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Fig. 1 Location of sampling sites of Zao River
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Fig. 2 Taxonomy composition analysis based on phylum level
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Tab.2 Physical and chemical characteristics of water quality at sampling points
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s 2R\
S, 0296 245 244 710 140 38 08 151 0.03 87 407 007 393 288 020
S, 0512 255 259  7.04 164 43 30 154 032 96 597 0 443 521 020
S, 1424 925 707 664 278 146 1.0 89 0.8 89 388 0 722 328 020
S, 1565 1098 81 672 206 165 1.1 81 08 130 940 047 13.00 284 0.4

Ss 1.595 1098 797 6.82 125 16.7 5.1

S 0.550 804 612 6.59 181 16.5 3.6

S, 1.158 805 554 6.61 259 16.8 2.2

Sg 1.103 787 533 6.67 303 16.1 22

Sy 1.102 619 558 6.96 145 10.1 5.0

Sio 1.025 621 528 6.90 150 10.6 3.4
S 1.073 653 571 6.77 149 10.4 1.9
Si 1.068 655 563 6.53 154 10.8 33

7.8 0.82 20.0 7.24 0.55 11.26 50.7 0.11

7.7 0.66 14.5 9.18 0.49 13.07 28.5 0.13
8.5 0.64 13.1 5.76 0.64 8.14 40.8 0.15
6.7 0.38 7.2 5.24 0.90 1.87 9.3 0.23
6.8 0.32 6.8 5.30 0.02 1.73 11.5 0.22
7.0 0.28 10.6 10.12 2.28 8.05 25.7 0.05
7.8 0.28 7.1 12.20 18.1 0.04

6.7 0.31 13.4 9.85 0.15 7.75 15.1 0.03

33 LERAMEE AT E T 6 A
RDA 7 #ra S R W, WA A (P = 0.036) FliE
JE (P =0.022) 520 1 25 55 T HAB A 7% ST TR
Wi IR BRI, 3K 5 KB Wang S 15
SN S5 AR o 0 AF A R S AR AR R Hh il =4,
597 5% 2 A AR i 2 A Al i (AOA) Aty T8
(AOB) HYFHEA S0, HAE S, & 5 (0.23 mg/L)
B i AL T B S i s A B R 3 AOA il AOB F 1
BERG I, AL 2 T A TR R4 T . TR R e
LA DT 1 — TR R MR R, IR AR S
2 5 TR W VR B i AR DG AR IR 1, A 5%
SRAERT ] Sy 4 2, LR I B 3k s T b B KR
XA FFHEWRE R AR 25 W5 DUIE
RTRI 75 X L PR 58 B 7 i 52 M, o] — 2548 7R B
A IR R B I R, AR TR TR | ST B TR RE TR
SRR AR SR IE AR OC, R SRR IK 5
SR PR I — A B, BRI AE AR
IR E TSI 2, 5 BO% T E IR
I, Wb R B HEL, A 4 T REK AR RGN
@R, AHLCZT, SR W v 0 vie J32 B vy A AiE 25 R
R e 15 AN 8 3, 33X AT R SR TR AT AE e X
A AN & A —E R ™ SR 3F

358 DXL ) O DR T AR R R AR A B,
T BEROTER BN, X5 2 52 A5G A S B ) o
A B AT, DTS B0 BURUAE M %
SEM S INRE A A B FE AL . JLF A JUis T B
SRAF SRS R S TR 5 (S R TS ARG, 236
DR T S e R S ) T 4 T B AR SR A ST
HRIOURPE N TR IEM . X Al g2 i T5 K 4b
PR HE O A [0 B GURR ) v ROl ) — R i 45
o IR R T 2, o BRI 4 7 B e — 2
FE, VLB OR B /D i o R il A S SR YRR, S
AT Rl A e Y R R BRI

