%39 5 #8# P OE 4 K HE K Vol. 39 No. 8
2023 4 4 A CHINA WATER & WASTEWATER Apr. 2023

DOI:10. 19853/j. zgjsps. 1000-4602. 2023. 08. 005

MR AR IR IR M T e My TR B S

IEE, MR, &Y, K oK', £ &', BF%'

(1. PEA SR AR R EESFL BAZSERETELIRY, T4 ki

130102; 2. PEAFRAXSE TREFREFRE, LT 100049; 3. LT KF FFEFR,
iTF Yk 110036)

W E: RAEDNRALRWAEG RN ELTokE A o fe E 2 E NI X Lk, &
LTHER FEFTEYERE AR 4 LD R ORI, BR T SME AW R
REANTRW PGB REEA S RN, FFET T A A A48 fe B AL A 4 B AR 3% Ty X4y
B RIIK . FFR A AN R A LB R R A TR LR AR , B AL BT Y
MR, PR EA TR EMHARE PR SR, ZART S ESAEMA it
5 5 R MR A M 3 Ty XA SR A ) SR AL IR WAL T R 6 K BRI AT AR A RSN R
AAIAALRA AR ZAF TR EFR, - TR HAT R EAK P F LMo LRk
FE D IRAA LIRS AR A

KR ATRN; AHEL;, REAR; #HE; KEH; BIARESHER

FESES: TU992  XEkFRIZAES: A XE4HS: 1000 -4602(2023)08 - 0033 - 08

Research Progress on Intensification of Pollutant Removal in Constructed
Wetlands by Introducing Exogenous Microbials
WANG Xin—yil‘z, FU Bao-rong3, ZHU Hui', CHEN Xin', CHENG Rui',
YAN Bai-xing'

(1. Key Laboratory of Wetland Ecology and Environment , Northeast Institute of Geography and
Agroecology , Chinese Academy of Sciences, Changchun 130102, China; 2. College of Resources

and Environment , University of Chinese Academy of Sciences, Beijing 100049, China; 3. School

of Environmental Science, Liaoning University, Shenyang 110036, China)

Abstract: Microorganisms are the main contributors for pollutant removal in constructed wetlands
(CWs). Based on the analysis and collation of domestic and foreign papers, recent research about four
kinds of functional bacterium i.e. denitrifying bacteria, pollutant-degrading bacteria, halophilic bacteria
and psychrotrophic bacteria were reviewed in this paper. The research progress and application potential
of introducing exogenous microbial for intensifying the pollutant treatment function of CWs were
analyzed. Moreover, the effects of exogenous microbial dosing methods (i.e. direct dosing bacteria and
immobilized microorganisms) on the treatment performance of CWs were also discussed in detail.

Bioaugmentation can not only enhance the degradation of nitrogen and specific pollutants in CWs, but
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also improve the operation efficiency of CWs under severe environmental conditions. In order to enhance
the removal efficiency of pollutants in CWs and complete the relative technology system to intensify CWs
water pollution treatment function by microorganisms, the following four aspects were recommended for
future research: (1) the screening and application of high-efficiency degrading bacteria; (2) the
optimization of the dosing methods for bacterial agents; (3) the evaluation of exogenous microorganism

intensified CWs on long-term efficiency; and (4) the ecological safety assessment of exogenous strains to

www. cnww1985. com

CWs.

constructed wetlands;

Key words:

bacteria; psychrotrophic bacteria;

N30 38 o ) B A A A P IR
PS8 /NS ARG CL 7/ T C o N o X (R V[ B D
375 55 Jo W R A A R SR B 2R AR Bl A
e SR O N TR 5 BR TS G W A B B TR
WFFE R WY 30 B I, 3 hn N TR b S i Ak
20 T A 80, R SR M b R W Y B AL RE
S im0 o A TR rh A A
FFE R B R E D BE LA L n] 3 R T AR R A5
Ze AL | o 3R PR35 IO E I BORE AT IR, S 3L
N T 50— SRR 8 7K (AR5 i 7K il S K
FEREAO WAL PERE S Z BR o PRI, il 1A A TR
MBI AT o 1 N BE H B ANIR G A=, T A E—
FEFERE EORIE A TR A AL ROR 40 98 N TR
149 7 P B

FAT, © A B 20 8Os 74 07 20
N T v [T A7 2R 4 AR, o Al N T30 3l 2
UREE 71T DA R R L WA I N RIS
FR B8 RURE T, X A 5 ey ) L BRBE 085 . A
TREHAE N — DRV E SRS, KRG NRUEY
AR AZ R BE R ) | pH A B A A5 PR TR R Y 52
i o A AT ERI5E DR 2R ) ol A ) T 52 Y L Tl
TR 09 A A A2 B AR, B AR ON T30 X 75 e iy
KERAETT o XTI LE R [ A Ahay 3 X AR Gl A
Pysi A N TR0 KBRS BRI BE T TR T 85T, JF
WAR T —RIVDE I . AT SIS Py iy F 2
A7 W5 T, BA T ANEAAE Y A\ TR
Mo BT BAR AR FH T T7 , #8678 T 5 Al A= ot Ak
N T3 M 75 e 2R R AT v e A5 gk R 1) [ A [ s
SEH T AR BT E A
1 SMRB AR

