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Purification Ability of Wetland Plants for Simulated Wastewater

ZHU Yu-hui, ZHAO Guo-zhi, LI Ling—xiang—yu, TIAN Guang-ming

(College of Environment and Resource Science, Zhejiang University, Hangzhou 310029,China )

Abstract: In this study, six plants: Lythrum salicaria(Ly ), Oenanthe javanica(Qe.), Scirpus validus (Sc.), Iris pseudacorus (Ir), Acorus
gramineus(Ac.), Hydrocotyle vulgaris (Hy.), were selected and fed by simulated wastewater containing ammonia nitrogen (NHi =N )as the
main component of nitrogen. The purification ability and bio—ecological character of tested plants were studied by a static water culture ex—
periment. It was found that all plants could live normally in wastewater and there was apparent purification of nitrogen in wastewater. Among
them, the highest nutrient concentration in biomass was found in Ac. , where removal rates of NHi—N and TP were 90.52% and 92.89% re—
spectively within 8—days retention time( the highest removal efficiency among the treatments ). Among the six testes plants, Oe. was found
to be relatively advantageous to remove N and P in shorter retention time, while Hy. provided relatively higher removal capacity for NH; =N
(94.90% ) and TP(93.35% ) in longer retention time (8 days). The plants of Ac., Oe. and Hy. were found as the satisfactory wetland
plants, which had better treatment performances.
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TRIGE K AR A T8 327 Lythrum salicaria )
K FEB( Oenanthe javanica) , 7K 2.7 (Scirpus validus ),
WOE OV Iris pseudacorus ) , A1 E U (Acorus
gramineus ), i (Hydrocotyle vulgaris )6 FhfE7KAE
.
1.2 X5t

I HIRLALL 5 7K B D7 1257545 6 R AR PR N
P B SR BT BRSO RE TR O, 38 TS 0 A R
Bl BRI — SRR B B SR K AR BT, ) dR 7K B
A :pH {H N 6.5~7.5,COD, & 42~53 mg+-L';NH;-N
K 12~15 mg+ L', TP 24 0.8~1.0 mg- L, {EHbAH Y 75 4
TR IR R 39 em, B 27 em, {5 15 em /KA,
HAAEYIR T 11 L iR KU 9 Lo i
HOAE W B 2~4 Bk o BT /K T A A AL SRR IR
MRAEARSE AR, 70 AE AL VAR [ 2 A . B AT
J N AEE B 3 AERE I HEAN
TR TCAE P 11925 1 6T RECRN TG 2 55 ) JOAE ) 1 25 11 X6
W g TR I A SR AR AP FE 25 A ZE I FIR A
FIRFER 7K, AR oK A7 1085 T 2007 4F 4 ] —
2007 47 7 AR TR A48 M B B IR = N HEAT , ¢
Zeifa] o 101 do IRIG R ARA) 28 GEXH T 7K B 45 B
[E] 5304 8,64 il 2 d, M5 B3 I [R] S P> E 4, B
V-, B 5 RPN )45 BA I ) R 2544 2
GEXFT5 Q) K BRECE
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KRR BLIZI K B b5 : pH A B DO Lok
i ¢ Hor pH {ERH] pHS01 {4550 pH 315 DO Hl ¢ %
FH HIO145 (e #E Ry i I i A BRI FH BT
KA IEFERCT . TS A HIBOK R 5 em KEE
150 mL, ARFEAT K B0 o 0 A5 H A3 4% CODG
W TP 2 & NHi-N Kl )5 2 4 COD, R B
AT it 125 5 TP SR 3o o R 0 481k — SR BB 0 20 DG
255 NHI-N R AN IGRD LR
1.3.2 FHYIRERREEFN T

2007 4£ 7 J % eSS i s (3t 101 d) I gE
BEAR R O RE Y , e, AE 80 CHEAR It 2 48 1 )5 FR

