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Fig. S1 Distribution of microbial community for each sample at the genus level
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Fig. S2 non-metric multidimensional scaling (NMDS) to investigate functional genes in all samples with different-level pollution.

Table S1 Physical and chemical characterization of sediment samples involved in optimization studies

	Samples
	ORP
(mV)
	OM
(g/kg)
	TN
(g/kg)
	AVS
(g/kg)
	Organic Index
	FDA
(mg/(kg sediment·h))

	S1
	-369.54
	177.61
	7.62
	3.35
	7.46
	124.08 

	S2
	-412.18
	196.85
	8.61
	4.94
	9.34
	103.39 

	S3
	-304.95
	146.84
	5.26
	3.01
	4.26
	95.59 

	S4
	-325.25
	157.09
	3.93
	3.57
	3.40
	90.18 

	S5
	-437.70
	208.29
	11.30
	4.92
	12.97
	84.92 

	S6
	-407.60
	244.23
	10.99
	4.08
	14.79
	78.73 

	S7
	-217.62
	103.30
	5.09
	2.97
	2.90
	78.70 

	S8
	-255.24
	121.83
	4.42
	3.58
	2.97
	62.57 

	S9
	-214.56
	103.36
	5.01
	1.41
	2.85
	44.31 

	S10
	-123.23
	59.68
	2.35
	0.75
	0.77
	38.48 

	S11
	-267.60
	127.41
	8.19
	2.30
	5.75
	35.93 

	S12
	-152.95
	73.57
	2.87
	1.46
	1.16
	30.40 

	S13
	-182.92
	88.03
	3.39
	1.74
	1.64
	28.69 

	S14
	-161.89
	77.64
	4.36
	1.12
	1.87
	28.45 

	S15
	-193.21
	91.16
	4.76
	3.06
	2.39
	26.69 

	S16
	-182.50
	39.33
	2.59
	0.63
	0.56
	23.76 

	S17
	-242.39
	117.90
	2.10
	2.25
	1.37
	20.06 

	S18
	-184.45
	89.59
	1.58
	1.84
	0.78
	18.28 

	S19
	-184.68
	90.10
	3.10
	0.70
	1.54
	18.25 

	S20
	-198.78
	96.42
	3.30
	1.32
	1.75
	16.29 

	S21
	-135.77
	64.53
	2.52
	2.09
	0.90
	15.41 

	S22
	-194.46
	91.62
	7.29
	1.97
	3.68
	14.97 

	S23
	-182.60
	88.96
	3.03
	0.83
	1.48
	14.91 

	S24
	-101.41
	46.70
	1.89
	3.06
	0.49
	14.14 

	S25
	-129.29
	37.70
	2.33
	0.78
	0.48
	13.77 

	S26
	-108.37
	42.13
	1.08
	1.52
	0.25
	13.63 

	S27
	-146.71
	72.35
	1.12
	0.44
	0.45
	13.32 

	S28
	-205.89
	100.89
	2.71
	0.70
	1.51
	12.55 

	S29
	-124.80
	44.93
	1.64
	1.65
	0.41
	11.80 

	S30
	-125.40
	60.72
	1.22
	1.37
	0.41
	9.97 

	S31
	-115.99
	37.20
	0.75
	0.42
	0.15
	8.93 


Table S2 The main pathways, related genes, and relative abundance of nitrogen metabolism.
	Metabolic pathway
	Gene
	K0
	Relative abundance (%)

	
	
	
	S2
	S30
	S31
	S28
	S20
	S19
	S23
	S17
	S27

	Mineralization
	gudB
	K00260
	0.0003
	0.0003
	0.0002
	0.0002
	0.0003
	0.0002
	0.0002
	0.0003
	0.0002

	
	gdhA
	K00261
	0.0597
	0.0380
	0.0432
	0.0450
	0.0415
	0.0457
	0.0418
	0.0403
	0.0451

	
	gdhA
	K00262
	0.0441
	0.0383
	0.0396
	0.0424
	0.0406
	0.0443
	0.0422
	0.0441
	0.0485

