TR SRR Jul. 20, 2022, 49(7): 24702485
Microbiology China DOI: 10.13344/j.microbiol.china.210994
http://journals.im.ac.cn/wswxtbcn Copyright ©2022 Microbiology China All Rights Reserved

e L i) 0 U DTAR ) 40 T A v 45 F AR AR I LR e R R

PR, RILR, BES, EED

i E Bl S A TAEBE, 178 BN 546300

WEES, SR, BRI, BN JETLIE RDURBUY) AN R RE V% 45 A RRAE S R (0], Bl Al 4, 2022, 49(7):
2470-2485

Yao Shengxun, Meng Jiangquan, Lu Sufen, Huang Changxiao. Characteristics of bacterial community structure in the nearshore
sediments of Longjiang River and the environmental impact factors[J]. Microbiology China, 2022, 49(7): 2470-2485

B OE: [FF1202 5 MFHLANK, RAAELETRFE LI XE. [A]BTE
R RAMARERFABRND T AR EEMERERARES BT, [Fx]1 A TSR ENF 7%
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Characteristics of bacterial community structure in the
nearshore sediments of Longjiang River and the
environmental impact factors

YAO Shengxun*, MENG Jiangquan, LU Sufen, HUANG Changxiao

College of Chemical and Biological Engineering, Hechi University, Yizhou 546300, Guangxi, China

Abstract: [Background] Heavy metal pollution in Longjiang River has been a great concern since
the “dam collapse” in 2012. [Objective] To reveal the bacterial community structure in nearshore
sediments of heavy metal-polluted rivers and the environmental influencing factors. [Methods] With
the high-throughput sequencing method (Illumina MiSeq PE300), we investigated the bacterial
community characteristics in nearshore sediments of Longjiang River and the correlation with
environmental factors. [Results] The average content of As, Cd, and Zn in the nearshore sediments of
Longjiang River was 25.06, 3.20 and 205.36 mg/kg, 1.22, 11.97 and 2.72 folds of the soil
environmental background values of Guangxi, respectively. The C/N ratio ranged from 3.66 to 13.15,
with the average of 10.55, indicating that the organic nitrogen was mineralized in the sediments. The
dominant bacterial phyla were Chloroflexi (12.16%-35.36%), Proteobacteria (7.69%—30.85%),
Acidobacteria (8.56%—-22.48%), Bacteroidetes (5.26%-30.41%), Desulfurobacteria (1.14%—10.65%),
and Actinobacteria (1.55%—4.17%), and the dominant classes were Anaerolineae (8.92%-30.04%),
Gammaproteobacteria (5.10%-24.98%), Bacteroidetes (1.54%—-26.95%), Acidobacteria (1.69%-9.40%),
Vicinamibacteria (1.23%-9.09%), and Alphaproteobacteria (2.42%—6.67%). Correlation analysis
showed that the abundance of bacterial community in sediments was significantly correlated with
NH,"-N and pH, and ACE and Chao 1 indexes of bacterial community were negatively correlated with
NH,4"-N (P<0.05). [Conclusion] The abundance and diversity of bacterial community in sediments
were mainly affected by NH,-N and pH, and the dominant communities were related to the
biogeochemical cycle of carbon, nitrogen, phosphorus and sulfur. The sediments might be the home to

some pollution indicator microorganisms and pathogenic microorganisms.

