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Structure and Distribution Characterlstlcs of Bacterlal Community in Boqlng Rlver
Water (g |1 "
WANG Sen'*, CHEN ]1an -wen' , ZHANG Hong ,LI Jun-]lan it rah ‘ 0

(1. Insutute of Loess Platea'u Shanx1 University, Talyuan 030006 Chma Z Coﬂgge-ﬂof Resources and Envnon,ment Shanx1 Agncu}fural University,, Taiyuan 030006 1China)

be.rr‘iﬂuen( ed by urban and 1ndust1‘L11 Activities. | The  Boqing Rner which flows through towns anda ¥
coppertailing reserfoiryis An 1mp0rlant tributary of Xiaolangeh/ Resemvoir in Soulh Shanxi. In order to Llanfy the strugture and distribution characteristics of the bacterial

Abstl.'act The qtructure and dlstrlbuuon of bacterial commuuities, %ho

community in the Béging" Rlvel we collected watersamples /along the Boqmg River. The diversity charaqf'énstlcs of bacllerlal communities were afialyzed, and their
relationships with environmerttal factors were also explored. The tesults showed that the abundance and diversity of the bacterial community were higher in the downstregm than
that in the upstream of the giver. Both of the parametefs firdt decreased andthen incjeased along the river. The lowest and highest bacterial abundance and diversity existed in
the coﬁi}er tailing teservoir and theysité adjacent to the Xiaolangdi Reservoir, respectlv_glv Proteobacteria, Actinobacteriota, Bacteroidota, and Firmicutes were dominant taxa
at the baclenal '_phvlum".lew el in the river, and Acinetobacter LLmnoh(t?;‘Lmns Psmdbanhrobacter and Flavobacterium were dominant taxa at the genus level. Acinetobacter had
the highest rélative abundariee in urban water of the river, which was blgnlfltdnll} positively correlated with TC. Flavobacterium was significantly correlated with As.
Considering its co-occurrence with As, we speculated that As might contribute to the spread of pathogenic bacteria in the study area. The results of this study were of great
importance for the assessment of aquatic health under a complex environment.

Key words: bacterial community structure; distribution characteristics; copper tailing ponds; heavy metals; Boqging River
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Fig. 2 Water physico-chemical characteristics

at each sampling site in Boging River
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Fig. 3 Bacterial community structure of Boqing River



41 ERRAE: DR ORI R & A S5 A0 2041 AT 2117

ETE AN RIS v 0 DL 3R CREX 2 B R T
1% )34 76 F[ K 3(b) ]. HH Limnohabitans F1385
FF# B ( Flavobacterium ) 75 JIT A FE 55 ¥ AR B A RE,
Limnohabitans WA 32 BEFE S13 Ab 5 o fs iy, BEAT
WBTE SO Ab (AR X 3= BE o5 s AN S AT 4 B
(Acinetobacter) TE S6 1 S7 AbAHXT F B 5t B 3 &

HABRE S, IR FE ( Pseudarthrobacter ) 7F S11
ﬂJ S12 Kb AR =2 B2 1 3 e T AR L
2.2.2 MHSHMESFEREE

YR FEYE Shannon $5 BUTE S7 A& AKX, 7E S8 4k

6
a @ T a a
5 FF  abedbe ab  ab f
abc abe abd

® 4n be c

£

£ 3

£

1 H

[l A4 fad fad fad 1y
—NMVIﬁ\Dl“-WG\D—Nrﬂ
L T B O T 7 T B T R e

v

| Fig. 4 Relative fab c W
CHe ﬁﬂf#ﬁ%f w"" '

s B_?I‘ A X = FE i so( %

Proteobacteria

Actinobacteriota

Cyanobacteria

Bdellovibrionota
Margulisbacteria
Gemmatimonadota
Planctomycetota

SAR324 cladeMarine _group B
Bacteroidota
Campilobacterota 0.6
Synergistota
Methylomirabilota
Spirochaetota
B Deinococcota
Patescibacteria

Nitrospirota r =02
Chloroflexi 04
Acidobacteriota ’
Myxococcota -0.6

WPS-2
unclassified k  norank d  Bacteria
Firmicutes

Desulfobacterota

NB1-j

Dependentiae

~ Verrucomicrobiota

[ MBNTIS

=]
(-9

Hg
Cr
Cd
Cu
Zn
TC
As
™

* R P <0.05,

'| I éf
(IR SRR A2 5 8 (P <0,"05’7 V/— , / /
= I%%’],éﬁ’ﬁ ‘ &E’Jgﬁ'lﬁu$ i L o |
y of bacterial (‘ommump!;s.;yj Itﬁdm Boqmgéﬁ

1;51 W LT aza’

CL500-29 marine_group
norank_f Rhizobiales Incertae Sedis
norank_f Caldilineaceae
Flavobacterium
A.f'em'mom.:rs I 05
Limnohabitans

) Sphingorhabdus 0

. Armatimonadota
RCP2-54
= Nitrospinota

e[ B 4(a) ] WEWFLA T 0], W 5
FE40 Chaol R I SRS THAE ., Chaol 48 5H4E
S5 AbFA, i R T HABAE AL (P <0.05) ,7E S12 4b
B [ 4(h) . FE ST YN TR B 78 2 B B (IR X
R S5, S6 I S13 Ab, =5 B e 9 IX 3l S10 ~
S12 Kb, 40 R T5 2 P B AR YRR S 4R i fE S5 ~ S7
k. L BE T L B A RS A TR Y o ZFEPE
& AR AL — 2. Shannon $§%$(7E S5 F1 S7

Ml 5 2R s i) ST, S8 . S10 F1 S12 4bF
BEMER(P<0.05).

