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Table S1. Target pesticide analytes and analytical methods used for multi-residue screening

	Analyte set
	No. of target analytes
	Target pesticide analytes
	Analytical method

	Multi-residue group I
	52
	Acetamiprid; ametryn; buprofezin; carbaryl; carboxin; carfentrazone-ethyl; cyazofamid; cymoxanil; cyproconazole; difenoconazole; diflubenzuron; dimethoate; dimethomorph; diuron; epoxiconazole; fenazaquin; fenbuconazole; fenobucarb; fenpyroximate; flusilazole; flutriafol; hexaconazole; hexythiazox; imidacloprid; indoxacarb; iprovalicarb; isoprocarb; kresoxim-methyl; metalaxyl; methoxyfenozide; metribuzin; myclobutanil; paclobutrazol; pencycuron; picoxystrobin; prochloraz; propargite; propiconazole; propoxur; pyraclostrobin; pyridaben; pyrimethanil; spinosad A; spirodiclofen; tebuconazole; tebufenpyrad; thiacloprid; thiamethoxam; thiobencarb; thiophanate-methyl; trifloxystrobin; triflumuron
	In-house method TM-T04-R05 based on QuEChERS EN 15662:2008 by LC–MS/MS

	Carbamate group
	16
	3-keto-carbofuran; 3-OH-carbofuran; aldicarb; aldicarb-sulfone; carbaryl; carbofuran; carbosulfan; fenobucarb; fenoxycarb; furathiocarb; isoprocarb; methiocarb; methomyl; oxamyl; pirimicarb; promecarb
	In-house method TM-T04-R07 based on ethyl acetate method (EURL-FV) by LC–MS/MS

	Additional pesticide group
	16
	Acetochlor; alachlor; ametryn; anilofos; atrazine; azoxystrobin; clothianidin; dinotefuran; diuron; etofenprox; fenuron; linuron; omethoate; piperonyl butoxide; propanil; thiamethoxam
	In-house method TM-T04-R07 based on ethyl acetate method (EURL-FV) by LC–MS/MS

	Multi-residue group II
	129
	Acephate; acetamiprid; acetochlor; alachlor; ametoctradin; ametryn; amicarbazone; anilofos; atrazine; azoxystrobin; bensulfuron-methyl; bromacil; buprofezin; butachlor; butralin; cadusafos; carbaryl; carbendazim; carboxin; carfentrazone-ethyl; chlorantraniliprole; chlorimuron-ethyl; chlorpyrifos; chromafenozide; clethodim; clomazone; clothianidin; cyantraniliprole; cyazofamid; cymoxanil; cyproconazole; cyprosulfamide; diazinon; difenoconazole; diflubenzuron; dimethoate; dimethomorph; diuron; ediphenphos; epoxiconazole; ethaboxam; ethion; ethiprole; ethoxysulfuron; etofenprox; fenazaquin; fenbuconazole; fenobucarb; fenoxaprop-ethyl; (E)-fenpyroximate; fipronil; flonicamid; fluazifop-butyl; fluazinam; fluopicolide; fluopyram; fluroxypyr; flusilazole; flutriafol; fosthiazate; halosulfuron-methyl; hexaconazole; hexazinone; hexythiazox; imibenconazole; imidacloprid; indaziflam; indoxacarb; iprovalicarb; isoprocarb; isoprothiolane; kresoxim-methyl; malathion; mandipropamid; metalaxyl; methoxyfenozide; metolachlor; (E)-metominostrobin; metribuzin; metsulfuron-methyl; myclobutanil; omethoate; oxamyl; oxaziclomefone; paclobutrazol; pencycuron; pendimethalin; penoxsulam; penthiopyrad; phenthoate; picoxystrobin; pirimifos-methyl; pretilachlor; prochloraz; profenofos; profoxydim; propanil; propaquizafop; propargite; propiconazole; propoxur; prothiofos; pyraclonil; pyraclostrobin; pyrazosulfuron-ethyl; pyridaben; pyrimethanil; pyrimidifen; quizalofop-ethyl; spinetoram; spinosyn A; spinosyn D; spirodiclofen; spirotetramat; sulfentrazone; sulfoxaflor; tebuconazole; tebufenpyrad; tetraconazole; thiacloprid; thiamethoxam; thiobencarb; thiophanate-methyl; tolfenpyrad; triazophos; trifloxystrobin; trifloxysulfuron-sodium; triflumuron; valifenalate
	In-house method TM-T04-R08 based on QuEChERS EN 15662:2008 by LC–MS/MS



