Table S1. Aquifer environmental variables from 12 representative wells.
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Table S2. Aquifer environmental variables in in uncontaminated wells (UC), low-contaminated wells (LC), mid-contaminated wells (MC), and high-contaminated wells (HC).
	
	UC
	LC
	MC
	HC

	Conductivity (μS/cm)
	242.53±175.75b
	452±183.92b
	1000.8±609.1b
	9830.33±3316.99a

	pH
	6.43±0.94b
	6.62±0.08b
	6.58±0.1b
	4.06±1a

	Redox (mV)
	42.33±151.79ab
	474.33±287.25ab
	32.67±78.01a
	332.67±129.36b

	DO (mg/L)
	1.87±1.65a
	2.06±2.96a
	0.27±0.14a
	0.54±0.55a

	DIC (mg/L)
	34.21±17.03a
	54.29±28.13a
	74.96±20.17a
	60.81±49.77a

	DOC (mg/L)
	15.24±25.38ab
	0.86±0.44a
	1.95±0.37b
	20.56±23.65ab

	O2 (mM)
	0.25±0.12a
	0.5±0.25a
	0.23±0.09a
	0.17±0.06a

	CH4 (mM)
	0.23±0.23a
	0.02±0.02a
	0.02±0.006a
	0

	CO2 (mM)
	12.05±18.25ab
	3.49±1.41b
	4.4±1.57b
	15.06±5.84a

	N2 (mM)
	1.42±0.45ab
	2.48±0.95a
	1.11±0.39ab
	0.69±0.24b

	N2O (mM)
	0.11±0.11a
	0
	0.1±0.1a
	0.88±0.27b

	S2- (mg/L)
	0.026±0.026a
	0.002±0.001a
	0.001±0.001a
	0.002±0.002a

	Cl- (mg/L)
	1.63±0.49c
	12.35±15.65bc
	21.04±4.72b
	238.36±83.1a

	NO3- (mg/L)
	1.36±2b
	1.16±1.87b
	321.03±434.46ab
	5422.55±3285.46a

	PO4- (mg/L)
	ND
	0.08±0.13
	ND
	ND

	SO42- (mg/L)
	7.16±0.91a
	15±5.16a
	49.48±36.62a
	799.51±1101.18a

	NO3_sup (mM)
	ND
	0.02±0.04a
	3.25±5.56a
	38.65±33.63a

	NO2_sup (µM)
	ND
	ND
	19.51±24.26a
	13.61±4.49a

	Ferrous (mg/L)
	0.18±0.28a
	0.33±0.45a
	0.56±0.79a
	1.08±1.07a

	K (mg/L)
	1.3±0.29a
	3.09±1.59ab
	4.8±1.38b
	111.38±95.81ab

	Na (mg/L)
	ND
	ND
	16.35±14.93a
	508.44±315a

	Ca (mg/L)
	41.29±33.12a
	69.19±26.08a
	704.8±995.72a
	5463.17±6075.62a

	Mg (mg/L)
	ND
	ND
	9.96±17.25a
	117.05±81.56a

	Al (mg/L)
	0.01±0.02a
	0.6±1.01a
	1.15±1.99a
	76.27±61.1a

	Ba (mg/L)
	0.07±0.02a
	0.1±0.01a
	0.33±0.26a
	0.82±1.09a

	Ag (mg/L)
	0.005±0.004b
	0.01±0.0007ab
	0.007±0.006ab
	0.018±0.006a

	As (mg/L)
	ND
	0.0006±0.001a
	ND
	0.003±0.005a

	Be (mg/L)
	ND
	0.006±0.01a
	ND
	0.06±0.02b

	Bi (mg/L)
	ND
	0.001±0.005
	ND
	ND

	Cd (mg/L)
	ND
	0.002±0.001a
	0.003±0.006a
	0.142±0.03b

	Co (mg/L)
	ND
	0.01±0.02a
	0.02±0.03a
	0.62±0.55a

	Cr (mg/L)
	ND
	0.004±0.002a
	0.002±0.003a
	0.13±0.22a

	Cs (mg/L)
	ND
	0.003±0.005a
	ND
	0.011±0.01a

	Cu (mg/L)
	ND
	0.014±0.002a
	ND
	0.32±0.42a

	Zn (mg/L)
	0.06±0.01a
	0.06±0.02a
	0.05±0.02a
	0.73±0.47a

	Fe (mg/L)
	0.02±0.04a
	0.76±0.41a
	0.64±1.12a
	1.08±1.84a

	Ga (mg/L)
	ND
	0.005±0.004a
	0.011±0.01a
	0.03±0.02a

	Mn (mg/L)
	0.07±0.11a
	1.58±2.48a
	3.38±5.21a
	95±54.18b

	Li (mg/L)
	ND
	0.02±0.01a
	0.016±0.03a
	0.75±1.04a

	Ni (mg/L)
	ND
	0.051±0.09a
