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Selection and assembly of macrophyte species in constructed wetland for purification of
N and P in wastewater
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Abstract: For selecting macrophyte species in constructed wetland, the abilities to remove NH,*-N and TP in the artificial sewage of 10
macrophyte species were investigated by the manipulative indoor experiment. Macrophyte species which had stronger purification effect
were selected, then, assemblies were designed to compare with the single ones. The results showed that the abilities of different
macrophyte species to remove nitrogen and phosphorous contrast sharply with one another. Lythrum salicaria, Acorus calamus, Cann
indica, Typha davidiana had stronger ability to remove NH,-N, when treated for 15 days, with an original concentration of 29.69mg/L,
the removal rates were 96.6%, 98.6%, 87.7%, 95.1% respectively. Cann indica, Eichhornia crssipes, Lythrum salicaria, Acorus
tartarinowii had stronger ability to remove TP, when treated for 15 days, with an original concentration of 4.44mg/L, the removal rates
were 99.0%, 54.6%, 69.9%, 36.7%, respectively. In respect of the removal rates of NH,-N and TP, the assembly of Lythrum salicaria
and Acorus tartarinowii (54.2%, -32.6%) did better than Lythrum salicaria(28.7%, -41.5%,), which indicated that the assembly could
improve purification effect of NH,*-N and TP simultaneously. The assembly of Lythrum salicaria and Cann indica, the assembly of
Acorus calamus and Cann indica, the assembly of Acorus calamus and Lythrum salicaria, the assembly of Cann indica and Acorus
tartarinowii, all the assemblies had stronger removal abilities of TP than the single ones. The results of the investigation into selection
and assembly of aquatic macrophyte species suggested that, proper assemblies could improve the purification effect of NH,"-N and TP

in wastewater in comparison with the single ones.
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[l PS5 Uik HH 2 P AT 2R 5K A U R, 40 555 (Phragmites)™™ . Fiili(Typha)l'™'7,
B (dcorus)!'®" | HEE (Acorus tartarinowin)'™ . 35 \FE(Canna indica)FIT )RS Lythrum salicaria)'®
S IR SRR RO RE P A b R S A () 25 RO PO 2R AR S . AR, 22 R, 52
BB e B RIA R T4 A O T A2 WY, 5 5 ARBEh i M R M R A8 I A1 1
TSR CR M AR WA DARGE. s i AP I TR e AN ST T, 15853 R AR A T e Hh (1A 1
L B e A B RO

ATFTLEEN 10 B WK A, WP HN S5 SUBEIIRM I RE 7, AR it P S8R
GFRYD, FECEA MR S, IR — YOS, DTOKERAH ST H e N LISk e
R BB CSCRIOTERL. DFa Rl oy A TR A R S 240 A 52 BRI A v et S B ot
A TIRA —ENSENE.

[ RS VSREA

L1 SR

TG ), BN, TR, WAV, RS, M. SR AR TR, AR
FRR, R IEBGE, ARy S PEESE. S AT(Canna generalis) 24K, RIS
Wik )5 A ili(Typha orientalis) Mo N2 5MAAE, HABUKAEMGIIREAER, BINTE. A5 H(Dpha
davidiana) 2K EBGAEROR. Eifi(corus calamus) 5l H/AE KGR 20-25°C, WEABGE R PE5E, (i
GRS, 7SR AET RIS, AL, WU, Axdr Jio8, mfysthss. w0 Eliris pseudacorus)
NATACE R, @RS, MR, WP Wi, miAerkiaR. 25 (Phragmites communis) Mo T 25H 775
SHAE A0, AR, ARt @RISR, WSEer. AUIRGE (Eichhornia crssipes) XHOKHT, TEKEA,
FRAAE . AR BRI RS M5 RE I8,
1.2 S8 T5 1

16-28'C(FH22°C). LLS000mUGEHRAE NI A, KA BT . /NS L. ik
BRI, UM RTIEG, AR 40, GArhTe, TR RS & AR Y AT A 26 PR — 5L
S, PR RACELATBebREE, BRI P33 IE 2 PF, 51k i TP I Ko o s
SRS RIS A5 CFOKYES, SRCE20-30minf T, FREE, JEHAEMILALSHE.

