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Figure 1. Sampling sites in the Le’an River.
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0.05 ) R “Vegan”[**] L07
Bray-Curtis 3.30 mg/L V 1.15
(NMDS) (RDA) TP 2
LO7  LI2 DO
5.26 mg/L Cl
2 SR FaoMN 10.0 mg/L SO4*
L05
21 LO6  LO7 165.1 mg/L
1 pH 64.1 mg/L
(8.10+0.43) (7.06+0.41) 4 Cu Zn As Pb
(7.05+0.51) (P=0.05) 511 2521 2.07 1.71 pg/L
(P=0.04) (P=0.96) [ (Cu=10 pg/L Zn=50 pg/L
LO5 As=50 pg/L  Pb==10 pg/L) Cu
pH EC NO;-N Zn  As
NO; -N 1.298 mg/L Pb > >
NH;-N
0.70 mg/L I LO05 Cu Zn 10.16 pg/L
(0.5-1.0 mg/L) (0.87+1.23 mg/L) 34.42 pg/L
(0.85+0.30 mg/L) (0.26+0.14 mg/L) ( 2) EC

1 FRRIKFBUSH
Table 1. Water physicochemical parameters of the Le’an River
EC/ NH,"-N/ NO;™-N/ CI7/ SO,/ DOC/ TP/ DO/ Cu/ Zn/ As/ Pb/

Reaches Simple PH( Sfem) (mgll) (mgl) (mgll) (mgL) (mgl) (mgl) (mgL) (ngL) (ngl) (ngll) (uglL)

Upper LO1 79 67 0.18 0.57 1.6 3.3 5.67 0.001 6.6 3.37 2924 1.23 1.47

reaches 102 7.6 64 0.46 0.77 1.1 2.2 5.34 0.056 6.8 2.50 9.68 1.04 0.50
LO3 84 99 0.17 0.89 1.8 6.1 7.48 0.040 6.1 4.94 20.02 142 14.07

