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Abstract

Turbid storm runoff from intensive highland agriculture area has emerged as the major problem of water quality deteriorationin
the upstream region of the Han River. High slope of the upland combined with high rate of fertilization and intensive plowing
causes high rate of soil erosion, and subsequently high suspended sediment and phosphorus content in the runoff water. The
variations of water quality during rain spells were surveyed for two years (2005 and 2006) in the Jawoon Stream that is one of
hot spots of intensive horticulture discharging turbid storm runoff. SSand TP showed large increase according to the increase of
flow rate, whereas TN and BOD showed lessfluctuations. Mean EM Cs of SSand TP measured for ninerain eventswere as high
as 207 mgSS-L™ and 0.27 mgP-L ™, respectively. The export coefficient of SS and TP per area of cultivated field were
calculated as 11,912 kgSS-yr*-km™ and 785 kgP-yr*-km, repectively, which are significantly higher than reports of other
area. It can be concluded that SS and TP in the runoffs were high enough to impose major threat to aquatic habitats, and the
highland agriculture should be the main target of water quality management or habitat conservation in the study area.
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Fig. 1. Map showing the watershed of the Naerin Stream.
Open circles indicate sampling Sites.
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ZAME B9AFEY BAE) x AN BAMGY FekE Table 1. Land use in the watershed of two study streams (kn).
| Sw=A @) Parenthesis indicates proportion of tota area (%)
Stream Paddy field Upland Forest Etc. Totd

EAA WAY ARGERITFS AA FopEolA 2 Jawoon Stream (;-1) (g-g) (gg-g) (j-g) (71%-3)

o) ARfERATE W F 5EA WAL o] At : : 5 @

A l‘” o A 587 W B _Uraiﬂ L . . 46.4 73 9622 387 10546

%ﬂ' /\K_%—g‘i‘l‘a T%QE‘ ?:]__Z‘:I'% ﬂ?l"rr% T 9 %LE‘ T Naerin Stream (4.4) (0.7) (91.2) (3.7) (100)

JAA7L Aoz FHH Qe AN ZAE ARE

qozloliy == SES EIPALs =

A&saet, 14 °L—:Li’ %ﬂzal *JnZl—'OMPj Q{PZ 3 20 U jE

F51#2 BOD 170 kg - yr~ - km*®, TP 20 kgP - yr™ - km’

d Aer RuHeH, FH9 SS FatFe LY 4 3.1. Z2AI2} HIZRA| FEHSE

A Al A G Az SS FakF 2,357 kgSS - yr 7+ AN HASLA G AN £Ae ums A

Yokm?E A gstol Al ti(@ A e 9193, 2005). YRFESAAM w9 Z Ao]E EJTHTable 2). HIZ-FA|

Table 2. The ranges of water quality parameters on dry and rainy days in the Jawoon Stream and the Naerin Stream

Sites Parameter Season Minimum Median Maximum SD n
BOD dry 04 0.9 1.8 04 15
(mg-L™) rainy 01 13 52 11 102
COoD dry 2.2 2.4 2.7 0.2 15
(mg-L™Y) rainy 12 41 104 21 102
ss dry 0.4 25 56 17 15
(mg-LY rainy 0.2 9.2 391 85.5 102
™ dry 164 1.99 2.20 0.2 15
(mg-L™) rainy 3.89 2.07 1.04 06 102
Naerin NON ary B B - B 15
(mg-L™Y) rainy 0.91 1.87 345 0.6 102
TP dry 80 10.0 15.0 1.68 15
(ng-L™ rainy 1.0 29.0 542.0 112.3 102
DTP dry — — — — 15
(ug-L™) rainy 40 185 101.4 18.8 102
PO,-P dry — — _ _ 15
(ug L™ rainy 13 124 86.3 16.1 102
DOC dry 0.90 1.02 121 0.1 15
(mg-LY rainy 0.76 1.69 5.7 08 102
BOD dry 0.6 1.2 1.8 03 15
(mg-L™) rainy 01 14 6.1 12 156
COoD dry 1.9 25 3.9 0.7 15
(mg-L™Y) rainy 0.1 6.4 143 29 156
IS dry 6.0 2.8 1.6 15 15
(mg-L™) rainy 16 60.4 2180.0 3230 156
™ dry 2.07 358 4.20 08 15
(mg-L™) rainy 1.26 4.00 8.73 14 156
Jawoon NON ary B B - B L
(mg-L™Y) rainy 1.02 351 6.08 1.0 156
TP dry 10.0 13.0 28,0 5.7 15
(ng-L™ rainy 6.0 124.0 1417.0 302.0 156
DTP dry — - - - 15
(ug-L™) rainy 121 53.4 304 65.7 156
POsP dry — — — — 15
(ug L™ rainy 86 483 584 80.4 156
DOC dry 1.00 1.22 1.37 0.11 15
(mg-LY rainy 0.12 1.97 10.02 1.63 156

