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SUPPLEMENTARY MATERIAL
MATERIALS AND METHODS
Indices
1. Pollution Index (PI)
PI = 							(Eq. S1)

Where:
Cn = concentration of individual metals in samples (mg/kg) 
GB = concentration of individual metal in the control (mg/kg)
(Kowalska et al. 2018)

Table S1: Categories of Pollution Index
	Pollution Index Interpretation

	Range
	Quality of Soil
	Class

	PI < 1
	absent
	1

	1 < PI < 2
	low
	2

	2 < PI < 3
	moderate
	3

	3 < PI < 5
	strong
	4

	PI > 5
	very strong
	5



2. Geoaccumulation Index (Igeo)
Igeo = log2 					(Eq. S2)

Where:
Cn = concentration of individual metals in samples (mg/kg) 
GB = concentration of individual metal in the control (mg/kg)
(Wang et al. 2014)






Table S2: Categories of Geoaccumulation Index 
	Geoaccumulation Index Interpretation

	Range
	Quality of Soil
	Class

	Igeo < 0
	practically uncontaminated
	1

	0 < Igeo < 1
	uncontaminated to moderate contamination
	2

	1 < Igeo < 2
	moderate contamination
	3

	2 < Igeo < 3
	moderate to strong contamination
	4

	3 < Igeo < 4
	strong contamination
	5

	4 < Igeo < 5
	strong to extreme contamination
	6

	Igeo > 5
	extreme contamination
	7




3. Modified Degree of Contamination Index (mCd)
mCd = 					(Eq. S3)

Where:
Cn = concentration of individual metals in the samples (mg/kg)
n = number of metals assessed
(Abrahim and Parker 2008)

Table S3: Categories of Pollution Index
	Modified Degree of Contamination Index Interpretation

	Range
	Quality of Soil

	mCd < 1.5
	very low

	1.5 < mCd < 2
	low

	2 < mCd < 4
	moderate

	4 < mCd < 8
	low to moderate severity

	8 < mCd < 16
	moderate severity

	16 < mCd < 32
	moderate to high severity

	mCd > 32
	high severity






4. Integrated Pollution Index (IPI)
IPI =  						(Eq. S4)

Where:
PIi = pollution index of metal i
n = number of metals assessed
(Wang et al. 2014)

Table S4: Categories of the Integrated Pollution Index 
	Integrated Pollution Index Interpretation

	Range
	Quality of Soil

	IPI < 1
	low

	1 < IPI < 2
	middle

	IPI > 2
	high




5. Background Enrichment Index (PIN)
PIN = 					(Eq. S5)

Where:
PIClass = PI class of heavy metal pollution
Cn = concentration of individual metals in the samples (mg/kg)
GB = concentration of individual metal in the control (mg/kg)
n = number of metals assessed 
(Caeiro et al. 2005)

Table S5: Categories of Background Enrichment Factor Index 
	Background Enrichment Factor Index Interpretation

	Range
	Quality of Soil
	Class

	0 – 7
	clean
	1

	7 – 95.1
	trace contaminated
	2

	95.1 – 518.1
	lightly contaminated
	3

	518.1 – 2548.6
	contaminated
	4

	≥ 2548.6
	highly contaminated
	5


6. Nemerow Pollution Index (PI(Nemerow))
PINemerow = 				(Eq. S6)

Where:
PIi = pollution index of metal i
PImax = maximum value of the single Pollution Index of all metals
n = number of metals assessed
(Qingjie et al. 2008)

Table S6: Categories of Nemerow Pollution Index
	Nemerow Pollution Index Interpretation

	Class
	Range
	Quality of Soil

	I
	< 0.7
	Safety Domain

	II
	0.7 < PI(Nemerow) < 1
	Precaution Domain

	III
	1 < PI(Nemerow) < 2
	Slightly Polluted Domain

	IV
	2 < PI(Nemerow) < 3
	Moderately Polluted Domain

	V
	PI(Nemerow) > 3
	Seriously Polluted Domain




7. Enrichment Index (EF)
EF =  					(Eq. S7)

Where:
Cn = concentration of metal in the sample (mg/kg)
Cref = concentration of Mn in the sample (mg/kg)
Bn = concentration of metal in the geochemical background sample (mg/kg)			
Bref = concentration of Mn in the geochemical background sample (mg/kg)
(Zhu et al. 2013; Nowrouzi and Pourkhabbaz 2014)

