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Early-Year Performance of the Sihwa Constructed Wetland
for Stream Water Treatment
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Abstract

A prototype surface flow constructed wetland was built in the upstream area of Sihwa reclaimed tidal lands
to improve the water quality of Lake Sihwa by treating severely polluted stream water. In this study, we
monitored hydrology, macrophyte (Phragmites communis Trin.) growth, and water quality in the Banwol and
Donghwa wetlands to evaluate their performance during the initial period after the completion of wetland
construction. The average removal efficiency(%) in each wetland was relatively low compared with the
performance data from the North America Wetland Treatment System Database (NADB), which mainly
includes urban sewage-treatment wetlands. However, the average removal rates per unit area (g/m*/day) were
0.72, 0.72 and 0.51 (BOD), 2,04, 2.46 and 0.70 (SS), 0.89, 0.43 and 1.09 (TN) and 0.02, 0.02 and 0.02
(TP) in the Banwol and Donghwa wetlands and NADB, respectively. The overall performance of the Banwol
and Donghwa wetlands was within the expected range of the wetland system processes contributing the
reduction of the pollutant load to Lake Sihwa during the initial period of wetland operation. Considering the
low influent concentration, high hydraulic loading rate, and insufficient macrophyte growth since the wetland
was constructed, better performance is expected if an improved operational scheme is adopted.
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A BB FRstel Agatn Yok ol A
A dBoz AT 47 $9U A9 WY,

£8), 489 gRY 4% oF, B9 s 2
23 A58 A Sdelel AAFAIAE ol
& AFeA7H B85} 2953 Yk (KOWACO,

2002).

AFEAE FEHY 54 w2t o] o)
% HEH Q= XFF’HF?‘J?! %% 19 FU7t
g £ AAE THAUA olFshs A}EER
ATEAZ 27T + 3’1‘3} (USEPA 1999 Al
FAFEAE AHrred desAR EFdH ¥
fredo] Fhake 2914 A, BY HMW 2ol

v F3 54 W Y sk 3, gela
AR FTEY MHe Y Y T2
3t o EAE AAGT (William, 1999).

AHrEE ATEAE QutEeE Ade {e
wae Fx7b AQHT HEEE vlwE @
@io] AR AEE 8 EA4E Ad HF
4 29 Ao afdoln A# vlgo] AH
3t AejA 59715 AH 343 52 ¢ A
Aqyiel F4 FE v E B ol ofl%
29 MAANE AlFshs 59 4ol Utk (USEPA,
1999).

HZ 5o, ZUAT AFEAel dig #4dg
A7} F7kska Ed (Yoon et al, 1997), =
FrHE AdaaAld o d72K Hwang et al.
(2000) ¥4E8%F 593 A o] Bt
F48 AAdEAN SN ZHE A nt
e, Yang(2001)& 3tH2E FYHE A
g Brd 5 4F%rE AFga) Ha 1
B2o 255dy AFEAE AAst 27] X
T8 A8, Park et al.(2001)2 AH<A 9]
TAE M) Aot HAF Arrdd ATE
AolA ety afst oA FAE EA
Bato} A8 Ham et al.(2004)& 35
g olgdto] st BriE Fshe s &
4 Astads F4sith
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AAFEA FRE sk fddy ¢
Z%L Table 16148} Zo] wHEAHY] {443
40.9 km*2 F349 H9UH 43.0 km’S} %
St fEuEEY] Aeele e 73S 52.7%
2 F349 41.1%9 Hl8 & @& Bk o
£ 33 /9 $98E -] 9E BE
o] th= EAIl ZALAIE AL FAee B
Fo] &3l AYz §A=H3 glo], 3d FFEY
FEFo] AV dgolzt FHE A8l 79
9 AL $9uHL 169 kmioln FEUEES
36.6%Z 99 F A9En F9dFo| 1 {F
WE-g T ol 3R % FFH0= Qs 2
7] AFHEA 9 oleleE AU
A3IFEAY F 24 dFL 75 haold, &
ZAARY AY EAQY B2 {FE FIS
&R Ad fata AR FRE. o]
2 dAroME AAdfsos Adso] 3k
g3o] REPA A7 E FAZ A4FY [3Fo]
FEE F AN HEAEAY FHAFAE AT
g oz ARt (Fig 1). AFEFAY 4@
AL A{FHAA (open water area)F AAYA
o (vegetative water area) 22 Y& & Sl&H,
WEAEA Y A AfsARge] 52,321