QuEChERS, quick, easy, cheap, effective, rugged, and safe; EURL-FV, European Union Reference Laboratory for Pesticide Residues in Fruits and Vegetables; LC–MS/MS, liquid chromatography–tandem mass spectrometry. The analyte sets may contain overlapping compounds among methods; therefore, the numbers shown refer to target analytes within each analytical set and should not be summed as the total number of unique pesticides unless duplicate compounds are removed.




Table S2. Individual toxic metal concentrations in irrigation water samples from Pakxong District, Lao PDR

	Water sample
	Pb (mg L⁻¹)
	Cd (mg L⁻¹)
	As (mg L⁻¹)
	Total Cr (mg L⁻¹)

	WA1
	0.035 ± 0.001
	ND
	ND
	0.025 ± 0.001

	WA2
	0.032 ± 0.001
	ND
	ND
	0.024 ± 0.001

	WA3
	0.033 ± 0.001
	ND
	ND
	0.024 ± 0.001

	WA4
	0.032 ± 0.001
	ND
	ND
	0.025 ± 0.001

	WA5
	0.031 ± 0.001
	ND
	ND
	0.026 ± 0.001

	WB1
	0.044 ± 0.002
	ND
	ND
	0.034 ± 0.002

	WB2
	0.043 ± 0.002
	ND
	ND
	0.033 ± 0.002

	WB3
	0.045 ± 0.002
	ND
	ND
	0.035 ± 0.002

	WB4
	0.042 ± 0.002
	ND
	ND
	0.032 ± 0.002

	WB5
	0.042 ± 0.002
	ND
	ND
	0.032 ± 0.002

	WC1
	0.036 ± 0.002
	ND
	ND
	0.036 ± 0.002

	WC2
	0.038 ± 0.002
	ND
	ND
	0.038 ± 0.002

	WC3
	0.035 ± 0.001
	ND
	ND
	0.035 ± 0.001

	WC4
	0.036 ± 0.001
	ND
	ND
	0.036 ± 0.001

	WC5
	0.034 ± 0.001
	ND
	ND
	0.038 ± 0.001

	Range
	0.031–0.045
	ND
	ND
	0.024–0.038



Values are expressed as mean ± standard deviation of triplicate analyses (n = 3). WA, WB, and WC represent irrigation water sources A, B, and C, respectively; five samples were collected from each source. ND, not detected, indicating a concentration below the corresponding matrix-specific detection/reporting limit listed in Supplementary Table S5.





















Table S3. Individual toxic metal concentrations in cultivation soil samples from Pakxong District, Lao PDR

	Soil sample
	Pb (mg kg⁻¹ DW)
	Cd (mg kg⁻¹ DW)
	As (mg kg⁻¹ DW)
	Total Cr (mg kg⁻¹ DW)