3000

(b)

2500
= 2000
=
&

i [
1500
1000
500
0 1
@

oy —

k|| — T
0. ) E— ]
S5 [ He

(i) — ]

5

- 3& ) —
] S—
) —
1) —
1} | E—
P —
S13 [ HHe

.
’d_
5 (%) \Cd 5 Amdobacten;[.a\ %

¥

S b7 4B
ﬁ&% ﬁ%,\ 5 Cu 57 ?@%ﬁ

Rhodoluna
Pseudarthrobacter I_ﬂ"‘i
Pseudorhodobacter B _|
Exiguobacterium

Acinetobacter

unclassified | Rhodobacteraceae
Rhodoferax

Allorhizobium-Neorhizobium-Pararhizobi
s Novosphingobium
. Curtobacterium

-Rhizobium

Pseudomonas

Acidovorax

Hydrogenophaga

Brevundimonas

tmdamf fed [ Comamonadaceae
1 Aquabacterium

norank_fSphingomonadaceae

Polynucleobacter
m Sediminibacterium
] Rhodobacter
hgel clade
norank_f*_ Sporichthvaceae
I norank_{ norank_o__ Chloroplast

FC3S[E<ER
wx Fen P <0.01,

w3278 P <0. 001

5 [IKEMBEKTFEESHERFZ EREXME

Fig. 5 Correlations between physico-chemical characteristics and the bacterial taxa at the phylum level and genus level, respectively



2118 7D 53

oo 44 %

Patescibacteria FIZEES B [13X 3 4 B i 3 1M ¢
As SHIFFETT R EHEAC. LA, AR
IR Cu R & IEAISG (P =0.015) AP TS
As BEFIEARI(P =0.024) KR5S Cd tL 3%
FAHR (P =0.029).

TEJ& 7K 7 AR X = B R 30 AN . TC 5
norank_ f_ Rhizobiales _Incertae _Sedis ‘. 3& 1 AH &
(P<0.05), 5B HATHE J& . Arenimonas i 3
IEAHK (P <0.05) , 5 A3 AT 5 JE i) . 2 15 A0 G
(P<0.01) [ 5(b)]; As 5 # ¥ W J& .
Arenimonas . Z IEAHE (P <0.05) ; TN, Pb 434l
5 CL500-29 _marine _group . Limnohabitans ‘B 3%
IEF X (P <0.05). %8 CL500- 29-marine-

group 5 TN, Cu, Cr, Cd 3t 4 PNIRIEH 7 g %
MK (P <0.05), 5 Cd B FEMKE (P <
0.001) ; BEFFH J& . Arenimonas 5 TC . As i 3
MFK(P<0.05).

Fo 6T RN AR B BB IR (R A DG 43 A
KI(FR2), FEZHMAKMET, Cu [FFf 5 Shannon
FEEOM Simpson 5803 W3 AH ¢, 1 Cr A1 Hg #5
Ace, Chaol %2 MG, AR UL R (4 AT
50) 55 4 A L B ) 4% 2EAR F] 57 A5 A5
46 Zif1, P35 B R 0. 807, M4 AR 4, IK1%%
0. 014, BEEE R 0. 514 P BEAR KN 1. 99. Haf
TE T 6 A RHEEIEHE(1E 6) L 41 FRLHV R 5 H Al
TR A AL AE

x2 WESHMSIFERETFZ B Pearson tHX"

Table 2 Pearson correlation analysis between bacterial diversity and environmental parameters

3 TC TN Cu Zn Cr Pb I'- Cd
Shannon -0.095 -0.012 -0.626" “..—_0. 475 -0.296 0. 166 -0.298
Simpson 0.360  —0.044 0.837° ;01330 -0.091  -0.403" | o2
Ace 0.031 0.07  -0.104  C0.424  —0.6m* 0002 -0kl
Chaol 0.100 0.043  -07082 /. -0.407 ~0.609°  -0.056  _~r0.214
1) F5 P<0.05, =% F5 P<0.01 . | ' ¥ ,
Rho ter ) ..“._.w“
norank_f__Sphifigomonadaceae Pse\u‘rceﬂa &

® Pseudafffirobacter

Microi@ricola
.“, Hydrog@flophagd\, ~

norank_f__NS1

bides

\}%{ynu.nbacter
o

“‘*\\ \"-.\ ."| Pseul/.':onas

4

Lut M_er Rf_r'q.una

S
k_o__PeM1 N

e .
norank_f__norank_ accharimonadales \ T Pseud obacter
nofank/f__RHizoh certae_Sedis
M4gSTia i’hn.erax
_Novosp gobium Acic.orax . module |
SediminiBacterium = 2
o s Thermomonas @ modulell
norank_f__@dilineacede m o__Chloroplast @ module 1
Acinef@bacter
norank_f__nioran Kapabacteriales @ module1v
hgcig@fade norank ™ @B0-KF-CM45 unclassified f _Comamonadaceae module V
norank_f__Std oba' pCHRE. unclassified_f__Rhodobacteraceae % module VI
® OrnitHiiiibacter £
Areriimonas
Curtobaeterium
Candidatu@Microthrix | Fluggpola ®
Aqual@eﬂ'qm ! 7
S Candidat quirestis
- - - Sphind@fbabdus
CL500-29_idrine_group _ Aurantiffiierobiu
Spmr.jonas i i e Flavoti@Bterium
Brevm@‘nonas "Cau@cter Dellsia
Allorhizobium-Neorhizobidii:Pararhizobium-Rhizobium cd
Limnofiabitans