L T 757K CE B0 NHLCLL, KH,PO, FIEKK), SIS NHy'-N. TP, pH {f. DO S4h7bLi
AL

1 LIS KH NHy N TP ik (Co, mg/L)
Tab.1 Original concentration of NH,"-N, TP in artifical sewage(C,, mg/L)

PG KA NH,-N TP
1 29.69 4.44
2 253.98 65.16
3 57.04 13.86
4 28.37 3.83
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FBUKTFHRFRIINRR A GRS BRI AT 7512 FhifbriiJr i NHy =N RNk, TP
KA BRSBTS pH ER HIB AR, TR AR EE A i e 8.

RN T57K Bt 5 41 A P T i I SEES ARG, RN 5 BEANISCEL AT TR P 25 1
RR. ARAEASFR R K S RSt S 2 s 7 SR AN, SE IR b3t B SRR %, ABIE
IREEARFRII AR AT FBIT 1E /K3 e D DR SEMAAR A O L A

HSBITARTH, AR 5d RS4RI NH,-N TP, pH {f. DO ZoKifabr. fFhbii 2 /~F
TTRE, AT ANEAT A, TR TS PR KRR IRV it N UCTRRER, DAsAE H
BURIIBTR. i A MUKBHEAR . KRN BRI IRE, THEES AN 2R BRI LSRR (E) R
P U R ER 2R BB TR (7).

L3 Bl ik
R BBELERRIHRIE R ARD) . ARKQ):

E=[(Co—C,K,)/Co]x100% o
K= Vot N+ V... 4+ V)V 2

AT EER AR BB I T T
Wi=(CoVo—C V) [(Mo+M,)/2] 3)

R B, Jysfnd RN ST SUR . BRI SRR (%), mOgBUREACEL, A1, 2, 35 Co R KB
(IR EE(g/L); G A IRE S MBI EE(mg/L); K, yin IR IARRE R Vo K RERIA (A
(ml); Vg SR i MR AR mD), m g SEm BRI DAL W, 5m i BRI 2 A 25 5
S AT (mg); ¥, Ay SEALRTE S BURER O (A (ml); Mo AP 6 TR 2): M Ay S DRI
Jik(g).

2 GRS

2.0 KAR LR

2.1 AFKARIR AR TR KA BB R DA 1 S A TRBIS KB, 4R
IR AU SRR RCRINES. 2 15d SUBRHIPIR 1 5 A TRUHIS/Kh NHS-N. TP 5 cR
n#2.

2 KRR 1S A THEEIS /K NH, N, TP [k 3R

Tab.2 Purification effect of macrophyte species on NH,'-N and TP in the No.1 artificial sewage

¥ NH,"-N TP
PEIES C; (mg/L) E5(%) W3(mg) C; (mg/L) E5(%) W3(mg)
Eil 0.55+0.00 98.6 1.02 2.65+0.38 26.9 0.02
T 0.55+0.00 96.6 0.83 1.87+1.32 69.9 0.08
B 1.93£1.55 95.1 3.06 3.23+0.78 19.5 0.07
EIN 4.84+1.65 87.7 1.02 0.06+0.05 99.0 0.13
RUR % 4.55+1.83 81.6 1.92 2.234+0.50 54.6 0.12
yar=%ii 10.07+0.73 74.4 11.05 2.67+0.75 36.7 0.42
TEIH2E A JE 11.20+0.36 715 1.73 235+0.75 26.9 0.06
HENH 8.76+£5.99 67.7 1.08 2.47+0.79 232 0.02
J=ES 10.18+2.93 65.7 2.42 4.87+0.29 -4.0 0.05
LSk sl 16.38+4.60 448 0.72 6.17+£0.56 -28.1 -0.02
= 13.45+2.51 54.7 — 4.98+0.35 -5.8 —

* C3 N5 3 IRDIAEIN S U B L, Es 958 3 UIUEIN SEACHIN SV R (BUR DI R, W3 D958 3 il
BRI AL AR R S R B B U R Al Cs Db 22, B T W3 4.
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JUE A e T SR 2SR NHL N B AR, [ TCE KR 3(96.6%)i8 /KIS R IOk, T
XL ECHIS /KR NHY =N SO I T3 A T R IR 23S R ), x5 HA
HERWAEDR . LAMARTHRARF NS RN T & ENf iSO B T T, KB
98.6%; AT EAAZETCIL, AR NH, N TR B . AN, 98 AR NH, N 9 5B
(87.7%) 1 IR (81.6%) (5 2).

FENFEXT TP I LR 51(99.0%), TSR 5(69.9%). By Bre i) 25kx TP Jis 5T, A Bl AR
MK, 4330 0.42mg F10.12mg.