Table S7: Categories of Enrichment Index 
	Enrichment Index Interpretation

	Range
	Quality of Soil
	Class

	EF < 1
	no enrichment
	I

	1 – 3
	minor enrichment
	II

	3 – 5
	moderate enrichment
	III

	5 – 10
	moderately severe enrichment
	IV

	 10 – 25
	severe enrichment
	V

	25 – 50
	very severe enrichment
	VI

	EF  > 50
	extremely severe enrichment
	VII




8. Multi-Element Contamination Index (MEC)
MEC = 						(Eq. S8)

Where:
Cn = concentration of metal in the sample (mg/kg)
Tn = tolerable levels (Kloke 1979)	
n = number of heavy metals analyzed in the soil
(Kowalska et al. 2018)

Table S8: Categories of Multi-Element Contamination Index
	Multi-Element Contamination Interpretation

	Range
	Quality of Soil

	MEC < 1
	natural

	MEC > 1
	anthropogenic influence



9. Potential Ecological Risk Index (RI)
RI = 						(Eq. S9)
where I					(Eq. S10)

Where:
  = single index of the ecological risk factor	
 = toxicity response coefficient of an individual metal
PIi = pollution index of metal i		
n = number of heavy metals analyzed in the soil
(Zhang et al. 2014)

Table S9: Categories of Potential Ecological Risk Index
	Potential Ecological Risk Index Interpretation

	Range
	Quality of Soil

	RI < 150
	low

	150 < RI < 300
	moderate

	300 < RI < 600
	high

	RI > 600
	very strong



10. Probability of Toxicity Index (MERMQ)
MERMQ = 					(Eq. S11)

Where:
n = number of heavy metals analyzed in the soil
Cn = concentration of metal in the sample (mg/kg)
ERL = effects range low	
ERM = effects range median	
(Pejman et al. 2015)

Table S10: Categories of Probability of Toxicity Index
	The Probability of Toxicity Index Interpretation

	Range
	Quality of Soil
	Probability of toxicity (%)

	MERMQ < 0.1
	low
	9

	0.1 < MERMQ < 0.5
	low - medium
	21

	0.5 < MERMQ < 1.5
	medium - high
	49

	MERMQ > 1.5
	very high
	76




11. Contamination Security Factor Index (CSI)
CSI = 			(Eq. S12)

Where:
n = number of heavy metals analyzed in the soil
w = computed weight of each heavy metal	
Cn = concentration of metal in the sample (mg/kg)
ERL = effects range low	
ERM = effects range median	
(Pejman et al. 2015)

Table S11: Categories of Contamination Security Factor Index
	Contaminant Security Factor Index Interpretation

	Range
	Quality of Soil

	CSI < 0.5
	uncontaminated

	0.5 < CSI < 1
	very low severity

	1 < CSI < 1.5
	low severity

	1.5 < CSI < 2
	low to moderate severity

	2 < CSI < 2.5
	moderate severity

	2.5 < CSI < 3
	moderate to high severity

	3 < CSI < 4
	high severity

	4 < CSI < 5
	very high severity

	CSI > 5
	ultra-high severity









RESULTS
Table S12: Average Metal Concentrations, Standard Deviations and Ranges of the Sample Sites
	Area
	Site
	Cd (ppm)
	Cr (ppm)
	Cu (ppm)
	Mn (ppm)
	Pb (ppm)
	Zn (ppm)

	
	
	Avg
	SD
	Avg
	SD
	Avg
	SD
	Avg
	SD
	Avg
	SD
	Avg
	SD

	West Bound
	WBLE
	2.35
	0.18
	11.92
	1.26
	61.07
	2.80
	298.86
	28.41
	57.93
	2.88
	146.15
	13.54

	
	WB17
	1.45
	0.19
	37.81
	40.36
	222.32
	189.37
	167.05
	14.92
	70.59
	16.68
	130.36
	7.08

	
	WBNP
	1.39
	0.21
	24.25
	4.06
	346.60
	297.89
	172.18
	10.91
	357.78
	553.66
	181.56
	23.17

	East Bound
	EBLE
	1.19
	0.33
	29.56
	0.83
	589.88
	805.83
	234.24
	18.00
	70.49
	28.41
	223.53
	96.03

