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Abstract

A plane field and a sloped field located at low-land plane and alpine areas, respectively, were monitored with respect to runoff,
water quality and fertilizer uses from March to December, 2008. Runoff volume and Non-Point Source (NPS) loads were
estimated and analyzed with respect to fertilizer uses. Total TN and TP loads from the sloped field were higher than those from
plane field because of larger chemical uses in the alpine field than in the plane field. Organic matter load from plane field was
higher than that from sloped field because more organic compost was applied to plane field than to sloped field. Event Mean
Concentration (EMC) of measured water quality indices were relatively higher in both fields. Organic matter load per | mm
rainfall were higher in plane field and TN and TP loads per 1 mm rainfall were higher in sloped field than those in respective
comparing field. It was concluded that the type and application method of fertilizer could play an important role in the
estimation of NPS pollution loads and the development of Best Management Practices (BMPs). However, it was recom-
mended that long-term monitoring is necessary to better describe the relationship between fertilizer uses and water quality
from agricultural fields because numerous natural and management factors other than fertilizer also affect runoff quality.
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PALH nPBAEY 2UEHY A9 AFFHELL
Fig. 1] et BALe Z9E 234 A8g §37
o AT Uk ALY FFTFY HFYL 12,4765 m’
oli, BF AAEE 17%0]W, EXo|LYeE H(100%)
o2 oo ot APALL Z9E HIF d#Fgw
gA2z 0] XS Ak nPALY J4FY WHL
16,998.7 m’ol 2, ZALEE we| )Xo wal 10%9} 23%
2 FEE 4 glon, Exo]&¥gE wH12,9482 m’,
76.2%), 4¥%(4,050.5 m’, 23.8%)2.2 o]20)A] ]tk

AFAHL aPA Lol PATHG 45222 m’(36.25%)0]
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3t 69 2744 30¥7HA F8E s W FAudE
BE e (@4 0.018 tonton, Q14 0.032 ton/ton, Z&:
0.016 ton/ton)s} Hj3 AL Egu|E(F2: 0.11 ton/ton, ¢
4k 0.09 ton/ton, Z8: 0.11 ton/ton, ILE: 0.03 ton/ton, &
2 0.002 ton/ton)E AHESIATE VAEHHE 12,476.5 m’<]
HAo] 1,000%(ZF 20 kg, FA 20,000 kg)S A&
ole A 360 kg(288.5 kg/ha), 14+ 640 kg(513.0 kg/ha),
ZF 320 kg(256.5 kg/ha)oll et vjF A& Hu|
£ 12,4765 m*e] @A 80%(Z 20 kg, FA 1,600 kg)2
AHgEtgTE ol F& 176 kg(141.1 kgha), Q14 144 kg
(1154 kg/ha), ZF 176 kg(141.1 kg/ha), LE 48 kg(38.5
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Q14 884.9 kg/ha 131 TF 525.8 kg/haot}.
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(a) Plane field
Fig. 1. Location and drainage area of plane field and alpine field.

(b) Alpine field
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kg/had} 914+ 513.0 kg/ha 223 2§ 256.5 kg/hao|th.
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£ AFFEY $A4 A5 FAAE 2Aso 12 14
22 FPsiut £4E 9= T9-7F I4H& o835
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B 24 km Eoj7 Ao AXE A7|¢-FAY ARE °l
£33, nFALLE 2UEY AFo] 4AE A7 +FA
9 AEE AESITG FANEE FHE L F20l
AZg dig f&0 FE2T H7HA 308 WA 142
ez AFA FEANEY FAFELS SS, CODcr,
CODw,, BODs, TOC, TN, TP 5& Standard Methods(APHA
et al, 1995)%} F209 FAANIY @B, 20019 w2}
2489 Z9Ed 29¢3% 123 AgFAedss