norank_f__Sf@richthyaceae

6 AEABESESEZ HHHIENE

Fig. 6 Network analysis between the dominant genera of bacteria and heavy metals



4 3] EARA : SETIK AL B R v A 25 R A0 A R 2119

3 g

3.1 AN SRR S FREE R T

VAT T I, SR K AR O AN P o 22 RE N
AR A R LA 1 B (D B AR TR 1Y
P A ST T U 1 4 IR R R BT , S5 AL R
A I 40 7 B RS, FT AR R
Bk T 43 Cr A1 Cd At 055 8 T AR 2 T 3L
(P 2) , T 4 10 2 P 0 A8 2 1 I ) 2 A T 1
AT T 8 A B R T 2 A i s [l R
PN TN Ml TC 55385 =0 & R (K 2) , ANRE A 4
TR S 0 1 il e 1L 245 T WA R A B A A
IR T 3 —3E 0 WA RN MK £ A
7K R 9 U 3 328 K ] 55 B 5 850 400 1 9 1 1 0L
W T AR B 11 b 1 20 TR = B AR
O 7 B RETE S12 b3 11 0 , 33X T RE R £ A
AR TE A A R B AR (A 0 (1 2) . T o
P AR I A AT (19 7K BE AL , T i e PR #3a]
T A I T ; s

?Hﬂ%g*qé@Shannon TE‘@E%}T%% .':[:'; M &t%

M0G0t i 0575 % B & AL,
I Al A T T2 B R K e
mﬁﬁkﬂﬁ%ﬁﬁmwgﬁﬁwm;@ijﬁ
T8 R e B O 0, 82 b X A Hgf

RSN B A BT RO TR ST

52K B (88 ~S13 4b) AN B RES o ZREMEREIRET
FEBE(ST ~ ST AL |, 30 AT A2 b Tl 2590 37 1 24 1)
D DR S 7:0 N i I 11 i o W G R B
FEM LA R S0 T B 4 SN FE e AT S
B S B2 1] BE B BR, AN R K 2 RE M
B e TR T S5 Ab | TR
S6 Ab AT AL Y T ST Ab ) 40 RETE Z AR AN
FEAE R R (E4) , KAKH Cu, Zn ., Cr £ As 1)
PR SR 5 b3k B I 5 B (JR 2) | T RE RS T 32
4 SR IR ) ol 00 o 2R A o /0> | 32 1) P i A A
SR | 553 B RETE K I 35 4 D T8 W Uk | AT
SEUH S R R R

T4 A AR S 1 R PE A T JE K A
O BRETE 2 REPE AN 2 B BEARAIR, 1T & 4G 015 e 1
IX A 24 T A 7 2 A 0 o T B AR X A v (1 2 R
A4 T AR [ (b B A BT LA 5t B 0 R 4
FEFE AT SR D T 1043415 A T 50 40 B T 7 1 25
*@[21~23] .
3.2 RABERIATE SRR T

BRI, 2 K A 3 AT
TR . BURF R . JSEBE T DRI A0 B 1], G e

S T 2E 32 5 LB 1 A 2 S T A X 0
RIJE I Koshi 17124 | [0 T % 4 257 o 2494 A 48
S, SEPERI AT R BL(IE 6) | 18 LA S B PERY
AL AR T 16 A8 TASTE T, 10 A8 Tkt
W, 6 @ TRIAFRT, 284 1k 78.05% . 235 1]
A BT Cu Ak S ARG (18 5) ,AE
JWRIT 1B S T2 ESEIUEERE, W0 Pseudomonas
AL LA [ A TS e T 4 Cu LA 4
EEHCPE) AR A 0 43 O FH 260 T3
N R P BR8I35 26 WA B2 O RE T 45
PR T2 1 1 5 5 R B AR G T 7 %
R L0 B T 72 A O 25 R R TEI ) S Cd
LB UG, 35 TR VB R o 5
Zi—F, 5 TN, Pb Al Cr FYRISCHEIE A B3, T RE
SR T UK PR 32 T 0 O T 1) 9 o et e 7
I T O L1 S4 ~ S9 &b ) A .80 F %
RE 7 S9 AT o L YN 5 T B 07 e
7= A A LS Sl R o R Sy DL,
AT HLIR I FEITA B 7E Ke 45120 Rkl 4255
SR IR G ALV 081 1) At S g
HCB U T MEL T — S0 o th DR e A S 26T
7 HC AY,86 b FUMTTSET 3 1 S7 Abr 3R]
5 24 M e K b B RE R HETS b RS B
VT AL RE TR TR, U i AR &
H%.

