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Table S1: Detail of sampling locations with respect to water resource, site ID, sampling date
and coordinates.

S# Water Source Site ID Sampling Date  Longitude Latitude
1 Groundwater GW1 2019-04-03 31.560097 74.400159
2 Groundwater GW 2 2019-04-03 31.556271 74.404751
3 Groundwater GW 3 2019-04-03 31.558635 74.388475
4 Groundwater GW 4 2019-04-03 31.565224 74.396519
5 Groundwater GW5 2019-04-03 31.565914 74.416169
6 Groundwater GW 6 2019-04-04 31.586775 74.398446
7 Groundwater GW7 2019-04-04 31.585327 74.390152
8 Groundwater GW 8 2019-04-04 31.58956 74.388126
9 Groundwater GW9 2019-04-04 31.584116 74.37492
10 Groundwater GW 10 2019-04-04 31.586125 74.373512
11 Groundwater GW 11 2019-04-05 31.542301 74.399477
12 Groundwater GW 12 2019-04-05 31.542603 74.409088
13 Groundwater GW 13 2019-04-05 31.549696 74.384013
14 Groundwater GW 14 2019-04-05 31.548453 74.37426
15 Groundwater GW 15 2019-04-05 31.542628 74.3753
16 Groundwater GW 16 2019-04-06 31.460196 74.339964
17 Groundwater GW 17 2019-04-06 31.459149 74.337601
18 Groundwater GW 18 2019-04-06 S31.459649 74.326788
19 Groundwater GW 19 2019-04-06 31.451953 74.314313
20 Groundwater GW 20 2019-04-06 31.454293 74.316643
21 Groundwater GW 21 2019-04-06 31.539777 74.34605
22 Groundwater GW 22 2019-04-06 31.529691 74.33642
23 Groundwater GW 23 2019-04-06 31.522834 74.328909
24 Groundwater GW 24 2019-04-06 31.527705 74.331489
25 Groundwater GW 25 2019-04-06 31.539269 74.325198
26 Groundwater GW 26 2019-04-08 31.600344 74.341838
27 Groundwater GW 27 2019-04-08 31.598469 74.338629
28 Groundwater GW 28 2019-04-08 31.607581 74.335493
29 Groundwater GW 29 2019-04-08 31.608437 74.327673
30 Groundwater GW 30 2019-04-08 31.609583 74.331536
31 Groundwater GW 31 2019-04-09 31.515736 74.317057
32 Groundwater GW 32 2019-04-09 31.514708 74.299796
33 Groundwater GW 33 2019-04-09 31.505747 74.286435
34 Groundwater GW 34 2019-04-09 31.502182 74.278244
35 Groundwater GW 35 2019-04-09 31.509344 74.306825
36 Groundwater GW 36 2019-04-10 31.588122 74.318517
37 Groundwater GW 37 2019-04-10 31.586501 74.314677
38 Groundwater GW 38 2019-04-10 31.585489 74.306843
39 Groundwater GW 39 2019-04-10 31.580489 74.306494
40 Groundwater GW 40 2019-04-10 31.577705 74.30267
41 Groundwater GW 41 2019-04-11 31.542277 74.316527
42 Groundwater GW 42 2019-04-11 31.542584 74.310198
43 Groundwater GW 43 2019-04-11 31.540829 74.312108
44 Groundwater GW 44 2019-04-11 31.539101 74.308773
45 Groundwater GW 45 2019-04-11 31.528935 74.302545
46 Groundwater GW 46 2019-04-12 31.595731 74.438635
47 Groundwater GW 47 2019-04-12 31.607203 74.419019
48 Groundwater GW 48 2019-04-12 31.589102 74.388268
49 Groundwater GW 49 2019-04-12 31.599955 74.394215
50 Groundwater GW 50 2019-04-12 31.597626 74.392458
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S# Water Source Site ID Sampling Date  Longitude Latitude
51 Canals CW1 2019-03-15 31.717698 74.470085
52 Canals CW?2 2019-03-15 31.706321 74.469876
53 Canals CW3 2019-03-15 31.69356 74.473823
54 Canals CW4 2019-03-15 31.68443 74.479119
55 Canals CW5 2019-03-15 31.6761 74.482788
56 Canals CW 6 2019-03-15 31.670934 74.483568
57 Canals CW7 2019-03-15 31.658322 74.486015
58 Canals CW 38 2019-03-15 31.648579 74.487416
59 Canals CW?9 2019-03-15 31.638448 74.484913
60 Canals CW 10 2019-03-15 31.627665 74.490828
61 Canals CW11 2019-03-15 31.615653 74.492868
62 Canals CW 12 2019-03-15 31.596634 74.496478
63 Canals CW 13 2019-03-15 31.589814 74.501075
64 Canals CW 14 2019-03-15 31.578266 74.502713