R Z BN AW A AR R 832 H AR5 3L W)

bioaugmentation;

denitrifying bacteria;  halophilic

immobilised microorganism technology

5 Y 1Y B Ay B A AR AR . ANIE TSR W TR
FIAT DL — bR ek 2 bk AT 2R A E bR s de ) fig
TSR AL TR 3G 55 IR A, i IR ) RE X LR
A TR 45 00 280 TRT 4R 2 T G 0 o A T RS T 4
PRBE BT 8 P IR A5
1.1 BRE

H i, 5028 P o AL BR & Bl ) 0 H 78 ] 18 18
IR NS NEE= 3 AT B IO O NIIRIT 3 1 RE % s g X K
S, Horh RUE YA BORTE N TR A 0
W5 F2 A TP e AR T T KRS K Ab 38 R K A Ak
PHE B X AR PR S5, S A ) I R A 2 S
AR A W it A N TR b R R . AR
TEN TR A (A A= K RN sl 52 Z R R R
R 5 A Z RIAH AR A s2 e . BRI, 7RI
PO A MR B 7R TR0 rh BB AS 1 5 AE K A .

o BT R AE e 2 R, — S iR D) g
TR A 7 20 I B 00 107 FH T 5 A N T3 b A9 P 7K b 3L
A i S8 A T T 0 P R — AR R T SR R TR
(Pseudomonas putida ) [ AH AL W% R B8, 4 il 15 19
B8 T 1l 55 K AL BT B2 KR A 5 B 2 K- 18
N T, XF & 8 £ BR Z 50 o 71, 5%
63. 1%, =5 T A B 70 0T B2 (R0 B 22 B 40 3l R
50. 2% H145. 9% ) , UEWFBANIZ B AT DL e A TR
MR IR BRBERE ST o MR A 51 AN TR,
AU T XK R R RIS R L BREE ) b
5500 b R AR AR AR AR SCIR R (AN AE G R )
I [] hy  b J R AR o A, B LT e 4
N T Ml R 7K T 45 B ) bRt B K h A R S
YW L BRHER . Shao 55 7Rk 2% 1) FIAR B 3 0\
TR TR BN R A AL T XP1 T AL BRA RS K X
fb2p T A E AR B B R A BR R

« 34 -



www. cnww 1985. com

T AL E IR BIA TR T L R AR R

%3945 %84

73% 94% F1 78% , Hor H 7K G 0 B 18 2 ) 2 — 2
BARE A S A 7K 045 B B8] Sk 4 L, 5 A I g 751 ) 1R
H (18 )AL, K S RE ) 46 %6 14 do i TAEY)
PR AN TR] T30 v 2R P 3 o 2 4 4 R AR AR
ko SNESCEY I AN TR 5 A — & i IR EE
B | 7 4 N T b ) R A R S D AR R el
ViR ALVE F 5 52 25 . SR, W98 3R B IR AF Ak
PR XP1 A BB 4 g IR S =5 19 N T b ) b 2 75 4
AR RN R BRAE T, S T AR N A B 4R
TSN TR b 5 2 A Y A g m i R BR . AT
BT R A HE 2%, )z, A
TR0 =2 i B VS BT ') A -9 =W B D R
TR Z AN B W5 . 72N TR b 127
B 1 B i Al B, H i A Y BE ) dedd,
R Z B F N 60.31%, = T A& w7 %+ 18 41
(37.24%) . 280w Ak P (44. 35%) F1 I T 2%
TR AR BE (57, 74%)" o X 1 2 pR 1A 7 181 2 Ak, 4%
P EI NS N OE S 57 =g A=k AN R LS E O
TR RE T o

IR EE TR AN A0S S AR A B 43T
2 I AR 28 T R A N TR b B P BE e — P 2
TrmR s s o A8 N TR M 3 2 g &R, mT
st A S ARG s b P A G A A
MR AEACVER A B g T3 b i 68 ) AN
B [l
1.2 $SESLYIERE

FE RS AR AR — Lo LA B A e e T
YIBE 1 B A W, X BB T LA Ao 43 O
MYk R . Hir, CAREZ X TFHHEEE Y
R it TRTE A 775 Y - B S RN K AL BRI 5T, an 2
A7 R 8 it D A Tl A A TR T R 3R R A A L B
BER PR

U JUAF, 1) TR R 15 e I e i o A N T
Ao B 7K v R S 3 A T F 9 R T G 22
TG XK AE AR D8R I R K AR
TR 25 IR K S AL e N T3 b Ak B K AR K
PR R A WV Sy I A o e 7 K 0 R 2 mr ik
H, BTARRTT IA 88. 85% , #& N M 1 4 i 75 K W At
B, Hot kR = 2 T 99. 23%, X & i T 51 A4
TR A 08 v 4 2R i TR B iR T P R A R R
i LR mir A B B RO R R AR AT T DL
BRI e e d 22, o8 o AR P X el o