TEPAE N L In R AR ATESE, TR I 7R e R AR 15K s R AT DA B

I, 10 SRR RUR DA A E 3 R MUY TSk JCH LB AR R IS R R A R ATk
VHIHIATP, DNA, RNAZAHUR . RIS TR ER, R FHAAERRIRIG L G o, 38 7]
B2 I ATAE ALY, R, RN R B B e TS /K H 250y, e A T T o R B R
WL —. AR R R BT AR TN, RIS /K Fh U LR RE T 2 -

2.1.2 [AIRIK AR AR A TR K AP R, ﬁﬁ%’ﬁ%{@ﬂvtbiﬁ PL2 5H03 5 A TR IS K fl,
LA K AR AR I SR SR I 2 ). 2 5d A0SR 2 580 3 5 A LECH)TS
JKAT NH, =N TP {5 8OR D A I 3. 5% 4.

&3 RAERN 2 5 3 5 A TRAHITS KA NH N vty
Tab.3 Comparison between purification effect of macrophyte species on NH; -N

in the No.2 and No.3 artificial sewages
RRZE @) (mg)  Wi@)mg)  Wi@2YmiB3)  Co(2)/Cy(3) (MY WB3)[Co(2)/Cy(3)]

B 10.49 2.78 3.77 0.85
TS 1.49 0.89 1.67 0.38
EIN 2.54 0.85 2.99 4.45 0.67
s 4.17 2.69 1.55 0.35
A 18.67 4.04 4.62 1.04

* Wy AR 1 RAIURER, B DU LR RUBTRE Co B SRR L W1 R AIS9{E W1 A0 Co Jedi 5
R N TRCHTS KRS

4 JKARIYIN 2 503 5 A TRHITS KT TP ABHEOR R
Tab.4 Comparison between purification effect of macrophyte species on TP

in the No.2 and No.3 artificial sewages
FRZE @) (mg)  Wi@)mg)  WQ/W(3)  Co2)/Cy3) (7Y Wi(3)V[Co(2)/Co(3)]

B 2.41 0.80 3.01 0.64
Tk 0.96 0.26 3.69 0.78
FNFE 0.65 0.14 4.64 4.70 0.99
JRHR % 3.02 0.85 3.55 0.76
1T ET 4.80 1.84 2.61 0.56

* W9 1 IR B ST LR B U Co D0 BRI IR L W 3R FISA(E: W R0 Co JEdt 5
R I N TECHTS K S

A1 3. & 4 WA H: (DR T RFAERPIN S, AR AR NH,-N TR RT3 B
B TP JFUi. Q)BIE AL BB, BALBTRAE YA NH, N TP BUR SRR IR . X
T WW,BNE, AR RIRGE . TSN PR A AER TP B b s IR R T BT A
KR NHN BURSE OIS Bl . A0 Bl A U 258 NH N B R R T B i
FAER TP BritfEm R, Q)R AIIAMR L ZE RN, .Y W) VICo(2)/ Co3NHE, A1 Bz
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SR 2 NH, N SR P O RE B TR NH, N IR SR s R, SR 250 NH, =N (78 1ok
FENFE AT TR A Ak TP JFURRE i OFE S5 7KRE TP MR S i OB BEAR Y, SR 2585 TP i Tk,
2.2 KA AR A TESHIS KA SRRSO

PR R RSSO B s TR T 7 R AL, HLUR R SR, 5T KAE
ARSI m A TReHlTS /K2 B er. 4 15d /e /K AR ERT 4 5 A TRHS
JKHTNH, N TP [ ERUR W3 5.

5 KM AR 4 S A TRHITSKHF NH, N, TP [ C)

Tab.5 Purification effect of combinations of macrophyte species on NH,"-N and TP in the No.4 artificial sewage

iELy/E eS| NH,"-N TP
A Cmgll)  Ex%)  Wimg)  Cymgl)  Ey(%)  Wimg)
THEEHa BT 12.34+0.14 54.2 3.93 4.82+0.07 -326  —0.17
T Jm3e 19.15+1.21 28.7 2.38 5.13£0.06 -415  -0.22
AT 21.61+0.59 20.6 5.69 4.99+0.17 -359  —0.68
FNFE+T 11.86+0.22 52.7 0.74 2.4140.18 29.0 0.07
EIN o 8.65£0.14 66.4 1.29 0.77+0.03 77.9 0.20
Bl T3 13.38+0.30 49.1 1.20 4.90+0.06 -38.1  -0.06
=87 18.44+0.14 29.7 1.26 4.58+0.09 -294  -0.06
El+E A 18.87+0.38 26.0 0.64 2.74+0.09 20.4 0.08
BT R 21.38+0.22 20.7 1.90 4.76+0.12 -30.7  -0.15
E N BT 20.00+0.14 24.7 1.26 3.8120.17 -6.20 0.03
JIRGE 12.62+0.28 52.7 4.34 4.24+0.12 -17.9  -0.05
IR 15.65+0.30 39.5 0.82 3.1440.07 10.2 0.05
TEH 26 \FE+ 19.25+0.30 26.6 0.65 4.70+0.12 =327 —0.04
= 21.23+0.30 20.5 - 4.90£0.10 -35.8 -

