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Pollutant Load Characteristics from a Small Mountainous Agricultural
Watershed in the North Han River Basin
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Abstract

Natural environment of the Wolgokri stream watershed, located in Chuncheon, Gangwon province, Korea,
has been well preserved as a traditional agricultural watershed. To analyze characteristics of NPS pollution
generated from an mountainous agricultural watershed, the flow and water qualities of the study watershed
were monitored and were analyzed to estimate pollution loads. Annual runoff volume ratio was 70.4%.
Concentrations of T-N, T-P, COD, and TOC were higher when monthly rainfall was between 0~30 mm than
those when monthly rainfall was between 30~70 mm. However, the concentrations varied considerably when
monthly rainfall was higher than 100 mm. The flow weighted mean concentrations(mg/L) of BOD, COD,
TOC, NOs-N, T-N, T-P and SS were 1.96, 2.72, 3.32, 1.41, 4.70, 0.187 and 13.36, respectively. The BOD,
SS, T-N and T-P loads of July, 2004 were 48%, 17%, 51% and 32% of annual load, respectively. The BOD,
COD, TOC, NOs-N, T-N, T-P, and SS loads (kg/ha) from Mar. 2004 to Apr. 2005 were 19.09, 26.55, 32.39,
13.85, 45.92, 1.887 and 130.18, respectively. The highest concentrations of BOD, NO;-N, T-N, T-P, SS,
COD and TOC were found before the flow reached the peak runoff, possibly due to the first flushing effect.
Generally, pollution loads of the Wolgokri watershed were not that significant. Phosphorus load, however,
was higher enough to cause eutrophication in the receiving water body. It was recommended that best
management practices need to be implemented to reduce phosphorus sources.
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Fig. 1 Schematic sketch of the study watershed

NE AHALE dA 5o —rﬁﬂla o] &5t
FHE =43 49 64FE 108 28974 F
9A 948 @ F9- %‘flﬂ]’i‘.% olgst]
FoT ﬂf"}o}@q F9 - 3

=2 ]

100 mm oo Ffste 29Ed FEEA
3 s HZAAl Fdel &
AHE ]@ﬂi%‘géu 9_°é Sh= B AL
2224wl stz ook webs %
QA D AE LARE EAEAS A 28
WEHAEsTS A ETFE(Event Mean
Concentration—EMC) & AHgaigict. F#4Alge
HAo = 25Y0) 13, 72]1 ZFHAldE 1Y 4
3 oA AF st HETHIALQTFBOD), 33t
AAkA Q78 (COD), F77192(TOC), At 44
A(NOs-N), #44(T-N), FU(T-P) ¥ FF
EA(SS) S R AR FATEAEHY ARt
Aol whel ®Ag o, Ashde] QRS
Soo] 2AYEY FAFTE Fato] AT

Journal of the Korean Society of Agricultural Engineers, 47 (6), 2005. 11 85



&3 ¥

4o
i

AzbEd AN 2R HFAEA

. d= 9 1&

1. ¥B2| AolA oo Rt EA

238 F994 2 10 km BojA FHN
9 2004d 49RE 20059 397A9 AHeEe
1,365.9 mm 2 Ut d¥FAFRg @
gk, AFede] AFEHL 3,322,192 mo] W
st o, 697E 9€7A] AREFS 78% ¢
2,500,000 m® o]4}o] WA E3] 530 mm
o]de W AeUt s 799 FEuE A&
o 44.4%Z ¢ A JEbkth €389 AdRE
F ABSFY ok 704%E AFE) B §&
AL Bk AR21] b 583 689 FEHlE
100 mm ©]38 797t ZRFPIAE 2.2%8)
8.2%% Fout, 8¢ 9€9 {EulE & 200
mm A5 79 15.4%% 10.0%2 Vet 59
3 69 vld Adgor & F3HE HYtt
547 69l A5 vist nlAerIzte] F
717t A&Eo] B Fgeu)z) Yol B9 A
Fo7t BEokol ARHAUW dhdof, 893 99l
625E 79 B WL A&E AR AdY
B9 & FUIE AFEC] A4 dEl
T ok A7t AEE FEH RoE wdHY
o 9289 9%, €4E%E f3YE Table

