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EOFE, AR BIURAY P 0T R o A AR AE 111

188 kmo A J5 117 B K B AF Br AR AL BUK , A4 20 70%
ke EETE6-9 H , /DN T 2. WfERE
BOHAC R R AT 7 7 AN, B KRN 2.5~4.0 m,
SR8 KRN 3.25 mo AR HE 1965-2003 45 7K 342 il B
[ 55 R GH LSS, 2017) , 2248 H 3R 88 10.5 m¥/s.
FH T A SR BT T8 IR N B8 5 38 B S 9N

R A IRZKAR Ve 15 Ge 2 B SR K 52 /),
B R % [ WL 7K 52 A SR Gt () 3 SR L (L et al,
2018) . ASHEFT T 2020 4F 10 A Ki/K R T 4 K
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BB S 52, RIS A B 11 AN SR I
CE 1D, %5 9 5 N fhl~fh11 (Fhs #E 5 R BESRED .
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Fig.1 Location of the sampling transects in the
Taiyuan section of Fenhe River
1.2 WEIERS T
DURRPIRE R &V VR TR SE WE S PRI 0.1 g FE R T
50 mL Eb 88 A, N 25 mL B 3o 6 R VA TR, 7

0.15~0.16 MPa £ /7 N {#4F 120~124 CHIIEE 30 min,
H AR VA ) 5 i 38, 38 W2 25 31 100 mL, I 73 42 5
(TND L& 8 (TP A HL (OMD » Horf, 5 HLJF R A
R R A G VR AT B R AN A e
VSRR FH A R e 43 Dl Ol BENE I E (IR 1 W&
2012) ; PRI B4R (Cw) &E (Zn) VS (Pb) L% (Cr)
FIER (ND (194 FE FH FRUERR & 46 B8 74— i 3 (X (ICP/
MS) #4715 (Hua et al, 2017) . .42 J& [ [ U R 7
89%-~110%, bRt 2= 45 Hl7E 5% LAN -
1.3 MEEHNW

FREUFE 5 3.0 ¢ T 50 mL &0 A, ITA 15.0 mL
0.1 mol/L. Na,EDTA-Mecllvaine %% i V& Wi (pH=4.0) ,
WA HE30 s, #1£7% 10 min, # 7 20 min, 8 000 r/min & 0>
5 min. B EHRE O, EERI2K, A
I BB I 10 mL IE 248, $&%% 5 min, 10 000 r/min
205 min, FEHUT EEEH .

Waters Oasis HLB [#] #H #£ B AT 4K ¥k il 6 mL H
f# .6 mL 0.1 mol/L Na,EDTA-Mcllvaine 2% ' ¥ ¥
(pH=4.0) ¥ 1k , £ B 4 35 4% I vk A, 2 ol 90 3
<3 mL/min, 7K 10 mL k%%, . HEES mL Fefit, Yk
VR, T 40C R & AT, IR ) AH 1.00 mL
TARYR A, #75 2 min, Y25 1 0.22 wm JE 3k, it
TR €2 — BB I B S A2

i BT i 2 sk i 1 g (SDZ) . i i FR W
(SMXD) . fiffi iz — FF 8 g (SMZ) - itk i [R) F 4 8% g
(SMMD . i & ERE (SQD , DU R PUIAZK (TC) &=
FHZR(CTO) . EEHEROTO) , £ PHIF K (DOX) 9
Fp AR 2, SR v 25TAH €833 — 5 1543 (Agilent 1100)
XFUUARYI T B bR AE R B AT il .
1.4 RS LT
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Hh 2 I A 4 S AR R RN T S I 8 R E
HEBIGRREERNSE R AR
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WA C, TR RS S A oG 3R SR FE A s B, A
TR XIS 5ol s RS 2 F R CA 1 5l
(R SRR IE R F o ARBF T Lo, 70 Fibr i
Lo <O N TCT5 5% 5 0< Lo <1 B JETG e 1< 1, <2 N
= RETG e 2< Lo, <3 N LG B3 3< Lo <4 N -
FETGY A< Lo S NEEG Y L, >S5 IRETT G
1.5 DNA ZEUFANF