flo do

ofv rfr X

=

dl

¢

Table 1 Drainage characteristics of the watershed

Stream Banwol | Donghwa | Samhwa
Watershed area (km®) | 409 430 169
Runoff (x10° m®) %63 | 216 75
Percent runoff (%) 52.7 411 36.6

Table 2 Water area and water depth of the low-lying
cells in the Banwol and Donghwa wetlands

Wetland Banwol | Donghwa
Open water area (m’) 52321 | 25395

Vegetative water area (m?) 166,105 84,681
Water depth (cm) 60 60

Aol 166,106 m® oY1, FHAEA] A
T Afrax g A9 dae] 4zt 25,395
m?, 84,681 m’ °]9} (Table 2). &4 W 54
= Zd PP 3 4% 71z (20 cm, 2002
d 39~2002d 59)& AYgE EE A7l 60
cmE FA8Rth

7L &R TE % AM

A2 fyshe 3K fYRE Tal] Sk
A4 qolz wEoR HFEY FAE 4¥4
FHAE A AT F FE-FFEAY
(Kwun et al, 1993)& A8l Aldsiglch
AFEA U A2 AT 72 ATFANA 7
A 7 Al A £4 73 39% As
(A7 1,220.7 mm) ol WAL F3lo] A=31Ach

FA2HE FE2%E WHEAGAY By 45
B ZAWA (stop—log weir) A AZsH] A&
soion, F3MY A4 A4 06 me #E ¥
8 FEHE e S35 AMSIsith TR
< 4 713 FEATEES 7122 AHed
Ade] Afels FLATIFY %S FHsm, 4
AR ¢ ARG HA o] Zrhe] FA]|
(=W ASA7IE S o]8) (Kim et al,
1984) & w3l ATt

AEAgEAdME FARSE H8 2
(Phragmites communis Trin.)& 5 202 A3-3}
ded, A4 ZAE Y8t 23 (Fig. Do
A 30 cmx 30 cm B3 Qo] A= A9 &
83 =439t (20008 6¥~2002'd 59). °f
Z 3709 g AR (shoot) T AFE] B2
Aol AZNF F AEFE %1 ol EU=
7} Ay GdAg A8 AEFE T

ol

U &Kl 22
£ARNE AW FANRY AHE AFEA §
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FAF ARE AT ANAJATEAY 27] £3 A%s

AR AFeHA A¢ 4 spEE 4 AA (Fig.
D& AR, FAA 443], F9A 238 A3
Ao (20018 8¥~20024¢ 109). A¥FFAY 7
+ HAEA 5438, FIHAEA 39389 ANgE
9% 2 FEEAA4 ARG As BA
BOD, SS, TPY A5 74 7429 334
Y (Ministry of Environment, 2000)¢] &3iA]
BAsgon, TNY 7¢ NH4'-N, Org.-N&
Semi—micro— Kjeldahld 22 Z£43t3L NO2 —N,
NO; -N& MERCK A}e] AjekE: o] 83l £33}
T FAgen, &5, pH @ ECe @34 7]
7] (NeoMet model 815PDC)E ol43l9 £33
pi )

I #3 « 28

1. X8 78 £ MM

&229 8992 (total inflow)S dpdozy
Bo Szl &2 ule] iR 7ol 9lon,
FA2REY F §23L JF WFTAMY §2
S AUy Fuak AT 9@ @8 &40 ¢
o dAER Y PR Y ARFE 4
17,966x10° m® & 267x10° mPojglen, E3HA
&2 8 A%= 27 7,703x10° m*$} 134x10°
mbo|gEdl, #U% F A¢Fgo] ARk v g
& 15%% 1.7%2 ¥ Rt} (Table 3). &4

