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Calculation of Pollution Level
Soil Geo-accumulation Index Method

Where C is the measured concentration of trace elements and B is the background value of the corresponding elements. The back ground value for chromium is Where C is the measured concentration of trace elements, and B is the background value of the chromium is 67.30 mg/kg.

Weighted arithmetic Water Quality Index (WQI) method
qi=Ci/SiX100 
Wi=1/Si
WQI=∑qiwi/∑wi
Calculation of Average Daily Dose of Chromium
Soil 
The equation for the calculation of average daily dose through two major exposure pathways i.e., oral and skin is as follows:


Groundwater
Groundwater enters the body through ingestion and skin and if contaminated with heavy metals harms human health.




Bioaccumulation factor

Where Csp is the concentration of chromium in snail species and C soil is the concentration of chromium in soil.

	Parameters
	Unit and value
	Significance

	CS
	mg/kg 
	Concentration in soil

	CG
	mg/kg
	Concentration in groundwater

	IRS
	Adults 100 mg day-1
Children 200 mg day-1
	Ingestion rate of soil

	EF
	365 d/yr
	Exposure frequency

	ED
	Adults 70 yrs
Children 6 yrs
	Exposure duration

	BW
	Adults 70 kg
Children 18 kg
	Bodyweight

	AT
	365XED day
	

	ABS
	0.001
	Dermal absorption fraction

	AF
	Adults 0.07 mg.cm-2
Children 0.02 mg.cm-2
	Adherence factor

	SA
	Adults 5700 cm-2day-1
Children 2800 cm-day-1
	Exposed skin area

	RFD Cr
	RfD ingestion: 3X10-3 mg.kg-1.day-1
RfD inhale:2.86X10-5 mg.kg-1.day-1
RfD dermal: 6X10-5 mg.kg-1.day-1
	


Table S1: Cluster of Observations: Chromium contamination in soil and water in different villages of Central Punjab, Pakistan
	Step
	No. of clusters
	Similarity level
	Distance level
	Cluster joined 
	New Cluster
	No. of obs. in new cluster

	1
	31
	99.7129
	0.0397
	24
	28
	24
	2

	2
	30
	99.1646
	0.1155
	15
	24
	15
	3

	3
	29
	98.3981
	0.2214
	14
	18
	14
	2

	4
	28
	98.3083
	0.2339
	20
	29
	20
	2

	5
	27
	98.024
	0.2732
	14
	15
	14
	5 

	6
	26
	97.2104
	0.3856
	5
	6
	5
	2

	7
	25
	97.1105
	0.3994
	2
	26
	2
	2

	8
	24
	97.0196
	0.412
	9
	32
	9
	2

	9
	23
	97.0024
	0.4144
	16
	20
	16
	3

	10
	22
	95.6369
	0.6031
	5
	22
	5
	3

	11
	21
	95.2806
	-0.6524
	14
	16
	14
	8

	12
	20
	93.89.83
	0.8435
	2
	27
	2
	3

	13
	19
	93.2344
	0.9352
	10
	23
	10
	2

	14
	18
	92.6717
	1.013
	4
	13
	4
	2

	15
	17
	90.6951
	1.2863
	9
	14
	9
	10

	16
	16
	89.5152
	1.4494
	5
	9
	5
	13

	17
	15
	88.9119
	1.5328
	8
	10
	8
	3

	18
	14
	87.4727
	1.7317
	17
	25
	17
	2

	19
	13
	86.8917
	1.812
	1
	4
	1
	3

	20
	12
	84.9799
	2.0763
	2
	5
	2
	16

	21
	11
	84.026
	2.2082
	8
	19
	8
	4

	22
	10
	81.46
	2.5626
	1
	2
	1
	19

	23
	9
	79.8722
	2.7824
	21
	31
	21
	2

	24
	8
	76.9467
	3.1868
	7
	17
	7
	3

	25
	7
	72.3026
	3.8288
	11
	30
	11
	2

	26
	6
	69.444
	4.2239
	8
	21
	8
	6

	27
	5
	62.8716
	5.1324
	7
	8
	7
	9

	28
	4
	55.2187
	6.1904
	3
	11
	3
	3

	29
	3
	49.9297
	6.9215
	1
	7
	1
	28

	30
	2
	27.6298
	10.0041
	1
	3
	1
	31

	31
	1
	0
	13.8235
	1
	12
	1
	32





Table S2: Cluster of Observations: Bioaccumulation Factor in different villages of Central Punjab, Pakistan
	Step
	No. of clusters
	Similarity level
	Distance level
	Cluster joined 
	New Cluster
	No. of obs. in new cluster

	1
	3
	87.6165  
	0.247669
	1
	2
	1
	2

	2
	2
	75.0712
	0.498576
	3
	4
	3
	2

	3
	1
	51.5892
	0.968216
	1
	3
	1
	4





Table S3a: Analysis of Variance between Bioaccumulation Factors (soil to snail shell) versus species, Cr. Concentration in soil, water
	Source 
	DF
	Adj SS
	Adj MS
	F value
	P value

	Soil
	1
	20.676
	20.6759
	6.48
	0.017*

	Water
	1
	8.646
	8.6456
	2.71
	0.111

	Species
	2
	0.785
	0.3923
	0.21
	0.885

	Error
	27
	86.209
	3.1929
	
	

