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Removal of Pathogenic Microorganisms by Constructed Wetland : An Overview

CHEN Di'%, YANG Yong?®, ZHENG Xiang", WEI Yuan-song”

(1.School of Environment and Natural Resources, Renmin University of China, Beijing 100872, China; 2.Research Center for Eco—Environ—
ment Sciences, Chinese Academy of Sciences, Beijing 100085, China;3.Chinese Society for Environmental Sciences, Beijing 100082, China )
Abstract : Pollution and control of pathogenic in surface water of China should be paid more attention because river quality is assessed
mainly by physic—chemical parameters at present. Though constructed wetland is a widely used ecological technology for controlling water
pollution, there is a missing gap between removal and fate of pathogen in the constructed wetland. Therefore the purpose of this study is to
summarize the state art of removing pathogenic microorganisms by the constructed wetland through literature review. Firstly, this paper
briefly introduced the species of pathogenic and indicator microorganisms in the polluted water. Secondly, the removal performances of
pathogen by different constructed wetlands were compared and summarized, including factors of pathogen removal such as plants, substrate
and operation parameters. Meanwhile the fate of pathogenic microorganisms in the constructed wetland was discussed from the view point of
interception and inactivation, e.g. the mechanism and factors of interception caused by adsorption and filtration, abiotic and biotic factors of
inactivation. Finally the trends are proposed to promote pathogen removal by the constructed wetland in the near future.
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190, WRRE b R R o0 S A T v 2 M A 3h ) =K
Jeo 3R 12 TR AT BEAFAE A 25 IS R B AR
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K EURBEDIFIE S 2, T H TG 8= XX
LR AHEA T A OE TS B I D AN S H AR
IR B A R JEUA T R SR L2 A 2,
RS A A AR B E 5 YR DL« K i

(Coliformgroup ) &N Fl ) 12 I KARFE AR A= ",
FHRELAE IS, SR (TC, Total Coliforms ) F1ZE
KW #E(FC, Fecal Coliforms ), 555BRTH (FS, Faecal
Streptococci) Fr~S FEPEAR 7 (CP, Clostridium Perfrin—
gens WLH B TH/RZE 5, o FS AT LAE R#iE
TSYLER R BRATESD K R R s A AV itk
FIRRE e o3 AR m , LA A R 7K B A
Py bR H AT I 2 A PR T A A i SO g FH
PARPEAR KR B 1 27 22 e R AT TR e TR
(Coliphage ) LI ILAGIN 5 A A NS, HAETEAR |
RO A LA RN 52 P45 5 T 5 N i w HoA
e JBE A RE AR AR S, AR Y B Y 9 B (model
virus )" B FH RS RY A HE L5 0 T 14 MS2 . PRD-1
OX1748F0 £2059 0 HoAr MS2 Fil £2 ¥ )& T F-RNA %5
B, 5 BE K BT A 5 B AR A B AR,

2 ANIEMEEHBENERIREZMEER

2.1 AEHEMERERBR

A 3, AN TR R PR AR ST . [
Fh 25 18 I A i (FWS, Free Water System ) A1 78 i
i@ H (SSF, Subsurface Flow ) , i 3 A T1 Hb
AR 1) ] 43 A K1 g 3 (HSF, Horizon—
tal Subsurface Flow ) FlaE H 7 A T 18 (VSF, Verti-
cal Subsurface Flow ), & A T 7E 6 ZE M
Rz AR SAET BRI B 85/ 38 TR
D5 KA B H i T HAR TN, PA SR 22 BIAEAL
o R = TR L) O 8l e I 732 ]