Keywords: Longjiang River; nearshore sediments; heavy metal; bacterial community; biogeochemical
cycle
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Ma 2542021 4E4GE B R, 2016 41 2017 AE I
WPURY Cd P& 7500 (4.9142.23) mg/kg
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HO, RAEWRS M. BRICREHRNEED
R AR £ 5 E U MUE YA L
JBT G it 14 ] s, 5 Wi A VL S5 T 6 Ji 1) WG
AU R T H AR E FR TR H B0 Wa
HILIR 55 40 I3 0 2 00 A8 B 53 1 el 32 R 48 38 i F
AL AF ARG, 25 ) 2 4 R I M AT RS
PRRFAETY s R, — 2 5 SR A A e R AR 56
) 2 TR PV AR 0 B B TR PR A L ), — 2k
2 TR A V% RE W I 6 T AN R B TLUE
Ui R ER A 41 (sulfate-reducing bacteria); if
A — S 2 R TV e A 43 T A Ak ) 7 ATk AT
e 43 JR R, AN 8L Ak 41 7 (sulfur-oxidizing
bacteria)!'>', A, B HIRZ M4 YR
4R E TS P AR R A ™, AN R TE ALK
F WA SR R e R SRR DL, R A 4E
RSB B AATEE R ik, GO
A YR TR X SRR ) B PR A A, R R ITTAR
YA AR SFRE IS O, XU TS YL IR 1E
RO RAE G L,

WAEY S EERIE R B, AT
A A SR B I AR RS R AE Y R E Bl
Yy T Gl A 0 37 3 o 4 T A A 58 R 5
i, BRI, B4 E Xt Y EAa T,
SRR YA, BRI E, S
FUME DI BETE Z R PERR ALY FE R I E 4
BRI, B A N G R PirE
Rl P i, o AN TR R R e =>4,
111 eF B 4 TR B 1 40 R ARV S R R
T 350 TR R VR 4 Al . SR AR BRI A R 2
F) 4 20 U v S W R TE S5 R 8 7
F) A E IR IR B o X =k 2 X TR Y
R, AR Z R EFRUR M E &R
A5, SRR FIE NHy -N. NO; -N
N %A MLAKR (dissolved organic carbon, DOC)
SRR R RV, R BRI

PR R 0 Sl A P ik R R, A WL AR
SER M WUE IR A5 E RN R, B E X
B AL R A A A R B A R B R
IR, R RS UR I O A i
v ALY 7 Al A I BE A K R S BOR K DR
Y1l a AR (CH, . COL 55) RSN, ELHEAIE]
HeHb M AR (1 LR ) R AL =B R R

AT, 8PS T RTTE &R i 4
SRR HAD IR N 5 X ol A= A v 254 32 )
T3 YRGS o RS T A R DU B 45 P
PR 715 AN A v B RV FA AL, A A5 Hs
PR PR B P IR | Gt 4 p A v 45 F R AR
W AR Sk o A S5 5 T BIE 5 e YT I R DL
TR IRSE PR DL, LA PR3 R 3% 240 TR A v
SERISEMR,  LUS Oy A T I P85 o AR
HADK &2 ARt 2%

WL

1.1 #HmRE

FEIR VLI BN B, VTl e 4 IR — 2 R
AR E 5 AR, i AL B, C. DFIE,
B RN RCRFERE 050 45, 35, 82, 39 #
110 cm, RFESALAEIEER 1 s, R
K CAE IR XA oty B R X4 Ry iR (A
KA. HIEB. CRFES)A T ED. E RFE
FOX 3 A BIRERMS . ERFEZRE L, B
A W98 2250 B R R B B R AR R, (1
SRR FE S TR IR E IR —FE, BT
ST LR A AR OB DL, A B 5T 4 IR AR
BREESIEZR S5 cm, FREJZE 10 cm AEJZ
10 em I UTEIFE §h  DURR AR & o0 2 4R 4,
— O HIREL 1 kg DUBRPIRE RS AR M
HOK, WHLREARRNT, ATFELRE
o NS TR AL AR BRI E 5 53— 414 i R AR
RIS AR A DNA RAARKE 50 mL
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x1 XERZHEE

