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Abstract

The microbial community structure of sediments in the Bahe River Basin, China was studied using a high-throughput
sequencing platform and PCR amplification to investigate the pattern changes in microbial communities in urban
rivers affected by anthropogenic activities and their environmental driving mechanisms. The results demonstrated
that the average total nitrogen and total phosphorus in the sediments were 524 and 734 mg/kg, respectively. The T,
COD and NHZ{—N of the water and the moisture content of the sediments has significantly impacted on the micro-
bial community structure. Twenty microbial species with a relative abundance > 1% in the sediments of the river
were observed, accounting for 95-99% of the total microbial community. The primary species were Proteobacteria
(13.86-69.14%), Firmicutes (1.45-58.33%), Chloroflexi (3.68-26.18%), Actinobacteria (2.7-21.51%), Acidobacteria
(0.73-16.36%), Bacteroides (1.53-14.11%), and Thermodesulfobacteria (0.1-8.9%), accounting for over 90% of the total
microbial community. At the class level, the primary species were y-proteobacteria, Alphaproteobacteria, Anaerolin-
eae, Bacillus, Bacteroidota, Actinobacteriota, and Clostridia, accounting for over 70% of the total microbial community.
Our results provide direct evidence for a link between microbial community structure and environment factors. This
evidence demonstrates that sediment microorganisms can be applied to evaluate urban rivers pollution levels, which
can provide a scientific basis for pollution control and management in the urban river affected by human activities.
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Introduction

Microorganism is a crucial part of ecosystems, patterns
of microbial distribution represent the integrated effects
of historical and biological processes, which play a signif-
icant role in biogeochemical cycles [17, 40, 47, 53]. Sedi-
ments are significant habitat for microbial community,
and they provide valuable ecological information. The
characteristics of sediment microbial populations can be
used as biological indicators to reveal the biodiversity and
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health status of ecosystems, which is of great significance
to solving problems related to aquatic environment [14,
56]. The rapid advancement of high-throughput sequenc-
ing technology provides an essential technical means for
studying the complexity and diversity of microbial com-
munities, particularly for microorganisms that are dif-
ficult to cultivate and those that represent a minority of
the population [4, 49]. Some scholars used 16S rRNA
sequencing to investigate both planktonic and benthic
bacterial communities in the Jiulong River Watershed.
They found that nutrient concentrations were the main
factors of both a- and P-diversity patterns of bacterio-
plankton communities. Betaproteobacteria, Actinobac-
teria and Firmicutes were significantly more abundant in
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planktonic than in benthic communities, whereas the rel-
ative abundances of Acidobacteria, Delta-, Gammapro-
teobacteria, Chloroflexi and Nitrospira were higher in
sediment than in water samples [14].

In recent years, rapid economic development has pre-
dominantly increased urbanization and industrializa-
tion [15]. As a result, high pollution loads are discharged
to the water bodies, which has eventually caused water
pollution to be of major concern. Pollutants deposited
in river sediments are gradually released into the river
water, thus deteriorating the water quality. They can
serve as both a source and pool of water pollutants, the
pollutants can bioaccumulate in sediments through vari-
ous mechanisms and further re-release into the water
body under favourable conditions, causing secondary
pollution. Some studies suggest that pollutants can harm
the aquatic ecosystem when the concentration of pollut-
ants in the sediments is 2—3 times higher than the back-
ground concentrations [44]. The redundancy analysis
(RDA) showed a positive correlation between population,
industrial wastewater, domestic sewage, livestock and
nitrogen pollution concentrations in the river [33]. Pol-
lutants generated from anthropogenic sources have been
causing changes in microbial community [42]. Some
researchers showed consistent shifts in sediment bacte-
rial communities in response to nitrogen pollution gra-
dient in the east China sea [47]. Firmicutes were found
most abundantly in disturbed zone, highlighting the
impacts of anthropogenic activities [35]. Firmicutes were
also found to be related to human impact in an urban
river in Mexico [12]. Meanwhile, environmental factors
are also key factors affecting the abundance of sediment
microbial community. For example, Sediment total phos-
phorus was most influential on the bacterial community
structures in coastal area [35]. Research in Pune River,
a typical urban river in India, showed that ammonium
came from agricultural runoffs significantly shaped the
microbial community in the river, especially ammonium
oxidizing archaea group [51]. And another research in
Peru proved that high BOD; can make aerobic microor-
ganisms flourish, then lead to decrease in DO [8]. Some
scientists also studied the changes in water quality and
land use in the Yangtze River basin from multiple tempo-
ral and spatial perspectives, the results showed that the
correlation between DO and land use is low, while that
between NHI-N and land use is high [45].

It has been widely investigated about the human health
risks from water quality deterioration around the world,
including India [2], South Africa [10], Sudan [19] and
Nigeria [5]. These researches emphasized that ecosystem
in river, especially urban river, is of great importance on
human health. However, in urban rivers heavily affected
by human activities, the correlation of environmental
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factors in water and sediment on microbial community
structure of sediments and the coupling effect of micro-
bial diversity and water pollution in urban rivers are not
clear. Therefore, we investigated the following research
problems: (1) whether microbial biodiversity in urban
river sediments undergo significant changes under the
influences of anthropogenic activities, (2) the possible
patterns and influencing mechanisms of these changes,
(3) the correlationship between physicochemical param-
eters and microbial community structures and (4) to
evaluate how sediment bacterial communities respond
to pollution water in the urban cities. The limitation of
this study is that the scope focused in the current sta-
tus of microbial community and the distribution pattern
along the river, as well as the effect of environmental fac-
tors. For the study, the 16s RNA microbial gene was used
as the target for high-throughput sequencing to reveal
the relationship between the changes in microbial com-
munity structure and environmental factors in urban
river sediments and to provide a scientific basis for the
management of urban river ecosystems and protection of
biodiversity.

Materials and methods

Study area

The Bahe River (33°50’ to 34°27'N and 109°00’ to
109°47’E), a typical urban river with significant human
influence, is the primary tributary of the Weihe River
in the Yellow River, China, flowing southeast to north-
west. The study area is semi-arid and semi-humid con-
tinental monsoon climate of warm temperate zone, with
distinct four seasons and mild climate. The river length
is approximately 78 km (south to north) with a width
of 50 km (east to west), basin area of 2,581 km? and an
annual runoff of 718 million m3? [20]. The annual aver-
age temperature (T) is 13.1-14.3 °C, and the annual pre-
cipitation is 528.3-716.5 mm [15]. The dominant wind
direction is northeast, and the maximum wind speed is
2.4 m/min. Annual average humidity is 69.6%, annual
sunshine is 2058.2 h. The annual average evaporation
is 852.7 mm, with the largest evaporation from June to
August, accounting for 43.5% of the annual evaporation
[13]. Bahe River provides a rainwater discharge in the
monsoon and is primarily used for farmland irrigation,
and landscape channel development.

