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Table S1. Physical, chemical, and geographic information for wells sampled in Jianghan Plain, Yangtze 
River basin, China 

Sample 
ID 

Latitude 
(Decimal 
Degrees) 

Longitude 
(Decimal 
Degrees) 

Mn 
(ppb) 

Fe 
(ppb) 

As 
(ppb) 

Temperature 
(°C) 

SEC 
(µS/cm) 

ORP 
(mV) pH Depth 

(m) 
Installation	  

Year	  

g001 30.3973 112.9203 4234 1966 6.3 19.9 1096 -31.6 7.11 8 2013	  

g002 30.3979 112.9199 4473 556 0.8 20.8 935 -5.8 7.02 8 2012	  

g003 30.3960 112.9209 1059 23940 145.8 18.7 982 -144.9 7.06 8 -‐	  

g004 30.3961 112.9214 3995 465.4 1.8 19.6 1000 4.5 6.96 15 2009	  

g005 30.3943 112.9242 2798 136.3 <0.1 20.3 831 16.5 6.98 7 2012	  

g006 30.3975 112.9342 811.8 7676 26.3 20.5 839 -89.5 6.75 36 2013	  

g007 30.3958 112.9276 876.5 10060 56.6 20.7 883 -105.6 6.80 31 2012	  

g008 30.4340 112.9040 382.4 17250 20.2 21.3 1056 -111.9 6.55 27 2003	  

g009 30.4335 112.9046 238.4 13890 18.0 20.6 875 -109.3 6.64 18 2006	  

g010 30.4316 112.9051 3409 141.2 2.8 23.8 1493 -12.5 7.25 7 2003	  

g011 30.4273 112.9096 465.1 12660 14.9 22.7 807 -113.3 6.81 - 2013	  

g012 30.4270 112.9213 91.97 8173.0 103 19.9 885 -90.6 6.88 23 2005	  

g013 30.4286 112.9205 190.8 14680 25.5 20.0 821 -128.7 6.89 26 2003	  

g014 30.4285 112.9201 221 14590 26.4 20.6 857 -125.2 6.85 24 2003	  

g015 30.4285 112.9195 245.1 14530 32.4 19.8 858 -115.6 6.79 18 2003	  

g016 30.4331 112.9211 4406 27.2 0.2 19.0 1089 45.3 7.03 - -‐	  

g017 30.5281 112.7040 1205 10930 139.8 20.1 1090 -139.8 7.14 7 2006	  

g018 30.5348 112.7121 1349 582.5 7.7 19.8 657 -64.1 7.25 25 1993	  

g019 30.5350 112.7131 1741 3342 32.0 19.7 968 -84.4 7.03 25 2003	  

g020 30.5353 112.7132 1476 1437 42.8 20.4 1270 65.2 6.88 16 1993	  

g021 30.5356 112.7135 3173 36.5 0.1 20.8 997 -63.6 6.98 12 2009	  

g022 30.5360 112.7144 3440 175.7 0.3 19.6 963 -11.1 7.00 12 2009	  

g023 30.5268 112.6930 426.4 40700 180.4 21.0 1544 -138.4 6.79 - -‐	  

g024 30.5268 112.6927 189.4 28170 193.8 21.2 1101 -140.1 6.89 - -‐	  

g025 30.5015 112.7713 935.6 16010 48.1 20.5 1009 -124.0 6.90 - 2011	  

g026 30.5012 112.7744 483.7 15610 58.2 20.2 974 -121.4 6.75 33 2011	  

g027 29.5767 113.0143 1645 2110 20.8 20.5 1019 -84.7 7.12 16 2012	  

g028 29.5768 113.0140 1474 481.7 3.6 20.4 1007 -47.2 7.13 24 2008	  

g029 29.5772 113.0148 1347 170.2 0.1 20.0 976 -20.5 7.16 20 2008	  

g030 29.5766 113.0150 1464 233.7 0.6 19.4 1026 -32.8 7.15 10 2012	  

g031 29.5767 113.0147 1467 355.1 1.4 20.2 1020 -41.6 7.14 10 2008	  

g032 29.5766 113.0151 1394 28.1 <0.1 19.8 1046 39.6 7.13 10 2011	  

g033 29.5770 113.0156 1541 2110.0 30.7 19.6 1016 -97.7 7.18 18 1999	  

g034 29.5772 113.0153 1610 234.2 1.2 21.9 980 -38.4 7.17 17 1996	  

g035 29.5772 113.0158 1598 2082 8.3 19.7 917 -92.6 7.12 12 2003	  

g036 29.5770 113.0159 1522 2009 23.4 19.9 911 -91.3 7.13 13 2001	  
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g037 29.5770 113.0166 1165 158.7 0.3 19.6 874 -15.6 7.09 14 1998	  

