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T A RAB B A B SRR S S K T N P e RS R SE TR R R M R 58 pH ZE 4k NOS-N FI NHj-N 44k
RCRIRZ N, G5 RFR 2 YoK I B 7d B /NSRS S5 T TN 1 25 BR300 65. 1% F199. 6% , 2 bk f i 43514
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The effect of two wetland plants on nitrogen and phosphorus removal from the
simulated paddy field runoff in two small-scale Subsurface Flow Constructed

Wetlands

LIU Shuyuan'?, YAN Baixing" ", WANG Lixia'
1 Key Laboratory of Wetland Ecology and Environment, Northeast Institute of Geography and Agroecology, CAS, Changchun 130012, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: In order to explore the approaches of ecological engineering for a non-point source pollution caused by paddy
field runoff in the Sanjiang Plain, and to seek suitable wetland plants which are appropriate to be used under the local
natural conditions in constructed wetlands two subsurface flow constructed wetlands (SSFCWs) , 2.0 m in length, 0.5 m in
width and 0.65 m in depth, were set up by selecting the local soil and slag (3 —5 mm in diameter) as the substrates and
transplanting two typical natural marsh wetland plants, Calamagrostis angustifolia and Phragmites australis. The wetlands
were dosed in batch operations using synthetic wastewater without the addition of any organic carbon but with the addition of
ammonium-N (30.32 mg/L) , nitrate-N (28.74 mg/L) and phosphate-P (10. 15 mg/L) as major pollutants. The results
suggested that both of the two plant species maintained normal growth in the wastewater, which demonstrates their good
pollutant resistance. During the experimental period, the relative growth rate of Phragmites australis was 0.042 d™', which
was 2. 82 times higher than that of Calamagrostis angustifolia. During a 7-day wastewater retention, an average TN removal
rate for Calamagrostis angustifolia and Phragmites australis of 65.1% and 99.6% , respectively, and a TN removal load of
1.66 gem™>d'and 2.53 g-m>-d”", respectively, were obtained. The wetland with Phragmites australis demonstrated a
higher nitrogen removal efficiency. In the course of direct nutrient uptake, the contribution ratios to TN removal achieved by
Calamagrostis angustifolia and Phragmites australis were 14.7% and 61.7% , respectively; whereas for TP, the ratios were
11.7% and 12.9% , respectively. Apart from its uptake rate, the accumulation and concentration of nitrogen in the plants
were higher than those of phosphorus, whereas a significant difference of nutrient assimilation between different plants was

observed. The nitrogen uptake rate of Phragmites australis was 0.519 g-m™-d™", i. e. 3.94 times higher than that of

HETE b ERMFBEMRAEHE H (KZCX2-YW-Q06-03) ; EIZK [ AR 3 410 H (40901128 )
s B #1:2010-07-07; &1T B #1:2011-01-13
# W IRAER Corresponding author. E-mail ; yanbx@ neigae. ac. cn
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Calamagrostis angustifolia. The phosphorus uptake rate of Phragmites australis was nearly the same as that of Calamagrostis
angustifolia (0.012 g+m™d™ and 0.011 g-m™-d™", respectively). The concentrations of TN and TP in the biomass of
Phragmites australis were measured as 29.2 mg/g and 3.41 mg/g, respectively, which were 1.83 and 1.49 times as those
of Calamagrostis angustifolia. The N and P content in the leaves was found to be higher than that of the stems, for both
Calamagrostis angustifolia and Phragmites australis. For Calamagrostis angustifolia, the N and P concentrations in the
leaves were 3.66 and 1.03 times higher than those of the stems, and for Phragmites ausiralis, the N and P concentrations
in the leaves were 3. 17 and 0. 68 times higher than those of stems, respectively. The N and P assimilation capacity of
Calamagrostis angustifolia was lower than that of Phragmites australis. The removal effectiveness of NH;-N exceeded that of
NO;-N in each of the SSFCWs. A visible segregation effect of purification for nitrogen and phosphate pollution was found in
SSFCWs, and the purification capacity of the top layer was higher than that of the bottom layer in each wetland. The pH
values of the top layer of the SSFCWs were lower than those of the bottom layer during the operation process of the SSFCWs.
The variation curves of the pH values decreased firstly and then increased. The NH;-N concentration affected the pH values
markedly. The break-point of the pH curve was suggested to be an indicator of the end of the NH}-N reaction. The results
clearly demonstrated that constructed wetlands could be a potential technology for nutrient removal from paddy field runoff.
The purification capacity of the wetland planted with Phragmites australis exceeded that of the wetland with Calamagrostis