Sample collection and pre-treatment

Sediment samples were collected from 24 to 29 Sep-
tember 2020. The river is the raining season on Septem-
ber, the average daily temperature ranges from 15 C to
24 °C. Most of the precipitation occurs in July and Sep-
tember, accounting for 45-60% of the annual rainfall.
Researches have proved that comparing to dry season,
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rivers in raining season have higher river connectiv-
ity, which provides better understanding of longitudinal
pattern of microbial distribution and surrounding pol-
lution effect [18, 36]. Considering the natural attributes
such as surface width, water depth, riverbed geotechni-
cal properties, and the water pollution distribution in
Bahe River, the sampling points were distributed at inter-
vals of 1-1.5 km. A total of 18 sampling points, includ-
ing points B1-B6 in the upper reach, points B7-B12 in
the middle reach, and points B13—-B18 in the lower reach
were considered for the study (Fig. 1). Four litres of water
were collected per sampling point and placed in the Tef-
lon sampling bottles. Additionally, 500 g of surface sedi-
ment was collected per sample by use of a Peterson grab
sampler. All the samples were collected with three repli-
cates for later testing. Sediments were transported to the
laboratory in sterile plastic bags and frozen in a freezer
at — 80 °C. Ten percent of the sediment sample was sub-
jected to high-throughput sequencing, while the remain-
ing sample was cold-dried, ground, and screened for later
use [26, 50]. According to other research about high-
throughput sequencing of sediments, samples could be
grouped to carry out statistical analysis [6, 25, 27, 37, 48].
However, to ensure the samples are homogenized, three
replicates were mixed and pressed for the later 16s-RNA
analysis [7, 22, 28, 38, 46].

Analysis of physical and chemical properties of water

and sediments

The T, pH, dissolved oxygen (DO), oxidation—reduction
potential (ORP), electrical conductivity (EC), turbid-
ity (measured in nephelometric turbidity units, NTU),
and total dissolved solids (TDS) of the water samples
were measured using a Hash portable multi-parameter
detector (HASH SL-1000, Suzhou city, Jiangsu province,
China), chemical oxygen demand (COD) of the water
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samples was determined through the microwave heat-
ing method (GB11914-89). Ammonia nitrogen (NH,"-N)
of the water samples was determined using salicylic acid
spectrophotometry (HJ 535-2009). In the sediments, total
nitrogen (TN) was determined using alkaline potassium
persulfate digestion ultraviolet spectrophotometry (HJ
636-2012), total phosphorus (TP) was determined using
ammonium molybdate spectrophotometry (GB 11893-
89), moisture content (MC) was determined gravimetri-
cally, and organic matter (OM) was determined through
loss on ignition [16, 41, 52]. See Table 1 for the physical
and chemical parameters of the Bahe River Basin.

DNA extraction and polymerase chain reaction (PCR)
amplification analysis of microorganisms in sediments
One percent agarose gel electrophoresis was used to
detect and extract DNA from sediments in the Chanba
River Basin. The, 338F_806R primer was used for PCR
amplification and product purification. Each sample was
amplified in triplicate in a 50 pL reaction mixture under
the conditions: 30 cycles of denaturation at 94 ‘C for 30's,
annealing at 55 °C for 30 s, and extension at 72 °C for 30's,
with a final extension at 72 °C for 10 min [47]. The sedi-
ment DNA was stored in a freezer at — 80 °C for later use
[43, 55, 59].

High-throughput sequencing analysis

The PCR products were detected and quantified using
the QuantiFluor -ST blue fluorescence quantitative sys-
tem and were mixed according to the sequencing amount
of each sample. Each sample was amplified in triplicate,
pooled and purified using the QIA quick PCR purifi-
cation kit (Qiagen, Valencia, CA, USA) [14]. Then all
amplicons were mixed in equimolar concentration. A
paired-end library was constructed for Illumina sequenc-
ing [57]. The sediments were tested, the average sequence
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Table 1 Physical and chemical parameters of Bahe River Basin

Type Parameter Mean Standard Standard error Minimum Maximum Range

deviation

Water pH 847 0.57 0.13 7.05 9.12 2.07
DO (mg/L) 9.06 1.70 040 6.13 12.21 6.08
T(°Q) 28.88 2.50 0.59 23.00 32.00 9.00
COD (mg/L) 4549 1141 2.69 26.10 68.27 42.17
ORP (mV) 179.40 31.84 822 103.00 222.00 119.00
EC (mS/cm) 046 0.11 0.03 033 0.67 0.34
NTU 9143 81.38 21.01 14.40 323.00 308.60
TDS (g/L) 0.30 0.07 0.02 0.22 043 0.21
TN (mg/L) 2.84 0.64 0.15 1.94 4.12 218
NHXZN (mg/L) 040 0.36 0.08 0.15 1.05 0.90
TP (mg/L) 0.01 0.02 0.00 0.00 0.06 0.06

Sediment MC (%) 24.49 1142 11.09 575 45.82 40.06
OM (%) 3.75 1.51 147 0.80 6.27 547
TN (mg/kg) 523.76 514.87 500.37 24.06 1812.13 1788.07
TP (mg/kg) 73443 22590 219.54 21591 1177.27 961.36

number was 42,651, the average basic sequence number
was 17,863,794, and the average sequence length was
418.92.

Data processing and analysis

QIIME1.9.0 analysis software was used for filtering,
splicing, and chimera removal of the original FASTQ
files. Operational taxonomic units (OTUs) at a similar-
ity level of 97% were statistically analyzed for biological
information [24]. According to the species’ taxonomy
information corresponding to each OTU, the repre-
sentative sequences of OTUs at a similarity level of 97%
were subjected to taxonomic analysis using the Riboso-
mal Database Project Bayesian classifier algorithm, and
the community species composition in each sample was
counted.

QIIME software was used to calculate the diversity
indices (Sobs, Chao, Ace, and Shannon indices). R soft-
ware was used to perform redundancy analysis (RDA)
on the environmental factors and bacterial community
structure. The method of least significant difference was
used to conduct significance comparisons (a=0.05).
A Kruskal-Wallis H test was used to study the signifi-
cance of inter-group differences. Based on the commu-
nity abundance data of the samples, statistical methods
were used to detect species with abundance differences
in the microbial communities in the various samples, and
hypothetical tests were conducted to evaluate the signifi-
cance of the observed differences. A Venn diagram was
used to count the number of common and unique spe-
cies in the samples and to visually represent the composi-
tion similarity and overlap of the environmental samples

at different OTU classification levels. To study the simi-
larities or differences in the microbial community struc-
tures of the sediments in the Bahe River Basin, a distance
matrix of the microbial community was analyzed using
clustering, and a hierarchical cluster tree of samples was
constructed. Data analysis was performed using an Illu-
mina MiSeq sequencing platform of the Shanghai Major-
bio Biotesting Center.

Results and discussion

Nutrient analysis of sediments in Bahe River Basin

The TN contents in the sediments of Bahe River ranged
from 24 to 1,812 mg/kg, with an average of 524 mg/kg
(Table 1). The TN contents at B2, B5, B8, B16 and B18
ranged from 1000 to 2000 mg/kg (Additional file 1: Fig.
S1), indicating moderate pollution according to the Envi-
ronmental Protection Agency (EPA) classification and
grading standard for the sediments, while those at the
remaining points were lower than 1000 mg/kg, indicating
mild pollution (Additional file 1: Fig. S1; Table 1). The TP
contents in the sediments ranged from 216 to 1177 mg/
kg, with an average of 734 mg/kg (Table 1). The TP con-
tents at B1 and B3 were less than 420 mg/kg, indicating
mild pollution according to the EPA classification and
grading standard for sediments; while that at points B6
and B14 were 420-650 mg/kg, indicating moderate pol-
lution; and at the remaining points were greater than
650 mg/kg, indicating severe pollution (Additional file 1:
Fig. S1). Compared with the TN and TP contents in the
sediments of rural rivers, the nutrients were higher, while
the pollution level was lower compared to other urban
rivers [21].
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The water quality at points B1-B4 belongs to that of
a Class IV water body and at points B5-B18 to that of
a Class III water body according to the Environmental
Quality Standards for Surface Water (GB 3838-2002).
The primary reason for this result is that a rubber dam
downstream has slowed the water flow and decreased
the DO concentration. The OM content in the sedi-
ments in the lower reaches of the river ranged from 2.37
to 50.58 g-kg~!, with an average of 9.85 g-kg*(Additional
file 1: Fig. S1; Table 1). This result is primarily due to the
anthropogenic interferences in the lower reaches of the
river, which has affected the soil mass in the long term
and frequently disturbed the sediments. The TN con-
tents in the lower reaches of the river ranged from 0.05
to 2.78 g-kg™!, with an average of 0.64 g-kg~! (Additional
file 1: Fig. S1). The TP contents in the lower reaches of
the river ranged from 0.40 to 3.06 g-kg™!, with an aver-
age of 2.10 g-kg™!' (Additional file 1: Fig. S1). The TP
contents are at a moderate-to-high level due to phos-
phorus enrichment from urban construction, domestic
waste discharge and irrigation using sewage [54]. Since
microbial community is significantly influenced by envi-
ronmental factors, especially nutrient content, these
physiochemical properties could be more meaningful in
the following RDA analysis.