BER MGG W E TR, (LR MR . 7R ELRA
T A B 2 2 K G AR v ) LR N 7 2% K B
fif N AR B < AR BRORT TR TYSTO4 AN /)N 25 76 FT 1
PIRI30, 4T 1 Hb 32 46 rh ke A B ok e o1 P et
fRiE TR AR L 2R T AR AT A AR
PE R S5 1 R BR353 000 79% . 77% F159% , #5 1.
ST AN TR )X R 2 (AR L 25 B 2R 0 ) R 65%
56% 1 39%) , 3 K 7K B A5 6 24 M 15 K HE ik b
W FEN TR AR RS 2 A A A K B
A B BIVE T o B AR AR TR BN T b b 3
il 2 K AR HE TR AR A 0 A K T B A 4
ST AR AR B % 20 A S B T A R R K
Z G gy (N E 48 ALY R T A ) IR
MR K FEPE " AR AL P AR B MR A2
15 YL ) R A 9 A TR A IO R TR R Ak N TR b
Ab 3255 A K R R K B A R R 2 — o BBAk,
T WAL B AR AN TR B R I A i L 8 fig
PR N TN X 2 K R R A HIL TS G (i 25
PR AR BE ST o I AR I A A2 11 70 e T
PEE= W N IR LT3 B R 1117 I 1 B S A R o= s
FAE AT S 1 5 BR300 R 97% .93% #1197 %, b
T A A B2 R, 25 B 2R 00 3R 16%
27% F138% ) , k5L T 1L WA N T30 2 —FhAT
G GEICRT! % LS Ly 7 S N RLTS: S L) 1] 1)
P AR B AT 37 AU, 1B ZR G By
1) B4 fifk e 0 2 W 4 e, LR A e 74 6% 12 = B
87. 1%, 1M A 11 B 751 X6k HE ZH ) B A R AR RF T 69. 8%~
76.2 P2 [A]" LR LTk AR B2 K rhouE R A T G
Yy LGy, SRR 18 R TS Y R L T LA
R R N T G R 15 e ) 25 R

H AT, O A 25l A RO 25 AN T b 4
B A B X B S e W R R K IR EUS T LAY
EBRACR . AN TR I A [ A iR P s g 7 Ak
T TV R K, %t 10 b 35 B HLAE A 75 UL 4
)2 BR I 5 T 50% , Horh TR R R 1) 25 B e i ik
95. 6% o N4 AR 15 Y % ik o 11 [ Ak 2B
S A R N T A B T A AR T R K
HROUE R fif A HLA W b 0 5 AR AE R SRR e TS
YLk N TR M i A= 25 6 Oy T EL A BV AR 1]
Lok st T ON T X R K A BRI o RV BT X
HL Al 8 it 5 G 0 P A s AL S BRAE N TR M
H ISR AN R B B E A TE RS OKZ RS

« 35 .



%39% %84

OE 4 K HE oK

www. cnww1985. com

AT & HE O b B gE R Y B TR AR
B N AR A P A N T8 b 2 B E R S e )
P TR
1.3 MHE

I 40 3 Ak 2 2 A P R IR K LA R LB
R, U A T 505 Y I . N T PR
BB AT AR , HA A H 5 0 K 18 0 JH v
Jio BRI 3 ik i 2 i N T3 b v G AR W 1 A
FARHE, FEON TR & $Rh K i35 G B
Z R BR W AT A, Bl R o B, N IR
S RIOET /R e (NS & PN RITS: DO R S
Prr 2 BRI

115} 5 T BE % 75 8 73 22 AR i B B R 1 5% Fh 3R B
i E A K AIE S, O A R HEIEIE SE T 3R T A
{CRETEER 038 2508 F IE W A A7 R RE A R 5B & 3
K ) — T B (IR R 15 A ML) .
TEIX SEF 50 il b, A AT TOR I Eh e 5 | AN TR
Hb, FH RASR T H & SR K A R TS W LB
A, PEKERE EC O 15 mS/em B, BOIFE A B
B (Alishewanella sp. ) F2 B 7 N T8 0 X 2 A
FLES AR EBRA(95. 7% F199. 4% ) .35 5 T AN
FRXH L A L 25 BR300 51 A 68. 5% 11 76. 4% )
18 1 O B R, & B Alishewanella sp. F2 1
F RN AR TN T b R A W A Y 4 A R
FRE LGN AR G v A A RE HRE BT Y
FHE o AN, AR TR HAR ) ) A R b
WY RAR RN BRARTG RN, HA H Al
15 Y W) G vk ) RE 1Y 1R R TR L REAE N T b v
KAEA GVEM o Karajic 5" A ER HI 07 1€ H i £8 54
F T 1) v iU R ASE 0 T N R rh X R
1. 5% B)5 I K Ak 27 U R BR N 83. 6%
Eid) (TN R N IRLTS M= S =0 G280 S N
Do, BERTORANG /K A0 3T BAS 2 55 AN 2, A
A BB ek ook i AN T b A D R A TR R