angustifolia.
Key Words:; wetland plants; constructed wetland, removal load; removal efficiency; pH

ST R TR B KRR P X, 4 X AR B 35% oK Y HAT ARSI A RA E IR T K I &
BCA =TTV J SRR DR B K] i A S PR O AP (0 7™ S Jg W, Je LA B R K Ry 3 B TR T e B 938 78
JERE? AR BT RS R SR M B AT RS 5 Y B IR S A T AR TR AR DGR B T AR SR B
MY, AN TR T RARARAER B Ia 1T 98 1 | R 47 A0 A 8CR R i 2 1) A 288 2 A A, ok T KA
BREMEEHE AR 5N TR KA R G W 5 A % mE A VEH , 2R OTS Y 5, Al
AR 2R 1) KR B RS AR R [ E MR , AR K A% e 0, B3 A= W 28 45 5% A A 0 R 1) 3
A3 L B R S S5 2 2 1w ' (R AE = VT SR, N TR A kg — Tl 7R 35 7K A B A | 7 Y b A
Pk $E 7 R 2 AHOC I 2256, R ol 12 b DX O 30 M A ) — /N S5 S N T A A B9 1 oK WA, T
JE =TV Dt DX AN T A 4 i 12 5 T B AR S T30 B N TRt BORAE =V ) B E AR L X
F R A B R X, ARSGEd R 2 F = VT S5 DX VR P S P 0 T e b R 58, F 9 T R RN A )
XF TN TP A3 A 8CR A5, Ry = VT Jth DN T b A ) RS A T P2 LB AR
1 MREHE
1.1 KB HIEK

R F R BE =V B g w100 3 o e B A K VR i K . 20t 3 DA R AR K et T 7K AR Sy
AN KR, JRAKOK BAEAR AR . pH {0 8.24 ,CODer A 32—45 mg/L, TN 24 0. 885 mg/L, TP 24 0. 066 mg/L,
PO} -P °4 0. 055 mg/L,NO;-N 4 0.588 mg/L,NH}-N 4 0. 125 mg/L,

1.2 {BHuRE e

DT T e 0 5 o SRR T A R T35 e S SR M U E A A S s e, R, A TR
T R GE R IERERT T 50 53 RN RE R G e, /K AEAR Y 8 48 32 225 TR W v AL RE 00 (TR RE D A
e ERE ) G A

2009 4F 5 H , A ERRE BE =T ka0 v 50 5 N SR S 1R A ) —— % 25 ( Phragmites australis) |, [7) 1
M PR AT 2RI R B RN IBUINIE 2 ( Calamagrostis angustifolia) JFUIR - o FERAEPAR A 1 L, 18
YA KA AR 22 B A 7 1 s A A Y A R 25 DR AR TR A K 7 A Ry AR
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AT AU T RO PSR, ShIE LR SRl b K B 5%, H #540K 1001,
1.3 A T{RHu et