R R, SHEEMNTE HR
( Rhodoferax ) %5 4 =% [Q BF M TR AH 82 T 2 =2 TG FH PR 7
TE S T T LA 58 0 . R BT R B T R
35 05 T S B 2 B — ) R IR P
(S6 Ab) FIHFRGE H 11 (S7 &b ) MIH 15 125 T HiA
BRI 3) 0 AR 2 18 o7 T 8 i A R I s
T, HFT R R AL — R A PO, R S R 4R
As HALHME (R 6) H57KMAH As i M5
(P<0.01, B 5). 1 = == [G B & AT 3 s
( Exiguobacterium) T HEA — & W H &8 B2
SMAAT LI RE 1) | AT 76 25 T K P g g St 30
(R o T (18 6) . BRBEFR Y As & 0
AR AN TR 75 10 R BE R R g S
H, As HI 5 2 HE 34 B R B TE AR G, 3T fig R
TG IR As A RER S, D EE As XM/ D B
V67 Hormesis 20 (7340 24 45 AE ) ) 1 Zn |
Cu 1 Cd WA 5T (L35 AN L3 (18 6) , 7T 2
P BB As X 55 3 00 20 T T 9 4% A 7 5
FEAEFT IR, As 7T REXS BRES o BOR T (0 15 46 HL
AIRIEVE L g NS R SV 7 S



2120 7D 53

=2 14 %

4 Hig

(1) ZETE KA e p | A 2 R LG 30 7K 1 vl 41
%ﬁ%i%ﬁﬁ%#@&ﬁjﬁﬂﬁ¢%%ﬁ§i
TR RV 5 92 T R 2 5 A R A0 A 1 R R 22 23
TR WA RS R R SR T 0, B
A/ INBURS K R 2 i 15 S W 1 , 53¢ 5 105 34 - H98 vl 1
EF B . R L BRSO R I O A
K

LA N G R G LT
VAR S R TR NI
PR S 22 K PR P R 3l B

) RsBEh BB HITE Cu B35 EMHX,
M5 TN SRS, 0 &4 R V5 e O R K oh | 4 T

e T 0 T R P T T 4 IR 3 7. RN e
VIS OGO L S IR B 7T T 3 1 41 T
R LG A A

mwﬁﬁimﬂm%%%ﬁ%%ﬁﬁ$@ﬂT
TR, S ] 7 S 0 T (1 6 A (e

Limnohabitans

TR, s A ks el | ) S

sESH:
(1%

iy el
L1u NN, Hu H'F "Ma W H, et al. Beldthné}npslﬁtw;n 5011
| mierobial / (ilverbltles across an aridity, gradlenl in lemperale
grasslands [ J ]. “Microbial Ecology, 2022., dm lQl 1007/
s00248-022- 019-97 8.
Lo R T {5, ki, % T r:/kmﬁ/k ﬁ@?éﬂa
| RGBS (1) o R RLE 2017, &
(1): 336-344:
Chen Z J, Ding C Y, Zhu J Y, et al. Community structure and

influencing factors of bacterioplankton during low water periods in

Danjiangkou reservoir[ J]. China Environmental Science, 2017,

37(1): 336-344.

Bourhane Z, Lanzén A, Cagnon C, et al. Microbial diversity

alteration reveals biomarkers of contamination in soil-river-lake

continuum|[ J |. Journal of Hazardous Materials, 2022, 421, doi:

10. 1016/]. jhazmat. 2021. 126789.

Alzahrani K J. Microbiome studies from Saudi Arabia over the

gaps,
(10 ), doi; 10.

[4]
and future directions [ J].

3390/

achievements ,
2021, 9
microorganisms9102021.

Wang L, Wang L A, Zhan X Y, et al.

microbial community to the environmental stress caused by the

last 10 years:
Microorganisms,
[5] Response mechanism of
different mercury concentration in soils[ J].
Environmental Safety, 2020, 188, doi: 10. 1016/].
2019. 109906.
Shuaib M, Azam N, Bahadur S,

of microbial communities under the conditions of persistent heavy

Ecotoxicology and

ecoenv.

et al. Variation and succession

metal and their survival mechanism[ J]. Microbial Pathogenesis,

2021, 150, doi: 10.1016/j. micpath. 2020. 104713.

[ 7] Bhagat N, Vermani M, Bajwa H S. Characterization of heavy
metal ( cadmium and nickle ) tolerant Gram negative enteric
bacteria from polluted Yamuna River, Delhi[ J]. African Journal
of Microbiology Research, 2016, 10(5) : 127-137.

[ 8] falukak. BT Ui A28 e Jb A SR S it i e S TR U o i

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[20]

MG FABMETFRID
2020.
He H R.

community structure and molecular ecological network in the

1. PU%: TUEITR,
Study on planktonic and sedimentary microbial

Weihe river mainstem and its typical tributaries from the northern

foot of the Qinling mountains [ D]. Xi’an: Xi’an University of
Technology, 2020.
Chen J, Wang P F, Wang C, et al. Distinct assembly

mechanisms underlie similar biogeographic patterns of rare and
abundant bacterioplankton in cascade reservoirs of a large river
[J]. Frontiers in Microbiology, 2020, 11, doi; 10. 3389/
fmich. 2020. 00158.

