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Abstract: [Background] Although the coal mine wastewater treatment by constructed wetland has
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succeeded remarkably, few studies can be found on the structure and function of microbial communities in
constructed wetlands sediment. [Objective] The purpose of this study is to clarify the effect of constructed
wetland on the coal mining wastewater treatment and the structure and function of microbial community.
[Methods] The water quality at different sampling sites of constructed wetland in Zuoyun, Shanxi was
monitored. Based on high throughput sequencing technology, V3—V4 region of the bacterial 16S rRNA
gene in constructed wetlands sediment were sequenced. Then the composition of bacterial communities in
sediment were analyzed. [Results] The quality of wastewater from coal mine was effectively improved
after flowing through the constructed wetland. Removal efficiencies of biochemical oxygen demand
(BODs), chemical oxygen demand (CODc,), total nitrogen (TN) and total phosphorus (TP) in constructed
wetlands were 76.2%, 93.4%, 73.4%, 99.3%, respectively. Illumina sequencing of 16S rRNA amplicons
revealed that a total of 2 832 operational taxonomic units (OTUs) were detected. Sequence alignment
results showed that a total of 51 bacterial phyla, 150 classes, and 753 genera were found. Among the
4 sampling sites, the dominant bacteria phyla were Proteobacteria (50.0%—-64.7%) and Bacteroidetes
(15.8%—21.2%). The sampling sites of M1, M2, and M3 had the highest abundance of B-Proteobacteria
and y-Proteobacteria, which were rich in ammonia nitrogen oxidation bacteria. The sampling site of M4
had the greatest number of bacterial OTUs with the highest diversity. There were significant positive
correlations between the relative abundance of Azoarcus and contents of the TN, while significant negative
correlations between the relative abundance of Sulfurimonas, Sulfuricurvum and the contents of NH,-N.
Moreover, the relative abundance of Novosphingobium was also positively correlated with the contents of
the TP. [Conclusion] The effective treatment of coal mine wastewater is achieved after flowing through
constructed wetland, and bacterial diversity plays a decisive role in the ecological function of constructed
wetland.

Keywords: Sediment of constructed wetlands, Bacterial communities, 16S rRNA gene diversity
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Figure 1 The distribution of the sampling sites in Dananhe wetland
Note: Geographical locations of the sampling stations: M1: 112°40'19.44"E, 39°46'39.87"N; M2: 112°39'56.1"E, 39°47'1.43"N; M3:

112°39'49.51"E, 39°47'8.4"N; M4: 112°38'8.81"E, 39°48'21.23"N.
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Table 1 Physiochemical properties of soils from different sample

Sample pH EC (us/cm) NO; -N (mg/kg) NH; -N (mg/kg) TN (mg/kg) TP (mg/kg)
M1 6.71+0.08a 1 020+20.12ab 0.69+0.01a 24.7+0.13A 6 051+0.7ab 0.86+0.01a
M2 6.75£0.07a 980+17.58ab 0.56+0.01a 20.4+0.11A 5 488+0.3ab 1.14+0.03a
M3 6.69+0.09a 1 100+14.65Ab 0.45+0.01A 20.5+0.12A 3676+0.8AB 0.96+0.02a
M4 6.68+0.07a 930+21.23aB 0.36+0.01A 11.0+0.11B 1 259+0.6AB 0.73+0.01A

W INEFRFRR P<0.05,

HRFRR P<0.01.

Note: Different lowercase letters indicate significant differences at P<0.05 and different capital letters indicate significant differences at

P<0.01 within each column.

R2 ANERFERKBIELIER

Table 2 Physio-chemical properties of waste water from samples

Sample  BODs(mg/L) CODc,(mg/L) Sulfide (mg/L) Volatile phenol (mg/L) Suspended solid (mg/L) TP (mg/L) TN (mg/L)
M1 2.1 363.0 0.005 0.000 47 459 2.070 20.00
M2 8.3 319.0 0.038 0.000 30 255 0.342 19.10
M3 9.1 191.0 0.013 0.000 36 284 0.168 12.30
M4 0.5 29.9 <0.005 0.000 51 42 0.014 5.32
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Figure 2 Venn diagram representing the distribution of
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Table 3  Soil bacterial diversity indexes of different samples
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Figure 3 PCA analysis of soil bacteria community under
different samples