L04 8.5 133 0.21 0.90 1.8 16.4 9.06 0.025 6.4 478 1675 128  0.69
Middle reaches L05 6.2 520 0.39 4.68 4.8 2024 5.89 0.060 5.6 10.16 3442 207 258
Lo6 7.1 388 0.19 1.02 53 141.6  8.90 0.009 5.2 6.77 21.04 3.01 093
L07 6.9 430 3.30 1.12 8.1 1512 833 0273 438 410 12.60 3.87 0.39
LO8 7.0 221 0.99 1.06 59 59.8 8.31 0.064 43 349 3280 1.72 040
L09 7.4 207 0.20 1.09 5.1 54.6 7.05 0.032 4.6 695 5694 263 1.19
L10 7.7 204 0.16 1.04 4.5 46.7 7.12 0.036 4.7 451 2531 286 0.55
Lower reaches LI11 6.8 224 0.14 1.07 42 45.0 5.10 0.001 5.7 313 2484 192 038
L12 6.7 406 1.98 1.30 36.7 70.7 6.16 0.229 4.7 324 3942 240 031
L13 7.3 302 0.72 1.42 22.7 62.5 9.04 0.092 43 859 3004 271 096
L14 7.6 313 0.69 1.28 20.8 50.8 6.49 0.084 4.9 476 1159 2.02 0.54
L15 6.9 321 0.74 1.26 247 482 9.14 0.131 42 531 1350 084 0.71
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Fz 2. RRIKAFBUSHBMEXMES
Table 2. Correlation analysis of physicochemical parameters of the Le’an River
Cu Zn Pb As NO;-N NH,N DOC EC DO pH TP ClI S0,*
Cu 1
Zn 0.34 1
Pb 0.11 —-0.05 1
As 0.28 0.23 -0.22 1
NO;-N  0.71*¥* 0.23 0.01 0.09
NH,"N -0.21 —-0.13 -0.23 0.51 -0.01 1
DOC 0.30 —0.16 0.01 0.20 -0.18 0.17 1
EC 0.53* 0.11 -0.27 0.57* 0.66%* 0.50 0.18 1
DO -0.26  —0.30 0.30 -0.49 —0.07 -0.39 -0.48 —0.56* 1
pH -0.27 -0.25 043 -0.34 -0.58* —0.40 0.15 -0.79**  0.49 1
TP -0.12 -0.12 —0.17 0.41 0.06 0.95%* 0.18 0.55* —0.46 —0.42 1
Cl 0.05 0.08 -0.25 0.11 0.05 0.43 0.15 0.49 -0.61* -0.39 0.63* 1
SO,* 0.60* 0.14 -0.20 0.62* 0.72%* 0.39 0.14 0.90** -0.35 =0.72%*  0.35 0.08 1
*: Correlation is significant at the 0.05 level (2-tailed); **: Correlation is significant at the 0.05 level (2-tailed).
DO pH TP 3 Chaol DO
NH,"-N Cl NO; -N Cu (P<0.01) Cl (P<0.05)
Zn Pb As SO, Cu As Shannon-Weiner
NO; -N NO;-N SO, Cu Shannon-Weiner
NO;-N SO,* Shannon-Weiner
Cu Zn Pb As Chaol NH,-N NO; -N
TP  Shannon-Weiner Chaol
2.2
1 4.4
15 563742 400+, Chaol Tas
97% 436 3801w Shannon 14o
OTUs OTU 188-331 y 138 3
3 f ] 2
255 (coverage) E 136 g
g 134 £
99.7% 5 132 _E:U‘;
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( ) ( ) ( ) 200 1 Il Il lb‘ L) l‘o l/\ ; 1 IQ L 1 1 lb‘ 16 26
Shannon-Weiner SIS SSIFIIENS
274421 3.37 . Samplesites
2. RBRIDIKFEAREREESHFEERTHE
(3.68)> (3.34)> (3.14) Figure 2. Dynamics of bacterial community diversity
(P=0.017) index in the Le’an River.
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® 3 ZHMERSIMERFEXM

Table 3. Correlation between diversity index and environmental factors
pH EC NH,-N NO;-N DOC TP DO Cu Zn  As Pb Cl” S0
Shannon-Weiner  0.24  —0.20 -0.27 -0.37 0.30 —0.11 —0.28 0.17 -0.25 -0.07 -0.12 046 -0.48
Chaol -039 042 0.14 0.18 040 029 -0.66** -0.09 -0.29 —-043 -0.11 0.56* 0.16

*: Correlation is significant at the 0.05 level (2-tailed); **: Correlation is significant at the 0.05 level (2-tailed).
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Hierarchical clustering tree (A) and nonmetric multidimensional scale (NMDS) plots (B) based on
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Figure 4. Phylum-level taxonomic composition of the
bacterial community in the Le’an River.
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Figure 5. Genus-level taxonomic composition of the bacterial community in the Le’an River.
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Actinobacteria Sporichthyaceae Unclassified

(9.43%) Beta-proteobacteria Polynucleobacter

(5.29%) Gamma-proteobacteria Pseudospirillum

(5.14%) Bacteroidetes Flavobacterium
(3.19%)
3-A Bray-Curtis
4
Beta-proteobacteria
Group 2 Group 3
Group1  Group 4
Actinobacteria Beta-proteobacteria
Group 2 Group 3 Group 3
10.02% 4
Group 1 Group 4 Bacteroidetes

Group 1>Group 2>Group 3>Group 4
LO5
Gamma-proteobacteria (45.10%)

Beta-proteobacteria  (22.50%) Actinobacteria
(17.09%) Gamma-proteobacteria
1%
( )

Limnohabitans

LO5 Gammaproteobacteria

Thiovirga (14.45%)

