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TG YRR A B s Y B S A B R . BHE MR TINWE 2 bR EK AR MRS 3 b 5, IF % H = 8 )y
BOTHT T MR RIS SRR . 5 2R R AT /K 5T Ak~ 55 40 2 (COD) | 2 L (NH, -N) RIS 8 (TP) ¥k B2 W 35 5 T R liF(P<
0.05), ULERY G2 J A B RIS 5 R B {ELO 0 (0.4420.03) (182.1720 34)Fil(35.76+0.20) mg-kg™ o JRFITHLR 4 A £
FEME N 3w B I B T A K AR | AR TE 1 ] (Proteobacteria) 2 /K AR FITT AR M) A58 — A 3AVES |, K AR T 2 5 008 2R 0 s 38 1
I"J(Cyanobacteria) ¥ = == & 15 BH R A77E — 22 B9 & B IR0, BLAh , mT DLl L0 A i 2R T4 T T (Actinobacteria) 76 F i & T
U s DURR) b B BORAE U B 1] (Bacteroidetes) 78 _ Wbk T 1T B 2 45 vmT . AN A FF v s B 5 SO P SR B Wl i AL Al
(nitrifying bacteria)Fl 2 fif§ ft. 4l & (denitrifying bacteria) 1= B (4351} 62.25% Fi1 31.29% )HH 8 Lt it 7 o 7K VR 40 A 2 R 1 i
BE pH A HUERA 335 A0 L PE(P<0.05), TUAIHT /8 NH,-N A Z(TN) TP F1 pH X 41 B ES 45 F 52 W 48 K 1T pH L TN I ER
SRR T WU A R VR S5 A0 1 B A 1,

SRR IR AT s AR BRI 45 4 s IR B A 5
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and affect river ecosystem. Analyzing the changes in bacterial community structure of rivers can not only judge the
characteristics of river pollution, but also help river pollution control and ecological restoration. In this paper, the
physical and chemical properties of water and sediments of Fuhe River in summer were studied, and the character-
istics of bacterial community structure were analyzed by high-throughput sequencing. The results showed that the
concentrations of chemical oxygen demand (COD), ammonia nitrogen (NH,-N), and total phosphorus (TP) in the
upstream of Fuhe River were significantly higher than that in the downstream (P<0.05), and the contents of cadmi-
um, zink and lead in the sediments were high with an average value of (0.44+0.03), (182.17+0.34) and (35.76+
0.20) mg-kg™', respectively. The bacterial diversity and richness in sediments of Fuhe River were significantly
higher than those in the corresponding overlying water. Proteobacteria was the first dominant bacteria in the water
and sediments. The high abundance of Cyanobacteria, which is involved in nitrogen cycle, indicated that there was
certain eutrophication in Fuhe River. In addition, the abundance of Actinobacteria, which can decompose organic
matters, was higher in the downstream than that in the upstream. The pathogenic Bacteroidetes was abundant in the
upstream urban reach. The results of spatial heterogeneity of bacterial communities showed that nitrifying bacteria
and denitrifying bacteria with a respective abundance of 62.25% and 31.29% were found to be higher in down-
stream than those in upstream. Correlation analysis showed that bacterial diversity was significantly correlated with
temperature, pH, and total organic carbon (P<0.05). Redundancy analysis showed that NH,-N, total nitrogen (TN),

TP and pH had great impact on the bacterial community structure in water, while pH, TN and cadmium were the

main environmental factors affecting the bacterial community structure in the downstream sediment.

Keywords: Fuhe River; bacteria; diversity; community structure; environmental factors

Sl T AT I K AR TR A S RN A I 2 4y
R BRI HLRK S5) 52 N 205 3 R 9 HE Y 52 0 i
KA BRI A A R G S e ) o
B P AL, EEDKOK BRSO S B &
SRR 35 G ) A B A ORI, o i S T
FAESRENRENE BUEY R R R AR S R
R R UIP S IPURTIR = 1340 /I R I 31 DBE 52
FAC A L 35 G Wy R i AT — e A R RUE I Y
22 REE T Vi 45 F 1 B 2 33T 30 34 358 A8 A 7Y 52
e 31 DR, 36 3 9 R R R T A fige A

T 0 H 25 T RE AN DA T 30 A 25 2 G A BROIR O 4
PR E R

BEH 705 A= W) 2 BOR AN W A Ji | el e 0
HORTERE Y RS SRR S T7 AR 21 1T
AR A V2 F 00 TR 1A K%
U RN P25 R IE Th B U W R TR A Al AR AR )
TN ) 28 L A HE R K (i AR 1 35 7K Al B K
AT /KA, 3 B it /K 5 2 8] 7341 2% A2 1k,
HE TSR] G 2 IR P A WFFE R DAL
PEEM LS AT T AT BT BB T] AT
)T TR RE B 1T R ST ™ AR A
FE(CNYER Y 260, 2 AT B S A 20 T 25 7
AR AR TR BT AN XA RS R B ]

