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Abstract

Wetland systems are widely accepted natural water purification systems around the world in nonpoint
sources pollution control. Constructed wetlands have become a popular technology for treating contaminated
surface and wastewater. In this study, the field experiment to reduce nonpoint source pollution loadings from
polluted strearn waters using wetland system was performed from June 2002 to March 2004, including winter
performance using four newly constructed wetlands. The Dangjin stream water flowing into Seokmun
estuarine lake was pumped into wetlands, and inflow and hydraulic residence time of the system was 500m’ ~
1500m’/day and 2~5 days respectively. After 3 years operation plant-coverage was about 80~90 % from
zero at initial stage even with no plantation. Average water quality of the influent in growing season was
BODs 3.96mg/L, TSS 22.98 mg/L, T-N 3.29 mg/L, and T-P 0.30 mg/L. The average removal rate of four
wetlands for BODs, TSS, T-N and T-P in growing season was 24%, 62%, 54%, and 51%, respectively. And
average water quality of the influent in winter scason was BODs 4.92 mg/L, TSS 12.47 mg/L, T-N 5.54
mg/L, and T-P 0.32 mg/L, respectively. The average removal rate of four wetlands for them was -21%, 23%,
33%, and 53%, respectively. The reason of higher BODs effluent concentration in winter season might be
that low temperature restrained microorganism activity and a organic body from the withered plant and algae
was flown out. Except the result of BODs, the effectiveness of water quality improvement in winter season
was satisfactory for treating polluted stream waters, and BODs variation was within the range of background
concentration. Performance of the experimental system was compared with existing data base (NADB), and
it was within the range of general system performance. Overall, the wetland system was found to be
satisfactory for NPS control such as improvement of polluted stream water.

Keywords : Nonpoint sources pollution, Newly constructed wetland, Field experiment study

+  AZYFD e

o ASojetE §7434e3)

e FUINFAL FEATR

*  Corresponding author. Tel.: +82-2-450-3747
Fax: +82-2-446-2543
E-mail address: chunyoon@konkuk.ac.kr

79



AF5EY AFEA A8 Ao 2/FY HAFLANH A} B4
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349 £AL FY4A K A% a2
AFAY AAH o A= JF FaFer
e, AR o] 32+ g gopy A4
Aoz AR Al A fYsHE I%
B3l di-E-S AR Fn Qe R R
£ AR Aol AFA FANAE A8 I
Folt}k, 53] 3o X 34+ FHO2HH
B2 Q9B fUsEd, £9 ¥ FIFYL
E fYH] #4e g3l 2¥9ERS A
A 2949 (point source pollutants) ¥ ¥WHLEE
(nonpoint source pollutants) & TEE £ 9
. ole AAFAY £AFR M E 9L
A FAREA Aad) A FE 2FEF]
old Az FEH-Ye| we} ¥R Ao 3
2944L F2 TA9 g3y AT 2ol
AR Aol APg o] A& o7 WY
HEEAL 7T Qe Aol W&, uALgEe
He A3 E¥3hs 29EAEAN A, 24, &
AgA, 547, AHAE 5o BE L§E,
olE 3 FE A FEHI WE 4%,
AA7 W% W3yt 3o (Kwun, 1998).