Table 1 Latitude and longitude of the sampling
site

Sampling site Longitude Latitude

A 108°29'11"E 24°33'55"N

B 108°37'43"E 24°30"7"N

C 108°44'7"E 24°29'47"N

D 108°47'8"E 24°31'6"N

E 108°5124"E 24°32'9"N

BLE T, B, A RS E 80 °C SR AF,
FFUUE 401 DNA 25 HOR VTR RE
15 41, Hr C3 FESINF R, FRASA RUFE S
1440,
1.2 EERXFIFNS

FALER . PR . BERR T AM, %R
2= R BR A W 5 SR, 48R (R b2t
FIABRAF MR . mEER, BT EIL
an A BRA R ERER . AR, Wb AR AL
TARAR; HESPESEDEFREY R, &
SIS IRARHERE S UFSE BT FastDNA®™ Spin Kit
for Soil, MP Biomedicals 2\ w); BUigHE, dbit
EREEMBEARERAF; TE R, bR
KERARAF; 518, MK —Mm AN
BHEABR AT

pH it, AR = S e A R A
BTN AHTAL, SEAL A+l LE4MAT LAt
FREETE . BLRE RN, R A B
N R A SRR RS, Agilent 24 F]
R TR E AL, B PCR 1Y, Eppendorf 2
Al HARR VKA . AR, Thermo-
Fisher A w]; AWML TAER, bk RaERHY
AHRRAF
1.3 nARMEAEFNE

KAV 10 BJE B G, RITEE T
K10 g TR 25 mL 285 F/K)iE4E, pH i
M E pH{H; %A 1 mol/L KCl IEW IR H2, HLe

WA E NH,-N FIRS S A (NOs -N) &
it R 0.5 mol/L NaHCO; IR 4E , HERL T
0, AN ET UL 43 5606 BE I % 1 %0 % (available
phosphorus, AP)& . XU 100 Hig e
ifif . R B E 42 E(total nitrogen,
TN) & 105 R 3 5% PR A Al B AV DN 22 A L Atk
(sediment organic carbon, SOC)&F &P, HHLF
(sediment organic matter, SOM)7; 7% F SOC
ALl 1.724; RIVUERIH % 12:(HNOs+HCI+
HF+HCIO) I i, HLSHE 5 55 2 7 A BT i3
EVIHYIF As, Cd. Zn P, [FRFLL L g
4R bR EY) B (GSB07-3272-2015, ESS-5)
PEAT B AR
1.4 DNAEHl. PCR¥ERSEBENF

U4 DNA R $2 B4 B FastDNA®
Spin Kit for Soil #h B F 47, #RJ5 H 1%305 b
IS HL UK X 2 B DNA SEA AN, 8 PR A & S 58
B3R, DNA VB i 200 o ot BE TR I,
SRR BEBOR PR T — 250 . gl aifb)s i)
DNA % T 50 uL 1 TE Z i, & Tk I,
%3] B EE A EARHCA R A CGEH AW
INFEDIFAT 16S rRNA JEET . PCR & #4541
16S rRNA F:[K5E H 514 338F (5'-ACTCCT
ACGGGAGGCAGCAG-3")#l 806R (5'-GGACTA
CHVGGGTWTCTAAY-3"), 16S rRNA J&[X 4 1
Xk V3-v4 mAR XY A e A N
[llumina MiSeq PE300 - 5 JE4 7 iy 7 U ¥ -
1.5 #HFESH

e 3 D B 25 R i S s R I B T 3
He W4 {5 = 1. Hi(https://cloud.majorbio.com/),
B o B AT A% de/ NEAS TR 90 B0 AT B s il
WhER, R A A R TR S oY,
Hr, #E4 OTU B2 (cluster) 73 H7 K ] Bray-
Curtis BF 2 B k41, 3 B4 53 A (principal
component analysis, PCA)"H, 21 (0] 22 F 4556 %
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M ANOSIM 7385 ik s o ZHIESE B ihiE
% FEEFREEL Chaol Fl ACE, BEVEZREMEFEEL
Shannon F1 Simpson [ 2H 8] 22 5% 4 #71 >k H
Student’s ¢ K35 F ik 5 2 TR v 2H AL ) 22 57 4
R BRI Kruskal-Wallis Bk FIAG 56 | 5% &
PH & (false discovery rate, FDR)Z B/ 504 1F Al
Welch’s (uncorrected) Post-hoc #:56 Hids; [J/K-
YRR SR T Y Pearson AHICHE SR
WEHE Average J7 XU A AR R AT 2
PR VIR AL K 45 R H5R H Excel
2010 BF#EAT s REHEMLIN 75 o Z2FEH45500
Pearson 543 HTR FH IBM SPSS Statistics 24
BT o AR TE O Y A O H AR B E R
PR s O (G5 NMDCX0000115),