	0.081±0.14a
	4.52±3.15a

	Pb (mg/L)
	ND
	0.0008±0.0007a
	ND
	0.013±0.016a

	Se (mg/L)
	ND
	ND
	ND
	0.012±0.012

	Sr (mg/L)
	0.15±0.04a
	0.10±0.11a
	0.52±0.23a
	1.7±1.52a

	U (mg/L)
	0.07±0.12a
	0.004±0.004b
	0.75±0.7ab
	9.79±6.47ab

	Mo95_sup (µM)
	0.002±0.003a
	0.001±0.0009a
	0.01±0.02a
	0.004±0.007a


aLetters indicate significant differences between groups. Statistical differences between groups were assessed using ANOVA followed by a post hoc test (significant difference level: p < 0.05).ND: Not detected; sup: concentration in the supernatant of each sample.
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Fig. S1. Dispersion analysis of environmental variables based on Euclidean distance. Letters indicate significant differences between groups. Statistical differences between groups were assessed using ANOVA followed by a post hoc test (significant difference level: p < 0.05).
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Fig. S2. Microbial -diversity of 12 groundwater samples calculated by richness.


Table S3. Taxonomic composition of microbial communities at phylum (A) and genus (B) level under different treatments. 
	A.Category at Phylum level
	UC
	LC
	MC
	HC

	
	Avergae relative abundance ± standard deviation (%)

	Gammaproteobacteria
	42.86±19.18a
	27.21±15.73a
	23.45±1.90a
	73.06±22.44a

	Alphaproteobacteria
	12.97±7.44b
	18.39±11.88a
	3.36±0.41cd
	1.25±1.89b

	Verrucomicrobiota
	4.76±3.14b
	3.97±2.44a
	16.29±4.36ab
	4.54±7.74b

	Bacteroidota
	3.22±3.10b
	11.72±6.57a
	5.15±2.62bc
	1.64±1.37b

	Acidobacteriota
	2.20±1.08b
	0.83±0.56b
	6.33±5.11bc
	5.47±7.40b

	WPS-2
	0.22±0.23b
	0.07±0.08b
	0.54±0.74c
	12.45±21.56b

	Nitrospirota
	2.54±2.75b
	6.72±6.98a
	2.57±1.90c
	0.06±0.05b

	Patescibacteria
	3.43±2.01b
	0.41±0.30b
	7.02±4.53bc
	0.31±0.51b

	Bdellovibrionota
	8.39±10.41b
	0.84±1.22b
	0.96±1.01c
	0.00±0.00b

	Myxococcota
	1.13±0.97b
	1.92±2.55b
	5.97±2.90bc
	0.02±0.02b

	Methylomirabilota
	0.70±0.89b
	0.22±0.30b
	7.04±7.13bc
	0.01±0.01b

	Elusimicrobiota
	4.06±2.44b
	0.81±1.10b
	1.58±1.37c
	0.01±0.01b

	Campilobacterota
	6.06±10.32b
	0.00±0.00b
	0.02±0.01c
	0.00±0.00b

	Chloroflexi
	0.46±0.41b
	0.70±0.98b
	4.01±5.90cd
	0.11±0.15b

	DTB120
	0.12±0.18b
	0.04±0.06b
	3.73±5.58cd
	0.12±0.21b

	Actinobacteriota
	0.60±0.51b
	2.04±1.81a
	0.72±0.42c
	0.12±0.08b

	Spirochaetota
	0.09±0.06b
	0.01±0.02b
	2.66±2.62c
	0.14±0.24b

	Crenarchaeota
	0.20±0.05b
	22.93±30.70a
	0.17±0.18c
	0.00±0.00b

	Others
	6.00±2.45 b
	1.16±0.57b
	8.45±3.46bc
	0.69±0.78b



	B.Category at Genus level
	UC
	LC
	MC
	HC

	
	Avergae relative abundance ± standard deviation (%)