53], 29 A4 -E—’e}" A Fegd
of % FAHANM EA B K2F, FA F
of g% thre At SAEY vFddd 9
& F93 $AHe] ZFEE FAZ HZ Yo
webd v AL R4S Yool 4F A A3
A Mz EA3 vad o, v 1 FEON
£ Aog visl BEARE, 29F% Ao
HE FAE £ g dold, A4 FA0 33
ol 9% uxA ¥t (Novotny and Olem,
1994). vt A4E Aol ¥PTY @
92 A3 Aeggoes s 2HF9 A
go] AZHYoY, 407 5E@UFAFRE ¥R
21418 o ERR AT fQudE W2
g 29499 40%04E AA s HALEAE
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B E A3 3o AFE)E FAMNAE 7]
ety o wetA, AZHA, 734, A F 3
< AQeA BPHE ¥R P FERE
FARYA AR A, Agshe 5 74
olz AAAQ vjF2¥d wjuiHo| Fasi)
AFEAE 3 D 298 ABFE AHYdhe
o] AMgEE 71jeR, £ ¥ HHY FeRs
NME &Fol Fed, AGHAE o] 4322
Aol A Evhe AAdA FH, fU1E
A, 13E, A4, U 2L g 2¥4EAE AA
?-_} F 7] qEel, =A% FEXQY nHedd
& Hghed afgoln, A AN
9 ZAWiddME & 52 & 4 I (Yang and
Jung, 2002). £3], o] WL fdM 2532
s v A gA ) ALl Eo} I
Mz olgdt AFEAY el FH3l Kim
(1997), Yoon (1998, 1999, 2002)3} Hwang
(20000 &< &A7F A1 & AF7162 €
8t AFEAY FAFN T Bt °4:r1§l v}
ek e 3l vjE alvete] A4 &4
g A7 diE a%:d HFE Ak
o] AFH 91, 289 Ao FAHF
s} Z& A 1RFE Ak A7 AlEle
BA 42 ARoth. Ed AF7HA fEdRtA
E §AE ol4% F£AE dFE EUGARA, U
BEo AFEHA A8 AH ARE vlwF FS
TR @ £A48 A7 di-Foltt
] oj28 AUNZIE uiFEd A d8
o $42%0] FAIAE T3 A3 HEA &
Ao i@ #o] n2Ho 9E JkH, FFE
AqEE FARAYZeR 5704 < 1,090 had)
AFEAN2ZAL A¥sn 9oy (MOE., 1999),
2 FANAAAJCE oF 116 had] UF
&AZAE AY3sn Yo+ (Huh, 2000). WA,
LUz 2 729 ATEAE FAMNILR
A43AL 35 A7t o9A olFoAv, A
AL TP AHYAEo| o= F= FAVFEEA

FET =T 474 ALE, 2006
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d 129 $¢~20049 29 FE7A $AE= %5
cm 7K dgFog g9 gglon, o 7%
Aele FAFA S} FUdT AHAN de5e
AZHE AAEITH

718 23 A7) sedele F 449 4
of 2434 $4L 30 cm® AR, FH7
seole AFATEI A3 549 &S Lot
2] 98 $AEE $4E bE2A Fgehsd,
Cell-1 A& 30 cmE A2 H, Cell-2 &
A= 50 cm, Cell-3 A& 40 cm, Cell-4 %A
v 45 cmE FAEITE HE R 20023
A7} 5ol 242k 750, 755 m'/dayE A
4315131, 20039 7|9} FH7 o= o|wr)t A
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Table 1 Design parameters of constructed wetland systems

Width | Length | Area | Depth Hydraulic Flow Hydraulic
System 2 residence time 3 )
(m) m | (m){ (m) (days) (m’/day) | loading (cm/day)
Cell 1 | Pond-Wetland 64 1250 | 8,000 [ 03~05 2~5 500~1,500 6.25~18.75
Cell 2 | Wetland-Pond 101 792 | 8,000 | 0.3~05 2~5 500~1,500 6.25~18.75
Cell 3 | Pond-Wetland 101 792 | 8,000 |0.3~05 2~5 500~1,500 6.25~18.75
Cell 4 | Wetland-Pond 61 131.1 | 8,000 | 0.3~0.5 2~5 500~1,500 6.25~18.75
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BFH &4 - 7O - YA - AE