2 4% E.Z.N.A.®soil DNA kit (Omega Bio—tek
Norcross, GA, U.S.) it B 5 317 & DNA #h$2 , £ H
1% A Bt JlE b e Fe FEL KRG T DNA S B 22, PCR 7™
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WG e Hove aE &M Al A 48w 5] ¥ 338F (57 -
ACTCCTACGGGAGGCAGCAG-3" ) i1 806R (5~ —
GGACTACHVGGGTWTCTAAT-3" ), " 1 f& 7 1
F:95C FiAZPE 3 min, 27 M 2 (95T 4244 30 s,
55C 1B k30 s,72C ZEAH 30 ), 4R J5 72°C £ 5 4k fif
10 min, # 5 7€ 4C # 17 £& 47 (PCR 1 : ABI Gene-
Amp® 9700 8 . FAFERIANEE . F R —FEAH
PCR = WRA Ja 18 2% B AR w5 sz [m 1 0AC, 1 Axy -
Prep DNA Gel Extraction Kit (Axygen Biosciences,
Union City, CA, USA) #EA4T [ it = Py 4lifk, , 2% B fig
% 1S H YK K I, I B Quantus™ Fluorometer (Pro-
mega, USA) XT B ™= Hy it 47 K il € &2 . ) A Tlumi-
na A # ] Miseq PE300/NovaSeq PE250 *F- & ik 47 ]
P (R EEMEAREARAFD

15 F} FASTP 8 F (v0.20.0) X JEL 46 M 7 15 51 1k 47
% FLASH 8/ (v1.2. D 3T H4#% . f# H UPARSE
A (V7.1 LL9T% HI AR AL Xof 1 51 EAT 454 70 5 B
JC (Operational Taxonomic Units, OTUs) 5 25 3 51l &
&K . FF RDP classifier (v2.2) % & 2% 7 41 34T
Y4y 23R, ELXT Silva 16S rRNA $ 4 FE (v132),
WE L BIHE N 70%.

1.6 HIEAE 5%

FIF EXCEL 2021 % it 46 $ic 4 (ot AR 38 46 vk
FEERESE JIERSTEO ATV A, {FH
SPASS 17 % # 4 k47 B K 2R U7 22 70t « Mothur 3K
1 (v1.30.2) 5% 97% AHALLFE [ #5443 2K F. 0 (OTUD i
% FF 1% ¥8 £ 4> M1 (Shannon. Simpson. Chao- Ace) »

Heatmap & J2 = A2 F5 43 #fr (PCoA) H R 5 (V3.3.1)
[11“Vegan Fll“gplots” . 5E il »  TUAR 70 BT (RDAD K H
CANOCO 5.0 #ff o 22 [E5RH] Origin 9.0 72

2 HRE5HM

2.1 WAEBENZES N

Y] R 5 B TR AR i ) 8 R S B LA
35 772~54 169, “F- 154 44 984, ML ELH] 5 422
OTUs, HILE N 97%. FAFEA M I KA1/ OTUs
SRIN2 T13.2 0684, 1492 207 4. T E REASHY
8 55 3R AH (>95%) 3 B 7 4R 2 DOR BT 1)
KL H a2 F£ 1% . K Shannon F1 Simpson % £
PEFE . F 8 (Chao il Ace) 25 44> o ZFEVETR
BTl #7510 2 FEME A =E & ¥ . Shannon $5 %1
A1 Simpson fi& £ 4 %l A 5.82~6.88+ 0.0026~0.0125.,
Chao fi8 21 Ace #5573 7l v 3 026~3 2403 089~3
597(R 1o HE—D W AR (8] 75 41 B B 75 0 2 Ak
2 vk, 3 T weighted Unifrac ) PCoA 43 #7 5
TR AR A) 20 B BE VR R A R AR AL B . S5 SRR,
10 S RAEWT I T Z A2 DA F AL E (B 2) .
PC1 & it R i 22 57 1 d K I 2 AR bR B oy » R R T
N 45.36%, FLIRR PC2, il B 5 N 25.23%, X4 F 43
i B SRR TN 70.59%. 75 PC1ATPC2 45 I, # K
PR 2 41, Uy i 38 7 Bt thé . th7. th8. fh. fh10.
fh11 AT fha W TH0 248 T B % &5 A6 AR DL R B v o — 4L
fh1  th2 W7 T AR LA BE 32 v A — 4L, 17 th B T 2 F Al
TH]AH X EZE

