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Figures

Figure S1. External calibration curve for cadmium determination by GFAAS using the P1 furnace program.

Figure S2: Drying temperature optimization for ASW


Figure S3: Pyrolysis temperature optimization for ASW



Figure S4: Optimization of atomization temperature for ASW


Figure S5: Optimization of the atomization of the atomization temperature for ABW
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Black line- Analyte absorbance during furnace program P1
Blue line- Analyte absorbance during furnace program P2







Figure S6: Impact of the P2 programme on CRMs.




Tables
Table S1:  P2 Temperature Progam for ASW
	Step
	Name
	Temp.[°C]
	Ramp[°C/s]
	Hold [s]
	Time [s]
	Gas

	
	
	
	
	
	
	Int
	Add

	1
	Drying
	80
	6
	20
	27.2
	Max
	Stop

	2
	Drying
	90
	3
	20
	23.3
	Max
	Stop

	3
	Drying
	150
	5
	10
	14.0
	Max
	Stop

	4
	Pyrolysis
	350
	50
	20
	24.8
	Max
	Stop

	5
	Pyrolysis
	800
	300
	10
	11.5
	Max
	Stop

	6
	AZ*
	800
	0
	6
	6.0
	Stop
	Stop

	7
	Atomize
	1400
	1500
	3
	3.4
	Stop
	Stop

	8
	Clean
	2450
	500
	4
	6.1
	Max
	Stop




Table S2:  P3 Temperature Progam for ABW
	Step
	Name
	Temp.[°C]
	Ramp[°C/s]
	Hold [s]
	Time [s]
	Gas

	
	
	
	
	
	
	Int
	Add

	1
	Drying
	80
	6
	20
	27.2
	Max
	Stop

	2
	Drying
	90
	3
	20
	23.3
	Max
	Stop

	3
	Drying
	150
	5
	10
	14.0
	Max
	Stop

	4
	Pyrolysis
	350
	50
	20
	24.8
	Max
	Stop

	5
	Pyrolysis
	800
	300
	10
	11.5
	Max
	Stop

	6
	AZ*
	800
	0
	6
	6.0
	Stop
	Stop

	7
	Atomize
	1500
	1500
	3
	3.4
	Stop
	Stop

	8
	Clean
	2450
	500
	4
	6.1
	Max
	Stop






	Table S3:  External Calibration using CRMs under P1 program

	Concentration 
µg/L
		Absorption                        Mean
	    SD
	RSD %

	
	Trial 1
	Trial 2
	Trial 3
	
	
	

	0
	-0.005
	-0.005
	-0.005
	-0.005
	0.0000
	4

	2.5
	0.052
	0.058
	0.059
	0.056
	0.0037
	7

	5
	0.120
	0.107
	0.114
	0.113
	0.0065
	6

	10
	0.230
	0.237
	0.230
	0.233
	0.0040
	2



	Table S4: Drying Temperature optimization for ASW

	Drying Temperature (°C)
	Mean Absorbance
	Standard Deviation
	RSD (%)

	110
	0.206
	0.0097
	5

	150
	0.233
	0.0096
	4

	200
	0.200
	0.0001
	0



	Table S5: Pyrolysis Temperature Optimization for ASW

	Pyrolysis Temperature (°C)
	Mean Absorbance
	Standard Deviation
	RSD (%)

	700
	0.148
	0.0085
	6

	800
	0.234
	0.0082
	3

	900
	0.210
	0.0158
	8

	1000
	0.183
	0.0070
	4








	Table S6: Atomization Temperature Optimization for ASW

	Atomization Temperature (°C)
	Mean Absorbance
	Standard Deviation
	RSD (%)

	1200
	0.008
	0.0009
	12

	1300
	0.050
	0.0012
	2

	1400
	0.234
	0.0121
	5

	1500
	0.183
	0.0070
	4



Table S7: Atomization Temperature Optimization for ABW
	Atomization Temperature ⁰C
	ABW 10 µg/L Cd
	Mean Absorbance
	Standard Deviation
	RSD %

	1300
	1.95
	0.0434
	0.0017
	4

	1400
	6.78
	0.1565
	0.0351
	22

	1500
	9.84
	0.2283
	0.0017
	1

	1600
	0.02
	<LOD
	-
	-











Table S8: GAPI comparison

	[bookmark: _Hlk203049037]GAPI Parameter for Greenness level
	Optimized GFAAS
	Tetrahydroborate Reductive Precipitations (Nakashima et al. 1987) (23)
	Preconcentration on Silica-Immobilized 8-Hydroxyquinoline (Nakashima et al. 1988) (24)

	Solvent Extraction with PAPT (Lee et al. 1995) (25)
	Dynamically Coated Column (C18) (Akatsuka et al. 1998) (26)
	Automated Online Preconcentration with APDC and C18 Column (Colbert et al. 1998) (27)
	Solid Phase Extraction (SPE) with Iminodiacetic Resin (Grotti et al. 2002) (28)
	Solvent Extraction with DDTC + CPE (Yuan et al. 2004) (29)

	Sample Preparation.
	Immediate filtration, acidification (ultrapure nitric acid)
	
	Reductive Precipitation.


	
	Adsorption on silica-immobilized sorbent.


	
	Solvent extraction.
	
	Dynamic coating on C18 column.


	
	Online preconcentration.
	
	Solid phase extraction.
	
	Solvent extraction + CPE.
	

