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Phosphorous Removal in a Free Water Surface Wetland Constructed on
the Gwangju Stream Floodplain

Yang, Hong-Mo

Dept. of Landscape Architecture, Chonnam National University

ABSTRACT

Removal rates of PO,-P and TP in a free water surface wetland system were investigated. The system was established
in 2008 on a floodplain in the middle reach of the Gwangju Stream flowing through Gwangju City. Its dimensions were
46 meters in length and 5 meters in width. Two year old Typha angustifloria L. growing in pots were planted on half
of the area and Zizania latifolia Turcz on the other half in 2008. Stream water was funneled into the wetlands by gravity
flow, and its effluent was discharged back into the stream. The influent volume was controlled by valves and water depth
was adjusted by wires. Volume and water quality of inflow and outflow were analyzed from January to December in 2010.
Inflow into the system averaged approximately 710m’/day and hydraulic residence time was about 1.5 hours. Average influent
and effluent PO4-P concentration were 0.144 and 0.103mg/L, respectively, and PO,-P abatement amounted to 28.6%. Influent
and effluent TP concentration averaged 0.333 and 0.262mg/L, respectively, and TP retention reached to 20.7%. PO4-P removal
rate(%) during plant growing season(31.448) was significantly high(p<0.001) when compared with that during plant non-
growing season(25.829). TP abatement rate(%) during plant growing season(27.230) was also significantly high(p<0.001)
when compared with that of the non-growing season(14.856). Major phosphorous removals in the system resulted from
adsorption of phosphorous in the litter-soil layers; sedimentation of particulate phosphorous and Ca, Al, Fe bounded phosphates;
and absorption of phosphorous by emergent plants. The adsorption and sedimentation occurred throughout the year, however,
the absorption took place during plant growing season. This resulted in higher removals of PO4P and TP during plant

growing season.
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Figure 1. Schematic plan and section of the free surface-flow treat-
ment wetlands established on floodplain in the Gwangju
Stream
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Figure 2. Average stem numbers of Typha per square meter
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Figure 5. Average stem height of Zizania
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Table 1€ v13st Atelo] 248 A45A5A49] TP A
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0 RS TS ARAZH YRSE S SAZ B
FAIZRo] 5~10elth FY4e] TP s&+ 0270~2580mg/L
Heloln, TP A& 259~74.6%= M7t 4§
Table 2= |33} Qo] 248 A58 Aok AfA
A8] TP 4783} PO-P AA2(%) 2 LRIk Des Plaines
SAE Adstie F94 TPeke 0.09~040mg/L
o), TP A& 62~473% WAITh H9% AFA
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o Table 29041 B%o] Af5REA2) AFAL] 24 2e]
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Table 1. TP removal(%) from free water surface wetlands in North
America purifying effluent from municipal treatment plants
or treatment pond systems

System Area Plants TP in TP out TP
v (ha) (mg/L) | (mg/L) |removal(%)
Arington . - -
(South Datota) | 34 Mixed | 0850 | 0630 259
Cobalt . .
(Cotaric) 01 Mixed | 1678 | 0774 539
Fastem Service | 1o | \peed | 0270 | 00% 66,6
(Florida)
Great Meadow . -
Msochtte) | 2 Mixed | 1996 | 0507 746
Leaf River 01 Mixed | 2580 | 1720 333
(Mississippi)
Listowel 01 Mixed | 1909 | 0717 624
(Ontario) : : ’ :
Reddy Creek % Mixed | 1330 | 069 81
(Florida)

Sources: Kadlec and Knight, 1996



Table 2. Removal of TP and PO,P from free water surface wetlands purifying stream water in USA and Japan
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Syt Area Plant Ir}ﬂow DT POP in | POsP out PO-P TP in TP out TP
vstem (ha) ants (m*/day) (mg/L) (mg/L) | removal(%) | (mg/L) (mg/L) | removal(%)
Des Plaines - B B B
(USA) 1013 Thypa 4635 | 1~2 wk 0.100 0020 80,0
Olentangy Rivera
10 Thypa 1,000 25 d 0082 0027 67.1 0186 0098 473
(USA)
Hurugawa 19 Zizania, 17,280 17 d - - - 0,080 0,050 375
(Japan) Thypa
Seimigawa 014 | Phragmitis 7 9 hr - - - 0400 0240 400
(Japan) Zizania
Seimigawa oy - - B B B - -
Uape) 038 | Phragmitis 2500 5 hr 0185 0.147 25
Samnougawa 056 | Phwasmiis | jo0r 5 hr - - - 0230 0.140 39.1
(Japan) Thypa
Watarase 2 Phragmitis | 216,000 45 hr - - - 0,097 0,091 62
(Japan)
Bio-Park oz | Nasturtium, oo 1 hr - - - 0110 0,090 182
(Japan) Mint

DT: Detention Time, d: day, wk: week, hr: hour
Sources: Kadlec and Knight, 1996: Mitsch et al, 1998:
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Figure 6. Monthly average temperature of influent and effluent in

2010
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710 1~3€, 10~12€9 PO,PS TP AAE FA=
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3) VAE=VNp=! /Hx]—y] . ]/\41]—7] o) Xﬂﬂ
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A7kl 1 hrdl AMrrAEAS] TP A&
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o] 7|5 E Foter|k it B7sH Ede=o B &
¥ DIP= Fe, Al, Ca3} Z9sto] FePO,, AIPOy, CaHPO; 5
it o] Hof o]5e] Fx = o] Qlo] AAH dH A4
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Q& AlZke] Ay x3PdElel o] ETHReddy et al, 1998).
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Figure 7. Phosphorous transformation, movement, and removal in
free water surface wetlands

In: inflow: Out: Outflow: PM: plants and microbiota: Mif: microfilm (attached
microorganisms) : PIP: particulate inorganic phosphorous: POP: particulate
organic phosphorous: DOP: dissolved organic phosphorous: DIP: dissolved
inorganic phosphorous: PO;-P: phosphate: CBP: chemically bounded phos-
phorous: DIPP: DIP in porewater: DIPS: DIP sorbed to soil: Pre: precipi-
tation: Sed: sedimentation: Sor: sorption: Dsor: desorption: Up: uptake:
Lif: litter fall: Dec: decomposition: Lea: leaching
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Table 3. Summary of POs~P and TP measurements and removals
(%) at the wetlands

_ Group Removal(%)
Species Mean(SD) N
(mg/L) Mean(SD) N
Influent 0.144(0.019) 46
PO-P 28638(5.297) | 46
Effluent 0.103(0.014) 46
Influent 0.333(0.043) 46
TP 20.706(7.637) | 46
Effluent 0.262(0.025) 46
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Figure 8. Monthly average removal(%) of PO4-P(left vertical axis)
and monthly average POs-P concentration of influent and
effluent(right vertical axis) in 2010
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Figure 9. Monthly average removal(%) of TP(left vertical axis)
and monthly average TP concentration of influent and
effluent(right vertical axis) in 2010
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Table 4. Summary of t-test statistics for POs-P and TP removal
(%) at the wetlands during emergent plant growing
period with non-growing one

Species | Period |{Mean(S.D.)| SD. N |t Value| df p

GP 31448 | 5229 | 23
PO,-P 4214 | 44 | <0001
NGP 25829 | 3680 | 23

GP 14.356 2.684 23
TP 10507 | 44 | <0.001
NGP 27230 5076 23
GP: plant growing period, NGP: plant non-growing period
p-value obtained by t-test assuming equal variance.
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