F1 HAKEE TR P E R SREMEFIEL R

Tab.1 Bacterial community diversity and physicochemical properties of sediments

in the Taiyuan section of Fenhe River

STRE Alpha ZREPETR S A
B W FE% OTUs/AS R Z/%
Shannon  Simpson  Chao Ace pH  TN/g'kg! TP/g-kg! OM/gkg!
fhl 51964 2436 96.45 6.59 0.0036 3177 3247 7.49 0.89 0.81 12.23
th2 48490 2376 96.55 6.54 0.0039 3133 3150 7.71 1.20 0.87 27.17
X B
fh3 35772 2713 96.89 6.88 0.0026 3172 3271 8.08 0.55 0.67 19.02
fh4 40419 2417 96.41 6.49 0.0046 3240 3221 8.05 1.45 0.61 36.68
tho 43040 2068 96.38 5.82 0.0125 3026 3597 8.09 3.37 0.90 76.08
th7 36897 2275 96.16 6.06 0.0094 3183 3276 7.86 2.39 0.82 68.83
th8 48286 2180 96.24 6.04 0.0084 3117 3187 7.98 1.93 0.69 43.02
WX B
th9 54169 2073 96.29 591 0.0103 3064 3131 8.48 1.68 0.53 52.53
th10 51346 2129 96.38 6.09 0.0076 3062 3089 8.39 1.66 0.55 42.57
fhil 39456 2307 96.25 6.38 0.0048 3184 3281 8.27 1.35 0.59 37.59
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y PCoA on OTU e F morank s % , HE I 4 2 SR K140 8 15 T
PRI . Ho, SR F} (Hydrogenophilaceae) ff]
fh3 SN, . S
¢ A6 A AN A 1.29%~14.30%, FLIR X B A
4 R S TR X B, H R IR 4 1 FH(Anaero-
lineaceae, 2.28%~11.82%) F1 2L 21 B #} (Rhodocyclace-
é ae,1.50%~6.01%)
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YORIRE it B35 T T R 32 B> 5%) A TEAFTE T
(Proteobacteria, 40.63%) - ¢ %5 B [] (Chloroflexi,
18.41%) i ZZ 1 1] (Actinobacteria, 9.84%)  fUUAT B ']
(Bacteroidetes, 7.49%) & #F # ['] (Acidobacteria,
6.46%) - JEEE B | ] (Firmicutes, 4.80%) , . 74111 85%
DA ECEI3) o & 00 3 TR X = B2 43 7 0N 23.89%~
51.29%. 11.14%~26.72%. 6.65%~17.07%. 4.34%~
11.69%.3.86%~8.42%F11.71%~11.86%. FL 1, Bk fh3
(¥ £ %5 B 11 24 Chloroflexi (26.72%) , XL W 114
Proteobacteria(23.89%) 4 , H At KA W i 5 LA Proteo-
bacteria ALH B 1. HIIX BLUTFY) H Proteobac-
teria F)FH XT3 B 75 148 X B 5 1M Bacteroidetes 1 Fir-
micutes 7E X0 X BT TR 3= B

PR b, A0 B AR 3 53 SR CHA = 2> 5%) A
v =72 J¥ B 40 (Gammaproteobacteria) « K 4 48 1% 24
(Anaerolineae) - it £ # 24 ( Actinobacteria) - 3-8 JE AT
4¥ (Deltaproteobacteria) - Il #T B 44 (Bacteroidia)
R 7 4 (Clostridia) « «a—" J& #1 1 4X ( Alphaproteobac-
teria) fl1 KD4-96 ([ 3) . v, A th3 Wi i) HL 2
W /& Actinobacteria, J& ftll & ¥ W [ ¥ L Gamma-
proteobacteria ML B 44 . Ik X BT A P v Gam-
maproteobacteria FH % == & w5 T4 X B, 1 &0 X B it
¥+ Bacteroidia+ Clostridia F1 Alphaproteobacteria
HEXF 3 FE B 6 v T X B

TERIAKCFE b K600 21 25 20 A7 35 5 B R G 32 >
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25 N H R B 124 R4 REE P ) oK,
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Fig.4 Heavy metal content of sediments in the

Taiyuan section of Fenhe River

Cu.Zn. Pb. Cr. Ni [f] 73 41 #¢ JE£ 73 531 9 16.9~56.8.
72.3~233.6. 20.3~39.6. 50.0~177.7. 20.7~49.6 mg/kg.
Cu 7ERE [X Bt tha ¥ [ 7% ) £ KB Zn A1 Pb F) & B AE
I IX B th W7 T 34 31 f5e KB Cr AN 23 FESIX BOA
R ETAL th11 A1 fh10 W5 B e KB . PR R/
JIfi 5 : Zn > Cr > Ni > Cu > Pb, 5 Fl 85 4> J& [ T~ 240 1k JiF
v T v 3 BB GRS, 1996) L E K &
VIR 58 (BREA A6, 1995) MBI K RUTRY 1
SAH (HAREE 200600 HeHt, Zn f-F 23R 2 EE R R 7K
RS SeE s 245, Crth 1.6 f5 (R 2).

