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Abstract

A pilot study was performed to examine the feasibility of the pond system for further polishing of
treatment wetland effluent to agricultural reuse of reclaimed water. The constructed wetland and pond system
was installed in Konkuk Univrsity and the effluent from septic tank of school building was used as an
influent to the wetland system. The effluent of the wetland was used as an influent to pond systems. The
influent concentrations of total coliform (TC), fecal coliform (FC), and E. coli were about 10° MPN/100 mL,
and they were reduced to less than 10,000 MPN/100 mL on average after wetland treatments, showing over
95 % removal. And they were further reduced to less than 1,000 MPN/100 mL in average, showing over
85~93 % removal after pond treatment. Turbidity and SS were improved effectively on average and their
pond effluent concentration was about 4.5 NTU and 9.8 mg/L in average, respectively. Average BODs
concentrations were also reduced substantially to 9.3 mg/L with about 83 % removal rate after wetland and
pond treatment systems. Nutrients removal was relatively low and removal rate for T-N and T-P was less
than 43 and 44%, respectively after wetland and pond treatment.

Considering stable performance and effective removal of bacterial indicators as well as other water quality
parameters, low maintenance, and cost-effectiveness, pond system was thought to be an effective and feasible
alternative for agricultural reuse of reclaimed water. This paper describes a preliminary result from pilot study
and further investigations are recommended on the optimum design parameters before full scale application.

Keywords : Constructed wetland, Pond system, Wastewater reclamation, Water reuse, Total coliform,
Suspended solid, Turbidity, Organic matter, Nutrients, Natural treatment system
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Aolge 2oz S5AsE o188 B4,
A4 AolgS AL vhdsl] 1o] e
APPEe d7sel Agake ol FonT 32
stk 42 Ulis ARd W9 ol
7140] F4UL glow, 1 01§l Ha]
W Aol ArE 349 e =
sto] AN W] ARG, A5ES, 2385 5
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E9 A hAFF (Total coliform, TC), £4
A WAFT (Fecal coliform, FC) 181, tha#
(E coli) 53} BODs, B%, pHY} H7F%U4 52 +
A7VE ¥5oE As) #Ask 9tk (Duncan
and Sandy, 1989;. U.S. EPA, 1992; Anderson
et al, 2001; Lee and Kim, 2001). %& <3
Yt 487 2 Ay U5 &
A71ES AN TE A 6 29 HE 19
THLR olBsFon, Y 214 FrE 9
8 iddT T dFol F7tEH, AR A
FlMe REAYE FA £ANE T
WRTE QA7) A% 28T A5A4Y HEA
AEsSIL 9tk (MOE., 2002).
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Ma7t A e 594 AFA MOAF,
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A7t dEALEeZ AERY  (plug-
flow)d 7$9 st dig 71 A7 48
soha atdeh. ARA Azt oA ok
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A¥ol AHE AFEA} AXALE L A7
g e dxsgon, H_RxE Fig 13 #Zd
AFEFAE Z 2 m x 4ol 9 m x %0 1 m¢
23 E gtAo] EHE 0.6 m A5, 2 A
Astglon, APeEetdst o) dxd Hst
Z9 2FE AYUFE ARG dFEAY 2
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AF717HE & 3580tk FAdA Med sk
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Ne ARAAHo] 0.5 mY/day¥ F3UBEE 813
on, AZAM A7/ & 9Y ojglen
Z9 fEL AFFeA douEF: AT
(Fig b.

x B35 H]"‘“] 2tzy 37139 §714 3
% 8 4= Qls 2N dF (facu tative pond)
o] E&& Zo|, £ 4 Zo|7} 2F 2 mY 2328
box & 2A¢ F, H}““ﬂ EYPE 04 m
A4 69 FEHE SAANIATE T @71 Al
2r3te] 4ol 1.5 m 7HA| AL -;— 4o -2 Eo
Boz gy fEHv 72E UEiY% AXAMA
B 724 A @ ¥ X9 YIS Fo
7] s A EAANA oF 1.3 m7HA g H3 1
Yol E3YE HAE UE F IS Fo= s
&30 A3

FASZAYEL BAARl] vlpd wWED 4
Aol &3} o] B w|BE, f71E JE|L FU
£ 95% Standard Methods (APHA, 1995)
of uwet BAsGIch nAE FAS HE g5 A
Y (multiple—tube  fermentation method,
MPN)& AHga15iom, DIFCO Abe] Alekg ol 4
8ttt Total coliform? Lauryl trptose broth,
fecal coliforme EC broth I8l E coil:

M 2 mlm

J

m{m

w3t Al A45d AH6F, 2003



&4 - BBS - FF8 - AAF

< Im >

4

Wetland Constructed wetland system ?

