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Fig. 1 Stirling tailings impoundment pictured with all-terrain vehicle tracks present. Photo credit Amy Cleaver
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Fig. 2 Flow chart summarising sample preparation


Table 1 Certified reference material types
	CRM
	Type

	900-EMR-512
	Solution

	IV-71A
	Solution

	SOIL-A
	Solution

	SOIL-B
	Solution

	TM-25.6
	Solution

	TMDA-51.5
	Solution

	TMDA-54.6
	Solution

	TMDW
	Solution

	WAVECAL
	Solution




Table 2 Percent extracted of certified values in certified reference materials used during elemental analysis of tailings
	CRM
	Type
	% recovered for CRMs in tailings elemental analysis 

	
	
	As
	Cd
	Cu
	Ni
	Pb
	Sb
	Zn

	WAVECAL
	Solution
	104
	-
	-
	-
	-
	-
	-

	SOIL-B
	Soil
	99
	-
	97
	-
	95
	-
	100

	SOIL-A
	Soil
	-
	-
	-
	-
	96
	-
	98

	TMDA-54.6
	Solution
	-
	111
	102
	105
	105
	-
	105

	TMDW
	Solution
	-
	113
	-
	102
	-
	110
	-

	TMDW
	Solution
	-
	105
	-
	102
	-
	99
	-

	TMDA-54.6
	Solution
	-
	103
	-
	102
	-
	-
	-

	TM-25.6
	Solution
	-
	111
	-
	108
	-
	109
	-

	TM-25.6
	Solution
	 -
	106
	-
	107
	 -
	100
	-




Table 3 Relative percent difference for copper and lead in analytical duplicate for tailings elemental analysis
	Tailings duplicate
	Cu RPD
	Pb RPD

	TS1a 
	3.90%
	3.54%






Table 4 Percent extracted for given elements in certified reference materials in bioaccessibility extract-solution analysis for NIST 2710a
	CRM
	% recovered for CRMs analyzed alongside NIST 2710a extract solutions 

	
	Cd
	Cu
	Ni
	Pb
	Zn

	SOIL-B
	
	98
	
	92
	98

	IV-71A
	102
	103
	
	102
	102

	900-EMR512
	102
	
	
	102
	103

	SOIL-A
	
	101
	
	
	92

	TMDW
	105
	115
	107
	95
	108

	TMDA-51.5
	104
	101
	
	
	

	TMDW
	102
	100
	99
	93
	104

	TMDA-51.5
	106
	111
	 
	 
	 






Table 5 NIST 2710a bioaccessibility results with comparison to other studies and method summaries
	Data from
	Bioaccessibility (%)
	# of stages
	Loading (mg)
	Gastric volume (mL)
	°C
	Incubation (h)
	Agitation (rpm)
	Extraction solution
	Gastric pH

	
	Cd
	Cu
	Ni
	Pb
	Zn
	
	
	
	
	
	
	
	

	10 mg this study
	62 ± 4
	82 ± 7
	250 ± 19
	87 ± 12
	48 ± 4
	1
	10
	50
	37
	2
	100
	0.07M HCl
	1.5

	25 mg this study
	55 ± 0.7
	78 ± 1
	120 ± 7
	76 ± 2
	46 ± 1
	1
	25
	50
	37
	2
	100
	0.07M HCl
	1.5

	Boros et al. (2017) Gastric
	46
	53
	13
	46
	42
	1
	1000
	100
	37
	1
	28
	Pepsin, sodium citrate, malic acid disodium salt, lactic acid (85%), acetic acid, HCl
	1.8

	Boros et al. (2017)
 GI
	23
	37
	8
	5
	12
	2
	1000
	100
	37
	5
	28
	Above + bile salts and pancreatin
	1.8

	Xia et al. (2016)
 Gastric
	45
	-
	-
	-
	-
	1
	300
	30
	37
	1
	30
	Too long to list. As in Wragg et al. (2009)
	1.2

	Xia et al. (2016) GI
	26
	-
	-
	-
	-
	3
	300
	30
	37
	5
	30
	As in Wragg et al. (2009)
	1.2

	Nelson et al. (2013) water incubation
	-
	-
	-
	64
	-
	1
	1000
	100
	37
	1
	30
	0.4M glycine + HCl
	1.5

	Nelson et al. (2013) 
air incubation
	-
	-
	-
	65
	-
	1
	1000
	100
	37
	1
	30
	0.4M glycine + HCl
	1.5

	Paltseva et al. (2018)
	-
	-
	-
	65
	-
	1
	1000
	100
	37
	1
	30
	0.4M glycine + HCl
	1.5

	Ono et al. (2016) Gastric
	33
	-
	-
	33
	-
	1
	1000
	100
	37
	1
	100
	Ultrapure water, pepsin, citrate, malate, lactic acid, acetic acid, HCl
	2.5

	Ono et al. (2016) Intestinal
	33
	-
	-
	1
	-
	2
	-
	-
	37
	3
	100
	Ultrapure water, pepsin, citrate, malate, lactic acid, acetic acid, HCl
	2.5

	Pelfrêne and Douay (2018) Gastric
	93-108
	-
	-
	88–109
	-
	1
	600
	22.5
	37
	1
	"end over end"
	As in Wragg et al. (2009)
	1.2

	Pelfrêne and Douay (2018) GI
	89-109
	-
	-
	88–109
	-
	3
	600
	22.5
	37
	5
	"end over end"
	As in Wragg et al. (2009)
	1.2

	Coa et al. (2019)
	-
	-
	-
	88.4
	-
	Pb value (88.4) is an average from three methods. Separate values not given.
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Description automatically generated]Fig. 3 Box and whisker plot of relative percent difference for bioaccessibility-extract solution duplicates