65 Canals CW 15 2019-03-15 31.569242 74.501047
66 Canals CW 16 2019-03-15 31.561355 74.501389
67 Canals CW 17 2019-03-15 31.552219 74.501991
68 Canals CW 18 2019-03-15 31.543443 74.502417
69 Canals CW 19 2019-03-15 31.532122 74.503255
70 Canals CW 20 2019-03-15 31.513248 74.5043
71 Canals Cw 21 2019-03-15 31.50143 74.504893
72 Canals CWw 22 2019-03-15 31.480744 74.506033
73 Canals CW 23 2019-03-15 31.44645 74.504706
74 Canals CW 24 2019-03-15 31.430048 74.505415
75 Canals CW 25 2019-03-15 31.405093 74.507788
76 Canals CW 26 2019-03-17 31.586262 74.498747
77 Canals CW 27 2019-03-17 31.58314 74.482957
78 Canals CW 28 2019-03-17 31.58181 74.476478
79 Canals CW 29 2019-03-17 31.579693 74.466413
80 Canals CW 30 2019-03-17 31.57763 74.456733
81 Canals CW 31 2019-03-17 31.575551 74.446502
82 Canals CW 32 2019-03-17 31.573849 74.437783
83 Canals CW 33 2019-03-17 31.571163 74.4246
84 Canals CW 34 2019-03-17 31.568701 74.412512
85 Canals CW 35 2019-03-17 31.565944 74.398507
86 Canals CW 36 2019-03-18 31.564002 74.389121
87 Canals CW 37 2019-03-18 31.561435 74.376585
88 Canals CW 38 2019-03-18 31.555357 74.361287
89 Canals CW 39 2019-03-18 31.546619 74.35191
90 Canals CW 40 2019-03-18 31.537574 74.343371
91 Canals CW 41 2019-03-27 31.528321 74.333472
92 Canals CW 42 2019-03-27 31.519902 74.32677
93 Canals CW 43 2019-03-27 31.510956 74.318356
94 Canals CW 44 2019-03-27 31.502718 74.310605
95 Canals CW 45 2019-03-27 31.492886 74.301022
96 Canals CW 46 2019-03-28 31.484044 74.288154
97 Canals CW 47 2019-03-28 31.477641 74.271549
98 Canals CW 48 2019-03-28 31.47467 74.257499
99 Canals CW 49 2019-03-28 31.473499 74.252102
100 Canals CW 50 2019-03-28 31471553 74.243411
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S# Water Source Site ID Sampling Date  Longitude Latitude
101 River Ravi RW 1 2019-04-07 31.606715 74.295778
102 River Ravi RW 2 2019-04-07 31.607078 74.294592
103 River Ravi RW 3 2019-04-07 31.604989 74.294453
104 River Ravi RW 4 2019-04-07 31.605273 74.293026
105 River Ravi RW 5 2019-04-07 31.602031 74.291878
106 River Ravi RW 6 2019-04-07 31.602483 74.290301
107 River Ravi RW 7 2019-04-07 31.600665 74.291057
108 River Ravi RW 8 2019-04-07 31.601396 74.289507
109 River Ravi RW 9 2019-04-07 31.598586 74.288287
110 River Ravi RW 10 2019-04-07 31.599267 74.286217
111 River Ravi RW 11 2019-04-07 31.596841 74.286286
112 River Ravi RW 12 2019-04-07 31.597608 74.283686
113 River Ravi RW 13 2019-04-07 31.59541 74.284117
114 River Ravi RW 14 2019-04-07 31.596486 74.281792
115 River Ravi RW 15 2019-04-07 31.593538 74.281715
116 River Ravi RW 16 2019-04-07 31.594828 74.279108
117 River Ravi RW 17 2019-04-07 31.591305 74.279421
118 River Ravi RW 18 2019-04-07 31.591769 74.275769
119 River Ravi RW 19 2019-04-07 31.587476 74.275648
120 River Ravi RW 20 2019-04-07 31.587803 74.271592
121 River Ravi RW 21 2019-04-07 31.583139 74.273803
122 River Ravi RW 22 2019-04-07 31.583714 74.269903
123 River Ravi RW 23 2019-04-07 31.578942 74.270950
124 River Ravi RW 24 2019-04-07 31.579797 74.267522
125 River Ravi RW 25 2019-04-07 31.574714 74.269486
126 River Ravi RW 26 2019-04-07 31.575747 74.264239
127 River Ravi RW 27 2019-04-07 31.570683 74.268086
128 River Ravi RW 28 2019-04-07 31.573344 74.261817
129 River Ravi RW 29 2019-04-07 31.567758 74.264897
130 River Ravi RW 30 2019-04-07 31.570111 74.259097
131 River Ravi RW 31 2019-04-07 31.607497 74.296587
132 River Ravi RW 32 2019-04-07 31.607933 74.294947
133 River Ravi RW 33 2019-04-07 31.60849 74.297739
134 River Ravi RW 34 2019-04-07 31.608975 74.295539