g038 29.5764 113.0173 804.1 14810 83.7 19.9 910 -137.2 7.00 10 2009	  

g039 29.5764 113.0177 717.6 11620 104 19.6 838 -143.1 7.05 9 2003	  

g040 29.5770 113.0178 765.1 17910 283.7 19.8 944 -150.7 7.16 12 1999	  

g041 29.5761 113.0195 1754 23.4 0.4 20.4 874 62.1 7.00 6 1993	  

g042 29.5760 113.0197 1787 13.0 <0.1 20.1 1042 57.8 7.03 6 2011	  

g043 29.5766 113.0201 1311 16.5 <0.1 20.5 1068 52.4 6.89 6 1998	  

g044 29.5764 113.0204 1530 13.5 <0.1 18.8 684 76.5 6.96 - 2003	  

g045 29.5763 113.0212 538.3 233.4 2.5 19.8 657 -37.6 7.06 4 2006	  

g046 29.5763 113.0215 348.6 6.2 <0.1 20.1 606 24.5 7.20 4 2008	  

g047 29.5765 113.0214 1166 22.2 <0.1 20.8 1210 90.6 6.86 4 2007	  

g048 29.5766 113.0208 847.7 38.3 <0.1 20.0 1058 55.2 6.96 4 2001	  

g049 29.5760 113.0212 462.1 26.2 <0.1 20.2 787 46.3 7.02 4 1999	  

g050 29.5759 113.0213 538.4 27.1 <0.1 20.3 947 264.1 6.95 6 2005	  

g051 29.5763 113.0224 541.7 936.1 2.2 21.2 658 -83.9 7.21 8 1983	  

g052 29.5761 113.0226 159.7 34.8 <0.1 21.8 650 86.2 7.18 - -‐	  

g053 29.5763 113.0226 748.9 12.2 <0.1 20.8 917 114.0 7.04 8 -‐	  

g054 29.5763 113.0233 570.3 53.3 <0.1 19.7 1634 85.1 6.83 30 2012	  

g055 29.5759 113.0242 952.4 17.2 <0.1 21.3 1344 118.1 6.87 8 2008	  

g056 29.5755 113.0238 685.6 20.8 <0.1 20.4 908 104.2 7.01 6 2011	  

g057 29.5754 113.0266 811.7 51.6 <0.1 19.5 929 87.5 6.97 12 2009	  

g058 29.5755 113.0269 548.1 18.0 <0.1 19.4 902 126.8 7.05 - -‐	  

g059 29.5750 113.0267 811.9 34.4 <0.1 21.2 982 116.1 7.13 6 2003	  

g060 29.5750 113.0281 1030 32.5 <0.1 21.2 1350 134.4 6.98 14 2006	  

g061 29.5748 113.0281 873 50.7 <0.1 20.3 919 90.2 7.12 - 2003	  

g062 29.5745 113.0283 2239 676.7 <0.1 19.9 1156 8.7 6.99 10 2003	  

g063 29.5750 113.0284 1562 47.8 <0.1 20.4 1136 75.5 7.24 10 2001	  

g064 29.5744 113.0300 1229 197.9 <0.1 20.2 970 26.0 7.11 6 2011	  

g065 29.5746 113.0297 913 28.4 <0.1 19.9 1056 163.7 6.94 10 2000	  

g066 29.5748 113.0299 1163 30.3 <0.1 21.1 1142 146.4 7.11 13 1989	  

g067 29.5748 113.0304 996.1 1103 12.3 19.9 815 -46.8 7.18 10 2003	  

g068 29.5750 113.0302 1243 37.7 <0.1 20.2 1023 120.9 7.05 12 1990	  

g069 29.5756 113.0309 1840 41.3 <0.1 21.1 1322 145.3 7.01 9 2001	  

g070 29.5756 113.0308 1012 121.5 <0.1 21.0 1241 50.5 6.99 12 2000	  

g071 29.5757 113.0311 1677 49.8 <0.1 20.1 1115 124.3 7.01 9 2003	  

g072 29.5755 113.0312 641.6 74.4 <0.1 21.6 994 123.8 7.59 10 1999	  

g073 29.5756 113.0316 1295 253.5 <0.1 20.8 1098 19.0 7.02 8 1998	  

g074 29.5753 113.0319 1428 679.1 8.0 21.0 1033 -34.2 7.10 8 1997	  

g075 29.5753 113.0320 14.37 41.9 <0.1 20.7 1603 133.7 6.86 - -‐	  

g076 29.5743 113.0322 1699 3274 27.9 20.6 908 -70.4 7.06 7 1993	  
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g077 29.5745 113.0315 849.9 17020 88.3 21.0 963 -145.8 7.14 4 2003	  