	SA1
	2.627 ± 0.019
	ND
	0.744 ± 0.013
	10.491 ± 0.247

	SA2
	2.551 ± 0.034
	ND
	0.761 ± 0.033
	10.551 ± 0.248

	SA3
	2.586 ± 0.027
	ND
	0.688 ± 0.041
	10.489 ± 0.311

	SA4
	2.612 ± 0.016
	ND
	0.695 ± 0.028
	10.474 ± 0.265

	SA5
	2.568 ± 0.057
	ND
	0.722 ± 0.030
	10.554 ± 0.109

	SB1
	3.011 ± 0.072
	ND
	1.011 ± 0.011
	12.021 ± 0.253

	SB2
	3.089 ± 0.055
	ND
	1.001 ± 0.017
	11.889 ± 0.221

	SB3
	3.091 ± 0.084
	ND
	0.987 ± 0.015
	12.013 ± 0.277

	SB4
	3.085 ± 0.067
	ND
	0.958 ± 0.015
	12.011 ± 0.195

	SB5
	3.064 ± 0.055
	ND
	1.001 ± 0.014
	12.012 ± 0.201

	SC1
	2.255 ± 0.031
	ND
	0.895 ± 0.029
	10.019 ± 0.119

	SC2
	2.251 ± 0.037
	ND
	0.901 ± 0.037
	10.121 ± 0.112

	SC3
	2.307 ± 0.019
	ND
	0.883 ± 0.044
	10.114 ± 0.100

	SC4
	2.318 ± 0.027
	ND
	0.907 ± 0.039
	10.192 ± 0.127

	SC5
	2.283 ± 0.041
	ND
	0.875 ± 0.050
	10.129 ± 0.196

	Range
	2.251-3.091
	ND
	0.688-1.011
	10.019-12.021



* Values are expressed as mean ± standard deviation of triplicate analyses (n = 3) in mg kg⁻¹ dry weight (DW). SA, SB, and SC represent cultivation soil samples collected from three vegetable-growing areas. Soil toxic metals were analyzed by inductively coupled plasma mass spectrometry (ICP-MS) according to the laboratory’s standard operating procedure based on Methods of Soil Analysis, Part 3: Chemical Methods (Sparks et al., 1996). ND, not detected, indicating a concentration below the corresponding soil-specific detection/reporting limit listed in Supplementary Table S5. Supplementary soil-context observations indicated that the monitored cultivation soils had pH values ranging from 5.2 to 5.5, corresponding to acidic to moderately acidic conditions. Field observations indicated red-brown, fine-textured, friable highland cultivation soils with visible organic residues, which may reflect manure-based management. These observations were used only for contextual interpretation of possible metal mobility and crop-level occurrence patterns because organic matter content, cation exchange capacity, laboratory-based texture classification, redox-related conditions, moisture regime, and plant-available metal fractions were not measured.





Table S4. Toxic metal concentrations in 27 representative fresh vegetable samples from Pakxong District, Lao PDR

	Vegetable species
	Sample code
	Pb (mg kg⁻¹ FW)
	Cd (mg kg⁻¹ FW)
	As (mg kg⁻¹ FW)
	Total Cr (mg kg⁻¹ FW)