Zhang ¥, Zhang H, Yuan Y,

bacterial community to the changes of nutrients and pollutants in

et al. Different response of

sediments from an urban river network [ J ]. Frontiers of
Environmental Science & Engineering, 2020, 14(2), doi; 10
1007/s11783-019-1207-3.
Zhang M Z, Wu Z J, Sun Q Y,

variations of bacterial community structure and influencing factors

et al. The spatial and seasonal
in river sediments[ J]. Journal of Environme{}taL,-M};-rlagex‘ngnl,
2019, 248 +~doi: 10.11016/]. jenvman. 201'9. 1092._9.3'."':_“'
LiuJ X, /Li C; Jing J H,
adaptability & bacictial cnmmunltle@ in alkalmé (’(:-Bpen mine
dralnage[.l] “Water Research 2018, 133 99~ 109.,, J
XIEAL S 6 R 0K H g 1 ﬁﬁ%ﬁﬁ'” i ’f{}ﬁ
[D]. it)? Lh@jtié 2019 2
Liu J! X DlverSIty pallemshs and adaptation mechamsms of
mlcrubldl commumtxes lin co'pper tailings dramagﬁ[ D] T,alyu-a‘n
Qhamﬂ”ﬂnl‘verqlty, 2019, ol
Luo X, Xiang X' Y, Hualag G'Y, et al. Bacterial 'ébundan'ce; and

physicochemical characteristics of water and sediment asséciated

et al. Ecological I;.dtt(‘:ﬁlb and

with hydroelecﬁric dam on the Lancang River China [ J].
International Journal of Environmental Research and Public
Health, 2019, 16(11), doi: 10.3390/ijerph16112031.

Wang P, Zhao J, Xiao H Y,

composition shaped by water chemistry and geographic distance in

et al. Bacterial community

an anthropogenically disturbed river [ J]. Science of the Total
Environment, 2019, 655, 61-69.

Yi X S, Lin DX, LiJ H, et al. Ecological treatment technology
for agricultural non-point source pollution in remote rural areas of
China [ J ].
2021, 28(30) : 40075-40087.

732”2 TRE, BEERF, A%, JLis Rt ST B i I U
VIR 2R AR AT ()], BB #, 2022, 43(2) .
803-812.

GuoZ Z, SuZ H, Di Y M,
plankton microbial
section of the North Canal River[J].
2022, 43(2) : 803-812.

Cao X F, Wang Y J, Xu Y,
sediment microbial communities and indication of fecal-associated

Water, 2020,

Environmental Science and Pollution Research,

et al. Analysis on diversity of

community in the Beijing-Tianjin-Hebei
Environmental Science,
et al. Adaptive variations of
bacteria to nutrients in a regulated urban river[ J].
12(5), doi: 10.3390/w12051344.

Hu Y, Cai J, Bai C R,
bacterial and archaeal communities in a high-elevation river in
Journal of Microbiology, 2018, 56(2) .

et al. Contrasting patterns of the
northwestern China| J].
104-112.

HXE, T8, XIHBL, 5. KA 2S (B B X AR %

TLIF RN REIE B [ )], PREERL #2440, 2019, 39(5) .
1562-1571.
Xiao H Y, Wang P, Liu J Z, et al. Effects of hydrochemical



4 39

EARA : SETIK AL B R v A 25 R A0 A R

2121

[21]

[22]

(23]

[24]
[25]

L2670

parameter and spatial distance on bacterioplankton community in
the Le’an River[ J].
(5): 1562-1571.
e = e O LI = b I = = R N T S L1 2 = v A )
TV W AN VS A ARAE [ D], BREE RN AR, 2020, 40
(3) : 890-900.

Zhao J, Wang P, Xu Q Y, et al. Effects of land use in drainage
basin on bacterioplankton communities in the Yuan River[ J].
Acta Scientiae Circumstantiae, 2020, 40(3) ;: 890-900.
AR, W IRAL, HEIHT. W R KR nirs 2SS L0 T
TGRS AR [)]. FRRIE, 2019, 40(8) : 3596-
3603.

Wang Y L, Feng M Q, Dong X Q. Community composition of

Acta Scientiae Circumstantiae, 2019, 39

nirS-type denitrifying bacteria in the waters of the lower reaches of
the Fenhe River and its relationship with inorganic Nitrogen[J].
Environmental Science, 2019, 40(8) : 3596-3603.

Jidt, B R, AR, A TR R TR R 7 1 B e
I B A DIBERIN T ). SRR, 2019, 40(8) : 3588-3595.
Wan T, He M X, Ren J H, et al. Environmental response and
ecological function prediction of aquatic bacterial communities in
the Weihe River basin[ ] ].
(8): 3588-3595.

Adhikari N P, Liu Y Q, Liu K S, et al. Bacterial cgi,‘r__ndrunity
composition and diversity in Koshi River, the largest river of
Nepal[ J]. Ecological Indicators, 2019, 1043 501-5‘1..1“..

Environmental Science, 2019, 40

Shrestha R G, Tandukar S, Bhandari I, et al. Prevalenge of ",

_=Arcobacter arl}d".other “upathogenic bacteria in/riyer water 1rer;paT‘

[1). Watef, 2019,/11(7) , doi: 10. 3300441407 1406,
Fakhar Ay p’fﬂ .]é F ..éurmani AR, e (zlr"Heas;y"’n.letalu Tén-aq,di.a;ig_n
-

i i . i o i
and resistance |mechanism of Aeromonas,;" Bacillus, ##and

i ;
- P ]
__# Pseudomonas: a review[ J]. Critical Reviews in Envwllnmenlal

(224",

Scleri¢e dnd Tedfilology , 2020, 52(11) ; 1868-1914.

e L L

VSRR (0], WAL RS, 2013, 45(3) ; 8387

904 o

Wang X H, Xiong Y. Environmental characteristics, pollution
evaluation and correlation analysis of Nansha River in Taiyuan
[J]. Shandong Agricultural Sciences, 2013, 45(3) . 83-87,

[28]

[29]

[30]

[31]

[32]

[34]

[35]

90.
ISR, B, EWA), 55 R KR K0 40T R
SRR SHSE R N R [J]. AR B e, 2021, 16
(5): 120-135.

Liu X C, Wang H J, Wang Y L,

characteristics and influencing factors of bacteria community

et al. Distribution
structure in water and sediments of Fuhe River[ J]. Asian Journal
of Ecotoxicology, 2021, 16(5) ; 120-135.

