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Construction of a Landscaping-type Wetland System for Wastewater Treatment

and Analysis of Plant Denitrifying Effect
CHEN Ming-li WU Xiao-fu CHEN Yong-hua JIANG Li-juan JI Zhi-hui MA Qun

Institute of Environment Science and Engineering Central South University of Forestry and Technology Changsha 410004 China

Abstract A pilot landscaping-type wetland system for wastewater treatment was constructed by introduction of 15 selected ornamental
plant species including 4 terrestrial plant species . The pilot system consists of 2 sequenced treatment units and 12 sub-units . e.
a primary treatment unit with 4 parallel cells and a secondary treatment unit with 8 subsurface flow cells. Designed experiments were
conducted in the established system to investigate the characteristics of nitrogen accumulation in different plants and the contribution of
plant nitrogen uptake to total nitrogen removal of the constructed wetland system. The result shows that the direct contribution by plant
uptake to the total nitrogen removal is low ca. 1% -3% within the nitrogen concentration range 37. 5-55. 6 mg/L in the influent. Plant
uptake does not fully reflect the important role of the plant species in the constructed wetland system for wastewater treatment as the
function of the plant should include further its interaction with microorganisms and wetland fillers by enhancing microbial activities and
filler adsorption capacities. The plant denitrifying effect defined as the difference in nitrogen removal rates between units with and
without plants has been used to represent the contribution in nitrogen removal due to presence of plant in the system. The plant
denitrifying effect thus includes both the plant nitrogen uptake and the interaction effect of plant with microorganisms and wetland
fillers the later being found to account for more than 80% of the total nitrogen removal in the established treatment system.

Key words constructed landscaping-type wetland sewage treatment ornamental plants nitrogen removal plant function

10 11 12 13

3~6. @

2009-04-08 2009-06-29
90% ’ 2007DFA91420
2006180

1975 ~
10 E-mail chml18@ 163. com



R U AR ) 5 RSN T 0 M T K Ak R AR O R AR RO B A 661

FE M ST 75 o 5 7 A ) B R R T A2 10 I
T B AL AT A 0 AT R TR A MR

o6t AT Mo K R 5 A o B FE R LA L (]
¥R R 0 B WA 5 ) A TR M, 3 L M I A
AT M35 K A T R 455 o H AR R B B A A BE VS iR
TRGERE ST AE, B E 60 R E it B A 0 R
GH TR R AL T R S T RE A (S A T iR M
AT HESE T L TH BE 5 BRI BE MO A W14 &, R B
X 31 A FR G5 1 51 M AR 4 S 8L B O HEAT B 5T, DA 3 —
R RAETE A TR 5 K 4b 78 R b 6945 A

1 #R5HZ

L1 RAERZiET
WItHEMA LB RS T el R x
FUHRMAE N RBRME R A RFIHB R5H
FATAL BB TT, KW — 20, B RIVAI C R4 1
— KK ZRBRR AL AL, Kb B BRI M —
FALFEIT,C BRI R —RAL LT % R &I
12 A~/ b BB TT, FT 85T S 6] 5 WA 0 P # B 119

L1 b XY A T TS A Ak AR
= IMIIMIIMII»TI
)}
[B1|LB2H53| B4 [ﬂi(
! ! v
ICXl Mclz | | c HCT I [_'

Bl S4EBERZHRETE
Fig.1 Wastewater treatment {lawchart of landscaping

wetland system

1.2 GhFRE ST

W I M 5 A B A T A K A I 2 B R KB
RS m, B2 m, PHE—FER 0.5 m BFSAKRE,
B B A2 15 PR 15 PR 498 o Rt 7K P 0 B A s TR 5 A 2 K e
FIRH 7K 8% , SR 3t , B Ik 15 K FE R IR A Bl
W, 51 5 75 KR R A O TE LI T K IR, A5 K R
AMESHEMZ BETHHAMA AR HKkOEE
A 0.6 m, KELIZHILE 0. 6 m. Z 40 B8 IR (& ) H 7%
RN AENERXTANTHETZBEAE R ~5
em B KA 40 cm, FTEEH S om ] b, o jE] H 28
P bR = B b Vi A G IR GBS E M EZ
EFRE\EEB R HEAKES LB KRB
1S em EARKE . R LEFHHL 10 ecm B8 1,

HoE AR R B SRR AR 8] 1 SO .

