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Supplementary Table 1. GPS Coordinates of Sample Locations
	Site
	Coordinates

	Dumpsite (DS)
	N06⁰  45'  45.3'' / E004⁰  52'  17.4''

	Metal Fabrication (MF)
	N06⁰  45'  00.6" / E004⁰ 52'  07.2" 

	River Sediment (RS)
	N06⁰  45'  28.7" / E004⁰ 52'  33.0" 

	Workshop (WS)
	N06⁰  45'  27.4" / E004⁰ 52'  31.9" 

	Control (CT)
	N06⁰  45'  21.2" / E004⁰ 52'  06.1" 





Supplementary Table 2. Physico-chemical properties of the soil
	
Samples
	pH
	E.C
(µScm-1)
	% Organic
Matter
	% Clay
	% Silt
	% Sand
	CEC
(Cmolkg-1)

	River sediment 
	6.56 
	479 
	3.34 
	7.43 
	1.04 
	91.55 
	9.72 

	Dumpsite 
	7.73 
	257 
	11.20 
	9.37 
	3.15 
	87.48 
	26.20 

	Mechanic workshop 
	7.26 
	190 
	3.93 
	9.37 
	7.0 
	86.63 
	36.20 

	Metal fabrication 
	7.56 
	233 
	1.41 
	9.37 
	1.04 
	89.58 
	8.75 

	Control 
	6.67 
	183 
	2.65 
	9.58 
	6.72 
	83.7 
	26.53 


E.C: Electrical Conductivity 
CEC:  Cation Exchange Capacity


Supplementary Table 3. Total concentration and corresponding DPR standard of the Heavy metal in soil (mg/Kg) 
	HM
	RS 
	MF 
	DS 
	MW 
	CT 
	DPR 
	DPR2 

	Cr 
	14.25d±0.71 
	99.68a±1.14 
	21.37c±0.47 
	41.74b±0.04 
	12.80e±0.10 
	100 
	380 

	Cd 
	0.61d±0.01 
	0.75c±0.01 
	1.15b±0.01 
	61.62a±0.36 
	0.35e±0.01 
	0.8 
	17 

	Pb 
	10.44d±0.01 
	18.90c±0.10 
	12.63d±0.13 
	61.40a±0.1
	6.79b±0.21 
	85 
	530 

	Ni
	7.10e±0.06
	84.87b±0.12
	24.23c±0.32
	124.37a±0
	1.72d±0.10
	35
	210



Values are mean ± SD (n=3), ND = Not Detected 
Superscript with the different letters across the row show significant variation, while those with same letter does not at p<0.05 
HM: Heavy metal 
RS: River Sediment 
MF: Metal Fabrication 
DS: Dumpsite 
MW: Mechanic Workshop 
CT: Control Site 
DPR1: Department of Petroleum resources target value 
DPR2:  Department of Petroleum resources intervention value 
DPR: Department of Petroleum Resources 



Supplementary Table 4.  Percentage Recovery of the Metals in Each Site.  
	Metal 
	Sites 
	Total 
	Spiked 
	% Recovery 