	
	EBNP
	2.60
	0.05
	11.95
	2.00
	29.14
	6.14
	174.91
	17.35
	44.52
	7.42
	131.21
	63.45

	
	EB11
	2.42
	0.12
	37.17
	8.17
	1352.75
	424.61
	240.60
	31.44
	64.16
	8.45
	222.31
	36.84

	Back Street
	BS11
	2.33
	0.07
	15.39
	1.04
	227.77
	328.87
	250.24
	8.32
	49.30
	0.86
	119.69
	6.22

	Main Street
	MSPG
	1.94
	0.10
	6.89
	0.60
	19.82
	2.31
	125.22
	2.46
	27.93
	3.41
	79.07
	0.91

	
	MS17
	2.15
	0.02
	4.92
	0.47
	38.32
	15.59
	121.14
	13.89
	37.22
	3.02
	126.47
	4.94

	
	MSCC
	2.13
	0.33
	7.73
	1.13
	34.04
	1.69
	350.78
	8.18
	37.94
	2.44
	103.96
	3.29

	
	MS09
	2.11
	0.00
	8.73
	1.66
	83.90
	3.73
	275.47
	280.64
	185.77
	73.62
	321.89
	6.56

	Control
	1.11
	0.25
	11.34
	1.34
	9.27
	2.08
	166.99
	7.63
	25.88
	4.67
	40.81
	2.24

	Averages 
(excl. control)
	2.01
	0.46
	17.85
	12.24
	273.24
	399.09
	219.15
	73.36
	91.24
	98.18
	162.38
	69.91

	Ranges
(excl. control)
	1.19–2.60
	4.92-37.81
	19.82-1352.75
	121.14-350.78
	27.93-357.78
	79.07-321.89



Table S13: Averages of Metal Concentrations Based on Land Use
	Metals (ppm)
	OBICW
	Landfill
	Industrial
	Recreational
	Control

	Cd 
	2.01
	1.73
	2.60
	2.07
	1.11

	Cr 
	22.71
	24.66
	11.95
	6.51
	11.34

	Cu
	563.57
	210.00
	29.14
	30.73
	9.27

	Mn
	250.14
	212.70
	174.91
	199.05
	166.99

	Pb
	92.43
	162.10
	44.52
	34.36
	25.88

	Zn
	221.85
	152.69
	131.21
	103.17
	40.81

	Average
	192.12
	127.31
	65.72
	62.65
	42.57



Table S14: Averages of Metal Concentrations Based on Roadway
	Metals (ppm)
	West Bound Lane
	East Bound Lane
	Main Road
	Control

	Cd
	1.73
	2.14
	2.08
	1.11

	Cr
	24.66
	23.52
	7.07
	11.34

	Cu
	210.00
	549.88
	44.02
	9.27

	Mn
	212.70
	225.00
	218.15
	166.99

	Pb
	162.10
	57.12
	72.22
	25.88

	Zn
	152.69
	174.18
	157.85
	40.81

	Average
	127.31
	171.97
	83.56
	42.57





Table S15: PI, Igeo, and EF values Calculated for the Six (6) Metals of the Sample Sites, Categorized According to the Land Activities 
	Land
Activities
	Sample
	PI
	Igeo
	EF

	
	
	Cd
	Cr
	Cu
	Mn
	Pb
	Zn
	Cd
	Cr
	Cu
	Mn
	Pb
	Zn
	Cd
	Cr
	Cu
	Mn
	Pb
	Zn

	OBICW
	EBLE
	1.1
	2.6
	63.6
	1.4
	2.7
	5.5
	-0.5
	0.8
	5.4
	-0.1
	0.9
	1.9
	0.8
	1.9
	45.4
	1.9
	3.9
	0.8

	
	EB11
	2.2
	3.3
	145.9
	1.4
	2.5
	5.4
	0.5
	1.1
	6.6
	-0.1
	0.7
	1.9
	1.5
	2.3
	101.3
	1.7
	3.8
	1.5

	
	BS11
	2.1
	1.4
	24.6
	1.5
	1.9
	2.9
	0.5
	-0.1
	4.0
	0.0
	0.3
	1.0
	1.4
	0.9
	16.4
	1.3
	2.0
	1.4

	
	MS09
	1.9
	0.8
	9.0
	1.6
	7.2
	7.9
	0.3
	-1.0
	2.6
	0.1
	2.3
	2.4
	1.1
	0.5
	5.5
	4.4
	4.8
	1.1

	Landfill
	WBLE
	2.1
	1.1
	6.6
	1.8
	2.2
	3.6
	0.5
	-0.5
	2.1
	0.3
	0.6
	1.3
	1.2
	0.6
	3.7
	1.3
	2.0
	1.2