g078 29.5743 113.0325 951.1 965.7 2.7 20.5 910 -35.4 7.08 10 2007	  

g079 29.5747 113.0322 1922 1903.0 8.8 19.7 936 -87.1 7.11 8 2011	  

g080 29.5739 113.0321 229.2 41.7 <0.1 19.3 957 127.6 6.95 5 2009	  

g081 29.5743 113.0328 1558 49.8 <0.1 20.4 1360 130.7 6.96 5 1996	  

g082 29.5747 113.0364 142.5 96.6 <0.1 22.1 1295 72.5 6.75 4 2003	  

g083 29.5746 113.0367 193.5 63.2 <0.1 21.0 1244 128.3 6.98 8 1993	  

g084 29.5746 113.0368 65.08 64.2 <0.1 22.4 1493 101.1 6.89 4 2005	  

g085 29.5747 113.0378 1357 716.2 3.2 21.7 960 -21.1 6.99 4 2013	  

g086 29.5744 113.0405 871.5 244.5 <0.1 20.5 1042 31.0 6.87 9 2003	  

g087 29.5743 113.0409 3697 260.3 <0.1 21.1 1236 50.2 6.75 6 2010	  

g088 29.5743 113.0411 1566 821 0.1 20.2 828 -26.4 7.01 10 2009	  

g089 29.5742 113.0423 2162 996.2 14.0 21.0 934 -37.4 7.01 - -‐	  

g090 29.5742 113.0427 1423 1175 16.1 21.2 813 -66.8 7.18 9 2005	  

g091 29.5375 113.0157 707.9 80 <0.1 20.7 777 138.1 7.18 12.5 2009	  

g092 29.5378 113.0160 549.7 159.1 <0.1 21.2 822 34.5 7.20 20 2007	  

g093 29.5369 113.0165 572.3 14.7 <0.1 20.8 730 56.1 7.22 10 1993	  

g094 29.5371 113.0167 879.2 6.4 <0.1 21.2 790 99.0 7.25 13 1997	  

g095 29.5368 113.0168 265.8 6.8 <0.1 20.5 1284 116.5 6.95 - -‐	  

g096 29.5367 113.0169 725.5 7.9 <0.1 20.8 1467 147.1 6.90 30 1976	  

g097 29.5367 113.0170 296.3 7.9 <0.1 20.4 1118 119.8 6.97 30 1976	  

g098 29.5367 113.0176 658.8 4.3 <0.1 20.4 773 136.5 7.10 - 2006	  

g099 29.5367 113.0181 1005 12.3 <0.1 20.5 849 73.4 7.09 15 2013	  

g100 29.5364 113.0184 1416 17.9 <0.1 20.7 828 43.9 7.09 16 1998	  

g101 29.5360 113.0172 1059 3.8 <0.1 20.7 851 135.3 7.07 8 2005	  

g102 29.5359 113.0173 984.7 111.7 <0.1 20.6 1139 118.1 7.12 12 2008	  

g103 29.5358 113.0175 810.6 27.8 <0.1 20.4 952 66.4 7.24 14 2003	  

g104 29.5353 113.0185 623.9 7.4 <0.1 24.2 911 120.5 7.25 14 2010	  

g105 29.5351 113.0186 585.4 4.8 <0.1 20.8 975 150.9 7.11 22 1985	  

g106 29.5349 113.0184 706.2 12.7 <0.1 21.0 897 67.9 7.15 18 2010	  

g107 29.5356 113.0184 170.8 5.5 <0.1 21.3 1066 135.1 7.01 10 2007	  

g108 29.5346 113.0188 831.2 5.4 <0.1 21.6 1141 82.3 6.95 8 2004	  

g109 29.5338 113.0193 754.3 5.7 <0.1 22.0 968 85.6 7.02 10 1993	  

g110 29.5331 113.0199 1024 7.9 <0.1 20.9 1073 68.2 7.11 18 2011	  

g111 29.5329 113.0203 469.1 3.6 <0.1 20.8 937 79.3 7.18 17 2012	  

g112 29.5325 113.0211 1075 174.8 <0.1 20.9 1006 -13.9 7.12 13 2005	  

g113 29.5324 113.0209 1023 148.5 <0.1 21.2 961 -20.0 7.14 12 2009	  

g114 29.5326 113.0266 898.6 10.8 <0.1 26.1 812 122.2 7.01 12 2012	  

g115 29.5331 113.0273 1280 200.9 <0.1 21.5 829 -5.4 6.97 10 2003	  

g116 29.5328 113.0276 706 50.6 <0.1 28.3 845 31.5 7.01 10 2003	  
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g117 29.5331 113.0270 1245 559.2 <0.1 21.9 772 -30.0 6.98 12 2003	  