Table 6 Percent recovered for given elements in certified reference materials, analysed alongside bioaccessibility-solution aliquots for sample TS9b
	CRM
	% recovered for CRMs analysed alongside TS9b extract solutions

	
	As
	Cd
	Cu
	Pb
	Sb
	Zn

	SOIL-B
	
	
	99
	96
	
	98

	IV-71A
	
	99
	
	100
	
	100

	900-EMR512
	
	101
	
	101
	100
	102

	TMDW
	102
	93
	77
	90
	99
	114

	TMDW
	99
	94
	83
	92
	108
	118

	TMDA-51.5
	102
	95
	93
	
	99
	

	TMDA-51.5
	99
	95
	95
	 
	99
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Description automatically generated]Fig. 4 Box and whisker plot for percentage of copper, and lead recovered from positive controls in bioaccessibility testing


Table 7 Average blank values (ppb) for bioaccessibility analyses. Nine blanks were run per sample per element
	 
	Sample

	 
	TS1a
	TS1b
	TS2
	TS3
	TS5
	TS6
	TS9a
	TS9b

	Cu (ppb) blank average (n = 9)
	2.898
	0.419
	2.236
	1.039
	0.314
	0.045
	10.434
	0.170

	Pb (ppb) blank average (n = 9)
	12.622
	1.678
	1.59
	9.624
	1.408
	2.733
	25.687
	3.638







Table 8 Summary of elemental analysis for Stirling tailings, with guideline values from the Canadian Council for Ministers of the Environment (CCME)
	[bookmark: _Hlk143755594]Element
	Avg. this study* 
Sieved < 63µm (ppm)
	Avg. Cleaver et al. 2021* Sieved < 63 µm (ppm)
	CCME Soil Guideline Parkland (ppm)
	CCME Soil Guideline Industrial 
(ppm)

	Number of samples
	N = 8
	N = 7
	 
	 

	Zn
	15,611 ± 7,419
	13,529 ± 4,626
	250
	410

	Pb
	5,226 ± 2470
	3,881 ± 1,102
	140
	600

	Cu
	1,549 ± 328
	1,631 ± 277
	63
	91

	As
	222 ± 43
	232 ± 59
	12
	12

	Sb
	79 ± 15
	89 ± 12
	20
	40

	Cd
	39 ± 18
	38 ± 10
	10
	22



Modal mineralogy
All tailings samples were dominated by sulfide phases. Sample TS1b and TS5, classified as pyrite-poor, were constituted of 62 and 64 wt.% sulfide phases; the five pyrite-rich tailings ranged between 79–83 wt.% sulfides. The remaining sample, TS9b, was 71 wt.% sulfide phases. The primary sulfide was pyrite (FeS2), samples ranged from 57–81 wt.% pyrite. Dolomite (CaMg(CO3)2)  and quartz (SiO2) are present in all samples, ranging from 6.5–9.5 wt.% and 2.5–5.5 wt.% respectively. Carbonate minerals, including Pb and Cu carbonates ranged from 8–14 wt.% of the sample: pyrite-rich tailings were 8–9wt. % carbonate phases, pyrite-poor were 11–12 wt.%, and TS9b 14 wt.%.   

Table 9 Modal mineralogy comparison between this study and Cleaver (2021). Standard deviation represents sample heterogeneity with classification of pyrite-poor and pyrite-rich tailings
	[bookmark: _Hlk144195954]Mineral
	This study
	Cleaver et al. 2021
	% change

	
	Wt.% in Pyrite-rich Tailings 
	Wt. % in Pyrite-poor Tailings 
	Wt.% in Pyrite-rich Tailings 
	Wt.% in Pyrite-poor Tailings 
	Pyrite rich
	Pyrite poor

	Pyrite
	78 ± 2.8
	58 ± 0.9
	51 ± 6
	22 ± 3
	53
	164

	Dolomite
	6.3 ± 0.2
	9.6 ± 0.3
	21 ± 4
	29 ± 1
	-70
	-67

	Quartz
	2.7 ± 0.3
	5.7 ± 0.6
	9.5 ± 2
	17 ± 2
	-72
	-66

	Talc
	1.5 ± 0.4
	4.6 ± 0.05
	3.2 ± 1
	9.6 ± 2
	-53
	-52

	Magnesite
	1.1 ± 0.2
	0.8 ± 0.2
	1.7 ± 1
	2.1 ± 0.1
	-35
	-62

	Sphalerite
	2.5 ± 1.5
	3.8 ± 1.7
	1.7 ± 1
	1.8 ± 1
	47
	111

	Clay Minerals
	0.06 ± 0.01
	0.2 ± 0.005
	1.4 ± 0.7
	1.4 ± 0.4
	-96
	-86

	Barite
	2.2 ± 0.2
	2.5 ± 0.2
	1.4 ± 0.2
	1.1 ± 0.4
	57
	127

	Amphiboles
	0.5 ± 0.01
	3.5 ± 0.01
	1.3 ± 0.3
	3.2 ± 0.5
	-62
	9

	Clinochlore
	0.3 ± 0.06
	0.6 ± 0.02
	1.2 ± 0.2
	2.2 ± 0.1
	-75
	-73

	Chlorite
	0.5 ± 0.1
	0.8 ± 0.03
	1.0 ± 0.2
	2.0 ± 0.2
	-50
	-60
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Description automatically generated]Fig. 5 Sample TS1a, largest elongate cerussite grains. SEM-MLA scale bar = 200 µm
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Description automatically generated]Fig. 6 Particle size of cerussite, determined by automated-mineralogy software, in samples TS1b, TS2, and TS9a
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