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Abstract In this study, mixed construction recycled aggregates, red bricks and gravels were used as fillers, Acorus calamus L. ,
Typha orientalis Presl, Iris tectorum Maxim. , Phragmites australis (Cav. ) Trin. ex Steud, Canna indica L. , Thalia dealbata Fraser
and Cyperus tnwolucratus Rottboll were used as test plants. A constructed wetland plant evaluation system based on plant growth

characteristics, physiological characteristics, water purification effect and economic cost was constructed using analytic hierarchy
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process ( AHP ). Results showed that the four criterion layers were ranked as water purification effect (0.614 4) > growth
characteristics (0. 172 7) > economic cost (0. 118 7) > physiological characteristics (0. 094 2). The weights of the four purification
factors were ranked as TN (0.305 0) =TP (0.305 0) > ammonia nitrogen (0.276 9) > COD, (0. 113 1). The highest score for
growth characteristics was 0. 585 ( Cyperus involucratus Rottboll) and the lowest score was 0.229 (Iris tectorum Maxim. ) ; the highest
score for physiological characteristics was 0.410 ( Phragmites australis ( Cav. ) Trin. ex Steud) and the lowest score was 0 (Iris
tectorum Maxim. ) ; the highest score for purification effect was 2. 858 ( Cyperus involucraius Rottboll) and the lowest score was 1. 361
(Acorus calamus L. and Thalia dealbata Fraser). According to the evaluation system, the comprehensive ranking of the seven plants
was Cyperus involucratus Rottboll, Typha orientalis Presl, Phragmites australis (Cav. ) Trin. ex Steud, Canna indica L. , Iris tectorum
Maxim. , Acorus calamus L. and Thalia dealbata Fraser. To take full advantage of the role plants play in wetlands, the top three plants

in the composite ranking can be selected to study influencing factors.

Keywords constructed wetland construction recycled aggregates —analytic hierarchy process ( AHP)
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Fig. 1 Hierarchical Structure Diagram of Plants Screening
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4 0.90 9 1.45
5 1.12

1.3 tEHEMNNE

fEHEN B, FIHHEITE C,,C,, -, C, BTG
FHIBHEFE C R RAFIER A, RFEAR(2),
AX =2, X (2)

/H\EF':A n I%T%Efii,

X— A, FRfEm &, 708 X,(i = 1,
2,---,n) AXMICE C,,C,,--,C, FEUE
W FHE P BUAUE
ARSCR i F AR ok R [ 0 (3) ],
L (AX),

A =
max
-1 nX,

(3)



Hr

KoOHOR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 4,2024
April 25th, 2024

Forp s X, —— X TG VA — R AL )
—HERRE

n B W I, A e R AR AR D AR, O HL

N =0 B = n, HAFFERSET 0 B, B, H

ARE—HIE, A, > n, HABKEREELS T 0, B,

HAWE -8, —2ERmAx084) ~K(5) .,

A —n

max

1.4

¢,

(4)

n-1
(5)

Hop ¢ ——F M85
Ci— B,
R—FfHL— SR bR
C,=0 B, MR 58 e — 30k, ¢ AR, 4
M —EEf 2E . BB LT R 2 | s — Bk s
bR b R, R, BIBUEANZE 1 Frs (HENZ TR
— AR 9 A, PRI, W R Y B AR — S
i$9),

LA A 0 T A I A DR B B4 A R
H ik
1.5 HEEEFESTIEMRNESNE
ZEA AU (B E W Z A H bR 2 AR (H,
R (6) .,
Qu :XBj X Xcij (6)
Jerpo X, —B, X T A B
Qu—LF B REE;
Xo,—C,; HRS B; MUBEH.,
2 BiEHREROBE
2.1 HEYIFEREE L
HRAE 15 TPEM P F R T 2 )2 0P RTAL n
2 PR,
2.2 HIFEP— LA
DIRARD SENEE % A B e 5
B 7 VR RPN XT 4, )2 T 45 P8 bR AR R T
Wrnzs B HEIRIZ A RIPEA 1A R 098 dE (% 3) 4T
H—fb A B > 5 — J6 5 401k, 45 4845 10— fL £ s