	Cr 
	River Sediment 
	14.25±0.010 
	90.45±2.004 
	84.17 

	
	Metal Fabrication 
	99.68±1.141 
	381.60±10.405 
	73.84 

	
	Dumpsite  
	21.37±0.473 
	106.60±5.456 
	79.84 

	
	Mechanic workshop 
	41.74±0.036 
	246.12±7.012 
	83.03 

	
	Control 
	12.80±0.100 
	94.80±2.742 
	86.38 

	Cd 
	River Sediment 
	0.61±0.006 
	18.40±0.361 
	96.68 

	
	Metal Fabrication 
	ND 
	27.45±0.427 
	100.00 

	
	Dumpsite  
	1.15±0.006 
	29.40±0.529 
	96.09 

	
	Mechanic workshop 
	61.62±0.355 
	27.28±0.333 
	75.35 

	
	Control 
	0.35±0.006 
	27.47±0.153 
	98.73 

	Pb 
	River Sediment 
	10.44±0.006 
	90±5.324 
	88.40 

	
	Metal Fabrication 
	18.90±0.100 
	72.43±1.002 
	73.91 

	
	Dumpsite  
	12.63±0.126 
	67±1.205 
	81.15 

	
	Mechanic workshop 
	61.40±0.100 
	285±5.402 
	78.46 

	
	Control 
	30.79±0.214 
	130±2.304 
	76.32 

	Ni 
	River Sediment 
	7.13±0.058 
	24.27±0.122 
	70.62 

	
	Metal Fabrication 
	84.87±0.115 
	350±5.450 
	75.75 

	
	Dumpsite  
	24.23±0.321 
	160±7.205 
	84.86 

	
	Mechanic workshop 
	124.37±0.550 
	500±10.684 
	75.13 

	
	Control 
	19.72±0.104 
	120±2.452 
	83.57 








Supplementary Tables 5. Five Sequential Fractions for Soil Samples (mg/Kg) 
	Metal 
	Sites 
	F1 
	F2 
	F3 
	F4 
	F5 

	Cr 
	RS 
	1.35b±0.015 
	5.62c±0.060 
	2.47b±0.042 
	3.77b±0.050 
	1.14b±0.058 

	
	MF 
	10.00e±0.050 
	45.66e±0.067 
	13.99e±0.174 
	10.28d±0.031 
	2.88d±0.114 

	
	DS  
	1.78c±0.025 
	8.00d±0.056 
	5.71d±0.665 
	4.21c±0.031 
	1.25c±0.015 

	
	MW 
	0.86a±0.032 
	1.05a±0.060 
	1.04a±0.060 
	1.00a±0.053 
	0.25a±0.064 

	
	CT 
	2.91d±0.036 
	5.00b±0.096 
	3.02c±.0.00 
	1.36a±0.034 
	ND 

	
	 
	 
	 
	 
	 
	 

	Cd 
	RS 
	0.07c±0.010 
	0.48b±0.010 
	0.10c±0.011 
	0.04a±0.041 
	ND 

	
	MF 
	0.07c±0.044 
	0.65c±0.015 
	0.01a±0.042 
	0.02a±0.023 
	ND 

	
	DS  
	0.05b±0.010 
	0.76d±0.021 
	0.06b±0.606 
	0.43b±0.050 
	ND 

	
	MW 
	5.50d±0.010 
	43.50e±1.011 
	10.59d±0.070 
	3.70c±0.050 
	ND 

	
	CT 
	0.01a±0.011 
	0.20a±0.0153 
	0.04b±0.030 
	0.06a±0.020 
	ND 

	
	 
	 
	 
	 
	 
	 

	Pb 
	RS 
	ND 
	ND 
	10.44b±0.592 
	0.02a±0.000 
	ND 

	
	MF 
	ND 
	ND 
	12.85b±1.190 
	5.13c±0.083 
	ND 

	
	DS  
	ND 
	ND 
	10.68b±0.487 
	2.55b±0.155 
	ND 

	
	MW 
	ND 
	ND 
	45.93c±0.973 
	10.11d±0.558 
	ND 

	
	CT 
	ND 
	ND 
	4.09a±0.122 
	ND 
	ND 

	
	 
	 
	 
	 
	 
	 

	Ni 
	RS 
	ND 
	ND 
	6.02a±0.001 
	ND 
	ND 

	
	MF 
	ND 
	ND 
	6.36a±0.303 
	ND 
	ND 

	
	DS  
	ND 
	ND 
	20.02b±0.00 
	2.02a±0.00 
	ND 

	
	MW 
	6.27b±0.200 
	15.22b±0.922 
	65.27c±2.121 
	20.22b±0.005 
	ND 

	
	CT 
	ND 
	ND 
	ND 
	ND 
	ND 


Values are mean ± SD (n=3) 
Superscript with the different letters across the row show significant variation, while those with same letter does not at p<0.05  
RS: River Sediment; MF: metal Fabrication; DS: Dumpsite; MW: mechanical workshop; CT: Control. 
ND: Not Detected 


Supplementary Table 6. Sequential Extraction Results (Absolute Concentrations and Percentages)
	Metal
	Site
	F1
	F2
	F3
	F4
	F5
	Total
	F1_%
	F2_%
	F3_%
	F4_%
	F5_%

