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ABSTRACT

Water quality improvement processes for stagnant area consist mainly of technologies applying vegetation and artificial
water circulation, and these existing technologies have some limits to handle pollution loads effectively. To improve
the purification efficiency, eco-friendly technologies should be developed that can reinforce self-purification functions.
In this study, a multi-functional floating island combined with physical - chemical - biological functions (@ flotation and
oxidization using microbubbles, @ vegetation purification and @ bio-filtration with improved adsorption capacity) has
been developed and basic experiments were performed to determine the optimal combination conditions for each unit
process. It has been shown that it is desirable to operate the microbubble unit process under conditions greater than
3.5 kagi/cm?. In vegetation purification unit process, Yellow Iris (/ris pseudacorus) was suggested to be suitable considering
water quality, landscape improvement and maintenance. When granular red-mud was applied to the bio-filtration unit
process, it was found that T-P removal efficiency was good and its value was also stable for various linear velocity conditions.
The appropriate thickness of filter media was suggested between 30 and 45 cm. In this study, the optimal design and
operating parameters of the multi-functional floating island have been presented based on the results of the basic experiments
of each unit process.

Key words: Multi-functional floating island, Microbubble, Vegetation purification, Bio-filtration, Stagnant water

FA0: CVls s=EF5E, oo|a2HE, Adyst 4201, JAHY o9

LM 2 QB G0l Z7HI RS WA AH5HS
gt edetdon Heketo] shA AeA oA
3 o 1o 5l 5} )

24 *01%]]94 3:15:17\] &= O}ﬁb‘ ahA Eajjo] =14 o1& w7 ®th (Lim and Park, 2016). E3] quﬂg]
2h-g-o 9]2‘5_]— —/erbgﬁl' 8= E‘%‘S]‘X]?_h E/\]ﬂ g 91301]/‘11‘ [} ?:}Q Rele:Ro)| \gl /\Xﬂl}]—,—oﬂlﬂ N—]/K—]Q
Abstke] xlsfo] uhel e dd 2 HHedY 5 & 7)ol vhgho| E|HE 0 2 2220 HL B F}EA|

. . Z] 2=~ th-

Received 13 September 2018, revised 18 October 2018, accepted 25 October 2018. = T &
*Corresponding author: Weon-Jae Kim (E-mail: wjkim1@kict.re kr) Xéiﬂ /\é zl\”(l'ﬂ oﬂ EH'EL} “/l\*;gj H/L Ho}‘{}.g_i% -—,Z—E /9,/%4

487 e

Journal of Korean Society of Water and Wastewater Vol. 32, No. 6, December 2018



| HISEE VIzdEE SO is s=EeRel A-2deit &2

= o1& 7Ied AHA gl 8 A 7e=
o]

S5 7140 28 o] R1 Uk A4S o] WL
2 AFAEH (K7 E), (artificial) floating island)
W 57 Sl A$ET o), BT wole] A
FANA e FFHA7E F7] wligel A= mEo] Eo
AJol, 485) BelE) G A9 Aol Tt 27 2.
o) MPAIRE 4 Slehe whlo] Utk £ Q191H Ead
2 gahy] O W sl%o] AQkElw gy, /| xS
o] &3t AreeehdA], 453 WAlE A2, A&
7], Wi W] Fo] ATEoy Wt Rt
Boz odnstE AL o At e Ao

r
2
>
o of
oft
BVA D s ]
2 2 o

2 QUP) B ALNE A, Wejot BAL o] 7o)
AR AR BEE T, FY AFTAE oA
ARgBto] A EE MBS AX G A chgt v
B &AW AFAYRAY S5 ST RN
S8} 7]ofeieh. B3 ALS Aetstel 2R
TS AN 5 FHA NS sk

A

o

O:

Il Q) (Park et al.,, 2008). E3F A9 H153F2

FAYAES olgstel 259 thedddt  Alslo}

A7Fek= A (Jo et al, 2017) U 2FA7}F G

7] $15ke] Aot EHES FAlof o]-&sh=

= B3E df 9tk (Jin et al., 2018).
H

Ol

e Ko
o (B i

)
oo
ot
1
32
rlr
N
i)
fl
x
N
(N
1o
rO
o
>
e
2,
ﬂJlO ox
=

o1
24, 9FA=ZP, N) © $7]E A7, £E242(DO,
dissolved oxygen) 7H A, 27 FAH EN
Aejgd A 59 715 de 1aE s