M Cy < 0. 10 B A A -8, SNH— k4 FoR,
x2 HYZREUGTANER
Tab.2 Multi-Level Evaluation Model of Plants
Hirjz T2 1BIR)Z2 WA
BT (A) TR (BT) B (Cl) TR A S PR A 7 AR A b R 1
SriRE(C2) TR FESTHE R R 7 AEIEE 7 H o HRE
A=W (C3) AW R
TERWI(C4) AAESM, ELAESI B A AR B AE S5 ; TEAE A
RESE(CS) TR R 78y A K2Rl
A BAREPE(B2) 23R a(C6) KM a THANEETEE T
M43 b(C7) KR4 b SR EFE TR A
HWB hFE(C8) AL PR EMILE T RO
KT (B3) COD,(C9) COD, ErH
HHA(C10) R PRI S
TN(CI1) TN E£RRFE
TP(C12) TP EBR3
ZHINAS (B4) W3R A (C13) AR 12 88k 17 96
HE A (C14) AT H 8GR TR 2 H DeK A0 | H G55 HEa dUE | 75 ZEmai R i)
BHEIR(C15) PEAE BT 554 TR R




I d B A
T BN S A SR IR ALY M AR A FE 5 W Vol. 43, No. 4,2024

R 3 AFEHYTERSAERE B
Tab.3 Data of Different Plants in Each Index Layer

bty WE EIN P Eifi Fiili T4k He
B/ em 50 44.8 70.4 49. 4 103. 8 63.5 46.3

IIRREL B 29 3 8 2 1 3 1
HWE/ g 83.73 23.8 7.73 10.2 33 30.9 2.6

i S| 1 3 1 2 1 2 1

RERE 2 3 1 3 3 2 3

H4%2 o/ (mg-L7") 94.32 86. 38 90. 09 97. 54 80. 29 98.15 -

4% b/ (mg- L") 92.49 89. 87 54.21 83.14 78.68 95.99 -

K M/ (mg-L7") 88. 14 87.37 77.5 78.32 83. 88 98.25 -
COD,/(mg-L™") 28. 02 24. 31 29.05 22.51 40.39 20.2 47.15
BA/ (mg L") 95. 83 94. 72 95. 24 95.93 95. 84 91.63 94. 14
TN/ (mg-L™") 87.21 81.9 81.56 78.94 89. 31 93. 64 55.43
TP/(mg-L™") 89. 31 84.32 86. 8 82.27 84.77 77.63 86.72

W 3K A 1 1 2 2 2 1 1

Hegp A 3 2 1 2 3 3 2

Ea K 1 2 2 1 1 2 1

x4 HKEPRH—LEE
Tab.4 Normalized Data of Each Index

L WA F NFE P Bl il A1k B

7 e 0.09 0 0.43 0.08 1 0.32 0.03
GIRREL 1 0.07 0.25 0. 04 0 0.07 0
Y= 1 0.26 0. 06 0.09 0.37 0.35 0
TERI 0 1 0 0.5 0 0.5 0
RAEE 0.5 1 0 1 1 0.5 1
M52 a 0.71 0.31 0.5 0. 88 0 0.91 -
M2 b 0. 84 0.78 0 0.63 0.53 0.91 -
FE M ER 0. 47 0. 44 0 0. 04 0.28 0.92 -
COD, 0.29 0.15 0.33 0. 09 0.75 0 1

HA 0.98 0.72 0. 84 1 0.98 0 0.58
TN 0. 83 0. 69 0. 68 0. 62 0. 89 1 0

TP 1 0.57 0.79 0.4 0. 61 0 0.78
W) K A 0 0 1 1 1 0 0

e A 1 0.5 0 0.5 1 1 0.5
5% 14 0 1 1 0 0 1 0

2.3 BRBHFRE—HIEKRE ZRUR AR ) T 45 38 A 1 AE XA O AT — Bt R

TR (A RARIE CEBEERIE RO A 50 2RISR 5~ 38 9 R,
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Tab.5 Weight Value of Judgment Matrix ( A-B) and Consistency Test

IR AREE(BL)  AEREME(B2)  HEALR(B3) LA (B4) & —HER
A RKARE(BT) 1 2 1/5 2 0.172 7
AP (B2) 1/2 1 1/4 172 0.094 2 Ay = 41774
HALRCR (B3) 5 4 1 6 0.614 4 Cr =0.0664 < 0.1
LT (B4) 1/2 2 176 1 0.118 7