& 1 KGR BEFERNRERE

Table 1 Probably pathogenic microorganisms exist in water

25 g LA TN CE AR ) m B
g2l B T (Shigella sp.) 1.0~3.0 i
VBT TR (Salmonella sp.) (0.7~1.5)%(2.0~5.0) W' 4% A5
HEALINEE (Vibrio cholerae ) (1.5-2.0)x(0.3~0.4) Eil
By RKIGHT I (Escherichia coli) (1.1~1.5)x(2.0~6.0) LRI E e
HRRFRICTE (Yersinia) (0.5~0.8)x(1.0~3.0) i 6 4
T 497 55 (Hepatitis viruses ,HV) 0.027 FEYLEIF 2
VR SO (Norovirus ) 0.027~0.032 avEE %
HebRi# (Rotavirus ,RV) 0.075 a v E %
DR A8 (Poliovirus ) 0.026~0.031 VRSB 1T
JE 5k 5 ( Coxsackie virus) <0.03 ok
AR (Echovirus ) 0.017~0.028 ik
J5E Bk )5 R ( Entamoebahis tolytica) 22 B K B 55
B2 HEE L (Giardia lamblia) 14 i 4%
[l F L ( Cryptosporidium ) 3 %E %
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AN, DAL, B RN B2,

X AN [R] 288 0 300 b X D BAE 0 ) 2 PR AR
Vymazal®% 52 4~ A T (i FWS 14 4~ SSF 38
ATEAESE SRR, FWS Xt FC FS 1 TC By F- 15 2=
W% BIH 85.6% .84.0%F 65.1% , T SSF %f FC . FS
H1TC 135 228584550k 91.5% .92.6% 1 88.1%
TR T (SSF )P S A E ) R BRSCR LT A B
RIMN TIRH RS (FWS),

SR, BTN TRt B R T2, R 7K S
AR B S R S B AUE A 4 B BR AN RE 2 4
FAEN TR RBRAOR . MKk B m B, B
Hr AR, KR R B B KRR
TETEL AN o 28 2 H1%¢ T AR RIS AL A TR
by ZR G000 B A ) BRI , HE IR S B
FER , MR HE K S A vk BE AR TRD L 43 A LR L
%

COIRHR B 7RO S S Pk <4.0 1g+ 100 mIL™
BP 1x10° A4~ L7, a5 1 4, 7EEK FC ¥R IE 3.36
lg CFU-mL™ 50T, FETH I8 1o 1 25 B R 0 0.63
lg, KM BE SR 9x10° 4~ - L1, 35 2] i 26 /K T2 s o
(GB 3838—2002) ., 7E k7K FC ¥ 3.86 1g CFU- 100
mL™ T BRI FC RN 1.74 1g, Hk
WRE A 1x10° A~ L7 ik B K 11 2845 7E(GB 3838—

2002). Al DAE HTEARMR BEAE L, PRADZE AU TR Hh
XPIa SR A AT — 2 ) R BRAICR | H /K R i M2
K M ZehnE, FLIE R 22 PRACRA TR i i

(2) Hfe B < E 7K R A A vk B A 4.0~6.0 1g -
100 mL™ JE L, BP 10°~107 4~ L7, Wnge s 2.4 A1 5, 78
HE7K FC ¥R (5.25+0.03)lg CFU-100 mL™ 4544 F , %
A TR ) FC LBRAR 0.84 1g, KM E N
1.8x10° 4~ L™, ik FHu K V 2HKbrifE (GB 3838—
2002), XFFEHRA TR, 3K B K ERE(TC)
MZERIAREE (FC) HIUEE 7351k 4.23 1g CFU-100
mL™ F1 4.70 Ig CFU - 100 mL™ B, TC FI FC i L[ %
S350 1.92 1g A1 1.50 1g, Hi7K TC F1 FC MR EE 43931
g 2.0x10° AL 1 1.5x10° AL, ik F b ek M2
Bt SR 5y UL, R BE RS 0T VN TR AT BB O
FRBCE IO AR ) 2B, K eI B s gk T2
B s T AT I 1 KO B A A i P AT A
f IR F LKV 28hRiE

(3) RV B « AR I Mk 6.0 1g - 100 mL
BT 107 4>, g5 3 F1 6, 237K FC Fl TC 1y
W BE 4> 51 6.38 1g CFU - 100 mL™ F1 7.65 g CFU - 100
mL™ B, R TIRHAY FC A TC LBRRA50H
b 2.481g F13.67 1g, HI/KHKEE 510 6.30x10* 4~
F19.30x10° A4~ + L7 0T T A T, e 7K TC ¥

xR 2 AEEBALRMBREBEDERLR

Table 2 Removal effect of pathogenic microorganisms by different types of constructed wetland