Table 1. Analysis of rainfall and runoff

F& &9 Pearson JPAVAEN L Sl Z9IH 39%
E 293 A95399F7t 58 vAE 9¢S B4
o2 EAgh A FALN L F WF Abolof WG
A7} EAG=AE FBRAY FAE2 ZH)FE dof
E(Pearson) RAITE F3l e EA §57< =&
giotsls o R W 4o |AGC BEHAE F
o EMCE & ASATSY 488 29738 78
2 5o 7o, Z2ASE S99 AT viEFey v
nE F3le] PA G nPA P PPN 58 &
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31. e U RER ZAHEL

BEUHYE 9 352 64LRE 9UXAlold] F2 o
Aasct 2 99 A7dE Zee Aoy &2 24
512 @t} Table 19l BALH 1P Lo ZUEHP S
ANG ZAHGel g 48 el §&0] dA4
BT BFS BARNA 40.4~239.4 mm, LPA T
oA 24.8~267.8 mmE 7|25 QT 289 W HA
el A 0.05~0.25, PA oA 0.03~043 22 eV

Ao A 71838 Hg F$ZL 2394 mm= 2008 7
g 24U~2599 ZgAHgolth o] ZeAMEe AFFEE
£ 279, B¢ 2 EE 5.7 mmh, A F9ZEE
36.6 mm, Z9AEALE 424703, FEHE 513
mm, §&&2 0212 4FHAG. TPALA 7158
o 292 2678 mmz 20089 79 23U~2649] ZASA
Holtt. o] Z9AHge APRFF+YdrE 289, B BF
ZAEE 4.0 mmh, Hd Z92EE 272 mmh, Z9AEA
e 6582701, 242 939 mm, FEEL 0352
AT

HAge] 73 ZAHEES 4G F ATHFS 6088
mmo|8, £ $342 1114 mmo|3, ¥ §58L 0.182]0}.

. Rainfall | Antecedent dry day | Rainfall intensity (mm/h) | Duration | Runoff depth | Runoff

Site Event :

(mm) (day) Avg. Max. (h) (mm) ratio

Ist '08.07.24~25 2394 2.7 5.7 36.6 42.0 513 0.21

2nd '08.07.26~27 574 0.3 26 14.2 225 1.7 0.13

3th '08.07.30 404 29 11.5 204 3.5 6.0 0.15

Plane 4th '08.08.02~03 69.2 25 25 17.4 27.8 13.2 0.19

field 5th '08.08.18 56.6 1.9 45 174 20.6 14.8 0.25

6th '08.08.22~23 86.0 i3 3.0 9.8 28.1 153 0.18

Tth ’08.09.01~02 59.8 8.7 2.1 5.4 28.3 il 0.05

All event 608.8 - 35 36.6 172.8 111.4 0.18

Ist '08.06.18 24.8 3.0 1.6 5.6 16.0 0.8 0.03

2nd '08.06.28~29 278 5.7 13 9.0 22.0 5.8 0.21

Alpine | 3th '08.07.19~20 532 24 24 10.4 258 7.0 0.13

field 4th '08.07.23~26 267.8 28 4.0 212 65.8 93.9 0.35

5th '08.08.22~23 50.4 1.6 1.9 5.2 26.9 215 0.43

All event 424 - 2.7 272 156.5 129.0 0.30
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APARe] 53 ZLALES TATG T FEFS 4240
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FEEEF7t Z28FF S5 AT AT FRE
53 & BoAE gtk f2&3 29F 4972 9YS
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Fig. 2. Correlation of runoff ratio.

AHdol A 71d B L@Rs7t ST A WA FeH
EAM3e] 2 9EE= SS 989.90 kg/ha, CODc: 110.67 kg/ha,
CODy, 66.81 kg/ha, BODs 47.52 kg/ha, TOC 22.64 kg/ha,
TP 3.22 kg/ha, TN 0.71 kg/ha© 2 Vepdth. RPALL o
WAl ZREAEOA 71 B e9¥s7t g4sisch
Y WA Z9AMEe 2g5sHe SS 2,245.00 kg/ha, CODc
178.98 kg/ha, CODyy 57.95 kg/ha, BODs 43.89 kg/ha, TOC
11.91 kg/ha, TP 7.35 kg/ha, TN 8.64 kghal 2 Jebgdth