(—: not measured)
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Fig. 2. A typicd example of weater quality variation in the
Jawvoon Stream during the rainy event (26, Jun.
2005~28, Jun. 2005).
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Table 3. The EMCs of water quality parameters measured in severa rainy events and dry days a the Naerin Stream (mg - L™)

Season Year Periods Rainfall (mm) BOD SS CoD TN TP
17 May.~19 May. 35 11 55 2.38 2.27 0.016
26 Jun.~28 Jun. 141 20 103 5.13 3.36 0.154
2005 27 Jul.~29 Jul. 76 18 6.8 3.00 1.92 0.028
. 18 Aug.~20 Aug. 53 0.8 74 3.08 1.95 0.020
Rainy days
14 Sep.~15 Sep. 56 0.7 10.3 3.04 119 0.028
06 May.~08 May. 42 23 9.5 5.72 2.32 0.027
2006 11 Jul.~15 Jul. 228 13 2110 8.11 1.98 0.325
26 Jul.~28 Jul. 151 3.0 199.0 7.84 1.60 0.174
09 Jun. 0.7 4.2 2.49 2.09 0.012
2005 17 Oct. 0.9 54 222 2.03 0.008
Dry days 12 Nov. 13 2.3 2.33 1.66 0.009
21 Jun. 14 2.0 3.59 2.62 0.012
2006
17 Oct. 1.0 2.6 2.89 2.23 0.013

Table 4. The EMCs of water quality parameters measured in rainy events and dry days at the Jawoon Stream (mg - L™)

Season Year Periods Rainfall (mm) BOD SS CoD TN TP
17 May.~19 May. 33 25 198.3 6.87 343 0.276

26 Jun.~28 Jun. 240 17 713.6 7.04 6.36 0.655

11 Jul.~12 Jul. 33 0.9 40.2 476 4,01 0.087

2005 27 Jul.~29 Jul. 77 16 142.7 5.30 3.83 0.365

Rainy days 18 Aug.~20 Aug. 60 23 126.4 5.56 412 0.283
14 Sep.~15 Sep. 55 1.2 1214 4.99 2.95 0.182

06 May.~08 May. 56 33 56.2 8.03 3.69 0.107

2006 12 Jul.~20 Jul. 725 15 249.1 8.87 4.34 0.326

26 Jul.~28 Jul. 232 14 198.9 7.70 2.73 0.116

09 Jun. 13 34 2.38 3.98 0.026

2005 17 Oct. 13 5.8 2.04 4.10 0.012

Dry days 12 Nov. 0.8 2.6 291 381 0.015
2006 21 Jun. 14 2.0 359 371 0.012

17 Oct. 1.0 27 2.90 2.20 0.012

Table 5. Comparisons of annual average EMCs of water qudity parameters between this study and other reports (mg - L'l)

