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Evaluation of Removal Efficiency of Pollutants in Constructed Wetlands for Treating Greenhouse
Wastewater Under Different Filter Media, Configuration Methods and Agricultural Water Loading. Lee,
Dong-Jin', Jong-Hwan Park'', Seong-Heon Kim', Chan-Woong Yoon', Ju-Sik Cho>**, Seong-Tae Lee’,
Jong-Soo Heo' and Dong-Cheol Seo** (National Institute of Environmental Research, Incheon 404-
708, Korea; 'Divison of Applied Life Science & Institute of Agriculture and Life Science, Gyeong Sang
National University, Jinju 660-701, Korea; *‘Department of Bio-Environmental Sciences, Sunchon
National University, Sunchon 540-742, Korea; *Gyeongnam Agricultural Research and Extension
Services, Jinju 660-370, Korea)

Abstract To obtain optimum filter media, configuration method and greenhouse wastewater loading in
small-scale constructed wetlands (CWs) for treating greenhouse wastewater, the apparatuses were constructed
with 4 kinds of combined systems such as vertical flow (VH)-Horizontal flow (HF), HF-VH, HF-VF-HF, VF-
HF-HF CWs. The efficiencies of pollutants in greenhouse wastewater were investigated in various CWs under
different filter media, configuration methods and agricultural water loading. Removal rates of pollutants under
different filter media were in the other of coarse sand > broken stone = calcite = mixed filter media for COD,
broken stone >mixed filter media> coarse sand > calcite for T-N, and calcite > mixed filter media > broken
stone>coarse sand for T-P. The removal rates of pollutants in HF-VH-HF CWs at different configuration
methods were higher than those in other configuration methods. The removal rates of pollutants were higher in
the order of 150 L m* day '=300L m™* day ' >600 L m > day ' under different greenhouse wastewater load-
ing. Therefore, optimum configuration method was HF-VH-HF CWs, the optimum filter media was mixed
filter media (coarse sand : broken stone : calcite=1: 1: 1), and the optimum greenhouse wastewater loading was
300 L m~* day " in HE-VH-HF CWs.
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Table 1. Chemical characteristics of polluted agricultural water used.
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7.2 0.37 50 35 2.2 0.80 32 3.0 3.0
Table 2. Physical characteristics of filter media used.

Porosity Bulk density dyo dgo Uniformity coefficient

(%) (gem™) (mm) (mm) (deo dio )

Coarse sand 29 1.58 1.2 35 2.92
Broken stone 38 1.47 1.3 2.7 2.07
Calcite 36 1.60 1.4 3.0 2.14




Table 3. Chemical characteristics of filter media used.
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(1:5H,0) (dSm™) (%) (mg ke ™)
Coarse sand 7.9 0.05 0.54 15.9 23.0
Broken stone 7.8 0.04 0.85 3.9 20.6
Calcite 8.9 0.12 0.20 11.0 72.8
K Ca Mg Na Fe Cu Mn Zn
(mgkg ")
Coarse sand 1,638 2,212 489 464 2,428 0.2 51 15
Broken stone 1,394 1,031 1,942 154 4,955 24 264 18
Calcite 32 107,540 9,555 153 5,251 2.7 214 150
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Fig. 1. Particle distributions of the filter media used. A: Coarse
sand, B: Broken stone, C: Calcite.
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Fig. 2. Diagrams of small-scale constructed wetlands for treating greenhouse wastewater.
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Fig. 3. Removal rate of COD in effluent under different filter media and configuration methods in small-scale constructed wetlands.
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Table 4. The concentrations of NH,-N and NO;-N in the water according to greenhouse wastewater loading in small-scale constructed

wetlands.
Greenhouse wastewater loading (L m ™ day ")
Filter media 2% 150 300 600
water
1 HF 2M VF 3 HF 1" HF oM VE 3" HF 1% HF oM VE 3" HF

NH,-N (mg L")

Average 2.20 1.96 0.95 1.34 2.09 1.12 1.64 2.11 1.24 1.42

S.D. 0.21 0.11 0.21 0.17 0.16 0.24 0.16 0.26 0.19 0.32
NO;-N (mg L")

Average 32.0 24.2 23.7 172 24.3 23.1 17.6 25.2 23.4 18.3

S.D. 26 42 2.7 1.6 2.1 3.2 2.6 42 35 26
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