	Chinese cabbage
	VA11
	ND
	ND
	ND
	ND

	Chinese cabbage
	VA12
	0.015 ± 0.002
	ND
	ND
	ND

	Chinese cabbage
	VA13
	0.015 ± 0.002
	ND
	ND
	ND

	Chinese cabbage
	VA21
	0.020 ± 0.001
	ND
	ND
	ND

	Chinese cabbage
	VA22
	0.022 ± 0.002
	ND
	ND
	ND

	Chinese cabbage
	VA23
	0.022 ± 0.002
	ND
	ND
	ND

	Chinese cabbage
	VA31
	0.016 ± 0.001
	ND
	ND
	ND

	Chinese cabbage
	VA32
	0.015 ± 0.001
	ND
	ND
	ND

	Chinese cabbage
	VA33
	0.015 ± 0.001
	ND
	ND
	ND

	Green cabbage
	VB11
	ND
	ND
	ND
	ND

	Green cabbage
	VB12
	ND
	ND
	ND
	ND

	Green cabbage
	VB13
	ND
	ND
	ND
	ND

	Green cabbage
	VB21
	ND
	ND
	ND
	ND

	Green cabbage
	VB22
	ND
	ND
	ND
	ND

	Green cabbage
	VB23
	ND
	ND
	ND
	ND

	Green cabbage
	VB31
	ND
	ND
	ND
	ND

	Green cabbage
	VB32
	ND
	ND
	ND
	ND

	Green cabbage
	VB33
	ND
	ND
	ND
	ND

	Coriander
	VC11
	0.071 ± 0.003
	0.012 ± 0.001
	0.011 ± 0.001
	0.032 ± 0.002

	Coriander
	VC12
	0.074 ± 0.003
	0.012 ± 0.001
	0.012 ± 0.001
	0.034 ± 0.002

	Coriander
	VC13
	0.072 ± 0.003
	0.012 ± 0.001
	0.011 ± 0.001
	0.033 ± 0.002

	Coriander
	VC21
	0.070 ± 0.003
	0.012 ± 0.001
	0.012 ± 0.001
	0.033 ± 0.001

	Coriander
	VC22
	0.069 ± 0.004
	0.012 ± 0.001
	0.011 ± 0.001
	0.035 ± 0.001

	Coriander
	VC23
	0.068 ± 0.004
	0.012 ± 0.001
	0.011 ± 0.001
	0.035 ± 0.001

	Coriander
	VC31
	0.067 ± 0.004
	0.011 ± 0.001
	0.012 ± 0.001
	0.037 ± 0.001

	Coriander
	VC32
	0.068 ± 0.004
	0.011 ± 0.001
	0.011 ± 0.001
	0.036 ± 0.001

	Coriander
	VC33
	0.066 ± 0.004
	0.011 ± 0.001
	0.012 ± 0.001
	0.035 ± 0.001

	Range
	—
	ND–0.074
	ND–0.012
	ND–0.012
	ND–0.037



Values are expressed as mean ± standard deviation of triplicate analyses (n = 3) in mg kg⁻¹ fresh weight (FW). ND, not detected, indicating a concentration below the corresponding matrix-specific detection/reporting limit listed in Supplementary Table S5. Pb, Cd, As, and Cr in fresh vegetable samples were analyzed using the in-house method TCA-05 based on AOAC (2019) Method 2015.01. Low-level Cd detections in coriander should be interpreted cautiously because Cd was reported as ND in the associated bulk soil and irrigation-water matrices. However, ND in soil indicates concentrations below the soil-specific reporting limit and should not be interpreted as true absence. The soil Cd reporting limit was higher than the vegetable Cd reporting limit, and soil and vegetable results were reported on different bases (DW for soil and FW for vegetables). These Cd detections were therefore treated as preliminary monitoring signals requiring confirmatory analysis and were not used to infer a Cd transfer pathway. 

Table S5. Matrix- and element-specific detection/reporting limits and batch-specific QA/QC information for toxic metal analysis.
	Matrix
	Method/instrument
	Element
	LOD/reporting limit
	LOQ
	Unit
	Calibration linearity (R²)
	Method blank
	CRM recovery
	Matrix-spike recovery
	Duplicate precision (RPD)
	Interpretation

	Fresh vegetables
	AOAC 2015.01-based in-house method TCA-05 / ICP-MS
	Pb, Cd, As, Cr
	0.005
	NA
	mg kg⁻¹ FW
	0.9992
	< LOD
	94.5%
	88.3%
	6.5%
	Within the stated QA/QC criteria

	Irrigation water
	Acid digestion / GFAAS
	Pb, Cd, As, Cr
	0.010
	NA
	mg L⁻¹
	0.9950
	< LOD
	86–109%
	84.5%
	4.8%
	Within the stated QA/QC criteria

	Cultivation soil
	Laboratory SOP based on Methods of Soil Analysis, Part 3 / ICP-MS
	Pb
	0.075
	0.225 
	mg kg⁻¹ DW
	0.9985
	< LOD
	90–110%
	90.5%
	8.7%
	Within the stated QA/QC criteria

	
	
	Cd
	0.046
	0.135
	
	
	
	
	
	
	

	
	
	As
	0.176
	0.588
	
	
	
	
	
	
	

	
	
	Cr
	0.064
	0.380
	
	
	
	
	
	
	


LOD, limit of detection; LOQ, limit of quantification; CRM, certified reference material; RPD, relative percent difference; FW, fresh weight; DW, dry weight; ICP-MS, inductively coupled plasma–mass spectrometry; GFAAS, graphite furnace atomic absorption spectrophotometry; NA, not available or not reported in the laboratory report. QA/QC values were obtained from the analytical laboratory reports for the relevant analytical batches. For fresh vegetables and irrigation water, the values shown represent laboratory-reported matrix-specific detection/reporting limits. For cultivation soil, element-specific LODs and LOQs were reported by the laboratory. ND indicates concentrations below the corresponding LOD or matrix-specific detection/reporting limit for each matrix and analytical method.