	Total
	31
	109.219
	
	
	


Table S3b: Regression equation to predict relationship between Bioaccumulation Factor (soil to snail shell) and species
	Species 
	Regression Equation
	R-sq value

	P. acuta
	BF snail shell.soil = 2.273 - 1.282 Soil + 0.785 Water
	21.07

	P.fontinalis
	BF snail shell.soil = 1.974 - 1.282 Soil + 0.785 Water
	

	P. gyrina
	BF snail shell.soil = 1.85 - 1.282 Soil + 0.785 Water
	

	

Table S3c: Tukey’s Pairwise Comparisons: Response = BF snail shell. soil, Term = Species 

	Species 
	No. of villages
	Mean 
	
	
	
	
	

	P.fontinalis
	14
	1.51A
	
	
	
	
	

	P. acuta
	16
	1.81A
	
	
	
	
	

	P. gyrina
	2
	1.39A
	
	
	
	
	





Table S4a: Analysis of Variance between Bioaccumulation Factor (soil to snail body) versus species, Chromium Concentration in soil, water
	Source 
	DF
	Adj SS
	Adj MS
	F value
	P value

	Soil
	1
	22.00
	22.0017
	7.52
	0.011*

	Water
	1
	5.318
	5.3179
	1.82
	0.189

	Species
	2
	1.614
	0.8071
	0.28
	0.761

	Error
	27
	78.967
	2.9247
	
	

	Total
	31
	108.719
	
	
	



Table S4b: Regression equation to predict relationship between Bioaccumulation Factor (soil to snail body) and species
	Species 
	Regression Equation
	R-sq value

	P. acuta
	BF snail body.soil = 2.502 - 1.322 Soil + 0.616 Water
	27.37%

	P. fontinalis
	BF snail body.soil = 2.532 - 1.322 Soil + 0.616 Water
	

	P. gyrina
	BF snail body.soil = 3.46 - 1.322 Soil + 0.616 Water
	



Table S4c: Tukey’s Pairwise Comparisons: Response = BF snail body. soil, Term = Species 
	Species 
	No. of villages
	Mean 

	P.fontinalis
	14
	1.86A

	P. acuta
	16
	1.83A

	P. gyrina
	2
	2.79A





Table S5a: Analysis of Variance Between Bioaccumulation Factor (Water to Shell) Versus Species, Cr. Concentration in Soil, Water
	Source 
	DF
	Adj SS
	Adj MS
	F value
	P value

	Soil
	1
	0.0003
	0.00034
	0
	0.988

	Water
	1
	1.682
	1.682
	1.05
	0.315

	Species
	2
	1.548
	0.774
	0.48
	0.623

	Error
	27
	43.39
	1.61
	
	

	Total
	31
	49.2188
	
	
	


Table S5b: Regression equation to predict relationship between Bioaccumulation Factor (Water to Shell) Versus Species
	Species 
	Regression Equation
	R-sq value

	P. acuta
	BF snail shell.water = 1.904 - 0.005 Soil - 0.346 Water
	11.84%

	P.fontinalis
	BF snail shell.water = 1.528 - 0.005 Soil - 0.346 Water
	

	P. gyrina
	BF snail shell.water = 1.200 - 0.005 Soil - 0.346 Water
	



Table S5c: Tukey’s Pairwise Comparisons: Response = BF snail body. soil, Term = Species
	Species 
	No. of villages
	Mean 

	P.fontinalis
	14
	1.17A

	P. acuta
	16
	1.55A

	P. gyrina
	2
	0.85A





Table S6a: Analysis of Variance between Bioaccumulation Factor (water to snail body) versus species, Cr. Concentration in soil, water
	Source 
	DF
	Adj SS
	Adj MS
	F value
	P value

	Soil
	1
	17.5
	17.5001
	3.56
	0.07

	Water
	1
	40.266
	40.2664
	8.19
	0.008

	Species
	2
	0.396
	0.198
	0.04
	0.961

	Error
	27
	132.805
	4.9187
	
	

	Total
	31
	173.5
	
	
	


Table S6b: Regression equation to predict relationship between Bioaccumulation Factor (water to snail body) and species 
	Species 
	Regression Equation
	R-sq value

	P. acuta
	BF snail body. Water = 2.343 + 1.179 Soil - 1.694 Water
	23.46%

	P.fontinalis
	BF snail body. Water = 2.553 + 1.179 Soil - 1.694 Water
	

	P. gyrina
	BF snail body. Water = 2.19 + 1.179 Soil - 1.694 Water
	


Table S6c: Tukey’s Pairwise Comparisons: Response = BF snail body. Water, Term = Species
	Species 
	No. of villages
	Mean 

	P.fontinalis
	14
	2.00A

	P. acuta
	16
	1.80A

	P. gyrina
	2
	1.64A

	
	
	









Figure S1. Bioaccumulation factor from water and soil to shell and body of snails in different villages of Central Punjab, Pakistan.


Figure S2. Bioaccumulation factor in Physa gyrina from soil and water to the shell and body in different villages of Central Punjab Pakistan





Figure S3. Bioaccumulation factor in Physa fontinalis from soil and water to the shell and body in different villages of Central Punjab Pakistan









Figure S4. Bioaccumulation factor in Physa acuta from soil and water to the shell and body in different villages of Central Punjab Pakistan
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