	
	GDH2
	K15371
	0.0637
	0.0459
	0.0529
	0.0634
	0.0591
	0.0598
	0.0641
	0.0515
	0.0579

	Nitrogen assimilatory
	glnA
	K01915
	0.1575
	0.1744
	0.1735
	0.1717
	0.1677
	0.1762
	0.1663
	0.1718
	0.1824

	
	gltS
	K00284
	0.0122
	0.0897
	0.0736
	0.0298
	0.0618
	0.0443
	0.0412
	0.0727
	0.0340

	
	gltB
	K00265
	0.1325
	0.1543
	0.1559
	0.1820
	0.1664
	0.1684
	0.1697
	0.1519
	0.1652

	
	gltB
	K00266
	0.1180
	0.0865
	0.0908
	0.0974
	0.0907
	0.0986
	0.0943
	0.0913
	0.0999

	
	nirA
	K00366
	0.0015
	0.0134
	0.0097
	0.0033
	0.0075
	0.0047
	0.0041
	0.0089
	0.0034

	
	narB
	K00367
	0.0000
	0.0084
	0.0064
	0.0015
	0.0045
	0.0025
	0.0021
	0.0052
	0.0016

	
	nasB
	K00360
	0.0003
	0.0004
	0.0004
	0.0005
	0.0004
	0.0004
	0.0004
	0.0004
	0.0004

	
	nasA
	K00372
	0.0158
	0.0279
	0.0281
	0.0328
	0.0322
	0.0300
	0.0393
	0.0324
	0.0293

	Nitrogen fixation
	nifD
	K02586
	0.0396
	0.0295
	0.0250
	0.0285
	0.0260
	0.0260
	0.0244
	0.0226
	0.0284

	
	nifE
	K02587
	0.0373
	0.0259
	0.0234
	0.0273
	0.0255
	0.0253
	0.0242
	0.0223
	0.0270

	
	NifH
	K02588
	0.0249
	0.0172
	0.0152
	0.0172
	0.0160
	0.0155
	0.0151
	0.0139
	0.0173

	
	NifK
	K02591
	0.0374
	0.0270
	0.0244
	0.0278
	0.0257
	0.0252
	0.0245
	0.0219
	0.0278

	
	NifN
	K02592
	0.0197
	0.0116
	0.0102
	0.0105
	0.0093
	0.0094
	0.0096
	0.0081
	0.0096

	
	NifT
	K02593
	0.0003
	0.0009
	0.0007
	0.0008
	0.0008
	0.0007
	0.0008
	0.0007
	0.0006

	
	NifX
	K02596
	0.0029
	0.0044
	0.0037
	0.0045
	0.0043
	0.0043
	0.0041
	0.0036
	0.0044

	
	NifZ
	K02597
	0.0006
	0.0017
	0.0015
	0.0017
	0.0016
	0.0016
	0.0018
	0.0014
	0.0014

	
	NifV
	K02594
	0.0105
	0.0160
	0.0126
	0.0153
	0.0141
	0.0145
	0.0127
	0.0122
	0.0151

	
	anfG
	K00531
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	
	NifW
	K02595
	0.0004
	0.0014
	0.0011
	0.0012
	0.0012
	0.0012
	0.0013
	0.0010
	0.0010

	Nitrification
	amoA
	K10944
	0.0009
	0.0030
	0.0026
	0.0031
	0.0033
	0.0032
	0.0042
	0.0035
	0.0030

	
	amoB
	K10945
	0.0013
	0.0043
	0.0037
	0.0045
	0.0048
	0.0045
	0.0060
	0.0050
	0.0043

	
	amoC
	K10946
	0.0011
	0.0042
	0.0032
	0.0041
	0.0044
	0.0039
	0.0056
	0.0048
	0.0039

	
	hao
	K10535
	0.0040
	0.0086
	0.0066
	0.0081
	0.0082
	0.0078
	0.0097
	0.0078
	0.0071

	
	narG
	K00370
	0.0387
	0.0327
	0.0375
	0.0356
	0.0396
	0.0417
	0.0470
	0.0462
	0.0407

	
	narH
	K00371
	0.0178
	0.0138
	0.0158
	0.0149
	0.0164
	0.0171
	0.0195
	0.0190
	0.0170

	Denitrification
	narI
	K00373
	0.0028
	0.0032
	0.0035
	0.0039
	0.0040
	0.0038
	0.0052
	0.0046
	0.0041

	
	narV
	K00374
	0.0112
	0.0074
	0.0083
	0.0080
	0.0083
	0.0088
	0.0093
	0.0086
	0.0091

	
	nirK
	K00368
	0.0089
	0.0090
	0.0078
	0.0091
	0.0087
	0.0080
	0.0099
	0.0084
	0.0079

	
	NapA
	K02567
	0.0192
	0.0170
	0.0160
	0.0147
	0.0167
	0.0190
	0.0185
	0.0208
	0.0187

	
	NapB
	K02568
	0.0006
	0.0017
	0.0013
	0.0012
	0.0015
	0.0016
	0.0016
	0.0018
	0.0013

	
	NapC
	K02569
	0.0040
	0.0030
	0.0030
	0.0035
	0.0036
	0.0035
	0.0043
	0.0035
	0.0033