135 River Ravi RW 35 2019-04-07 31.60966 74.29931
136 River Ravi RW 36 2019-04-15 31.610419 74.296667
137 River Ravi RW 37 2019-04-15 31.611229 74.301956
138 River Ravi RW 38 2019-04-15 31.612572 74.299967
139 River Ravi RW 39 2019-04-15 31.611900 74.304694
140 River Ravi RW 40 2019-04-15 31.613731 74.302076
141 River Ravi RW 41 2019-04-15 31.613125 74.307156
142 River Ravi RW 42 2019-04-15 31.614461 74.303139
143 River Ravi RW 43 2019-04-15 31.637964 74.343381
144 River Ravi RW 44 2019-04-15 31.639675 74.338486
145 River Ravi RW 45 2019-04-15 31.666211 74.372119
146 River Ravi RW 46 2019-04-15 31.669289 74.378625
147 River Ravi RW 47 2019-04-15 31.698364 74.436214
148 River Ravi RW 48 2019-04-15 31.699886 74.434936
149 River Ravi RW 49 2019-04-15 31.718231 74.463003
150 River Ravi RW 50 2019-04-15 31.720481 74.458878
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S# Water Source Site ID Sampling Date  Longitude Latitude
151 Drains DW1 2019-04-20 31.549447 74.389819
152 Drains DW 2 2019-04-20 31.549304 74.408894
153 Drains DW 3 2019-04-20 31.551423 74.382216
154 Drains DW 4 2019-04-20 31.551464 74.374427
155 Drains DW 5 2019-04-20 31.549478 74.370402
156 Drains DW 6 2019-04-20 31.546933 74.362733
157 Drains DW 7 2019-04-20 31.540079 74.35432
158 Drains DW 8 2019-04-20 31.533095 74.343631
159 Drains DW 9 2019-04-22 31.535762 74.337984
160 Drains DW 10 2019-04-22 31.538459 74.325625
161 Drains DW 11 2019-04-22 31.546683 74.295603
162 Drains DW 12 2019-04-22 31.547047 74.291382
163 Drains DW 13 2019-04-22 31.543217 74.285050
164 Drains DW 14 2019-04-22 31.544029 74.268022
165 Drains DW 15 2019-04-22 31.538474 74.26712
166 Drains DW 16 2019-04-22 31.535653 74.26561
167 Drains DW 17 2019-04-22 31.528471 74.258979
168 Drains DW 18 2019-04-22 31.520486 74.255387
169 Drains DW 19 2019-04-22 31.5145538 74.250316
170 Drains DW 20 2019-04-22 31.511134 74.247548
171 Drains DW 21 2019-04-29 31.490877 74.589231
172 Drains DW 22 2019-04-29 31.477289 74.594928
173 Drains DW 23 2019-04-29 31.46996 74.578457
174 Drains DW 24 2019-04-29 31.453566 74.566736
175 Drains DW 25 2019-04-29 31.443804 74.551167
176 Drains DW 26 2019-04-29 31.443494 74.535117
177 Drains DW 27 2019-04-29 31.439951 74.524545
178 Drains DW 28 2019-04-29 31.444746 74.504961
179 Drains DW 29 2019-04-29 31.437702 74.477915
180 Drains DW 30 2019-04-29 31.421466 74.45092
181 Drains Dw 31 2019-04-29 31.402513 74.412414
182 Drains DW 32 2019-04-29 31.400137 74.394
183 Drains DW 33 2019-04-29 31.398405 74.377451
184 Drains DW 34 2019-04-29 31.39321 74.358356
185 Drains DW 35 2019-04-29 31.391152 74.33133
186 Drains DW 36 2019-04-30 31.392173 74.323166
187 Drains DW 37 2019-04-30 31.392582 74.3163869
188 Drains DW 38 2019-04-30 31.391865 74.310308
189 Drains DW 39 2019-04-30 31.389355 74.308285
190 Drains DW 40 2019-04-30 31.386226 74.306476
191 Drains DW 41 2019-04-30 31.494189 74.373786
192 Drains DW 42 2019-04-30 31.487247 74.367306
193 Drains DW 43 2019-04-30 31.473989 74.340046
194 Drains DW 44 2019-04-30 31.459942 74.315574
195 Drains DW 45 2019-04-30 31.456394 74.313828
196 Drains DW 46 2019-04-30 31.452103 74.307963
197 Drains DW 47 2019-04-30 31.445701 74.303555
198 Drains DW 48 2019-04-30 31.437845 74.29769
199 Drains DW 49 2019-04-30 31.434655 74.290087
200 Drains DW 50 2019-04-30 31.431849 74.276807
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Table S2: Physicochemical properties of the water samples collected from groundwater, canals, river Ravi, drains, and respective National Environmental
Quality Standards.