2 HAKRRTRY B ESRRER L5t
Tab.2 Statistics on heavy metal concentrations in

sediments of the Taiyuan section of Fenhe River

B O ks 5 g PEKRDT KR
& WEs o TG FE B RE Pl RE
J& mgkg! %2 7 /mg-kg! /mg-kg! /mg-kg!
Cu 31.63 12.07 0.38 229 21 16.8

Zn 137.51 50.66 0.37 63.5 68 52.7

Pb 27.68 556 0.20 14.7 25 20.2

Cr 91.04 3391 0.37 55.3 58 26

Ni 3371 947 0.28 29.9 24 19.5

Ui K B U R b 4 st s BB
#3. GERRPZHX PRI LE T EEE LR
BOIRZAS , 30 X B tho A1 h11 B 52 5] Zn A1 Cr 1 52—
RS gL
2.3 ARYPHAERNEENSS

UrR R B U o A AE th  th3 . th4 th6 Fil th7
5/ KAEWT ARSI H H ARPLA 2R, R 5 AR Wi 35
R CE 5. 9Fh B ARPLAERIETUR Y+ A 2

OTC.TC f1SDZ, H:H4 OTC 1 TC J& Y4 v ) 3= 2
PUAER. PUERSIRE D MTEE N 0~16.65 pe/kg,
AR FE N 3.38 we/kg. Hir POFR R KP4 R BIK
VU BBl A 0~17.86 pg/kg , il e 2R H A 21 B ik FE Y
N 0~0.0623 pgrkg. 6 H ) 3P KT FEVE
90.0062~2.778 pg/kg, K 2T FN 10%~50%.  JTAA
VIR FE s I AE 2 OTC, HASHE 2R 50%.

F3 HAXKEERRYHPESENMRERES(L,,)
Tab.3 Geoaccumulation index (I,.,) of heavy metals

in sediments of the Taiyuan section of Fenhe River

PR Lo
L) Cu Zn Pb Cr Ni
fhl -0.63 0.21 0.19 -0.02 -0.97
fh2 -0.52 0.56 0.03 -0.02 -0.76
fh3 -1.02 -0.40 -0.12 -0.29 -0.84
th4 0.73 0.75 0.29 -0.73 -1.12
fh6 0.56 1.18 0.50 -0.02 -0.47
th7 -0.12 0.62 0.45 -0.13 -0.08
fh8 -0.11 1.29 0.84 0.15 -0.46
th9 -0.16 0.24 0.56 0.58 -0.10
fh10 -0.24 0.09 0.28 -0.10 0.15
fhil -0.60 -0.18 -0.02 1.10 -0.06
18 —orc _
_ g lor &35, =
PR =
w & 12F =
gg 10+ =
® 0 8- -
ES <Ez :- % g

Z
T
fh4 fh6 fh7 fh8 fh9 fth10 fhll

E5 S KEERBRYFnEZES
Fig.5 Distribution characteristics of antibiotics in

sediments of the Taiyuan section of Fenhe River

24 WAEBESINERFRMEXE

UUARY) pH 1N 7.49~8.48, TN. TP 1 OM & &4
A4 0.55~3.37.0.53~0.90 F112.23~76.08 g/kg (£ 1) o
HATRbR RSB PUE R S MR 2R 8] 1)
KA WK 4. Pearson fH 45 KB, OTUs 5 TN,
OM.Pb fINi & 7 4H2%(P<0.05). Shannon 5 TN.OM
A Pb 2 2 12 (P<0.01) . Simpson 5 TN 1 OM
FEFIEAHKP<0.0D), 5Pb IEAHIKR(P<0.05) . Hh
TN.OM F1 Pb #& 4t & #f ¥4 5 K 1) FE 222 K+ ¥
TR JE BT AR B AL e br R S BBt AE R 51K
PRFE A0 B T FE AR AE — E A G (B 6A) . TN A
OM #& 5 UTAR Y 17K ~F 2 B b S AH 5 1 de v 1) 2 o
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T OE%E R TRJE BOLAR A b 40 H AR O A A

fE 115

[A¥. TNFIOM % & 51 7/KF &3+ & i Proteobac-
teria 3= & 52 55 2 [EAH G (P<0.01).