Analysis of species diversity of sediment microbial
communities in Bahe River Basin

Pan/core species analyses

According to the high-throughput sequencing technique,
there are 63 phyla, 201 classes, 464 orders, 770 fami-
lies, 1590 genera, 3477 species, and 10,127 OTUs in the
sediments of the Bahe River Basin. Using pan-OTU, we
observed an increase in the total OTU number as the
number of samples increased. It was used to observe the
decrease in the number of common OTUs as the number
of samples increased. As illustrated in Additional file 1:
Fig. S2, for the 18 sequenced samples obtained from
the pan/core species analyses, the curves gradually flat-
ten out, indicating that the sample size is sufficient and
can be used to determine the abundance of the sediment
microbial communities of the Bahe River Basin and for
the subsequent evaluation and analysis of the number of
core species.

Alpha diversity analysis

The species richness in the sediment microbial commu-
nities of the Bahe River Basin was obtained using diver-
sity index analysis and was expressed using statistical
analysis indices (Sobs, Chao, and Ace), which can also
reflect the biotic and microbiological activities. The Sobs
index represents the actual observed abundance, and the
Chao and Ace indices represent the species richness. As
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displayed in Fig. 2a—c, the average values of the three
indices at the OTU classification level were higher than
2000, indicating that the selected sequencing samples
reflect the species richness of the sediment microbial
communities of the Bahe River Basin. The Shannon index
primarily reflects the diversity of microbial communities
with a higher Shannon value indicating high community
diversity. As illustrated in Fig. 2d, the Shannon index of
the Bahe River Basin was higher than the average value
of 6, indicating that the microbial community diversity in
the sediments of the Bahe River Basin is high.

Microbial community composition analysis in sediments

of Bahe River Basin

Venn diagram analysis of microbial species in sediments

of Bahe River Basin

Ten dominant microbial populations, including Pro-
teobacteria, Firmicutes, Chloroflexi, Actinobacteria,
and Bacteroidota, were tested for their differences. The
microbial community characteristics of Bacteroidota in
the upper, middle and lower reaches of the Bahe River
Basin were significantly different (P<0.05) (Fig. 3). Some
literatures showed that many species of bacteroidetes
live in the intestines of humans and animals and some-
times become pathogens, in feces, Bacteroides is the
main microorganism in terms of the number of cells,
flavobacteriaceae exist mainly in aquatic environments,
which can degrade cellulose [56, 13, 41]. Bacteroidota
were all detected in the upper, middle and lower reaches
of the Bahe River Basin, it showed that domestic sewage
or aquaculture wastewater (such as feces) was the impor-
tant source in the Bahe River Basin. Venn diagram can be
seen in Additional file 1: Fig. S3 that the river is divided
into the upper (points B1-B6), middle (points B7-B12),
and lower reaches (points B13—-B18). There were 3259
common species of microorganisms in the Bahe River
Basin sediments. The unique microbial sequences in the
sediments of the upper, middle, and lower reaches of the
Bahe River Basin included 963 species, 800 species, and
1150 species, respectively. The microbial diversity of the
sediments in the Bahe River Basin was in the following
order: lower reaches>middle reaches>upper reaches
(Additional file 1: Fig. S3).

Analysis of community composition in sediments of Ba river
basin

The community composition histogram visually presents
two types of information: (1) the dominant species con-
tained in each sample at a certain taxonomic level and (2)
the relative abundance of each dominant species in the
sample (Fig. 4). As can be seen from Fig. 4a, at the phy-
lum level, the dominant species of the sediment micro-
bial communities in the river basin are Proteobacteria,
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Firmicutes, Chloroflexi, Actinobacteria, Acidobacterota,
Bacteroidota and Desulfobacterota, accounting for over
90% of the total microbial community. Of these, Desulfo-
bacterota can oxidise reduced sulphides (e.g. H,S, szog—,
etc.) and elemental sulphur. The existence of Desulfobac-
terota reduces the content of sulphides in the river water
and thus reduces the risk of polluted water, which is of
significance in improving the river water quality [29-31].

As can be seen from Fig. 4a, the microbial population
in the sediments of the Bahe River Basin is primarily
composed of Proteobacteria (13.86—-69.14%), Firmicutes
(1.45-58.33%), Chloroflexi (3.68—26.18%), Actinobacte-
riota (2.7-21.51%), Acidobacterota (0.73-16.36%), Bac-
teroidea (1.53-14.11%), and Thermodesulfobacteria
(0.1-8.9%). Such community composition is consistent
with other urban rivers, indicating Baha River is a typical

urban river [1, 9]. Some researchers found that benthic
bacterial communities were clearly more diverse and uni-
form than surface bacterioplankton communities [14].
The relative abundances of Acidobacteria, proteobacteria
and Chloroflexi were higher in sediment than in water
samples [35]. In particular, several sewer- and fecal-pol-
lution bacterial indicators were observed in sediment
samples, implying that the water bodies of Bahe river
were contaminated by sewer- and fecal-pollution.

The average abundance of the Proteobacteria popula-
tion in the Bahe River Basin is high, particularly at points
B1, B2, and B14, accounting for over 50% of the microbial
population, and it is one of the dominant species at the
other points. Figure 4a, the analysis of the species distri-
bution and proportions at the phylum level demonstrated
that the phyla in the microbial community at point B1 in
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the Bahe River Basin from high to low are Proteobacte-
ria (51.8%), Actinobacteriota (22.3%), Acidobacterota
(7.68%), Chloroflexi (5.55%), Firmicutes (4.83%) and oth-
ers. Proteobacteria was the main component of micro-
organisms, which was consistent with previous research
results [23, 30, 34]. At point B7, the population of Firmi-
cutes accounts for over 50% of the microbial community,
indicating that more OM is decomposed at this point.
Firmicutes is important biological resources for degrad-
ing carbohydrates [34]. The distribution proportions of
phyla in the microbial community at point B18 in the
Bahe River Basin are Proteobacteria (28.5%)>Chloro-
flexi (15.1%)> Acidobacteriota (13.9%) > Actinobacte-
riota (12.0%) >Firmicutes (7.5%) > Desulfobaacteria and
others. The relative abundance of the other predominate
phyla is lower than that of Proteobacteria and Firmi-
cutes, indicating that the relative contents of organic car-
bon and nitrates may be lower at these points. As can be
seen from Fig. 4b, the dominant species in the sediment
microbial communities of the Bahe River Basin are Gam-
maproteobacteria, Alphaproteobacteria, Anaerolineae,

Bacilli, Bacteroidota, Actinobacteriota, Clostridia, and
Vicinamibacteria, accounting for over 70% of the total
microbial community. Similar results were also observed
by a prior field research of microbial community in sedi-
ments by 16S rRNA sequences [24, 14].