T WS B T FUAMBT R B RIS i
K (Relative growth rate) MAHARIA N P (&&=, HHY)
AR HS0,-H,0, 1125 45 ORI, TN 5 i 3 B
TR A A WO BE R i s TP FHARLAR B8 2 I e
FEPIARAS AR AR RGR(d)=(InWo=InW 1)/ (1-1,)
BURTFAA 1, §0FAE PR W, RILET 1 BT
Prit W
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TR AE RS I B]— B A KRR RS, B R
HSA B R AR R AR K A, A EE, LUK
TR o o8 A R PR R TR, WA
T TS RUK T RS AE , T SR AE K, 16 e
i, B E RS, B R AR RS R AER
IR RIS R AR . R A AR TR] 42 1
e T AEA TS T, X SRR ) R 15 ) N A e A
WIbRE R BB 52— AR ATE KA BEYE i AE ), i
15 JRAE Y AEAERU R A D H UK BT S T i i 2 B
THIPIRFOWARAE , P AIARXT A K2R RGR n LA
FATF PR AR AR . TR 1 T IE S, T 3%
IR Tk 3B R A v A AR A R 43500k 0.048 d
0.042 d'; 1 BT I A B R OR AL, R 0.011 7', 35X
S8 HBHA S KEEENRA X,

6 FRIAEYI TS KT AEK 101 d J5, AR
(£ DR EEYRAE 783.9~1537.0 g-m™ 22 Ji], Horp T
J S (1 537.0 gom™) , f1 B AR (783.9 g-m™).,
FE A A H b 3R AR A e (A/U) BT M 4 A A
REAE AP R 7 U AL T 255 25 Rl 4 1)
o 1R AR (AU FE 0.36~1.08 22 1], Bk 7 4%
AN, RS T A Y S R R R Y 50%~

1 BMEWREYEFEITEKEE(RCGR)
Table 1 Biomass and Relative growth rate(RGR) of the tested plants

H: Wi biomass/g - m™

Plft@iies o 1 WF Wkt AU RGRAY
Above  Underground Total biomass

TR 749.5£143 787.5+£174 1537.0£317 095 0.048
KT 349.9+68  540.5+63 890.4+131 0.65 0.028
IKZ, 359.5+101 990.6+241 1 350.1£343  0.36  0.022
HE T 349.0+182 555.0+233  904.0+415  0.63 0.013
Vay=%i 280.6+99  503.3+75 783.9+149  0.56 0.011
s 411.7+44  380.8+43 792.5+87 1.08  0.042
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70% . 43 NXF 21 F O T RB AP e BRI E K N
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4.29 ZJa], o et Bl 118, R TFA R iy 0.63,
AT fig GAYGR G R KBS I X ¢ ok T 20
WSR3 BT S8 R IR AR R NI A/U LS
BN,
2.1.2 HYIRE SR

2 WOR T IR YN E TR SRR T o AT
X N B WG R AE 0.133~0.202 g-m2-d™ 2 [i], T-J&
SRR F f i o DAERFGE R I  JR A% N i
Wt 0.03~0.3 g=m™ - d™; AR PR P A IO
FAE 0.012 1~0.017 0 g-m2-d™ Z i) , Hrbr i 258 i
liSr S 5=

YIRS NP IR R —a nysem,
FEYIE N P R E R 504 13.54~18.86g-m™ M 1.53~
1.69 g+m™ Z[] A ABFE T 7 FMBHbAE Y N P AR
BN 5.67~27.02 g*m™ % 044~1.46 g-m™2 Z [a]lel,
AR SE RREAR L A5 2 1) B SR AR R i
FETT KA R A ZAT R, PR R mT A e A A R L
[ 7€ ) NP7 R AR