Table 3 Hydrologic balance in the low-lying cells in
the Banwol and Donghwa wetlands
(unit : m*x<10%, (%6))

Wetland Banwol Donghwa
Total |Stream inflow | 17,966 (98.5)] 7,703 (98.3)
inflow  |Rainfall 267 (15)] 134 (L7)
Discharge 12,986 (71.2)| 5642 (72.0)
Total |Evapotranspiration] 212 (1.2)] 107 (14)
outflow I“Mglnt;zte“r’gnt s | 5034 (276)| 2088 (266)
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ZRHY FE28%S 12986x10° m® (HEAE
A 5642x10° m* (FFAFAZ F4U%9
71.2%%} 72.0%% JYeR)z i, ol A% %
ER5A 28 4 Y829 o] Ade ug
(&7 27.6%, 26.6%)2 A&7 wEol.
49 44 3 {YFE vPeR A &
&3 H3% (hydraulic loading rate, HRL) &
Addd (Fig. 2), HEAGEAY 4% 7HEESW
A7) (2001¢ 7HeE AR)ele ety Fatg
o] 15 cm/day°ldl, 1 o|¥el:= €dE2 16.8~
41.7 cm/day®] HAE e BF 208 cn/
dayd] F2#3E B FIAAEAY A9 7HE
A AZldE FARY 93] AY QojA ¢
I8 R8T 5 g1, AF Yk
f3o] F71% 20029 BHEl: 15.6~48.3 cm/
day X HF 17.6 cm/dayd #E YERIS
. e5A4EE Y8 2AE AN FejEE F
82 0.7~50 cm/dayq U©Sst @& Zh=d
(WRP, 1998), 34 j§3l&2 2.5~5.0 cn/
day2 424 9dew (Knight, 1990), 5 cm/day
vjgkel ZA$-o] BOD AAEC] £& oz Hiy
R} (USEPA, 1999). mebd, wHAEA 9 F3}
A9 sty RB3gL 200299 A AA
g A3 sy 238E gk 208 v

wmeiir—=BLC HLR

60 = «®= «DLC HLR 12
c
s —a&——BLC HRT - w0
= «0= «DLC HRT

HLR (cm/day)
HRT (day)
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Fig. 2 Temporal variation in the hydraulic loading
rate (HLR) and the hydraulic retention time
(HRT) in the low-lying cells in Banwol (BLC)
and Donghwa (DLC) wetlands
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e

s2|8t3 A FAZE (hydraulic retention time,
HRT) & FEANA o] Wi+ HF3AU A
o2, &A1Y 2953 Ay YA FEo
Q=8 (Knight, R. L., 1990; Koskiaho et al,
2003), HEAEAY A¢ 7FERE A7l (20C1
d 718 Ag)ele F8E ARAIL 6~10
daysolQl 1 o]Fol= 1~3 dayseldieH, 58
A& AL 1~2 daysS Bl FAEE
HEE A% §49 HFAFAITL 5~14 days=
ANER T, AREAS] Byl 7 days ($71)/
21 days (#A7/D2 A¢=EH}} Brown. 1987).
Ryu(2002)& AlgRIFEANA 27] Qo] 50%
Zased dog sy A[Aze] 3~9 days
2 8}9th Crites and Tchobanoglous (1998)&
AFEANAM 10 mg/l oY w2 AdAr AF
Z JHAE 8oA 149 Ax L I oA A
FAZle] 20¥thn stk webd WHAEA S
FHAEAY AFANLE 24 U A4 2 73]
253 J3eg Lol 58 Jog ¥
g}

&AoA £A4se AHhE 4] Fo7 ¢
&S &2 U §452 A2, olFse 2¥E
AL o33, FA7] FEH0] ol R WAE
o, 22y ujgge] AR & xS He 39
AL Agss Aotk EF, Aol A 4
FABE E4e, Yl T AAE FEI
S71EA] Baf ¥ AAE FEE FAANIE 9
g% st ok (Brix, 1994).