g118 29.5332 113.0264 174.4 12.0 <0.1 20.7 894 103.8 6.94 10 2003	  

g119 29.5333 113.0261 848 143.4 <0.1 20.9 774 75.3 7.03 20 2008	  

g120 29.5334 113.0259 1032 299 <0.1 21.0 763 -25.2 7.02 15 2009	  

g121 29.5336 113.0259 1097 34.5 <0.1 19.8 762 27.1 7.14 10 2007	  

g122 29.5342 113.0251 85.03 56.6 <0.1 23.5 942 45.6 6.88 13 2010	  

g123 29.5341 113.0253 47.48 6.8 <0.1 21.2 1011 143.3 6.98 11 2003	  

g124 29.5343 113.0251 4.445 68.8 <0.1 21.3 777 35.5 6.97 15 2007	  

g125 29.5340 113.0242 674.6 9.2 0.1 20.1 967 146.5 7.01 16 2007	  

g126 29.5343 113.0241 810.7 127.1 0.6 20.4 758 8.0 7.03 13 2013	  

g127 29.5347 113.0238 1143 9.6 <0.1 21.2 775 94.2 7.04 10 2005	  

g128 29.5346 113.0239 1345 83.0 <0.1 21.4 778 19.5 7.04 13 2003	  

g129 29.5345 113.0225 1014 25.6 <0.1 20.6 1176 78.4 7.09 13 2003	  

g130 29.5349 113.0220 1707 12.1 <0.1 20.4 817 120.6 7.06 12 2005	  

g131 29.5350 113.0216 804.5 30.3 0.6 19.8 781 70.4 7.07 12 2003	  

g132 29.5348 113.0215 802.4 24.0 <0.1 20.3 806 60.8 7.06 14 2007	  

g133 29.5352 113.0214 616.2 95.8 <0.1 20.9 769 40.3 7.10 13 2003	  

g134 29.5354 113.0201 1001 76.6 <0.1 20.1 846 62.1 7.00 10 2003	  

g135 29.5659 112.9345 475.7 20630 425.9 20.1 977 -153.1 7.07 25 2003	  

g136 29.5627 112.9351 467.8 29400 325.8 20.8 963 -49.3 7.00 30 2003	  

g137 29.5621 112.9357 237.6 20700 200.0 19.9 873 -128.7 6.87 25 2010	  

g138 29.5593 112.9303 2462 4326 25.2 26.7 867 -96.1 6.98 6 2010	  

g139 29.5575 112.9334 203.9 20520 419.3 20.5 980 -140.9 6.90 24 2003	  

g140 29.5572 112.9339 345.6 47.9 1.3 23.0 1758 40.2 6.83 4 2003	  

g141 29.5552 112.9343 816 26.1 2.2 23.2 1168 61.0 7.07 4 2006	  

g142 29.5550 112.9345 323.6 67.1 8.2 21.3 991 3.0 7.24 5 2008	  

g143 29.5537 112.9363 9.837 6.5 0.3 28.7 622 54.9 7.13 12 2009	  

g144 29.5917 112.9280 465.1 24.5 3.0 21.0 1179 80.9 6.96 15 2003	  

g145 29.5913 112.9283 58.07 14.9 0.2 20.5 801 62.7 7.07 8 2003	  

g146 29.5923 112.9281 553.8 16.5 <0.1 20.2 1050 94.2 6.99 10 2010	  

g147 29.5931 112.9283 449.7 14.3 0.3 21.0 814 100.0 7.17 7 2010	  

g148 29.5933 112.9282 63.15 11.9 0.6 19.3 951 107.4 7.12 7 2008	  

g149 29.5934 112.9279 2168 18.4 0.4 21.6 1712 121.5 6.82 7 2009	  

g150 29.5936 112.9281 1285 25.3 0.9 20.5 1553 100.3 6.90 6 1998	  

g151 29.5936 112.9280 2263 43.5 0.5 20.7 1294 90.1 6.93 4 1998	  

g152 29.5939 112.9280 1324 27.8 0.2 19.4 1385 103.7 6.89 6 2001	  

g153 29.5941 112.9283 216.7 31.6 0.4 20.1 1605 91.5 6.88 6 2005	  

g154 29.5940 112.9284 874.1 16.1 1.2 20.6 1080 66.7 7.09 7 1998	  

g155 29.5945 112.9281 427.8 25.0 0.6 20.2 1399 80.4 6.80 6 2003	  

g156 29.5951 112.9285 102.7 25.9 1.2 20.9 1429 79.8 6.89 6 2003	  
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g157 29.5954 112.9282 67.26 35.1 1.8 20.4 1913 80.2 6.87 8 2003	  