Hiti AR i 7K AR T A A 2R 0 ER T A2 B R AR
(TSS) B BE(TP)  C/N 520, A= 1 2 FE IR T B
B 1A BRI DL S TR i A e R AT RE
X2 TR AR S F Y R bR 5 i) EE 42| Cu Al Cd
VR LU R TR TR AEG 7T 20 R AR Vs 2 PR X A i T L
A AU T 9B P O KT AT 4 S RS e
AT SN AS G )R Cu A Cd T R
KA W) W AR O, H AR I T ] (Proteobacteria) Xif
X 2 AP AR 52 d R . WA ST R, DU
VIR I N E S B BA R, R 2 B br
(pH | I B 55 ) A 52 02052 B o SRR 5 1K O
25 oy B0 i DO H B AT & ( Thiobacillus) | %
FAT 5 (Bacillus) F1 FL BR 18 ( Lactococcus) W) 28 1k, , If:
Hg IR Fh AR b iy 32 22 P &2 A HLJ0T R RN
AR,

PR WFITAE R 1 EE U QB AJEW I 2 —, T Ui
T 47.1 km, B J5 76 2 BT A UE P I Y 7
VE , HOK BUAFIR B e (VR TE K AR AR PR, ik
AR B W AR AR R, Tl AR R, A
REZRK , A Mr A0 Tl FHAK G I, T 20 F SR FRIZK 2Z 4h
R IKFERUAN W AR A, PRI AE 30T 8 A ) 25 (] X 3k
BAANRBMAEYRE, UgER AT RZRNTRE,
PRI B9 R A G K SOV A B A LTS e
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TR 15 YU AT B 4R 15 Y o b B e 15 e R
B P 4, MRS PIRIFGE & B, 5% M R RT 7K 5T Y R 58
T E AT E A (COD) TN Fl4 A(NH,-N), 7K
FTik B4 A hRAE ; 51 AR e AR I AT
)32 2| HE 48 Zn Pb Cu fil Cd BSEmEEK, £ %
JEH TFANE TG K &R E R L Tk K S8,
H AT, 1% 0 D0 S LS i 2k P R
TR AL E BT A FRR ARG,

TR YIRS RIEAUA B T T /R ]
T YRR R AEIN T O A S R A AR AR, T LR R A
DeE R A EEEH, AR
(7 OB R A DU AR S s
(] 5347 S % W) S A= A o e ) 3 B2 A B8 IR R A7 4
ME, R AR HE 5 4 2548 5 SR L6k 9y T )
B SRR AT I 1T U T S A DE TR A )
TR Z AR T B SR 3L

1  ##l57 % (Materials and methods)
1.1 SREE R SFEACR SR

HRERFIAT B R A ST g is 7K i
R TRRT B TR I 16 A~ HAT R
AV DN VR TR AT 0T L A3 BT, Herh B FL ~ F9 39 A
SFRE S, U F10 ~ F16 317 PMRES . SRAES FL .
F6 F1 F7 2 F SR IE - A8 X, 239075 7K Ab
BT HEAK  F6 R B 46 IR0 AR 28 X, 7R
FVER 2 FEVS KAL) HEK , F7 A 4 2RI AR 28
S AR S IX 5 K AR B HEK s F2 (F4 FS il F9
A3 R A AR A HEYS 1 F10 S AHT X A FlL
FF12 g B3R B IR K F15 F F16 4347
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Huanghuagou River

— i
Yimuquan River

™ L
TR
Qingshui River
2 F7

F5
s331
= onm @ .,
(61012 Jinxian River

T 1 U R A JE T 300 B X LAl SR A (3
FEIE F8 BE F13 Hidb  F14 74 5] BH) M A FE T3
SKFE S, F1 — |7 SR A1 F3 A AR M i 5 210 B Y
DURIREAS TR IEAS A 14 A, 2 REE S
AE 1 s,

IKEE R TS BIK IR <5 m, il A BLBE
TR KRR R 0.5 m /KL 3 L, IfAE AL A
WA TIRE . pH FVE i S8 I | Z 5 B KRR
[ISCE0 % A7 HCE 4 °C VKAE, I 7E 48 h P58 il i 4b
B DU R AR TG 2R E AR 4E 0 ~20 em
TR 2 kg, A TCHR 3R 206 A B 487 5056
FVBREE R 2 ARG, — BT 4 °CukAR
THALAEIR BT, — A AF T =20 °C UK T2
B DNAPY
1.2 S HrAe i oy i