T2 23 dFsARYRIY
2t (Phragmites communis), °|71%
tiz}7]  (Scirpus fluviatilis) ,
7H7]79 (Panicum miliaceum), 23| (Echinochloa
crusgalli), W% (Persicaria blumei) % o3 £9
AEo| HHEHAL, 4 FAEE 3T 40% =
o AAEEE Jehiglth. 200397t AuEA
Zdl, WIRE, MR Y SAFET S
Hgo B 60~70%2 ATEE e L,
A W AA71E AR 20043 8€ AARA E
3 4 $AEE B 80~90% BT H& A4
st ekt 224 2719 4AE AAE
A ogtthe ARIE AR 9, A Aol &
Aof @A3] AHG Ty WAt weiA g A

dollA] AFEAE ZAHE AHolx FAZAH Aol

rir

2002‘;’1.1_ 1=
E (Dpha angustata),

FAZA A Fio FA4EE0] s
ke, Ay E8S T SAAERA Ad
Efel g8 7heE RAos wddn.

2. AISEX0IMe] Bt SHY|e| ~EHE

2002 6¥¥E 20049 6974 29 ¢ A
448 /1 437 (E~119)8 F27)
(12€~29)2 ol B4 29, 4 4 §

4 49 2 7Y HEEEd Nygasge
Table 29} Zth & #3 & F BODs, TSS,
T-N, T-P] nuaw FuTetE, FeFAAE,
g9 W3T AAZE 47 ALE ZFE= Table
3% 2tk Fig. 2& ZJrZH #A] s BOD;,
TSS, T-N, T-P&E¢] s} Alzto] @& #
8 f249 FEHEE YeRgid,

Table 2 Seasonal comparison of concentration of the constructed wetlands

Concentration {mean *+ SD?)

Constituents No. of Samples -

Growing season Winter season

Temp. Inf. 150 2023 £+ 829 424 £ 190
(C) Eff. 150 2042 + 8.82 444 £ 178
DO Inf. 150 1068 + 3.38 1517 £ 229
{mg/L) Eff, 150 964 + 405 2177 + 669
BODs Inf, 150 396 + 228 492 £ 374
(mg/L) Eff. 150 287 + 159 596 = 473
Removal (%) 2423 + 1864 -21.12 + 1077

TSS Inf. 150 2298 + 2769 1247 + 741
(me/L) Eff. 150 799 + 767 038 £ 574
me Removal (%) 62.66 + 12.89 22.72 + 1942
T-N Inf, 150 329 + 151 554 £ 071
(mg/L) Eff, 150 151 £ 1.08 374 £ 087
Removal (%) 5411 + 442 3254 + 444

T-p Inf, 150 030 £ 014 032 £ 009
(mg/L) Eff. 150 015+ 013 0.15 £ 0.08
Removal (%) 50.55 + 324 53.74 + 363

Chl-a Inf, 150 248 + 2402 363 £ 250
(ug/L) Eff, 150 98 + 1613 388 + 45

? : Standard deviation
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Table 3 Comparison of performances in growing season and winter

Growing season Winter season b

Components Mean £ SD° NADB

Hydraulic loading (cm/day) 783 + 1.62 909 + 188 10.90
Hydraulic residence time (days) 394 £ 068 567 + 1.09 2.07
Loading rate (kg/ha-day) 305 £ 1.00 449 £ 112 19.46

BODs Removal effic. (%) 2436 = 19.75 -2005 + 783 62.38
Amount removed (kg/ha-day) 086 + 081 -0.90 + 049 12.14
Loading rate (kg/ha-day) 16.06 £ 6,75 1064 + 1.19 38.06

TSS Removal effic. (%) 6279 + 12.08 3355 + 1788 76.00
Amount removed (kg/ha-day) 1024 + 488 353 + 189 28.93
Loading rate (kg/ha-day) 276 £ 0.56 502 + 133 8.16

T-N Removal effic. (%) 5271 £ 439 31.32 = 463 4841
Amount removed (kg/ha-day) 146 + 0.36 157 £ 046 3.9
Loading rate (kg/ha-day) 023 + 0.04 029 + 0.09 399