) ZR54
2.1 LR AR YIRS A FF4E

e VLT 2 DUER W AN ) SR i IX s B AL [ 7
ME SRS EMras Bk 2 s, pHEM

Ui 28T U S S v 2 S A 5 NOs -N L NH, =N,
TN. AP #l SOM % & 4 5l # 0.25-0.59 .

0.17-0.39.0.88—1.40.0.22—1.00 F1 6.05-31.07 g/kg
ZI], EIME 5k 0.41, 022, 1.15, 0.60 Fl
21.16 g/kg; C/NHAE 3.66-13.15 Z[a], FI{H
4 10.55, EUEFT WER TR NOs-N. TN
T SOM 9 & f7E L i T R i AR i s NH, N
() s e e e T R RERD R R s AP IS R A
WA R T i, As. Cd Al Zn & HIE
10.04—69.75. 1.30-8.10 F 86.23-449.93 mg/kg
ZIA], ARSI 50.00% . 100.00%F1 100.00%;
S A i A K 25.06., 3.20 F1 205.36 mg/kg,
AN [ B bR Ao T P R R Y A, AR
BRI 122, 11.97 fi1 2.72 £%, #REy
SEREBHEY , ANRESE TR RS
b Cd>Zn>As; TERFFEIX AN Cd FH &8 M
e 2 T PRGBS, As Al Zn RRIH B
e KEEEICRYAAE —ERENTEY,

Hodp Cd #Bad 7 L S AR R e

*2 RILMARARYMMNEEF OISR

Table 2 Physicochemical value in the nearshore sediments of Longjiang River

Physicochemical Contents in each sampling area Background Max Min Mean Exceeding

variables U (N=3) M (N=5) D (N=6) value value value standard rate
(%)

pH 7.21£0.05 7.40+£0.20 7.59+0.23 - 7.83 7.17 7.44 -

NO; -N (g/kg)  0.50+0.07 0.39+0.09 0.38+0.10 - 0.59 0.25 0.41 -

NH,"-N (g/kg)  0.18+0.01 0.28+0.07 0.20+0.02 - 0.39 0.17 0.22 -

TN (g/kg) 1.23+0.15 1.21+0.18 1.06+0.21 - 1.40 0.88 1.15 -

AP (g/kg) 0.52+0.06 0.62+0.24 0.62+0.30 - 1.00 0.22 0.60 -

SOM (g/kg) 23.69+2.23 19.85+7.93 20.98+6.18 - 31.07 6.05 21.16 -

C/N 11.21£0.40 9.2543.26 11.31£1.41 - 13.15 3.66 10.55 -

As (mg/kg) 25.51+10.89 21.29+6.99 27.97£21.51 20.500 69.75 10.04  25.06 50.00

Cd (mg/kg) 5.09+2.29 3.29+2.72 2.17+1.07 0.267 8.10 1.30 3.20 100.00

Zn (mg/kg) 287.95+141.15 175.24+£51.08 189.16+73.28 75.600 449.93 86.23  205.36 100.00

FE: C/N: SOC 5 TN SR HAL; N: RAZ4M%; Background value: J7 74 HIEE HEPY; — BdE; WK BF
AR iAo B S E R 2

Note: C/N: Ratio of SOC and TN; N: Number of sampling layers; Background value: Soil background value in Guangxi
No data; Exceeding standard rate: Percentage of all tested samples that exceed the background value.