308 3 RF TS R T B I T 7 JR 1) G5 A O A, 4%
Jores 5 TR 5 A N T — oA R B R K Ak
PO o A Ja A9 H s m DL i 7 s i EL A B
Xof e — T i Y Wy e figk e 0 % TR R TR AT A 2R 2
o Sy 204 8 ik £ 52 5 1590 45 5 T e O P it R AR
YL s A N T b A B[R] AU ) B 2R K o
1.4 {RIRHE

FRE AL Ty XA =588, N TR b YY) 2

b F R R B AE TR Bl 2R i 2B K AR Bl
il T 5 S5 R B N T 2 R TS e A A
PR o PRI IR PR R BRI 1 N T b T %2 7K 1
VISLIL €

U P AR B K AR TR R S v A e —
Sen] PLOE R AR SR MR R . FERAET,
IR ARR T3 A e T N T P K Ak B A5 SR T A R 3
HRT, O A V223 B8 AR B, FL ) & 9
R A R EL A AR I 45 1 X 7K 5 G W 1) 5
R ARBE D) o FE R VR R A UL TR
Hi ) JES 6 Hp O ) — AR B R B (Pseudomonas
Slava) WRIR I WD-3 , 7EIR B 16 “CAF T XY
JR K R Ak 2 T SRR R A R R B R A R
62. 92% .56. 42% F150. 63% . Ft T IR & 76 4= Ak Ak
ARG 0 BT 0L, A — 2 0 A e B 1
S5 A0 TR H 5 e P i) S BRI S, RS T
IR P R GE N TR AR S TR B A )
v L FH AT S ST O 98 SR B AR TR R 15 °C
ZRAETR 1 N TR M A3 B 4% 0 0. 25% 0. 5% F1 1%
)AL IR T 751 A B AR 35 75 7K, R B 0. 259% F5% in i Ah 34
K B RIRER G —H BERE, 0. 5% F1 1% £
A IR AT 5 — A bR B 1% £ & b 31
H )R EBRRET 0. 5% Fehnit kb M4, H57)
S 1) S AR B s Ak N T A
REAITTHE . FEAH A 7K T 45 BB Ta) T, S5 B8 751 1)
B B m TSl s RO . S8
T AR, AR B X A T BE G i AR FH A2 3
IR GRS AN 0 PR 5 S 5 0 o s g, R Ak
e 12 Tad AR R 22 18] 77 A Y T 4 O R N A2
FNHH . R WF R UESE TR A PR ib A T
T M 7 AR IR 28 T A B TE V5 K B AT ATHE o Zhao
SEPURE 10 "CAME R A TR B0 2] A
RN TR, PR KSR 5 R & AR AU 25 145 R 43
35 2] 100% F 80% 2247, b 3 15y 1 A Jin vl 7 X
HE A (AH L 2 B 2R 40 51 R 70% F160% ) o 3 1o =5 i
S A3 AT AT SRR B S I AN TR S, 5
SO0 b P A TR S5 0 R AR AR I T ST A
TV A7 , G v g 2 A5 P 08 280 PR FE R . LT
RN PR S5 K0 9 5 T Ay e o AR TR A2
PR mT AR 3 N T3 v R B R RS 4R
IR AT TR A B R RCR

B2 B AR T B R AT AR N T AR

- 36 -



www. cnww 1985. com

T AL E IR BIA TR T L R AR R

%3945 %84

AT X L bRBe ) . FIRARIR B B B
TRIR RS B A A K, 5 & HoeH R K Hh s e i
Ko ik e 7, IR B8 T 9 i FH T3S s by FER b XA
T M A AR AR R, B RN T ) 1 Y L
2 MR AEMEATLEBIFHZ T X
2.1 EHEBRMEFNAFR

TEN TR, EAZBOM B A B AE B bR Ts 344
FIE 7 A0 BT 70 2 Al A P e A N T 1 e 1 B | e
e st (1) 7 vk 22— o FEAME U Y9 o B L L I
A A E ST B L R AR A R T RO L
B 5 K FER G TG, LA B S8 Xl G P K %
PEAN T IR 430 A4 S5 B 2 3 il DA S e S
FRF T, T R Y ] DL R S I A T
K FESE R R E IR B G IE s AT AT
LB AN IE AR W TR R AT DA 4 e N T b 1
A= B R] 0 W] A4 8 A 0 A6 T L A 4k
B R], 2 M o X H bR TG Y 0 25 BRBE S o Pei
G g R AR I, B T N T
IR 525 S AT B (Bacillus subtilis) FY99-01 4k
KA, RS R 2 BR 328 3K 36. 1%, 111 A 4% i
FR R REZE DN T B BRSO . RN TR L rh 3
of AR A IR AR A P R B v A IR 1 25 PR AR
ST AU it