Parameter GW Cw RW DW NEQS
arameters —Min_Max Mean+SD _ Min — Max Mean £ SD Min — Max Mean + SD Min — Max Mean + SD mg/L
pH 7.2-9.9 7.8+04 7.7-8.8 8.1+0.3 7.1-8.1 79+0.2 7.5-8.7 8.0+£0.2 6.5-8.5

Temperature  26.1 —-36.9 31.5+25 19.6-24.2 21.9+11 22.4-30.9 26.2+2.3 27.3-32.8 30.2+14 -
TDS (mg/L) 126 -598 300.4+101.3 375-470 420.5+21.8 500 — 760 614.1 +54.7 924 - 1750 1355+ 209.6 3500
EC (us/cm) 222 -1439 732.7+297.0 592-1824 876.3 + 322 889 — 8485 1702 £ 1029  1135-2952 1922 + 615.4 <400us/cm

Ca* 2.0-64 31.5+15.7 26 —52 37.1+47 42 - 146 103.1+24.2 64 — 208 133.4+34.0 75
Mg?* 2.4-252 9.1+51 4.8-19.2 9.7+3.6 3.6 -46.8 23.5+123 4.8 -51.6 204 +9.1 50
Na* 20.7 - 236 98.0 +49.1 59.8 — 338 136. £65.7  43.7-285.2 182. £66.9  62.1-524.4  250. +150.4
HCOs 67.1-433 209.2+89.7 189.1-439 308.7+70.2 250.1-805 608.4+138.2 317.2-927.2 718.6+152.4 -
Cr 3.1-63 23.5+14.0 3.1-135 46.9 +31.5 6-123 63.4 +36.7 15-690 280.2 +188.1 1000
SO~ 4.8 -312 76.2 +65.9 0-446.4 131.4 +106.9 0—-475.2 1418 +111.2 0-820.8 270.1 + 261.8 600
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Table S3: Parameters used for the calculation of Chronic Daily Intake (CDI) through oral and
dermal exposures are enlisted in the table. Values are presented with units and references.

Parameters Value Unit Reference
Body Weight (BW) Female 66 Kg USEPA [1]
Body Weight (BW) Male 78 Kg USEPA [1]
Body Weight (BW) Child 32.7 Kg Khan, Israili [2]
Water Intake Rate (IR) Child 1 L/day ATSDR [3]
Water Intake Rate (IR) Child 2 L/day ATSDR [3]
Skin surface area (SA) Female 16450 cm? ATSDR [3]
Skin surface area (SA) Male 18450 cm? ATSDR [3]
Exposure Rate (ER) 1 - ATSDR [3]
Exposure Time (ET) Dermal Adult 0.58 hour/day  Naz, Mishra [4]
Exposure Time (ET) Dermal Child 1 hour/day  Naz, Mishra [4]
Conversion Factor (CF) 0.001 1/cm®  ATSDR [3]
Permeability coefficient (P)

Cu 1x10°

Cr 2x10° - USEPA [1]

Ni 2x10%

Pb 1x10*
Reference Dose (RfD) Oral

Cu 40

Cr 3 pg/kg/day ATSDR [3]

Ni 20

Pb 1.4
Reference Dose (RfD) Dermal

Cu 12

Cr 0.015 pg/kg/day ATSDR [3]

Ni 5.4

Pb 0.42
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Table S4: Reference values of ECso/LCso (1g/L) for algae, fish and crustaceans used for the
calculation of Toxic Units (TU).

Metal LCso/ECso Species Author Median LCso/ECso
Algae
245 Green algae Closterium [5]
342 Chlorella vulgaris [6]
Cu 710 Pseudokirchneriella subcapitata [7] 342
3200 Chlorella vulgaris [8]
11550 Pseudokirchneriella subcapitata [7]
17.4 Pseudokirchneriella subcapitata [9]
65600 Chlorella vulgaris [8]
Cr 357 Desmodesmus subspicatus [10] 78600
85900 Scenedesmus subspicatus [11]
78600 Scenedesmus subspicatus [11]
2480 Phaeodactylum tricornutum [12]
121 Desmodesmus subspicatus [10]
Ni 21.4 Chlorella vulgaris [13] 121
6.9 Pseudokirchneriella subcapitata [13]
32280 Chlorella vulgaris [14]
2600 Tetraselmis chuii [15]
23,330 Chlorella vulgaris [13]
Pb 20,821 Pseudokirchneriella subcapitata [13] 4,760
877 Ulva pertusa (Chlorophyta) [16]
4760 Scenedesmus sp [17]
Crustaceans
117 Daphnia magna [6]
3200 Daphnia magna [18]
Cu 790 Daphnia magna [19] 117
15 Moina macrocopa [6]
52 Daphnia magna [20]
268 Mesocyclops pehpeiensis [21]
310 Daphnia magna [22]
Cr 11960 Daphnia magna [20] 310
86700 Daphnia magna [11]
310 Daphnia magna [22]
410 Mesocyclops pehpeiensis [21]
171 Amphibalanus amphitrite [23]
Ni 8.6 Amphibalanus amphitrite [23] 290.5
19 700 Stenocypris major (ostracod [24]
8060 Macrobrachium lanchesteri [24]
1080 Daphnia magna [25]
5770 Daphnia magna [26]
Pb 174 Daphnia magna [20] 694.6
694.6 Daphnia magna [27]
440 Daphnia magna [28]
Fish
280 Pimephales promelas [29]
100 Oncorhynchus tshawytscha [30]
Cu 90 Cynopoecilus melanotaenia [31] 178
354 Danio rerio [13]
178 Danio rerio 13
16,880 Poecilia reticulata 13
7,800 Poecilia reticulata [13]
Cr 34000 Etroplus suratensis [32] 16880
15,780 Danio rerio [13]
22,340 Danio rerio 13
11800 Gambusia affinis 33
265,600 Atherinops affinis [34]
Ni 33,000 Danio rerio [35] 33000
30,330 Danio rerio [13]
51,870 Poecilia reticulata [13]
3290 Mugil cephalus [26]
290 Zebrafish. [36]
Pb 384 Sparus aurata L. [37] 3290
18,950 Danio rerio [13]
16,150 Poecilia reticulata [13]
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Table S5: Descriptive summary of the metal concentration (ug/L) in water bodies.