T-P Removal effic. (%) 4778 £ 638 5312 + 479 20.80
Amount removed (kg/ha-day) 011 + 0.01 0.16 + 006 0.83

® . Standard deviation.
®: North America Data Base

7}. BODs (Biochemical Oxygen Demand)

BOD:9 7$E Adyd A37|% 2719 &
4 HFFEE 3.96 mg/Le 4.92 mg/L, 2831
%24 & 287 mg/L9 596 mg/LE YER)
At (Table 2). 3318 447]s} 289 5A7|E
AR 24P B U5 ARV FE71Y
SUREEEe 3.05 kglha - day$t 4.49 kg/ha -
day2 F2717} o 154 A wstch Fat2AA
£ AR 24% FET AVIEAAETN}
Ueptou, 58700 -20%2A &8 AXH
A BOD®3&l7t 23|18 F7RI3th (Table 3). &
2o g FANAL FANET GXHES A
st u]gE R uA A EY I¥En
FAARs e M F2§ 715S FY UPER
FAEHE, ofF WA ¥Fo £x9 9FE
=t} = ZAVIZE HE F20] 4.2~44
TEN A371(20.2~20.4 C)°] vl W& F20
Z u|gsd J% 7SR} Azsln, 29730
ALd A A AEA7} Baiso] FAAA
47180] &£&59] {5l v £+ BOD

84

B3t o F7Rigcke |tEnh Metcalf9t Eddy
(1991) X BODY #$-& o& A28 Ay
Ao vlg Lo U S degy e
v}, whao] Kadlec® Knight(1996)& A33E¥
%A (subsurface flow wetlands)Q! 74-9-= BOD A
Aol QAN ZAFFAYEA (surface  flow
wetlands) 2t} 2E9 9% Az A
Yoon® Ham $(1999)2 AdEFIUFTEAY
oAY A%e o 3dzt A8 Zs} BODY A
& EAVIIE 50% o9 REFAAE0
vehgon, dAz AAY F718 % 437
(7249 kg/ha - day) 9} F271(69.48 kg/ha -
day)7} M2 & Aol7} eivkm Eusiich A
A8 &% (surface flow wetlands, SF)$} A|&tsF
8 &A(subsurface flow wetlands, SSF)lA
BOD¥8F AAEY g 227t "X F39)
Az zl7 U= ol SSFE A% fY47L
&4 BZolde] oA (A, ReAle]E 3EUA
ujds AEele] A, 38, el A4eg 3
stsl=d) WA, SFE #49 4947t d7ls A
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Fig. 2 Changes of the water qusiity in influent and effluent of wetland

Z35to] A3 w25 W] W] AdFog SF
7} SSFET} BODAIA diFllEe] lojx di7j&
Zol o 9L o] Yol Wt wdEd E
F itFoz SFE foed g4Ez fslEe
oA Aojg A% As:E, nRHBY ¥t
A5y F4REsE F2 Ass N, SSF
9 A$E FEPgess L 1FE UFE
Z2 A2k Table 2014 B3Fo] £ Aol &
£33 AZEAY A$E BOD:Y #YT HEFE
= AR, 471 42 3.96 mg/L9 4.92 mg/L
2 WA%E £29 AF:E Yt F9%
o gAe FA¢E AV, F27] 47 3.05
kg/ha - day 9 4.49 kg/ha - day2 I¥EQ 3

Agg ATEAY FUReFe] ulsled 1/30~
1/402 wl$ ZolA, gAoq HHe f718R
O ZARE Mgl §Ez2F FoEREH Fas
429 #7180 9 W) Wil Aoz H3
FAALe] 428 Ugry vddd. & 47 ¢
TEAAPNES B¢ 2718 E¥sie] BODY
B9t 30~6.0 mg/Ly FEE Jehigich Uit
oz AzgaAM WAFE % 5 mg/lld
A3 vzsd o d7dded YAl dse
¢ 4 9129 (Kadlec and Knight, 1996), ©] ¥4
olx9] BOD ¥4 Fish: 953 £3dd
of & 9%E FAL %& Ao wdddy 32
715 FE5 BEEEL 596 mglLE ALF
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< Aol G5 & 4TS vAA YR
E 4749,

