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Effects of sewage treatment on microbial community structure of
surface water in Xiantao wetland
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Abstract: [Background] With the rapid development of economy in middle and small cities and the
improvement of people’s living standard, Which the discharge of domestic sewage is also magnify,
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resulting in a worsening trend of water quality pollution. [Objective] To understand the effect of
domestic sewage treatment on changes of microbial community diversity in wetland surface water.
[Methods] Physical and chemical tests were conducted on 6 points of surface water in reference points
(=2 000), 200, 400, 600, 3 000 and 5 000 m in constructed wetlands (Xiantao), Then the microbial
community structure was analyzed by high-throughput sequencing, and the effects of microbial
community structure change and domestic sewage pollution were also discussed. [Results] When the
sewage treated by wetland method reached 5 000 m, Chemical oxygen demand (COD), NH,;'N, Total
nitrogen (TN) and Total phosphorus (TP) reached the first grade standard of pollutant discharge standard
for urban sewage treatment plant, and there was a very significant positive correlation between the
physical and chemical indexes. The dominant phyla in the studied surface water were Proteobacteria,
Cyanobacteria, Acidobacteria and
Chloroflexi. Proteobacteria can be used as an indicator microorganism for the discharge of pollutants
from domestic sewage. Actinobacteria, Cyanobacteria, Verrucomicrobia and Chloroflexi can be used as
an indicator microorganism for the purification of domestic sewage. [Conclusion] The changes of
microbial community diversity in the surface water environment of Xiantao domestic sewage treatment
were compared for the first time, which can make people understand the operation mechanism of
constructed wetland and the pollution of surface water environment more clearly from the
microbiological level.

Bacteroidetes, Actinobacteria, Verrucomicrobia, Firmicutes,

Keywords: Wetland method, Treatment of sanitary sewage, Surface water, Microbe, By-pass of flood
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Dujiatai Flood Diversion Sluice base
elevation 28 m

1 000 m from the inlet of the
oxidation pond

27.45 m of urban
sewage entrance

27.9 m of the settling tank

27.25 m of wetland treatment entrdn
27.8 m of oxidation pond

200, 400, 600 m from the outlet of the oxidation pond |

1 500 m from the outlet of the oxidation pond

2 Environmental protection department monitoring sampling point

% Surface water samplingpoint

# There is a group of four wells at the depth of 2, 4, 10 and 20 m at the
groundwater sampling site (Another 2 m blind tube at the bottom of the well).
The surface water sampling is 0.1-0.3 m at the surface flow of the water body.
Specific position: 112 degree 55'-113 degree 49'of Dongjing, 30 degree
04'-30 32' in north latitude

Wetland 3
Wetland Yo
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*
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The exit of the sewage
treatment outlet is 5 000 m
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which is 26.65 m high

3 000 m from the outlet of the oxidation pond
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Figure 1 Xiantao wetland azimuth map
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Table 1 Monitoring data of surface water samples in wetland system

Samples Location (m) COD (mg/L) TP (mg/L) NH,'-N (mg/L) TN (mg/L)
Contrast JC —2 000 31.50 0.08 0.50 1.85
J1 200 203.52 5.22 9.10 21.11
2 400 182.53 5.14 8.81 19.17
I3 600 151.66 4.98 8.43 16.51
J4 3000 111.16 3.45 6.55 14.21
I5 5000 38.59 0.15 0.80 2.28
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Table 2 Alpha diversity of surface water after wetland treatment
Samples Total reads Observed OTUs Shannon Wiener PD whole tree Good’s coverage Chaol
J1 8910 912.8 8.4 58.4 0.62 3092.1
12 8237 966.7 8.7 59.3 0.61 3 055.5
13 11 839 937.0 8.7 60.8 0.63 2638.8
J4 24785 730.8 7.6 57.6 0.70 2535.6
IS 18 976 802.6 8.7 53.5 0.70 23932
\[@ 7777 860.7 8.7 53.8 0.65 2985.9
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Figure 2 Relative abundance of abundant within different
phyla across the studied samples
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Table 3 Relative abundance of abundant within different family across the studied samples