[35]. _.
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14 RIS BE U751 638 781 %, MITRHY
FESSE K FE R 418 bp, 18 97%HI B 4341
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HEAT o ZREM: 0 (K 2)45 - oK, Sobs 15 5UTE
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TE 14 ASUTERE b rp A4S0 31 20 P e I
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Figure 1

Cluster analysis (A) based on Bray-Curtis distance and PCA analysis (B) of OTU.
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Figure 2 Alpha diversity analysis of bacterial communities. *: P<0.05; **: P<0.01, the same below.
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12.16%-35.36%) . ZJE & '] (Proteobacteria ,
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5.26%-30.41%) . WiGi#t w1 1(Desulfurobacteria,
1.14%—-10.65%) . Jil & I '] (Actinobacteria ,
1.55%—4.17%)%5 ILHEMFET], BETHEEY
o FEKE (K 3B), TR H IR S 48 R W
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(Gammaproteobacteria, 5.10%—-24.98%). fUFF
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XA -2 F B M>U>D, AT
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and class (D) with significant differences.
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(K 3D)H, AT 18 29 (Bacteroidetes) TE 45 K AE X,
WorhE Y EEHEY A D>U>M, Acidobacteria
TE 8 RFE XU 2 H P 0 M>U>D,
Vicinamibacteria TE45 KAE X3 rp - 35 = B HE 7
A M>D>U,
23 RILAERMARMMEDFE SR
L EFRYHE X E S

TEREAMG =& BT BRI N 7 Hr
(detrended correspondence analysis, DCA) (5% 3),
AR axis_lengths Y55 —HI(DCA1Y/NT 3.0,
I35 1B PR (8 TUAR 53 T (redundancy
analysis, RDA)®7, KT RDA #iRY, X /K48
PR VS F I S IR i RDA (I 4), BN
- 1o A A AT DA R X T 40 T R 52 W )
RNy PR e 5 b A8 S Sk 22 (8] 18 e 1
BB AT Z [ R AE DGR, B EAHDG, Jeff i
AN, IEAHDGHE B s Bl TR OG, BlAEOR,
TR B

RDA [R50 87 1 )& T 45 W A i £
B 6 FANEREYS , Z9REM], FIra gl R
A NH,-N X 40T RE R 52 00 35 21 2 25 7KK
(R*=0.580, P=0.008), Hik, pH (R*=0.192,
P=0.317).Cd (R*=0.286, P=0.126)F1 Zn (R>=0.172,
P=0.345) % 40 B RE & FRAE W B — g 2 mi . H
B, NH,-N S8 BRG] U
MTRAMKKR, SR ETHRATRE] 2 IE
KRR E; Cd. Zn GEEET VBT #1521

x 3 MEYMARFEEMSTERTFHRES
Xt [z 53 4

Table 3 Detrended correspondence analysis of
sediment bacterial community structure and
environmental factors

Coefficients DCALl DCA2 DCA3 DCA4
Eigenvalues 0.0931 0.0546 0.0172 0.0150
Decorana values 0.0947  0.0387 0.0065 0.003 2
Axis_lengths 0.8871 0.7969 0.4386 0.4050

: 1: eU
40 A2 D2 AM
[ ] A3 . 4
» D3 4D
Z : ) H
3 20 " Bacteroidetes
@ ('.'r.’om,’.’cgd( C2 Desulfurobact ?
£ i _
S feeee e Adtinobacieria
&, Acidobacteria < e2
(o]
E 20} ph & o E3
e B2
—40 | Cl > Proteobacteria
J' Bl
) ) NH;—NY .A .
—40 =20 0 20 40

RDAT (57.11%)

B4 ARMAREEENENERFHTRI N
Figure 4 Redundancy analysis of sediment bacterial
community structure and environmental factors.