g158 29.5958 112.9281 230.8 266.2 1.1 20.4 1996 6.0 7.03 6 2009	  

g159 29.5964 112.9284 1556 62.0 0.9 20.1 1459 52.5 6.89 6 1998	  

g160 29.5962 112.9284 32.01 12.4 2.3 19.7 1412 106.8 7.11 6 1998	  

g161 29.5972 112.9284 332.1 86.2 0.6 20.7 1515 51.7 6.87 6 2005	  

g162 29.5975 112.9286 222.7 10.5 1.3 19.8 1085 95.2 7.10 7 2003	  

g163 29.5978 112.9283 73.69 18.1 1.2 21.3 1911 124.8 6.91 7 2005	  

g164 29.5981 112.9283 2098 4226 5.6 20.6 2076 -100.4 6.83 7 2010	  

g165 29.5985 112.9282 761.5 20.8 2.2 21.5 2048 35.1 7.06 6 2009	  

g166 29.5986 112.9283 790.9 28.3 1.0 21.1 1914 89.1 6.80 7 2003	  

g167 29.5992 112.9283 1097 22.2 1.5 20.3 1519 75.9 6.99 7 2009	  

g168 29.5994 112.9283 123 23.7 1.0 21.6 1947 86.3 6.75 4 2003	  

g169 29.5995 112.9286 1114 33.6 1.3 20.7 1556 118.8 6.90 9 2006	  

g170 29.6000 112.9283 633.3 31.8 2.2 21.3 2.35 82.4 6.90 6 2003	  

g171 29.6003 112.9286 2534 13030 465.3 21.0 977 -169.3 7.28 20 2011	  

g172 29.6008 112.9282 2652 21910 45.2 20.7 1940 -134.1 6.94 8 2005	  

g173 29.6026 112.9282 504.7 27.7 1.3 24.0 1569 64.5 6.92 5 2003	  

g174 29.6045 112.9284 922.4 24.4 0.6 21.1 1380 84.6 6.78 5 2006	  

g175 29.6048 112.9285 429 67.6 1.0 23.5 1208 6.8 7.28 7 2008	  

g176 29.6054 112.9286 589.4 19.0 1.0 23.0 1683 121.6 6.86 - 2001	  

g177 29.6056 112.9287 545.9 25.0 0.9 22.3 1661 103.3 6.86 5 2008	  

g178 29.6063 112.9286 537.4 14.1 1.6 25.0 1344 103.9 6.98 10 2007	  

g179 29.5398 113.1324 1714 270.0 8.2 28.0 1000 -154.3 7.21 4 2009	  

g180 29.5408 113.1329 153.7 20440 309 21.2 1034 -140.5 6.86 21 2003	  

g181 29.5409 113.1308 277.2 128.0 4.7 23.4 1177 -25.2 7.19 7 2011	  

g182 29.5425 113.1292 368.4 45.1 2.3 24.7 845 18.8 7.29 7 2009	  

g183 29.5464 113.1299 382.8 14320 367.3 21.7 1042 -157.8 7.12 30 2013	  

g184 29.5424 113.1282 219.8 75.0 5.1 24.0 1049 14.5 7.07 9 2011	  

g185 29.5437 113.1286 413.3 35.3 1.7 22.0 1492 14.2 7.13 6 2010	  

g186 29.5437 113.1285 341.7 58.2 10.3 23.8 1444 12.5 7.28 5 2008	  

g187 29.5432 113.1283 297.7 95.4 7.7 24.8 1323 7.0 7.17 9 2010	  

g188 29.5445 113.1291 153.7 22310 261.6 21.7 1219 -138.0 6.82 10 2005	  

g189 29.5450 113.1302 117.5 20920 271.6 20.8 1223 -135.4 6.83 7 2003	  

g190 29.5455 113.1299 293.9 29.7 1.9 22.9 1512 -18.4 7.23 4 1993	  

g191 29.5461 113.1325 115.6 31.6 2.0 21.2 1040 26.4 7.01 5 2006	  

g192 29.5463 113.1329 186 9533 291.0 20.2 1011 -148.5 7.21 30 2013	  

g193 29.5459 113.1324 13 49.2 2.4 23.1 1101 23.8 7.16 4 1997	  

g194 29.5430 113.1358 978.7 29.1 3.6 25.4 799 56.9 7.05 4 2012	  

g195 29.5336 113.1224 233.9 10520 40.5 22.2 1001 -137.0 6.94 18 2013	  

g196 29.5447 113.1239 1448 142.7 8.6 23.8 806 -15.7 7.16 5 2012	  
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g197 29.5446 113.1239 265.7 80.8 <0.1 22.8 1632 84.6 6.77 5 2011	  

g198 29.5438 113.1231 688.6 30030 143.1 21.7 1498 -153.1 6.90 - 2009	  

g199 29.5437 113.1228 888.5 20740 139.8 20.4 1697 -132.4 6.87 11 2006	  

g200 29.5436 113.1228 278.7 14320 84.6 21.1 132 -124.2 6.85 15 2003	  

g201 29.5434 113.1223 265.2 13920 60.0 21.5 1403 -117.6 6.90 - 2006	  

g202 29.6760 112.9981 699.7 11650 56.3 25.4 1031 -115.3 6.94 5 2008	  

g203 29.6763 112.9983 551.6 2184 7.3 26.9 1025 -63.7 6.90 5 2008	  

g204 29.6765 112.9986 350.1 59.3 1.0 27.5 1418 72.2 6.90 7 2010	  

g205 29.6763 112.9982 707.3 703.8 3.2 26.9 1180 -47.3 6.98 4 2008	  

g206 29.6764 112.9980 460.2 32.1 0.1 28.7 1450 36.1 6.95 4 2006	  

g207 29.6766 112.9973 100.5 24.4 0.6 24.3 1069 125.8 7.00 4 2006	  

g208 29.6767 112.9974 437 871.1 4.3 24.8 987 -45.8 6.92 3.5 2010	  

g209 29.6763 112.9976 31.31 83.3 1.0 23.9 1210 43.2 7.15 4 2010	  

g210 29.6761 112.9974 681.9 332 3.6 27.8 820 -56.3 7.14 4 2003	  

g211 29.6767 112.9969 154 227.8 0.7 22.8 1098 -4.3 6.92 4 2010	  

g212 29.6770 112.9965 42.75 18.7 0.8 25.7 750 52.8 7.28 3.2 2008	  

g213 29.6768 112.9968 447 67 0.3 24.5 1993 94.6 6.96 5 2012	  

g214 29.6770 112.9964 323.5 34.2 <0.1 23.5 1343 58.5 6.95 4 2007	  

g215 29.6771 112.9962 13.35 24.7 0.2 23.3 1569 104.2 6.90 3 2008	  

g216 29.6765 112.9963 333.2 7164 45.9 23.7 931 -110.1 6.88 4 2008	  

g217 29.6771 112.9949 263.5 211.6 0.7 25.2 1048 -27.5 7.27 5 2012	  

g218 29.6767 112.9953 193.4 27.6 0.1 26.8 889 26.4 7.09 6 2009	  

g219 29.6771 112.9955 303.4 19.4 0.4 23.3 951 53.0 7.05 6 2009	  

g220 29.6769 112.9956 208.3 33.5 6.0 25.9 1173 69.0 7.17 5 2008	  

g221 29.6767 112.9948 639.1 114.1 1.8 26.5 1227 26.4 6.97 - 1993	  

g222 29.6760 112.9947 7.265 28 41.3 32.4 945 18.8 7.55 50 2008	  

g223 29.6784 112.9937 967.5 4532 4.0 22.6 1385 -99.5 6.92 - -‐	  

g224 29.6780 112.9933 326.8 47.9 0.3 23.9 1310 22.4 7.07 5 2008	  

g225 29.6783 112.9935 2898 3930 11.1 25.8 1631 -84.6 6.94 4 2006	  

g226 29.6782 112.9934 116.3 71.0 <0.1 27.7 1456 31.2 6.99 5 2006	  

g227 29.6781 112.9935 191.6 56.1 0.3 24.1 1495 59.1 6.84 5 2012	  

g228 29.6774 112.9930 856.2 34.8 <0.1 21.6 1626 78.7 6.98 4 2003	  

g229 29.6781 112.9931 1542 108.7 0.3 22.5 1719 33.0 6.95 6 2010	  

g230 29.6774 112.9930 101.3 32.7 0.2 21.4 1302 30.0 7.13 4 2009	  

g231 29.6775 112.9921 377.8 257.8 0.7 22.7 1639 -5.5 6.98 4.8 2010	  

g232 29.6769 112.9923 736.9 39.0 <0.1 21.4 1522 56.6 7.16 5 2012	  

g233 29.6790 112.9945 241.2 28.4 0.4 30.6 1887 102.7 6.95 6 2010	  

g234 29.6791 112.9949 338.3 27.9 0.3 26.9 1419 61.8 7.40 6 2008	  

g235 29.6790 112.9951 451.5 26.5 0.5 31.9 1315 63.4 7.20 6 2009	  

g236 29.6791 112.9950 1233 192.8 0.6 23.5 1246 -18.7 7.03 6 2012	  
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g237 29.6787 112.9945 293.1 31.8 <0.1 26.5 1358 71.5 7.03 7 2011	  

