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Development of small constructed wetland for urban and roadside areas
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Abstract : Recently, the green spaces in the urban areas were greatly reduced due to urbanization and
industrialization. As urban structures such as roads and buildings are built, the amount of impervious area within a
watershed increases. High impervious surfaces are the common causes of high runoff volumes as the soil infiltration
capacity decreases and the volume and rate of runoff increase thereby decreasing the groundwater recharge. These
effects are causing many environmental problems, such as floods and droughts, climate change, heat island
phenomenon, drying streams, etc. Most cities attempted to reduce sewer overflows by separating combined sewers,
expanding treatment capacity or storage within the sewer system, or by replacing broken or decaying pipes.
However, these practices can be enormously expensive than combined sewer overflows. Therefore, in order to
improve these practices, alternative methods should be undertaken. A new approach termed as “Low Impact
Development (LID)” technology is currently applied in developed countries around the world. The purpose of this
study was to effectively manage runoff by adopting the LID techniques. Small Constructed Wetland(Horizontal
Subsurface Flow, HSSF) Pilot-scale reactors were made in which monitoring and experiments were performed to
investigate the efficiency of the system in removing pollutants from runoff. Based on the results of the Pilot-plant
experiments, TSS, CODc,, TN, TP, Total Pb removal efficiency were 95, 82, 35, 91 and 57%, respectively. Most of
the pollutants were reduced after passing the settling tank and the vertical filter media. The results of this study can
contribute to the conservation of aquatic ecosystems and restoration of natural water cycle in the urban areas.

Keywords : Runoff, LID, Small Constructed Wetland, Removal efficiency

+ Corresponding author : leehyung @kongju.ac.kr

w0 AR - FFAGU ARG TR - AL

o Alel - FRUS AAE TN - ALy
woe 3|9 - FUsal A48 e - BR2L Al okas
oo A9l - ERATA - dmdrled T

7]
wwnne 39 - WAAR - SRSk AR T 0

- 231 -



Z&= - Marla C. Maniquiz - &% - =817l - Zlo[g

LMY 2
A mAss IR W] me Q1
s, oluixe] shg, B4 1ElA
AN SATE DA
(FAAT o144, 1996). =2 Y =4I
o wirzon TN, ol B
A A BT AR g
5 WaAA ABEGIY A, 7]
M@, shael Adsk S
ote EARE opldt 5
AR 5 R AdEe A

271wl

)
H
N

[ o m Ao ot o &2 kI oMr K

3
>,

Hm
o
)

doe o b1 oo B > o Hr ¥ nE mE

on.
»
EN
)

-{m
& 7
2
o 2

)
£ 32
P
Y

60%~T0%% A5
5, 2005). T A
A A=} o,
o olg@ zke BF
2, E2, A 0%

)

S,

o
M

NS

>

e

rL“.

i

o i
o
=
©
"
offt
&

o, -{E rl
Me

mi": 1o
o,
to
2

=

b oo =
U rlo 1o
ki
~
.
£ fo Y% ¢

g
A=
>
Y

e 1 o
&
N

Lo
N
:[o
b
5
ol
fu
e
Ay
i3
o
!
o
o
o
2y @ o oy ™ dr o2 |o

o
=

S
2§ o oML oo [0 o opE o 18

rlo do

rl

i

ki

I

X

flo ?E WE

ol N i,

Ho o Q@
o =

e HU¥2
N
b

ro g O

i}

¥

o

=)