influent [“> 2m

Wetland '

effluent i

1l v

Pond influent v
[
L) ¥ r Storage tank
| Pond system
2m Pond 1 Pond 2
\ Y
Pond effluent
Fig. 1 Schematic diagram of the constructed wetland and pond system

EC-MUG broth Al9Fg AMHg-8}%c M 2ol U 1998 7€ o|F e
20024 12974 #dd FE59 @A
M. Za gl D& AAEE vehigith (Table 1). 2ot A4 A
A 9 A g5 FA¥EE Yoon @ dl.
1. o1& o5t @5X|2| (1999; 2000)-& #x37] wigitt. BODs}+ SSY

AAEL B 78.1% 69.3%Z H|iZ 52 A
ATEAE o438 eFHedyL 19975 E&E ®oY, T-N# T-P9) AgagL 195
Alzkete] 20039 @A7HA] st 9lo, ¢7) 9} 39.9%% Blud ¥ i VeRgh

Table 1 Summary of the constructed wetland performances in the 1998~2002

Wetland (Mean # Standard Error)®

Parameter No. of Samples Influent (mg/L) Effluent (mg/L) Average removal(%)
DO 130 0.3+0.07 25009 -
BODs 130 11824568 271+270 771+£1.33
SS 130 66.91+357 168+1.32 748+259
T-N 130 1359+7.16 1032+513 2411289
T-P 130 13.0+0.38 72%513 462+235

. Mean concentration and standard error from October in 1998 to December in 2002
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Fig. 2 Concentrations of water quality parameters in wetland system (2002)
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(One— way ANOVA test)E AA& Z3p §9
TF 005004 FA A A9 FojEgo] 7
7t 0.598 0.12°2% A ago] gtk d%4E U
ehiigiEd, ol fYFY T §E5Y FE
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2 g7l HL Ao YEsit
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mg/LEA A WE7E gigoy, A Aa9
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Fig. 3 Concentrations of water quality parameters in pond system
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v el AEEA
"1:5“5]7] A&stHA SS9}
F 707 Jehyth

Ar9 7S £ AFeMe 4714 A&k (Org—
N, $Eveld A (NH-N), oM Ax
(NO2— N), A A4 (NOs-N), 281 £3
& (T-N)§ ZAsiith 7714449 3% A8
271 A AR SRS Holtirh A
a°l A&HANRE F5d TRt 2 55

g A&7 07 Jepgitt. ARAAEY AN 27
A, q8ed, a1 4F ndEsd &2
FogA JUAEAZ FLHW] wEolet 44
% gEYeMd Axd Aee #iFd HdE:
¢} F A% #EFY BIEEE Hude 49 &
60%2 AAEES RAT ol DO 5oz st
g, 27 - hrEd - Qe gel g% AH, 1
g1 7129 3d Sof A3 AAY Aoz Nzt

N s 2Esio]
BE7b F7te 9%

g0 dPTIRE g2 AAES EC’J PELo}
3 Axt 118998 1 s57F B8 eR olA
Bol&H, o= SEEOI DRl

.E 736’}:.2_
dEYoMd AiE Hd Ze® AZEr AR 1
i AE 29 o}AAA Ax FrE 474 38, 1.7
mg/l, A Axe =& 77 86, 14.8
mg/LE YeEhIT. 1 oldE 27, Avel 2
gu ey 2 FIHANE 3 Az
Tt TR Ao AZEH, AF 194 9%
28T st Faksh} o]Folzl Row ehgth
FAA(T-NY FeW3Ex AALE Hrlshd,
AFAAEY 12} Aol Bretn s HT
FE 74.8 mg/Lold A% 13 AE 29 BAFE
7V 242k 5459 64.9 mg/LE A7 27, 13%9 A
ZaES Yehigod, A7ty Quue A
AT Afode o ¥ A2AAEE 71UE + 9
& ZRolet Azt

A9 A £ AfME F2AT-PF QA
A(PO4-P)E ZA3IFoH, A9 #9l HF
FEE 5.9 mg/llelor AX 13 A% 29 ¥
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AAAEEEA I e4HHS FIH Aol g ©@IH HE

FEE7F 247 4,49 4.5 mg/LE UEMIL,
H31Y YT BaEEE 4.3 mg/lolglen
% 1% A% 29 Bas=rt 44 363 43
mg/LE HEhAITh