ANEAFER A Zue] AEF HSE A¥E
W (Fig. 3), WAEAY A9 1.2~44 ke/m®
SAAEAY A$ 09~3.1 kgm’E RFeH, &
71 B¢ AvrEo g FA9] YA4o] A% A
oz Jeht A4z F £ Fsleo] Adg
ugs7] oS Aoz #wdddh Kang and
Ju(1999) = 3oz 248 AY9] AAEA A
A9 A F4E 2AM 29 0~30 cm oW

i@ ——- Banwol

= =Q= =~Donghwa

Dry biomass (kg/m-2)
w

00- 00- 00~ 01—~ 0i- 01— 02- 02-
Jun Aug Nov HMar Ju Sep Mar May
Date
Fig. 3 Temporal variation in the dry weight of
macrophytes in the low-lying cells in the
Banwol and Donghwa wetlands

3 8geH, olun o #L X EF YFE
o] LA%LY 3Rtk ol§ & AT Fe] FH&
8 29 Zu g1 Aslstn 4E 60 emE
fAgezA 2ot el FHEE 83
o|%ig Zolg wdEq, FF FAL AU/t A%
Si7lo] AFE Pol ojdoz A&sM EFA
gl AgFHTdo| =AY £ f/5E
59 U A4 F&o| 371 RAeE et

2. gx2 3

7t feletel £E

AFEA AR HYstdY s4use Avsd
(Fig. 4). BODY sx%& w43 4.9~600 mg/L
F54 6.0~28.0 mg/L HYE W= W7
236, 13.7 mg/LY #& Bom, SS $EE 4
43 125~179.5 mg/L, T84 6.0~151.0 mg/L
¢} Wiz BF 33.0, 35.0 mg/LY & e

TN 7% w83 92~494 mgl, F53
3.5~8,92 mg/Le] WA ZZ BT 256, 6.5
mg/LY ¥EE Yebich TPY FE+& 4HEHd
A 04~1.8 mg/Le] WHMM BF 1.1 mg/Ld
e, SEANE 0.2~0.6 mg/LY WolA 3
# 05 mg/LY #e Bt uetA, vk B
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Fig. 4 Temporal variation in water quality in the
Banwol and Donghwa streams

319 44& BOD, TN, TPY 7% (SS A9
BARB7 1Y o] A% A, IAFANE IV, V
3L 3 27310 2Q9 RoE ZAESI
Aoz {98y v 33y 53
2 ARdz 2 B8 pged 7497l 353
o e %o 9@EA] HiEsHE Rog U
et @, s FAo] Faidel uiste]
Ao7 Jehged), ol WHd f9o] A%l
9 TS 2 Fdskrt ¥ fHE SN
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FE AU Fol Y A v 1
FEY 2980 #Y97] WELE BY. &
3], 2002¢ ¥49 WYH F40] g3E Ao
Ueled ol 7R AL $¢ F9 43
d 2gEFe0] #Bl F7he Bl o=
ol FUHW] WELs B,

L 3 xe| 5

sHAEA S FAAEA ] FAFEE {YFA
9 #2442 B9 (Table 4), BODY 7% uHy,
FRAEAN 42 187, 129 mg/Le BAEE
2 f4€e] 150, 8.1 mglLe FEE 4244
1, SS9 A% 4 144, 171 mglly FER
F4=o 53, 68 mglY FEE FEHUG
TN TP 3% HEAGA Y $45 HFsEE
Zzt 19.3, 091 mg/lolgly, #&F FEE

Table 4 Water quality data for the low-lying cells
in the Banwol and Donghwa wetlands (2001/
October ~ 2002/October)

Banwol
range | ave. | range | ave,
Temperature| In | 35~288] 149} 21~250] 160
(T) Out | 06~290[ 141] 35~289] 154
In | 73~94] 80| 76~102{ 86

Dongh
Items nenra

i out | 71~83] 78| 712~88 79
BC I | 03~34] 15 04~13] 06
@s/m)  [out| 04~37] 15| 03~11 06
DO In | 15~139] 58] 45~102] 109
(mg/L) | out | 08~116] 49| 02~172] 74
BOD In | 49~508] 187] 36~400] 129
(mg/L) | out | 60~340] 150] 16~210] 81
ss In | 50~315| 144] 55~495 171