13 g

=

i

I Jim

2. ¥3z| 251 7Yl TEEY

27390l 0~30 mmY we BOD, COD,
TOC, NO3=N,, T-N @ T-P9 FZ=(mg/L)&
0.7~28, 1.8~64, 21~7.2, 016~1.23, 1.5
4~6.989 0.031~0.250% Jehgod, 30~100
mm 299 ®W 0.9~4.2 1.5~26, 2.02~4.42,
0.77~1.68, 2.56~6.69¢% 0.002~0.060% 0~
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Table 1 Monthly rainfall, streamflow, and stream-
flow ratio of the study watershed

Precipitation Streamflow Streamflow

Month (mm) (m®) ratio (%)
Apr. 2004 59.7 45639 14
May 2004 1350 73,044 22
Jun. 2004 105.7 267,663 8.2
Jul. 2004 5323 1457.272 444
Aug. 2004 2156 503,953 154
Sep. 2004 1936 326,817 10.0
Oct. 2004 18 307,170 94
Nov. 2004 430 66,342 20
Dec. 2004 272 58983 18
Jan, 2005 37 45,533 14
Feb. 2005 308 65318 18
Mar. 2005 175 104458 20

Total 13659 3322192 100

100 mm¥ = 0~192 mg/LE 0~30 mm9
2~20 mg/Lol wld wl$- ZA Jepsth 0~30
mm® 3¢ FA+YF7t ALEel w FE2AY
o wigzg 2 5o HAd WA 4718 59
99 &4o] 30 mm "] e A sHo=E
5] sFdo] F43] ogtse= ZoR Yg
Yoo, 30~100 mme] W2 ZRAA e 24
BAo] fEHth= gy 7)osle] FEE WFe
Rog #AEdch € 790l 100 mm oY
g F¢FH 5 wet 0H9ER $E9 W
71 wig AA JeRT. 53] dAGEHE 24
E SSO w2 Ze%d §&€%9 2719 =g
FE7F #3384 Aske ZAeE vsEth 0~30
mm& 72 Jiels Fdgke] F9wEY o
A &4 Jebted, 30~100 mm$ 100 mm ©]
A Ao E BEgT 9 Aol Aolzh A
A gkgtony FERG Agro] Vel gtk
4=y Y FARASEE Hdi, HAi@
9 SElEEFsEEE Table 33 Zth BOD,
COD, TOC, NOs—-N, T-N, T-P ¥ SS9 &4
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Table 2 Variation of Concentration with respect to the size of monthly rainfall

(Unit: mg/L)

Index
Monthly BOD COD TOC NOs-N T-N T-p ss
rainfall
Range | 070~280 180~64 210~721 015~123 154~698 0031~0250  2~20
On;io Mean | 208 326 391 065 305 0,090 6.43
Median | 234 250 329 059 259 0047 55
Range | 090~420 156~260 202~442 077~168 256~669 0002~0060  0~192
30[;;00 Mean 208 217 314 128 463 0035 3034
Median | 154 220 290 1.35 495 0.040 4
100 | Range | 006~892 081~1158 104~1461 040~497 135~1656 0013~1280 050~170
mm Mean 243 340 405 165 534 0231 21
and more | Median | 212 2.90 3.60 1.74 566 0175 5
Table 3 Selected statistics of the measured concentration of the watershed
(Unit: mg/L)
Statistis Index  pppy COD TOC NOy-N T-N T-P ss
Maximum 892 1158 497 16.56 1.280 1920
Minimum 006 081 015 135 0002 00
Flow weighted mean 19 272 141 470 0187 1336

FE(mg/L)E 0.06~8.92, 0.81~11.58, 1.04~
14.61, 0.15~4.97, 1.35~16.56, 0.002~1.280,
0~192.08 F=8A4E B3oY, FaEdds
S(mg/L)E 22 1.96, 2.72, 3.32, 1.41, 4.70,
0.1879} 13.362 Uepdth

1€9 #Fe s A ¥ BOD, COD
2 TOCY EEAFETEmg/l)e 073~
3.56, 1.01~4.698 1.3~5.63% uUehgon &
%9 F4Ed ¥E 4% NOs-N, T-N ¥
T-PY EEGNEFEmg/L)= 42 0.04~
1.96, 2.26~6.989} 0.019~0.5169 W= et
WCHTable 4). %2 7971 A% 62~99l
3, 34 59 F4U3E velde T-N, T-P,
COD ¢ TOCY s %7F &4 Yeht FAd &4
HE Qo] BT & s = Ao
#EHATt. SS9 € §FEFEAEEE 3.0