ARFFAR
HAKH RGO

B2 ABETHETE

Fig.2 Configuration of treatment cell in landscaping wetland system

1.3 BG5Sy E

L 5 ARG AE H 4 PR F G 100 £ A E
Yoo LB 1% , K15 T 4L 30 R FpE L E AL iR
HAEAFWMAE T T8t R 50 E 2y, Wi
AGRE K I T H A E aE  1E A R A
.Gl ARER 1S Fhidd, ¥oh B, Hp %
MN#E (Canna indica) H 0¥ ( Pontederia cordata) FF
51 3£ ( Thalia dealbata ) . F& i ( Typha angustifolia
Linn. ) . £ P 4T (Arundo donax var versicolor) | B
8 (Acorus gramineus ) {E B 7 ( Iris ensata Thunb. ) |
W ZE B ( Cyperus alternifolius) , T J& 3 ( Lythrum
salicaria) ¥ A KA K A SR E KM MY, A F
( Rose chinensis) |4 M Zr 13 ( Ligustrum vicaryi) , %
F (Hlex latifolia) F1BEFE 7F ( Cuphea hookeriana ) 2y X4
b O B B RAE 4, — AR O B A R R BREBE TE S,
H AL E F 8 RFE. hEEY Y
FTOAMBRHIERBRARE  BREEMLEK
REMHE RESRCETSHYRKENE L
B 7 .
1.4 #FKAKMH

Ab IR R G0 K A % g K O X, R AR BOK R K Il

CEETS K, #EK K R INE 2 R,

1.5 METE

il 72 i 3% % r COD TN TP ,NH, -N% £ T 7K i
fatn RAEN B E A 3 W, N AW PHFA K,
3 KW BB AT AN YA ML KRE.
0 5 7 3 LR B2 AR ) 43 B 0 ) (SR IR -

A YR E R MNFRES, 12 A R E %
HY, EHATH EEEEHRE AWK R E BT
BE € 2 %5 (A0 52 07 R Rl W SRR T -4 4
5175 il 47 S

2 GR58m
2.1 #HPERRRK



662 31
1
Table 1 ~ Substrates and plants used for treatment cells
/ m 2 x / /m

Al 50 2.50 10 x5 0.5
A2 50 2.50 10 x5 0.5
A3 50 2.50 10 x5 0.5
A4 0 0 0 0
Bl 50 2.50 10 x5 0.6
B2 50 2.50 10 x5 0.8
B3 40 2.00 10 x5 0.7

20 1. 00 4 x5 0.5
B4 30 1.50 6 x5 0.3

30 1.50 6 x5 0.3

25 1.25 5x5 0.5
21
¢ 25 1.25 5x5 0.3

25 1.25 5x5 0.5
c2 25 1.25 5x5 0.5

15 0.75 3 x5 0.5
Cc3

30 1.50 6 x5 0.3

25 1.25 5 x5 0.5
C4 30 1.50 6 x5 0.3

30 1.50 6 x5 0.3

2
Table 2 Water quality of influent for treatment system
COD/mg- L' NH, -N/mg- L~ TN/mg- L~ TP/mg- L' /NTU pH
164. 58 ~207.09 33.31 ~49.91 37.5 ~55.64 2.93 ~3.17 6.8~9.7 6.5~7.57
15
90% .
16
90 %
15
15 3 4
1.11% ~3.69%
0.67% ~2.48%
>1
>
TN
r=0.99
2.2 =0.34
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Table 3 Biomass of plants in landscaping wetland system
/m 5 Y / -2
/g m~° /g m /g m
Al 1.8 401. 30 165.5 0.41 566. 80
A2 1.8 425.09 165.5 0.39 590. 59
A3 1.8 471.71 165. 5 0.35 637.21
A4 0.0 0. 00 0.0 0. 00 0. 00
Bl 1. 00 260. 00 160. 3 0. 62 420. 30
B2 1.70 315. 65 100. 89 0.32 416. 54
B3 2.00 501. 48 182. 36 0.36 683. 84
0.90 116.06 142.67 1.23
B4 0.25 23.33 71.69 3.07 468.46
0.5 23.03 91.68 3.98
1.0 46.13 120.24 2.61
C1 0.8 89.10 122.4 1.37 St
1.5 212.55 140. 67 0.66
€2 0.7 45.07 79.34 1.76 477.63
0.9 137.46 107.28 0.78
@3 1.2 126.00 98.01 0.78 468.75
1.5 133.26 143.56 1.08
Cc4 0.3 14.36 84.61 5.89 523.93
0.3 53.78 94.36 1.75
4 1
Table 4  Characteristics of nitrogen accumulation in different plants
/ /
/% /% /% /% /e m /g m™
Al 2.75 2.71 1. 66 1. 64 1. 65 10. 84 2.72 3.99
A2 2.59 2.61 1.67 1. 64 1.59 11.05 2.71 4.08
A3 2. 66 2.62 1. 64 1. 64 1.59 12. 26 2.71 4.52
A4 — — — — — — — —
Bl 2.77 2.86 1.44 1.48 1.93 7.44 2.37 3.14
B2 2.32 2.38 1.61 1.67 1.43 7.51 1.68 4.47
B3 2.44 2.42 1.96 1.97 1.23 12. 14 3.59 3.38
3.29 3.32 2.42 2.48 1.34 3.85 3.54 1.09
B4 1.98 1.94 1.76 1.75 1.11 0.45 1.25 0.36
1.15 1. 11 0.71 0. 67 1. 66 0.26 0.61 0.43
2.78 2.76 1.36 1.34 2.06 1.27 1.61 0.79
¢l 3.63 3.69 2.49 2.45 1.51 3.29 3..00 1.10
2.03 2.02 1.33 1.36 1.49 4.29 1.91 2.25
€2 2.71 2.75 1.78 1.77 1.55 1.24 1. 40 0.89
2.29 2.25 1.03 1.04 2.16 3.09 1.12 2.76
a3 1.92 1.95 1.21 1.12 1.74 2.46 1.10 2.24
2.01 2.04 1. 09 1.07 1.91 2.72 1.54 1.77
c4 3.16 3.19 1.04 1.03 3.10 0. 46 0. 87 0.53
1.33 1.35 0. 89 0.82 1. 65 0.73 0.77 0.94
1 = X = X
2.3 TN 3
12
5
0.73% ~2.35% . 2.4

