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Abstract: In order to investigate the function and mechanism of the plants in constructed wetlands used for municipal
sewage treatment, a pilot vertical-flow wetland consisting of three sequenced cells (A, B and C) was established using
Scirpus validus, Cyperus alternifolius, Canna indica, and Phragmites australis as the testing plant species. The results
obtained from the study showed that the treatment efficiency in terms of average pollutant removal per unit area was
consistently higher in A, B and C cells with plants than in relevant control cells without plants. In comparison, the
increased amount of pollutant removal accounted for by the plant effect in A, B and C series was, respectively, 43.52 g/
(m*d), 20.38 g/(m™d) and 30.94 g/(m™d) for COD; 13.14 g/(m>d),28.61 g/(m*d) and 6.97 g/(m>d) for
TN; and 1.2 g/(m*d) ,0.66 g/(m™d) and 0.06 g/(m™d) for TP. From cells A to C, the root activity increased while
the height of plants, length of plant leaves, dry matter of plant growth increment, amount of N and P uptake and the content
of peroxide enzyme all decreased significantly with the gradually decreased pollutant concentrations in the influent. The
enzyme activity in the filler layers was low in the control and was significantly enhanced in the cells with plants, with a

general increasing trend towards increasing root activity.
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NIt e A5 7K B R A S PR PR b b 2R B AR AU AE W 2 8] A L AR i — R W3 Ak
BAg e Ts K, ARV REHE BT K, AL PR R R, B A RIFNAF s M S8 . Y
RATRMASREN R OBERZ — @Y WA RS S AEA B T RBR 1538 , 38 o] MR #Ei5 7K thE 5%
YIRS A , MR A A R G AT AR R B MBI AE S R G MAE MR, AR 4RSS, (R 2EmH
AR RSB, SRICRE RS LEE N . BRI TR IR % A 2 ENE RER F WK
A IR RREET

TEE WA TR EA &t AV AR 00, B, A5 8 T8 R (HR A IR
MRIIREE T XY = R THOAM B A IS, A AR TIRERM T RS R TSR B KRR T
RSN E B YN 2o s R R VT L EN (plinibip G s yE VNN & QTR EREY SRkl o) hiBER - 2 PE L
[ P S MBI ) B A T A 75 FR 4 A5 7K b B ASCR R AR ) R T 6 LR IR AL B BT
ZIEEYES NP R B AR R A OB £ D R0 5 N TR — o 2RI, F7E
BT AbBE B ST W) 22 (8] R 22 5 A AR ) 5 AL OR AR SCE e WL, B+ BRI R . Wik, 7
YT RIRERE B K e LV ISR I 4 R A : 32 \FE (Canna indica) \J% % ( Phragmites australis) \ R % %
(Cyperus alternifolius) \JK78.( Scirpus validus) , 5 N FABE R A TR , 3@ 13 LB [ AL BE B 50 22 [R] K B )
ORI YR N A P AR R R RS PR AR, SR A I AR 4 7E A [R] 98 R b B T R R
BeHLER , Sy S BT i XN TR B BT R R B EISARAE S5 AR S HL
1 #REFE

1.1 #H p—

U 5 R P P2 = 20 8 A T3 W 0 8 -
( lg 1 \El 2) ’ ﬁﬁifﬁﬁe1¢ﬁl%ﬂg : JL/Q X ﬁ X ﬁ =5m X kKA Water distribution channel
2m x 1m, FORHZE 884, FAEAEY) 9 =R T3 B e o
HL(ARIE N A—B—C) f Iy Ab BB TE, T4 1) = o -