Ke H, Li J H, Zhang X Q, et al. Bacterial community structure
and predicted metabolic function of landfilled municipal solid
waste in China [ J]. Sustainability, 2022, 14 (6), doi; 10.
3390/sul4063144.

Ayoub Moubareck C, Halat D.

Acinetobacter baumannii: a review of microbiological, virulence,

Hammoudi Insights into
and resistance traits in a threatening nosocomial pathogen[ J].
Antibiotics, 2020, 9(3), doi: 10.3390/antibiotics9030119.
Amaresan N, Kumar M S, Annapurna K, et al. Beneficial
microbes in agro-ecology [ M ]. Amsterdam: Academic Press,
2020.

Li W X, Liu J, Hudson-Edwards K A. §eas.pnal~“'\7griatiq_ns in
arsenic mobility and bacterial diversity;‘ the 'gés‘é:_ﬂ“l study of
Huangshui/ Creek, Shimen Realgar Mine, Hun:m Province,
Chinal J] SWence of the Total Environment, 2(}20, }AS\; doi;
10. 1016/j. &itotenv. 2020. 142353, % A

Leon C C, Moralga“'R,' Valenzuela C, et al. Effect of t_ha"ﬁa.t}rﬁil
arsenin.:f‘grladien.t-".on the diver§ity and arsenic resistance of-bacterial
(:0mm€1r}jf'i<é§ of_i_the sedimgr_}tgia“of Camarones River (“Aulagama.“
Desert, Ghile) [ 1], PloS One, 2018, 13(5) - doi: 10. 1371/
journal /pone. 0195080. , o =
Huang BjfLong J, Eidd H, let al. Characteristicssof bactérial
communify and | function in paddy soil profile around a.n'ﬁfnony
mine and its reg-ponse to antimony and arsenic contamination[ J].
International Journal of Environmental Research and Public
Health, 2019, 16(24), doi: 10.3390/ijerph16244883.

Sun X X, Li BQ, Han F, et al. Impacts of arsenic and antimony
co-contamination on sedimentary microbial communities in rivers
with different pollution gradients[ J]. Microbial Ecology, 2019,
78(3) : 589-602.



HUANJING KEXUE Vol.44  No.4

Environmental Science (monthly) Apr. 15, 2023

CONTENTS

Impact of Climate Change on Summer Ozone in China ++«+s«ssessessessrsesemmsmstntnsstn s HU An-qi, XIE Xiao-dong, GONG Kang-jia, et al. (1801)
Spatial-temporal Variation and Driving Factors of Ozone in China from 2019 to 2021 Based on EOF Technique and KZ Filter -++++-- WANG Hd()-ql ZHANG Yu-fen, LUO Zhong-wei, et al. ( 1811)
Photochemical Mechanism and Control Strategy Optimization for Summertime Ozone Pollution in an Industrial City in the North China Plain = «+-++++++- BRI
-+ ZHENG Zhen-sen, DOU Jian-ping, ZHANG Guo-tao, et al. (1821)
Spatiotemporal Evolution Characteristics of PM, 5-05 Compound Pollution in Chinese Cities from 2015 to 2020 NIU Xiao-xiao, ZHONG Yan-mei, YANG Lu, et al. (1830)
Spatiotemporal Distribution Characteristics of Co-pollution of PM, 5 and Ozone over BTH with Surrounding Area from 2015 to 2021 «+eseeeeeeeeee SONG Xiao-han, YAN Li, LIU Wei, et al. (1841)
Spatio-temporal Variation in PM2 5 Concentration and Its Relationship with Vegetation Landscape Patterns in val(‘al Economic Zones in China from 2000 to 2020 «w+seseeereersesenssssensnees
*+ XU Yong, LI Xin-yi, HUANG Wen-ting, et al. (1852)
Characteristics and Source Apportlonmem of Atmospheric lon Deposition During Winter and Spring in the Core Area of Beijing ZHAO Yu, LI Bei-bei, HUANG Yu-hu, et al. (1865)
Input Characteristics of Dry Deposition of Atmospheric Particulates and Metals in Farmland in the Suburh of Nanjing «+s+ereereresrerseneeicnnnsneeneene LIU Cui-ying, JIN Hao, FAN Jian-ling ( 1873 )
Pollution Characterizations and Oxidative Potentials of Water-Soluble Organic Matters at Different Polarity Levels in Winter PM, 5 Over Xilan «oeeeereseeresrsesenemensnmnsiennnensnsncinneene
.................................................................................................................................................................. LUO Yu, HUANG Sha-sha, ZHANG Tian, et al. (1882)
WANG Hong-lei, LIU Si-han, SUN Jie-juan, et al. (1890)
Characteristics and Source Apportionment of PM, 5 in the Core Area of Ili River Valley in Spring GU Chao, XU Tao, MA Chao, et al. (1899)
Evaluation of Changes in PM, 5 Exposure Concentration and Health Risk for Urban Resident in Zhengzhou Based on High Spatial Resolution Grids «+++steresseresrsrsssssscnneiiiscnininen
..................................................................................................................................................................... LI Yuan, XU Yi-fei, YUAN Ming-hao, et al. (1911)
Emission Inventory of Building Material Industry in Henan Province Based on Multi-source Data Integration LIU Xiao, HU Jing-nan, WANG Hong-mei, et al. ( )
Pollution Characteristics and Source Apportionment of Atmospheric Volatile Organic Compounds in Winter in Kaifeng City SHI Yu-qi, ZHENG Kai-yun, DING Wei-ting, et al. (1933)
(1943)
(1954)