FERAE BT 43 590 FEASE 485 =205 A S0 s A (- vt
TG, JPBJ-608) i # X pH 1t (I & 7 #%, PHBI-
260 F ) 7 /K PR B 1 pH ;K TN NH,-N ,COD
F1 TP #2R 540 nT WA fi8 22 2 850K m i A (b 5t
#AE  LH-3BA)II &>, A HLER (TOC) R B A
LR A BT A (1 3 F1 523, vario TOC cube) il 5 .
UUBUYIRE S 283 v R T 0 e DT s 2t s, R L G )
(B RS RE , K1160) I % TN, F A HLAK 73 BT X
(B 15288 vario TOC cube)ll 5 A HLEK ; I T
D6 B (b 5T 1 1% | RGF-6200) 1l % 8 4> J& 5K
(Hg) R (As)?" s F RIS BE T (b 8 4
TAS-990)il 72 B 43 J& 55 (Cr)*! 4 (Cu) B (Zn)™ 4
(Pb) FRH(CA) T FIEEND , BT A FEAR Y 25 3
M,

$334
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e i ssse  [Fuhe River|

I
Baiyangdian Lake
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Fig. 1 Distribution of sampling points
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TUCEE e U0 P R A 2 T, KRR i LA
022 pum FATRCFL U FEE 2k 0 08 HEE AT AR 4 2 i)l A
BLDAE T AT oKk 2 B SE AR 2y
BHEABRAR, F EZN.A® Soil DNA Kit(Omega
Bio-tek 73], 38 [E) 4 458 3 551 65 % 2o 8 5 A 9% AR
E DRI I DNA, §7 4 X380 40 B 1) 16S 1D-
NA V4 ~ V5 X, 5| ¥/ 515F (5’ -GTG CCA GCM
GCC GCG G-3’)#1 907R (5’ -CCG TCA ATT CMT
TTR AGT TT-3"), 514 k254 B 4¢ 719 barcode H]
TGS I A 5007, T4 B XS (polymer-
ase chain reaction, PCR)™Z ¥R & J5 FH 2% B Ig bl 55t
Jig H 3k Kz N, ff - AxyPrepDNA #E 52 9] iz i 751 &
(AXYGEN A=) YN [ PCR 7=4), 34 Fil Quan-
tiFluorTM-ST 4 {4 %% 51 % it 2 4t (Promega /23 F] ) X}
PCR 4 i A7 K U 7 &, &5 38 52 0 )% 1 Tllumina
Miseq PE300 ¥ RGeS E i #F 5 7 51 647
OTU X143 . Z B4 23 1 = A8 Bk 43 T (principal co-
ordinates analysis, PCoA), >k F A= 25 B 5 b #0 4% 1
(CANOCO) X HE i 97% F I I FE iy OTU %idis 5
B8 S R i X W1V
1.4 BdlEgeit st

i R 18 5 Hil/E K] (heatmap ) 1 i FE 75 ) Fh
M SR FBEE B . MRS beta ZHEVERR B
M AT )2 2 2 25 (hierarchical clustering) 73 #7 , 9% 5 il
FHAEINAL 20 ~F- 3517 58 2 73 H7 (unweighted pair-group
method with arithmetic mean, UPGMA )4 ZE 4 R 45 F4)
B RIAGE A eI 4 AL Bl 2 SRR B
TR AS [R) RS [R] 174 22 S A B T ok o 55 A 1) 1Y)
B R E Y A B i 22 2k RBE 43 AT (non-metric multi-
dimensional scaling, NMDS)#K 75 F£ A% %) 25 8] % 3L 55
B, R T 2245381 (one-way ANOVA)ZEIT4H
] .5 25 SRS 4, O ELM A SPSS 24.0 X 3(2E W)
F 5 M AE S M5 K 1 #5147 Pearson AH G
7o FIH R & F #47 )5 22 53 /% 53 7 (variance parti-
tioning analysis, VPA)  JUAY 53 #T(redundancy analysis,
RDA) K AE &, HoAth 48 3+ 53 At A AE Bl B Origin 2018
SEM o

2 Z55 (Results)
2.1 KUAHGUR ) B AL 24 i

JF T S S B A 1 S VR BIE  B, JRT Hb R OK 5
B, pH 7E 7.38 ~8.06 Z [H] (£ 1); Jif i /K 4 COD

AR GR B (b FR K PR 8% i AR ) (GB 3838—
2002) IV 27K AR i, (H 2 3 7 COD & 2 3%
TF ¥, H A R 30 #F (F4) COD 5 2 3K 3 (92.77 +
4022) mg-L™', TOC ¥ FETE 2.93 ~5.89 mg-L™' i
FlZIa], 5 COD Z5 53—, & 7F F4 A4 s Ao
(589+0.02) mg L™V f i, LilF TP & it W&
TR, Herb P ] S (F2) M E AR, TP & 3
i£(096+0.03) mg-L™', L{iF NH,-N & Bk F6 R
(1.76+0.06) mg- L™, HAy S ¥ 45 V KR,
A TN SR8