L}, TSS (Total Suspended Solid)

TSSY 745 Avud 4378 52719 74
4 PFEEE 2298 mg/L 1247 mg/LE Yet
Wl #24 HFEEE 7.99 mg/ls 9.38
mg/LE YJEeRygicHTable 2). %7 TSSY &
31§31k 16.06 kg/ha - day2A 27190 10.64
kg/ha - dayoll ulsiAl 1.680 Eqtod, Rai3AA
& 9A 3717} 63%2A 28712 34%°] ujd
A <k 2ui7kE EA UebdtHTable 3). &49
TSSAA7|1ZE ofat 9 AR vjPge] & £
7t ok & &A% 2L SFY ZAfode 644
B I f49 Az AF gAY 4] IA
go} diEe TSS7 AA=SGy dd€. o
g A7FAE st old £FQ A4 %
TSSY AAE 712e] we ARAL FgL o
Aty Busglch(Kadlec and Knight, 1996).
ay, 2 A7qN Arjaez 437t 527
o] ula §U4 FAEE, YR 9 RIS
Aol 9 EA Yeid ol 7~847 JAFE
$2 A g2 EAP AZ FYslo] TSSH
sgpo] 343 M 249714 o 90%7A 9
¢ &2 AAEE Yehfoj(Ham and Yoon,
2003), A7l TSSY #4 HEEE 2
F5so] Eols AR AAREESo] vER
o w £27)(1247 meg/l)ole A%371(22.98
mg/L) ol Hl8 fd4 BEEE/ B3, 12929
FANET RAZFIL DA 29730 D&l
=our £A7 m@=Ho FAudge] e
sedimentd AFH7 doju= 5 dAMFHoE &
A 4258 TSS7F Flerth FolhdA A
Ho7 ZAyleE TSSO Has P dsHzg
AAZo| WA Yebdttn gdEn.
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Ck T-N (Total nitogen)

T-N9 A% 43718 52719 #45 HEs
& 3.29 mg/L} 5.54 mg/l, §&F JIEEE
1.51 mg/L¢ 3.74 mg/L, 18ln A& 744
54%$} 33%S YERIISH(Table 2). 145812
< A7) 2.76 kg/ha - dayell vldl] FA7el&
5.02 kg/ha-day2 7RISt F3AFAALES
AR A7l FF 52%014E FAIR
H FA7E 31%E o AAdee, FA7)
of A2 FU8 3ol ol FAAA @9 =
A3 2 AARE 43719 F27] 47 146
kg/ha - day$} 1.57 kg/ha - day2 2 zjoj7} YA
%Stth (Table 3). &X4EL v|AEo] zAAF
A 71AE AFeie, Bz ojFd it EY
oz g;iso] REFH 37|15L UL #
71449 F71AAE JHE GRUcks 3715
A AdEo2 AMYALE AstHY, A4
AsxE A @150 $itse] AartAs A
g F 7] 2= o|FsA ot (Seitzinger.
1988). old Aitsisl BANE AX oM A
A7t AASEY, 243 9 843 ngge &%
o] 9 i) wio] FA7] FU¢ AAL] 4%
Z1o) wisiA WA Jelsttin gddd. AAs 3
A& o] 10ToJEIE U7k A7 Nz
8to] 6TolsNME MEA ZiHY, 243 33
& F9] 5T7HA Rolxx #HAYR 3%
(Brodrick et al., 1988). =3 Yang(2002a)& 3}
AFAHE 9 AFEAY A2AAE 20~25T
oA 7} &&30)1, 15T olstelA= Azl 9
243 uelglors] @30l Wotd AL AAZ)
dolAky Baslgch & A9 ASE 437
7Bl FA9 20 HF 20.2~204TY ¥
o EA47)7)7t0e 4.2~44TCY S 202 A
& AAHQA AALE ¥A debgty gdgrt
ZALAA 9BL FE QU2 E 2 0|99
% pHY AFAZY €33 deeold] oz ¥
o] g frer%ol 9t & &#A9 2%