MK R, SHEAFET] . AR FSIE
IR AAICOCR s PR Xl £ T 1 240 D
7% JLFJCREM o 25 IR EE R FFE A AR A X Y 52
mi AR TH], pH. C/N 8848 T i £ 2RI
TEAHSGOCHR , T8 bl A eh e D) 5 B fR0R DG 06
%, Cd Ml Zn F2AE B PiirR I IEARSS
KEFR, £ NHNRIBAMKEKR,

Ny itk — LA A0 TR R v 5 PR PR AR O
P, XPARXTERERT 25 M KPR OTU
5IREE N FUE1T Pearson AHIEMEAHT , I X 9 F
IR KT 2 B SR ME AT R o0 br, 22
il heatmap EI(& 5), B 78 fb 5z AR ¢ 4 B
KN, AR A Y TS OTU 5 345 K+
FIFHORFERE . Z5RRW, TTIKFFEHT 25 1Y
PR 6 AT YE OTU F- 2 5 NHy'-N ¢
e FH MM, H Patescibacteria. WiHiAT
W ) (Desulfurobacteria) FJEEE W | ] (Firmicutes)
5 NH,-N 52 8 2 A 56 (P<0.05); 2 HLif iR ]
(Gemmatimonadetes) . “EJL [ ] (Proteobacteria)
5 NH, N 240 582 1FA(P<0.01), Planctomycetes
5 NH,'-N 5 & 1EAH5&(P<0.05). 5 40 1 7
7% OTU F Y5 pH (EAFTE R FH MG, H,
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pH NH,-N Cd  Zn

B 5 KELEYMEIRERETFHEXESTRE

. Wos

\-- Actinobacteria

Cyanobacteria 0.0

Verrucomicrobia . -0.5

-- Patescibacteria

Desulfurobacteria

Firmicutes

Bacteroidetes
Campilobacterota
MBNTI15

j Spirochaetes
-- Zixibacteria
- Unclassified group
Sva0485
Armatimonadetes
WOR-1
Gemmatimonadetes
NB1-j
Methylomirabilota
Chioroflexi
Acidobacteria

Latescibacteria

Proteobacteria

____In
H -- - Planctomycetes
B |

™ AP

Nitrospira
Myxococcota
As  C/N NO;-N SOM

Figure 5 The correlation analysis between species and physicochemical value on heatmap.

Patescibacteria #1 Campilobacterota 5 pH 2 i,
ZEAH 9§(P<0.05); Spirochaetes . Zixibacteria Fl
— MRS pH BB AR (P<0.05). Ul
B e Y] 0 7 DO AR ) v 40 T T A5 A AR AR
NH,'-N. pH 7 K. &3Pk 5 HAth—LE R
PR E AR . S 1(Chloroflexi)5
Cd 5 5.3 1IE M (P<0.05), Sva0485 5 Zn 4%
B IEA L (P<0.01), ] (Actinobacteria)
Fl Patescibacteria 5 TN & i 2 714152 (P<0.05),
Planctomycetes 5 C/N B & A, LR

I"T(Actinobacteria)§ NO; -N £ B 3% 741 ¢
(P<0.01),

JRHCRIE TR, BIE YRR e A
FHERT KRBTSR 3 AR, HAP LR
2 D/INERE AT, —J5 2 Patescibacteria .
5 #% #F B 1] (Desulfurobacteria) . J& BE T 1]
(Firmicutes) . L ¥ & ['] (Bacteroidetes) Fl
Campilobacterota, 4355 pH. C/N fF7E 1EAH K
K%, 5 NH-N. Cd. Zn. TN fFLERAHRR
2, -2 Spirochaetes . Zixibacteria .
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unclassified group. Sva0485. Armatimonadetes .
WOR-1 23515 pH, NH, N fF{EM A KRR,
5 Cd. Zn., C/N. NO; -N. SOM f#1EIFHI%
KR MR FH N 326, Hrp, pH. NHy'-N
Iy B —2%, Cd, Zn, TN, AP, As. C/N,
NO; -N £ SOM H—2%,