K FHVE AR T R 55, A i 3 ik o 7 v R
2B =V A A0 X R B R 1 R, A
TRPHbRAR AL B R PVC, B RIAK 2.0 m, 58 0.5 m,
R0.65 m, ZJHIK 0.5 m, ARKIKO0.4 m, HINRE
ik K Br A PR B KB, K 2 k2R 30—50
mm Bk A7 7K X AR HIURHR . K 28 28 FLARGE A
AR 30—50 mm BRAWOK X, B RS, L4 3,

o 2 W R N 4—8 mm RiARIBLE R S B P i

15 em 48 Y5300 0 25 35 RN 5 55 A 2 b R H1 ATEMENEERS
3R FE RN TR REAE 0 R 3 R Fig.1 Configuration of constructed wetland
28 = VTP SR 0 s 4 K SRR Hh A A R R 43 31 R

e N

1.4 5Bt

R S o ] A AR SCHRGERE | Tk 2 BR A 3 FE RHE T 7K R NP R BE A FERE 1 B e T AR DR K i
B, 8 H FAIELERBIEK , 3K & &K DL NH, NO, (4341 4l) B, #5 2 L NaH, POQH, O (4 #7746 Fidil . K
Jo , SEM R GE KK BN 2% 1 R, 4705 2 B K — iR (5—10d) — B H K -3 1 (2d) . iR
SITR] AR P 0 R S0 KA

F1 ALEMBEKTREYKE

Table 1 Inflow concentration of pollutant in constructed wetlands

Z 8 Parameters TN NO3;-N NHj-N TP PO3™-P
PEAKIK R Inflow/ (mg/L) 61.65 31.24 29.46 10.28 10.15

1.5 FESIREE Ko
1.5.1 YRS RS

SEUSFEIAET , WCEV AT | DL RS AR R AT AR A AR B A A CR PR A AR A4S 20 BR, JF R
T R N AR RS 1000 25 TR S SR R A T i A, AR RRAR IR R o B B ff o JS R, 7 80 C LA
Ht S E AR TR R R A i (R ) RS R A (R AR R A K SR A R R TN TP 1, R
AR RGR(/d) = (InW,=InW, )/ (t,-t,) "™, W, iR BRI o, BORE A T W, W, il 06 25 R A o, Y
T,
1.5.2 JKEEREE

N T b 2R 48 A 7R DA 1 2 TRT SR AT W2 A1) BRORE AT, BRORE S R 4% A FE B 3802 28 FL I PVC
B AL LU e W i A T SRS I ARIREE BT, Wil 1 s R Bk B L T R U A
3 A BAE R ET S B, 57 H T W k BORE  IRBUARAAR b 2K AR A 2 FLAS TR AL BB o rhu O A BE B BT R )22 15
em , UK T JZ KAL) 2L TFFLE A Fo O3B A2 8 PVC R JREHE 15 em, TFFLER 43 K 20 em, TEHURERT
TSR BOREAE A B K R, B kTS Gk
1.5.3 Wik

BRI R ORI K W 53470775 (56 4 JR) ) th I a I e o NOS-N SR 253060 B 2
FE ;NO,-N R N-(1-Z838) -2 G EII RE s NH-N 2R FH 40 Bl 4366 B 3200 %2 5 TN 2R 2o A7 R 1 4
- 2250 S EEVEIN E 5 TP SR R B R B A Ak — S B e L (1 2 5 PO -P R AR BT LU (75 I A2 5 pHL ER
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JURE# pH THIE . AEAIFES T H,S0,-H,0, 4 &S & R K5 iR kil TN TP # &
1.5.4 H¥agit
FARbR N 22 5 B E R R S R 7 225087 (ANOVA,,LSD) . 7 #r 4 SPASS13.0,
2 H#R5FR
2.1 MM AERIR I 5 S5 4 o B W i
2.1.1 AR Y A IR 160

—3— /N2 Calamagrostis angustifolia

HU A AR IR e T TS 1, 2 A O P Phragmies el
AERS IS FNI A BRI BB A —, MERRHT ¢ T
VYRR AL RO | TV R AR 5 0]
PEBHKHIABRINATEL, eI TR A iR 5|
PRI — L KB SR A B R, e
AP SR BRI, 8 AWM EEASI E°T 5 5 o 5 5 5 5o
11,9 FRIHE ARSI RIS S 8 T P 5760 oo
Wl — ET S BLEF 9 R A T ALS R, TR 2 R