N T2 E W R T (FRieh Ag—B,—Co ) fE A XF
HR AR AL TR B BT FROK i [l L 56 THD AR
BFEIK - RER-ENE-PE 4 FORRIAEY) , KA
ARAERE BN 20 em x 20 em, HHITHPAE 32 3E, LA R
YL 80 ~ 100 cm, W& (T E) Jy 186.56 g, X
ERRAEH R 50 em x50 em, FEHAITHPAE 8 3E, AL 4R
#RiR 50 ~ 60 cm, Y B (TH) N 206.50 go RABEB 1y 1 proces of the vertical-flow wetland system consistng of three
FEZEE N 35 em x 35 em, FHITFPHE 18 B, ARIAVRE  cequenced cells (A, B and C)
90 ~100 cm, Y& (TH) 4 355.46 g, FHERMEHE
A 20 em x20 em, FEEEITRPAE 32 3, B IR 30 ~35 cm, B (TE) K 145.08 g,
1.2 RAERE e

BEK R F IR XI5 K, EEK TSR : COD,, Jy 185.42 mg/L TN 3y 44. 64 mg/L TP Jj 2.96 mg/L, 5%
IRFFT AR, %A TR #E 1T K S AP 1.5 m’/d, RE M BEK R 45 m®/d 157K R 58 1R
BB BT [E] 2 48 ~60 h, REE 24h LB, BITIER )G, EEMELEMZA 90 d(6 A1 HEIALH) ,WES
TRAEHR o

BO

[
7KK Water collection cell
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1.3 BISHRINGE ik |
1.3.1 KFHEARIIE wkw e %ﬁgﬁ
75 BRI R R 4 KRB K el 434y ) | i
1.3.2  54Y s AR 22 B I 8

Fi C FR B TE KR BE , o, F BTG K YR BE , Q
FRHICHK B, A FoRATTER, & B TTE LY R
ROFBRR AL AR R B (RQ) KR «

B2 AT e &

RQ = ( C7J< - c7J() X Q +A ( 1 ) Fig. 2 Structure of the wetland cells
1.3.3 *E% %?&—‘:J ﬁiﬁq%‘lﬁ E‘J‘Uﬂﬂ % #E7K input the water; i 7K #8§ Water distribution trough ; i /K #x division

T H A AR TS K TR AN R TE S AR 4L I%%ﬂﬁﬂif%— plate; £1 JK £1 limestone ; 455k $H /2 special padding level ; J] ¥ river
5“"“&[12] K —':;f 1‘5’5% % Fi 4G Fh Al %%—%— 5 BRI sand level ; 22 /K ## Water collecting trough; 7K output the water
FERKM S5 ERkE. WMRWE RS EA
BRI 5 T S IR SOk
1.3.4 YRR EHIE

Y ERKERINE  BAEYTEBMERT SRARE , BUEZE SOC At 2HE T EBEAT TEH (v) , &
11 90 d A DU IRFREE , BUREAE 8OCHtAE P it RIE R FR & 1T B TE(W) , KB R AW E K
B(AW) Jy:

AW =W —w (2)

WY RABRZENINE MY AR ZREREY BB RS i E R E, &R AE Y EL
WM EEIRIZ —. EBAERTEBEVLER 3 ARAE AT e Y R B . YA & H H,S0,-H,0, 5 &
HIA B, BRSBTS R AR e BB ENE . A cp R BRI
N.P¥RE, Co KA1 90d J5AHY N P YR EE AW A B AR RE AQ N

AQ =(WxChy) - (wxcy) (3)
Y RHERICTTERE = ) NP EERIIE/ FHEYRGEX NP EBRE x100%
MY ERE B TR = (AHEY RSN NP KR E - THEY RGN NP LBRE) /BFHEY RSN NP K
BB x100%
1.3.5  BEJRIREG 5 5L B BRI T P4 i I 2

FEFRRER 23 IR H (s , S TR BE IR R FI BRI — Atk . BA " 0 BRI R G & Aot rh 4 Bl
FILRERALS , EAYR XHHER L A E IR LA R R A, NP FRE Sg i, A BI AL 35 7E 37 C
T35 2h 1 48h, FEA T U8\ B, K 660nm FT 460nm BB H L IRE , SRt Zext IR, 715 1 B
1.3.6 iRk