	Rhodanobacter
	0.01±0.02c
	0.02±0.03b
	0.86±0.89c
	37.50±35.73a

	Nitrosarchaeum
	0.06±0.03c
	19.18±33.14ab
	0.14±0.20c
	0.00±0.00b

	Candidatus_Omnitrophus
	1.14±1.81c
	3.14±2.60b
	10.05±8.20bc
	3.93±6.72ab

	WPS-2
	0.22±0.23c
	0.07±0.08b
	0.54±0.74c
	12.45±21.56ab

	Sulfuritalea
	1.72±0.99c
	9.85±8.40ab
	0.07±0.12c
	0.00±0.00b

	Sulfurifustis
	0.44±0.56c
	0.10±0.09b
	1.56±1.57bc
	9.51±16.46ab

	Chujaibacter
	0.00±0.00c
	0.00±0.00b
	1.01±1.09c
	7.52±13.03ab

	Reyranella
	0.84±1.08c
	6.25±7.19b
	0.13±0.13c
	0.48±0.82b

	GOUTA6
	0.90±1.19c
	0.18±0.32b
	5.47±1.33bc
	0.40±0.70b

	Candidatus_Methylomirabilis
	0.00±0.00c
	0.03±0.04b
	6.79±7.08bc
	0.01±0.01b

	Nitrospira
	1.24±1.19c
	5.35±5.37b
	0.23±0.31c
	0.00±0.00b

	0319-6G20
	5.93±7.67bc
	0.22±0.35b
	0.58±0.49c
	0.00±0.00b

	bacteriap25
	0.55±0.60c
	0.55±0.86b
	5.50±2.94bc
	0.00±0.00b

	Brevundimonas
	1.51±1.76c
	4.79±5.84b
	0.04±0.07c
	0.00±0.00b

	Sulfuricurvum
	5.90±10.04bc
	0.01±0.01b
	0.00±0.01c
	0.00±0.00b

	Omnitrophales
	0.96±0.60c
	0.28±0.41b
	4.34±5.83bc
	0.00±0.00b

	Sediminibacterium
	1.49±2.21c
	3.45±2.04b
	0.00±0.01c
	0.22±0.38b

	Others
	46.78±4.31a
	34.94±8.97a
	42.62±7.12a
	14.90±14.43ab

	unclassified
	18.24±12.41b
	7.18±4.16b
	8.34±2.45bc
	11.24±5.96ab

	uncultured
	12.08±8.58bc
	4.40±2.60b
	11.71±3.03b
	1.83±1.50b


aLetters indicate significant differences between groups. Statistical differences between groups were assessed using ANOVA followed by a post hoc test (significant difference level: p < 0.05).
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Fig. S3. Differences in assembly-based shotgun metagenomic data between contaminated wells and uncontaminated wells, reflected by response ratios of annotated KEGG pathway.
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Fig. S4. Differences in relative gene abundance for 12 aquifer samples functional community based on response ratio. (A) Carbon degradation genes, (B) Nitrogen cycling genes, (C) Sulfur cycling genes, (D) metal homeostatic genes, (E) stress response genes, (F) organic pollutant degradation genes, and (G) electron transfer genes. All genes presented here are significantly different from those in unpolluted wells, judged by a 95% confidence interval.
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Wells Group Date collected Temperature (°C) Conductivity (μS/cm) pH Redox (mV) DO (mg/L) DIC (mg/L) DOC (mg/L) O2 (mM) CH4 (mM) CO2 (mM) N2 (mM) N2O (mM)
FW300 UC (uncontaminated wells) 10/19/12 15.54 378.9 6.59 -129 0.28 48.13 44.54 0.10807433 0.22647764 33.1300494 1.05008159 0.10752659
FW301 UC (uncontaminated wells) 2/20/13 12.2 44.19 5.42 160 3.58 15.22 0.612 0.27821961 0 1.69008111 1.28639983 0
FW303 UC (uncontaminated wells) 2/20/13 12.86 304.5 7.28 96 1.75 39.28 0.553 0.34983858 0 1.34229631 1.91492532 0
GW199 LC (low-contaminated wells) 1/28/13 14.29 581.6 6.53 305 0.5 85.05 1.335 0.21064826 0.01940102 4.81485022 1.41538696 0
GW715 LC (low-contaminated wells) 2/12/13 14.59 532.9 6.65 806 5.47 47.94 0.793 0.66003212 0 3.63922235 2.78808122 0
GW928 LC (low-contaminated wells) 2/11/13 16.65 241.5 6.69 312 0.21 29.88 0.461 0.63399595 0 2.01502861 3.22780578 0
FW602 MC (mid-contaminated wells) 11/28/12 16.42 1704 6.48 105 0.41 51.73 1.596 0.34135508 0 2.65208064 1.56173504 0.10921723
DP16D MC (mid-contaminated wells) 11/27/12 17.05 661 6.67 -50 0.26 87.91 2.326 0.17148592 0.02049454 5.69403948 0.86748283 0
FW215 MC (mid-contaminated wells) 11/27/12 17.88 637.4 6.6 43 0.13 85.25 1.928 0.16815404 0.01165778 4.85688006 0.89251775 0
FW104 HC (high-contaminated wells) 11/14/12 14.57 13660 5.22 185 1.18 117 6.505 0.10599399 0 19.2740623 0.41279711 1.16009624
FW106 HC (high-contaminated wells) 11/13/12 14.84 7864 3.55 426 0.18 43.18 47.87 0.23114103 0 17.5089723 0.78051959 0.62811082
FW021 HC (high-contaminated wells) 11/27/12 16.41 7967 3.43 387 0.27 22.27 7.298 0.17988036 0 8.3935923 0.86812488 0.87472834