2~63.94 mg/LZ TE ZAFEHEC Wt 2
Ao yehton, Hdworh 48l TSIt
o]t xE9 Axgror I FARANA oF
60 mm AEY 7o B2 oo EokfAo] Wt
A" Aoz wuEdth 799 SS9 fEEH

FEE 514 mg/LE 649, 89 nlg] ¥ &
& 19k 799E 20 mm/h e FSAER
20Y oA} A7t AEFH o7 wAste B fE
go| WAEle] TRt AUACE F3 8 g
MEe7] wEoZ stk BOD, COD, TOC,
NO;—-N, T-N, T-P % SS¢| d4%: {37+5%
FEE(mg/L)E 1.88, 243, 3.09, 1.19, 4.47,
0.134 2 17.04% Jebxth vjud Ado] Z B
2HI UE FEFIOIAT FAXRS Fho] vl
A A e olfe €38 199 =3 2
Eoko] SGEY frEEe] B AR U8
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Table 4 Monthly flow weighted mean concentration of the watershed

(Unit: mg/L)

Month Index  pop, COD TOC NOs-N T-N T-P SS

Apr. 2004 110 184 239 118 370 0,042 63.94

May 2004 119 165 211 151 5,02 0215 24,62

Jun. 2004 073 101 130 19 641 0256 3133

Jul. 2004 213 301 374 17 540 0136 5.14

Aug. 2004 231 329 370 137 453 0516 21.99

Sep, 2004 201 281 332 080 285 0.101 19.06

Oct. 2004 137 194 230 0.68 2.26 0.074 1416

Nov. 2004 172 240 320 127 423 0.040 6.00

Dec, 2004 153 216 250 117 384 0.046 302

Jan. 2005 210 2.20 312 121 6,98 0.031 6.12

Feb, 2005 356 2.16 376 136 603 0,019 376

Mar, 2005 283 469 563 0,04 241 0.136 535

Annual average 1.8 243 300 119 447 0134 17.04
W42 A 0] $30) ANRL 24 o BLARPE EMC F 20044 99 119 9%
A7l Aoz fdEgon, B3] 39 Ry SAMel tigk EMCE Table 59 #th BOD,
st F98 JFL WAE A9 vt F45E COD, TOC, T-P ¥ SS9 EMC(mg/L)= 3.15 ,

71 VEF $F0.150mg/l old, UL
)¢ 0134 mg/LE #A Jept Q FaE A
A717) 1% 3ol 98 Aoz WEIrh
99 SlEAFETY AAHS eAgl b7
QA9 AT FFue e 79
of HAEE AHRE A vddede) F4o]
193ty ZA9AEEEES YA A
Sate $E24(Hydrograph) 3 2E=24 (Pollu-
tograph) & &3] Uebd & JdEF FEE 59
238 29%5 &4o] % 835]010} s} B
AToME BB FEFS 5F 99E &4
A3 FANEE AEE ZIHo}Oi +49 W}

7 IA BE F RS AES 44 o EME

4.47, 4.81, 0.170, 28.21% 99 249 v|7-$-A]o
247 FAFEHF=(mg/L)A 172, 240,
3.10, 0.034, 163‘2} 2~54) o] =A yekwtch
BOD, COD ¥ TOCt f71&sEs #lo] 57
wjEo 2497175 AAREA A8 AxY {7
B o] wol utagstel shde] Hsy AoE

GE Qe T-P ¥ SS9 724 72-9ol ©& A
FEZ Q8 BTG EGFATG ol g Eokl

TE
FHE A Aol #EH| "WELE dddr
ghde] NOs—-N$} T-N¢ EMC(mg/L)& 0483}

1962 99 249 uiFHAlel 34d F4EE
(mg/L)QL 0.748F 2.4780 b4 @A Uepdow,
£3] NOs—Noj ]3] T-N 4%3] &4 ekt 3

Table 5 EMCs of September 11, 2004, rainfall event.