SCHERE SR A SPSS12. 0 3Rk AT AL 3
2 ZBR5HE
2.1 =HATEEF TR KSR

X F =R B ERT S, B EZOR A VLY, KR BER —F, 28BS B, & 98] 1) 2 BR R A]
L, SRR TTE M KR AR TR R LR E. MNMEYLE S TEYX BERERERE (K 3),
A—B—C MY b B BT A—B—C JoAEY X IR BATT ) COD,, -3 K B 4r B i 43.52 g/(m™d),20.38 g/
(m*>d),30.94 g/(m*d) , TN EH LB ESHEE 13,14 g/(m*d) ,28.61 g/(m*d) ,6.97 g/(m>d) , TP ¥y
KBRS HIEH 1.2 ¢/(m™d),0.66 g/(m™d),0.06 g/(m™d) , JEHHY R G ML FRHOR B3 0 F X R R
Gto HIFERZHEYANAT LLGED B B HA BN, BT E AR R i R RS RO AR, i B AR
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TSI R 5 MR PR A W W e i T 1 S S BLAVE 600
IRE R G BARR A TEE S B Y SR
BEHEYAERTUES LREI (R RAEH R
&) A HEYERERERETHEY KRG ER
&2, EN T HS A IERSEY R B
SR, BB TR i 7= A 95 e ) 25 R 1 B A B TR
WS AR TESR SR B i A W iE M A E R R Ts R |
HITTRRZ

HE 3 FEL, BT A 3| C, i T B ITHK _ 10000
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CODcr i
Removal amount of CODcr (g/(m?>d))

TNZBR i

Removal amount of TN (g/(m?.d

6.00
5.00
4.00
3.00
2.00
1.00

15 Y ek BE B R BEAR, 15 Je W 1 25 B B th 22 BB 8 U 3333
FIa S, UL AR R B A BRI TERCR ., B3 70.00
B —assE, B 6 HE 8 Ay, RGN HERE T gggg

Pl A B B[R] S T R A 8 . RELEAIE A M B b 2 40.00

B BN SUREE R SRR B2 A % 000
ERARRG A G, EEYEKEN K, MAEDE 10.00
PR, RARIEMLE I RIFB L B TR 0

FEo. El3a BN, A HIGCOD, ARREET 58 AR 800~
KT 6 AT B 5 CHILLER H M 2 H KR HE/D, 700
HEWRGREG, A BOTEA KA COD,, R EE

71, KFB4r COD, P fE MR FER BB 7E A B0, NI &A% T

B CHITEAMZEMNZSR. 5 COD, ERFEAN

A, RGE A% HITT(AB.C) H1# TN (& 3b) F1 TP (&

3¢)7£7 58 AWEBREWHES T 6 AME, ERIE

TP%BRi:
Removal amount of TP (g/(m>d))

BB KBSV TN A TP (£ R BB K KA o s P
Month

T, (058 A TR AEA B TN A TP HAR. i Mont

2.2 =HANTHEEEWRISHLZ BEY R L B3 =T EEMMEM COD, TN, TP LR

B3R 1 AT R A AL BB STAE Y K IR =, BR XU Fig. 3 Removal of CODg,, TN and TP in different cells of the
RN, AR 3 MEMTEAR R B ITZ BIERFEAEIE  verticalflow wetland system
HRENER (P <0.01) NEEEAEBB5ECZ
F¥RA BEEZSF(P > 0.05) B AR5 CIRMAAEREER (P <0.05), B L, fE—EAEEEKEK
BEVE RN, N R KR BE A BB ST 22 8], R R AR S L BARRIA —ENES  BE R ER KIS
RV BEREAR, M B i Rk = 2 TR LA, 456 S 0TI K B2 (B 3) 8w, KR &t
A—B—C =% B % AL 315 3| B2 )3, COD, TN 5 TP ¥ % FEAIK, B 77 B A WLk /b, it 45
WA R B A Y B SR R (B N.P) ks>, N BE A KB E WS, FERBEER
B A I AR 15 K P EGIE K R R AR S RN, T A S8 Hh (R R 2 7K 35 SR B ARG,
YK MkREEREE EAREYE. HFEREEEYERARZSIE . E2EREFABEY KRR
FEVEK P MY FAERRE AR, YA K A E H 7 AR R E A MK AR 4K KR
B i, FEARIG R T A K M a HF EE RIS KRB ZER