3 RHA™sol g KEH0ld=2| X2

o
ol
>
X,

2 AFelA e A5t 5 <}
ARlA Mg #E TR RARE RES
THHOE G4E Aol&A| FRT BA - Y
el ARl nAES] MEAgo|eH, AFE
#2528l 9F 17 AX 29 /&
F9 g =+ Fig 49 Zth
AFHFA FYUF HFE uBE T:=EE
MPN/100mL °)% #&o2 vlu3d §2 4
JERRAA T J3EAE AXEM BF 97%
A AAHY TC, FC, E coli®l Bd 5&7} 247}
9,542, 6,257, 4,762 MPN/100mLZ 72331t}
Al &40 #2847 300~16,000 MPN/
100mL2A AZUAje] we} £ FExolE B
th FAANAELS A¥z7|GANA U7 38
57] A&ste] FRIAAR0] ¢HgstElof 7PEA A
AHog G uHE FLE Holtr} 11€¢d:
LEAFE FAA2HS AHYago] Fad F
E7F SUKs Reg Aztdn =8, w57t A
8dolM 1087H& ALAY F4E A8 FE27
o 57t gMazsl JA mEel & TAE
Rog AztEdh Thurston ef al. (2001)e 23}
W A Al2EH A diAg Tt A dtaTd
AAE vvlEdA  (nematodes) b T REZO}
(protozoa) #2 HABAQY w2l Fols|A
L} Abguloj#] A (bacteriophage), =4 (micro—
bial toxins), &%, A&, 7312 F& (adsorp—
tion) 3} Z2 Zgol 28 AAH, A}EFY QA
TEAANN AEE 2449 d3FE ZUHE
3 A9 98%9 APAEE Uty BIgich
Tanner et al. (1995) 13708%5< #4444 W%

o

O nifu
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19 90~99% M E&E B, David et al,
(2002)& 1327081 AZqA 87%2] #4444 uF
Zool AAHT L Rusigt o] A= B o
TATGY FAME B A g Heln Ay
A FAAANN 5 o AEAAEES 7
g & 9 22 A4 AT, FAAYA
g AR AR A BEF FAE
ojt} Ao] &g 3] A% Al o}y FFE R
o2 Az, 719 Mert d9% Res w
12321=4

AxAM e d3dT, 94 d3dT, 3ol
85~93%2 AAEZEE HAo MEAZ|Y et
20~3,000 MPN/100mL9 &% H3}E Eoh
(Fig. 4). QF 19 7ol 922 njBES] T
7t 2% 3FE Eole olfre, F%Y 4%l
g3l FHo| WFd] AXoE A FUPCEN
FES FU7| WEoly, AR 29 Aol oA
Zgo] ¥ el E3, A% 244 A7E
T F714Q #spt A% 1 w8} A et

olft dRoAM AT HBEY FEAH T
< ARAYES] Wl iR+ F=E
of %S F Jox 449 ARALEA 1|
AEY A5Z FE PP xFHo o|FoA]
uj, Zolo] wet ejopd FHgol FAR A%EE
o] A&dvtn BiuErt (Ohgaki ef af., 1986;
Sarikaya ef al., 1987). gj%e] 23t AEL o]y
2 AFE T A7AEe ds BuHYE,
Downes et al. (1977)2 QoA 147] A%
B HYE 85 250 olgsion, =Hgol
nAEE 25 a®t vn RIgich
Ronan et al. (1996)& Eltgo® A=xd 5
7123 MassaiZd 5~1641 ojdolzolA &
T2 AMEHA &91om, Peter et al. (2003)&
BloFgo] o3t A%E Haitiol AA FE3t] &4
F2 ARSIt ditdo®  gokgel % A%
2 A4 el 200~400 nmelA] o] Foix]
o UV-B (290~320 nm)7} u]A8E2 A% 3

e
iy
_‘:_I,
. r
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#27AYS - YES - AAE

1o+ Total coliform Fecal coliform E. coli
e+

fe+6

1e+5

Mean : 615,714 Mean : 237,142 Mean : 172,857
1e+5

le+d

1e+3

18+2 1\Mean : 9,542 Mean : 6,257 Mean : 4,762

1e+i

3000

2000

Concentration (MPN / 100mL)

Mean : 665

Mean : 406
1000

3000

2000 1 Mean : 236 Mean : 561 Mean:740 -

1000

0 0.0 ° o ° o o o) o 0 -0 ) B
Jul Aug Sep Oct Nov Dec Jul Aug Sep Oct Nov Dec Jul Aug Sep Oct Nov Dec

Time (month)

L —— Wetland influent —o— Wetland effluent —o— Pond 1 effluent o Pond 2 effiuent

Fig. 4 Concentration of TC, FC, and E coli in wetland and pond system

A gge wAgn gt Mayo, 1989). & E7HA 3@ttty Busidch webd, 2
Morris ef al. (1995)2 TAUolA BlgFS o] WHL AXA|AEYelA] oS HHYEES =Y