Ry ik — 5T R B BEAK DR o 4 7 B K £
FEPERIFEE W m, 17 TAEEAE 75
o ZHREPETRELY Pearson AHME BT (GR 4). 45
REW, HA NH-N 5417 ACE il Chaol 45
Bt | TR 26 (P<0.05), ] NH,-N BE W&
SN 20 B R VR B R, R XA BV B 24
PEIC B, pH, NH,-N. NO;-N. C/N,
As F1 Cd 5 Shannon $8§ 507 75— E MM, pH
1 Zn 5 Simpson F5EHAFFE— & AHOCHE , (HAH
SRS N B2, 1 BH K B PRI R T A R R
ZFMEHA —E WA R E . NO; -N, SOM,
C/N F1 Cd 5 ACE .Chaol f§ ¥ HA — &K,
{HRB AR BE K, UL 3 APREER Xt
YT =F B s RN

F4 INEEUETE o ZH4IELHE) Pearson 1H
KEH

Table 4 Pearson correlation coefficient between
environmental physicochemical value and alpha
diversity index

Physicochemical Shannon Simpson ACE Chaol
variables

pH —0.261 0.453 0.103  0.129
NH,'-N -0.329  —-0.006  —0.628* —0.623*
NO; -N 0.205 —-0.131 0.299  0.287
TN 0.004 —0.132  —-0.072 —0.080
AP 0.025 —0.080 0.157  0.152
SOM 0.197 —0.070 0.308  0.285
C/N 0.264 0.028 0.479  0.453
As 0.207 —0.153 0.140  0.127
Cd -0.344  -0.019 —0.349 -0.358
Zn 0.061 —0.268 0.028 0.013

Note: *: P<0.05.

3 & #

3.1 itig
3.1.1 SiAMIEBURTFREERSRBERSTN

H | T UL AR B TE AL 5% £ AL LS
SN S E N E . (F5 AU R
WFFREE A, C/N AT DL e 350 A= W A5 LA
EEALIE DL, — M C/N fH/NTF 20 A F) T+ 3
BHLRBE L, KT 30 MLl + R K HE,
20-30 Z 8] Wl m A0 A [ 54 & AR R ey
T UL R C/N {EAE 3.66—-13.15 Z b)), F
¥k 10.55, BLEHUTR Y A HLAA T 107
FERAE

s XS, RV iE R UL As. Cd
1 Zn T 5k TP IR T SE Y 1.22,
11.97 1 2.72 %, BFFAEARRIREEE RS, X5
2021 4F Ma ZE 4R TE OB 5T 45 A — 30,2020 4,
KB DO RIS Ak e
R, AMEEREEGY; RWERTN GG
YL, VLAY T As. Cd Fl Zn SE 4
J& TG R X K BT R/, X RE S 4
J& 15 G i B U e e A A T R AR
RRITAL/LE P
3.1.2  ALimaR AR YN B B R S MEAE

T TTHE DU, Fi B8 Dai S0y
IR 2808, FET DK BB FEREEWR T
MEAREASS ] AR, BRFE .
PFFRT T, BEBRATFEETT . R 6 A5 1E
PAKF FHERAEEN . AR EN . U E
W, BRITE D . Vicinamibacteria F a-"5 T & 4
X6 A X5 H A —Se TR I A Y A 4
FARFAE A 78 45 404 AR R

WUEEDTR Mtk . A B, BEITEM
A Y ER AL 2 AR ER AR P R B T, TR
I, — SO RV X IR B TS Y LA PR E R,
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A Ao HE A [ 0 BT AHE v A BRI T DLAE — R 7
JE E R WU R JSRIR DL

SR T WREFR AR EIEF AR (green
non-sulfur bacteria) ** 5“2 4 it 22 IR 48 (5, 40 15
(multicellular filamentous green bacteria)**, £
MR, WABR . FRRA ORI SN,
Hrh T R B T P S DA R, 18
BRI R AR R R T TR
208 TR A O AR DRI ), FEAS TR R AR IX A 2
i m, XRS5 IR TR K e, 17
TEJGIR . PRAASESEME, TR R X A Py iy e
BAEMA R, BRI SVIRYRK. A, W55
TCRMEIHA LI, R — R R 15 P AR
PR, SR R R, TE— @ R T
WHE X TIRY B 252 255 .