Ho

N
o

o M

-3

T o

SO
TZ‘H(I;FJE

> y0

E
v =
JE

P
Adse] AAHe Bl =
gareh, olo] WiE AFEH T EF ol

m1o
i
[l
o
An )

o

X2 2 kS e 1o

2L
e
2

MHA A2 5ol Aol PHASA AgHw
9JtHRousseau et al., 2004). E3], Ada5A &
5 7kl BA 2} B2 5 2
T Bkl Ago] golahH, B9 e w5
H2lo] AA WAsl= 3481553 (Horizontal
Subsurface Flow, HSSF) ¢1&4A7F AR &
B2 EA] 3 E2x]de] HE Jhsairh T
HSSF& Sle5A4= Wi7t Az A4 +
Al 71%ko] A, o3, F2 T3 2 =9
A EA, EA] B E2AY9 v =4
T 0SS s YA EEY TS T
= Agatrlel mg- Age 54 Fejolrh
;\]u].ﬁ_g] 9]/\1 1:1_] xggl—/‘%_ &
sh, SAF 2 oApE) 7)ol T 2 3
Aol sEH o AT F U= V=S 873
ATHH 1Y, 2008). o]z 3k

Fogo] £ EAAY

v W

AE rO(l
ko
-
=2
1r
b
ol
on

of 7HAaL QI FElEtA Tes HdE frAls)
A S
sk & Olt LID(Low Impact Development)
7ol FUleldoz Agsn gt LID#E 2
Zkdo] 7HA AL e A 7 s (RF, o3, A
7, o E)e ﬂfﬂd Ashz W UelA A
E A A= A=
HH Alol& 7hsetEs

R oo (oMo

WA HHLPEES BT

o

- 232 -



AT QEEA o A g7bs T HgaA
A EEel BT ARTEH] 71T 5 QAL

A Y E2 THSUE €88 Ao OISEX| =Y VI
oA L AN 53t B T4 ARE TEHI 9]

O
sfo] FUj9 BRORNE JEARLAE A
o2 AN Fig. 1& 270 Qg%

$3b7] 98 T 2AREARE 2UEY ¥ 2

A A

Aol o]z dde] HHS A flow chart
TA B el AEeh] 91 AR lEs ZA 2 A e SAHeR B
A 715& WEEk] $18 Lab scale A14¢] FH, al Sl
A EAE A% o 7 A 878 37 A AEH FUE Y 73
=30 | A l@ERED | ] fFAAE | 2edEA
A% HEE AR
a7 2 AR
Fig. 1. Flow chart of the study method
o= X1 H HSSFY JesA=A, 29=2
21 o84 & Hd HF 2d Qabseo] Hold A58 F, T]jo] folau]
211 ofxf W, ?@fa—@ﬂ %01_%% *—‘.%fd Ariel o7
=g AAstel AAsslY. 53 dd= 4%
2R JAEFAE HSSF desA=s, F4 ZA 0 ARA Zak WAL JHH I glon, ¥a
WAL oA AR 295 AZElt B olghizomos W odel AeE 993
A AR ARl AH20~30mm), F4 2agto 2R 574 nARe S ol )
ol AZ(10~20mm), ZH@~5mm)E Al R Sxg]e] Q] o] & HCopper and Boon,
A= AAser, A =d R TuEe] F 1987). A4 AAzH4e] yowm &o IEE
s FEE skl FHAATA Woodchip(10  gxdali=g) Azte] S Aelm, 9] ke Fi
~20mm) %= Bottom ash(1~2mm)E AH8-3H31 ABSo] AYE FPsAlo] ol Az|7HA o)
. F=EKS F 2505), HF(KS F 2504), & Zom e A7 Yo =& YEE 7|gE 4 9l
AKS F 2502), FrAFKS F 2322) &3 o1} Hjgo] wo] =r} SAATARA|<E(2004)
FE oA 24 A 58 B 90 Y of mEW AZe] AArAe Fo] ule} xjol=
= MR AAERA ofd Wid dES FHEgle QA dukd oz 05~1.5m=z AAEo] gtk
D]], )\]'ﬁﬁ“7]E?_] Bottom ash-"/] A o]% U% Xﬂ,% E_ _/]‘\__FILEI_ ?—]_’g__‘/_j:xlgl 751_(,)_, Pilot—plant ‘FILEI_E
7Fede ddetr] flgtel 82 % FF sl A, HaA B AZF o] e HR2 23y
E A3 AAsklT mEel 0.25me] (HACR s} of7|FES 4
A AT
212 MY MY
wAW AEe vl Bad Mszde 22 Piotplant AlEe w2 MF A
33 2z = 010 020 71
AzeE, TEH S/ B8 wae 2 221 Ad 2 3 ReRE 4F
=24, spehy wkgARbe SUMN7IAL RS
GolatA drt gt AeEAE FAUTTL 27tE IFEAE Pilot-plant 71EE A2

