
	9.5
	323.0
	115.0
	32
	96.9
	56
	0.004
	94
	2
	0.01
	94
	2

	tau-fluvalinate
	12.7
	503.1
	208.1
	5
	181.0
	5
	0.004
	88
	3
	0.01
	89
	2

	tebuconazole
	9.5
	308.1
	125.0
	44
	70.1
	26
	0.004
	78
	4
	0.01
	75
	4

	tebufenozide
	9.2
	353.2
	297.2
	4
	133.0
	20
	0.004
	94
	5
	0.01
	93
	6

	tebufenpyrad
	11.1
	334.1
	144.9
	28
	117.0
	44
	0.004
	85
	2
	0.01
	84
	2

	teflubenzuron
	11.2
	381.0
	158.0
	16
	141.0
	48
	0.02
	94
	10
	0.05
	96
	2

	tepraloxydim
	5.9+8.6
	342.1
	250.1
	12
	166.1
	22
	0.008
	95
	6
	0.02
	100
	6

	terbufos
	11.1
	289.0
	232.9
	0
	103.0
	6
	0.004
	86
	7
	0.01
	89
	7

	terbufos-sulfone
	7.5
	321.1
	171.0
	8
	96.9
	44
	0.004
	98
	2
	0.01
	100
	3

	terbufos-sulfoxide
	7.6
	305.1
	187.0
	8
	96.9
	52
	0.004
	99
	3
	0.01
	100
	3

	terbuthylazine
	7.9
	230.1
	174.1
	16
	96.0
	28
	0.004
	85
	1
	0.01
	85
	1

	terbutryn
	8.2
	242.2
	186.1
	20
	91.0
	32
	0.004
	87
	3
	0.01
	88
	3

	tetraconazole
	8.6
	372.0
	159.0
	44
	70.1
	20
	0.004
	98
	3
	0.01
	100
	3

	tetramethrin
	10.7+11.0
	332.2
	164.1
	30
	135.1
	18
	0.008
	91
	3
	0.02
	89
	4

	thiabendazole
	4.0
	202.1
	175.0
	28
	131.1
	36
	0.004
	70
	4
	0.01
	70
	4

	thiacloprid
	4.3
	253.2
	126.0
	24
	90.1
	44
	0.004
	98
	2
	0.01
	99
	2

	thiamethoxam
	3.5
	292.1
	211.0
	10
	181.1
	24
	0.008
	101
	3
	0.02
	110
	3

	thifensulfuron-methyl
	5.2
	388.0
	205.0
	28
	167.1
	14
	0.008
	100
	4
	0.02
	103
	4

	thiodicarb
	6.0
	355.0
	108.1
	16
	88.1
	16
	0.004
	77
	4
	0.01
	83
	3

	thiophanate-methyl
	5.3
	343.0
	151.0
	20
	93.0
	56
	0.004
	90
	3
	0.01
	91
	4

	tolfenpyrad
	11.2
	384.0
	197.0
	36
	145.0
	32
	0.004
	79
	2
	0.01
	77
	3

	tolylfluanid
	9.4
	346.9
	238.1
	10
	137.0
	26
	0.008
	87
	5
	0.02
	88
	6

	triasulfuron
	5.2
	401.8
	167.0
	16
	141.0
	22
	0.004
	97
	4
	0.01
	96
	4

	triazophos
	8.4
	314.0
	162.1
	16
	119.1
	40
	0.004
	96
	2
	0.01
	96
	2

	trichlorfon
	4.1
	259.0
	109.1
	18
	109.1
	18
	0.004
	100
	4
	0.01
	103
	6

	tricyclazole
	4.6
	190.1
	163.0
	24
	136.0
	36
	0.004
	84
	2
	0.01
	86
	2

	trifloxystrobin
	10.5
	409.1
	206.1
	12
	186.1
	20
	0.004
	92
	1
	0.01
	90
	1

	triflumuron
	9.9
	359.0
	156.0
	16
	139.0
	44
	0.008
	94
	3
	0.02
	97
	3

	triforine
	7.0+7.3
	436.9
	391.8
	10
	389.8
	10
	0.008
	94
	13
	0.02
	84
	19

	trinexapac-ethyl
	6.9
	253.1
	185.0
	10
	69.1
	24
	0.008
	96
	3
	0.02
	98
	3

	triticonazole
	8.7
	318.1
	70.1
	24
	125.0
	24
	0.008
	92
	16
	0.02
	92
	18

	vamidothion
	4.0
	288.1
	146.0
	12
	118.0
	32
	0.004
	101
	3
	0.01
	103
	3

	vamidothion sulfone
	3.5
	320.0
	178.0
	16
	109.0
	40
	0.004
	95
	4
	0.01
	92
	4

	vamidothion sulfoxid
	3.4
	304.1
	200.9
	8
	168.9
	12
	0.004
	86
	14
	0.01
	84
	16