BALH aPAge] HHL 12.5 hadt 13.0 ha, §34
& 1114 mms} 129.0 mm=z 2 Zo|7} Qick A v 24
B gFste FFS Hulg euEg ALgFd] 94
Zol7k Qle A2 vebgth A LA $AF 2 gyst
o] 232 SS 1,371.50 kg/ha, COD¢, 172.04 kg/ha, CODwn
99.88 kg/ha, BODs 69.52 kgha, TOC 33.18 kgha, TP
6.25 kg/ha, TN 2.57 kg/hal 2 eyt 123 nPx|g
oA LA eFH5I FF SS 2,940.52 kg/ha, CODc,
205.76 kg/ha, CODy, 68.63 kg/ha, BODs 51.19 kg/ha,
TOC 15.03 kg/ha, TP 10.06 kg/ha, TN 13.43 kg/hao 2 1}
Elgtth. 2P AES HAgEh SS 114.40%, CODe 19.60%,
TP 60.91%, TN 422.57%9] 2¥%¥37 ¢ LAsH,
CODmn 31.29%, BODs 26.37%, TOC 54.70%9] 253}
7t AA G4 AT YA L2 S8 AR Fo] Bt
&l TN} TP FoF¥s7l & Aoz @y,

024 .

00
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(a) Plane field
Fig. 3. Pollutant load with respect to number of rainfall event in Table I.
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33. ZSAKSHE EMC

Table 2+ PR 2PA L] Z9AHE EMCE 2o
Zo. AT aPA oA HFE EMCE Huj¢ 33
89 AT 4FE W AoE FNE F Utk ZYH
P& A% 7179 EMCE BARA SS 1,231.20 mg/L,
COD¢: 15440 mg/l, CODy, 89.64 mgL, BODs 62.39
mg/L, TN 229 mg/L, TP 5.61 mg/L, TOC 29.79 mg/Lo] L,
aPA R SS 225270 mg/ll, CODc 159.58 mg/L,
CODpyy 53.10 mg/L, BODs 39.70 mg/L, TN 10.41 mg/L,
TP 7.82 mg/L, TOC 11.65 mg/LE Yeixth. ngz|d
HAYR SS 82.97%, CODc 3.35%, TN 354.59%, TP
3928%2] EMC7} %A e, CODw, 40.76%, BODs
36.37%, TOC 60.89%¢] EMC7} @7 Uebgich s
a2 A8 o] @ekyl WEol TN# TPe] EMC7F %
i, BARLS gyl ARgFol BY7] HE f71E29
EMC/t £& A2z dggr

Polluant Load (kg/ha) .

(b) Alpine field

34. Z2ASE HRHMY WERS) d|l

PALTG} TPA P degRate] Folg EFFHo|n
g wasty] dAMe Z9ATER TEE A 29
F Aoz ol 438 davt o B/ARHY
1PALY AN M2 g F9FH ZUEHF A5 2
22 wFHHe Aolzh 7] dEoltt. Fig 4= T8 4
o2 A4d 2% 1 mmol] 3 GHARHT HHLLFF-3
& Yeid 2gelth

Efbt.'.utmt Load

sub (1)

Poullutant Load (kg/ha/mm)=
(koo a3 Rinal,,,

&j7]9l A, Pollutant Loadsps Z-5-Al3E 295 8Hke)o]
i, Rainfallws Z$AFE Z$FH(mm)olH, Arear ¥j5F
™ & (ha)o] o},

HA e 80~100 mm Z-A T AFees A+2H 13
Ae 60~100 mm Z-5-AFoll AFste ZFo] LA
it AL AN Ao BrMEsHy] Wil AF
A%AQ 2UHY L 54 2¢E S 7oz A8grh

Table 2. EMC with respect to rainfall event (unit : mg/L)