SRT , 76N T30 1l B 422 80 B — B 7 % ¥
P ) Ak B ASCROAR BEAR, PR RT DAl S BOIR A TR
), $a v N TR Y LB AR T . MR A
Tr) N T30 b 42 45 5 A 1 R ) R T ) ) b 2R
25 YT K HX R R T e ) (2 /) 1 25
Fr SN C R RECH 0. 84, B35 5 TR
PR HEZH (0. 54) , F2 B8 Hh 2 R 22 BR e 1 S 71
BomZ M BA TR, FE, Z 45
I3 25 8 w5 10 b, 22 50 v 1) Il 0% 7K, FE A0 T R0 Ak
PRZA, A Al 4 T 5 Wl P AR DG IR ] 0. 8 LA L, B
Finfe T RGP A AR REW
T HE A B DA R A AH B UM AR B3R AE K TR 1Y
B SR J5T T B A T A R A A BELAS R,
A FRSCRAEAENL T 45 BB bR i b FRASCR |
2.2 BEE&EHmEWMZmMAR

EibReR f e a s 7/Es % =¥l DaEE 7/ BL I R A ey P
R T W I E A i R b DRUE R W) TR
P I UE YRR e S BLA M T PR A KRR

FA R —Fh A AR o 18 A ) AT A %
B RSy R BRI I g 5 IR pH) XA
B TR 37 9 A0 A, 1T DR SN BR B v K s ]
Y PR A DTG o I A A W B R i e
T HMBE AN T8 M b 5 Bl Uk sobl il B i [l A
FEBEA A e b b ) S B AR R R T
AW SRR TR R K IS Y M i 22 B BE
J1o WEEY R AT A 2 G A A
e BRIk A AR EA T | A A T E Ak
S Hod TR b A R R R R RN A 3
2.2.1 R

W R 325 A o o A R K Ak B v iy R £ 2
AT 2, B G4 AR A R G XA
TP i o M R 28 T P el SRR A
R I R A AT VR TR e e K L 2 LR
%OREEE A A AR R PSR AR, FE S
BAEROLL AR B B WD-3 [ E AL AT 4, LK
ol T e P Tl 5 %) A 00 e A O o 700, 448 T £ 1 A1
B WD=3 BN E A T3 b 78 4 2 HOG R K
A2 T A L RURTRL B 1Y) 22 B SR 430l hy U 5 A
AEFRZHAY 1,03, 1. 15 F1 1. 14 4% . Shao 255 LU &
] 710 A0 [ 2 A R o 8 A Sy B L SR 2R ) W
20 B R Al Ak 40 B CL-5 3 kb FEAS el 35 K,
FE T MR A B AR R S BRACR
(R B FL 3R g 13 2 ik B B0 X e W 1) 2%
PRECR R . XS TY R B, 5 AR B ) B4
TIAR b, 1 i A SMIR IR P N T8 b 22 B s
YL R AT o o W o A A g 1 A R I R
PR = AR e ), 2R B IS R I R 4 A
Ry S A TR CL=5 B W B 44, X6 A% el 75 7K 7y Ak
FRCR R Hais ke b d i d e 2 A A
A VAL L BRF 5 0 T 75% . 15% .82%
69% F1 78% , fei T AN B 77 X6} HR 20 (R 107 25 B3 3 40 53
} 60% .54% 14% . 43% F1 65% ) F i 7] BLHE % fin 4k
PR CRH R 25 Bk 2R 43 51 R 63% . 63% . 21% . 49% Fil
70%) , KK AT G —2 Abrifi . AMIRTCAE B3 i
AN [) W5 o6 28 A R A7 1 Ak, IR B B TR
I RE4R e ANRAA: e N T A A7 s ) A
TR HL A RE ) BT R A
2.2.2 fuiyk

A3 L H A iR AR e e Tk 2

« 37 .



%39% %84

OE 4 K HE oK

www. cnww1985. com

— AR Tl A3 AT 2 2 18 LR 4r
FIUAS 5 X5 3 A 20 3 P i S i) 45 P00 o5 i DL 1) 2L
B WIS 3R 0 Tt 0 LA I 35 TR M Ay 1R 110 e
iRtk . Wang 2527 RAFA VT T 5 K AL BT (36 PR 5 U8
RFGE X G AT R A 20 TR Y o B B R R AR 0
TRt RV 5 TR A R L MR, S S il S ) A A 200 7T
EAT Ak, K LA B T30 b Hp b B R S UK
K AR Ry 43%, 5835 TR 0 T R R IR 2
(31%) o [&15E A AR A Py AR SR A e N T8 M Ak A
FHAZBH A —FI A 280 ¥ . fEiE7K CODIN LL# B
LR 2 Tt 0 LA V6 i T2 6 38 1 5 A e 400 B T LA
R N RIS 0] 3 € S -3 § B 1S
AR08 Bl % [ A B T 4 BT 17 1 28080 5 T 35
INTUE S SRS AL AN T o ZEIREE R 10 "CHRAF R LR
. T A LA Ve g T 6 3 T S 2 A A At R Ak BT
YRR BERAR KA SR LR R 47% >, UL E B
FEYRAIE T [ 2 A i A W HLAT R 1) A5 35 1
R Je S [ AR s A N T 25 BR TE e 1
st 1 LAl