	zoxamide
	9.8
	336.0
	187.0
	26
	159.0
	48
	0.004
	94
	1
	0.01
	95
	1


RT: retention time; LOQ: limit of quantification; REC: recovery; RSD: relative standard deviation for repeatability (mean values obtained from two spiking levels, i.e., 0.008 mg kg-1 and 0.08 mg kg-1 for poppy seed and 0.02 mg kg-1 and 0.2 mg kg-1 for dried poppy capsules)



S1.	LC–HRMS method for analysis of opium alkaloids
Opium alkaloids in poppy seed and poppy seedpods were analyzed using an Acquity UPLC ultra-high-performance liquid chromatograph (Waters Corporation, Milford, MA, USA) coupled to an Exactive™ (Thermo Fisher Scientific, Waltham, MA, USA) high-resolution orbitrap mass spectrometer. The mass spectrometer, equipped with an electrospray ion source (ESI), was operated in positive (ESI+) ionization mode. 
Sample separation was performed using an Atlantis HILIC column (100 mm x 3.0 mm, 3 μm; Waters Corporation, Milford, MA, USA). The column temperature was maintained at 40 °C. The injected sample volume was 3 μL. Milli-Q water containing 50mM ammonium formate (pH 3, adjusted by formic acid) (A) and acetonitrile (B), were used as mobile phases. The mobile phase gradient is summarized in Table S2. 
Table S2 UPLC gradient (analysis of opium alkaloids)
	time [min]
	flow 
[ml min-1]
	A
[%]
	B
[%]

	0
	0.5
	25
	75

	2
	0.5
	25
	75

	5
	0.5
	35
	65

	5.1
	0.5
	25
	75

	8
	0.5
	25
	75



The MS parameters were set as follows: vaporizer temperature: 250 °C; spray voltage: 3.5 kV; sheath gas: 45 arbitrary units; aux gas: 10 arbitrary units and mass range: m/z 60–1,000. The mass spectrometer was operated at a resolving power of 70,000 full width at half maximum (FWHM, m/z 200), 3 spectra s−1 were recorded. The list of opium alkaloids analyzed together with their exact masses is summarized in Table S3.


[bookmark: _Ref186458865][bookmark: _Hlk200927170]Table S3 Opium alkaloids analyzed and selected LC-MS parameters
	analyte
	CAS 
number
	elemental composition
	exact mass [Da]
	exact mass of [M+H]+ ion
	RT
[min]

	codeine
	76-57-3
	C18H21NO3
	299.1516
	300.1600
	2.4

	laudanosine
	2688-77-9
	C21H27NO4
	357.1935
	358.2018
	1.9

	morphine
	57-27-2
	C17H19NO3
	285.1359
	286.1443
	2.4

	noscapine
	128-62-1
	C22H23NO7
	413.1469
	414.1553
	1.6

	oripavine
	467-04-9
	C18H19NO3
	297.1359
	298.1443
	2.0

	papaverine
	58-74-2
	C20H21NO4
	339.1465
	340.1549
	1.6

	thebaine
	115-37-7
	C19H21NO3
	311.1516
	312.1600
	1.9


RT: retention time

The results of method validation for analysis of opium alkaloids in poppy seeds and dried poppy pods are summarized in Table S4.