(mg/L) Out | 05~185; 53| 1.0~430[ 638

TN In | 54~348] 193] 33~104 47
(mg/L) Out | 19~287) 136 12~89[ 25
TP In {019~255 091]012~055 0.20

(mg/L) Out |0.17~203] 069]0.03~025 0.10
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AET - o]ZE - 2YH - v - ASA

13.6, 0.69 mg/Lelglth FaAER M TN}
TP 3 HasEs 47 4.7, 0.20 mg/Lo]
ded, §24 FEE 2.47, 0.10 mg/Lo|gith
AFFA M BODY AAE v]ABe] <% &
&, Ao 2 AA, E%d I3 Fol o]
o]£0]Xt} (Kadlec and Knight, 1996). ¥4
A8 FIAAFAAN FEE 7]F2=Z § BOD
AYELE 47 HF 197, 37.4%L BT, B
L 7|EoR GHUAG AARE AP 3¢
% &4 2% 072 g/m/dayE VFERsT} (Table
5, 6). AR w¥3le] we} BOD Melf&e ot
#E HQed 53], 549 A% v, 53 AF
ARF @& AYPa &S YepST. ole 71E%
d Ago] Az Fo] HAM A U F3Fo] F
A Fhe] AFsle AR AEA9] EilE &
7184 §&0] 717 dRelzt #d€ri(Ham
et al, 2004). 71F&HY A #E7Y AHSH
Ao 7o FA4T o] FAHNREH, o)A
o] A Azt dFE FHeH FE0
(Herskowitz et al, 1987, Ham et al., 2004).
A9 o] Thg AZe] ulsiM G A4E

AT FRF HYagy F7E B +
Yang(2001) 8] 7] SJatd A8 Aol 7S
372 A% UFEA U 33T Fdy 2Eg
g AFoE AQRE ugg wo gy, FAuid
E39 T@ Fo] Asle] BODY A& go] o
A e Foz eyt a3y, aadg g7
AAZE MHEAEA Y FHAER BF oS-
e, ol ATEANA S93G TIHE
0] ol AFAIT] #E 3¢ 24EAY A
FEEE AT, fUHE 285889 Fi
3l dgiuAd 2H9EA AAZe] FUgdE
Park et al.(2001) 2] 972} A3t}

SSt AFEANM Ao AAHE Ao
424 ded (Hammer, 1989; USEPA, 1999),
A EA g FAEAY HE AEEL 631,
60.5% °li, QAHAT AAZE 4G 2.04,
2.46 g/m%/dayolqth. SSO ALE #42 Qs
A9 FYFo) BRD B A5He] a3
AAZ] okt

FAo1A AxrY AAE AR s 243
8 BHPoA dojur, 2E, pH, E3UML: L 4

Table 5 Summary of the removal efficiencies and unit removal loads for the low-lying cells in the Banwol and

Donghwa wetlands
toms 2001 fall' 2001 winter' 2002 spring' | 2002 summer’ 2002 fall'
REZ | RL* | RE RL RE RL RE RL RE RL
Bop | B2l 380 | 021 | 406 125 -281| -166| 415| 300| 220 058
Donghwa| 521 | 002 484 | 003 284 | 104| 378 153 248 070
s Banwol 56.3 03| 810 11| 55| 226| 716| 419 | 500 | 167
Donghwa| 695 | 006 | 525| 004 672 | 449 425| 39| 846 | 313
N |l 511 | o055 | 178 o041 | 194 119 41 139 518] 076
Donghwa| 569 | 002 | 55| 006] 478 08 | 382 | 069 | 445 040
P Banwol 559 | 003| 3821{ o004 38| oot| -83| -001{ 550| 006
Donghwa| 615 | 0001 | 639 | 0001 | 591 004 242| o002 587 | 003

' 2001 fall: October~November 2001; 2001 winter: December 01~February 2002;
2002 Spring: March~May 2002; 2002 summer: June~August: 2002 fall: September~October 2002