HR2 A YR RE NEARLHEETTZ RIAFEREER, HPXNEEEB 5 CZHERHE
EIKREFER(P <0.05) , HA 3 FAEM7E AR AFEH T B2 RIER B3 (P <0.01) , ZBHE 5 KK
W RS, A AR R TG 1 2B B R ALA . DAEY B i S AL P R 7E A TR A B8 50T 22 8] /Y EL AR
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BUAEREER KBTEB 5 C ZEAMNZER BEKFHK(P <0.05) AR 3 FMEYEAR KL B HITZ
[l 22 AR H B3 (P <0.01) (H SR RIE IR, BET5 KKK BEREAR, AW R it A is 2 00 B3 1
RIEE . mY RS A SEYRRE 2 AR IR 5 &L BT HECR (K 3) BA —
M, HCU A BB 7K R B0E , FEY) 320 500 T R BE R R A, TR DA R 9 1 B 35, A i Rk
R & BB AR

F1 FEABSETEVHESEE
Table 1 Characteristics of plants in different treatment cells

YR AR HE L Rh Kb P BA G Treatment cells

Characters of plant Plant species A B C

MY JKZ. S. validus 218.33(A—B** ,A—C**) 190.33(B—C**) 178.00

Leaf length (cm) A C. alternifolius 26.33(A— C*) 25.67 24.67
£ ANFE C. indica 62.67(A—B* ,A—C**) 49.67(B—C * ) 48.00
P2 P. australis 31.67(A—B* ,A—C**) 25.33(B—C =) 23.67

TEYIRE JKAL S. validus 218.33(A—B** ,A—C**) 190.33(B—C**) 178.00

Plant height (cm) JZEFRL C. alternifolius 96.67(A—B** JA—C**) 86.00(B—C**) 83.33
£ \FE C. indica 170.33(A—B** ,A—C**) 153.33(B—C**) 144.00
P2 P, qustralis 77.33(A—B** ,A—C**) 61.67(B—C**) 50.00

* 2R EE P<0.05, « «  ZRIEWEFH,P<0.01, (A—B*F/RASBHIGZEEREFE) = . Significant difference at P <0.05,

* % ; significant difference at P <0.01, (A—B™ :indicate that there is a significant difference between A and B)

x2 TELEBRETHEYEHERSE
Table 2 Physiological characters of plant in the different treatment cells

H: B4E4E Physiology HW 5 Qb BH BT Treatment cells

characters of plant Plant species A B C

M FR G S Roots vigor  JKZ S. validus 20.55(A—B** ,A—C**) 27.52(B—C**) 31.78
R C. alternifolius 32.05(A—B** ,A—C**) 63.58(B—C ) 71.34
3 \FE C. indica 45.10(A—B** ,A—C**) 58.20(B—C**) 63.86
P2 P, australis 64.60( A—B** ,A—C**) 75.44(B—C**) 82.28

A ALY Peroxide /KA S. validus 75.43(A—B** ,A—C**) 64.58(B—C ) 61.93

enzyme U/ ( g*min) JZEFRL C. alternifolius 96.67(A—B** ,A—C**) 86.00(B—C*) 83.33
3 \FE C. indica 80.64(A—B** ,A—C**) 65.15(B—C**) 60.25
P4 P, australis 77.33(A—B** ,A—C**) 61.67(B—C**) 50.00

*  EREE P<0.05, « «  ZFIEWEF,P<0.01, (A—B*FX R ASBHILZAEZREBFE) * . Significant difference at P <0. 05,

* % ; significant difference at P <0.01, (A—B™ ; indicate that there is a significant difference between A and B)