J& Genus J1 J2 J3 J4 J5 JC P {H P value
Methylotenera 37.71 34.53 33.23 37.82 1.73 391 0.016
Flavobacterium 8.04 5.57 6.89 4.81 0.93 30.42 0.080
Albidiferax 3.45 4.32 3.11 1.52 14.12 5.90 0.032
Arcobacter 4.82 3.58 4.21 10.07 0.06 0.00 0.055
Candidatus Planktophila 0.14 0.17 0.27 0.05 8.52 0.25 0.311
Polynucleobacter 0.37 0.62 0.43 0.42 0.89 4.72 0.136
Marine metagenome 0.00 0.00 0.00 0.00 4.61 0.00 0.363
Phalacroma mitra 0.00 0.00 0.00 0.00 4.15 0.00 0.363
Hydrogenophaga 1.10 1.02 0.80 0.97 0.76 3.91 0.036
Hgcl clade 0.09 0.17 0.07 0.05 3.42 0.00 0.308
Sulfurimonas 0.87 0.68 1.10 3.25 0.00 0.00 0.101
Pseudomonas 3.17 2.44 241 0.85 0.47 0.62 0.017
Methylophaga 2.11 1.87 2.84 0.46 0.00 0.00 0.058
Pseudarcicella 0.09 0.00 0.00 0.00 2.61 1.74 0.174
Fluviicola 0.00 0.00 0.00 0.04 2.49 0.62 0.252
Malikia 2.16 1.36 1.00 0.70 0.61 2.30 0.006
Sulfuricurvum 0.32 0.45 0.57 2.03 0.06 0.12 0.104

Pseudarcicella #1 Fluviicola. J5PRALFEFRIEE
HEBOARAE , X S o & 1) 4 B AT B R A s 7K g
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Figure 3 Principal coordinate analysis of samples
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Table 4 Correlation between physical and chemical indexes

Index COD (mg/L) TP (mg/L) NH,4'-N (mg/L) TN (mg/L)
COD (mg/L) 1.000 0.974** 0.971** 0.986**
TP (mg/L) 1.000 0.998** 0.989**
NH,"-N (mg/L) 1.000 0.993**
TN (mg/L) 1.000

e e R EAHISR(P<0.01).
Note: **: Significant level for P<0.01.
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A Ko MR & —Fh 2 04 T A SR A8 WL
W, e HARF R . R R IR0, Sk
5 FIG i e AR 5 AT 8 (Arcobacter)
SR AN R IR UK R IR Y, KR A
TET MK, AARRAK . K | T kS,
A B g R I R 525 AT BRI, A
KR, 5IUATF IR E (Arcobacter) ek i 15 7K Fl
WV KA 2R R W R e S VTS Je RO AR, T
HEAERER, W& (Hydrogenophaga) HAT
BEASRALARAE 1) 2,3- WU AR A IH REE NP, 6 A
HEdh Y Methylotenera FMER I J& (Pseudomonas)
FOREXS F B AT 35 22 53(P<0.05), T E. Malikia 1)
FHXF B HAT A 2 22 57 (P<0.01).

PR, FARBRI BT 4 SRR IR AR A b PR 1
AR FEH, U] BEA AR R A il
A P S 2 R IR B ARG

Zr E AT, W i A A= 5 KO bR K T
TR Z RV S A Y R SR A O, — 2k
A 1 =F B AR AR AT L[] 422 M 48 7 7k A4 75 e sl Ak
FREE
4 4w

(1) TR R GEEE G, KBLETAF
JE A TE TS K 2 N TR AL TR AR 5 000 m
i, 4 DNHEIEPAMEYA GB 18918-2002 (IS
IKALIRT 5 G HEOhRUE ) B —brdfE, T H. 4 4>
PRAVAE AR Z 18] ()1 Bl 2050y 357 2 Al ik 2 TR AR OG o

(2) KA BT YL R B XA W RV A5 A AE L A51)
AR EAEREW, BT ] (Proteobacteria) Fl{L
FF 1 1] (Bacteroidetes) A Il Ak 1. 30 3b & 7K 34 A= W
AR e XA IR
(Proteobacteria) W] LIAE A HEBUAE 16 157K 15 L W 145
INPERAE Y, FLA5H g AT R PEM KA 32 15 et
BE L B, UL TAE ] (Actinobacteria) . W 1]
(Cyanobacteria) . Pt # | |(Verrucomicrobia)f2¢as
B '] (Chloroflexi) AT VIAE Sy HE il A= 1 15 K Ak 19
TRV, LR LU AT FE R PEAN KR 1Ak
AL

(3) ARSCE YR LAG3 VLA (1405 b A A PR T A
1K S, B T 2K A Y 2 HE
RFAS T BT T AR AL, S SEAHOC T AR A
o7 BRI S B S A o
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