TR N NP Wk BE S B Tz A8 P A4k NP
FIWICRE T) o FEARBIESE P, 6 FIAE I N (P ¥ 53531
TE 11.19~21.46 mg-g™' J2 0.995~2.16 mg-¢™' Z[], H
A BT N PR R, KA N B KT T
() P B K. DeBusk!"™ A 7745 58 0y, 76 b i w8
F24k (TN.TP 43514 11.4 mg-L™"' 11 3.0 mg-L™") /K
o, 10 FPEEAKAEMII N P 3R B4 BI7E 10.2~25.5 mg-
g K 1.3~37 mg g Z[H], PEEROESE AN B E%
B E R TR bk (TN TP 4351128 1.71 mg- L™ F1 0.08
mg L), 17 FA Y19 NP ¥ EE 4 S 7E 10.68~32.66
mgg” M 0.73~3.36 mg-g™ Z[a], MiAYIREH TN,
TP 4351254 16 F1 0.9 mg- L7, 5@ 38 Fae T LRI, K

AT FE YA IR KA N P U 23 (6], 45 52X T P
AR IAL o
22 EHEWERZNKEIERER
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MR AT 15 BE IsHE] hy 8,64 .2 d R LI
XA R GE K B LS bR pH AT DO B 470
(F£3), £ MY RS pH (B BAL T Y RS0, B
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AGH pHESWA T AN B RGN H B EEER
(P<0.05) . /K E R % NHi-N Ayl S 80K 4 pH [
1K, DRI S A A R 8 2 MR A P 85— %) ) R 1 HE, B
PEREE A LR A=A, I HLAS Ve R A A Tt ik
oOHE I, 53 AMED A A AR 3 AR IR
W O,, ) 7K AR BG4 CO,, e R 1Y 6 AV FH e
WA CO, SOR F RAFREE , X Bbb (il /K i i iy
CO, H ™ pH EMFEFRAL T o NHi-N [ EHE T
A TG KA P RE Y pH BYAE AL, AT A5 A A R 4
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Fe Ka A Kb 248, AT L& SO 56 A # K Hp
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i, Kb Z4:H pH (A1 DO KT Ka RS0, 2250k 3
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Table 2 Nutrient assimilation of wetland plants

BRI /g m? - d

BRY R/ m™

BRI E [mg - ¢! FEYXHE K NP

YRl Nutrient uptake Nutrient storage Nutrient concentration FBR 0 TR R %
Plant species
N P N N P N P
TJH = 0.202 0.015 1 18.86+1.3 1.53+0.17 12.27+0.028 0.995+0.078 69.67 74.08
IKFE 0.152 0.015 4 15.29+0.57 1.57+0.24 17.17£1.53 1.76+0.028 78.62 74.35
IKZA 0.169 0.015 5 15.11+0.65 1.57+0.31 11.19+£0.41 1.16+0.032 66.67 78.88
W BT 0.159 0.017 0 15.85+1.7 1.66+0.13 17.53+0.63 1.84+0.088 68.70 73.55
VaR=%1 0.167 0.016 7 16.82+2.3 1.69+0.37 21.46+0.23 2.16+0.014 81.21 77.24
Eiie 0.133 0.012 1 13.54+1.82 1.22+0.28 17.09+0.049 1.54+0.014 89.00 81.86
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Table 3 The value of pH and DO at different retention time A TSSO AR DAt B o WAE AR ST,
R/ Retontion fime AR T 3L BUE D (R R A AL, 5 AE I AE XA B
o Hiy 5 4 p 3 LB R R —E R EER, T b ER
ant species o N .
P TR D0 oH D0 pH D0 pH b0 /I, ELREITE K B I A i R Rk B, S B AL
TH 60 0 427 484 423 41 327 535 JTs s AR 3R AR 2R WA B T R Ay
KIE A1 SOH 40 ST 445 356 34 4T3 HLYPEUBLRRIN, (A COD i EIR R (LA
7](7@7 6.6 441 55 993 6.17 492 407 522 jl:?'i , X*% I}ﬁm\}iﬁrﬂﬁj E"Jﬂ{(ﬁﬁ%—%o Ylegﬁtgﬁrh , X"J'
iﬁ 60 IS 03 930 38 B AL 3 0D, HRERT RA ORI ALY K 6B
il 5 L 6 8. . 5 3. . X . N ) .
FRG T 53 365 40 367 415 435 345 5.1 2 Z‘d N XY CODg %Fﬁ%%ﬁﬁlﬂé@ﬁﬁﬁﬁiﬁ
Kb 79 617 7.1 284 74 454 64 373 HTEL