DW WHO NEQS
Metals
(nglL) Min—Max Mean+SD Min—-Max Mean+SD Min-Max Mean+SD Min—Max Mean+SD  ug/L ug/L
Cu 17.9+252 4101650 795+387.5 0- 2910 1360 + 549 0-3960 2048 +1036 2000 1000
Cr 26.2 +23 0-832 311 +230.9 0-990 238 + 314 0-1990 970 +613.6 50 1000
Ni 13.8 +23.8 0-890 477.9 + 295 0-720 214 + 228 31789 783 + 383 20 -
Pb 18.6 +30.1 0-9.2 45+2.01 41-98 31.5+34.2 0-980 564 + 208 10 500
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Table S6: Hazard quotients and Health Risk Index: Oral Hazard Quotients (HQora) and Oral Health Index (HR o) are presented only for groundwater samples,
as other water resources are not commonly used for drinking. Dermal Hazard Quotient (HQgermar) and Dermal Health Index (HRIgermar) are presented for all water
samples collected from grounderwater, canals, river and drains. Data is presented in the form of minimum (Min), maximum (Max), average (Mean) and standard
deviation.

Ground Water Canal Water River Water Drain Water
Metal  Population Min — Max Mean = SD Min — Max Mean = SD Min — Max Mean = SD Min — Max Mean £ SD
Oral Hazard Quotient (HQoral)
Child 0-0.09 0.013+0.01 - - - - - -
Cu Male 0-0.08 0.010+0.01 - - - - - -
Female 0-0.09 0.013+£0.01 - - - - - -
Child 0-1.09 0.260+0.23 - - - - - -
Cr Male 0-0.83 0.220+0.19 - - - - - -
Female 0-1.09 0.260+£0.23 - - - - - -
Child 0-0.15 0.020+£0.03 - - - - - -
Ni Male 0-0.12 0.010+0.03 - - - - - -
Female 0-0.14 0.020 £ 0.03 - - - - - -
Child 0-214 0.407 +£ 0.65 - - - - - -
Pb Male 0-1.79 0.340+0.54 - - - - - -
Female 0-212 0.400 + 0.64 - - - - - -
Dermal Hazard Quotient (HQdermar)
Child 0-0.003 0.0004 + 0.0006 0-0.0400 0.02+0.01 0-0.07 0.03+0.01 0-0.10 0.05+0.02
Cu Male 0-0.002 0.0003 + 0.0006 0-0.0300 0.01+0.01 0-0.05 0.02+0.01 0-0.07 0.04 £ 0.02
Female 0-0.002 0.0003 + 0.0005 0-0.0300 0.01+0.01 0-0.06 0.02+0.01 0-0.08 0.042 +£0.02
Child 0-4.28 1.1493 + 0.9981 0-36.300 13.6+9.9 0-432 104+ 136 0-87 42.4+26.5
Cr Male 0-3.09 0.829 £0.71 0-26.200 9.81+7.21 0-31.2 75+9.81 0-62.7 30.5+19.1
Female 0-3.256 0.8736 £ 0.75 0-27.600 10.3+7.59 0-329 7.9+10.30 0-66.1 32.2+20.1
Child 0-0.0009 0.0001 + 0.0002 0-0.0090 0.005 + 0.003 0-0.008 0.002 £ 0.002 0-0.02 0.009 + 0.004
Ni Male 0-0.0008 0.0001 + 0.0002 0-0.0070 0.004 £ 0.002 0-0.006 0.001 £ 0.001 0-0.01 0.006 + 0.003
Female 0-0.0009 0.0001 + 0.0002 0-0.0080 0.004 £ 0.002 0-0.006 0.001 £ 0.002 0-0.01 0.007 £ 0.003
Child 0-0.007 0.0015 + 0.0023 0-0.0007 0.0003 + 0.0001 0-0.007 0.002 £ 0.002 0-0.07 0.04 £ 0.016
Pb Male 0-0.005 0.0012 + 0.0016 0-0.0005 0.0002 + 0.0001 0-0.005 0.001 £ 0.001 0-0.05 0.03+0.01
Female 0-0.005 0.0011 +0.0017 0 — 00005 0.0002 + 0.0001 0-0.005 0.001 + 0.002 0-0.05 0.03+0.01
Oral Health Index (HRIoral)
Child 0.01-2.25 0.71+0.68 - - - - - -
Male 0.01-1.89 0.59 + 0.57 - - - - - -
Female 0.01-2.23 0.70 £ 0.67 - - - - - -
Dermal Health Index (HRIgermar)
Child 0-4.28 1.1+£0.99 0.01-36.4 13.63+ 10 0-43.32 104+ 13.6 0.05-87.13 425+ 26.5
Male 0-3.09 0.83+0.71 0-26.27 9.83+7.21 0-3124 75+9.81 0.03-62.84 30.6+19.1
Female 0-3.25 0.87+0.75 0-27.68 10.35+7.6 0-32.92 7.95+10.3 0.04 - 66.21 32.3+20.2
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Table S7: Ecological risk of metal contamination based on the toxic unit (TU) is presented for three trophic levels: algae, fish and crustaceans. Toxic Units
(TU) are given for each metal, and for the total toxicity of all metals detected at each site (TUsum). For illustration purposes, log-transformation was performed.