2T U= A7 A E, 2005



$Ee - &2 - 7YY - YA - 0¥

AY715G 19 95 £ FF59 pH ¥Y
+ 8.11~8.8724 WgtZol Ao pHel &gt &
AR AALS Wi d¢ Aoy dddch
T3 Aa 1 g v|AE] Eds] Aside o
g 25 g9 f71eart "eskhs a7t Qe
(Kadlec and Knight, 1996), &71& AXEA
Ao B& AAMEL(80~90%) & PAT A&
Eo] AlshAAM ZAE &4 vigd] f71EFS
e gletelole] 83 f71dA Fddel @ &
oty wdEd, AFEAAMY AFR7IHE FL
g AR o)z} FHAAEAN T8 ATAE ¢
sl AFEA A AFALCE 5~149¢ A
A&t 9QtH(Waston and Hobson, 1998) & &
AJME FA771%elE £AY £AE w4 05
m) FAAA A9 AFALE & 3.9944 5.7
AR EE FAG 2dFAY AFEAHRE /L
ZALE iz AWRolEd, FAREFNA
ANALZ f71249 AAAIALTE 2RISR o]
&o] 747t 52%% 42%= iH-E-E AAF%Th @
ARt $49 £9 € FYFFE 2Es AF
ANRE A7) 7170 o sE0hE XgEY H
Aol 98t YA 71249 AA 9 243) v
Zoto] o3 AAAALY AAZL O ojFo] AF
ae Aztn g =3 AEAY A3 A
HEE T-NY Z4$ ALFYRsge] AAEES
FA7171 5 AgEe AAEYt fASHE A
< ¢ F Ut

2} T-P (Total Phosphorus)

T-PS A% 3718t 52719 /s Bds
S+ 0.30 mg/Lg 0.32 mg/LE YEMAL, £2
F BEEEE 43719 527 BF 015 mg/LE
50%0]4e] Aelago]l YebttHTable 2). F4
B3 44719 $47 47 0.23 kg/ha - day
9} 0.29 kg/ha - day® Yehde] 528714 of g3t
on, RaRAAE A 478 FE/ F4F
48%S} 53%2 JERGA T-Nite 22 FAEE