Watershed BOD SS TN TP References

Imsil Stream, Korea N/A 2.7 75.8 2.71 0.19 Kwak et al., 2008

Seomjin River, Korea Forest area > 70% 2.6 455 231 013  Kwak et a., 2008

Oenam Stream, Korea Paddy field 10.6 17.4 4.15 0227  Park et a., 2005

Daegok Stream, Korea Agricultural area 14.8% 227 2.08 0.62  Kim et a., 2007

Rokutanda, Japan Agricultural area 53.0% 29.9 1.16 0316  Lee, 2008

Nagara, Japan Agricultural area 17.9% 52.9 1.43 029  Sa 2004

Akola, India Cultivable land 85.8% 7.65 - 1.07 020  Sargaonkar, 2006

Jawoon Stream, Korea ﬁgrr;t”'ggzl%area 9.6% 18 207 394 0266 (Ttgl; S;”‘g/ems)
U A2 18A 5BAE skAF AP Ao egd olsEs HLH, 2004). o= FeLdTE FUEHA g
$2o] v Ak BE 5, 2006) Qe ZeFol Wd FhPoRA ZeAEE FHEa

A 3093 71% WsE BT 2% &7 §99 3 A= YrlstH(Fig. 8), 22 =Y 7t et e9=2
< "3 0.04°C 5718k 19753 o|F 12°C F7Fsl A, 9 FEEES FeFe] A UMY Aoz 2t wg
AEA Z9TE AW 10 mm-yr'e FER AT A A Z2H BHAA JFHse 5344 NHed FohE
€ ALeE yesaigas 499, 2004, & 2007 718 A5t 2B A 2 5 AHAY B
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Table 6. The comparison of specific export coefficient from agricultural area messured in this study and other reports (kg - yr* - km?)

Watershed BOD SS N TP References

North Han River 1,930 - 680 53
South Han River 1,890 - 680 52 Lee et a., 2001
Kyungan Stream 1,980 - 700 54
Palmiri Stream (paddy field watershed) - - 2,920 292 .

- . Shim, 1998
Palmiri Stream (dry field watershed) - 6,205 146
Youngsan River 2,592 - 894 80 Cha et a., 1999
Arahus River, Denmark - - 115

. Kronvang, 1992
Lyngby-gaards river, Denmark - - 90
Ohio, USA - - 1,100 93 )
o Smith and Alexander, 2000
Upper Mississippi, USA - - 1,300 110
EPA, USA - - 1,650 113 Reckhow et al., 1980
Eastern, USA. - - 500
50 Rast and Lee, 1978

Western, USA - - 200
Guideline by Korean EPA 580 - 3,446 88 Shin, 2007
Jawoon Stream 3,344 11,912 785 This study

Table 7. The correlation coefficients matrix among EMCs based water quality parameters and rainfdl intensity in the Jawoon Stream

Rainfall per event Rainfall intensity BOD SS COoD TN TP
Rainfall per event 1.00
Rainfall intensity 0.42 1.00
BOD -0.23 0.12 1.00
SS 0.35 0.75 -0.10 1.00
COD 0.70 0.46 0.40 0.29 1.00
™ 0.26 072 0.01 0.80" 0.13 1.00
TP 0.28 0.68 -0.03 0.88 0.11 083" 1.00
( p<0.05, ** p<0.01, *** p<0.005)
2500 1.0 2 Al fFe] BE FAdEol W 3A Jest F
;ii‘:jzll'r‘;fg j]“y F0.9 = AR BF frEFe] F71std SS, TP, COD7} A F7tske
o s = AT o, 59 TP SS9 4% xAAETL 2
’5“1500 | o7 % A Jersith dbEe] BOD, TN, NOs-N% F S/ A48
g | o g o] E ¥MES oA &%, vaEd 93¢ =5 B
g 1000 - ZAe HZAA] EMCe & AolE Btk Hdd B
* P e AREAAY Aot O 2A ek 53 29
P04 = EMC[SS, TP, COD]7} ZAl &7tete AFS BYoh
0 - 0.3 A2 799 1A FFANA HEHe HAY AL
'91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02 '03 '04 '05 '06 o =1 1 2
Year ngo}of BOD 3,344 kg - yr' - km? SS 11,912 kg -
Fig. 8. The long term variations of annual precipitation and yrt - km? TP 785 kg - yr' - km?2A T2 A Fo]A] A}
rainfal intensity in the study area Totd amount of # ARt gsith 53] AR 54 ol =A dEE
rainfall is gradually incressed compared to past o =2 2¥9EZY f&2 2 2 FAHAE g5
years and rainfal intensity is highly varied. zg9lo] | 4 9t WA THA =AAY o0dY &
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A Ab
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