Wells Group Date collectedTemperature (°C)Conductivity (μS/cm) pH Redox (mV)DO (mg/L) DIC (mg/L) DOC (mg/L)O2 (mM) CH4 (mM) CO2 (mM) N2 (mM) N2O (mM)

FW300 UC (uncontaminated wells) 10/19/12 15.54 378.9 6.59 -129 0.28 48.13 44.54 0.10807433 0.22647764 33.1300494 1.05008159 0.10752659

FW301 UC (uncontaminated wells) 2/20/13 12.2 44.19 5.42 160 3.58 15.22 0.612 0.27821961 0 1.69008111 1.28639983 0

FW303 UC (uncontaminated wells) 2/20/13 12.86 304.5 7.28 96 1.75 39.28 0.553 0.34983858 0 1.34229631 1.91492532 0

GW199 LC (low-contaminated wells) 1/28/13 14.29 581.6 6.53 305 0.5 85.05 1.335 0.21064826 0.01940102 4.81485022 1.41538696 0

GW715 LC (low-contaminated wells) 2/12/13 14.59 532.9 6.65 806 5.47 47.94 0.793 0.66003212 0 3.63922235 2.78808122 0

GW928 LC (low-contaminated wells) 2/11/13 16.65 241.5 6.69 312 0.21 29.88 0.461 0.63399595 0 2.01502861 3.22780578 0

FW602 MC (mid-contaminated wells) 11/28/12 16.42 1704 6.48 105 0.41 51.73 1.596 0.34135508 0 2.65208064 1.56173504 0.10921723

DP16D MC (mid-contaminated wells) 11/27/12 17.05 661 6.67 -50 0.26 87.91 2.326 0.17148592 0.02049454 5.69403948 0.86748283 0

FW215 MC (mid-contaminated wells) 11/27/12 17.88 637.4 6.6 43 0.13 85.25 1.928 0.16815404 0.01165778 4.85688006 0.89251775 0

FW104 HC (high-contaminated wells) 11/14/12 14.57 13660 5.22 185 1.18 117 6.505 0.10599399 0 19.2740623 0.41279711 1.16009624

FW106 HC (high-contaminated wells) 11/13/12 14.84 7864 3.55 426 0.18 43.18 47.87 0.23114103 0 17.5089723 0.78051959 0.62811082