Table S4 The results of method validation of opium alkaloids in poppy seed and dried poppy pods
	
	poppy seed
	dried poppy pods

	analyte
	LOQ 
[mg kg-1]
	REC [%]
	RSDr [%]
	LOQ 
[mg kg-1]
	REC [%]
	RSDr [%]

	codeine
	0.01
	97
	12
	0.2
	98
	6

	laudanosine
	0.01
	99
	14
	0.2
	100
	8

	morphine
	0.01
	99
	7
	0.2
	97
	7

	noscapine
	0.01
	100
	13
	0.2
	99
	15

	oripavine
	0.01
	99
	8
	0.2
	99
	12

	papaverine
	0.01
	100
	15
	0.2
	100
	8

	thebaine
	0.01
	98
	8
	0.2
	99
	7


LOQ: limit of quantification; REC: recovery; RSD: relative standard deviation for repeatability



S2. 	LC–MS/MS method for analysis of pesticide residues
Pesticide residues in poppy seed and poppy seedpods were analyzed using an Agilent 1290 Infinity II liquid chromatograph coupled to a Triple Quadrupole G6495C mass spectrometer (both Agilent Technologies, Santa Clara, CA, USA). The mass spectrometer, equipped with an electrospray ion source (ESI), was operated in positive (ESI+) ionization mode. 
Sample separation was performed using an ACQUITY HSS T3 UPLC reversed-phase column (100 mm × 2.1 mm, 1.8 µm; Waters Corporation, Milford, MA, USA). The column temperature was maintained at 40 °C. The injected sample volume was 2 μL. Milli-Q water (A) and methanol (B), both containing 5 mM ammonium formate and 0.1 % (v/v) formic acid, were used as mobile phases for the separation of targeted analytes. The mobile phase gradient is summarized in Table S4. 
Table S5 UHPLC gradient (analysis of pesticide residues)
	time [min]
	flow 
[ml min-1]
	A
[%]
	B
[%]

	0
	0.2
	95
	5

	1
	0.3
	50
	50

	12
	0.3
	0
	100

	14
	0.4
	0
	100

	14.1
	0.5
	95
	5

	15
	0.5
	95
	5



The MS parameters were set as follows: the capillary voltage used was 5 kV, the drying gas temperature was 140 °C, the sheath gas temperature was 400 °C, the drying gas flow was 16 L min−1, the sheath gas flow was 12 L min−1 and the nebulizer pressure was 35 psi. The tandem MS analyzer was operated in the dynamic multiple reaction monitoring mode.

Table S6 The results of opium alkaloid analysis in poppy samples (mean value, n=3)
	 
	 
	morphine
	codeine
	thebaine
	oripavine
	noscapine
	papaverine
	laudanosine
	sum of 7 OA
	sum of 3 MA
	ME

	 
	
	[mg kg-1]
	[mg kg-1]
	[mg kg-1]
	[mg kg-1]
	[mg kg-1]
	[mg kg-1]
	[mg kg-1]
	[mg kg-1]
	[mg kg-1]
	[mg kg-1]

	blue poppy No.1
	Fraction I
	2,272
	204
	110
	11.2
	81.0
	29.4
	9.9
	2,718
	2,586
	2,313

	
	Fraction II
	133
	15.2
	8.31
	3.31
	5.17
	2.50
	0.71
	168
	156
	136

	
	poppy seed
	9.6
	1.26
	0.76
	0.06
	0.49
	0.08
	0.04
	12.3
	11.6
	9.84

	blue poppy No.2
	Fraction I
	2,172
	236
	219
	19.1
	66.8
	8.01
	7.30
	2,729
	2,628
	2,219

	
	Fraction II
	360
	43.0
	55.1
	2.73
	12.0
	1.23
	1.51
	476
	458
	369

	
	poppy seed
	8.2
	0.55
	0.71
	0.03
	0.15
	0.02
	0.02
	9.7
	9.5
	8.3

	blue poppy No.3
	Fraction I
	5,605
	1,351
	1,377
	106
	258
	11.8
	29.8
	8,739
	8,333
	5,875

	
	Fraction II
	1,471
	321
	239
	22.7
	38.5
	15.2
	7.92
	2,115
	2,031
	1,535

	
	poppy seed
	13.8
	3.93
	7.06
	0.42
	0.55
	<0.01
	0.09
	25.8
	24.8
	14.6

	blue poppy No.4
	Fraction I
	2,554
	262
	162
	17.6
	76.1
	30.7
	11.8
	3,113
	2,977
	2,607