s HEK R g CFU - 100mL . Ak FREILASS/ - LB /g CFU-100mL™ X
ST S TR = > T H R Y5 © %
I TRHbIEAY e 5 lg PFU- 100mL." T s A e L2385 o§/lg PFU- 100mL 225 ik
TC.3.730.26 140 mx32 m TC.0.77
TP . . 4 . oAt :
1 ER FC. 33650 26 99 3x10*  HL:135 mm-d FC.0.63 [22]
) FC.5.25+0.03 15 mx6 m FC.0.84
s TR St e : o o :
2 KM AR FS:3.960.04 44 FS:0.68 (23]
TC:7.65+0.02 150 mx30 TC:3.67
3 X 2 FC:6.38+0.03 | 5“8 ~ m 2x10° — FC:2.48 6]
KW T 6.220.02 KN HE:2.43
e TC.4.23 TC.1.92
4 Wl ;f U ;ﬁ FC:3.86 61 mx82mxl4m  — HRT:3.8d FC.1.74 [24]
AL IPN 7 U K B - 132
FC:4.70 FC:1.50
E.coli:4.40 E.coli:1.50
Y925 St ez : 2 _ N ot :
5 V& fLES Wi 410 50 m™0.65 m HL:200 mm-d Wit 1.20 [25]
F-RNA:3.60 F-RNA:0.70
TC:8.990.55 TC:4.30
6 Wi =R Eggl.‘é%ig%g‘l 1 0.5 m /MK HL:60 mm-d”! EECOI.‘:;? [26]
HPC:8.22+0.32 HPC:2.85

1 . TC(Total coliforms ) : MK JH TR ; FC(Fecal coliforms ) : 2 KA T HE ; FS(Faecal streptococci ) : ZE5EBRTA ; E.coli( Escherichia coli) : K57 K
T ; EC(Enterococci) : liBR AT ; HPC( Heterotrophic plate counts ) : SFEAH A i 1%, HL(Hydraulic loading ) : 7K /3 145 ; HRT( Hydraulic retention time ) :

TR It BRI
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JE 4 899 1g CFU-100 mL™ 2514, LBR% H 4301, H
IKHREE Ry 4.9x10° A4~ AT LA H ek B s
WIEMET, BRI IR 2B A+ 21w
TN T3 b, (F PR AR DR A e B IR AR A v, Bk
N TIRHII H K AT REAEAEZE 4 XU

DA 25528, BRR 2 AU A T3 M 4 5 i Bl
AW A — W S BRABCR s T N i Y B
ORI o ARTE K o W BER S S A= D I 0 T
N TR KA AE 2 X, A% 2R TR
b, DASERR LB . AR TR 4 & B
RIA T YZ 0 A, Vymazal® 545 T 60 MANFEIZEALA
T b X i AR A ) R BRACR  ZE R R (FC)
FERERR TR (FS) FILE K BAE (TC) I 23 BRACRAK IR 43
R Z RS >R . 290 (mul—-
ti-stage ) (4 25 BRASCR B A0 T BR 00 1 (one—stage ) .
Ulrich 8P AFFE dIE B T 3X — 2516 , i 2 X 7 ] 3
JEIZAT 18 A7 AR 1 15 7K N T b Ah FEE e ) 7
BN TR H S R AR I T3 KB 1.5~2.5
lg, T ZHN TR A %] 3.0~5.0 1g,
2.2 AEEYIEEBRHR

T3 AR 0 P A A T AV b DR A ) 4 2
S5 5 e Wb G IR IR S R Y, 4R B SR Y
PEFRFIEA L, Hom e g fb R 12,

LR SR 25 R, 1 R 1 A A X S

B LBRATWAE], Be 52 SR AR i 22 BR AR
Everardo Vega S 58 45 R R W, PR A ) 1) HSF
RGN LB 3 N (99.9% ) , b
ARG TR EBR B AN EEH(99%) . Rivera
SEPURFIE IR, A R AEAE T R AT TR Y S BR
RS UERFTE 319%~91%, WA MYIFAERRI RS
LBRFBAA 0~35%., 3% 3 H1 1 A R 40 b 1 g 1t
WA ZBRBCR