Site Event S8 COD¢, CODwy» BODs TN TP TOC

'08.07.24~25 1,928.30 215.57 130.12 92.56 1.37 6.27 44.11

*08.07.26~27 1,864.60 28.27 14.98 12.01 0.94 1.54 8.09

'08.07.30 575.00 148.15 75.84 37.82 3.54 1.31 23.76

Plane filed *08.08.02~03 1,143.10 161.53 78.04 54.55 5.64 7.01 23.71

’08.08.18 417.30 52.94 28.45 20.95 2.24 3.66 9.95

'08.08.22~23 202.30 55.36 33.28 21.02 1.83 382 9.30

'08.09.01~02 447.40 88.69 35.03 20.50 5.25 5.68 11.50

All event 1,231.20 154.40 89.64 62.39 229 5.61 29.79

’08.06.18 5,292.90 163.45 130.13 60.37 8.34 7.58 22.68

'08.06.28~29 1,803.50 44.81 30.69 22.46 15.54 6.28 11.66

P '08.07.19~20 5,377.10 87.95 33.50 25.26 27.03 10.66 12.80
Alpine filed

'08.07.23~26 2,391.20 190.64 61.73 46.75 9.20 7.83 12.68

'08.08.22~23 803.70 7791 25.64 17.42 9.02 7.22 6.36

All event 2,252.70 159.58 53.10 39.70 10.41 7.82 11.65
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Fig. 4. Pollutant load per drain area by 1 mm rainfall.

BARANE FAFel 3718 e 2¥¥ s Ut
7t S35 JErdA st e gty AUk 2040
mm ZAlFF 100 mm o]49] AlFelA vehgch. FA g
A Z5Fad 2FEAY wgd & #AV e Re=
BEg F Aok 12BN E Z2AFY 7l A
2R dAF ez Frlete 4TS Byt

LgFae AP 4EFY 2Q9EAY &9 g8 2
e nPAe] FAZF BA g vlste F57] H Rl
A2 ZeolE o B2 f8° 24599 A ZeA
24 2% 1 mmo] o3 qHEG §7]E Hehe FAL
oA LPAREC HFFH A Yeyt §Z50] nPAg
Hoh FARA o Ao AL 1Bshd A1gE Hy|
o 9stq AEEe 7180 YA 2L Yehdth
a3 AHE IR $FS TYAPRYG YA
A o gt AT Z9AEE 2% | mmo] I @9
HAG TN TP F3t= vad P golx EA4 Yyt
o Hujo] EFE A9} QARTE FE| g TFE
Ue 2&9 1] f 44 WEyg:s Aoz gggd.
Z9AEE 2% 1 mmo] g G9AAHG SS R 2
BALANA EA Jebgth. TP L] Bt st 32
279 #4543 720 378, F7HE 4453 S
st EFfAol 44 2457 g8 Ao @dH
mEpA BALH nPALe] FAls} Au|e] ER gL
LgFso] FFL F Aoz ARHT FALIME §
Ho] gL 2 §7180] Bo] v&Hy, PPN B
Abst BlaH| 5o FFo 2 SSO YIFAFI Bo) wEHE
ALz e,

4.8 &

2 47 Z9E FAA9 94X 3ALS ZU=E 3
o] AT nPA L 20083 3YEEH 129744 /&
o] 4G ZgAe diatd TUEY stk FAge 7
3, APALL 539 ZAeREAHI AL, /2T
573 9 #2848 B 92 22 de 2

BRge] 73] ZAHEE SAG F 29T 6088
mmo|H, & §342 1114 mmo]i, £ §38 0.180]th
LPA L] 55 FFAMFES AT T BSFS 4240
mmo|™, £ §24L 1290 mmo]1, £ $3 &L 0.300]
o PR L] ZE= FA gl vs] 184.8 mm FH YA T,
FEH4L 17.6 mm, FEE2 60% & LA 1P|
o] FA g us] 2o ZAE F57] dEel 2 B¢
dE o B #&c ¥4% Aoz #gdd. 1dx §
EFES A3 AR 31EE AYEASAFTH
FLETE Frkske 4ES AT FAA {942 4
A gte