2 RE: Remova! efficiencies (%)
* RL: Unit removal loads (g/m?/day)
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FASF AHE A% AAATFAY 27 +2A A

24 59 QA o3& wh=t} (Kadlec and
Knight, 1996). TN 7% wHA&A 2] HF A
B 29.7%, FTHASANE 47.0%1%9t
AREZE SR A Age] TN A
ago] g2 AR vl Wiod, FEAEAE
AL Aeagol de AR vade & i
o] Rolz QgtEdl, ol FIAEAY A¥ A
€3 5 f30l HF3 2 AFANE M F
olg7) wiojgt gtdch ¢iAAE TN AAS
& EASEAY FIAEAZE 4 089, 043
g/m¥/dayollth. TNS) A$elE 3188t ¥t
W B ogHo| /kg, AL vzl @A T
AAZ] 4t

Q9 ZA¢ FAUY A4 2 EYHe) &L F
g AR 2 49 oat] AAHE Aew ¢
#A U} (Kadlec and Knight, 1996). TPS 7
o wgREA Y F7 MYagol 23.8%, FIA
&AE 52.0%019cE HHEAFAANE FU5-3
7t B2 £ W%o] AR B, i8] TPY A
gagoel wig yoton, FIHAFAE oAFee
AgAcz e HIPEEL By G@sudg
TP AAZE wHEAEAS FIAAEA}E EF
0.02 g/m®/day°ldth.

E dAF7g Hul £ dolgjwlolAd] AEE bl
@& 2™ (Table 6), BOD, SS, TPY 4 =
o A% F2 FE fYUFE AMESHE Byl §4
of vja] SFAFTE FUFE AN & A7 dY
&A7} $259 F57b A ZolUA dFAE
B33 Table 46149 2ol 4949 BT &
7} Yol HEgol WA Jepdth 58|, BODY
A4 A8 A9 B2 Q% f7]18Y £30
gord BAw A U f3F Ao AR 484
7497 9% /12e A HE 6.7~11.6
mg/Le 4R e HYE=H, o AH+EY
AE&Ae WAEEs 10 mg/LYE A
(USEPA, 1999) BOD, SS, TP FA&EeA
2 e Agyl g 4F s AR #E

100

Holx L ¢ & Stk

TNY 2B #%30 #3539 20018 AL
2002 3 < et AU F3 AEA
g} Br| &2 (B 53 2.99 cm/day) ol vl
8 Ferdrt A Ax AAC Fod FEE A
FAIO] B&3ta, &4 ¥4 2718 §4 W
AxAA Jog FEFT 29 {718°] 23 H
A kol B2 AEEE HY AoE wddd
(Hwang, et al., 2000; Park et al.,2001; Yang,
2001)

2 A7d A9 g5 3¢ @ F
oA frYshs %ol ot ¥ 27t 8o
T ¥ g B duAg 37 AARY
A% 51 A dojgulolAd gedt ujmwale
B 2 A7rdd $A7 ¥ 52 @ BolA
U 5@ ghe 2o At 1429 RFE F
A4E ARSI BE F &9 794 Agad

Table 6 Operational performance of the constructed
wetland treatment system

Concentration Mass
(mg/L) (g/m%/d)
Items B
In | Out Load | Rem®

(%)
BOD| 187 | 150 | 197 | 415 | 0.72
SS 144 | 53 | 631 | 321 | 204
TN | 193 | 136 | 297 | 351 | 089
TP | 091 ] 069 1238 | 018 | 0.02
BOD| 129 | 81 |374 | 247 | 072
Dong- | SS 171 | 68 | 605 | 424 | 246

hwa | TN 47 1 25 (470 | 09 | 043
TP § 020 | 010 [ 520 | 004 | 002
BOD| 3031 80 |736 | 072 | 051
SS 456 | 135 | 704 | 104 0.7
TN 90 | 431|522 | 194 106
TP | 378 | 162 | 571 | 005 | 0.02

'NADB: North American Wetland Treatment System
Database (Kadlec and Knight, 1996)
%Rem: Removal load

Banwol

NADB!
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LT - o A= - 298 - g - A4
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