B XA L L B 3K A 1) N T3 b 3mSR R
A P I N REAS B0 A R AL BRSO o 7E b FRAIG AR
R T 1) A TR b R 8, BE v kb
T b 28 GERR JFAS 2 A 1) T, ST Sk T M 2R G A
YRR Rk . Rk, — 82 3 R A R, %)
AN A 0 RN A s U5 ) A R A 7 52 Ak, TB R [ S
AR SEORL, IR BB T s A5 . £H/ S
GO A L 1 RO AR A B S L S RS TR B
E AV SR AR A0 TR IR A o B /N ER o L I )R
B IR 2 A T KT T N T b P R T Y
T00 )22 350 43 CF-4 2 B A 5 A4 em?) , LA &b B ARG A 440
Heis K, o {2 i S A AL R R BR Ry
5114 78. 98% . 85. 46% H178. 33% , kb FRAL FH AL T
X HRZH (AR B 2 B #5853 501 24 61.90%. 61. 33% FI
21. 74%) . ANIRAHCAE W e TR B A 1 22 AT A %)
72 5 A N T A ARG A LU 2 K B — oA 3
J7 %% o I AR [ 5 Al A (] Bsf 5% A A 4 i e
PR IEAT 5, 385 07 Wb 2 g £ 4 P 50 A e R
S AR T N TR SR Ak B BE B VR Y
J7)

BRI 7 B 45 H R R IERE T 5 R
FHE B Y 88 G 3 i 80m oy 20K SR A o
PN TR, 4R N T3 e Ak BE 7 BRI HE

BB, A H] T AR MR R P 8 51 53
A TN TR AN [R5, B s 9 5 A T8
PR AR AR A T 4 i AR ol S MR A 0 1
SRAE N TR BR 5 ROR vh 78 A AR . [ E A
PRI EIN , A ) T3 SN B0 N T
HR R A3 IR TE] N T 0 5 v A RRCR BE AR
Ao TACR AR BN T5 30, 5IA —Fh sl Z Fp SR
A=, AT BT e N TR b 05 G 14 25 B g
J1o R, SR W5 AL SR TE SR T N TR i
T BETT AT BEAF AT T
3 &5

LA, 5& T AN W5 AL N T3 22 PL/MEK
AT S0 3, PR S BIARXS 8. Rk 2
RO FE R, 8 B SN P A A AR K
i, AT DA N R A BE T L (R TE AR
B 280 B A5 B A MBI A B 3 1 T Bl B i N
TR 3 O e A A HAT s S A BE D AR
fifp AT S AR ST O T o AR A B0 P B 4%
MR Wik A N T3 A B Je Wy ik, SR IR G
W) BRI 52 B B3 TR 3R 78 A 52, Ik ik 31 B
R BUTIROR o B AR T E AL A B A mT LA 5
SN WA PRI I RE T , B v SR Rl A= W ik Ak
N3 Ak BURE K Hp s Qe A R (BT S B
FH e e e o A 0y 1] 5 A 75 1 AT fe 2,
AT 186 R PR AR W 1) B AR A, PRI ] 5 A e
Prre N TR0 P s 0 AR s A O BERSE 15 A
KAFHAN PR ZEORBER 2 A 8t . S35k,
SN TR A S LA TR, I ol Ay 2 25 XU s 2 —
AR 2B TR DRI, SR SR IV H AT R LR L
D7 T BT SE O J 1 i 5 A0 94k T L T 58 AL A
[F] 24 2R 138 3 1) EL AT v A B ) 9 A 5 @
SN A7 175 AR  R A BOR A AR
HANIR RN BN T7 2, PRUESM B P e N T
HRR) B AR P, BE AR A EL v A0 X PR K s e ik
1156 s @F ZEHMAME R Y3t N TR
Yy Z BN ERY SR s D B SN IR E W) B B R
AR 22 B TS ey i B b 5™ Ao, X 5 T Ao
SIAN TR 14 A 252 A BEAT VAT s @RI K S
TRy B AT R BRI 2% 1 A S B B0, TR T 1
Wi AL N TR 5 BRi5 e  iE , (2 B
SN TR0 g N

« 38 -



www. cnww 1985. com IEF FINRMAYBICALRLT LY ERITHE %394 %84

SE 3Lk

[1] SIZH, SONG X S, WANG Y H, et al. Intensified
heterotrophic denitrification in constructed wetlands
using four solid carbon sources: denitrification efficiency
and bacterial community structure [J]. Bioresource
Technology, 2018, 267: 416-425.

