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Table S1. Compile principal component analysis (PCA) results of groundwater (n=55), in mining,

non-mining region, and chromite mines water collected from Malakand, Northern Pakistan.

Parameters
Factors
pH
Depth
Elevation
EC
Temperature
TDS
Turbidity
Na
K
Mg
Ca
POs
NOs
HCOs
Cl
SOs
ORP
Cr
Ni
Mn
Eigenvalue
Variability (%)
Cumulative %

Groundwater (n=55)

F1
0.949
0.011
-0.149
0.604
-0.335
0.559
-0.200
0.985
0.686
-0.858
-0.909
-0.020
0.206
0.900
0.065
0.501
-0.140
0.543
-0.534
0.527
5.288

26.439
26.439

F2
0.103
-0.285
0.070
0.849
-0.197
0.853
0.256
0.024
-0.187
-0.244
0.141
0.030
-0.107
0.197
0.038
-0.215
0.659
-0.275
0.350
0.594
2.848
14.239
40.678

F3
-0.097
-0.302
-0.498
-0.101
-0.521
-0.134
-0.318
0.015
0.195
0.171
0.206
-0.026
-0.680
0.110
0.749
0.762
-0.105
-0.375
0.197
0.211
2.713
13.563
54.240

F4
-0.148
0.650
0.287
0.052
-0.600
0.169
0.055
0.043
-0.355
-0.055
0.121
-0.620
0.232
-0.058
0.254
0.322
-0.071
0.514
-0.308
0.275
2.062
10.311
64.551

F5
0.093
-0.059
0.420
-0.561
-0.025
-0.512
0.673
0.072
0.230
0.054
-0.004
-0.286
0.000
0.237
0.034
0.214
0.622
-0.074
0.536
-0.005
1.752
8.759
73.310

Chromite mines water (n=5)

F1
0.531
-0.700
0.551
0.682
0.874
0.356
-0.934
-0.029
0.966
-0.145
0.324
0.819
-0.503
-0.520
0.312
0.104
0.939
0.973
-0.514
0.965
8.437
42.184
42.184

F2
-0.728
0.097
0.463
-0.188
0.402
-0.220
0.060
0.917
-0.049
-0.758
-0.653
-0.167
-0.805
0.639
0.728
0.567
-0.016
-0.186
-0.769
0.259
5.845
29.224
71.408

F3
0.421
0.673
-0.003
0.707

-0.236
0.903
-0.311
0.396
0.255
-0.633
-0.447
-0.116
0.252
-0.566
0.553
-0.403
-0.244
0.134
0.038
-0.045
3.867
19.333
90.741
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Figure S1. (a) Overall loading factors of PCA in groundwater of mining, and non-mining region,
and (b) loading factors of PCA in chromite mines water in ultramafic terrain of Malakand, Pakistan.
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Geogenic cources viz. dissolution of minerals, ion-exchange,water-rock interaction,
m 1 and weathering of mafic, ultramafic and granitic rock (Rashid et al., 2021; Rashid et
al., 2022).

) Geogenic conditions oxidizing condition support minerals dissolution and ultramafic
rock (Delina et al., 2020), while anthropogenic inputs viz. agrochemical,industrial
discharge, electroplating and coal combustion (Rashid et al., 2022).

=3 Anthropogenic sources includes industrial effluents, surface water infiltration
agriculture runoff, and (Dinka et al., 2015; Khatri and Tyagi, 2015).

o

Chromite mining, minerals dissolution and ultramafic rock (Paulukat et al., 2015).

Mixed sources like minerals dissolution and mafic rock (Marieni et al., 2020),
agrochemical,industrial waste, electroplating and coal combustion (Deng et al., 2020).

(6]

®) m ] Geogenic inputs viz. weathering of mafic and ultramafic rock, water-rock interaction,

and dissolution of minerals, and anthropogenic inputs chromite mining’s activities,
saline water intrusion, water leakage, (Rashid et al., 2022).

= 2 Mixed sources ion exchange, weathering of mafic and ultramafic rocks, mineral
dissolution, and agriculture runoff (Rashid et al., 2019¢; Wang and Tang, 2020).

= 3 Anthropogenic inputs viz. solid wastes and debris of chromate mines, processing
facilities, improper disposal of waste (Balderacchi et al. 2013).

Figure S2. (a) Showing PCA-MLR results of groundwater sources, and (b) chromite mines water percentage contribution of pollutant
sources in the groundwater of the study are