07 % o] glo] BRI 5 BEF 4L
g IS Yehhgitt (Table 3). &M ¢
o AAZNFLE £&, A%, 2F 9 FAY4EY &
F 7 o £33, sy, YA fAyge] s
ojfolA}, £ FA9 A4 AN ¢ FUE
gepiz PASE 29 AR F 60%9 §E
AU oF 40%2 YERteH, RIS F2 3
Astn 248U A8 9 2F M Fd
o] &AM Flo] AAHJ T FALEh Table
2& B A7 39t $A9 FFEEANLFE
AR7), B27] BF 10 mg/loldd &% 37|
A AHE FAEE, 3714 A Q o]
L ¢Fug 4 3 ol e ol s}
of BAASFER Wl FAsNA Boh Ady
oz QaMdRle Hlgo] wol F2 AH 9 7ol
gaiA Qo] AA HYvkn waEHA, £ L 4
AuBe] dE AEF old ¥ L
Aoz Hojx A A9 KA HE&E
i} Yeld Aoz gddn g dFase 9
&8 Gumbricht(1992) Asdie] U&= SSFE
&AM 140F B¢ A7 A 2~21TY &
THsloA A9 Al g gl vl F AlolelA
o] Auio] A9 gitkm #%lem, Schierup
(1990)& dmlze] QA= 47709 SSFY X8
A% 33 J8ET ALE AAY W &
A9 HPaEY AojAL wAY & Yoy BX
9t (Kadlec and Knight, 1996). ¢yt
7% Yang(2002b)2 1% Aol L8
2 98 SFY AFZ&A A4 29 A AAEH
g AW A3 2§71 7~949 BF T-PAl
Agol, AR 10~128) uls o 1.44 o
EA JeRgtin gt AAg &AM #4844
2 1 AAe A oA & JIHE A @
1 FA8 5E9& A A% §4E Agst
o (Tchobanoglous, 1987), §x14&0°] AH F=
g o] 32 Wi AL ez U4 U I
Py AP B2 A9E sA4EY 28
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Goked AAGH] 3ty FA dHols)
e uAEY Fude A BEH(Bio-
logical filter)?] 715% 3tx, W& HFEER Q
8 +% JUHl dig o1Fa 0] FoH, HeF
9 4YEA Fr A FAQ] ARHA I
o] k= AAol Ytk 53] L&Y AL FA
N s Ezol 3 AgRE AAHEd
(Adey et al, 1993), £ #A9 3¢ A7l @
& Chl-a8 BAFZE ARy, Ade &
AfUEY & FFFEE 248 ug/LelA
9.8 ug/lL® A Z4a% v, FA7l: 36.3
ug/LelAM 38.8 ug/LE AR719 xlol7t A9 Qe
RoZ JEITH (Table 2). ol F27ld ¥
2 Chl-a9 B&7F Udehd 2 SAYEY 34}
2 Q3 o] HolA ;Y JlejA got FFo]
2837, ABAHEZIES IS FEHNEY
389 #%Fo] A=} ALH ¥ FEE
d Aoz waddd. & FAdE FAYEL 1
Apstel gA7)e] uis] FAAE & S U
3 e 9B AW FFEHE FES Foo,
FAFA QAP 2EAxF Y 52 F
s £&EA Qo] AFHE AAHC AFAFHo=
Ag719 dlzste], FA9 AHagAAME 2
o7t QE AR Jegtn wddd A3F
Aol g% £AR3 FHLS J1F, §49 FH
(Nichols, 1983), &Xo wdd A& 9 u&4
T, $9%9 $3(Knight et al., 1996), 49
4 9 247\t wel v$- Al Jveld &
Atk FAE A7 s = H§H 29 &3
I QAEAY x5z Ads &R &) At
g9 Q¢ 3¢ A7} 715R 3~48Fle AA
go] Z7|Etk WopAgi Atk (Maehlum,
1998). & &A9 A% 2d%e¢ #9498 2% 9
7|1zl @ &R A8Ao] o}FL A3tEA] &
otom, gogn A&AHo7 FA/Y AP B
T £ Aagd YyeeRd dEide A3
B0 Mg Ao F et

w

2
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3. Scatterpoit2 0128t weIFsl=l S w7
-l

£ 47 ZHE o83l UdFeANE fYse
Ta5eEe dE §259 BAEEE Evgs
o 248 WFFA FIAEE SN NADB (North
America Data Base, 1994)¢] 239} vja HE
%er 1 A= Fig 393 2t BODsY 3¢
A7V FL sl dis] Y5 NADBRU:
T ¥ §&5F HiEEE UehiZlE #3449 o
F& NADBS} A9 vixd %S Vehgid

TSSO A4 54 Fd5skge ds 7%7] 7]
e EES A9 /&5 BEEEh 53719
25 e visAY St ¥ FEE
UERSE, NADBsH= A9 4% ¥4E 4
Uitk T-N9) 739, 54 U532 dsf &
A719 {25 Jd5Es A7 &5 BaF
o vigt] §A Jelod, A7 fE5 e
TEE Y Y559 NADBY AFfHUE A
3oz ¥e FEE Jehlgich NADBY ¢
s offe WA fAHEE &4 7%
F FE7F AFEEE WR7AE 48 Res
Uehded), #3249 T-NY 352 0.6 mg/LE
g o 92 32E fAH] 94 Y4aF 52
o] FRSHEE WEe A2 2 gt A
2 AZEd. T-PY 35 43719 §27]
d Fyrsige] dis vxE KE5FY 9
2 Jehjgion, NADBY A9l ¥ 3|
158 W9lo fFatdel sl & Age
FEEH0] g WA Jehd AL ¢

~ 2
lo

of —n
ol

t

g &) b mo PN
o

&
™
hy

4> o
R
o

.