2.3 =HATEERTITLZEHY NP FRE B

H12 3 A0 : N A B C 9%, B BEKIS R B B R IR 4 PN A4 K 2 ) N P IR B BIER R KL
HEBAT 2 [ BB 3 (P <0.05) siAE % BEMRMMA (P <0.01) . HJFHBREMEE KRS, RGP
WY E NSRRI Y E K BRI, SSEY NP EHEE TR, YN AEYE SHEY NP RERD
RIEARR , MY EYBERIERN, SREHEAEEYBENBHES THEMEY, BHES TR EHK
B, EAE R KA BIR T,

MY N BB S8 T TN ERBE L5, B L Y N FHERN A %3 C HER T, TN 5
BEREKEITRE B RAL; BT TP HERERSHY P WRERAS 3, WERABRIFRH B
VEHIMEY N P B E R YIE X 850 N P R B M B TR, M R 4% TN TP EREL A
T TR A = W RO P EAR G R R S i R T 25 TN TP fF- 1 Sk %
SrHR 4.05% F14.09% X SR MBI —B™ , A MY $I05 oA $I0 TN TP %R & 12 Rl &5
B9 R 58 TN TP fyEFR S RH 33.09% F1 17. 63% , Hoi BB T M4 I , A8 16 42 126 AR B ol 2 00 335 1 A
K EiEEe N EA E N EENER,
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*3 FELEBHETEYNPHRRE
Table 3 Uptake of N and P by plants in different treatment cells

W E T E HLWY L Kb PHBAIE Treatment cells

Items Plant species A B C

FE ¥4 K & Dry matter of plant JKZ S. validus 273.33(A—B** ,A—C**) 153.33(B—C**) 83.33

growth increment( g/cell) JZERL C. alternifolius 356.67(A—B** ,A—C**) 150.00( B—C**) 80.00
%NFE C. indica 726.67(A—B** ,A—C**) 516.67(B—C**) 410.00
% P, qustralis 116.67(A—B** ,A—C**) 56.67(B—C*) 33.33
YL IR Dry matter of plant ) 5 876.67 606. 66
growth increment

AE4 N L2 & Amount JKZ S. validus 11.74(A—B** ,A—C**) 5.48(B—C**) 2.73

N uptake of plant (g/cell) JZERL C. alternifolius 22.33(A—B** ,A—C**) 7.94(B—C**) 3.69
X ANF C. indica 55.15( A—B** ,A—C**) 35.17(B—C**) 26.99
P P, australis 4.67(A—B** ,A—C**) 1.80(B—C*) 0.9
NHRER
Total amount N uptake 93.89 50.39 34.37

Y PR . as ve .

Amount P uptake of plant KA S. validus 1.02(A—B** ,A—C**) 0.45(B—C**) 0.22

(g/cell) JZERL C. alternifolius 1.50(A—B** ,A—C**) 0.53(B—C**) 0.27
F AN C. indica 4.12(A—B** ,A—C**) 2.62(B—C**) 1.97
P P, australis 0.40( A—B** ,A—C**) 0.17(B—C*) 0.10
PRRBR 7.03 3.78 2.55

Total amount P uptake

# 2 BE,P<0.05, + # ZEHIEWEE,P<0.01, (A—B* XX A 5B HILZEEREHE)

* x ; significant difference at P <0.01,(A—B* :indicate that there is a significant difference between A and B)

2.4

=N T3 EL TR 2 A AL AR 2R B 5 o S A Y L

* ; Significant difference at P <0.05,

FARIREAR, N A B C G, PG ML B T rh BB BB NGRS EXN R BT H 2 B
TRER RS (B YA TR G R R R EHE P B = T A RS, X — R S H YA B RS NP £
SRR T YN R R GRS RS2 AR DX R T S WA AR 2R 5 00 AR W D IR0, A58 BE ,
JERR R — A R I , B D A LS o rP KSR A g , D A S 41 2R BRI B 1 S B R A R A
DU A S AR CA S B R IE A, L R B AR AR (R A LB AL (K AR 07 o AR I BdE 5 iy
NEIBFFEGERARPE , 0 SRR R AR [ PR BE AL B b BB TE MR IR , SR B MR 015 M 5 5 & | 2 0T
$57K TP COD, M KRR AR BEMMRKRE, FIHE ™ (R TUAEVE VI h A A 4 10 3t R 35