Ores

gto} A¥F A3 DOC (dissolved organic o A=FH ol9oE 27, Ayl 18n B
carbon) 9 ¥%7} Z7}ae] Wk UV-B (28 AxFe 2 ABY 9% AR 9% B 1
0~320 nm)¢ E#}&o] ZAdn o, 21 £EY AV1E5Cl HTL Uge Aow A

Troussellier and Legendre (1989) ejoki9] Ztget. ool ARE FgdE £ u gy &
F-go] AZRg e wet Hete E-HY o 4 52 FAUS £ - 318 - AEsAA 4 A

o2

P
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AdRgge] g A FUH Aols BIY HE

A gl o) 25589 A7t g 4 9
A58 F2 YUgel dal olRolA7) He
FAl g Po] £5S FEHOE ARAA
o

S 7

AT Zo] AxY ASFE Wk Ao| 77
3t

=2

WHO (1989)°lA= Aol &% Ao ist A%
& F 23] g1 7o HE AL 5
2 29 59 FC ¥=% 1,000/100 mLZ 77
st itk $8 v A dRe sANE
2 TCZ 3,000 /WmLE A& Jod, 3%
] AJFA S 200395 Adst] JrdEsT
9 g 1 AATFIeERE ARE R3AY 10
km ol ¥z} HFALd2RE FRE F54AY
15 km ol A94L& WH4 £A7IEE 1,000 A
/mLZ 7siste) Agstn gk ARAAES A
A ¥ TCY ¥Ry Fasdo| 1,000 MPN/100mL
olglZAM WHig FAVNEL TR USAII] 9
2ol Az el A4 wou, Aolgs
24 A1 AT B - A BAE IA
Z2d £ & 20T oy £3 AFAAHS
At A BRTY 2YAY AFAY
Mdog 0|48 AT w2 v|AE AAFGO|
7l gt

AZA|2Ee] # ATE 20022 67HET
A7AgzA 1 FANS 21 Q7] Yol A&
Al ZUE|go] Pod Aog Az

N

V. 2% g 48

2 Q7o 4440182 s ABsFE A
358 ATHAZ AT F ARAAY) A7
NA 7 AARelAY wagst 7 FAARES)
AYENE BAAD. 1 2HE 2o o8

3 2,
1. 9344 A7 ¥ gue SSE 85% o4 A
Aoy, AZAAROET FUYUS AS 2F

204

g AEE A% 1} oz Qs 23]y =
7t 7FeAE vElted, 8 vt wEs £32
ZIEEY ¥ FEE AT & ANk a8y,
L5014l B - A ST tlEo] ojf
A7t AHgsked] AulAQl 2ol glojof dtER
FE5 AR T ol digt FriAely e
th3o] & Aoz AZHT.

2. AFEAE Z3A AAE FFsta BODsY
238 A3 2Y F ANeH AFAAHY A
A 243 7% DOY BODs9 sEo} gy 1
A gakog Qg tiax HFe] gilonl M
Z2E FAAY U4 Aolg FAVEEY @
FEOZAN $8E Aol obd ZoFE wgHth
a8y, YEEAA dolvt i AFTEAE F
T AAES AUFog Wokou AEAAES
A AL 3L FHAE a%E 7ug + 9
ZAoF JEptt,

3. AslEEY AFTEA MY nHE Mg
TC, FC, E coli 25 Bd 97% o’ & A
BYon AFEA FEFIF ARAA
J8M F712 HF 85% ol AAE
nAEFE7 1,000 MPN/100mL  ©]&te] gl
AFTEA Y FRAILEHE A - HE3 T F
Q42 Aol&sAY FAZ WRT Ay B -
A4 FAE A £Y T & AoE wdd
o o AEY] AL dIFE S 28N olF
o1A7] W & A9 Zo| AX AFFelM f
N A 52 AHYasd JidE £ UL 7o
2 Azste, d3ddd AZded EAshe
AtolQ] 454§ 483 det
g vl & H 9 AFHA BFF FEE
F9g Aoz @)

4, AFEA G ARALH
uHAel s 2

o r2

ol
X
4 mlo

oo o M rlo
oot e

A £}, Agd )y
23 e QA5 AR FYHE ol fdhe AA
Az o 24 3152 4E Ao)Ld Ao A

%!
g AL T & 5 e Poiwh w2 A4
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2% AAE

SEES Jehe] B3 - A FAE 2
4 F A%eH, ditdQ AR BRE
FALHE HEE Fpolr oAy £&Y
ES 7IdE F e Zole dddd UF

AZAAHE o83 WAL 7ig
TZ 2 9559 HL s ¥4, A2 @
249 A # FAE Ze L 7
o, $&AY skEAe $U8F Aold
24 F87FsAel & Aoz ddso] 53
AE7 desttn Azhad.
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