Sample OTUs ACE index Chaol index Simpson index ~ Shannon index Coverage
M1 1609 1795.606 1 1775.214 4 0.012 2 5.631 3 0.993 2
M2 1745 1 955.526 5 1791.404 4 0.008 4 5.802 9 0.993 2
M3 1554 1811.892 6 1830.470 9 0.0119 5.540 2 0.992 2
M4 1846 1940.272 0 1942.073 9 0.005 0 6.526 8 0.993 6
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Figure 4 Relative abundance of soil bacteria under different samples (Phyla relative abundance>0.1%)
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Table 4 Relative abundance of soil bacteria under different samples
Genus M1 (%) M2 (%) M3 (%) M4 (%)
Hydrogenophaga 5.34 6.14 491 0.20
Arcobacter 1.93 3.87 8.47 1.12
Uncultured_bacterium_f_Hydrogenophilaceae 8.24 4.52 2.19 0.39
Uncultured_bacterium_f Comamonadaceae 3.89 4.23 4.36 1.03
Bacteroides 1.15 2.15 4.14 0.11
Uncultured_Bacteroidetes_bacterium 231 0.86 2.93 0.11
Geobacter 0.76 2.57 0.95 1.83
Flavobacterium 1.72 1.87 1.87 0.59
Azoarcus 1.47 1.71 2.25 0.08
Uncultured_bacterium_p_Saccharibacteria 0.50 3.52 0.76 0.29
Aquabacterium 2.02 0.78 2.20 0.02
Sulfurimonas 0.07 0.31 0.28 4.25
Sulfuricurvum 0.15 0.43 0.23 3.69
Perlucidibaca 2.03 0.39 1.76 0.00
Thauera 1.53 1.57 0.97 0.09
Uncultured_bacterium_f_Chromatiaceae 2.25 1.63 0.20 0.00
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Figure 5 The samples heat map and cluster analysis
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Table 5 Correlation between environmental parameters and dominant genus of bacteria

Dominant genus pH EC (us/cm) NOj; -N (mg/kg) NH, -N (mg/kg) TN (mg/kg) TP (mg/kg)
(Uzn;:;;t_% r.ez%/;;)acterium_f_Hyd rogenophilaceae 0520 0.207 0.996"™ 0.869 0.484 0.270
agzﬂzr;g_bactenum_f_Comamonadaceae 0579 0.753 0.635 0.889 0.955" 0.785
(Lé'.‘f;;t_uzr;ﬂ/faaerOidetes—baCteri“m 0100 0.959" 0.425 0.754 0.898 0.196
Azoarcus (0.8%-2.3%) 0.405  0.870 0.444 0.790 0.982" 0.728
Sulfurimonas (0.07%-0.31%) -0.579 -0.716 —0.755 —0.955" -0.937 -0.711
Sulfuricurvum (0.15%-3.7%) -0.546 —0.744 -0.739 -0.953" —0.950 —0.695
Tolumonas (0.006%~-1%) 0.317  0.913 0.409 0.774 0.988" 0.663
Sphingopyxis (0.05%-0.67%) 0.366  0.872 0.326 0.702 0.959" 0.737
Zoogloea (0.003%-1%) 0.004  0.9947 0.252 0.662 0.941 0.411
Novosphingobium (0.14%-0.82%) 0.785  0.436 0.339 0.554 0.695 0.991”
Methyloversatilis (0.006%-0.8%) 0.074  0.945 0.529 0.842 0.954" 0.345
Rhodobacter (0.12%-1%) 0.984" —0.034 0.463 0.438 0.346 0.921
Algoriphagus (0.06%-0.78%) 0.277  0.927 0.368 0.747 0.983" 0.642
Aeromonas (0.01%-0.4%) 0.000  0.963" 0.079 0.525 0.889 0.467
Acinetobacter (0.003%-0.98%) 0.000 0971 0.107 0.549 0.900 0.459
Bacteriovorax (0.23%-0.6%) 0.010  0.992™ 0.348 0.729 0.953" 0.374
Simplicispira (0.003%-0.53%) 0.287  0.888 0.632 0.915 0.984" 0.516
Pseudarthrobacter (0.03%-0.6%) 0.651  0.297 0.991" 0.927 0.608 0.473
Erysipelothrix (0.14%-0.49%) 0.858  0.186 0.245 0.376 0.479 0.987"
Thermomonas (0.06%-0.36%) 0.664  0.584 0.855 0.973" 0.857 0.697
Vogesella (0.003%-0.32%) -0.166  0.969" 0.351 0.698 0.876 0.156

. *: P<0.05; **: P<0.01.

Note: *: Correlation is significant at P<0.05 level; **: Correlation is significant at P<0.01 level.
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