W5 PR AR KRR EACE (O 0.172 7, /B3 ZFUARACEE ) 0. 118 7, T LAFE H 7R HEN )2 rhid
FEPRACEAA N 0. 094 2, U EE R 0. 614 4, FLRCRAGFE MK, 2 BAFER /N

R 6 FIMTAEFE (B1-C) AUHE (B N — AT 56
Tab.6 Weight Value of Judgment Matrix (B1-C) and Consistency Test

K ARPR(BL) BRR(C1)  ZeBkE(C2)  AEWE(C3)  fERMI(C4) REE(CS) N E — R
e (C1) 1 1 12 1 2 0.178 0
SAREL(C2) 1 1 1 1 3 0.226 0
P Ape = 5.1418
Pk (C3) 2 1 ! 3 3 0.3318 Cp =0.0316<0.1
M (C4) 1 1 1/3 1 3 0.183 0
RAERE(CS) 1/2 1/3 1/3 1/3 1 0.081 1

3R 6 Al AR S TEAE KRR BT G AR R AE KRR Z T A O 0. 183 0, R JETE
0. 178 O, MW o0 R B AE A KR PR Z e G AE S AERRREE T G ACE R 0. 081 1,
0.226 0, Y s e A KR Z T 5 A R 0.331 8,

R7FIWEERE (B2-C) AU B M — A 5
Tab.7 Weight Value of Judgment Matrix (B2-C) and Consistency Test

A R (B2) 42 a (C6) H4ZE b (C7) FEHE M E(C8) WE — BRI
4% a (C6) 3 1 1/2 0.3196

Apae = 3.0183
4% b (C7) 4 2 1 0.558 4

Cy =0.0176 < 0.1
FiE h#E(C8) 1 1/3 /4 0.1220

B3R 7 A, M43 a fEAE AR Z T S A 0.558 4, I8 N F7E A SRR MR 2 T R Ry

F0.319 6, 02K b fEAMBEEZSEER 0.1220,

* 8 HIWTARE(B3-C) AU HE (4 K — Bk g
Tab.8 Weight Value of Judgment Matrix (B3-C) and Consistency Test

FALACR (B3) COD,(C9) HA(C10) TN(CI1) TP(CI2) WE — BRI
COD,(C9) 1 172 1/3 1/3 0.113 1
HA(C10) 2 1 1 1 0.276 9 N = 4.020 6
TN(C11) 3 1 1 1 0.3050 Cr =0.0077 < 0.1
TP(C12) 3 1 1 1 0.3050
H % 8 A1, COD, TEHHLACR)Z T Ay B HRIES T A 2 HALE R 0. 122 0,
0. 113 1, & A AEHLBCR)Z P AL 0. 276 9, TN FEUREHF AUE 2 (6) T, 45 R ank 10
TEGE R Z B 5 ACE 4 0. 305 0, TP fEALSUR i,
JZHT A B R 0. 305 0, H% 10 A1, TN 5 TP # SR R ik, Hikd&

1 9 AL SR AR L TR S RE N R, COD., A9 A AP X 3 A6 7
0.319 6, 4EP INATEL T NA R I HALE 7y 0.558 4, AUEBCHIEIT, G RM R b, KIS HREL 1l
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Tab.9 Weight Value of Judgment Matrix (B4-C) and Consistency Test

ZU AR (B4) WA SERA (C13) Y4 AR (C14) BH MR (C15) & —HER
W3R A (C13) 1 172 3 0.319 6
e fPORA (C14) 2 1 4 0.558 4 Ao =3-018 3
€y =0.017 6<0. 1
B EIH(C15) 1/3 1/4 1 0.1220
F10 YL RIS BACE
Tab. 10  Total Weight of Plant Screening Evaluation Index
SEI= D A E ez AL E GERE
Y AR 0.1727 i 0.178 0 0.031
IIHREL 0.226 0 0. 039
AW 0.3318 0.057
TESRY 0.183 0 0. 032
RAEE 0.081 1 0.014
AR 0.094 2 28K a 0.319 6 0. 030
M43 b 0.558 4 0.053
KA PR 0.1220 0.011
FARICR 0.614 4 COD, 0.113 1 0. 069
2R 0.276 9 0.170
TN 0.305 0 0.187
TP 0.305 0 0. 187
LT A 0.118 7 WA SE A 0.319 6 0. 038
Y P A 0.558 4 0. 066
Ea IE(H 0.1220 0.014
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Fig.2 Schematic Diagram of Experimental Setup
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Tab. 11  Experimental ]‘;fjtlir:ldfzr Screening Constructed g , ﬁ:}‘@@ﬂ% ’ ﬁ%*’é‘ﬁ?ﬁ]ﬂﬂéﬁ[fEﬂ% , %ﬁ@% ’ @
" P FE R WIBET -804 A B (B DL O 315, 7 R
pn ON Tl Ko b VEANAR M0 12 BRI 1 B 445 ph T
- e o Gr e IALE 3R