SR T A AT 50 43 BI040 1 i D A 2 B A R A
TEF 3418 o Quinonez—diaz FE A A AH Y IAFAERFAIG
RTINS A 2 R oA R RE S PR Ry JOAE
Yigh R 5 EE T RIOGT , BAGH Y 5 SR Ze X I
A IGEVER NS O R G e LB (H
A BT R AR ) A7 AE X908 I A 25 BRI 52, An—
tonina S P A  FL AL T T VN IR L (VSF)
] B U8 ZR G0 AN TR A BT /N IG5 BRAICR ,
t VSF RIRE BB SRR I R G U
F BRI A 5 22 5 T Karim MUR 285N | x4t
WHRESE A Gt 7 30, o B AT Re st Y . — D T
FH T AE AR X1 72 538 B — PR S B8 Y B R
REFWFE TR RE/N, DLSRBRAE A ] 2 5
T35 T SE 55 3 R RGN, AN BRI A 30
AR AR AR, AN BRAR R SE bR AR (1Y
BATRLH . W1 O.Decamp SEPIFFY L BH , X [F] 2R AL G

&3 HMiEmA TR EREMENERBR

Table 3 Removal effect of pathogenic microorganism by constructed wetlands with plants

(LGRS ek BENg CFU-100 mL!

T b AL

TEBMESEC HUKMRENg CFU-100 mL™ B3R

T EL (Juncus effusus ) KIGHE#E:7.14+0.18 WhAE :d0.145 mx0.5 m  HL:116 mm-d™ KGR 2.00 [36]
PITICE :6.20+0.67 IR :ND
FS:6.300.13 FS:ND
74525 (Phragmites australis ) KR #E :7.90£0.09 ib#::d0.145 mx0.5 m  HL:116 mm-d™ KIGTH#E:2.47 [36]
P TEC 2 7.1420.30 VTG 1147
FS:6.50+0.04 FS:ND
7% 25 (Phragmites australis ) K F R - 8.2+0.1 5.6 mx0.6 mx1.2 m HL:60 mm-d™ KM ERE:6.1(0.1) [37]
HPC:8.3+0.1 HPC:6.5(<0.1)

3 N#E(Canna flaccida) TC:6.5£0.9 FC.5.6x1.5 7.5 mx3.0 mx0.2 m Q:0.57 m*-d" TC:5.3+0.8 FC.3.8+1.1 [38]
W (Cyperus dliernifolius) — 1c.67.13 FC.54214 9.0 mxd2mx02m  Q:LI4md?  TC:53£1.0 FC:4.01.2 [38]
254 (Sagittaria lancifolia)

F5 5 Phragmites australis ) TC:6.6504 FC:6.2+0.7 9.0 mx3.6 mx0.2 m 0:0.85 m*-d TC:54+1.4 FC:3.8+1.3 [38]
il (Typha laifolia) TC:6.140.6 FC:5.5+1.2 9.0 mx3.6 mx0.3 m 0:0.57 m*+d?  TC:5.6£0.9 FC:5.1+1.2 [38]
H122 jolus
812 (Gladiolus sp.) TC:7.3:0.7 FC:6.8£0.9 9.0 mx3.6 mx02m  Q:0.85 m*+d'  TC:54:0.8 FC:4.8+0.8 138]

SSEAE (Iris sp.)
EMHE(Collocasia esculenta) TC:6.5£0.5 FC:6.1x0.6 9.0 mx3.6 mx0.2 m 0:0.85 m*-d”’ TC:5.3+1.8 FC:5.3x1.5 [38]

e fE/KAT (THalia sp.) TC:6.5£0.6 FC:5.2+1.2 90 mx3.6 mx02m  Q:057 m*+d?  TC:5.1x13 FC.:4.3:13 [38]

TC:7.1+0.6 FC:6.8+1.6 7.5 mx3.0 mx0.2 m 0:0.57 m*d"  TC.5.1+1.1 FC:4.0+1.3 [38]

1 : TC(Total coliforms ) : i\ KA RE ; FC(Fecal coliforms ) : 38 KA TR ; FS(Faecal streptococei) : 255 BR A ; HPC (Heterotrophic plate counts ) : 555

A%, HL(Hydraulic loading ) : 7K J3 6 i 5 Q « /K i i o
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AN TR RS, 525605 2 45(1.25 mx0.3 mx0.25 m) [
KIness RHE BB RN 419%~72%, TPk £5:(6.0
mx2.8 mx0.6 m)Xf H LBRH496.6%~98.9% .