Hierarchical clustering analysis of sediments in Bahe River
Basin

Figure 5 displays the hierarchical clustering analysis of
the sediment microbial communities in the Bahe River
Basin at the phylum, class, family, and genus classifica-
tion levels. From Fig. 5, it can be seen that there are sig-
nificant differences between point B7 and the microbial
communities at the other sampling points at all classifi-
cation levels. The population of Firmicutes accounts for
over 50% of the microbial community (Fig. 5a), Some
reports showed that Firmicutes and Bacteroidetes com-
munities are important biological resources for degrad-
ing carbohydrates such as rice straw and dietary fiber
[34]. Under anaerobic conditions, Firmicutes and
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Bacteroidetes communities can degrade simple or com-
plex organics (such as cellulose, hemicellulose and lactic
acid) into pyruvate and acetyl coenzyme A, and then pro-
duce metabolites such as ethanol and methane [3].
Hierarchical clustering analysis of microbial
communities in the sediments of the Bahe River
Basin at the family level (Fig. 5d) revealed that

Sphingomonadaceae, Xanthomonadaceae, Camobacte-
ricaeae, Rhodobacteraceae of alpha-3-Proteobacteria,
Comamonadaceae, and Clostridlaceae are the domi-
nant species in the sediment microbial communities
of the Bahe River Basin at the family level, and the
other microbial communities account for over 50% of
the total microbial community. Of these, the sediment



Feng et al. Environmental Sciences Europe (2022) 34:93 Page 9 of 13

BN mothers
B 14— B .. W Desulfobacterota
Bl I Il P mcteoidota
I M Acidobacteriota
Actinobacteriota
M Chloroflexi
Firmicutes
M Proteobacteria

0.3

02 01 0 0 01 02 03 04 05 06 07 08 09 1

B7 BN mothers
B4 P S kD406

Bl B B yicinamibacteria
511 I B

B2 [
B3 [ | S
B4 I _  EEE—
B6 - EE—
B I
B I EeeeE— ' Alphaproteobacteria
B5 I s ¥ Gammaproteobacteria
B12 N U

B 15— s E—

B 10— I

B13 S

BS | I

B 17 S S —

B1 S W —

Actinobacteria
M Bacteroidia
Bacilli
M Anacrolineae

0.3

0.2 0.1 0 0 01 02 03 04 05 06 07 08 09 1 b

B7 U O N Mothers
B | I W Bacteroidales
B — ——— mm W Anacrolineales

Exiguobacterales
W Clostridiales

B 1 | S M g Chiinophagales
B | GO S B P <ptostreptococcales-Tissierellales
B9 I S B W Micrococeales

B I W Riodobacterales

B5 I S ¥ Sphingomonadales

Bl I NN S N Pscodomonadales

B A i renibctenles

B ——— ——

Bl I - -

B S e — ;

03

02 01 0 0 01 02 03 04 05 06 07 08 09 1

B3 I | — Mothers

MBacillaceae

MPlanococcaceae

WFlavobacteriaceae
Anaerolineaceae

M Clostridiaceae
Adb

W Pseudomonadaceae

W Exiguobacteraceae

W Oxalobacteraceae

W Micrococcaceae

Minorank o_ norank c_ KD4-96
Rhodocyclaceae

W Moraxellaceae

M Camobacteriaceae

M Hydrogenophilaceae

Minorank_o_ SBR1031

B4 I | S
- Rhodobacteraceae
B2 I (N |
Comamonadaceae
66 I ] .. 1 i d

0.3

Fig. 5 Hierarchical clustering anal
level, c order level, d family level)

02 01 0 0 01 02 03 04 05 06 07 08 09 1 Xanthomonadaceae d

ysis diagram of sediment microbial communities in Bahe River Basin at the different levels (a phylum level, b class




Feng et al. Environmental Sciences Europe (2022) 34:93 Page 10 of 13
150 200~ _— -
cop
100 a R 150+ b con
B2 B8 "
_ ™y S12@ E 1 B2
50 ” f‘ﬁvi.";fh 100 oRp * AT
R 82 : 2 e RS “T}k\m e
S B L TPH o MC & 504 ‘e 1 ?
£ 0 s O‘t&i o2, 5 o B —7
o6 NH4_N ~ - 818~ DO Bl Py " B10
- < E’i. = 04 e F—; g @
S ® coy 51 o — L
< -504 814 .': 8 1os % & . : 35“3 o
8 gy (212 5 _s0] =€ nmwan ¥\ oo
-1001 : N
-100 T0S
i vr 87 2 g7
-1504 @ -1504 v @
22004 : -200
-180-160-140-120-100 -80 -60 40 -20 0 20 40 60 80 100 120 -160-140-120-100 -80 -60 40 20 0 20 40 60 S0 100 120
RDA1(57.10%) RDA1(42.56%)
Fig. 6 Redundancy analysis of environmental factors and the abundance of microbial community (a at the phylum level, b at the class level. T, pH,
DO, ORP. COD, EC, TDS, TN, TP, NH}'—N were the parameters of the water samples. MC, OM were the parameters of the sediment samples)

microbial communities at points B11 and B14 of the
Bahe River Basin show similarity, and those at points
B2, B4, and B6 show similarity.

Response relationship between environmental factors

and microbial communities

The RDA results reflect the relationship between the sedi-
ment bacterial population and environmental factors.
The principal components in Fig. 6a explained 57.1% and
18.4% of the variation in the sediment bacterial communi-
ties at the phylum level while the principal components in
Fig. 6b explain 42.56% and 19.48% of the variation in the
sediment bacterial communities at the class level. Of these,
the environmental factors pH, EC, MC, OM, TP, DO were
positively correlated each other, and these environmen-
tal factors controlled the abundance of microbial com-
munity at the phylum level at points B5, B8, B9, B10, B13,
B15, B17, and B18 of sediments in the Bahe River, while
these environmental factors were negatively correlated
with ORP, NHZ—N, T, and they limited the abundance of
microbial community at the phylum level at points B1, B2,
B11, B14 of sediments in the Bahe River (Fig. 6a). Analy-
sis based on Additional file 1: Fig. S4, the concentration of
TN was significant positive correlation with part of micro-
bial community (i.e., Dependentiae, Nitrospirota, Planc-
tomycetota and DTN120) at the phylum level in the Bahe
River Basin. The RDA indicated that population, indus-
trial wastewater, domestic sewage, livestock production
were positively correlated with nitrogen pollution of river
waters [33]. It was speculated that the concentration of
nitrogen maybe impact on the structure of microbial com-
munity. Some researchers found that nutrients (e.g.,

nitrogen and phosphorus) was influential on the bacterial
community structures [35]. Meanwhile, microbial commu-
nity structure was related to land type and source, namely
the human influence in Bahe basin. The previous reports
shown that forestlands and grasslands were negatively cor-
related with nitrogen pollution of river water [33]. It was
reported that in Turag River, pollution from factories along
the river significantly changed the environmental condi-
tions such as DO, COD and BOD; nearby, which could be
the key factors determining the longitudinal distribution
pattern of the microbial community [32]. The strength of
stressor inflow, namely the volume, also had crucial influ-
ence on the distribution of nutrient and microorganisms
[61]. However, that habitat probably have more influence
than pollution on microorganisms [1]. It can be seen from
the land type around sampling points in Fig. 1 that B17
and B18 were close to forestlands, while sampling points
B3, B5, B8 and B10 were close to grasslands, which was
similar to the results presented by Shi et al. [33].