T :DKa HICHIMIICHE 5 Z S0 control system; Kb Sy JCAEIA L
KM ST foamy board system, 2], @ DO Hf; 2k mg-L7,

FRAENL . YR ERE] Sy 2 d I, AR RS R
R I = T IO R S8 (P<0.05 ), 3 Ht A 473 1 Xt
BRI AE AL, X} COD. 2254 I W (9 4E
FHo s BRtE] Ky 4,68 d IS, [] 25 PG BR A, 4k
AT AU I AFAE I A R X A WL ) 2%
PREE ST, X 58 558 SR ARG 45 A A G
T 2R T PRl 2 (6 IR o N T R G il ad
TR TUTE B AR AR R A A 2R
R RVE R BRT5 K TP A WL, Ho, K i
W) (AN B AT ) BOAEAE XTI 5 0 SR
AT AR R A T R AL, i T KR 18
MR ) EGE DA VR R S i COL 1 A
I AR, T AR ARSI S A4 50
Wi PR, YR A FUR S R A T SRR
YIRA:AiG ol , — AR RS LN e
AR AR 210 s — R AR R BB R — 2

2.2.3 HAHY RGN TP (1) LR

5 ATEAT BRI T 4 RGeRT TP 1 BR1E
o FAHY RGN TP (L BRFY & T Y R4,
2550 18 35 (P<0.05 ), ] WA WO TP 19 LB A
— BN o 53 AME DA ISy R A PR T R APy
lF, MRBE R = XK T ) P BRI L
TCHEP IO 5 R G R BRR & T A A E 5
R0, =58 (P<0.05), ANFEEDITE P KRR
R R AR R, 48 G A R A 2 B0 S
15 B BSF T i T BRI ) G2 . A5 BA B[R]y 8
d B, X TP RBRF R, HILF] 80%EL & 90%LA
I BB M L BRAK TR Y TP, BB A BT R A
FOXF TP () R BR 5 B B8 B (B] A3 nni s . 445+ 84
mHEll 8 d B, FFLEE TP LR e, LRy
93.35% , MR 53501 K - T RE> A1 B > 7K 7> T 3>
AT SK A AHZKITAESS 2 d R0 AR = 1 B
R, B E A R AR, X 0] Be A HARER B IR A, A it
— LI, XIRRGH P A — S R RT3
Al RS KRGS R I TR SR A K.

R 4 AE=EBEE THEPIT COD XBRER(%)

Table 4 Removal efficiency of plants for COD at different retention time (% )

2d 4d 6d 8d

Pla%t%pﬁies ECE bt 22 PN i 22 U Tt 22 NG i 22
Remove rate SD Remove rate SD Remove rate SD Remove rate SD
EREER 62.98 5.1 64.37 2.3 45.52 8.6 49.59 2.5
IR 75.75 0.3 41.49 15.8 44.55 10.7 81.64 4.6
IKZ. 71.87 7.9 28.72 19.8 71.20 3.1 83.08 2.7
ek 77.11 4.3 51.81 14.3 73.93 4.7 78.40 7.6
1 ET 90.71 7.2 71.81 2.3 78.32 4.1 87.47 0.6
B 54.44 18.9 63.3 2.3 75.49 1.7 84.88 3.04
Ka 2.53 1.8 62.34 3.1 76.65 1.9 66.30 49
Kb -7.89 1.8 60.85 2.5 76.65 1.7 81.88 2.8
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2.2.4 HAHM RGN NHi-N [ L Bx