g238 29.6786 112.9947 103.5 24.5 0.4 28.7 1443 89.8 6.96 4 2010	  

g239 29.7456 113.1096 141.1 50.3 6.0 21.2 269 18.8 7.31 4 2010	  

g240 29.7467 113.1086 153.5 52.3 0.5 20.5 1909 78.0 6.92 4.8 2010	  

g241 29.7467 113.1082 651 21.5 1.1 23.1 2067 95.9 7.05 4.5 2003	  

g242 29.7462 113.1090 36.01 29.1 1.5 21.1 1926 46.4 7.14 4 2006	  

g243 29.7467 113.1089 86.47 15.3 2.6 20.8 1573 74.1 6.98 6.4 2008	  

g244 29.7470 113.1093 117.2 4.3 1.8 20.4 2082 88.2 6.89 7 1993	  

g245 29.7473 113.1102 1470 1866 45.8 23.4 994 -141.5 7.37 4 2010	  

g246 29.7415 113.1123 442.3 34.7 1.5 21.5 1893 38.0 7.21 4.5 2005	  

g247 29.7416 113.1119 870.7 7.1 0.7 23.4 1413 58.1 7.10 5 2006	  

g248 29.7416 113.1119 306.7 <0.3 3.9 25.9 1724 61.6 7.05 3 2004	  

g249 29.7414 113.1130 122.5 1.4 1.4 21.9 1887 87.4 6.96 5 2006	  

g250 29.7411 113.1141 1.457 <0.3 5.2 27.4 1102 43.6 7.24 5 2009	  

g251 29.7410 113.1145 449.9 <0.3 1.0 26.2 1455 54.7 7.06 5.6 2010	  

g252 29.7418 113.1156 30.78 1.0 1.2 25.7 973 64.9 7.10 8 2003	  

g253 29.7408 113.1163 1809 3.6 1.3 25.2 1447 73.4 6.99 3 2003	  

g254 29.7407 113.1163 2.778 5.5 1.5 26.4 791 33.7 7.63 3 2007	  

g255 29.7410 113.1167 26.13 0.4 0.3 24.9 843 74.1 7.17 3 2008	  

g256 29.7406 113.1165 942.6 <0.3 0.8 22.6 1409 82.7 7.01 4 -‐	  

g257 29.7927 113.0346 12.84 41.8 6.8 22.7 431 37.0 7.44 20 1998	  

g258 29.7930 113.0392 32.24 1681 39.4 20.4 895 -109.4 7.28 20 2011	  

g259 29.7934 113.0404 27.38 1510 29.4 20.2 872 -103.9 7.26 40 2010	  

g260 29.7929 113.0418 39.53 1285 52.1 20.3 807 -104.3 7.19 25 2003	  

g261 29.7930 113.0432 33.63 1514 55.3 21.1 793 -11.5 7.34 40 1993	  

g262 29.7911 113.0411 36.98 1283 88.3 20.1 830 -96.3 7.24 30 1993	  

g263 29.7909 113.0411 32.01 1542 80.4 20.2 825 -110.5 7.29 30 1993	  

g264 29.7893 113.0406 49.1 1208 67.6 20.0 835 -95.9 7.21 60 2011	  

g265 29.7897 113.0401 51.81 1253 75.4 20.4 846 -100.7 7.22 30 1993	  

g266 29.7896 113.0403 52.96 1265 75.8 20.7 850 -100.5 7.22 28 2003	  

g267 29.7893 113.0405 50.99 1264 72.2 20.5 845 -101.6 7.23 - 1997	  

g268 29.7920 113.0331 59.14 1976 34.8 20.5 944 -108.5 7.16 45 2008	  

g269 29.7864 113.0329 79.8 1671 50.7 20.6 902 -94.8 7.12 30 1993	  

g270 29.7867 113.0330 151.8 1765 79.7 19.9 948 -96.1 7.11 35 1993	  

g271 29.7851 113.0296 82.5 1364 26.8 19.7 783 -100.5 7.25 - -‐	  
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Pb#(μg/L) Cu#(μg/L) Zn#(μg/L) Cd#(μg/L)

Mean 0.1 0.6 4.9 0.03
Median 0.1 0.4 0 0.01

Standard1Deviation 0.1 1 13.6 0.06
Maximum1value 0.7 12.5 162.7 0.614
Minimum1value 0 0 0 0

Duplicate1Std.1Dev. 0.1 0.1 2.4 0.1

Table1S2.1Concentrations1of1select1metals1in1groundwater1from1
Yangtze1River11sampling1sites.

Country As*(μg/L) Mn*(μg/L)
China 10 100

Bangladesh 50 100

Cambodia 50 100

USA 10 50*

WHO9guideline9value9(2011) 10 400**

*EPA9Secondary9drinking9water9standard

Table9S3.9National9drinking9water9standards9and9guidelines.