	
	Fraction II
	310
	26.6
	15.1
	1.56
	8.40
	5.27
	1.38
	368
	352
	315

	
	poppy seed
	4.50
	0.47
	0.56
	0.06
	0.19
	0.08
	0.02
	5.86
	5.52
	4.59

	blue poppy No.5
	Fraction I
	2,612
	161
	408
	68.5
	3.17
	5.98
	3.81
	3,262
	3,181
	2,644

	
	Fraction II
	283
	20.8
	56.8
	12.5
	2.42
	0.26
	0.74
	376
	361
	287

	
	poppy seed
	28
	1.3
	3.55
	0.78
	0.15
	0.02
	0.05
	33.8
	32.8
	28.3

	blue poppy No.6
	Fraction I
	2,388
	213
	350
	16.2
	85.5
	10.6
	7.01
	3,071
	2,951
	2,431

	
	Fraction II
	269
	25.7
	30.9
	1.77
	7.68
	1.15
	1.03
	338
	326
	275

	
	poppy seed
	19
	2.60
	3.12
	0.18
	0.78
	0.12
	0.10
	25.9
	24.7
	19.5

	white poppy No.1
	Fraction I
	2,480
	105
	48.4
	5.27
	139
	149
	13.4
	2,940
	2,634
	2,501

	
	Fraction II
	1,050
	47.1
	20.6
	1.85
	59.6
	75.2
	6.80
	1,262
	1,118
	1,060

	
	poppy seed
	1.7
	0.11
	0.05
	<0.01
	0.14
	0.18
	0.02
	2.2
	1.9
	1.72

	white poppy No.2
	Fraction I
	2,456
	126
	32.2
	4.99
	144
	132
	14.2
	2,910
	2,615
	2,482

	
	Fraction II
	951
	50.3
	13.9
	2.08
	41.6
	71.6
	5.98
	1136
	1015
	961

	
	poppy seed
	2.6
	0.13
	0.04
	0.01
	0.11
	0.19
	0.02
	3.1
	2.8
	2.63

	white poppy No.3
	Fraction I
	1,493
	108
	52
	7.0
	81
	113
	10
	1,863
	1,653
	1,514

	
	Fraction II
	97
	11.0
	10.9
	0.5
	16.0
	14.3
	1.2
	151
	119
	99

	
	poppy seed
	4.96
	0.37
	0.22
	0.02
	0.49
	0.40
	0.05
	6.50
	5.54
	5.03


OA: opium alkaloids (sum of seven opium alkaloids), MA: morphinan alkaloids (sum of morphine, codeine and thebaine), ME: morphine equivalent (sum of morphine + 0.2 × codeine)
Table S7 The results of pesticide residue analysis in poppy samples (mean value, n=3)
	
	
	acetamiprid
	azoxystrobin
	boscalid
	cypermethrin
	deltamethrin
	difenoconazole
	fluopyram
	kresoxim-methyl
	lambda-cyhalothrin
	metconazole
	piperonyl-butoxide
	pirimiphos-methyl
	prothioconazole-desthio
	pyraclostrobin
	tebuconazole

	
	
	result
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]
	result 
[mg kg-1]

	blue poppy No.1
	Fraction I
	0.065
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.168
	<0.01
	<0.01
	0.244
	<0.01
	1.410

	
	Fraction II
	0.026
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.053
	<0.01
	<0.01
	0.060
	<0.01
	0.386

	
	ground poppy seed
	0.019
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.011
	<0.004
	0.030

	
	unground poppy seed
	0.006
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.004
	<0.004
	0.014

	blue poppy No.2
	Fraction I
	0.023
	<0.01
	0.726
	<0.01
	<0.01
	0.014
	<0.01
	<0.01
	<0.01
	0.017
	<0.01
	0.035
	<0.01
	1.169
	<0.01

	
	Fraction II
	0.019
	<0.01
	0.513
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.010
	<0.01
	0.026
	<0.01
	0.755
	<0.01

	
	ground poppy seed
	0.013
	<0.004
	0.019
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.009
	<0.004
	0.015
	<0.004

	
	unground poppy seed
	0.006
	<0.004
	0.007
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.003
	<0.004
	0.011
	<0.004

	blue poppy No.3
	Fraction I
	0.797
	0.020
	0.065
	<0.01
	<0.01
	0.010
	<0.01
	0.354
	0.064
	<0.01
	<0.01
	<0.01
	<0.01
	0.023
	0.059