	Cr
	RS
	1.35
	5.62
	2.47
	3.77
	1.14
	14.35
	9.41
	39.16
	17.21
	26.27
	7.94

	Cr
	MF
	10.00
	45.66
	13.99
	10.28
	2.88
	82.81
	12.08
	55.14
	16.89
	12.41
	3.48

	Cr
	DS
	1.78
	8.00
	5.71
	4.21
	1.25
	20.95
	8.50
	38.19
	27.26
	20.10
	5.97

	Cr
	MW
	0.86
	1.05
	1.04
	1.00
	0.25
	4.20
	20.48
	25.00
	24.76
	23.81
	5.95

	Cr
	CT
	2.91
	5.00
	3.02
	1.36
	0.00
	12.29
	23.68
	40.68
	24.57
	11.07
	0.00

	Metal
	Site
	F1
	F2
	F3
	F4
	F5
	Total
	F1_%
	F2_%
	F3_%
	F4_%
	F5_%

	Cd
	RS
	0.07
	0.48
	0.10
	0.04
	0.00
	0.69
	10.14
	69.57
	14.49
	5.80
	0.00

	Cd
	MF
	0.07
	0.65
	0.01
	0.02
	0.00
	0.75
	9.33
	86.67
	1.33
	2.67
	0.00

	Cd
	DS
	0.05
	0.76
	0.06
	0.43
	0.00
	1.30
	3.85
	58.46
	4.62
	33.08
	0.00

	Cd
	MW
	5.50
	43.50
	10.59
	3.70
	0.00
	63.29
	8.69
	68.73
	16.73
	5.85
	0.00

	Cd
	CT
	0.01
	0.20
	0.04
	0.06
	0.00
	0.31
	3.23
	64.52
	12.90
	19.35
	0.00

	Pb
	RS
	0.00
	0.00
	10.44
	0.02
	0.00
	10.46
	0.00
	0.00
	99.81
	0.19
	0.00

	Pb
	MF
	0.00
	0.00
	12.85
	5.13
	0.00
	17.98
	0.00
	0.00
	71.47
	28.53
	0.00

	Pb
	DS
	0.00
	0.00
	10.68
	2.55
	0.00
	13.23
	0.00
	0.00
	80.73
	19.27
	0.00

	Pb
	MW
	0.00
	0.00
	45.93
	10.11
	0.00
	56.04
	0.00
	0.00
	81.96
	18.04
	0.00

	Pb
	CT
	0.00
	0.00
	4.09
	0.00
	0.00
	4.09
	0.00
	0.00
	100.00
	0.00
	0.00

	Ni
	RS
	0.00
	0.00
	6.02
	0.00
	0.00
	6.02
	0.00
	0.00
	100.00
	0.00
	0.00

	Ni
	MF
	0.00
	0.00
	6.36
	0.00
	0.00
	6.36
	0.00
	0.00
	100.00
	0.00
	0.00

	Ni
	DS
	0.00
	0.00
	20.02
	2.02
	0.00
	22.04
	0.00
	0.00
	90.83
	9.17
	0.00

	Ni
	MW
	6.27
	15.22
	65.27
	20.22
	0.00
	106.98
	5.86
	14.23
	61.01
	18.90
	0.00

	Ni
	CT
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	nan
	nan
	nan
	nan
	nan





Supplementary Table 7. Mass Balance Check: Sum of Fractions vs Total Digestion
	Metal
	Site
	Sum_Fractions_mg/kg
	Digestion_Total_mg/kg
	Absolute_Difference_mg/kg
	Percent_Difference_%