2.3
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Table 5 Contribution of plant nitrogen uptake to total nitrogen removal of the wetland system
TN TN TN TN
/ c c, TN
/m? /m>e d7! /me- L' /mg- Lt /g /g m "2 /g m 2 /%
Al / 10. 8 6.25 51.30 40.23 6226. 88 576. 56 13.55 2.35
A2 / 10. 8 6.25 51.30 39.19 6811. 88 630. 73 13.77 2.18
A3 / 10. 8 6.25 51.30 34.68 9348.75 865. 63 14.98 1.73
A4 10. 8 6.25 51.30 36. 44 8358.75 773.96 0 0. 00
B1 / 9.4 6.25 51.30 33.01 10288.13  1094.48 9.81 0.90
B2 / 9.4 6.25 51.30 36.95 8071. 88 858.71 9.19 1.07
B3 / 9.4 6.25 51.30 26. 19 14 124.38 1502.59 15.73 1.05
B4 / / / 9.4 6.25 51.30 28.57 12785.63  1360.17 9.97 0.73
Cl / / 9.4 3.75 33.01 21.70 3817.13 406. 08 9.17 2.26
C2 / / 9.4 3.75 36.95 24.99 4036. 50 429. 41 8.85 2.06
3 / / 9.4 3.75 26. 19 14. 66 3891.38 413.98 7.76 1.87
C4 / / 9.4 3.75 28.75 19. 44 3142.13 334.27 7.08 2.12
TN = TN - TN X TN = TN / TN =
X / = I'N / TN x 100%
2.50 N
2.00 —
S
P
& 150
i = x 100%
= 1.00 —
g B
% y=-0.0013x+26695 ¢
0-50 R=0.75 _ _
0 | I I
0 500.00 1000.00 1500.00 2000.00
HA TN S R E/g-m™
3 TN
Fig.3 Relationship between contribution to nitrogen uptake by
plants and amounts of nitrogen removal by cells 6 ~7
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Table 6  Analysis of plant denitrify effect
/ /g m? /% /% /%
A4 / 773.96 0. 00 0. 00 0. 00
A3 / 865. 63 10. 59 1.73 8.86
B3 / 1502.59 48.49 1.05 47.44
B4 / / / 1360. 17 43.10 0.73 42.37
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7 NH,-N COD
Table 7 Analysis of plant effect for NH,” -N and COD removal

/ NH, -N /g m~? /% coD /g m? /%
A4 / 576.91 0. 00 2 886. 98 0. 00
A3 / 769. 44 25.02 3961. 46 27.12
B3 / 1208.58 52.27 6799. 07 57. 54
B4 / /7 1197. 41 51.82 7705. 05 62.53
20 ~25
47 %
2
A3 B3
B4 + + +
COD
26
Christina
27
17 18
COD
4 28
/
N N
N
3
1 > 20 mg/L
4
6 N
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