- 233 -



Q2

Z&= - Marla C. Maniquiz - 297 - Z=&{|Zl - 20|

0;

o, AETFRE 1.5m*0.5m*0.7m (LXWxD) Pl : FHFZ12 238 A9 (mm)
24, 28] 053m°, 2% @ R} L3R A uisE A (ha)

55 AE F AT S 0.2m’E AHEE )

o}, v e Gy JFHTH(2006, BT o)) Table 1. Estimation of flow rate

WA A e HHOPEAY S Q=(/60=A
W= 3l £ £ HIEE Y] AeHolof 7975 (1, mm/hr) 3 6 9
e ASEe 9KWQV : Water Quality wj5=H (A, mP) 40 40 40
Volume)& 71F0.2 A% & glov], A HEHHQ L/min) 2 | 4 | 8

A ok 23 He] dAIEe] gls 4,

AARFS-ee Ao FSeS FAGEZuR 2.2.2 Pilot-plant AlA&o| A
skiks FH A ol AFS. R alEF 2= 9= A
el A Smm 1P AAD TS DAy azeae Fa Ate A,
HAAE 71 9) AN o)|3LZ2=z]  HES-Z o] ~ B
U I S = R I D E R R
WQV(5=* L3 0.2m°°lH, AAAT-HS _ } _ }
S O Hjj o o o TS staled ARE A 21 3
omm=E & 85, Wre£8| HigHA = =
| o Al el m Ao gga S TAMAS AR ez Fydsd.
E m rE L b 1A pi . s -
g AE ns Hola] 9 }oqjo 012;0 Woodchip ¥ Bottom ashZ® X3 #4714
3l % VeSS Hrtstr sty YRS = -
XA ‘].;lﬂoocq OTObT ;o 0 010 aE A ;Gﬂﬁj}i A= AAer FARe AAR FAe] E
=) o =N
:}EM;* aple T ATHITS ATe SATE mme) gxeld o, Fig. 2 Al sk A+
= AAAEH S ZH Woodchipe] &31% g0tk
A4S A BAT 5 Y 2ARARE D55
WQV= (P1)x(A) o))
A B
40,0 10.0 45,0 100 45.0
200 200 20.0 2hd 20.0
g Woadchip
C - CI
sanc
Grawval
1300
1 1
a <EHHE > B
Phragmltes Typho
Inf luent australis oﬁgustm
L N o i ) ﬂ - .
7 T 1502 cai)
T [ EFfluent
a| |B|Wririassz < g ] Woadchkip_ |
Rlel” ///////////// S N Gravol P
i /////.//// 0 rovo o 3
. 7
& ol // S Ie:n:‘>lc>w
e 45.0 100, 450
= = - i gy I 400 Imn\ 1000 \Nsﬁ;ﬂenus
< A-A' BEbHE > <B-B' BHHIT > <CC' ghHE >