BT ER L
x4 TEBRTEREEYE
Table 4 Activity of enzyme in the different treatment cells
e RE HiYy R Kb PHBAIT Treatment cells
Activity of enzyme Plant species A B C
JR T Urease enzyme JKZ S. validus 82.94(A—B** ,A—C*") 95.3(B—C*) 95.80
(mg/100g) KZEE C. alternifolius 76.02( A—B** ,A—C**) 91.59(B—C**) 120.02
%A% C. indica 80.72( A—B** ,A—C**) 86.4(B—C**) 91.59
P53 P. australis 99.51(A—B** ,A—C**) 124.72(B—C**) 135.1
Xif & control cell 28.34(A—B** ,A—C**) 25.56(B—C**) 21.89
WEBR T Phosphatase JKZ. S. validus 94.57(A—B** ,A—C**) 116.05(B—C**) 121.42
enzyme( mg/100g) JZEHE C. alternifolius 116.05(A—B** ,A—C**) 132.16(B—C**) 142.91
£ AN C. indica 132.16(A—B** ,A—C**) 153.65(B—C**) 169.76
P2 P. australis 153.65(A—B** JA—C**) 169.76(B—C**) 191.25
%if B# control cell 24.68( A—B** ,A—C**) 21.78(B—C**) 18.43

# 2R BHE P <0.05, « » ZFEWEHE, P<0.01, (A—B*" KR A 5B HTZFEREE)

* % ; significant difference at P <0.01, (A—B™ :indicate that there is a significant difference between A and B)
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ARIEAR I —P R, A B C R AERMHEY IR BT, B TS T AR 3R IE 1 2 3 58 T 3
K, TAETCAE YA BR BT EE R TG M T R, o] AR BAR 2R 1 85 , A AR 3R A K IR B AT, AR R BRI
VAR EE R, A EERE N, X — S — S THEYR R SR X EREE N EEXR
B —B Pk,

HFALE RS2 =R P ERM R R, BHIRH I K K75 Rk A —3, B RREG 5 TN TP 2BR
BB TERELE.

3 g

(1) £ A—B—C =R EWIRGE P , FHEY LT Ry AR E B E S T IOAY X R TTHE, A—B—
C ML FEHTT L A—B—C Foradxt BRI COD, V-3 2% &4 I ) 43. 52,20. 38,30. 94 g/(m™d) ;TN
LB AIE H 13.14,28.61,6.97 g/ (m™d) ;TP EH LB E S HEH 1.2,0.66,0.06 g/(m>d), H 6
A28 Ay, RGHIALFEFE 7 bl AL 38 B [A] 1K B 2P 1G58 , A A0 COD, BFREFET 58 AME KT 6 A
#y,70 B 5 C HITHES A Z M ZRHB/N, RESFEITHH TN TP 7 58 A EBRENHEE
F6 AHmE.

(2) A B C 5K PI5 KRR, 2R RIE I BENE, MEYERE SEMYBEE AKE
5RBHREZREDE TGS MY R £BR TN F1 TP 1P ¥ 5Tk Z 53710 4. 05% F14.09% , A
YT S TAEYEIT TN TP KRB Z TR HI RS TN TP 1 5R S8 33.09% F117. 63% , Hij
BB T AR N, R LE BR TR AR R A i PR DR 2 T5 BB T R A O EE MEA .

(3) BHEYALE RGBT EHE Y B8 T OEY XY RS, X — S S AW RS M NP LEREH
BETIRAEYN BREMETE . FEAMEMIERS BRI MR R IE 78 5 K os, mH
TETCH YN R R G B R IE I o
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