1 1.25 3 IREESFHAETR KBHEbR+H4) 25 12 TR S £ 7
o AR R g R R L A 6 R
Py a S 43 ML 6 2 0 25 7 30 v B, 78

F12 YN TR

Tab. 12 Scores of Plant Evaluation Factor

W FE bR WA EIN P [=%i} s} BT 2
PR 1 1 3 1 5 2 1
I3 HREL 5 1 2 1 1 1 1
Ay 5 2 1 1 2 2 1
iz S| 1 5 1 3 1 3 1
R 3 5 1 5 5 3 5
T 2 4 3 1 5 1 0
M4k b 1 2 5 2 3 1 0
K PR 3 3 5 5 4 1 0
COD, 2 1 2 1 4 1 5
2AA 5 4 2 1 4 1 5
TN 5 3 4 4 5 5 1
TP 5 3 4 2 4 1 4
WS A 1 1 5 5 5 1 1
He g A 5 3 1 3 5 5 3
5 4 1 5 5 1 1 5 1

KRR A B RO R AP R BN BOIEY  BROZE K RN o S B R43 B SR L7
A LEBR A P A BRI A TR SRR ARG A B A
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NIRRT e, HE R a 1900 s 2 BT
22 b A3 de s R 2 55, A8 N R A A
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SyieiE, TP HZERD 35 Bl A S RE iE,
W Bl B A AR o B, P
W) S B AS RN 9% I 4 34 B v 1 25 e\ KU R 34 e A1,

R 13 fFron, A KRR N E RS o m
(0.585) , BRAG /e ik (0. 229) 3 4 AR o 25
P34 fei (0.410) , B RS HAR, ST A A

I i BV PRE R A S Ll 3 5 =
(2.858), BTl A A615 0 R I, 1595024 1. 361, 2%
B ORA ARP XTE RN R KA
ATV IR 1E , 4 P AL ROR AR OO M 52
NE KB B 2 RATHEHS &S
(0.534) , S REEAK(0.250) . HAEIFH &R, 7
R 255 HEP OO B B3l 3 RN
£ SR B G, NI KRR YA R

FIVE T, PTEEREE A HE P R 3 A9 T 52 e R 36
RIS
£13 MR TLE

Tab. 13 Comprehensive Scores of Evaluation Factors

o

iiLy) KRR A PR IR ES ZEUF A By He4
I 0.585 0. 146 2.858 0.382 3.971 1
EIN 0.414 0.259 1.871 0.306 2.850 4

P 0.274 0.410 1.974 0.326 2.984 3

il 0.410 0. 191 2.639 0.534 3.774 2

Bk 0.293 0.353 1. 361 0. 402 2. 409 6
NEyapia 0.353 0. 094 1.361 0.438 2.246 7

B 0.229 0 2.130 0.250 2. 609 5

5 Q:Il:l: -L@ constructed wetlands and its influencing factors [ J ]. Jilin

ARG VAT A S0P AR R 206G MR A A 35
BEEVE SR RAE I R
AR, A AHP, A E T 5 TR AR KR
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YT AR

(1) 4 A~k 0 2 AE 15 40 KUK R i Ak s 2R
(0.614 4) AERKARE0.172 7) SFA(0. 118 7) |
A PIHEFR(0.094 2)

(2)7 PRI K B AR AECR (1593 ) MU R
FE(2.858) > (2. 639) >R (2. 130) > F5 (1. 974) >
AL 871) >TH4E(1.361)= B (1.361) ,

(3) R F AHP iR A0 A 4 A BRI K B v
OB N2 5 A HEAT AN, 7 FAR Y IO 255 HEFTP
(184%) BB (3.971) > B (3.774) > 2 %
(2.984) >3 N £ (2.850) > & (2.609) | B i
(2.409)>HJ14E(2.246)
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