[2] MENG P, PETHY, HU W R, et al. How to increase
microbial ~ degradation in  constructed  wetlands:
influencing factors and improvement measures (1]
Bioresource Technology, 2014, 157: 316-326.

[3] PEI H Y, SHAO Y, CHANWAY C P, et al
Bioaugmentation in a pilot-scale constructed wetland to
treat domestic wastewater in summer and autumn [J].
Environmental Science and Pollution Research, 2016,
23(8): 7776-7785.

(4] BRib, sREBORE, MR, S5 B SR AL 78 U B RS

BEEBR X IIRER AR ()], FRETIL:, 2015, 34(12):
2268-2274.
CHEN Jing, ZHANG Minte, CHEN Ping, et al.
Nitrogen and phosphorus removal and characteristics of
functionalmicrobes in subsurface flow wetland with
microbe augmentation [J]. Environmental Chemistry,
2015, 34(12): 2268-2274(in Chinese).

[5] SHAO Y, PEl H'Y, HU W R. Nitrogen removal by
bioaugmentation in constructed wetlands for rural
domestic wastewater in autumn [J]. Desalination and
Water Treatment, 2013, 51(34/36) : 6624-6631.

[ 6] Mo, skMers, XUmE, 5. [85E L am fb A\ TR

AL AR Gk BT [T ], Aol SRBERF 224, 2016,
35(11): 2154-2162.
LIN Yan, ZHANG Huanjie, LIU Xi, et al. Performance
of immobilized denitrifying bacteria in constructed
wetland for slightly-polluted water treatment[J]. Journal
of Agro—Environment Science, 2016, 35 (11) : 2154-
2162(in Chinese).

(7] Xoes, 296 H, Wi, & . MM RHTAER G

8 HEJ (7). ARl 36 53 BE 2% 22 4, 2016, 35(2)
212-224.
LIU Yuanwang, LI Zhaojun, FENG Yao, et al.
Research progress in microbial degradation of antibiotics
[J]. Journal of Agro—Environment Science, 2016, 35
(2): 212-224(in Chinese).

[8] WANGR, TAIY P, WAN X, et al. Enhanced removal
of microcystis bloom and microcystin-LR  using
microcosm constructed wetlands with bioaugmentation of

degrading bacteria [1]. Chemosphere, 2018, 210:

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

« 30 .

29-37.

XU X J, LIU W M, TIAN S H, et al. Petroleum
hydrocarbon-degrading bacteria for the remediation of oil
pollution under aerobic conditions: a perspective
analysis[]]. Frontiers in Microbiology, 2018, 9: 11.
JIH . BRI TR AL A TV A PGB B RE R LR
PLRIBFELD ], )M R R, 2017.

WAN Xiang. The Removal Mechanism of Microcystin—
LR by Constructed Wetlands with Bioaugmentation[D].
Guangzhou: Jinan University, 2017(in Chinese).
SHEHZADI M, AFZAL M, KHAN M U, e al
Enhanced degradation of textile effluent in constructed
wetland system using Typha domingensis and textile
effluent-degrading endophytic  bacteria [J].  Water
Research, 2014, 58: 152-159.

ASHRAF S, AFZAL M, NAVEED M, e al
Endophytic bacteria enhance remediation of tannery
effluent in  constructed wetlands vegetated with
Leptochloa  fusca [1]. International  Journal of
Phytoremediation, 2018, 20(2): 121-128.

REHMAN K, IMRAN A, AMIN I, et al. Inoculation
with bacteria in floating treatment wetlands positively
modulates the phytoremediation of oil field wastewater
[J]. Journal of Hazardous Materials, 2018, 349.
242-251.

BT NG . B R b [ B Arthrobacter ureafaciens
ZXY =2 R A Rk K N LI MR AL ML P92 (D ). i
IR MR Tl R, 2018.

ZHAO Xinyue. Research on Characterization of
Atrazine-degrading Strain Arthrobacter ureafaciens ZXY -2
and Bioaugmentation of Constructed Wetland [D].
Harbin: Harbin Institute of Technology, 2018 (in
Chinese).

Wi, VSR, Wadh, 55 . AR ik o ] 5 A SO0 4% —
N TR A T2 AT BN L K [T ). el 37
BeRlegf, 2017, 36(5): 1003-1011.

MAN Ying, TAO Ran, YANG Yang, et al. The use of
immobilized microorganism reactor—integrated
constructed wetland (IMR-ICW) system for rural
comprehensive wastewater treatment [J]. Journal of
Agro—Environment Science, 2017, 36(5) : 1003-1011
(in Chinese).

ZHANG X, YANG Y S, LU Y, et al. Bioaugmented
soil aquifer treatment for P-nitrophenol removal in

wastewater unique for cold regions [J]. Water Research,

2018, 144: 616-627.