WAL N3 55 A R JEPDL S O 0 (R TR D] D 05 (008
LRI, BTN 119 H 91094 em — 1k

K39 6 HIY135.7 em, BN T 26.3 cm, 42 , /Nt
BB T 1.5 cm, M 1 TT A, B2t
R NIRRT 50 S PRI R T T
T AR WA, B0 HIATAE KoK RGR 3T LLFT: W01 R 9 BEHEARRE . 22 2 7P A B 1
BP0, 042/ /NFBERRAR KR IUBEAE, 20 0. 011/, 6 5158 1 55 FLA 8 K B 0 A
.

B2 iXIH LR E YRS R E AL
Fig. 2 Height of the plant in the constructed wetland in one

experimental cycle

R2RMEYCE B &R

Table 2 Characteristics of growth of the plant in the constructed wetland before the plant-cutting

b bR A
o] SEYREE M KR Aboveground biomass HokE R A K R
FHY) Plants Maximum Average Growth /(kg/m?) Moisture Relative growth
height/cm height/cm density/m™2 b T T& content/ % rate/d”!
Fresh weight Dry weight
N j
IIFEE Calamagrosis 82 70.90 1481 1.520 0.883 41.9 0.011
angustifolia
S 155 135.67 448 2.588 1.260 51.3 0.042

Phragmites australis

2.1.2  FEPXTEFY AR

AN EE R FE X T R RS 135 3 I AR 3 nl A AR WO SR I R ol R T o TR IR R AR
SRR TR RO T RE ) 25 R B . X SWFEEE NN IRESE—BUn . PR R R W RSGHE
AL /N EE(P<0.05) T T3S R IR R 25 AN B (P>0. 05) , 3X AT BB 5 L B KoK R NP 9
AP, KB 2R AY 32 B R BRI PR G 5 5 A0 W PR R 7 Rk T 2, e R A s 1] P 2R 1
VR T T B2, DT 3 S 0 X 3 1 R AU /L | S BORF 4 %o 8 2R T W A B 1 e 1555 . T 2803 AR I D DU A s, 2L
R EZLE A5 RO I A S Ve R 80, i LK A b 0 B2 R ARG B A/, Sk o SR I A i) s T
A, P PR AE ) X 2 B X N P WCRE g 0 22 5 o (EAEA) Rl 22 (8], 7 25 /N 20 /R I e )
P A 225 N SRR N P WRIRRE ) 5 T S
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Table 3 Nutrient assimilation of wetland plants

W AGH % Uptake rate FHEH Accumulation e Concentration LD S
T4 Plants /(gem2d™") /(g/m*) /(mg/g) Contribution rate of plants/%
TN TP TN TP TN TP TN TP
SN
. e 0.105 0.011 15.34 1.95 15.98 2.29 14. 65 11.70
Calamagrostis angustifolia
S 0.519 0.012 28.55 2.17 29.20 3.41 61.71 12.91

Phragmites australis

DIFERRSE F 0, 30 HA M0 % N A W 053 R AE 0. 03—0. 30 g-m > d ™ 22 [a], X P A ICHE R 7E 0. 012—
0.017 g-m™>d™" Z A" WP FRAIARFEXS N P AR R — @ W5, A A58 T 7 Mgy N P
TR0 5.67—27.02 ¢/m* 2 0.44—1.46 ¢/m> ZA]") | 5ARURBFFT 45 R R BBl A5 Y HA B i)
EFE R BRI AT A AL B AT A Y, DR R T DS e AR L A2 Y NP S K AR P SR N TR
B I A1

