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The Effect of Floating Wetland on Water Quality Improvement in a Eutrophic Lake. Park, Chae-
Hong, Myung-Hwan Park*, Dong-Ho Choi', Hyung-Joo Choi', Joon-Heon Lee', Myung-Hoon
Lee' and Soon-Jin Hwang* (Department of Environmental Science, Konkuk University, Seoul
143-701, Korea; *)KC RIVERTECH, Daegwang Plaza, Haan-dong, Gwangmyung, Gyeonggi,
Korea)

At weekly intervals, we monitored continuous changes in water quality by construct-
ed floating wetland equipped with the four different filter media (sponge, volcanic
stone, activated carbon and magnesium hydroxide) in a eutrophic lake from March
2011 to May 2012. We also investigated phyto- and zooplankton communities both in
the influent and the effluent water through the floating wetland. Over a 10-month
time period, average turbidity (66%), suspended solids (79%) and chlorophyll-a (80%)
concentrations were remarkably reduced in the effluent water compared to the
influent (P<0.001). The average removal rates of NO,-N and NH;-N were 24% and
20%, respectively (P<0.05). The average removal rates of NOs;-N and TN were less
than 10% (P>0.05). On the other hand, the average removal rates of PO,-P and TP
were more than 65% (P<0.01). Interestingly, the abundance of phytoplankton in the
effluent was decreased about 2.6 times compared to that of the influent, whereas the
abundance of zooplankton in the effluent was increased about 3.5 times compared to
that of the influent. Overall, particulate matters (SS, Chl-a and TP) and dissolved
nutrients (NO,-N, NH3;-N and PO,-P) were particularly reduced at high rates. There-
fore, application of our constructed floating wetland in a eutrophic lake improved
the water quality and demonstrated a potential for algal bloom mitigation.
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9] deksl wxl oz AX]F o] ¢k} (Corbitt and Bowen,
1994; Mueller et al., 1996; Choi et al., 2007). 7]&2] X
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5] A8 = o] gk} (Drizo et al., 1999; Prochaska and
Zouboulis, 2006; Park et al., 2012). X-§-4%] ]| Zqﬁilh
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ol wlal Ak} Dol S5 N, % N0 Ao w7
Foz A7AQ A7t bssin, e Awel F4
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M3g E marl (DS AN AT QT4
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Fig. 1. Schematic of the studied floating wetland system.
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Methods (APHA, 2005)¢]] Z3}e] =33}9]=d], NO,-N
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tric screening®], NH,-N+= phenate®], TN
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acid o2 §257]9 FEg 27 545197, CODE:
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Fig. 2. Change in physico-chemical parameters in the influent and the effluent of the floating wetland.
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1989). A 7|7k Fot SSE= U4 FF 34.0mg LY,
5 60mg L= Z*PFM A 79.4%2) F ag

& vehen EAA £23 3he] (p=0.000001)F 23}
o} (Fig. 2f; Table 1). 3] ZFLA 7176 FE~7

O|Fd - o|HE - &7
9 ) Bk §05elA A 221.8mg L) B Fx
S vebd wh, §-&5elr] 205 mg Lo @2 mEE
wole] wl$ S A AL (90.7%)& hehileh
%479 Chi-as= 94 #9045 FF 47.2ug L7,

& Z"OM 8.1ug L= A] o} 80.2%2] =& 7FA8S v}
Epjlomn EAXozw {28t x}e] (p=0.00000)5 %

t}(Fig. 2g; Table 1). 79 %= A=pA = 3] FUHFe]
F5AW A7IE Aldsd wAH a5AeA 6d F

2=

BE] 79 274x] FF Chl-a%s=r} 150ug Lt o] A4ke]
ZFYHEYS Holov} SZ2e|Al= WF 16.7g L1

H

B EE FAE SS FAe] A9 Zo] w9 w2
A 718 (90.6%)S JEITE COD % 4] °°‘—’F°M
B 6.7mg0, L1, §-2<0| A HF 53mg0, L 12 24.3%

7t
= el g (Fig. 2h; Table 1).
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Holtty B walglc} =3 Seo et al. (2007)2 3FEH| =,
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Table 1. Paired t-test (turbidity, chlorophyll-a, suspended solids, COD, nutrients, phytoplankton and zooplankton abun-
dance), removal and/or increasing rate (%) in the floating wetland.