Changes in 05-VOCs-NO,, Sensitivity and VOCs Sources at an Urban Site of Nanjing Between 2020 and 2021 ««+v+eereeeererrersrsesneennensenes LU Xiao-bo, WANG Ming, DING Feng, et al.
Variation Characteristics and Ozone Formation Potential of Ambient VOCs in Urhan Beijing in Summer «+-«+-+ssesseseesessessensenenennsienens ZHANG Rui, SUN Xue-song, WANG Yu, et al.
Chemical Characteristics and Source Apportionment for VOCs During the Ozone Pollution Episodes and Non-ozone Pollution Periods in Qingdag »«+«+x++sessereerersesenensenenenennsininennsnen
JIA Zhi-hai, GU Yao, KONG Cui-li, et al. (1962

YU Hui, WEI Na-na, XU Xue-zhe, et al. (1974

)

Characteristics of 05 Production in the Western Suburb of Hefei in Summer Based on the Observation of Total Peroxy Radical )
Evaluation of Energy Saving and Carbon Reduction Effect of Air Pollution Prevention and Control Action Plan and Innovation Intermediary Effect - )
Scenario Simulation and Effects Assessment of Co-control on Pollution and Carbon Emission Reduction in Betjing YU Shan, ZHANG Shuang, ZHANG Zeng-jie, et al. (1998)
)

)

Simulation of Anthropogenic CO, Emissions in the Yangtze River Delta Based on Different Emission Inventories MA Xin-yi, HUANG Wen-jing, HU Ning, et al. (2009
Water Quality Change Trend and Risk Analysis of Wuhan Hanjiang River Water Source — +««+eessesessesserensensnienienennininsniincneee ZHUO Hai-hua, LOU Bao-feng, XU Jie, et al. (2022
Pollution Characteristics and Risk Assessment of Antibiotics and Resistance Genes in Different uhan Section of the Yanglze River =«+esereereereseesenenenenincnenenes

- R IR AL IL LT +++ LI Bo-lin, ZHANG He, WANG Jun, et al. (2032)
Occurrence Characteristics, Sources, and Tox \ pical Rivers of Northern Shaanxi Mining Area, China = «ooesesereereesesisnenenenees
.................................................................................................................................................................. WU Xi-jun, DONG Ying, ZHAO Jian, et al. (2040)
Spatio-temporal Characteristics of Organic Aggregates and the Driving Factors in Typical Lakes w+veeoeesrerreesesenenencnnes XIE Gui-juan, GONG Yi, ZHU Fu-cheng, et al. (2052)
Distribution Characteristics and Risk Assessment of Microplastics in Water of Different Functional Parks in Guilin - *+ LI Pei-zhao, WU Li, HUANG Fei-fei, et al. (2062)
Environmental Driving Factors and Assessment on the Aquatic Ecosystem of Periphytic Algae of Six Inflow Rivers in Yangtze River Basin +++++++ ZHANG Jing, HU Yu-in, HU Sheng, et al. (2072)
Influence and Driving of Environmental Heterogeneity on the Epilithic Diatom Community in Xiangxi River, a Tributary of the Three Gorges Reservoir Area «+sesseseeseeseeesenenseneninennsen
........................................................................................................................................................................ J1 Lulu, ZHAO Lu, OUYANG Tian, et al. (2083)
Characteristics of Phytoplankton Communities and Key Impact Factors in Three Types of Lakes in Wuhan ZHANG Hao-kun, MIN Fen-li, CUI Hui-rong, et al. (2093)
Effects of Heavy Metal Pollution on the Structure of Microbial Communities in Different Habitats ««+«+essessesserseesemenensssninensininennns HE Yi-fan, XIAO Xin-zong, WANG Jia-wen (2103)
Structure and Distribution Characteristics of Bacterial Community in Boging River Water -+ /ANG Sen, CHEN Jian-wen, ZHANG Hong, et al. (2113)
Effects of Microplastic Exposure on the Community Structure and Function of Symbiotic Bacteria in Sinularia microclavata -+ + LIU Min, CHE Wen-xue, ZENG Ying-xu, et al. (2122)
Distribution Characteristics and Health Risk Assessment of Emerging Contaminants from Raw Water to Drinking Water in Shanghai -+ YAN Qi (2136)
Adsorption Characteristics of Fluoride in Low-Concentration Water by Aluminum and Zirconium-Modified Biochar LIU Yan-fang, GAO Wei, LIU Rui, et al. (2147)
Sorption Characteristics and Site Energy Distribution Theory of Typical Estrogens on Microplastics «+-«+s=+seseeseee- - LIU Jiang-yan, ZHENG Mi-mi, HU Jia-wu, et al. (2158)
Selection and Evaluation of Model Pollutants for Performance Assessment of Advanced Treatment of Industrial Park Wastewater by Ozonation -+ XIN Bo, SHAN Chao, LU Lu (2168)