	Reagents used
	No any reagent used


	
	Tetra hydroborate.


	
	8-Hydroxyquinoline.
	
	Picolinaldehyde-4-phenyl-3-thiosemicarbazone (PAPT)
	
	Coating reagents.


	
	APDC.


	
	Iminodiacetic Resin.
	
	Diethyldithiocarbamate (DDTC), Triton X-114.
	

	Solvent Consumption
	Minimal
Eco-friendly.

	
	MinimalEco-friendly
.
	
	Minimal
Eco-friendly
.
	
	Uses hazardous organic solvents.
	
	Minimal
Eco-friendly

	
	Minimal
Eco-friendly
.
	
	Minimal
Eco-friendly

	
	Moderate (combination of solvent extraction and CPE).
	

	Waste Generation
	Minimal hazardous waste
	
	Precipitate waste.


	
	Sorbent waste.


	
	Hazardous organic solvent
nonnon-biodegradable extraction media
	
	Column waste.


	
	Reagent and column waste.


	
	NonNon-biodegradable media

	
	Mixed waste (solvents, surfactants).
	

	Energy Consumption
	Graphite furnace use.
High Energy
	
	Graphite furnace use.
High Energy
	
	Graphite furnace use.
High Energy

	
	Graphite furnace use.
High Energy
	
	Graphite furnace use.
High Energy
	
	Graphite furnace use.
High Energy .
	
	Graphite furnace use.
High Energy
	
	Graphite furnace use.
High Energy
	

	Matrix Tolerability
	High-TDS tolerance; optimized for interferences
	
	Effective, but requires precise pH control.

	
	High sensitivity;
pH control needed.

	
	Struggles with high TDS, interferences.


	
	Requires precise coating control.


	
	Prone to interference from other metals.

.
	
	Influenced by matrix complexity.
	
	High sensitivity;
	

	Safety
	Reduced hazardous solvents
	
	Standard chemical handling.

	
	Standard handling.

.
	
	Hazardous organic solvents, poses.
	
	Standard chemical handling.
	
	Standard chemical handling.

	
	Stndard chemical handling.
	
	Uses hazardous DDTC and Triton X-114.
	

	Overall Suitability/ / GAPI Score
	High

	
	Moderate
	
	Moderate
	
	Low.

	
	Moderate.

	
	Moderate.

	
	Moderate.
	
	Moderate.
	



	GAPI Parameter for Greenness level
	CPE with Triton X-114 and 5-Br-PADAP (Xiao et al. 2007) (30)
	Ultrasound-Assisted DLLME (Tang and Zheng, 2005) (31)
	Hollow Fiber SLM Extraction (Peng et al. 2007) (32)
	CPE Coupled with DLLME (Yazdi and Es’haghi 2011) (33)
	Deep Eutectic Solvents (DES) in DLLME (Zhang et al. 2016) (34)
	SPE with Modified Silica Gel (Yuan et al. [26], Moghimi & Yari 2019) (35)
	Ionic Liquid Solvent Bar Micro-Extraction (IL-SBME) (Herce-Sesa, López-López, and Moreno, 2017) (36)

	Sample Preparation.
	Cloud Point Extraction (CPE).
	
	DLLME via ultrasound.
	
	SLM Extraction.
	
	CPE + DLLME.
	
	DLLME using DES.
	
	Solid phase extraction.
	
	Microextraction with ionic liquid solvent bar.
	

	Reagents used
	Triton X-114 Br-PADAP. (safer surfactants).
	
	Organic solvents, dispersers.
	
	Organic solvents in membrane.
	
	Organic solvents, surfactants.
	
	Deep Eutectic Solvents (DES).
	
	Modified Silica Gel.
	
	Ionic liquids.
	

	Solvent Consumption
	Low.
	
	Low.
	
	Low.
	
	Low.
	
	Very Low.
	
	Very Low.
	
	Very Low..
	

	Waste Generation
	Environmentally friendlier surfactants.
	
	Reduced, but still some organic waste.
	
	Membrane waste.
	
	Mixed waste.
	
	Reduced, more biodegradable.
	
	Reduced, but sorbent regeneration issues..
	
	Reduced, but involves ionic liquid disposal.
	

	Energy Consumption
	Heating for cloud point..
	
	Ultrasound energy.
	
	Graphite furnace use.
High Energy

	
	Heating for cloud point, vortex energy.
	
	Heating for DES preparation/extraction.
	
	Graphite furnace use. High Energy

	
	Graphite furnace use.
High Energy

	

	Matrix Tolerability
	Needs better selectivity. Moderate Greenness.
	
	Variable ultrasonic settings.
	
	High enrichment factor; needs further validation.
	
	Effective but complex.
	
	Environmentally friendly; variable recovery rates; application in high-TDS aaremains underexplored.
	
	Effective for trace levels; regeneration issues.
	
	High sensitivity and selectivity; complex ionic liquid handling and matrix interference potential.
	

	Safety
	Environmentally friendly.
	
	Reduced hazardous solvents
	
	Not specified.
	
	Not specified. Moderate Greenness.
	
	"Less toxic" and "more biodegradable".
	
	Standard chemical handling.
	
	Complex ionic liquid handling.
	

	Overall Suitability/ GAPI Score
	High

	
	Moderate
	
	Moderate
	
	Moderate.

	
	High Potential (promising but still needs validation for high-TDS routine use).
	
	Moderate.
	
	Moderate
	



External Calibration using CRMs under P1 program
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