**WHO9Guidelines9for9drinking9water9Quality,9Third9edition9

(2008)



	   S10	  

	  
	   	  

Region Mn As

GBM*River*basin
Fe 0.21*(<10616) 0.41*(<10616)
Mn 6 0.020*(0.2)

Yangtze*River*basin
Fe 0.11*(0.04) 0.64*(<10616)
Mn 6 60.19*(0.99)*

Mekong*River*basin
Fe 0.15*(<10616) 0.244*(<10616)
Mn 6 60.00248*(0.604)

Glacial*Aquifer
Fe 0.52*(<10616) 0.43*(<10616)
Mn 6 0.41*(<10616)

*Setting*HA*as*negative*association*leads*to*probability*value*of*

0.0008.

Table*S4.*Spearman*correlation*coefficients*(rs)*and*signficance*

testing*(p6value*in*parentheses)*for*Fe,*Mn,*and*As*well*water*

concentrations.*Alternative*hypothesis*(HA)*is*a*positive*association*

between*two*elements.
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Wilcoxon	  rank-‐sum	  tests	  
	  
Figures	   S1:	  Wilcoxon	   rank-‐sum	   analysis	   was	   used	   to	   determine	   if	   the	   peak	   of	   As	   contaminated	   wells	  
occurred	  at	  significantly	  deeper	  depths	  than	  Mn	  contaminated	  wells	  for	  each	  study	  region.	  The	  following	  
four	  figures	  show	  the	  frequency	  of	  contaminated	  wells	  as	  a	  function	  of	  5-‐m	  or	  10-‐m	  depth	  intervals;	  these	  
data	   were	   used	   to	   calculate	   p-‐value	   of	   the	   Wilcoxon	   rank-‐sum	   test.	   The	   result	   demonstrate	   that	   As	  
contaminated	  wells	  were	   significantly	  deeper	   than	  Mn	   for	  China,	  Cambodia,	   and	  USA	  when	   taking	   into	  
account	  wells	  from	  0	  –	  60	  m	  depth,	  and	  significant	  for	  all	  four	  regions	  when	  all	  depths	  were	  included	  for	  
Bangladesh	  (0	  to	  350	  m).	  Results	  were	  also	  significant	  when	  all	  depths	  were	   included	  in	  the	  analysis	  for	  
wells	  within	  the	  Glacial	  Aquifer	  (0	  to	  150	  m).	  
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Figure	  S1	  continued:	  
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Figure	  S2.	  Scatterplots	  of	  arsenic	  and	  iron	  concentrations	  in	  well	  water	  within	  four	  regions.	  A	  positive	  
relationship	  between	  As	  and	  Fe	  concentrations	  can	  be	  seen	  in	  all	  locations	  demonstrating	  the	  important	  
role	  of	  Fe	  reductive	  dissolution	  in	  As	  mobilization	  within	  these	  aquifers.	  Spearman	  rank	  correlation	  
coefficients	  for	  each	  plot	  is	  provided	  in	  Table	  S4.	  	  
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Figure	  S3.	  Scatterplots	  of	  manganese	  and	  iron	  concentrations	  in	  well	  water	  within	  four	  regions.	  A	  weak	  
relationship	  is	  found	  between	  Mn	  and	  Fe	  concentrations	  in	  all	  regions	  except	  Glacial	  Aquifer	  were	  a	  
stronger	  correlation	  occurs.	  Spearman	  rank	  correlation	  coefficients	  for	  each	  plot	  is	  provided	  in	  Table	  S4.	  	  	  	  
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Kernel	  estimation	  methodology	  
	  
This	  section	  provides	  a	  detailed	  description	  of	  kernel	  estimation	  method	  used	  to	  calculate	  the	  
fraction	   of	   contaminated	   wells	   in	   Figure	   1.	   For	   demonstration	   purposes,	   we	   use	   fAs	   as	   an	  
example	  and	  fMn	  and	  fAsMn	  can	  be	  calculated	  similarly.	  Denote	  the	  total	  number	  of	  wells	  by	  𝑛,	  
and	  the	  depth	  and	  the	  As	  measurement	  of	  the	  𝑖th	  well	  (𝑖 = 1,… , 𝑛)	  by	  𝐷!   and  𝐴! ,	  respectively.	  
Given	  a	  certain	  depth	  h,	  a	  crude	  estimate	  of	  fAs	  can	  be	  obtained	  by:	  
	  
	  

fAs h =
𝐼{𝐷! ∈ ℎ − 𝑑, ℎ + 𝑑   and  𝐴! > 10}!

!!!
𝐼 𝐷! ∈ ℎ − 𝑑, ℎ + 𝑑!

!!!
	  

	  
	  

where	  d	  is	  some	  small	  value	  compared	  to	  h,	  𝐼{𝑢}	  is	  the	  indicator	  function	  that	  equal	  1	  when	  u	  is	  
true	  and	  0	  otherwise.	  The	  above	  estimator	   is	   the	  proportion	  of	  wells	  at	  depth	  between	  ℎ − 𝑑	  
and	  ℎ + 𝑑	  that	  are	  contaminated	  with	  As.	  It	  is	  easy	  to	  see	  this	  crude	  estimate	  is	  not	  smooth.	  To	  
obtain	  a	  smooth	  function,	  we	  applied	  the	  kernel	  smoothing	  method.	  More	  specifically,	  	  
	  
	  

fAs h =
𝐾 ℎ − 𝐷!

𝑏
!
!!! 𝐼{𝐴! > 10}

𝐾 ℎ − 𝐷!
𝑏

!
!!!