JRET T A O B A HR BRI 2 S an 5k 2
UL TN & R R B, A DL & &
21.58 ~42.83 g-kg VEEZ[H], F13 Hrdbkf si i A AL
B i 2w T A S AL, 5 (R R T R
7Y (GB 15618—1995) " e ibRHEE HEA T HLAE, T
IETF Y 4 )@ Cd  Cr Al Ni & 5 76 1T A8 IX Bt
(FL10) LA T T bR 3), Hofb s A T 1T 2%
PR, 25 s As ST 1 Hbnife, 1M Pb & i
BT 1T Zebnife, Cu & 7E F10 S0 T 1 ikn
W JRE Th IR AT AL (F1) & 1 T b ofe | Hoft 507 S| T
I bR, Zn 7€ F11 A2 E(F12) 5 T I 9bnife,
MRS I bnife, 4R S aE 5
B S EPY AT R, nT 43 Cd Pb, Cr Cu Ni
1 Zn 43R 2 AL 13 S Y 4.50 £5.5.23 £i5,
136 1% .5.62 15 .1.40 f%5F1 5.13 175,
2.2 FKARFNUCRR A R B T AR RN 25 S vk o B
2.2.1  FKIRFGCR A B IS B A 2R

XA b F K FUTRR W RE AP 51134 T OTU
S T EK v 308 = 2Ny = 2% N A I Bl s 1 I R I
KrpdtAy 3 270 4 OTU, LAY R kA 5 272 4>
OTU, #—itEMFKMVIRY o ZHEEFEEL,
ZE RN 4 s, KAKH Chao #11 Shannon $5507E )T
TR (F4) S A B i (9 2 11072 F14.99), A BE
TR R A B B ZREE WP e 5 Chao $8%K
TERFAL RS (F13) W7 1H 5% 11K (866.26) , 11T 22 5= (F8) I i
Shannon 55U EAKGB.11), AN, HRKHBAEY) o £
FEPEFE B 5 3055 -1 Pearson AH M 431 45 4 22
B, 35 % Chao #8445 pH B3 TiAH X (r=-0.515,
P<0.05),5 TOC(r=0.608 , P<0.05) .COD(r=0.680, P
<0.01)% W F IEAHSCOC R, 5l BE(T)WAFTE IEAHG
[FIEF, &3 & FE Chao 84U Shannon £ FE 154k
BABEEMIXKR@=0.748,P<001),

DU T A AL Coverage F85034>0.95 , B B A<
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Table 3  Standard value of soil environmental quality

(mg-kg™)
- —# Primary standard 2% Secondary standard — 2% Level 3 standard
JUAR o e
AT 5 -4 pH {4 Soil pH
Element
Natural background <6.5 65~75 >75 >6.5
Cd 020 030 030 0.60 1.00
As 15 30 25 20 30
Pb 35 250 300 350 500
Cr 90 250 300 350 400
Cu 35 50 100 100 400
Ni 40 40 50 60 200
Zn 100 200 250 300 500
R4 KEMRRYHERLE 97 %K ETHEEENSHMEEE
Table 4 Richness and diversity index of water and sediment samples at 97% level
FKRE N JKAK Water UUFRY) Sediment
Sampling site Chao Shannon Coverage Chao Shannon Coverage
F1 — B SR S0
909.51 3.50 099 -
Tributary of Yimuquan River
F2 P30 S
) ) 1 10041 394 099 314646 6.62 097
Tributary of Hucheng River
F3 fEE
1 500.02 421 098 -
Jiaozhuang Village
F4 JF A
2 110.72 499 097 342523 622 096
Fuhe Bridge
Fs LB L7
1 42496 444 098 2 609.64 6.01 097
Upstream of the Xianrenqgiao Village
F6 ¥ AL 32
1 .700.73 431 098 346999 640 096
Tributary of Huanghuagou River
F7 G2 30
1879.83 478 098 3740.71 6.61 096
Tributary of Jinxian River
F8 5
) ) 977.11 3.11 099 319278 6.01 096
Wangting Village
Fo x| 1
154418 442 098 3032.09 5.70 096
Liukou Village
F10 JiF T A8 X B
o ) 1 05401 4.02 099 3 060.00 622 097
Section into the Xiong’ an New Area
FI11 Ji% 5 -e
1 334.09 4.64 0.99 363846 643 096
Shanmamiao Village
F12 2
1 54392 484 098 3 050.10 546 096
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Note: S stands for surface water; N stands for sediment.
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Fig. 3 Heatmap of bacterial community at phylum (a) and genus (b) level of Fuhe River surface water
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Note: (a) Nitrifying bacteria; (b) Denitrifying bacteria; (c) Sulfate-reducing bacteria; (d) Methanotrophs bacteria.
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