4 Hit

BRI KAL BT HER R A RS0 S TR
WU OIS O 4500 . D RE 22 1 S O BRI A2 1
TR 57, o AL A2 75 7K A BT HE TR Wi 4 30 T 44 75
MR IURY RO TS HAT — R A RS Ui
Vi 1) R 6 BE AN AR MR AR BE A HR R K BT AT 2
W R AR, BT A A S B0 T VR T RE RO A2 1k,
52 AN [} {5 7K Ak BT HE TR e 1) AN [ 3] BT A 1
ARV R BRI A 1 8 i S L A AN AR TR o 25 b, RAATIT
PRy ol A= 0 0 v 8 o 9 B v 2H A5 1 DA 7 34
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Abstract: Wastewater discharged from sewage treatment plants (STPs) may affect the structure and function of
microbial communities in the sediment of receiving water body. The response of sediment microbial community in
Zao River (Xi'an, China) to STPs discharge was investigated by 16S rRNA sequencing technology and
bioinformatic analysis. The results revealed that Proteobacteria , Cyanobacteria , Bacteroides , Firmicutes ,
Actinobacteria , Chloroflexi and Acidobacteria were the dominant communities in the sediments of Zao River. The
obtained sparse curve and species accumulation curve indicated that the sequencing depth and the number of
samples were enough to reflect the changes in microbial community richness. The richness and diversity of Zao
River community decreased gradually with the inflow of sewage. The difference in microbial community structure
between the reaches near the 2nd STP sewage outlet and other river reaches was significant with the marker species
being chlamydia . Furthermore, the metabolic pathways enriched in the up-middle-down reaches of the 2nd STP
sewage outlet were photosynthesis in energy metabolism (ko00196), bibrio cholerae infection (ko05110), and the
biosynthesis of secondary bile acids (ko00121), respectively. In general, nitrite nitrogen and temperature were the
most significant environmental factors, accounting for 40.3% of the changes in the whole community.
Proteobacteria was positively correlated with salinity, total phosphorus, COD, and pH, and negatively correlated
with temperature, total nitrogen and ammonia-nitrogen. Likewise, cyanobacteria was primarily positively correlated
with temperature and redox potential, and negatively correlated with pH, nitrate-nitrogen, and total phosphorus. In
particular, the microbial communities near 2nd and 9th STP sewage outlets were determined by phosphorus and
nitrogen levels, respectively. In conclusion, the altered microbial community structure in the sediments of sewage-
receiving rivers can reflect the fluctuation in river water quality and the health of aquatic ecosystems influenced by

sewage discharge.
Key words: Zao River; 16S rRNA; microbial community; sediment; sewage treatment plant

(L% 1083 7)

The results showed that there was a significant correlation between groundwater level and river stage. The
partial correlation coefficients of Songhuajiang River and Wusulijiang River were 0.88 and 0.511, respectively,
which showed the correlation between the groundwater level of Jianshe street groundwater level observation station
and the river stage of Songhuajiang River was closer than that of Haiqing groundwater level observation station and
the river stage of Wusulijiang River. There were temporal and spatial differences in the lag level of groundwater
level to precipitation near the Songhuajiang River and Wusulijiang River in the study area, and the lag time of
groundwater level to precipitation near Songhuajiang River and Wusulijiang River was 21.65 d and 2.17 d,
respectively. In addition, the dynamic variations of groundwater level and river stage showed that the river water
was generally recharged by groundwater from 2007 to 2016.

Combined with the results of partial correlation analysis and the dynamic variations of groundwater level and
river stage over the years, the river stage significantly affected the response of groundwater level near the river to
precipitation, and the correlation between the river stage of Songhuajiang River and the nearby groundwater level
was closer. The interaction between the river water in Songhuajiang River and the nearby groundwater was stronger
than that in Wusulijiang River and the nearby groundwater, which showed that the river stage in Songhuajiang River
had a greater impact on the response relationship between groundwater level and precipitation, so the lag time of
adjacent groundwater level in Songhuajiang River to precipitation was longer. The results show that the conversion
among precipitation, groundwater and river water has an important effect on the variation of groundwater level, and

the river stage plays an important role in the response of groundwater level to precipitation in this area.

Key words: groundwater level; precipitation; river stage; correlation analysis; lag time
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