[m] —_—
2 M2 o Al
2.1 5RT e
e QEETERRPEERER =
7)ol Sgh B BgkHon Agstn i
22445} 715S Zhett O vpolAzME Tl
oAM= m A7)0 vARE F7 e o A0l 55
sto.2u DOZ A Weli, ufol AR Ee] whe e
Lol BASE, Yo nEd, 5o SoE 2 25
s 5 chbe B4 melom mREASS,

a1y
suspended solids)¥} =F-9] FAME Y] 7|51} $h7| 31bb
oA gz Ao N QAEAL AslE sl
Z+8-9 St} (Agarwal et al., 2011; Cha, 2009; Cho et al.,
2010; Matsumoto and Tanaka, 2008; Takahashi et al.,
2007). @ A3} kS F Ao A= AlEol Qg I
TP, N9 F 53 (uptake) T} A=A vl 8=
of o3t F7]&9] Atsl B AeAE-S s, mlats
2 25 bird) 9] 4142 E AFErth (Lee and Kim, 2005;
Lee et al., 1999; Kwon and Park, 2003; Park, 2002; Ra
et al., 1996; Reddy, 1983). 7|4, AR LEEZ 9]
o}, Yl eSSt 27 A oA 9 5 AEA
BHS A Wsysict (Park, et al., 2008; Park, et al.,
2013; Yang, 2006). @ &1} TelFA o= A8
AAE 5= = 7N RA 75T sAloll, o
2}, AE9H(bio-film) Q] A3l 2F-gof o) =752 ¢
A ed=AY BRA AP =S AASHE, ITEF
9 frlEs 43t

@ mpo|aE2HE T9FH, @ 4]
© HEoj FHFTAHS A4 =
L9 JFXE= Fig. 13 At &

Nozzle
/ Pump

ok

Vegetation purification

Bio-filtration

g

‘L

i

Microbubble

Buoyancy material

Fig. 1. Structural diagram of multi-functional floating island.
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Fig. 3. Candidate plants for multi-functional floating island.
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Fig. 5. Candidate media for multi-functional floating island ((@) Zeolite, (b) Volcanic stone, (c) Granular red-mud).
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Table 1. Experimental results on water quality improvement by microbubble unit process according to elapsed time

Time (min) SS (mg/L) Chl-a (ug/L) COD (mg/L)
40.5 37.1 6.7
5 28.5 26.4 6.2
10 20.5 22.7 6.0
30 20.0 23.8 5.9
60 19.5 25.3 5.3
90 18.0 21.2 5.4
120 21.0 25.9 5.8
Average 24.00 26.06 5.90
Standard deviation 8.02 5.21 0.48
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Table 2. Experimental results on water quality improvement by vegetation purification unit process according to plant species

Plant species Ttem Initial con. (mg/L) Final con. (mg/L) Removal eff. (%)
COD 7.2 4.4 38.9
Yellow iris
(Iris pseudacorus) TN 8.4 3.0 63.9
T-P 0.43 0.37 15.9
COD 6.8 3.6 47.1
Cattail T-N 8.4 4.4 48.2
T-P 0.80 0.43 46.0
COD 7.2 5.6 22.2
Pearl millet T-N 8.4 4.9 41.9
T-P 0.43 0.39 9.2
COD 7.2 6.0 16.7
Thrumwort T-N 8.4 6.1 27.6
T-P 0.43 0.54 -24.4
COD 7.2 4.4 38.9
Iris T-N 8.4 4.3 48.3
T-P 0.43 0.32 26.5
COD 7.12 4.80 32.76
Average T-N 8.40 4.54 45.98
T-P 0.50 0.41 14.64
COD 0.18 0.98 12.75
Standard deviation T-N 0.00 1.12 13.09
T-P 0.17 0.08 25.88
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Table 3. Experimental results on water quality improvement by bio-filtration unit process according to linear velocity

Linear velocity

Removal efficiency (%)

Items
(m/day) Zeolite Volcanic stone Granular red-mud
50 18.3 9.5 28.2
COD 100 10.4 11.1 33.0
200 -8.7 5.9 25.2
Average - 6.67 8.83 28.80
standard deviation - 13.88 2.66 3.93
50 28.7 8.4 66.7
T-N 100 63.9 15.8 63.6
200 68.5 14.4 66.0
Average - 53.70 12.87 65.43
standard deviation - 21.77 3.93 1.63
50 4.1 71.3 87.5
T-P 100 1.6 69.3 85.7
200 7.5 66.9 72.0
Average - 4.40 69.17 81.73
standard deviation - 2.96 2.20 8.48
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Table 4. Qualitative analysis results of granular red-mud components
(Unit : %)
Na,O Al,O3 SiO, Cl K0 CaO TiO, Fe,05 Trace elements
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Table 5. Optimal design and operating parameters for multi- functional floating island

Unit process

Design and operating parameters

Suggested type and value

Generator type
Operating flow rate

DAF pump
35 L/min or more

Microbubble .
Operating pressure 3.5 kgf/cm2 or more
Supply depth 1.0 - 1.5 m
S— Species Yellow iris (Iris pseudacorus)
eg.e. a 1F)n Based material Light artificial soil
purification . . .
Cloth material Coconut fiber coir-roll
Media Granular red-mud
Filtration direction Down stream
Depth 30 - 45
Bio-filtration °p . e
Average size 3 -5 mm
Linear velocity 50 m/day
Feed Submersible pumps and water spraying fountains
Unit scale 2.7 X 2.7 m
Total frame Frame material SUs
Buoyancy material PE pipe
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