	
	NapD
	K02570
	0.0002
	0.0009
	0.0005
	0.0005
	0.0006
	0.0006
	0.0007
	0.0009
	0.0007

	
	NapE
	K02571
	0.0001
	0.0001
	0.0001
	0.0001
	0.0002
	0.0001
	0.0002
	0.0002
	0.0001

	
	NapF
	K02572
	0.0020
	0.0020
	0.0015
	0.0017
	0.0017
	0.0017
	0.0016
	0.0018
	0.0017

	
	NapG
	K02573
	0.0053
	0.0034
	0.0028
	0.0029
	0.0028
	0.0030
	0.0034
	0.0036
	0.0035

	
	NapH
	K02574
	0.0090
	0.0076
	0.0071
	0.0076
	0.0071
	0.0080
	0.0079
	0.0085
	0.0092

	
	nirS
	K15864
	0.0033
	0.0067
	0.0089
	0.0068
	0.0095
	0.0113
	0.0117
	0.0161
	0.0101

	
	norB
	K04561
	0.0415
	0.0304
	0.0354
	0.0316
	0.0361
	0.0402
	0.0401
	0.0391
	0.0351

	
	norC
	K02305
	0.0026
	0.0033
	0.0027
	0.0033
	0.0033
	0.0031
	0.0039
	0.0031
	0.0028

	
	nosZ
	K00376
	0.0165
	0.0157
	0.0166
	0.0180
	0.0172
	0.0162
	0.0174
	0.0134
	0.0145

	DNRA
	nirB
	K00362
	0.0297
	0.0427
	0.0456
	0.0490
	0.0503
	0.0508
	0.0583
	0.0523
	0.0492

	
	nirD
	K00363
	0.0026
	0.0044
	0.0049
	0.0053
	0.0054
	0.0054
	0.0065
	0.0057
	0.0052

	
	nrfA
	K03385
	0.0378
	0.0246
	0.0264
	0.0286
	0.0267
	0.0300
	0.0246
	0.0259
	0.0327

	
	nrfH
	K15876
	0.0105
	0.0063
	0.0069
	0.0074
	0.0067
	0.0076
	0.0061
	0.0063
	0.0082


Table S3 The main pathways, related genes and relative abundance of sulfur metabolism.
	Metabolic pathway
	Gene
	K0
	Relative abundance (%)

	
	
	
	S2
	S30
	S31
	S28
	S20
	S19
	S23
	S17
	S27

	Sulfur

oxidation
	sseA
	K01011
	0.0325
	0.0369
	0.0376
	0.0404
	0.0390
	0.0407
	0.0400
	0.0396
	0.0405

	
	iscA
	K13628
	0.0063
	0.0115
	0.0114
	0.0104
	0.0113
	0.0103
	0.0114
	0.0107
	0.0092

	
	metZ
	K10764
	0.0096
	0.0194
	0.0204
	0.0250
	0.0224
	0.0213
	0.0247
	0.0192
	0.0197

	
	iscS
	K04487
	0.1726
	0.1482
	0.1413
	0.1293
	0.1354
	0.1381
	0.1261
	0.1385
	0.1360

	
	mnmA
	K00566
	0.1060
	0.1001
	0.0997
	0.0978
	0.0963
	0.0994
	0.0887
	0.0910
	0.1010

	
	suoX
	K00387
	0.0001
	0.0002
	0.0001
	0.0001
	0.0001
	0.0001
	0.0002
	0.0001
	0.0001

	
	Sor
	K00386
	0.0002
	0.0005
	0.0003
	0.0004
	0.0004
	0.0004
	0.0004
	0.0004
	0.0004

	
	Sox
	K00301
	0.0010
	0.0087
	0.0071
	0.0030
	0.0054
	0.0037
	0.0034
	0.0061
	0.0032

	
	SoxA
	K00302
	0.0080
	0.0140
	0.0163
	0.0191
	0.0177
	0.0174
	0.0220
	0.0177
	0.0167

	
	SoxB
	K00303
	0.0054
	0.0090
	0.0105
	0.0118
	0.0117
	0.0115
	0.0150
	0.0142
	0.0113

	
	SoxD
	K00304
	0.0006
	0.0012
	0.0014
	0.0017
	0.0015
	0.0015
	0.0019
	0.0014
	0.0014

	
	SoxG
	K00305
	0.0006
	0.0014
	0.0015
	0.0016
	0.0017
	0.0015
	0.0023
	0.0019
	0.0016