Fig. 2. Detailed design of the lab scale test bed
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Table 2. Monitoring frequency of the lab scale test bed
Date Flow WSCW WPCG BSCW BPCG Middle Port
2010.06.17 4 T/min 1
2010.06.21 2 L/min 1
2010.06.24 8 L/min 1 1
2010.07.09 4 1/min 1
2010.07.14 2 L/min 1 1
2010.07.27 8 L/min 1
2010.08.03 4 T/min 1 1
2010.08.09 2 L/min 1
2010.08.12 8 L/min 1
2010.08.15 8 L/min
2010.08.18 2 L/min 1 1 1
2010.09.04 4 T/min 1 1 1
2010.09.16 8 L/min 1 1
2010.10.13 8 L/min 1
Al 9 3 3 3 33 3 3 6 3
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Table 3. Physical properties of filter media
27 pi>dy i
e (10~E§mm) (2o~}é%mm> iy || G
T5E (D) 40 42 46 43 37
H|% 2.53 2.64 2.62 1.08 2.43
T AT 1.7 1.6 1.7 1.6 1.5
FAISG (cm/sec) 1.32 1.52 2.16 1.86 1.03
Table 4. Leaching test results of bottom ash (=2l © mg/L)
Heavy metal < Imm 1~2mm 2~5mm Limit
Pb 0.113 £ 0.002 0.113 £ 0.002 0.111 £+ 0.006 3.0
Cu 0.123 £+ 0.000 0.124 £ 0.005 0.130 = 0.008 1.0
As 0.295 £ 0.004 0.287 £ 0.008 0.283 = 0.006 1.5
Cr 0.112 £+ 0.002 0.111 £+ 0.001 0.111 £+ 0.002 1.5
Cd 109 + 0.001 0.109 = 0.001 0.109 = 0.000 0.3
7] 9fste] Rkgx SWol AT 12719 xE=
= I — . el wEe AHNA, WERS 24t fun
f 3 adl vlgjel 2314 siRlen, Fig 5t 9
2wl ¥/ % 2 L/minoll gk 24435 BoFal ot
™ a N2He 084 ¥rg, /25 559
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”‘f | B ARARE 7)oz e Zoltk High 0,
== High 20, High 402 AlAdulehals 7|Zoz 9%
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4] 20 40 a0 =0 1O 1200 1400 160
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Fig. 4. Adsorption removal rate of Pb for
various particle size range of bottom ash
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Table 5. Pollutant removal efficiency with respect to flow rates

Removal Efficiency (%)

S WSCW WPCG BSCW BPCG
I/anin I/fnin 1/18nin T I/r2nin L/fnin L/riin i uim l/:;in I/iin e I/rznin Vi L/18nin Y
Tubidity | 93 | 89 | 91 | 9122 | 88 | 84 | 89 | 8743 | 96 | 91 | 89 | 93 | 95 | 90 | & | 914
Tss | ot | 93| or | o5tz | oa | &7 | 93| oota | o | 95| 96 | st | 96 | 95 | w3 | o1
COD | 68 | 67 | 78 | 7148 | 51 | do | 39 | 437 | 89 | 7 | 70 | s#6 | 75| 70 | 7 | 743
BoD | 44| 53| 5 |51tz | 23 | 22 | o4 | o3e1 | e | s | 57 | o | 55 | a4 | 49 | 4045
™ o | 2| o | ouxs | o | o | 19| mx2 | a6 | 33| o6 [ 0] 0| 25| 1| 231
NHN | 53| 38 | 48 [ast1s | 53 | 33| 36 | a1xin | 7w | 49 | 48 [sveis | 3 | m | 28 | 20ts
TP 80 | 70 | 79 | 7627 | 73| 56 | 38 |s6x18 | 92 | 93 | 87 | 9143 | 89 | 90 | 86 | ss+2
poP | 73| 61 | 58 |eaxi0| 53| 60 | 48 | a6 | 7w | 71| 59 | 690 | 65 | 61 | 37 | matis
TotalFe | 86 | 88 | 83 | 874 | 76 | 81 | 81 | 80k4 | 90 | 81 | 81 | 8445 | 89 | 79 | 81 | 8345
Tota7zn | 50 | 57 | 64 | 5740 | 53 | 53 | 61 | sot5 | 72 | 0| 60 | 7x2 | 7 | e8| s | est10
Totw Pb | 14 | 20 | 31 |2oe11 | 21 | 18 | 17 | 192 | a1 | 64 | 67 | 574 | 52 | 64 | 47 | s4t9

Table 6. Comparison of the removal efficiency with other studies

Zurita et al. Yoon et al. Akratos and Herrera Melian Fountoulakis
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