* C3 A 3 RDIAEIN S UG BB, Es D2 3 CIUAEIN SEALFEAT S S (HUER I 253, W3 D2 3
FEN A7 BT A 2R S R R D U R Bl Cs DI EEbRIEZE, B3 1 W3 4.

R VIR RO R A R NHS N RO, (T A B> T O 3R
54.2%411 28.7%, 3.93mg 1 2.38mg), AL IA—HiYy, TS A EHII0AA RS NHS N [k
R 5). X NH, N [ LB I, GEAFE+ T 30> T, (B -+ T 0> TS, O B+ B>
B, GEARE A B> A B

AV LR R AN TR 2555 TP RO, W (TR + A B> T, GEAfE+T
JESE>TF BRI N 29.0%1-41.5%), (F -+ N FE> BNl (R0 20.4%F1-29.4%), (H
W+ TFIE)>THE, 2N E> A, R A, X 5 AL A AERL s TP (bR
AN, X TP BB R TH, (R EDE + EDH)> 1 .

X NHy N (5O (AR A R A ) AR S G R R, TSRO B i 4145 (3.93me) 1T i
FITJEE(2.38mg); A TP AL SER (LA BT R 2B R B TR #0R), AT R4S EA
FERTETHEIAL G . SEA RO Bl 414 5 3 R (5320 0.07mg, 0.08mg., 0.03mg)dA4 T sy T i
L. AT RIS -0.22mg, —0.06mg., —0.68mg), X tBHE—B U, A1 2 NH, N (198 s
NEE YN SN NV SN

BRI NEE . GEABE+ T (B4 A8 Fmilish, e 2R K 414 AL B 2555
RN TR R SR R I T (3R 5), XWTARER T RS /K b AU e (NH N
28.37mg/L, TP 3.83mg/L), Ai¥) [ 2L 5%, M IARN IA N IBRORE] K s .
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% A AL BRI RE G KT, P A TR ZARED, A SR S R S
K IpRaE ER, B e i g 2R, R A O E 2 ik B R 2 MR 4L . TR R
PO T3 B o — A T 5, R A KRR, W5 B LSR5 X P REZ IR N
RIFE A IO AR LB 1 R SRR ERE AR P, AT mT DA s bl s, A ORE S G B EEmt, 24
{5 A2 AR A A A5 I AT R AR 2 TR ANE, PREFRCM S IR
2.3 JRAERAMITE i B U T ey 5 /K FR e AR AR

S 7K AEAE AR N T i B U5 /K A 0 A KR D B TR %, S5 SRRW, ARK AR
KR Z A — e 2 5. ARSI B e 1) 2 5 A LG5 7K(NH, -N 253.98mg/L . TP 65.16mg/L)l
B, ENIKET 5d 5, KAERPEEAIAH IR AN RN FRTRaE,  ASON A A AR BN A T 57
SRR, 0 2 ARG B A KR O R EIMHRIE DN, SR B e NG AR ;. 95
NFEFER N, SRR, MBS n; o BRI, SERn. TR AR IR GRS, TR AT IR,
MR BE B3I, O E ORI AL T dR s Sk JRRGE A KR DL — 8, BRI AT I,
AN, HSERE N, RN

3 458

1) HOFESE 10 P/ K AR NH N, TP SSWBsbag ). 45056800, TS Al 56
NEE L AT NH N SO ES T 2B AR SRS . THEE . A Ex TP b s Rt

2) AEIdndi R, EARKAERMAGRER R N P P LRCr. TS A B4 A ReF
5 NH N 5 TP i bCRs SRS TISEIAS . Bl SR AN S . Bl S T4l s . 5%
NFES A BRI G A ERebe s TP NELECR.
Bl B R AE R F— R AP X R AR A T S 0 R AR S & B AR AR P 45T A B, B
.
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