	Cr
	RS
	14.35
	14.25
	0.1
	0.7

	Cr
	MF
	82.81
	99.68
	-16.87
	-16.92

	Cr
	DS
	20.95
	21.37
	-0.42
	-1.97

	Cr
	MW
	4.2
	41.74
	-37.54
	-89.94

	Cr
	CT
	12.29
	12.8
	-0.51
	-3.98

	Cd
	RS
	0.69
	0.61
	0.08
	13.11

	Cd
	MF
	0.75
	0.75
	0.0
	0.0

	Cd
	DS
	1.3
	1.15
	0.15
	13.04

	Cd
	MW
	63.29
	61.62
	1.67
	2.71

	Cd
	CT
	0.31
	0.35
	-0.04
	-11.43

	Pb
	RS
	10.46
	10.44
	0.02
	0.19

	Pb
	MF
	17.98
	18.9
	-0.92
	-4.87

	Pb
	DS
	13.23
	12.63
	0.6
	4.75

	Pb
	MW
	56.04
	61.4
	-5.36
	-8.73

	Pb
	CT
	4.09
	6.79
	-2.7
	-39.76

	Ni
	RS
	6.02
	7.1
	-1.08
	-15.21

	Ni
	MF
	6.36
	84.87
	-78.51
	-92.51

	Ni
	DS
	22.04
	24.23
	-2.19
	-9.04

	Ni
	MW
	106.98
	124.37
	-17.39
	-13.98

	Ni
	CT
	0.0
	1.72
	-1.72
	-100.0




 	78  
 	78  
 	78  
Supplementary Table 8. Contamination Factor and Pollution Load Index 
 
	Metal
	RS
	MF
	DS
	MW

	Cr 
	1.11 
	7.79 
	1.67 
	3.26 

	Cd 
	1.74 
	2.14 
	3.29 
	176.06 

	Pb 
	1.54 
	2.78 
	1.86 
	9.04 

	Ni 
	4.13 
	49.34
	14.09 
	72.31 

	PLI 
	1.87 
	6.92 
	3.46 
	 24.75 



> 1 is polluted,  
< 1 indicates no pollution 


Supplementary Table 9. Mobility Factor of Metals in the Soil (%) 
	Metal 
	RS
	MF
	DS
	MW
	CNT

	Cr
	48.57
	67.21
	46.68
	45.48
	64.36

	Cd
	79.71
	96.0
	62.31
	71.42
	67.74

	Pb 
	0
	0
	0
	0
	0

	Ni
	0
	0
	0
	20.09
	0


RS: River Sediment;  
MF: metal Fabrication; 
 DS: Dumpsite;  
MW: mechanical workshop;  
CT: Control


Supplementary Table 10. The Pearson correlation coefficients among heavy metals and soil physicochemical parameters. 
	Variable
	pH
	EC
	OM
	Clay
	Silt
	Sand
	CEC
	Cr
	Cd
	Pb
	Ni

	pH
	1.00
	-0.44
	0.51
	0.56
	-0.15
	0.03
	0.15
	0.55
	0.12
	0.25
	0.50

	EC
	-0.44
	1.00
	-0.00
	-0.98
	-0.68
	0.81
	-0.63
	-0.29
	-0.36
	-0.37
	-0.45

	OM
	0.51
	-0.00
	1.00
	0.14
	0.00
	-0.08
	0.36
	-0.41
	-0.07
	-0.10
	-0.22

	Clay
	0.56
	-0.98
	0.14
	1.00
	0.57
	-0.76
	0.56
	0.31
	0.22
	0.24
	0.37

	Silt
	-0.15
	-0.68
	0.00
	0.57
	1.00
	-0.88
	0.91
	-0.36
	0.61
	0.49
	0.22

	Sand
	0.03
	0.81
	-0.08
	-0.76
	-0.88
	1.00
	-0.75
	0.29
	-0.21
	-0.11
	0.03

	CEC
	0.15
	-0.63
	0.36
	0.56
	0.91
	-0.75
	1.00
	-0.38
	0.69
	0.59
	0.31

	Cr
	0.55
	-0.29
	-0.41
	0.31
	-0.36
	0.29
	-0.38
	1.00
	0.06
	0.24
	0.65

	Cd
	0.12
	-0.36
	-0.07
	0.22
	0.61
	-0.21
	0.69
	0.06
	1.00
	0.98
	0.79

	Pb
	0.25
	-0.37
	-0.10
	0.24
	0.49
	-0.11
	0.59
	0.24
	0.98
	1.00
	0.89

	Ni
	0.50
	-0.45
	-0.22
	0.37
	0.22
	0.03
	0.31
	0.65
	0.79
	0.89
	1.00










Supplementary Table 11. The Principal Component Analysis (PCA) 
	Site
	PC1
	PC2

	River Sediment
	3.60
	-0.15

	Dumpsite
	-0.11
	-0.79

	Mechanic Workshop
	-3.36
	0.79

	Metal Fabrication
	0.57
	2.53

	Control
	-0.70
	-2.38