AT TR A X AT 25 B DU A 0 ) A
NI AR R, AR ERAMSE . Vy-
mazal® A Ay i TR % g 7 At SR v R R 420 4 0
YIRIFELE AU I A AR SR AL T R 1 A 05 20
B, i H R TN TR N R O T
TGN T N T8 NS A 9 22 [ 8 F2 P 1 58
A FPR]FIF P S A A, T R TR R G X
IR SRRt A 0 ) 2 B R o A R R ke e T AR E
BRIANTR], 4N Ottova S8R BURAR 2 =45 (1 15 b, L Fof
A I N TG B AR 2 BR AR AT . Karim SE54F
FEFRMA, ST ATt R B S K RN TR
MS2 5 84T B i 1 22 PR IO OR
2.3 ER1ER

FE R N TR A B G Ry 2 —,
B 30 S A E F AT 7K R s SR AR
[ ISP PRIIE— 5 7K 1A% SRR, B 1 RARAR s g,
32 M S R o Ao e D A 0 1 S DR 3 A i B
PRI AR R/ INFIR T 46
2.3.1 Kif%

T A3 BIF TR HON A T 7K 3 I o Fo o D B A A 7
TR R S DR L TR AR AR S HE L B R A
AN X IR A I BRI . Garcia 25 F
FEE R MR SE T X —4538, R AP (5~13 mm)
Xof 2 KM B R (FC) I Se W B AR A0 22 BRRORAT TR
P (5~25 mm), Ottova ZEPIHFFY F B, BIfd 76 4004
HRTOK I35 BB R AT, dihi A2 v ki8R fig
P P 2% R AT 22 BRAICR: o X T BB P T4 Aok
78 5 J {45 T8 P 3 P L BRI 0 3 T o BR80T,
AR ARG, DR R TR U A A )
BRI BT, SR Decamp SFESIA K JEFURLAR X5
JE AR ) 2 BRI 10 o Wi = B T 3 SR AR ) 22
SR PR AL T T A RE AN ], E
S W b DR R A R 5 R AR R A 2 1) 25
RO o I3 i SR I SRR A Bk A LT E.coli ()
FBRBCORENL T LT, [ i Bk A o N 4T B e
XoF R A B G (A R
2.3.2 FTHMR

ANTRISE 5 1) b 2R TR | 2R T 205 4 R L A 2 52 T
ViU O A R 0 T A I BB, T 52 i JH 25 BRI R
Fb 2 TR RRUK A9 T R B (AL 1 2 (g I A 5057, TS 2

BT . Moore S5558 TN [A] - 58X0 95 2 A IR B
P, SERRUYEEE S W MTE R I AR 3% |, [\
I 2 B0 - SO e 1 F A L R Y 22 /0 S 0 B Y I
B 2 A7 S 2 P A SR (H L 2 TR sl A 4
B BV P T LA A A O, 5 B g Dt s 2 ) 22 1]
PR R 52 L 5 | D FIUAEAR T AR T, > 5L o Rk
A AR S AT I, SR S A v R B B
o, 4 L R 2 L BE ) R T L H A BRI
Jin SEIF SR IESE T D174 FERDRR I 0 W i 3= B4R
FRTE DU R 55 1 A LE R DR L

PEPR G AL TR N TR T AIE T T e
A WY B T E L B B R BRCR , il anih A
X G R 2 R AR A, B A I BRI A
B S5 BRI AR 2510 A9 OO S s A= )
) BRACR R, 7R3 2 B TS e bR 0 A
b, T 2D I X A A ) R 8 R Ak
A B0GN  ASTRBIZH A7 45 SRR, S0 R0 0 AR A A5
TR T —02 Ik TR A () WA o e B A R A i ™, 3 3ol i 1
A IE WP HB LT, NI EE = N TR 255 L BRASCR
24 BITIRESHEE N