	
	Fraction II
	0.495
	0.015
	0.051
	<0.01
	<0.01
	<0.01
	<0.01
	0.256
	0.044
	<0.01
	<0.01
	<0.01
	<0.01
	0.035
	0.041

	
	ground poppy seed
	0.057
	<0.004
	0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.021
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004

	
	unground poppy seed
	0.021
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.015
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004

	blue poppy No.4
	Fraction I
	0.067
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.181
	<0.01
	0.011
	0.269
	<0.01
	1.451

	
	Fraction II
	0.039
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.084
	<0.01
	0.011
	0.107
	<0.01
	0.803

	
	ground poppy seed
	0.018
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.011
	<0.004
	0.030

	
	unground poppy seed
	0.006
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.004
	<0.004
	0.014

	blue poppy No.5
	Fraction I
	0.069
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.131
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01

	
	Fraction II
	0.033
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.046
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01

	
	ground poppy seed
	0.035
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004

	
	unground poppy seed
	0.017
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	blue poppy No.6
	Fraction I
	0.045
	<0.01
	0.843
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.019
	<0.01
	0.249
	<0.01
	1.312
	0.010

	
	Fraction II
	0.021
	<0.01
	0.389
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.010
	<0.01
	0.051
	<0.01
	0.561
	0.019

	
	ground poppy seed
	0.016
	<0.004
	0.020
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.019
	<0.004
	0.015
	<0.004

	
	unground poppy seed
	0.006
	<0.004
	0.010
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.004
	<0.004
	0.012
	<0.004

	white poppy No.1
	Fraction I
	0.062
	<0.01
	0.015
	<0.01
	0.118
	<0.01
	0.141
	0.298
	<0.01
	<0.01
	0.080
	<0.01
	0.014
	<0.01
	<0.01

	
	Fraction II
	0.025
	<0.01
	0.010
	<0.01
	0.010
	<0.01
	0.090
	0.160
	<0.01
	<0.01
	0.027
	<0.01
	<0.01
	<0.01
	<0.01

	
	ground poppy seed
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.016
	0.020
	<0.004
	<0.004
	0.006
	<0.004
	<0.004
	<0.004
	<0.004

	
	unground poppy seed
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.006
	0.020
	<0.004
	<0.004
	0.006
	<0.004
	<0.004
	<0.004
	<0.004

	white poppy No.2
	Fraction I
	0.012
	0.017
	<0.01
	0.422
	0.030
	<0.01
	0.113
	<0.01
	<0.01
	0.010
	<0.01
	<0.01
	0.862
	0.051
	1.889

	
	Fraction II
	<0.01
	<0.01
	<0.01
	0.257
	<0.01
	<0.01
	0.069
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	0.586
	0.021
	1.876

	
	ground poppy seed
	<0.004
	<0.004
	<0.004
	0.007
	<0.004
	<0.004
	0.015
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.126
	<0.004
	0.117

	
	unground poppy seed
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.023
	<0.004
	0.032

	white poppy No.3
	Fraction I
	0.075
	1.501
	0.151
	0.123
	0.069
	3.893
	0.016
	<0.01
	<0.01
	0.167
	0.096
	0.010
	0.320
	0.166
	1.099

	
	Fraction II
	0.012
	0.168
	<0.01
	<0.01
	0.020
	0.119
	<0.01
	<0.01
	<0.01
	0.019
	0.018
	<0.01
	0.150
	<0.01
	0.181

	
	ground poppy seed
	0.004
	0.019
	<0.004
	<0.004
	<0.004
	0.010
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.046
	<0.004
	0.060

	
	unground poppy seed
	<0.004
	0.016
	<0.004
	<0.004
	<0.004
	0.008
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	<0.004
	0.017
	<0.004
	0.041

	MRL [mg kg-1]
	0.01*
	0.5
	1.0
	0.2
	0.01
	0.05
	0.4
	0.01
	0.2
	0.15
	-
	0.5
	0.09
	0.2
	0.2


[bookmark: _Hlk207369019]MRL: Maximum Residue Levels set by Regulation (EC) No 396/2005 for poppy seeds (product code: 0401030); * according to Commission Regulation (EU) 2025/1212, the MRL for acetamiprid in poppy seeds was modified from 0.01 mg kg-1 to 0.3 mg kg-1 on August 20, 2025