BALH nPAL AAH F29F 28 FH34
2 2 A7t gt sA HAF L9Nse] FFS
Hulg} geu| g AFRFO] 95 Aolr} e Aoz 4
Btk TFALES SR AMSFo] Bty g TN
3 TP FL¥-stet EMCrF 3, AL Hulg A}
8o B3yl W] {71849 FogHsig EMCI
H 33 £ Aoz yehyth

BAR A Hulg Ago] B, TP LA e
B4AM 38| ARgo] Bot7] o] 7% 1 mmo
o3t SHEAG 718 Kb HA LA, SS9 TN 28
3 TP Fate AFA LA FA debd Aoz Addd
wehd BAETG a@Age] FAke} Alule FHG ¢ |
mmo] o GAFHG 2G5l P& F= A2E A
9t

£ dFdAE Aue F79 AHEFo| BAste o9y
39t EMCE 2A43tx v|lmsich. s3] AL&E Ay
FF ALEFL2 29 ee =8 AP 2 22
2 ZA8E & U3, 57349 BMP FHEo| Hag Faql
Az #ed F A AW FEAY vFeHL JF,
AP, EY, T8 - FEEY, 9510 5ol o} vjzs5H
ol ulg tgslz] mEol @A st fUoE HHse
A2 @A7F )k wekd F7|RUEY S 53 A7 £
A3 BAo] 9o¥ Aoz AlRdrh. I8n A4 1Y
A FFAF wEo] BALET Y453 FS Ao
TAEHAT. 9FEFE Y HIYHE st oAl
olnZ IPA el uFHLe AR AP BYst A|F3 o]
ojAokg Aoz wog

Ab AL
¥ ATE 5ARIAK8 - YV 978

FBATLAAN APF BF7Z2AAMPY A7 Qe
2 9% d7addyc

Journal of Korean Society on Water Quality, Vol 25, No. 5, 2009



688 HB$ - WA - Ao - NOIp - Y3 - 2K - HSY

AnEs

AA3, FZY, o1F4(2008). F&FHYY F9AEE 59
HFLAEE 5. F+FEH #3598 F 54, 24(1),
pp. 69-77.

Aoy, HAEL, o] FF(2001). 5UAYY HFLAED &
254 #¢ AF. FIEY @FEHF A, 1703),
pp. 299-311.

obAl £(2000). Bl A AN ZALge] HE HPeFA
254 QF. d47«F ¥, 20512), pp. 18-23.

o, FLE, WEF, 2F2008). BIA £ F&A
go) v He P ME S BF AF. FEFEH dF
&7 93] 7, 24(2), pp. 169-173.

ol¥E, ¢AE, FEA, WAZQ001). EX]EE 794
ey 49 {254 7d2d #FEHFHIA,
17(2), pp. 147-156.

489, 2971, 984, 3, FA4(199). ZE= A
A EY %4 %8 AUSLEY FHEE & 5 9A4

FEH RSeS| X| H25H 55, 2009

g EF J44 A9 FE. gEHH, 32(1), pp. 31-38.
349, AAd, A¥E, 30Y006). 1FA FIAHY

HALHY /& 54 FFETAgesdEy =87, @

FEEZ S - Adstae =88, pp. 1010-1019.

A, 4974, FE2000). EFop HFdoA FF€
Zgol g% 2429 A9 ARY {4, FFEFEYY
2], 43(2), pp. 124-129.

3, 4973, A5, $9A(1999). d2AZFHF &R
EERYA oz AL, A 2 {7]EY Fi)
@3 &3 =), 18(1), pp. 70-76.

FAE, 394, A9, 884, 248, §3E, g3
(2007). 457 54 nPA ¢ vy B4 /4 &
4 =2 9 29 §&F 4F. 3855954, 2603),
pp. 233-238.

3 52001). FALFZFAGRE T, BFF 0.

7 5(2008). HlFLeJAGAALY HA R &Y - &F ol
7.

APHA, AWWA, WEF(1995). Standard Methods for the Exami-
nation of Water and Wastewater, 19th.