(Unit: mg/L)
Index BOD COD TOC NOs;-N T-N T-P SS
EMC 3.15 447 4381 0.48 1.96 0.170 28.21
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(Table 6). BOD, COD, TOC, NO3;—N, T-N,
T-P @ SS9 €4 9%¥%¥3dh(kgha): 0.15~
9.11, 0.25~12.85, 0.32~15.96, 0.11~7.29,
0.5~23.07, 0.004~0.762% 0.63~32.50% U}E}
w$ow, 20049 48%E 20053 3¥AAY FQ

Journal of the Korean Society of Agricultural Engineers, 47 (6), 2005. 11 89



BHY FF A 2aHANY 2GR HTYRA

Table 6 Monthly and annual pollution load of the watershed

(Unit: ke/ha)

Month Index  pnp CoD TOC NOs-N N - TP ss
Apr. 2004 0.15 0.25 0.32 016 050 0.074 8.56
May 2004 0.26 0.35 045 033 107 0.050 5.27
Jun. 2004 0.55 0.76 097 1.60 528 0.201 25.95
* Jul. 2004 9.11 12.85 1596 729 23.07 0579 21.97
Aug. 2004 341 486 547 203 6.70 0.762 3250
Sep. 2004 1.92 2.70 319 0.77 2.73 0.097 18.27
Oct. 2004 1.23 174 2.07 0.61 2.04 0.066 12.76
Nov. 2004 031 045 057 0.26 0.86 0.007 1.09
Dec. 2004 0.32 045 0.52 0.24 0.79 0.008 0.63
Jan. 2005 0.28 0.29 042 016 093 0.004 0.82
Feb. 2005 0.68 041 0.72 029 128 0.004 0.72
Mar, 2006 087 144 173 011 067 0.035 164
Annual load 19.09 26.55 32.39 13.85 4592 1.887 130.18
A3 kg/ha)E= BOD, COD, TOC, NOs;-N, %2, T-PY LG¥3E 32%7t WEEHA A7
T-N, T-P @ SS7} 247} 19.09, 26.55, 32.39, F99 e AFHEA L AP LS @A}
13.85, 45.92, 1.887¢} 130.18% Yepgr} 4= A gFsta Ak

2 &5 Ao AAT FEERAY 2HYeE
3 vz 2 58§99 98dE T-N#
T-PY 2.9%3k(kg/ha)= 47 56.163 0.4462
238 28 T-N 2887319  xjojE Ho
A ootk a1y T-PY) 3¢ €3e AdkdoA
ok 4uj o]Ae] ¢ T2 QPHEI} BT Ao
2 JehdtHChoi et al., 2001). Q@%&= B
2974 s 749, 89 ¢ A Jehgon,
949 o]F ANFoE st} 20053 3¥HE
] Z7lehe A%S BAth 7€, 8€d= 740
mm o2 B& 797t dE e AR
o] AAFEZ FEHNCH, 2¥EA] AHH
59 8 SR fYHO B2 29RIEA
& BYth E3) SS9 T-P ¥} B4 Uehte
o, 79 1~79, 11~1799 AZ3$g & Zn}
7} @AEY 7€) BOD, SS ¥ T-N9 o¥8
= Z7h AvalEe 48%, 17%8t 51%7t W&

90
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Uit a7 g wE AREES
70.4%2 433 52 FE549& 23k

2. €7-930] 0~30 mm¥ w9 BOD, COD,
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100 mm 799 FEMEEY g4 24 Yeidoe
U}, SS9 HEWMEL 30~100 mme 7Ho)A o 2 AT 20049 S A w9 4] (-
¥ Ueldh € 749%o] 100 mm oo A9 AWM AT V22 A7AR
= AR ETHWES] 100 mm uute) 7 9 YHE A7A e AR
ol vl wl¢ A Jdelton) ko] odE
A9 sEgel 2 98E vAE A0E vehyn: References
3. BOD, COD, TOC, NOs—N, T-N, T-P g :
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wor B2 497t U 69~999 =4 Jeh}
FA $9EE oddo] AeTttd & Jgs
e 07 fE g whHe) SS9 9y gekst

E=3E81 A

FHTEET HA¥E7t 49 63.94 mg/l E
UERoH, ol 2#9 AFBFoE wHAB ¥

ZAANA oF 60 mm AEY Aol T we ok
E¢RAo] wgg Aoz waEglh
4. 98 114 @Ld7-FAMgell dist T-N, BOD,
COD, TOC % SS9 ¥5& AFHE oldo Hx
FEE U 2718EE Q% AR EH) 9
Aog Uehgon, 10dEEE
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