2 A72%E NADBS HlZahd, 2% 4371
23} NADBHT} O W& #2459 BFSE
dehiAY, tREe g204 5U 4U%e
o8 NADBS vls@ W99 484 B35

e,

s

H1 o mjn o

w2
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Ei s B o R B B B i L
1000 y-—— 1000
+ NADB SF Data . 2?&?;22:&
4 Growing season * Winter season
100 = Winter se‘a\‘on i - I
4l | 0.1
0.1 1 10 100 1000 01 1 10 100 1000
Inlet BOD loading (kg/ha-day) Inlet TSS loading (kg/ha-day)
1000 = 100
i NADB SF Data NADB SF Data
3| A Growing season A Growing season
100 = Winter season 10 | ®  Winter season
A .
o N (o]
£ 1 el £
E T R 3!
z . » o
- 1 = 0.1 ;
A LY S : 55
0.1 4 . L 0.01 { > ﬁ
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Inlet T-N loading (kg/ha-day) Inlet T—P foading (kg/ha-day)
Fig. 3 Comparison of experimental data with NADB
V. 9 o #E A7) AL 630N F4719 34%9)
HlaiA ok 2uf 7kF EA Ut $E718Y
2 ‘?i%“’ﬂ*i% AL LA AFsA 54 S AT Ege 7R wE Jd¥RIGE, AR
AFEAE oF 2] AA ASHES dPAEE (22.98 mg/L)el Hls} W& FYF BAEE:
nEsislon Ang qoksld thed Zt (1247 mg/L) s}, 297 &4 d3o] H0HA
1mn~ywﬂ%WHiM@lw¥ WNHOET FAZk m@so] ekt Aol B

24%s} —20%% »}EMM A7l
F71EAA LG} et e
2(4.2C~44T) 02 %ﬂ

Bart Hzsba, zARE AEA -ri. z3

e WA F7)E0] Wb FA0IM Y Aea
b Azsiith. 28y sE71E EFYE &A1Y

FEF FEEEE 3.0~6.0 mg/LE L5
HAsE B dden, o] % FEE o
U 2rs sdagd 2 JFE F @8 o7
gehEch

2. TSS9 7

_l—

T3

T+ A JFIVNTE
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3. T-N& A8k 2719 Agldol
53%% 31%E JERISEd F27)9 A$ A
3} 2 223 vgEo] 2xo gL IA w)
gzoll &7g7)ol HE| @ Aego] Jehdtia
e g8y T80 FA2 fY" ek
o] Wol XA ©g WAG AA Ralge 4%
71(1.46 kg/ha - day) $} 5271(1.57 kg/ha - day)
7t AR JEebgen, FE7)elE gsdt
AFFA S AixFAFsHF AAGY} ehd2S

& % g,

%2}
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AfEUd ABEA % ASE DEFY FHFAAN BH B4
4. T-P9 7% T-Ni= g Al7]ol 43lo] References

BA7\9F BA47) 212t 48%, 53%9] B2 AHYES
Uehlglod, 49 i FEFEEs 015

mg/LE YRR ole FAVIIE &AF
Ao FAE AP FR2F 9 5z g3 99
ol AA=e FIY A mEHolA *M
719 2 Aol7k A RoE weEnh A%
712be] AojRA FAU 1AM AEE0] %@301
7HAA Q1 AeEgo] 27|HT; Az Z0E o
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