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Nitrogen Removal from Heavily Polluted River Water by a Series of Simulated Vertical -Flow Constructed

Wetlands

LI Ke', JTA Jian-li', LU Shao-yong®,WAN Zheng—fen*?

(1.School of Chemical and Environmental Engineering, China University of Mining and Technology ( Beijing ), Beijing 100083, China; 2.En—
gineering and Technology Centre of Lake, State Environmental Protection Scientific Observation and Research Station for Lake Dongt—
inghu (SEPSORSLD ), Research Centre of Lake Environment, State Environmental Protection Key Laboratory for Lake Pollution Control,
State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing
100012, China;3.College of Environmental Science and Engineering, Ocean University of China , Qingdao 266100,China )

Abstract: Constructed wetland is a cost—effective technique to treat contaminated water. Here a series of simulated vertical-flow constructed
wetlands( four groups of three stage columns, each column measuring 90 cm in height, 9.5 cm in diameter, and packed with gravels of parti—
cle size from 4.4 to 26.4 mm in a height of 80 em) planted with Phragmites communis were developed to treat water from Qinghe River of
Beijing under greenhouse conditions. Effects of two hydraulic loads, three stages of series connection and vegetation on nitrogen removal rates
were observed for 144 days. The influent water contained total nitrogen (TN ) 3.42~17.99 mg- L, with an average of 12.36+4.65 mg- L™, and
ammonia nitrogen 0.91~9.89 mg+L™, with an average of 5.92+3.34 mg+ L. The TN removal rates were significantly higher under hydraulic
load of 0.2 m**m™2+d™ than under 0.4 m*+m=+d™". The TN removal rates also had significant difference between one stage and three stage col—
umn systems (P<0.05 ), but had no difference in multistage column systems(P>0.05). The presence of hydrophytes significantly promoted ni—
trogen removal (P<0.05). Overall, the three stage column system with hydrophytes under hydraulic load of 0.2 m*+m™+d™" had the highest re-
moval rate of TN and ammonia nitrogen, in which the ammonia nitrogen removal rate was 85.74%, and the average ammonia nitrogen in the
effluent was 0.43 mg- L, below the grade- Il standard of surface water. Considering the removal efficiency and actual costs, two stage column
systems with hydrophytes would be recommended.

Keywords: series vertical-flow constructed wetlands; river water; nitrogen; hydraulic load; hydrophyte
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Figure 1 Device for simulation experiment
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Table 1 Effects of hydraulic loads, hydrophytes, and series column number on TN and CODy,, removal efficiency of water

24 A ke R R P4 AR 32 /G R
3.2, -1 o, aEk(’fo/mg L BRERRRI% b Lyl CODy, £B5%/%
7J(jjﬁﬁf/m m-d H: &G H 7K Column system effluent Total nitrogen  Total nitrogen removal CODy, #e fi/mg L CODy;, removal
Hydraulic load ; G CODy, concentration -
concentration efficiency efficiency
0.4 Y 3 & Three stages with hydrophytes 6.94+3.39 44.38+15.19 3.72+1.18 64.36+12.68
0.4 JCAEY) 3 2% Three stages without hydrophytes 9.36+3.77 23.44+14.92 4.28+0.73 59.11+8.95
0.4 JCHEH) 2 9 Two stages without hydrophytes 8.72+£3.47 27.39+15.94 4.75+1.06 54.87+10.57
0.4 Tt 1 9% One stage without hydrophytes 10.08+3.70 16.80+10.26 4.28+1.46 47.51+21.58
0.2 B FEY) 3 & Three stages with hydrophytes 3.36+2.51 69.19+19.93 3.42+1.18 67.28+12.02
0.2 JoHi) 3 % Three stages without hydrophytes 7.63+3.53 38.20+16.15 4.15+0.50 59.04£13.61
0.2 Y 2 9 Two stages with hydrophytes 3.70£2.19 65.75+19.26 3.84+0.69 63.05+9.63
0.2 JCAEY) 2 9% Two stages without hydrophytes 8.43+3.51 30.12+16.72 4.35£1.05 57.47+16.11
0.2 TCHEY) 1 9% One stage without hydrophytes 9.15+3.47 23.96+13.84 5.02+0.59 51.39+12.64
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Figure 2 Variation of TN concentration and removal efficiency in three stage column system under

hydraulic loads of
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Figure 3 Variation of ammonia concentration and removal efficiency of three stage column system under hydraulic load

of 0.4 m*d!and 0.2 m+d™*
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Figure 4 Variation of TN concentration and removal efficiency in two— and three— stage column systems with hydrophytes
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Figure 5 Variation of TN concentration and removal efficiency in one—, two— and three— stage column systems without hydrophytes
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Figure 6 Variation of ammonia concentration and removal efficiency in effluents from different stage column systems
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Figure 7 Variation of TN concentration and removal efficiency of three stage column system with and without hydrophytes
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Table 2 One—Way ANOVA of TN removal efficiency of three stage column system under hydraulic loads and hydrophytes

Ti H Project P 2% 54 Differences
04 m-d™ HHY 3 HAE-0.2 m-d” FARH 3 Yokt 0.000 s
Three stage column system with hydrophytes at hydraulic load of 0.4 m+-d™ v.s. 0.2 m-d™ Significant differences
0.4 m-d™ FHHY) 3 HAE-0.4 m-d™ TeAt#) 3 bk 0.000 L

Three stage column system at hydraulic load of 0.4 m+d™ with hydrophytes v.s. without hydrophytes

Significant differences

0.4 m-d™ FHY) 3 HAE-02 m-d” ToAEY) 3 At 0.245 I

Three stage column system with hydrophytes at hydraulic load of 0.4 m+d™ v.s. three stage column system

No significant differences

without hydrophytes at hydraulic load of 0.2 m+d™

0.4 m-d™ JEAHHY) 3 AE-0.2 m-d™ JeHH) 3 Gkt 0.006 e
Three stage column system without hydrophytes at hydraulic load of 0.4 m-d™ v.s. 0.2 m-d™ Significant differences
0.2 m-d™ FHHY) 3 HAE-0.2 m-d™ TeAtH) 3 kk 0.000 e f

Three stage column system at hydraulic load of 0.2 m+d™ with hydrophytes v.s. without hydrophytes

Significant differences

®3 02w m?d BIREYERERSGE TN XRREFTESN
Table 3 One-Way ANOVA of TN removal efficiency of each stage column system with and without hydrophytes

under condition of 0.2 m*m=2-d™!

i H Project P 72 5% Differences
FHEY) 2 P ATHEY) 3 HAT 0.531 JE No significant differences
Two stage column with hydrophytes v.s. three stage column with hydrophytes

TJotEY 2 BAt-TCHY) 3 okt 0.143 J& No significant differences
Two stage column without hydrophytes v. s. three stage column without hydrophytes

ToAEY) 1 PAE-Tora) 2 okt 0.263 JE No significant differences
One stage column without hydrophytes v. s . two stage column without hydrophytes

TCHEY) 1 Pkt -ToAY) 3 ekt 0.011 {3 Significant differences

One stage column without hydrophytes v. s. three stage column without hydrophytes
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