Ground Water Canal Water River Water Drain Water
Reference Toxic Unit (logTU)
Organism  Metal Min - Max Mean + SD Min — Max Mean + SD Min — Max Mean + SD Min—-Max  Mean+ SD
Cu ND to —-0.42 -12+-1.174 0.07-0.68 0.36 £0.04 ND to 0.92 0.59+0.2 ND to 1.06 0.77+0.47
Algae Cr ND to —2.67 -3.40 £ -3.58 ND to 1.970 241+ -2.11 ND to 1.89 —2.54+-244 ND to 1.05 -1.94+-2.14
Ni ND to —0.069 -0.91+-0.75 ND to 0.840 0.571+0.32 ND to 0.77 0.24 £0.27 -0.62-1.16 0.81+0.491
Pb ND to-1.56 —2.49+-2.29 ND to-2.750 -3.075+-3.31 -3.09t0-1.6 -2.19+-214 ND to —0.68 -0.96+-1.3
Cu ND to 0.03 -0.81+ -0.67 054-1.14 0.83+0.51 ND to 1.390 1.06 + 0.66 ND to 1.520 1.24+0.94
Crustacean Cr ND to-0.53 -1+-1.160 ND to 0.420 0.001 +-0.13 ND to 0.560 -0.12+£0.001 ND to 0.80 0.49+0.29
Ni ND to—0.43 -1.39+-1.08 ND to 0.481 0.24 £0.003 ND to 0.390 -0.13+-0.10 -0.95-0.78 0.43+0.11
Pb ND to —0.86 -1.48+-1.28 ND to- 1.79 -2.1+-2.46 —2.2410-0.76 -1.36+-1.31 ND to 0.141 -0.09+-0.54
Cu ND to 0.15 -0.95+-0.85 0.36 —0.900 0.65 £ 0.337 ND to 1.210 0.82+0.48 ND to 1.38 1.069 £0.79
Fish Cr ND to -2.23 -2.80+-2.86 ND to -1.36 -1.79 +-1.802 ND to -1.230 -1.87+-1.79 ND to -0.98 -1.20+-14
Ni ND to —2.52 -3.32+-3.19 ND to —-1.52 -1.83+-2.60 ND to -1.610 -2.18+-2.17 -359t0-1.8 -1.67+-1.99
Pb ND to -1.52 -2.21+-2.00 ND to —-2.51 -2.82+-3.28 —2.96t0-1.98 -2.08 £ -1.95 ND to 0.500 -0.76 £ -1.23
Sum of Toxic Units (ogTUsum)
Algae —2.04 t0 —-0.045 -0.09+0.40 0.15t0 1.07 0.73+0.21 -0.29t0 1.03 0.68 £ 0.32 0.1t01.30 1.0+£0.20
Crustacean -191t00.171 -0.69+0.43 0.57to1.22 0.93+0.10 —0.34t01.45 -05+141 -1.1t01.35 0.92+0.44
Fish -3.81t00.10 -1.60+0.42 0.36 to 0.96 0.61+0.18 —2.42t01.25 0.64 +0.80 -1.2t02.0 1.5+0.54
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Table S8: Risk Quotients: Risk Quotients (RQ) and sum of the Risk Quotients (RQsum) are presented for all water samples collected from grounder
water, canals, river and drains. Data is presented in the form of minimum (Min), maximum (Max), average (Mean) and standard deviation.