The environmental factors pH, MC, OM, and TP are
positively correlated with each other, and these environ-
mental factors controlled the abundance of microbial
community at the class level at points B5-6, B8-10, B12-
13, B15-18 of sediments in the Bahe River, while these
environmental factors were negatively correlated with
COD, ORP, NHI—N, T, and they limited the abundance of
microbial community at the class level at points B1, B2,
B11, B14 of sediments in the Bahe River (Fig. 6b). Micro-
bial abundance and diversity are particularly critical to the
control of the denitrification rate [59]. The bacterial com-
munities in the sediments of the Bahe River Basin exhibit
high diversity, and the seven primary bacterial families
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discovered in the present study are consistent with pre-
vious reports [58, 60]. Researches have proved that envi-
ronmental factors could be changeable in different season,
which could significantly influence the microbial commu-
nity [39]. Therefore, future research about seasonal trans-
formation of dynamics between environmental factors
and microbial community is highly recommended.

Management measures for water quality improvement

in the urban river

The nitrogen and phosphorus in the upper and lower
reaches of the Bahe river mainly came from domestic
sewage treatment plant. The nutrients pollution was con-
siderably affected by human activities in the Bahe river.
The water quality of the Bahe river at the downstream of
B5 point and the upstream of B8 point were better than
other sample points, and were less affected by the tail
water of the sewage treatment plant. The inlet water of
the sewage treatment plant should control the mixing
of external water (i.e., rainwater, groundwater and river
water) into the sewage pipe network. It is necessary to
continue to rectify the mixing and misconnecting of the
pipe network and improve the efficiency of the sewage
transmission system. Meanwhile, optimizing chemical
fertilizer application rates and employing deep fertilizing
techniques will improve fertilizer use efficiency.

Conclusion

(1) The microbial composition in the Bahe River Basin
is rich and typical in urban rivers, with some of the key
taxa, among which Proteobacteria is an indicator organ-
ism of river water pollution, these bacteria play a vital role
in organic pollutant degradation, maintaining the carbon
cycle and biogeochemical cycles in the ecosystem.

(2) Both environmental factors and spatial distribution of
habitat shaped the microbial community in Bahe River,
indicating the land use and pollution input could be the
key anthropogenic activity input influencing the ecology
of urban rivers.

(3) To develop the management measures, rectifying
the mixing and misconnecting of the pipe network and
improving the efficiency of the sewage transmission sys-
tem are extremely necessary in the future.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512302-022-00669-1.

Additional file 1: Fig. S1. Physicochemical parameters of sediments

in the Bahe River Basin. (MC: moisture content, OM: organic matter,

TN: total nitrogen, TP: total phosphorus). Fig. $2. Pan and core species
analysis curves. Fig. S3 Venn diagram of microbial community species in

Page 11 of 13

the sediments of Bahe River Basin. Fig. S4. Pearson correlation heatmap
between environmental factors and the abundance of microbial com-
munity at the phylum level in the Bahe River Basin.

Author contributions

WEF: Data analysis, Methodology, Writing—original draft and Writing Review-
ing; JG: Test data and analysis; YW: Writing-Reviewing and Editing; DL:
Resources; FY: Writing-original draft; QZ: Visualization; YB: Investigation, Data
curation and Supervision. All authors read and approved the final manuscript.

Funding

This research was jointly supported by the National Natural Science Founda-
tion of China (42177400), the Science and Technology Plan Project of Inner
Mongolia Autonomous Region (2022YFHH0044), the National Natural Science
Foundation of China (41907338) and National Key Research and Development
Program of China (2019YFC0409205).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

Author details

"Basin Research Center for Water Pollution Control, Chinese Research
Academy of Environmental Sciences, Beijing 100012, China. School of Space
and Environment, Beihang University, Beijing 100191, China. *Beijing
Advanced Innovation Center for Big Data-Based Precision Medicine, Beihang
University, Beijing 100191, China.

Received: 16 March 2022 Accepted: 25 August 2022
Published online: 20 September 2022

References

1. AIM, XueY, Xiao P, Xu J, Chen H, Mo Y, Shimeta J, Yang J (2022) Com-
munity assembly of microbial habitat generalists and specialists in urban
aquatic ecosystems explained more by habitat type than pollution gradi-
ent. Water Res 220:118693. https://doi.org/10.1016/j.watres.2022.118693

2. Arunbose S, Srinivas Y, Rajkumar S, Nair N, Kaliraj S (2021) Remote sensing,
GIS and AHP techniques based investigation of groundwater poten-
tial zones in the Karumeniyar river basin, Tamil Nadu, southern India.
Groundw Sustain Dev 14:100586. https://doi.org/10.1016/j.gsd.2021.
100586

3. Beller H,Han R, Karaoz U, Lim H, Brodie E (2013) Genomic and physiologi-
cal characterization of the chromate-reducing, aquifer-derived Firmicute
Pelosinus sp. Strain HCF1. Appl and Environ Microb 79:63-73. https://doi.
org/10.1128/AEM.02496-12

4. BiH,LiuC(2018) Dynamic changes of cyanobacteria in East Lake based
on high throughput sequencing. Yangtze River 49(19):39-45. https://doi.
0rg/10.16232/j.cnki.1001-4179.2018.19.008

5. Chinye-lkejiunor N, lloegbunam G, Chukwuka A, Ogbeide O (2021)
Groundwater contamination and health risk assessment across an
urban gradient: case study of Onitcha metropolis, south-eastern Nigeria.
Groundw Sustain Dev 14:100642. https://doi.org/10.1016/j.gsd.2021.
100642

6. Coll C, Bier R, Li Z, Langenheder S, Gorokhova E, Sobek A (2020) Associa-
tion between aquatic micropollutant dissipation and river sediment
bacterial communities. Environ Sci Technol 54(22):14380-14392. https://
doi.org/10.1021/acs.est.0c04393


https://doi.org/10.1186/s12302-022-00669-1
https://doi.org/10.1186/s12302-022-00669-1
https://doi.org/10.1016/j.watres.2022.118693
https://doi.org/10.1016/j.gsd.2021.100586
https://doi.org/10.1016/j.gsd.2021.100586
https://doi.org/10.1128/AEM.02496-12
https://doi.org/10.1128/AEM.02496-12
https://doi.org/10.16232/j.cnki.1001-4179.2018.19.008
https://doi.org/10.16232/j.cnki.1001-4179.2018.19.008
https://doi.org/10.1016/j.gsd.2021.100642
https://doi.org/10.1016/j.gsd.2021.100642
https://doi.org/10.1021/acs.est.0c04393
https://doi.org/10.1021/acs.est.0c04393

Feng et al. Environmental Sciences Europe

20.

21

22.

23.

24.