TESZBR R e, 25N T8 i R4 Y A A A Jor
FAVERE ST B TIRES BUR S I TR 7K 5
AR OGN R, B T E S F B a K I it
fuf (HL, Hydraulic loading ) F17K 7745 83 i [a] (HRT, Hy—
draulic retention time )&, K {584 I (0] 235 8 ik
AV EBROCHESE, AR HRT AIfE 8 /s i
Yy 55 o e Al R 5 7K 7455 B s ) SUHRRe oK 7
TP, RS AT N TR X i A= o ) 2
FRECR ISR 4 R,

T3 b 32 58 09 I A 1) 2 BRAIUCR 52 2
R A RSECE AR, e HRT 5%
Wil 2 5, Okurut LR IR M WF TR X 42, #6471
PLHRT R B R 4 ik, sl 2s R, Y
HRT 7 4.0.7.0,12.0 d i, H 7K FE R v FhE e J3E 5 3
S 1.16x10* .4.8x10° . 1.0x10° CFU - 100 mL™, 2 [k
HRT B, ZER 7 B A 2 5% T A FIEREE b, g i
EBRBOR B, Tanner™X 1 i A TIR MBI L15
FRPUWLEE, 24 HRT 4 2.0.3.0.5.5.7.0 d B, 411
£ 0 R 76.2% . 79.4% 92.1% 95.3% .,

SR HRT JEAZ K BGT | Green &R RIFFE R
BT, P I N 0t X D AR ) 2 R A A fR A, B
IS I HRT AN hn 2B 238  ZESEBRn I, AR
PESLBRTT Z M RBRBOR, e GRS I HESEL,
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DAY/ N HBTHIRR, 45 e Ak PSR
3 mEREMEANTLRPRITE

T5IKIEAN IR HS |, 95 Il A 0 2o 48 B
BRI BRI LALER . ISR AR, E T
T UECTRI RS AR 5 g SR A D AR T B, R AUEE
TGO AIRBET Fup RS,
3.1 HEREXZMEER

P B Al A ) 2 R B T 7K R B P R B T T
IR 2055 7 g P RBP4 P T
TUR BB Rk B3R T, 3 el Ao b 5 oo D A
Pl BE s i TR A HE'Y Van Donsel “RIFMEEIf)
WFFE R R W O o I il A P e LR Z20K
1A% 100~1000 £%.
3.1.1 3k

157K N ZR ST, 1 20 D Bl P2 [ A Y kAR
R BERINFLALAR I K A W B AR B GR  SE i U
R R R IR TORAS . RUEPIIEARFIRN
IKAAAEL AR B RN g A S5 43 FE A5

FEFORAS IR A W) M R i g A A P e
HEKR, PIEZAR 2R NME e g kA
)RR, WIS R B AN e I8 o b AR R AACR
5 IS BARPRIAR S U™, S P AR T
JRIAR ) SPolh] , 3ol i H R RBRALIR X 5 B
SR AE LT (A A HLEE— 2, Matthess FllPekdeger™

SR T A B R AR AR T A

nSG:JLBI.S (1)

F-d,
X amse HIUE TR, HA 2 H =15 4 REHCER
TR s d, R EAR  FoRRIB 21 S8 d, {LIE

WEEA2 di=0.2dy Bk 0.455(Ued,, ) * ,Eorp U gt
g%%ﬁ[(dw/dm) , € %?Ll@:% ,dyodpy *H de ﬁj\%wjﬁ%‘%
10% 17%F1 60% )5t 5 B} (1) F- B 0kE HLAR

FEF LA P, AR R, J 5 B] 23 B /N D) 44
PR 5 L UE R TR X R Gannon S5 1o 1005
WESE T 4 A 2 LA i Wiz s 5 R /N B 18 3
AR SEPE (P=0.01), 3 HL48 AT AR 40 18 B 25

IR RN B S EEB T S8R ¢, b T
=% AR T A N B & R BURLTS: ) N NI BT
PR I 7 B o 5 DA B 3 3 b LB
T B 22 BRACR A T B, 3 YR8 L R A B 2 T R I
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Table 4 Removal effect of pathogenic microorganism by constructed wetlands with different operation parameters
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