Identifying Driving Factors and Their Interacting Effects on Sources of Heavy Metal in Farmland Soils with Geodetector and Multi-source Data
......................................................................................................................................................... ZHANG Hong-ze, CUI Wen-gang, LIU Suihua, et al. (2177)
Pollution Characteristics and Source Apportionment of Heavy Metals in Farmland Soils Around the Gangue Heap of Coal Mine Based on APCS-MLR and PMF Receptor Model =~ ++«+««+s+eesee-

MA Jie, SHEN Zhi-jie, ZHANG Ping-ping, et al. (2192)
Contamination and Probabilistic Health Risk Assessment of Heavy Metals in Agricultural Soils Around a Lead-Zine Smelter HUANG Jian-bo, JIANG Deng-deng, WEN Bing, et al. (2204)
Prediction of PAHs Content in Soil Around Gas Stations in Beijing Based on BP Neural Network —«eeeeereseeeseesienenennineniiiiinnn MA Sai-yan, WEI Hai-ying, MA Jin, et al. (2215)
Spatial-temporal Distribution and Risk Assessment of Quinolones Antibiotics in Soil of Shijiazhuang City +++ ZHAO Xin-yu, CHEN Hui, ZHAO Bo, et al. (2223)
Accumulation and Pollution Risks of Heavy Metals in Soils and Agricultural Products from a Typical Black Shale Region with ngh Geological Background ++e+eveeeesevesessensinsinniinennns
............................................................................................................................................... DENG Shuai, DUAN Jia-hui, NING Mo-huan, et al. (2234)
Geochemical Characteristics of Cd in Different Parent Soils in Karst Area and Prediction of Cd Content in Maize - -+ DAI Liang-liﬂng, XU Hong-gen, GONG Hao, et al. (2243)
Pollution Risk and Contribution Analysis of Ph, Cd, and As in Soils and Crops Under Different Land Use Types in Longyan City ««+veseereeseeeeseereens WANG Rui, CHEN Nan, ZHANG Er-xi (2252)
Influencing Factors of Cadmium Content in Wheat Grain; A Meta-analysis and Decision Tree Analysis *+ LIU Na, ZHANG Shao-bin, GUO Xin-yu, et al. (2265)
Response Characteristics of Soil Organic Carbon Pool and Tts Chemical Composition During Secondary Forest Succession in the Loess Plateau »«+-«+«+seseessereeresesenenseinenensnininsnne

i, ZHANG Qi, et al. (2275)

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" JIANG Yuan, GAN Xiao-ling, CAO Feng-feng, et al. (2283)
Response of Soil Microbial Diversity to Long-term Enclosure in Degraded Patches of Alpine Meadow in the Source Zone of the Yellow River «:ereeseeeseererermienienieniiininiiinennn

................................................................................................................................................................. /ANG Peng-nian, L1 Xi-lai, LI Cheng-yi, etal. (2293)

Diversity and Predictive Functional of Caragana jubata Bacterial Community in Rhizosphere and Non-thizosphere Soil at Different Altitude: (2304)

LI Yuan-yuan, XU Ting-ting, Al Zhe, et al.

Effects of Simulated Acid Rain and Nitrogen Deposition on Soil Bacterial Community Structure and Diversity in the Masson Pine Forest - -

*+ WANG Nan, QIAN Shao-yu, PAN Xiao-cheng, et al. (2315)

Effects of Phosphogypsum and Suaeda salsa on the Soil Moisture, Salt, and Bacterial Community Structure of Salinized Soil +++ LIU Yue, YANG Shu-ging, ZHANG Wan-feng, et al. (2325)

Effects of Combined Application of Fungal Residue and Chemical Fertilizer on Soil Microbial Community Composition and Diversity in Paddy Soil =«+«+eeseereeererenensenmenensnniinsnne

++ GENG He-tian, WANG Xu-dong, SHI Si-bo, et al. (2338
+++ HU Jin-hui, XUE Li-hong, QIAN Cong, et al. (2348

)
Effects of Aeration on Surface Water Nutrient Dynamics and Greenhouse Gas Emission in Different Straw Returning Paddy Fields )
Effects of Exogenous Melatonin Treatment on the Growth and Antioxidant System of Rice Seedlings Under Antimony Stress «++ CHU Yu-tan, LI Yan, HUANG Yi-zong, et al. (2356)
Life Cycle Prediction Assessment of Energy Saving and New Energy Vehicles for 2035 «+rvereeerrerererssemeneniininns FU Pei, LAN Li-bo, CHEN Ying, et al. (2365)
)
)
)

Distribution, Sources, and Behavioral Characteristics of Microplastics in Farmland Soil BO Lu-ji, LI Bing, ZHANG Kai, et al. (2375
Research Progress on the Remediation Technology of Herbicide Contamination in Agricultural Soils HU Fang-yu, AN Jing, WANG Bao-yu, et al. (2384
Research Progress and Prospect of Herbicide Residue Characteristics in Black Soil Region of China * LI Rui, WU Qiu-mei, ZHAO Gui-mei, et al. (2395