%39% %84

OE 4 K HE oK

www. cnww1985. com

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

WANG X Y, ZHU H, YAN B X, et al. Bioaugmented

constructed wetlands for denitrification of saline
wastewater: a boost for both microorganisms and plants
[J]. Environment International, 2020, 138, 105628.
KARAJIC M, LAPANJE A, RAZINGER J, et al. The
effect of the application of halotolerant microorganisms
on the efficiency of a pilot-scale constructed wetland for
saline wastewater treatment [J]. Journal of the Serbian
Chemical Society, 2010, 75(1): 129-142.

HRE, B0, THIE, . AN TR — S
R T B9 70 B M2 5 R R AR EE T [T ). BB R
iz, 2013, 33(3): 708-714.

TANG Meizhen, LI Tingting, WANG Yanna, et al.
Identification and characterization of an efficient
psychrotrophic bacterial strain isolated from artificial
wetlands [J]. Acta Scientiae Circumstantiae, 2013, 33
(3): 708-714(in Chinese).

XTI . 5245 TR A s R AR R et A N T 3
REWTFE (D], MRJRIE : IR/RIE Tl R, 2014,
ZHAO  Xinyue. Construction ~ of  Compound
Microorganism Bacterium Agent and Its Bioaugmentation
Efficiency in the Constructed Wetland at Low
[D]. Harbin: Harbin
Technology, 2014(in Chinese).

ZHAO X Y, YANG J X, BAI S W, et al. Microbial

population dynamics in response to bioaugmentation in a

Temperature Institute  of

constructed wetland system under 10 degrees C [1].
Bioresource Technology, 2016, 205: 166—173.

PELI' Y S, YANG Z F, TIAN B H. Nitrate removal by
microbial enhancement in a riparian wetland [1].
Bioresource Technology, 2010, 101(14): 5712-5718.
AR, K, IRIE) . SR YRR TR
R BRI R B [T]. KAk B, 2007, 33
(2): 38-41.

LIN Jing, XIE Bing, XU Yatong. Effect of compound
microorganism preparation on pollutant removal in the
the reed constructed wetlands [J]. Technology of Water
Treatment, 2007, 33(2): 38=41(in Chinese).

JEEE, 0K, 2=anin, 5. YIRS Pseudomonas
Slava WD=3 (1% [& 5 £k S FL58 A0 N T30 b 5 7K 4k BT
FELT]. PR, 2017, 37(9) : 3441-3448.
TANG Meizhen, WANG Wenfei, LI Ruru,
Immobilized Pseudomonas flava WD=3 by biochar for

et al.

the sewage purification in the artificial wetland [J]. Acta

Scientiae Circumstantiae, 2017, 37(9): 3441-3448 (in

[25]

[26]

[27]

(28]

[29]

[30]

Chinese).

SHAO Y, PEI H Y, MENG P, et al. Bacteria
immobilized on microporous polyurethane to enhance
treatment in constructed wetlands

campus sewage

microcosms |[J]. Fresenius Environmental Bulletin,
2016,25(1): 337-344.

ZRB. [ E A A A A R A N T3 Ak BE A bl {5
KID]. Hrd: INARKR:, 2014,

LI Zheng. Bioaugmentation in Constructed Wetland by
Immobilized Denitrifying Bacteria for Campus Sewage
Treatment [D]. Jinan: Shandong University, 2014 (in
Chinese).

WANG W, DING Y, WANG Y H, et al. Treatment of
rich ammonia nitrogen wastewater with polyvinyl alcohol
immobilized nitrifier biofortified constructed wetlands
[1]. Ecological Engineering, 2016, 94: 7-11.

WANG W, DING Y, WANG Y H, et al. Intensified
nitrogen removal in immobilized nitrifier enhanced
constructed wetlands with external carbon addition [J].
Bioresource Technology, 2016, 218: 1261-1265.
TRMRAS AR RS, AL E AR S A TR E RS
AKARBRP A PERERE S () ). A AIREE A, 2016, 25
(5):857-863.

ZHANG Huanjie, YU Lu, ZHU Wenying, et al.
Nitrogen removal characteristics of immobilized
denitrifying bacteria for treatment of slightly-polluted
water[J].
25(5): 857-863(in Chinese).

EHE, R, s, . BE A RIS
[E6] A B 58/ 3k Ak PR Bl SR LG 15 /K AP REFSELD . 3R
Bei5 YL 5B5if , 2018, 40(8) : 870-874.

WANG Chunxi, YU Guanlong, ZHANG Dengxiang, et

Ecology and Environmental Sciences, 2016,

al. Study on performance of solid carbon source pellets
combined with immobilized denitrifying bacteria for
C/N LT].
Environmental Pollution & Control, 2018, 40(8): 870-
874(in Chinese).

treating  wastewater  with  low ratio

<40 -

EEB N E&Z (1995~ ), &, i THIHAL L0
gEE, BN SRR ELTG Y 5 BiIG 5 AR 7 i

MBS
E-mail: wangxy0331@126.com
We#m B #A:2020-03-17
&[5 5 #A:2020-03-20

(%% TRIH)