Ground Water Canal Water River Water Drain Water
Heavy Metals Min—-Max MeanzSD Min—-Max MeanzSD Min-Max Mean+zSD Min- Max Mean + SD
Risk Quotient for each metal (RQ)
Cu 0-1538 22+3.1 51.8-208.8 100.6 +48.5 0-368 172.2+68.8 0-501.2 259.3+129.8
Cr 0-2838 7.7+6.7 0-244.7 91.5+67.2 0-291 70.1+£915 0-585.2 285.3+178.6
Ni 0-24.6 3.4+34 0-2225 119+ 1194 0-180 53.6 +53.6 7.5-447.2 195.6 £ 195.6
Pb 0-81.6 19.8 +24.8 0-76 1.30 £1.6 3.4-81.6 26 +28.2 0-816.6 121 +171.6

Sum of the Risk Quotients (RQsum)

0.8—-87.9 29+278 70.9-6374 315+ 140

23.3-759  322+158.3 347 - 1905

1210.1 £ 373.9
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Figure S1: Principal component analysis of heavy metals: Each vector in the plot represents
a variable, and the direction and length of the vector indicate the contribution and correlation

of each variable to the top two principal components.

S13



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

USEPA. US Environmental Protection Agency, Civil Enforcement Information Resources. 2011
[cited 2023 March 01]; Available from:
http://www.epa.gov/compliance/resources/cases/civil/caa/ethanol/index.html.

Khan, R., et al., Heavy metal pollution assessment in surface water bodies and its suitability for
irrigation around the Neyevli lignite mines and associated industrial complex, Tamil Nadu, India.
2005. 24: p. 155-161.

ATSDR. Agency for Toxic Substances and Disease Registry (2005 [cited 2023 March 01];
Available from: https://wwwn.cdc.gov/T SP/index.aspx.

Naz, A., B.K. Mishra, S.K.J.E. Gupta, and Health, Human health risk assessment of chromium
in drinking water: a case study of Sukinda chromite mine, Odisha, India. 2016. 8: p. 253-264.
Wang, H., V. Ebenezer, and J.-S.J.J.0.M. Ki, Photosynthetic and biochemical responses of the
freshwater green algae Closterium ehrenbergii Meneghini (Conjugatophyceae) exposed to the
metal coppers and its implication for toxicity testing. 2018. 56(6): p. 426-434.
Arambawatta-Lekamge, S.H., A. Pathiratne, I.VV.N.J.E. Rathnayake, and E. Safety, Sensitivity of
freshwater organisms to cadmium and copper at tropical temperature exposures: Derivation of
tropical freshwater ecotoxicity thresholds using species sensitivity distribution analysis. 2021.
211: p. 111891.

Aruoja, V., H.-C. Dubourguier, K. Kasemets, and A.J.S.o.t.t.e. Kahru, Toxicity of nanoparticles
of CuO, ZnO and TiO2 to microalgae Pseudokirchneriella subcapitata. 2009. 407(4): p. 1461-
1468.

Hussain, F., et al., Rapid assessment of heavy metal-induced toxicity in water using micro-algal
bioassay based on photosynthetic oxygen evolution. 2021. 26(6).

Vignati, D.A., et al., Chromium (VI) is more toxic than chromium (I11) to freshwater algae: a
paradigm to revise? 2010. 73(5): p. 743-749.

Buckovd, M., et al., Study of bioaccumulation of Cr, Ni and Zn by the green alga Desmodesmus
subspicatus and assessment of the toxic effect of selected elements and their mixtures on algae
cells. 2023: p. 1-16.

Bosnir, J., et al., Effects of magnesium, chromium, iron and zinc from food supplements on
selected aquatic organisms. 2013. 37(3): p. 965-971.

Guo, R., et al, Toxic effect of nickel on microalgae Phaeodactylum tricornutum
(Bacillariophyceae). 2022: p. 1-15.

de Paiva Magalhdes, D., et al., Selecting a sensitive battery of bioassays to detect toxic effects of
metals in effluents. 2014. 110: p. 73-81.

Gong, N., et al., Biotoxicity of nickel oxide nanoparticles and bio-remediation by microalgae
Chlorella vulgaris. 2011. 83(4): p. 510-516.

Debelius, B., et al., Toxicity and bioaccumulation of copper and lead in five marine microalgae.
2009. 72(5): p. 1503-1513.

Han, T. and G.-W.J.A.t. Choi, A novel marine algal toxicity bioassay based on sporulation
inhibition in the green macroalga Ulva pertusa (Chlorophyta). 2005. 75(3): p. 202-212.