ST IR A0 B T B R I A R 2 — 1,
TERR . R . W BLSEILER YA P BRI~ 1 2
AR B AR FEASRAE S, TR
PR T IAR AR FERE R, Hop B IB B
A o-AETE TR A9 RN, X A AN
X B 4 Ja {5 Gl /K 2R IO A) v 240 11 A 7 4 H AR
AT T4 AL

AT TR 1)l e 3 R A Qi e v ] i
BOTRYIE UM 25, 3T e fe TR
RS E SR NIEA, XK ks G
UM o TRAT TR T T AR R 5 P A Y,
TE—E R F R T Kz 275 0, 225
M3 s FOARDOE 2 BT vh i de e, DEWTEE AT
B 0 X A DURR 5 e R B R

SUFFIE T ) 5 TR G IR A B e R Y,
AR 22 JURF 11 40 1) 40 1 o 2 A T A E N B ST RY
s, A I RE 5 2PN TR B A i BT 5
W AR AT ] S TR R R PR DIAH G s R BE TR
112 SR P A HUR AR A OB 31X 3 R
TR ARV RO S BETE B3 R AR A A

F25 HAE TR R s, X ATRES T il
KA DX B AT A7 AE TR IR B AT K
313 HEMENRERBLCAFNEEETH
A% i) iz

AHORHE AT 2R B, U AR A0 T T 45 A
fIE F 25 NH,-N fl pH A &, [TKEFEEHT 25
P IER A 6 15 NH, -N fA7E B A ¢
P£, Pearson FHXVEHTERW] ACE. Chaol 5
NH4'-N {77 2 A0 X (P<0.05), Ud B2 1
HEVE I 1 52 3] NHL N 19 58w 5 [ 1K
JEHT 25 BB REVE A 5 S pH AR R F A
e, 1 H AR #EYS Simpson 8405 pH AYAH
etk 2 EL RPIAF] 0.453, ULHAANTERETE ZHENE
W23 pH BB I , HeoHh, Fo AR s
OTU £E 5 TN, C/N, SOM kFE 48 Cd. Zn
TR B A, (HEMERE o 24
PEAE £ 5 X SE PR BT IR 1 R0 4 R O s A DG
ANRE, VTR 2R e e
MASE B, 3X 5 B A G r 25 R R L
3.2 #ig

SEEURS D AIRTIBW= TN 207/ B7 S il S s
Bro EREIGYEEN . s EN AR . 2
Dai S5PHENT PRI 53 0 TR SIS AN R R T 25
FIRFE S PR BE S P 2R, 150 DL 84510

(1) VLR R UURY As. Cd #1 Zn 1y
FER T IR A 1.22, 11.97 Ml
2.72 %5, BIFTEARFRERS Y CON EHAE
3.66-13.15 Z[i], ¥4 10.55, JIRYHEAR
AT AL FERAS

(2) el RO, TKF- EJE T
FEYM N MR A ST ET]
(Chloroflexi) . ZE L '] (Proteobacteria) . TR FT
W [ J(Acidobacteria) . ¥IFFEE [ ) (Bacteroidetes) .
Mt &% FF B 1] (Desulfurobacteria) F1 Jit £k |
(Actinobacteria) ; 1N KF b4 KA 48 1 N
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(Anaerolineae) . y-"F I W(Gammaproteobacteria) .

o %N (Bacteroidetes) .

M AT W

(Acidobacteria) . Vicinamibacteria Fl o-ZZ T 7 24X
(Alphaproteobacteria). %62 [& #f v 1E TR
. AL BE. BAEICR AR Wb kAL A ER
PERPEHE BRI, S HTT. RAFETT. W
FEE TN FRE R, 7E—E R e TR
IR TTARY) & 2852 B G AT SR AE )

(3) FHRME T, IR 20 TR e 7 42

F 5 NH,-N fl pH f77E B & A ek, Hp,
NH,-N X 40 BV 09 £ B oA B & %, pH
(BN A0 B VR 22 AT oA B K
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