Removal rate (%)

Parameters Unit Influent Effluent [Increasing rate (%)] t p
Turb. NTU 23.26+16.12 6.83+3.57 66.10 7.438 0.000000*
SS mg L™? 33.97+35.22 6.01+4.25 79.39 5.663 0.000001*
Chl-a pugL™? 47.19+8.50 8.11+6.78 80.24 6.358 0.000000*
COD mgO, L™ 6.71+2.70 5.27+2.15 24.30 3.833 0.000427*
NO,-N mg L™ 0.95+1.53 0.55+0.59 24.12 2.586 0.013352*
NO;-N mg L™ 3.90+3.52 3.25+1.83 3.29 1.872 0.068333
NH;-N mg L™ 3.25+2.89 2.63+2.66 20.84 3.331 0.001837*
TN mg L™? 9.33+£7.69 8.19+4.78 9.13 1.972 0.055336
PO,-P mg L™ 0.08+0.08 0.03+0.03 65.57 6.265 0.000000*
TP mg L™? 0.16+0.12 0.05+0.03 66.15 8.105 0.000000*
Phytoplankton 10%cells mL™* 2.15+2.06 0.82+0.89 61.80 5.176 0.000006*
Zooplnakton 10%ind. L™ 2.33+1.48 8.03+14.16 [243.32] —2.618 0.012325*

*, p<0.05
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Fig. 3. Change in nutrients concentration in the influent and the effluent of the floating wetland.

+ Fig. 35} Rt} A% A4 % NOgsN¢} TN
A5 TR FE57 FUS Fols AolE Kol
okokc} (p>0.05 for all). ¥FHel NO,-N (24.1%)3} NH,-N
(20.8%) & Tix & 7hAagS Uehjow, 7H7 EA4A
o2 $o]3t }o] (p=0.013352; p=0.001837)2 }e}d
t}(Fig. 3a,c; Table 1). 1 AQ JfFoxE= PO,P)
TP 25 65% o] 4] &2 AAE&S vepliy 27 54
o2 §28F Z}e] (p=0.000000; p=0.000000)% -}l
o} (Fig. 3d, f; Table 1). 2 AFo|A 2143 oz = A
g2 AAFARCE QIFF ] FY ¢4 Zlo By
= 8B} 9JoF(Seo et al., 2008; Seo and Kang, 2010). 13-
o] 3t It} lFAE HAdaA <l fAkset Y
#o] 23E ANE Alole] Aoz o w2 <l Al
A&H=E vepd Aoz Alg "y (Park et al., 2012).
QU =t M B 2RAEA 717 6Y S
~79 WM = F5e FEpEe] FRE Aie) <
Fx 2ol & YT $54 BAL oA AAs)
= biofilm3jefe] K24 Ul*ﬂ o} oAl Apelol] Ex

S g wlaEel Sjd A SEE AR ¥

og o(;: o3

Mar.  Apr. May  Jun. Jul. Aug. Sep.Oct. Nov. Dec. Mar. Apr. May
2011 2012
ek ey qlel(Watson et al., 1989). ZAE w4y

Eo] A S 53 AL AA7F FE 7)pew o
A glon, ezl 2 AMGH AR, 3PAHA, S A
QA3 o) B o3 Qo] A7} ekt o A}
¥k =3 o AR oddl &g F2, A4, A=e)
F mAEel % F 59 ez PeiA Qo
(Sundaravadivel and Vigneswaran, 2001). &%]¢l|A] A
Eoll &3k Ql AA= AA 2l AA] 3% 4]
sta glom], gre] o AAL Jel FA AL}
Aol o) A|A =Hetka wsdx ¢l (Browning and Green-
way, 2003). o]2{3 a9 FA-& F3 o AAT Z o
g2 517) Wzl Qe 3} ojA)e] Al
(Calcite, light-weight expanded clay, light-weight expand-
ed shale, A 7+&a 1, A 3]st F)oll gk 77} wel o]
Fo]zx] 22 ¢l}(Comeau et al., 2001; Drizo et al., 2002;
Molle et al., 2003; Zhu et al., 2003; Forbes et al., 2004).
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o} (Kim et al., 1998; Seo et al., 2008; Seo and Kang, 2010;
2012; Park et al., 2012).