FW021 HC (high-contaminated wells) 11/27/12 16.41 7967 3.43 387 0.27 22.27 7.298 0.17988036 0 8.3935923 0.86812488 0.87472834
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Wells Sulfide (mg/L) Cl (mg/L) NO3 (mg/L) PO4 (mg/L) SO4 (mg/L) NO3_Sup (mM) NO2_Sup (µM) Ferrous (mg/L) K (mg/L) Na (mg/L) Ca (mg/L) Mg (mg/L) Al (mg/L) Ba(mg/L) Ag(mg/L)
FW300 0.026 2.18593702 3.65965957 0 6.47158089 0 0 0.5 1.546033 0 67.26 0 0.03021 0.093011 0
FW301 0 1.26544876 0 0 8.19054611 0 0 0.02 0.972517 0 3.985 0 0 0.044202 0.007444
FW303 0 1.43403713 0.40819598 0 6.80692494 0 0 0 1.375572 0 52.62 0 0 0.07523 0.007388
GW199 0.003 5.49223592 0.16933915 0 20.9658767 0.00315172 0 0.13 3.290748 0 89.37 0 0.013309 0.112422 0.010435
GW715 0 30.2617313 3.31669911 0 11.9955628 0.070021204 0 0.01 1.41027 0 39.734 0 0.027454 0.086275 0.010695
GW928 0.003 1.30969228 0 0.22636574 12.0465594 0 0 0.84 4.57909551 0 78.458083 0 1.76656962 0.10944923 0.01187962
FW602 0.001 23.8246055 816.56 0 7.67663809 9.669189567 36.6696715 0 3.275803 19.784 1854.505 29.88 0 0.619659 0
DP16D 0 23.712 141.022 0 64.844 0.018640677 0 1.46 5.962144 29.262 139.769 0 3.444126 0.269124 0.010549
FW215 0 15.5921697 5.50343138 0 75.9143694 0.063373312 2.356893 0.21 5.166201 0 120.122 0 0 0.104439 0.010947
FW104 0 244.61 9068.7 0 293.877 45.37116614 10.020182 2.17 88.87 390.798 12146.135 233.24 5.802442 0.321453 0.021213
FW106 0.004 318.17 2692.04 0 2062.69 2.175652746 12.213064 1.02 216.441 865.339 273.264 0 108.497 0.077448 0.021733
FW021 0.004 152.313 4506.9 0 41.945 68.4158237 18.662182 0.03 28.827 269.202 3970.124 117.901 114.501 2.073446 0.010662
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Wells As (mg/L) Be (mg/L) Bi (mg/L) Cd (mg/L) Co (mg/L) Cr (mg/L) Cs (mg/L) Cu (mg/L) Zn (mg/L) Fe (mg/L) Ga (mg/L) Mn (mg/L) Li (mg/L) Ni (mg/L) Pb (mg/L) Se (mg/L) Sr (mg/L) U (mg/L) Mo95_Sup (µM)
FW300 0 0 0 0 0 0 0 0 0.050613 0.067279 0 0.199017 0 0 0 0 0.11499 0.215624 0.005060351
FW301 0 0 0 0 0 0 0 0 0.073528 0 0 0.017826 0 0 0 0 0 0 0.000126316
FW303 0 0 0 0 0 0 0 0 0.046381 0 0 0 0 0 0 0 0.17778 0 0.000666667
GW199 0.001908 0.018942 0.001161 0.001991 0 0.003898 0.00813 0.012712 0.058757 0.850865 0.010304 0.095691 0.02237 0 0.001701 0 0.211946 0.002977 0.000231579
GW715 0 0 0 0 0 0.005965 0 0.013984 0.07209 0 0 0.186414 0 0 0 0 0.085461 0.009112 0.001670175
GW928 1.77E-05 0 0.00190944 0.00405597 0.02966739 0.00123374 0 0.01660719 0.04040005 1.43404485 0.00478317 4.44360154 0.0420194 0.15256507 0.00067981 0 0 0 0.001835088
FW602 0 0 0 0 0 0 0 0 0.037458 0 0.020796 0.262274 0 0 0 0 0.782737 0.045335 0.034877193
DP16D 0 0 0 0.010447 0.055654 0 0 0 0.078332 1.932553 0.011049 9.392534 0.048015 0.241538 0 0 0.37188 0.744412 0.001549123
FW215 0 0 0 0 0 0.005292 0 0 0.04017 0 0 0.474506 0 0 0 0 0.398933 1.452231 0.003363509
FW104 0 0.040071 0 0.122546 0.134148 0.011135 0.016265 0.041435 0.201248 3.19787 0.01447 124.075 0.070486 1.040264 0.004028 0 3.361589 8.988041 0.011347368
FW106 0.008416 0.059091 0 0.13228 0.509368 0.383574 0.016559 0.810474 1.098733 0.037503 0.007394 32.498 1.945843 7.183554 0.03189 0.023621 0.369356 16.624554 0.000151439
FW021 0 0.078521 0 0.172643 1.22539 0 0 0.118379 0.896697 0 0.059522 128.452 0.226954 5.339026 0.003687 0.012866 1.372827 3.751466 0
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