7 6 WyR TOR[AHSEA R E] R 45 R G060 NHI-N )2
BRIGOL. 5 TP L BRIE LS, A A R GEXNHI-N
[ 2R3 2 T IO R 40 (P<0.05) . fHER 2
AHL AEIAE N ARl T ERVER, sk N
EBRII DTN 65%L) o BRI K H ) NHi-N fE
S A A S AR AN AT R (R S5 AT D) LA
W, 5 AR U S A LA . JF B S
YEH =AU, B AR R ik AR X, T BAR 2 1
B AR AS , NHE =N 5k — X 30 A Ab 4 B i AL, 25
R TSI 1) DX Bl ARV BE AR, N R ) T 48 57 5 A
g LR AIE AR B KA o sE i At R g A
FAVRA DO pH {8 IR KB TSR IR W5
JE R R AR . S AR E R A T I A
pH fE ) 6.6~8.0, 4R RGEHARIE N ALY pH it
FrREAEAE FH 2 pH<5.0, A ALVE R LT3 1k . 454
Y Z 50 pH HEALS AL VE AT A — e ¢

R AT R PR A A rp 7 IR 1 B
1 mg Z A E K AT EHFE 8.64 mg HCO51,

TCHEY) TOE 559 R G0 B R34 8 35 i T o
Y 5 R 50 (P<0.05) o N T3 M 22 50 i 1 3 i
PR B CUE 3k T A P R AT A 0 1 A L R S A
AR KBRS KT G N eSS (o B &)
P FVE W0 0 s AL RN SR AP F 25 Bk N B 3222
AR AEAAH R Ger, Bl 15 R B RT3, 25 A
XF NHi=N B LBRRFRI A AR, KATEE
B s [ T e B R A v 5 ¥ 8 T Ry I il B 57 B B
] () 1 0 B AN B R o MR E N 8 d B, 4%
FEPIXT NHi-N ) L BRBRIMRIR N . FHhiE>a 5
> H B S K > TS K AL B ET R 4 d
B, SAR I NHE-N (1) 22 BRI by K >3
T RS B> T S SK A>T B . TR R AR S AN
) A R, i AN TR A 5% B s T ek B e 1
NHi-N EBRECE

RS AEMEBRETEY TP KRR (%)

Table 5 Removal efficiency of plants for TP at different retention time( % )

2d 4d 6d 8d
plaﬁ?ﬁies Fpe Tt 2 RS Tt 22 R Tt s 2 R Tt i 22
Remove rate SD Remove rate SD Remove rate SD Remove rate SD
T = 35.26 54 83.25 0.7 82.35 4.5 91.01 0.94
IR 90.81 1.2 88.43 0.8 66.19 8.5 91.39 1.9
TR 51.75 4.1 87.29 0.8 82.41 6.7 83.21 8.3
BT 45.06 9.1 72.78 0.9 76.63 8.4 88.02 1.1
B 44.48 8.5 85.58 3.8 86.76 2.6 92.89 2.1
Bl 69.48 22 85.49 1.5 90.67 0.8 93.35 1.2
Ka 3.07 1.3 3245 5.5 23.24 2.9 18.54 3.7
Kb -1.35 2.3 10.82 2.1 14.86 1.0 17.98 2.7
& 6 AE1=ErETESX NH-N EBRER(%)
Table 6 Removal efficiency of plants for NH;—N at different retention time( % )
2d 4.d 6d 8d
LERZE . . o .
Plant species R T 22 FACES T ot 2 EACRES Tt 22 FACRES T ifte g 22
Remove rate SD Remove rate SD Remove rate SD Remove rate SD
TSR 62.25 1.1 83.25 1.1 67.17 1.2 74.06 0.7
IKIT 92.87 3.1 93.22 0.5 76.64 3.0 80.76 11.2
IKZ 54.64 1.7 78.96 6.0 62.46 9.3 45.72 15.7
HE 51.66 43 56.5 1.9 71.5 2.1 82.63 16.1
1 ETk 55.13 2.4 83.67 5.6 82.64 0.2 90.52 55
TFREET 74.04 9.2 92.57 1.5 83.93 1.3 94.90 0.4
Ka -0.74 0.2 35.23 33 22.38 4.1 20.22 1.8
Kb -0.27 1.1 22.32 5.2 8.44 2.2 7.55 0.8
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