Aol st RgeAl] o
SANEEE A7) (~119)
s 57 (12~29)= FH3te] 2 Az} A7)
=A7] 27zt TP A A &2 50%, 53%, TN-> 51%, 31%
Axel Aoz ny HAgeh FA7E e feoz
Q8] vl el 2|3 $71BRs 7} A 25k, Qarshe} 2

Bologo et al.,
Ham et al. (2006)2]

4 l e9EAe

O

Aszts B3 °H“——°Vlh(8eitzinger 1988) A4-o] A|A
of FHE mAES x| J S W] Wi 7]
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| vl 5d7)e) A ES] RolAls Ao Alw
(Brodick et al., 1988). & Qo= <l A|7HE&o]
TA7IQ 12980 3PE7] (6~99)el AlALe] H ¥
AL 1296 M]3 6~7Yel] =2 AAES B
o] Ham et al. (2006)2] A2} Ux|el= AsFS B
SHA| R A7 A dAFE A AEE Helm v oJekd
2 §A% Ao uel H45A9) M54 $do]
o]aFe] 9l 7oz Fekxlch
Kim and Yoon (2000)2 $A|AE&=2 21
BAE A FUG AFEAe) BT 59 o)) A%
A¢l 17743 BODS} 559 A7 70% Hwe] A7
& nglent Ax 9 GYAF AAL Adew v
2 AAEE Holx 7oz Hysla ¢)on, Kwon and
Park (2003)2- 340 $AAES H43 Bo5AS A
Asked 1470 4043 58S 24D st BODY %
FAATES 33%, TN} TPE= 722t 22%, 29%3iTh. =
3} Kim et al. (2010)¢] 32¢}3F =2 2]E-3} Biostone oz}
E E43 Ba5AE TNGF AA &2 23%, TP
AAEEE 33%=E el 2 AT} vlws] & 9
AR age o 2 NxT e nglen), 242
E2] AAAZE A Qg U] 7] 3kl &ge] Helx]
ABA oJskE o] W Zlo= Jelydth upeiA B o
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pld=
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b
[

=z =2 L-

‘:‘&7—19& I Al H2F, TA5d el &
- B3 o] Yol AL APl F2FI} —rxé
3= Aol & AXz del#] ¢lof (Hutchinson, 1967)
$-915o A= 3~4YdE= F2F Nitzchia paleas} 3
3 Oscillatoria limneticaZ} $-A3lc}7} 5~6Yd] F257
Cyclotella sp.7} 7~8Yel| =
2 =22 Scenedesmus quadricanda, Pediastrum duplex
7} A4 3sbelar, 9~12%Ye= ©HA] Cyclotella sp.7} $4
Seleh 424NN $BE A FUSG 2 Aolg
eRiA shor vl $8% AshE ek
21 5 FYSOIN HE2RY F AEYEE o
21.6 X10° cells mLt¢] o1}, §-250x]= 8.5 %x10° cells
mLZ 60.7%°] ¥ AAEE el =3 dx2F
(13.1x10° cells mL™*— 3.1 x108 cells mL ™) ¢} Fx7F
(51.2 x 108 cells mL™*— 20.6 x 10° cells mLY)oj| X = Z}7}
75.9%, 59.6%2] =2 A Ag-e Lehich(Table 2). 6~7
Y Alo] FEF Cyclotella sp.¢} == Scenedesmus
quadricanda7} dgko g HASHA =FgA) o] el
o}, fFEelM e Al ZE =7 90% o] ZhaaEhH A
S5 $ANAT Fig. 4). 540 $352 %
ZoolN AEBRIES) 28 7 540 W APE
Az mgsigent 2412 5eke B AEDEE
0.9x10° cells mL™t=&
AA Z3& st} (Fig. 4; Table 2).
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Fig. 4. Temporal change in phytoplankton density and species number in the influent and the effluent of the floating wet-

land.
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Table 2. Abundance and removal rate (%) of phytoplank-
ton in floating wetland. (unit: 108cells mL 1)
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Table 3. Abundance and increasing rate (%) of zooplank-
ton in floating wetland. (unit: 10%ind. L™Y)