(2022) 34:93

Cordier T, Angeles IB, Henry N, Lejzerowicz F, Berney C, Morard R, Brandt
A, Cambon-Bonavita M, Guidi L, Pawlowski J (2022) Patterns of eukaryotic
diversity from the surface to the deep-ocean sediment. Sci Adv 8(5):9309.
https://doi.org/10.1126/sciadv.abjo309

Custodio M, Pefialoza R, Chanamé F, Hinostroza-Martinez J, Cruz H (2021)
Water quality dynamics of the Cunas River in rural and urban areas in the
central region of Peru. Egypt J Aquat Res 47(3):253-259. https://doi.org/
10.1016/j.ejar.2021.05.006

Duvert C, Priadi C, Rose A, Abdillah A, Marthanty D, Gibb K, Kaestli M
(2019) Sources and drivers of contamination along an urban tropical river
(Ciliwung, Indonesia): insights from microbial DNA, isotopes and water
chemistry. Sci Total Environ 682:382-393. https://doi.org/10.1016/j.scito
tenv.2019.05.189

ElumalaiV, Brindha K, Lakshmanan E (2017) Human exposure risk assess-
ment due to heavy metals in groundwater by pollution index and multi-
variate statistical methods: a case study from South Africa. Water 9(4):234.
https://doi.org/10.3390/w9040234

. Environmental quality standards for surface water. National Standard of

the People’s Republic of China, GB 3838-2002, 2002

Garcia-Mazcorro J, Treviio-Espinosa R, Medina-Ponce M, Marroquin-
Cardona A, Cruz-Valdéz J, Ramirez-Martinez C (2016) Massive molecular
description of microorganisms in an urban river. Toxicol Lett 259:5127.
https://doi.org/10.1016/j.toxlet.2016.07.326

Guo J, Mo J, Zhao Q, Han Q, Kanerva M, Iwata H, Li Q (2020) De novo
transcriptomic analysis predicts the effects of phenolic compounds in Ba
River on the liver of female sharpbelly (Hemiculter lucidus). Environ Pollut
264:114642. https://doi.org/10.1016/j.envpol.2020.114642

Hu A, Yang X, Chen N, Hou L, Ma Y, Yu C (2014) Response of bacterial
communities to environmental changes in a mesoscale subtropical
watershed, Southeast China. Sci Total Environ 472:746-756. https://doi.
org/10.1016/j.scitotenv.2013.11.097

Hu A, Feng J, Hou L, Li J, Yang X, Wang H, Mulla S, Qian S, Burgmann H,
Yu C (2017) Strong impact of anthropogenic contamination on the co-
occurrence patterns of a riverine microbial community. Environ Microbiol
19:4993-50009. https://doi.org/10.1111/1462-2920.13942

Huang B, Shao J, Mu Q (2019) Study on sedimental bacterial community
and its response to environment factors in the Western Yellow Sea. Ecol
Environ Sci 28(7):1423-1433. https://doi.org/10.16258/j.cnki.1674-5906.
2019.07.016

Huang B, Wang J, Wei N, Mu Q, Luo H (2020) Study on sedimental
archaeal diversity and its correlation with environmental. Mar Environ Sci
39(4):593-599. https://doi.org/10.13634/j.cnki.mes.2020.04.014

Isabwe A, Yang J, Wang Y, Liu L, Chen H, Yang J (2018) Community
assembly processes underlying phytoplankton and bacterioplankton
across a hydrologic change in a human-impacted river. Sci Total Environ
630:658-667. https://doi.org/10.1016/j.scitotenv.2018.02.210

Ismael M, Mokhtar A, Faroog M, Lii X (2021) Assessing drinking water
quality based on physical, chemical and microbial parameters in the Red
Sea State, Sudan using a combination of water quality index and artificial
neural network model. Groundw Sustain Dev 14:100612. https://doi.org/
10.1016/j.95d.2021.100612

Jing H, Lang Y, Wang X, Yang M, Zhang Z (2021) Numerical simulation of
effects of river reconstruction on flooding: a case study of the Ba River.
China Adv Mater Sci Eng 2021:1-10. https://doi.org/10.1155/2021/55380
59

Kim K, Mun H, Shin H, Park S, Yu C, Lee J, Yoon Y, Chung H, Yun H, Lee K,
Jeong G, Oh J, Lee |, Lee H, Kang T, Ryu H, Park J, Shin Y, Rhew D (2020)
Nitrogen stimulates microcystis-dominated blooms more than phospho-
rus in river conditions that favor non-nitrogen-fixing genera. Environ Sci
Technol 54(12):7185-7193. https://doi.org/10.1021/acs.est.9b07528

LiY, Zhang JJ, Zhang JQ, Xu W, Mou Z (2019) Microbial community
structure in the sediments and its relation to environmental factors in
eutrophicated Sancha Lake. Int J Environ Res Public Health 16:1931.
https://doi.org/10.3390/ijerph16111931

Liu J, Liu X, Wang M, Qiao Y, Zheng Y, Zhang X (2015) Bacterial and
archaeal communities in sediments of the north Chinese marginal seas.
Microb Ecol 70(1):105-117. https://doi.org/10.1007/500248-014-0553-8
Liu K, Zhang B, Ding X, Yang X, Deng B, Lan A, Peng H, Niu M, Mi Y (2018a)
Microbial community and salt-tolerant genes of hypersaline sediment
from Huama lake revealed by metagenomic sequencing. Acta Microbiol
Sin 28(10):1743-1753. https://doi.org/10.13343/j.cnkiwsxb.20170564

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 12 of 13

Liu Q, Tolar BB, Ross MJ, Cheek JB, Sweeney CM, Wallsgrove NJ, Popp

BN, Hollibaugh JT (2018b) Light and temperature control the seasonal
distribution of thaumarchaeota in the South Atlantic bight. ISME J
12:1473-1485. https://doi.org/10.1038/541396-018-0066-4

Liu X, Huang Y, Wang Y, Wang B, Wu B, Lu G (2020) Structural character-
istics of microbial communities in the sediments of the Niyang River in
Tibet. Environ Sci 41(7):3249-3256. https://doi.org/10.13227/j.hjkx.20191
2150

Liu Y, Makarova KS, Huang WC, Wolf Y1, Nikolskaya AN, Zhang XX, Cai MW,
Zhang CJ, Xu W, Luo ZH, Cheng L, Koonin EV, Li M (2021) Expanded diver-
sity of Asgard archaea and their relationships with eukaryotes. Nature
593:553-557. https://doi.org/10.1038/541586-021-03494-3

Liao BQ, Yan XX, Zhang J, Chen M, Li YL, Huang J, Lei M, He HL, Wang J
(2019) Microbial community composition in alpine lake sediments from
the Hengduan Mountains. Microbiol Open 8. https://doi.org/10.1002/
mbo3.832

Ma L, Jiang X, Liu G, Yao L, Liu W, Pan Y, Zuo Y (2020) Environmental fac-
tors and microbial diversity and abundance jointly regulate soil nitrogen
and carbon biogeochemical processes in Tibetan wetlands. Environ Sci
Technol 54(6):3267-3277. https://doi.org/10.1021/acs.est.9b06716
Murphy CL, Biggerstaff J, Eichhorn A, Ewing E, Shahan R, Soriano D,
Stewart S, Vanmol K, Walker R, Walters P, Elshahed M, Youssef N (2021)
Genomic characterization of three novel Desulfobacterota classes
expand the metabolic and phylogenetic diversity of the phylum. Environ
Microbiol 23(8):4326-4343. https://doi.org/10.1111/1462-2920.15614

Qi M, Li J, Liu X, Shao Z (2020) In situ enrichment and diversity analysis

of natural macromolecular polymer degrading bacteria in offshore sedi-
ments and water bodies. J Appl Oceanogr 39(4):566-573. https://doi.org/
10.3969/J.1SSN.2095-4972.2020.04.013