	  

	  
	  
where	  K(u)	  is	  the	  kernel	  function	  and	  b	  is	  the	  bin	  width.	  In	  our	  calculation,	  we	  used	  the	  Gaussian	  
kernel	   function	   for	  K(u),	   and	  b	  was	   selected	   adaptively	   based	   on	   the	   adaptive	   kernel	   density	  
estimation	  method.	  This	  adaptive	  method	  chooses	  larger	  bin	  widths	  for	  regions	  where	  the	  data	  
are	   sparse	   and	   smaller	   bin	  widths	   for	   regions	  where	   the	  data	   are	   dense.	   The	   following	   is	   our	  
final	  estimate	  for	  fAs,	  
	  
	  	  	  	  	    

fAs h =
𝜑 ℎ − 𝐷!

𝑏𝛿!
!
!!! 𝐼{𝐴! > 10}

𝜑 ℎ − 𝐷!
𝑏𝛿!

!
!!!

	  

	  
where	  𝜑(𝑢)	  is	  the	  density	  function	  of	  the	  standard	  normal	  distribution,	  𝛿! 	  is	  obtained	  by	  
	  

𝛿! =
𝑓 𝐷!

𝑓 𝐷!!
!!!

!

!!!

	  

	  
with	  𝑓 𝑢 	  being	   the	   kernel	   density	   estimator	   of	   the	  distribution	  of	  𝐷!,… ,𝐷!,	   and	  b	   is	   the	  bin	  
width	   used	   in	   the	   kernel	   density	   estimator	  𝑓 𝑢 	  and	   was	   selected	   using	   the	   rule	   of	   thumb	  

𝑏 = 1.06𝜎𝑛!
!
!  	  with	  𝜎	  being	   the	  standard	  deviation	  of	  𝐷!,… ,𝐷!.	  A	  R	  script	   for	  carrying	  out	   the	  

above	  calculation	  is	  available	  in	  the	  supplementary	  file.	  	  
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R	  Codes	  for	  Statistical	  Analyses	  
	  
This	  section	  provides	  two	  R	  scripts	  used	  in	  the	  manuscript	  including	  1)	  adaptive	  kernel	  method	  
used	  to	  calculate	  the	  contaminated	  fractions	  in	  Figure	  1	  and	  2)	  generalized	  additive	  model	  used	  
to	  generate	  the	  red	  trend	  lines	  in	  Figure	  2.	  
	  
1) R	  script	  for	  adaptive	  kernel	  method	  used	  to	  determine	  the	  proportion	  of	  As-‐	  and	  Mn-‐

contaminated	  wells	  at	  various	  depths.	  
	  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~	  
library(MASS)	  
library(stats)	  
library(sm)	  
	  
#############################################################################	  
##	  China	  
#############################################################################	  
data=read.table("China1.txt",header=TRUE)	  
dm=data[,"depthm"]	  
as=data[,"As"]	  
mn=data[,"Mn"]	  
	  
n=dim(data)[1]	  
alpha=0.5	  
h=3	  
d=sm.density(dm,eval.points=dm,h=h)$estimate	  
d.k=(d/(exp(mean(log(d)))))^(-‐alpha)	  
	  
dd=seq(min(dm),max(dm),by=1)	  
prop.as=prop.mn=prop1=rep(0,length(dd))	  
	  
for	  (i	  in	  1:length(dd)){	  
	  prop.as[i]=sum(dnorm((dd[i]-‐dm)/h/d.k)*(as>10))/sum(dnorm((dd[i]-‐dm)/h/d.k))	  	  	  
	  prop.mn[i]=sum(dnorm((dd[i]-‐dm)/h/d.k)*(mn>400))/sum(dnorm((dd[i]-‐dm)/h/d.k))	  	  	  
	  prop1[i]=sum(dnorm((dd[i]-‐dm)/h/d.k)*(mn>400|as>10))/sum(dnorm((dd[i]-‐dm)/h/d.k))	  	  	  
}	  
	  
plot(dd,prop.as,type="l",col=2,lwd=2,ylim=c(0,1),xlab="Groundwater	  Extraction	  Depth	  (m)",ylab="Fraction	  of	  
wells	  contaminated")	  
points(dd,prop.mn,type="l",col=4,lwd=2)	  
points(dd,prop1,type="l",col=6,lwd=2)	  
legend("topleft",	  c("As","Mn","Either"),lty=1:1,col=c(2,4,6),lwd=2)	  
	  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~	  
	  
	  
2) R	  code	  for	  generating	  non-‐parametric	  generalized	  additive	  model	  curves	  for	  visualizing	  data	  

trends	  in	  Figure	  2.	  
	  
	  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~	  
library(MASS)	  
library(stats)	  
library(sm)	  
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library(mgcv)	  
set.seed(1111)	  
	  	  
data=read.table("China1.txt",header=TRUE)	  
as=data[,"As"]	  
eh=data[,"Eh"]	  
	  	  
as[as==0]=runif(sum(as==0),0,1)	  
	  	  
as.t=log(as)	  
as.t.sort=as.t[sort(eh,index.return=TRUE)$ix]	  
eh.sort=sort(eh)	  
plot(eh.sort,as.t.sort)	  
	  	  
my.gam=gam(as.t.sort~s(eh.sort),family=gaussian(link=identity))	  
summary(my.gam)	  
points(eh.sort,my.gam$fitted.values,type="l",col=2)	  
	  	  
result=cbind(eh.sort,as.t.sort,my.gam$fitted.values)	  
colnames(result)=c("Eh","log(As)","log(As).fitted")	  
	  	  
plot(result[,1],result[,2],xlab="Eh",ylab="log(As)")	  
lines(result[,1],result[,3],col=2,lwd=2)	  
	  	  
write.table(result,file="Result_China_As_Eh_May2017.txt",row.names=FALSE)	  
	  