24
6
Monte Carlo DO
(P=0.018)
43.2%
60.6%
Cu Zn As Pb
DOC TP NH4'-N
Beta-proteobacteria Cu Zn
As Pb DOC TP
NH4'-N NO; -N
Actinobacteria ~ NH,"-N
Bacteroidetes = NH, -N
Pb DOC TP NO; -N
NO;5; -N Cu Zn
As NO; -N

* 4 FEIVKFHEERZFHENFEERET Bray-Curtis BE T EIESR

Table 4. The average relative abundance of the main phyla level bacterial community based on the Bray-Curtis

dissimilarity grouping mean table

Beta-proteobacteria Actinobacteria Bacteroidetes

Alpha-proteobacteria Gamma-proteobacteria Verrucomicrobia

Group 1 44.29° 29.58° 18.03°
Group2 63.39° 17.75% 13.60°
Group 3 66.03° 10.02¢ 16.28°
Group 4 40.30° 24.67%° 11.30?
L05 22.50 17.09 9.71

2.65"

3.83° 0.29° 3.51°
0.76% 1.32%
3.45° 1.76* 0.85°
13.99° 2.08° 5.20°
2.87 45.10 1.71

Unit: %. Different letters in the same column indicate the significant difference between groups through the LSD test at P<0.05.
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[38]
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[19] [39] DOC
Group 4
Beta-proteobacteria Actinobacteria NO; -N
Beta-proteobacteria
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Actinobacteria DO Beta-proteobacteria
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(P<0.01) Actinobacteria Cu Zn Pb
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[35] pH
Actinobacteria RDA
Bacteroidetes pH Krause "
Bacteroidetes Helgoland Roads
[3¢] Gamma-proteobacteria Flavobacteriaceae
Bacteroidetes Rhodobacteraceae  ~ Campylobacteraceae
pH
RDA DO pH
NO;-N S0,
DO
DO Cu Zn As Pb
N P 11 39 4 14 pg/L
DO a 2010 Cu Zn
Spietz 7 343 pg/L - 90 pg/L
2] 2012 Cu
DO 531 pg/L
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Characteristics of bacterial community in Le an River in winter
based on high-throughput sequencing
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Abstract: [Objective] The aims of this study were to analyze the compositional changes of bacterial community in
Le’an River from upstream to downstream, and to reveal the main environmental factors shaping the bacterial
community. [M ethods] The hydrochemical indicators in different reaches, such as C, N, P, Cu, Zn, As and Pb, were
measured. High-throughput sequencing of 16S rRNA gene was used to profile the bacterial community structure.
Non-metric Multidimensional Scale (NMDS) Analysis and Cluster Analysis of sampling sites based on Bray-Curtis
distance were used to explore the bacterial community structure along Le’an River. Redundancy analyzed (RDA)
was used to analyze the relationship between environmental factors and bacterial communities. [Results] The
concentrations of C, N, P, Cu, Zn, As and Pb were higher in the middle and lower reaches than those in the upper
reaches. The diversity of bacterial communities decreased in the middle reaches because of the wastewater from the
Dexing Copper Mine, and the richness and diversity increased in the lower reaches because of the wastewater from
the agricultural and domestic wastewater. The predominant bacteria composition was Beta-proteobacteria (53.03%),
Actinobacteria (20.24%) and Bacteroidetes (14.75%). Due to the influence of Dexing Copper Mine, the abundance
of Beta-proteobacteria increased in the middle reaches, while the abundance of Actinobacteria decreased. In the
lower reaches, the abundance of Bacteroidetes decreased due to the inter-microbial predation. In the relationship
between the bacterial community and environmental factors, dissolved oxygen (DO) was the best environmental
factor explaining the changes of bacterial community structure along the Le’an River. [Conclusion] Wastewater
from the Dexing Copper Mine in the middle reaches of Le’an River and the agricultural and domestic wastewater in
the middle and lower reaches changed the bacterial community structure, resulting the significant changes of the
bacterial community along Le’an River. These findings provide a reference for revealing the influences of human
activities on the water ecology of the Le’an River.
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