Rahman A, Jahanara |, Jolly Y (2021) Assessment of physicochemical
properties of water and their seasonal variation in an urban river in Bang-
ladesh. Water Sci Eng 14(2):139-148. https://doi.org/10.1016/jwse.2021.
06.006

Shi P, Zhang Y, Song J, Li P, Wang Y, Zhang X, Li Z, Bi Z, Zhang X, Qin Y, Zhu
T (2019) Response of nitrogen pollution in surface water to land use and
social-economic factors in the Weihe River watershed, northwest China.
Sustain Cities Soc 50:101658. https://doi.org/10.1016/j.5¢5.2019.101658
ShiY, Su C, Wang M, Liu X, Ma W (2020) Modern climate and soil proper-
ties explain functional structure better than phylogenetic structure of
plant communities innorthern China. Front Ecol Evol 8:531947. https://
doi.org/10.3389/fevo.2020.531947

Su Z,DaiT,Tang Y, Tao Y, Huang B, Mu Q, Wen D (2018) Sediment bacterial
community structures and their predicted function simplied the impacts
from natural processes and anthropogenic activities in coastal area. Mar
Pollut Bull 131:481-495. https://doi.org/10.1016/j.marpolbul.2018.04.052
Sun H, Pan B, He H, Zhao G, Hou Y, Zhu P (2021) Assembly processes and
co-occurrence relationships in the bacterioplankton communities of a
large river system. Ecol Indic 126:107643. https://doi.org/10.1016/j.ecoli
nd.2021.107643

Urbanek BK, Rymowicz W, Strzelecki MC, Kociuba W, Franczak K,
Miroriczuk AM (2017) Isolation and characterization of Arctic microorgan-
isms decomposing bioplastics. AMB Expr 7:148. https://doi.org/10.1186/
513568-017-0448-4

Vonnahme TR, Vonnahme M, Janssen F, Wenzhofer F, Haeckel M, Titschack
J, Boetius A (2020) Effects of a deep-sea mining experiment on seafloor
microbial communities and functions after 26 years. Sci Adv 6(18):5922.
https://doi.org/10.1126/sciadv.aaz5922

Wang H, Liu X, Wang Y, Zhang S, Zhang G, Han Y, Li M, Liu L (2023) Spatial
and temporal dynamics of microbial community composition and factors
influencing the surface water and sediments of urban rivers. J Environ Sci
124:187-197. https://doi.org/10.1016/}.jes.2021.10.016

Wang P, Xiao H, Zhang H, Liu J (2018) Bacterial communities in the estua-
rine sediment of Poyang Lake. China Environ Sci 38(4):1481-1489. https://
doi.org/10.19674/j.cnki.issn1000-6923.2018.0179

Wang X, Qi L (2020) Bacterial diversity and community structure in sur-
face sediments of yellow river from inner Mongolia section. Acta Ecol Sin
40(2):578-589. https://doi.org/10.5846/5txb201806261405

Woldemedhin D, Gemeda F, Abdissa B, Guta D, Tefera T, Senbeta F (2021)
Determinants of people’s willingness to pay to restore polluted urban
rivers: The case of River Kebena, Addis Ababa. Groundw Sustain Dev
15:100692. https://doi.org/10.1016/j.gsd.2021.100692


https://doi.org/10.1126/sciadv.abj9309
https://doi.org/10.1016/j.ejar.2021.05.006
https://doi.org/10.1016/j.ejar.2021.05.006
https://doi.org/10.1016/j.scitotenv.2019.05.189
https://doi.org/10.1016/j.scitotenv.2019.05.189
https://doi.org/10.3390/w9040234
https://doi.org/10.1016/j.toxlet.2016.07.326
https://doi.org/10.1016/j.envpol.2020.114642
https://doi.org/10.1016/j.scitotenv.2013.11.097
https://doi.org/10.1016/j.scitotenv.2013.11.097
https://doi.org/10.1111/1462-2920.13942
https://doi.org/10.16258/j.cnki.1674-5906.2019.07.016
https://doi.org/10.16258/j.cnki.1674-5906.2019.07.016
https://doi.org/10.13634/j.cnki.mes.2020.04.014
https://doi.org/10.1016/j.scitotenv.2018.02.210
https://doi.org/10.1016/j.gsd.2021.100612
https://doi.org/10.1016/j.gsd.2021.100612
https://doi.org/10.1155/2021/5538059
https://doi.org/10.1155/2021/5538059
https://doi.org/10.1021/acs.est.9b07528
https://doi.org/10.3390/ijerph16111931
https://doi.org/10.1007/s00248-014-0553-8
https://doi.org/10.13343/j.cnki.wsxb.20170564
https://doi.org/10.1038/s41396-018-0066-4
https://doi.org/10.13227/j.hjkx.201912150
https://doi.org/10.13227/j.hjkx.201912150
https://doi.org/10.1038/s41586-021-03494-3
https://doi.org/10.1002/mbo3.832
https://doi.org/10.1002/mbo3.832
https://doi.org/10.1021/acs.est.9b06716
https://doi.org/10.1111/1462-2920.15614
https://doi.org/10.3969/J.ISSN.2095-4972.2020.04.013
https://doi.org/10.3969/J.ISSN.2095-4972.2020.04.013
https://doi.org/10.1016/j.wse.2021.06.006
https://doi.org/10.1016/j.wse.2021.06.006
https://doi.org/10.1016/j.scs.2019.101658
https://doi.org/10.3389/fevo.2020.531947
https://doi.org/10.3389/fevo.2020.531947
https://doi.org/10.1016/j.marpolbul.2018.04.052
https://doi.org/10.1016/j.ecolind.2021.107643
https://doi.org/10.1016/j.ecolind.2021.107643
https://doi.org/10.1186/s13568-017-0448-4
https://doi.org/10.1186/s13568-017-0448-4
https://doi.org/10.1126/sciadv.aaz5922
https://doi.org/10.1016/j.jes.2021.10.016
https://doi.org/10.19674/j.cnki.issn1000-6923.2018.0179
https://doi.org/10.19674/j.cnki.issn1000-6923.2018.0179
https://doi.org/10.5846/stxb201806261405
https://doi.org/10.1016/j.gsd.2021.100692

Feng et al. Environmental Sciences Europe

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

(2022) 34:93

Wu X, Yang H, Cheng R, Sheng Y, Han J, Li P (2018) Bacterial community
structures in sediments are affected by different plants in hongze lake

wetlands. J Agro-Environ Sci 37(5):984-991. https://doi.org/10.11654/jaes.

2017-1246

Wu L, Shang L, Sun H, Shi X, Zhang X (2020) Bacterial community
structure of intertidal sediments in the fildes peninsula, Antatctica, and
preliminary screening of enzyme-producing strains. Chinese J Polar Res
32(4):512-522. https://doi.org/10.13679/dy}.20190069

Wu J, Zeng S, Yang L, Ren Y, Xia J (2021) Spatiotemporal characteristics
of the water quality and its multiscale relationship with land use in the
Yangtze River Basin. Remote Sens 13(16):3309. https://doi.org/10.3390/
RS13163309

Xia F, Jiang QY, Zhu T, Zou B, Liu H, Quan ZX (2021) Ammonium promot-
ing methane oxidation by stimulating the Type la methane-oxidizing
bacteria in tidal flat sediments of the Yangtze River estuary. Sci Total
Environ 793:148470. https://doi.org/10.1016/j.scitotenv.2021.148470
Xiong J, Ye X, Wang K, Chen H, Hu C, Zhu J, Zhang D (2014) Biogeography
of the sediment bacterial community responds to a nitrogen pollution
gradient in the East China Sea. Appl Environ Microb 80(6):1919-1925.
https://doi.org/10.1128/AEM.03731-13