	
	WB17
	1.3
	3.3
	24.0
	1.0
	2.7
	3.2
	-0.2
	1.2
	4.0
	-0.6
	0.9
	1.1
	1.3
	3.3
	24.0
	2.7
	3.2
	1.3

	
	WBNP
	1.2
	2.1
	37.4
	1.0
	13.8
	4.4
	-0.3
	0.5
	4.6
	-0.5
	3.2
	1.6
	1.2
	2.1
	36.3
	13.4
	4.3
	1.2

	Industrial
	EBNP
	2.3
	1.1
	3.1
	1.0
	1.7
	3.2
	0.6
	-0.5
	1.1
	-0.5
	0.2
	1.1
	2.9
	1.0
	3.0
	1.6
	3.1
	2.9

	Recreational
	MSPG
	1.7
	0.6
	2.1
	0.7
	1.1
	1.9
	0.2
	-1.3
	0.5
	-1.0
	-0.5
	0.4
	2.3
	0.8
	2.9
	1.4
	2.6
	2.3

	
	MS17
	1.9
	0.4
	4.1
	0.7
	1.4
	3.1
	0.4
	-1.8
	1.5
	-1.0
	-0.1
	1.0
	2.7
	0.6
	5.7
	2.0
	4.3
	2.7

	
	MSCC
	1.9
	0.7
	3.7
	2.1
	1.5
	2.5
	0.4
	-1.1
	1.3
	0.5
	0.0
	0.8
	0.8
	1.9
	45.4
	1.9
	3.9
	0.8

	Key
	PI
	PI < 1
	1 < PI < 2
	2 < PI < 3
	3 < PI < 5
	PI > 5

	
	
	absent
	low
	moderate
	strong
	very strong

	
	Igeo
	Igeo < 0
	0 < Igeo < 1
	1 < Igeo < 2
	2 < Igeo < 3
	3 < Igeo < 4
	4 < Igeo < 5
	Igeo > 5

	
	
	practically uncont.
	uncont.-moderate
	moderate
	moderate-strong
	strong
	strong-extreme
	extreme cont.

	
	EF
	EF < 1
	1< EF <3
	3 < EF < 5
	5 < EF < 10
	10 < EF < 25
	25 < EF < 50
	EF > 50

	
	
	no enrichment
	minor
	moderate
	moder. severe
	severe
	very severe
	extremely severe




Table S16: Total pollution, Enrichment and Ecological Risks Indices for Each Sample Site 
	Area
	Site
	mCd
	IPI
	PIN
	P(Nemerow)
	MEC
	RI
	MERMQ
	CSI

	West Bound
	WBLE
	96.4
	2.89
	272.5
	2.94
	0.61
	115.0
	0.23
	0.90

	
	WB17
	104.9
	5.92
	697.8
	10.08
	0.96
	183.7
	0.34
	1.03

	
	WBNP
	180.6
	10.01
	1089.5
	15.80
	2.03
	303.3
	0.72
	2.18

	East Bound
	EBLE
	191.5
	12.82
	1722.6
	26.50
	1.94
	376.1
	0.65
	1.45

	
	EBNP
	65.7
	2.09
	115.6
	1.20
	0.51
	100.8
	0.19
	0.84

	
	EB11
	319.9
	26.79
	3835.2
	60.57
	3.93
	820.9
	1.24
	3.25

	Back Street
	BS11
	110.8
	5.73
	457.4
	10.30
	0.99
	202.6
	0.33
	1.01

	Main Street
	MSPG
	43.5
	1.38
	39.7
	1.04
	0.35
	72.5
	0.12
	0.68

	
	MS17
	55.0
	1.96
	130.4
	1.87
	0.47
	90.5
	0.17
	0.77

	
	MSCC
	89.4
	2.06
	114.8
	1.72
	0.44
	89.4
	0.16
	0.76

	
	MS09
	146.3
	4.74
	612.9
	4.17
	1.12
	149.1
	0.44
	1.35

	Control
	42.6
	   –
	  –
	   –
	0.21
	   –
	0.08
	0.56
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