	
	TsuA
	K04085
	0.0027
	0.0046
	0.0047
	0.0054
	0.0051
	0.0054
	0.0059
	0.0050
	0.0050

	
	SoxS
	K13631
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	
	SoxR
	K13639
	0.0050
	0.0027
	0.0032
	0.0038
	0.0036
	0.0037
	0.0045
	0.0038
	0.0038

	
	dsrE
	K07235
	0.0012
	0.0019
	0.0021
	0.0029
	0.0023
	0.0025
	0.0024
	0.0016
	0.0018

	
	dsrF
	K07236
	0.0010
	0.0019
	0.0020
	0.0029
	0.0022
	0.0024
	0.0023
	0.0016
	0.0018

	
	dsrH
	K07237
	0.0009
	0.0016
	0.0017
	0.0023
	0.0018
	0.0020
	0.0019
	0.0013
	0.0014

	
	hdr
	K08264
	0.0041
	0.0019
	0.0022
	0.0023
	0.0021
	0.0025
	0.0018
	0.0015
	0.0026

	
	hdr
	K08265
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	
	hdr
	K03388
	0.6226
	0.2777
	0.3140
	0.3181
	0.2724
	0.3171
	0.2469
	0.2038
	0.3383

	
	hdr
	K03389
	0.0375
	0.0230
	0.0249
	0.0272
	0.0219
	0.0238
	0.0226
	0.0178
	0.0247

	
	hdr
	K03390
	0.0149
	0.0111
	0.0124
	0.0144
	0.0115
	0.0121
	0.0117
	0.0085
	0.0121

	Dissimilatory sulfate reduction
	dsrA
	K11180
	0.0252
	0.0163
	0.0162
	0.0179
	0.0140
	0.0158
	0.0137
	0.0097
	0.0163

	
	dsrB
	K11181
	0.0216
	0.0146
	0.0143
	0.0158
	0.0122
	0.0139
	0.0116
	0.0082
	0.0145

	
	dsrC
	K11179
	0.0085
	0.0085
	0.0093
	0.0114
	0.0087
	0.0099
	0.0089
	0.0067
	0.0092

	
	aprA
	K00394
	0.0358
	0.0225
	0.0268
	0.0296
	0.0226
	0.0240
	0.0223
	0.0138
	0.0275

	
	aprB
	K00395
	0.0077
	0.0044
	0.0054
	0.0061
	0.0045
	0.0048
	0.0047
	0.0029
	0.0053

	Assimilatory sulfate reduction
	sat
	K00958
	0.0426
	0.0403
	0.0387
	0.0277
	0.0304
	0.0287
	0.0243
	0.0269
	0.0288

	
	cysH
	K00390
	0.0133
	0.0293
	0.0258
	0.0215
	0.0261
	0.0228
	0.0243
	0.0265
	0.0207

	
	cysJ
	K00380
	0.0121
	0.0269
	0.0294
	0.0372
	0.0351
	0.0331
	0.0416
	0.0316
	0.0325

	
	cysI
	K00381
	0.0130
	0.0256
	0.0279
	0.0306
	0.0324
	0.0313
	0.0381
	0.0317
	0.0292

	
	cysC
	K00860
	0.0163
	0.0217
	0.0201
	0.0141
	0.0176
	0.0160
	0.0152
	0.0176
	0.0148

	
	cysNC
	K00955
	0.0178
	0.0197
	0.0190
	0.0240
	0.0219
	0.0212
	0.0226
	0.0197
	0.0216

	
	cysN
	K00956
	0.0114
	0.0177
	0.0169
	0.0203
	0.0216
	0.0199
	0.0250
	0.0221
	0.0200

	
	cysD
	K00957
	0.0171
	0.0238
	0.0222
	0.0274
	0.0274
	0.0257
	0.0302
	0.0268
	0.0257

	
	sir
	K00392
	0.0029
	0.0342
	0.0246
	0.0091
	0.0188
	0.0120
	0.0100
	0.0220
	0.0094

	Sulfur transport system
	cysA
	K02045
	0.0110
	0.0147
	0.0147
	0.0174
	0.0178
	0.0167
	0.0211
	0.0191
	0.0169

	
	cysU
	K02046
	0.0093
	0.0121
	0.0122
	0.0144
	0.0147
	0.0138
	0.0174
	0.0157
	0.0138

	
	cysW
	K02047
	0.0088
	0.0123
	0.0124
	0.0148
	0.0151
	0.0141
	0.0180
	0.0160
	0.0142

	
	cysP
	K02048
	0.0136
	0.0191
	0.0197
	0.0228
	0.0240
	0.0224
	0.0293
	0.0261
	0.0229
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