XiuW, Ke TT, Lloyd JR, Shen JX, Bassil NM, Song H, Polya DA, Zhao Y, Guo
HM (2021) Understanding microbial arsenic-mobilization in multiple
aquifers: insight from DNA and RNA analyses. Environ Sci Technol
55(22):15181-15195. https://doi.org/10.1021/acs.est.1c04117

Xue, Jiang X, Sun M, Liu F, Teng J, Geng J, Xie W, Zhang H (2017)
Structure and diversity profiles of planktonic and sediment bacteria
communities in the Zhushan Bay of Lake Taihu in winter based on high-
throughput sequencing. J Ecol Rural Environ 33(11):992-1000. https://
doi.org/10.11934/j.issn.1673-4831.2017.11.005

XueY, Liu F, Jiang X, Gneg J, Teng J, Xie W, Zhang H, Chen W (2018) The
diversity of bacterial communities in the sediment of different lake zones
of Lake Taihu in winter. China Environ Sci 38(3):719-728. https://doi.org/
10.19674/j.cnkiissn1000-6923.2018.0085

Yadav R, Rajput V, Dharne M (2021) Metagenomic analysis of a mega-city
river network reveals microbial compositional heterogeneity among
urban and peri-urban river stretch. Sci Total Environ 783:146960. https://
doi.org/10.1016/j.scitotenv.2021.146960

Yang W, Wu F, Shen H, Li W, Zhang S (2020a) Structure of bacteria com-
munity in the Nanhai lake at frozen. J Irrig Drain 10(39):75-81. https://doi.
0rg/10.13522/j.cnki.ggps.2019414

Yang W, Zhang Y, Wang Z, Shi D, Li W (2020b) Community characteristics
of nitrogen-fixing microorganisms in lake sediment—taking Nanhaihu
lake as example. China Environ Sci 40(6):2674-2682. https://doi.org/10.
19674/j.cnki.issn1000-6923.2020.0300

Yi Q, Chen Q, ShiW, LinY, Hu L (2017) Sieved transport and redistribu-
tion of bioavailable phosphorus from River Basin with Complex River
Networks to Lake. Environ Sci Technol 51(18):10379-10386. https://doi.
0rg/10.1021/acs.est.7b02710

Yin X, Tian W, Ding Y, Sun F, Yuan J, Li Y, Chen Z (2018) Composition and
predictive functional analysis of bacterial communities in surface sedi-
ments of the Danjiangkou Reservoir. J Lake Sci 30(4):1052-1063. https://
doi.org/10.18307/2018.0418

Yul, QiL, Yang W, LiW, Jiang Q, Zhao Y, Miao C (2019) Diversity of bacte-
rial communities in the sediment of Baotou Nanhai Lake in ice period.
Environ Chem 38(6):1348-1355. https://doi.org/10.7524/j.issn.0254-6108.
2018071904

Yuan R, NiuY, Wang P Wang S (2018) Effects of the yellow river diversion
on microbial communities in sediments of the receiving reach. Acta Sci
Circumstantiae 39(2):499-508. https://doi.org/10.13671/j.hjkxxb.2018.
0368

Yuan B, Wu W, Guo M, Zheng X, Zhou X (2019a) Fluorescence spectro-
scopic characteristics of DOM and its effects on bacterial composition in
Bahe River basin. China Environ Sci 39(8):3383-3395. https://doi.org/10.
19674/j.cnki.issn1000-6923.2019.0402

Yuan R, Lv J, Wang S (2019b) Characteristics of seasonal variation of
microbial composition and structure in upstream sediment of the Fen
River. Acta Sci Circumstantiae 39(7):2190-2199. https://doi.org/10.
13671/j.hjkxxb.2019.0068

Zhang X, Jin R, Yang Z, Tian M, Zhang Y, Jia Z (2019) Microbial community
structure in the Chongming eastern wetland of the Yangtze Estuary.

61.

Page 13 of 13

Chinese J Soil 50(5):1178-1184. https://doi.org/10.19336/j.cnki.trtb.2019.
05.24

ZizkaV, Geiger M, Leese F (2020) DNA metabarcoding of stream inver-
tebrates reveals spatio-temporal variation but consistent status class
assessments in a natural and urban river. Ecol Indic 115:106383. https://
doi.org/10.1016/j.ecolind.2020.106383

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.11654/jaes.2017-1246
https://doi.org/10.11654/jaes.2017-1246
https://doi.org/10.13679/j.jdyj.20190069
https://doi.org/10.3390/RS13163309
https://doi.org/10.3390/RS13163309
https://doi.org/10.1016/j.scitotenv.2021.148470
https://doi.org/10.1128/AEM.03731-13
https://doi.org/10.1021/acs.est.1c04117
https://doi.org/10.11934/j.issn.1673-4831.2017.11.005
https://doi.org/10.11934/j.issn.1673-4831.2017.11.005
https://doi.org/10.19674/j.cnki.issn1000-6923.2018.0085
https://doi.org/10.19674/j.cnki.issn1000-6923.2018.0085
https://doi.org/10.1016/j.scitotenv.2021.146960
https://doi.org/10.1016/j.scitotenv.2021.146960
https://doi.org/10.13522/j.cnki.ggps.2019414
https://doi.org/10.13522/j.cnki.ggps.2019414
https://doi.org/10.19674/j.cnki.issn1000-6923.2020.0300
https://doi.org/10.19674/j.cnki.issn1000-6923.2020.0300
https://doi.org/10.1021/acs.est.7b02710
https://doi.org/10.1021/acs.est.7b02710
https://doi.org/10.18307/2018.0418
https://doi.org/10.18307/2018.0418
https://doi.org/10.7524/j.issn.0254-6108.2018071904
https://doi.org/10.7524/j.issn.0254-6108.2018071904
https://doi.org/10.13671/j.hjkxxb.2018.0368
https://doi.org/10.13671/j.hjkxxb.2018.0368
https://doi.org/10.19674/j.cnki.issn1000-6923.2019.0402
https://doi.org/10.19674/j.cnki.issn1000-6923.2019.0402
https://doi.org/10.13671/j.hjkxxb.2019.0068
https://doi.org/10.13671/j.hjkxxb.2019.0068
https://doi.org/10.19336/j.cnki.trtb.2019.05.24
https://doi.org/10.19336/j.cnki.trtb.2019.05.24
https://doi.org/10.1016/j.ecolind.2020.106383
https://doi.org/10.1016/j.ecolind.2020.106383

	Pattern changes of microbial communities in urban river affected by anthropogenic activities and their environmental driving mechanisms
	Abstract 
	Introduction
	Materials and methods
	Study area
	Sample collection and pre-treatment
	Analysis of physical and chemical properties of water and sediments
	DNA extraction and polymerase chain reaction (PCR) amplification analysis of microorganisms in sediments
	High-throughput sequencing analysis
	Data processing and analysis

	Results and discussion
	Nutrient analysis of sediments in Bahe River Basin
	Analysis of species diversity of sediment microbial communities in Bahe River Basin
	Pancore species analyses
	Alpha diversity analysis

	Microbial community composition analysis in sediments of Bahe River Basin
	Venn diagram analysis of microbial species in sediments of Bahe River Basin
	Analysis of community composition in sediments of Ba river basin

	Hierarchical clustering analysis of sediments in Bahe River Basin
	Response relationship between environmental factors and microbial communities
	Management measures for water quality improvement in the urban river

	Conclusion
	References