Influent Effluent ergcz:%l Influent Effluent Ir:f;':[ia(i/:)r)‘g
Chlorophyceae Rotifera
Actinastrum hantzschii 0.336 0.024 92.86 Asplanchna sp. 8.987 19.893 121.35
Ankistrodesmus falcatus 2.400 1.187 50.53 Brachionus angularis 1.320 2.397 81.57
Closterium sp. - 0.008 - Brachionus rubens 31.325 186.336 494.85
Coelastrum sphaericum 0.808 0.240 70.30 Euchlanis alata 4803  35.469 638.43
Chlamydomonas angulosa  0.024 0.040 -66.67 Euchlanis dilatata 0.183 0.000 -100
Chlamydomonas sp. 0.040 0.000 100.00 Euchlanis sp. - 0.220 -
Pediastrum duplex 1.880 0.784 58.30 Kerattela cochlearis 1.007 1.170 16.23
Pediastrum simplex 4.532 0.320 92.94 Keratella valga 0.220 0.015 -93.39
Scenedesmus intermedius - 0.002 - Monostyla acus 0.220 0.283 28.79
Scenedesmus quadricanda  0.945 0.593 37.24 Monostyla cornuta 0.000 0.317
Scenedesmus sp. 10.520 5.244 50.15 Monostyla hamata 0.183 0.220 20.00
Surirella robusta 0.128 0.053 58.54 Philodium roseola 0.531 1.649 210.34
Number of species 10 11 Polyathra dolichoptera 1.650 1.152 -30.18
Abundance 21.613 8.495 60.69 Polyathra trigla 0.680 2.057 202.63
Cyanophyceae Trichocerca brgnchyura 0.267 0.000 -100
Anabaena smithii _ 0.76 _ Tr!chocerca cylindrica 0.029 -
Anabaena sp. 156 0000 100 Trichocerca elongata - 0.132 -
Merismopedia tenuissima  0.416  0.036  95.11 Number of species 13 15
Microcystis sp. _ 0.044 _ Abundance 51.38 251.34 389.20
Oscillatoria limnetica 2.680 0.228 91.49 Copepoda
Oscillatoria sp. 5.148 0.908 74.86 Daphnia retrocurva 2.741 4.760 73.65
Synechocystis pevalekii 0.381 0.127 66.73 Thermocyclops hyalinus 15.098  29.049 92.41
Phormidium valderianum - 0.011 - Macrocyclops fuscus 0.071 0.000 -100
Number of species 5 8 Copepodid 17.848  33.682 88.72
Abundance 13.105 3.153  75.94 Nauplius 3.5637 7.880 122.81
Bacillariophyceae Calanoida . - 0.349 h
Aulacoseira ambigua 3296 1132 6566 Number of species 5 5
Aulacoseira granulata - 0.003 - Abundance 39.29 75.72 92.70
Cyclotella meneghiniana 0.557 0.144 74.16 Cladocera
Cyclotella sp. 23.212 11.482 50.54 Bosmina longirostris 7.553 10.170 34.66
Diatoma vulgare 0.12 0.000 100.00 Number of species 1 1
Synedra acue 0.302 0.008 97.35 Abundance 7.55 10.17 34.66
Synedraulna 0739 0262  64.58 Total number of species 19 21
N!tzsch!a acicularis 0.216 0.083 61.73 Total abundance 98.22  337.23 243.32
Nitzschia palea 14.558 4.085 71.94
Nitzschia sp. 3.639 2.211 39.26
Navicula veneta 0.040 0.000 100.00
Navicula viridula 0.806  0.124  84.62 A AEERIE AlxzE=rt A2 22 Al o7 &
Navicula pulua 0008 0000 10000 gz g 4 giek % AT AT 4L ARA
Numbor of species s n ' Asksl 7ol W) 744 A A g FE =M ] EHA o
Abundance 51.263 20.690  59.64 wlo] Ty At AFAHe} FARE AR
Flagellates Alg.gth (Park et al., 2012).
Cryptomonas ovata 4.259 1.720 59.62 SZ20A] EEZFYFFESY F A4S 23 AT,
Mallomonas raginae 0.040 0.040 0.00 427 (Rotifera) 389.206, ©.7+7 (Copepoda) 92.7%, A7+
Peridinium sp. - 0.360 o <70 ST (L0pep 70 A
Number of species 2 3 F (Cladocera) 34.7%°] 71+ eloh(Table 3). =
Abundance 4.299 2.120 50.69 3l T EZEHIE HF AP E 894 2.3x10?
Total number of species 30 32 ind. L%, $=4= 8.0x10%ind. L*& ¢F 3.44uw) =7}3}4
Total cell denisity 90.28 34.46 61.83
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Fig. 5. Temporal change in zooplankton density and species number in the influent and the effluent at floating wetland.
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