Pham, T.-L., et al., Lipid production combined with removal and bioaccumulation of Pb by
Scenedesmus sp. Green Alga. 2020. 29(2): p. 1785-1791.

Heinlaan, M., et al., Toxicity of nanosized and bulk ZnO, CuO and TiO2 to bacteria Vibrio
fischeri and crustaceans Daphnia magna and Thamnocephalus platyurus. 2008. 71(7): p. 1308-
1316.

Zhao, C.-M. and W.-X.J.N. Wang, Importance of surface coatings and soluble silver in silver
nanoparticles toxicity to Daphnia magna. 2012. 6(4): p. 361-370.

Blinova, I.J.E.-T.A.lJ., Use of freshwater algae and duckweeds for phytotoxicity testing. 2004.
19(4): p. 425-428.

Wong, C., A.J.B.o.e.c. Pak, and toxicology, Acute and subchronic toxicity of the heavy metals
copper, chromium, nickel, and zinc, individually and in mixture, to the freshwater copepod
Mesocyclops pehpeiensis. 2004. 73(1): p. 190-196.

S14


http://www.epa.gov/compliance/resources/cases/civil/caa/ethanol/index.html
https://wwwn.cdc.gov/TSP/index.aspx

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kungolos, A., et al. Toxic properties of cyanide, chromium and organotin compounds and their
interactions on Daphnia magna. in Proceedings of the International Conference on
Environmental Science and Technology. 2003.

Gissi, F., et al., Assessing the chronic toxicity of nickel to a tropical marine gastropod and two
crustaceans. 2018. 159: p. 284-292.

Binet, M.T., et al., Toxicity of nickel to tropical freshwater and sediment biota: A critical
literature review and gap analysis. 2018. 37(2): p. 293-317.

Santos-Medrano, G.E., R.J.T.J.o.F. Rico-Martinez, and A. Sciences, Acute sensitivity
comparison among daphnia magna straus, 1820 daphnia pulex leydig, 1860 and simocephalus
vetulus muller, 1776, exposed to nine toxicants. 2019. 19(7): p. 615-623.

Karthikeyan, P., et al., Prescribing sea water quality criteria for arsenic, cadmium and lead
through species sensitivity distribution. 2021. 208: p. 111612.

Kim, H., et al., Acute toxicity and antioxidant responses in the water flea Daphnia magna to
xenobiotics (cadmium, lead, mercury, bisphenol A, and 4-nonylphenol). 2017. 9: p. 41-49.
Altyndag, A., M.B. Ergondl, S. Yigit, and O.J.A.J.0.B. Baykan, The acute toxicity of lead nitrate
on Daphnia magna Straus. 2008. 7(23).

Lewis, S.S. and S.J.J.E. Keller, Identification of copper-responsive genes in an early life stage of
the fathead minnow Pimephales promelas. 2009. 18(3): p. 281-292.

Okamura, H., T. Watanabe, 1. Aoyama, and M.J.C. Hasobe, Toxicity evaluation of new
antifouling compounds using suspension-cultured fish cells. 2002. 46(7): p. 945-951.

Arenzon, A, et al., Assessment of the freshwater annual fish Cynopoecilus melanotaenia as a
toxicity test organism using three reference substances. 2003. 22(9): p. 2188-2190.

Taju, G., S.A. Majeed, K. Nambi, and A.S.J.C. Hameed, Application of fish cell lines for
evaluating the chromium induced cytotoxicity, genotoxicity and oxidative stress. 2017. 184: p. 1-
12.

Sharma, S., et al., Exploring fish bioassay of textile dye wastewaters and their selected
constituents in terms of mortality and erythrocyte disorders. 2009. 83(1): p. 29-34.

Hunt, J.W., et al., Acute and chronic toxicity of nickel to marine organisms: implications for
water quality criteria. 2002. 21(11): p. 2423-2430.

Boran, H., S.J.A.o.e.c. Saffak, and toxicology, Comparison of dissolved nickel and nickel
nanoparticles toxicity in larval zebrafish in terms of gene expression and DNA damage. 2018.
74: p. 193-202.

Chen, J., et al., Developmental lead acetate exposure induces embryonic toxicity and memory
deficit in adult zebrafish. 2012. 34(6): p. 581-586.

Morcillo, P., M.A. Esteban, and A.J.C. Cuesta, Heavy metals produce toxicity, oxidative stress
and apoptosis in the marine teleost fish SAF-1 cell line. 2016. 144: p. 225-233.

S15



	This file contains 15 pages including 8 tables and 1 figure Table of contents
	Table S1 to S7 S2
	Table S1: Detail of sampling locations with respect to water resource, site ID, sampling date and coordinates.
	Table S3: Parameters used for the calculation of Chronic Daily Intake (CDI) through oral and dermal exposures are enlisted in the table. Values are presented with units and references.
	Table S5: Descriptive summary of the metal concentration (µg/L) in water bodies.

	References