LA PR 0 SR U B T S e T X B SR R MR RE L BRRE AR R R AR B SR vk B S
PRITAL K PR B — 2 AR S (HAS [6] B IR 5 45 S 25 S 40 K, 1 JE RE WS 353k 1 52 I 4538 . 20 Debusk ' I
Jg AEFEEEE L (TN TP 20510 11.4 mg/L F13.0 mg/L) /K, 10 FhEEKAEYI N P ¥ 43578 10. 2—
25.5 mg/g & 1.3—3.7 mg/g ZIA], B2 N2 8758 SR8 5 & 3Rk (TN TP 20510 1. 71 mg/L
F10.08 mg/L) ,17 FAEMIAY N P ¥ 4> HITE 10. 68—32. 66 mg/g K 0.73—3.36 mg/g Z ], SLHLEHRAYAN
— 5 5 R R Y T Ak B KR T SR TR VAL FRER IR MRS R A G, BT DL Y AR S
e B A K N P RE I i T o R S SR ALK RV BE (U () N P YR BE TR LR ST T A T R =2 P9, ] 9%
TIEBR /NI S5 R0 35 18 78 R0 ST BE T S AR R ) B 2 O R

FEYI A IR 8 3R T R MR AN, & , .

3 ERAER I B NI B 2E i TN B A sy Pl A Colomesronts anieotien

2.71 mg/g(HTE, T 12.63 mg/g, TP & k4> e e s et

WM 0.65 mg/g F1.32 mg/g, /N TR B &0

FEZE ARG 4. 66 51 2. 03 175 TR A ) P 5
B TRRE (R B, e A e R L B A= 4 iR 23. 03 ol
mg/g Al 1.36 mg/g, s AR S HEY 4. 17 f5HF0 oL

1.68 %, AR, 22 i FZE b R B i WL

Py TN (P<0. 05 ), JEH UG R Rl — % 22 57 NS S ’_L%
B, A3 R /N B 0 FIZE A 1. 82 £5 0 2. 04 fi5, &L, P N
BEAERLYAS TR 28 B b i 2 A > 2E R R,

)
®
I

Wz Wi B Absorption/(mg/g)
>
I

1592551 Pollutant species

DN A L e 5 R 70 ) TR B o 2 AR ) 3 R m R R
EI/‘J Hﬁi , Iy 1%%%/@i@*ﬁ%f£ N.P 2[;/% ':F' El/‘] ﬁf FH N Fig.3 Absorption of the stem and leaf of plants for N and P

2.2 AR RGNKTHE IR
2.2.1 BHRGENEABE TSR

L 4 AT DL £ Yot i) 22 SR AL R 35 Bl A 45 B B ) () B TG o, 2 S50 M TN A A B AR A 7d I
N 99. 6% , LR /NI B 4575 YL ) 9 R BRACR 43 50 - TN b 65. 1% ; NH;-N 2 84.5% ;NO3-N 2 60. 8% ;
TP 4 96.5% . % 7d i, /N EIR LY TN R 7HH 1. 655 g-m™>d ™" KM% S 5. 73 mg- L7 d ™" | i 25 %5
TEHLAY TN RN 2.534 g-m > d™" | FEMREAR N 8. 789 mg-L7-d ™" /NHZEI0 0 A K E R BE B E R T
PR (P<0.05)
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TER 4 HaL il A IR HUR X T N P AR BISCR B2 B T R R (P<0.05) X 2 FR IR HAE
PIRR AR BVERIA 5 . MRS Kichuth AR XIS AR IR A8 ARE SR, ot 1 JA] 1 09 B PR A U s BB 4 gt S R
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Fig.4 Removal efficiencies of TN, NH;-N, NO3-N and TP in one experimental cycle

2.2.2 Y N TIBM RS pH {EH R0

T O /MR TR

TEN TR Iz A7 i v 92 3 pH 2810 DL IRT 5, 76 X g%zﬁkﬁéﬁ
HATLURJURP LA : (1) SR BEK pH (R &R, — A 751 —te- PR LR
7.5—8.5 Z[u]  fHUZIRIAN pH I RELESE1EAH X R E ) 74l
BRI, — M 7E 6—8 Z[H]; (2) IRIAH )2 pH A & T 73k
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