R4 TRYHHEFHZFALSHERFZE
i Pearson 1831
Tab.4 Pearson correlation between bacterial
community composition and environmental

parameters in sediments

FET A HR S5 AL IEAR Y RDA 734 (6B,
Proteobacteria 5 TN A1 OM £ & 3 1F A 2% (P<0.0D) .
Actinobacteria 5 TN F1 OM £ 41 # 5¢ (P<0.05) . Fir-
micutes 5 pH £ 7AHIE, 5 TP 2 IEAHIE(P<0.05) . 4HTH
B 5 H 4B RDA 7381 (60 , Proteobacteria 5 Pb
FINi £ 1IEAI5E(P<0.05). Chloroflexi 5 Cr & . 2 714
% (P<0.01) , Actinobacteria 5 Cu £ £ 4 5¢ (P<0.05) .
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Fig.6 Correlation analysis of phylum level bacterial community and environmental factor
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Distribution of the Bacterial Community in Sediments
of the Taiyuan Section of Fenhe River

WANG Qian, ZHEN Zhi-lei, WANG Chun-ling, MA Hao-tian, SUN Yi-ming, CAO Kai-li

(College of Urban and Rural Construction, Shanxi Agricultural University, Jinzhong 030801, P.R. China)

Abstract: Fenhe River is the primary water source for industry, agriculture and domestic use in Shanxi
Province. Conserving the ecological environment of the Taiyuan section of Fenhe River is significant not
only for the quality life in Taiyuan city but also for protecting downstream water quality. In this study, we
explored the bacterial community structure and its relationship with sediment environmental factors in the
Taiyuan section of Fenhe River. In October 2020, sediment samples were collected at 11 transects of the
river section (fh1—th5 in the suburban area and fh6—fh11 in the urban area) for analysis of the bacterial
community and determination of physiochemical parameters, heavy metals and antibiotics (no samples
were obtained at site th5). [llumina high—throughput sequencing technology was used to analyze bacterial
abundance and community structure in surface sediments, and principal co—ordinates analysis (PCoA), re-
dundancy analysis (RDA) and correlation analysis were applied to explore the distribution of the bacterial
community and primary influencing factors. A total of 5 422 bacterial OTUs belonging to 1 073 genera,
580 families, 346 orders, 140 classes and 61 phyla were obtained in surface sediments of the 10 transects.
Across the 10 transects the dominant phyla at all transects, except for fh3, was Proteobacteria (40.63%)
and other prevalent phyla included Chloroflexi (18.41%), Actinobacteria (9.84%), Bacteroidetes (7.49%),
Acidobacteria (6.46%) and Firmicutes (4.80%). The dominant class among the bacterial communities was
Gammaproteobacteria. The Shannon, Simpson, Chao and Ace indices of bacterial diversity were in the re-
spective ranges of 5.82—6.88, 0.0026—0.0125, 3 026—3 240 and 3 089-3 597. The similarity of bacterial
community structure at sites fh6, th7, th8, fh9, th10, th11 and fh4 was high, clustering into one group,
with th1 and th2 clustering into a second group, but there were significant differences in community struc-
ture between th3 and the other transects. Pearson correlation analysis shows that total nitrogen (TN), or-
ganic matter (OM) and lead (Pb) were significantly correlated with the OTUs, and the Shannon and Simp-
son indices, indicating that they were the primary factors affecting bacterial community structure. Redun-
dancy analysis and Spearman analysis show that Proteobacteria had a highly significantly positive correla-
tion with TN and OM (P<0.01), and significant positive correlations with Pb and Ni (P<0.05); Chloro-
flexi was significantly negatively correlated with Cr (P<0.01) while significantly positively correlated
with OTC and TC (P<0.01); Actinobacteria was negatively correlated with TN, OM and Cu (P<0.05).
Firmicutes was negatively correlated with pH and positively correlated with TP (P<0.05). The results of
this study provide data that will improve our understanding of the bacterial community distribution in the
sediments of the Taiyuan section of Fenhe River and identified the environmental impact factors.

Key words: sediment; bacterial community; heavy metals; antibiotics; Fenhe River



