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The Impact of Monsoon Rainfall on the Water Quality in the Upstream Watershed of Southern
Han River. Park, Sung-Min and Yoon Keun Shin* (Department of Environmental Engineering,

Sangji University, Wonju 220-702, Korea)

The objective of this was to determine how the seasonal intensive rainfall influenced
the water quality, and to analyze the long-term temporal trend of water chemistry
and spatial heterogeneity in the upstream watershed of Southern Han River using
water quality dataset from 1997 to 2007. The largest seasonal variability in most para-
meters occurred during the two month July and August and there were closely asso-
ciated with a large spate of summer monsoon rain. Total phosphorus (TP), chemical
oxygen demand (COD), and suspended solids (SS) were greater during summer than
any other seasons, and had a direct correlation with precipitation (r>0.4, p<0.01, n—
120). In addition, dissolved oxygen (DO) had and inverse function with precipitation
(r=-0.542, p<0.01). Overall, the data of total phosphorus (TP) and suspended solids
(SS) showed that water quality was worst in Site 11, compared to the others. This was
due to continuous effluents from the highlands’ fields and cattle farms within the
upstream area of Doam lake (Song stream). Based on the overall dataset, an efficient
water quality management is required in the highlands and farms areas for better
water quality with precipitation (r.0.4, p<0.01, n=120).

Key words : monsoon rainfall, suspended solid, water quality, nonpoint source,
Doam lake, Southern Han River
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Fig. 1. Map showing the shape of the upstream watershed
of Southern Han River and sampling sites.
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Fig. 2. Variations of the total annual precipitation (a) and
monthly precipitation (b) in the study area.

Table 1. Mean, minimum, maximum, and standard devia-
tion of the physical, and biological parameters in
the upstream watershed of Southern Han River
during 2008 (May, August, October) and 2009

(April).

Parameters N Mean Min Max SD
Conductivity 60 0174 0064 0334 0.065
(mScm™)

Temperature (°C) 60 14.4 1.8 24.5 5

TN (mg LY 60 420 1.94 1948 255
TP(mg L™ 60 0.020 0.004 0.067 0.015
BOD (mg L% 60 157 0.05 3.69 0092
coD(mg L™ 60 2.12 0.6 3.8 0.73
DO (mg LY 60 1056 471 1359 155
SS(mg L™ 60 2.78 0.2 176 275
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Fig. 3. Spatial variations of physio-chemical, and biological parameters in the upstream watershed of Southern Han River
during May, August, October, 2008, and April, 2009.
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Fig. 4. Seasonal fluctuations of precipitation and physio-chemical parameters. Each data point indicates monthly averages

during 2008 ~2009.
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Table 2. Mean, minimum, maximum, and standard devia-
tion of the physio-chemical, and biological parame-
ters on the annual averages during 1998 to 2007.
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Table 3. Mean, minimum, maximum, and standard devia-
tion of the physio-chemical, and biological parame-
ters on the monthely averages during 1998 to 2007.

Parameters N Mean Min Max SD Parameter N Mean Min Max SD
Conductivity 10 0151 0116 0171 0.019 Conductivity 703 0151 004 055 0.054
(mScm™) (mScm™)

Temperature (°C) 10 12.9 11.8 13.8 0.6 Temperature (°C) 703 12.8 0 31 7.9

TN (mg L™ 10 342 299 434 045 TN(mg L™ 703 341 0.08 16.61 1.59
TP(mgL™?) 10 0.050 0.042 0.078 0.010 TP(mgL™?) 701 0.05 0.001 0.902 0.071
BOD(mg L™ 10 0.92 0.65 1.18 0.16 BOD(mg L™ 703 091 0.2 3.2 0.43
COD(mgL™) 10 2.31 1.77 2.88 0.37 COD(mgL™) 703 2.29 0.7 15.8 0.99
DO(mgL™) 10 10.82 10.05 11.27 0.40 DO(mgL™) 703 10.82 6 20.5 2.16
SS(mgL™) 10 11.71 462 33.00 8.36 SS(mgL™) 702 11.75 0.1 441 26.29

Table 4. Pearson’s correlation coefficients (r) and probability (p) values, based on the significance using a 2-tailed test, in

the water quality parameters (n=total number observations).

Precipitation  Temp. DO BOD COD SS TN TP Cond.
Precipitation r 1
p
n 120
Temp. r .589(**) 1
p .000
n 120 120
DO r —B42(**)  —.8T4(**) 1
p .000 .000
n 120 120 120
BOD r .128 .213(*) —.096 1
p .162 .019 .299
n 120 120 120 120
CcoD r A24(%*) AB5(**)  — 444(**)  419(**) 1
p .000 .000 .000 .000
n 120 120 120 120 120
SS r .313(**) 351(**) —.399(**) .044 .534(**) 1
p .000 .000 .000 .633 .000
n 120 120 120 120 120 120
TN r —.137 —.237(**)  .298(**) .096 —.086 —.255(**) 1
p 137 .009 .001 .295 .352 .005
n 120 120 120 120 120 120 120
TP r A22(**) 397(**) —.396(**) .126 532(**)  .748(**) —.263(**) 1
p .000 .000 .000 .170 .000 .000 .004
n 120 120 120 120 120 120 120 120
Cond. r —.122 —.133 .225(*)  .037 -.132 —.263(**) 115 —.223(*) 1
p .186 .149 .013 .687 152 .004 213 .015
n 120 120 120 120 120 120 120 120 120
FAEAE A A3 Han et al. (2010)¢] 717l ©F 3k Hd - FHagk 423 Table 2, A|AE A o
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Fig. 5. Seasonal fluctuations of precipitation and physio-chemical parameters. Each data point indicates monthly averages

during 1998 ~2007.
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Fig. 6. Seasonal comparisions of physio-chemcal parameters between the weak monsoon and intensive monsoon.

ql 8¢l 0.078mg L2 sJFxc} of 1.5v) E3be}(Fig.
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= AR S Zho] 0.40 o)A (p<0.01, n=120)¢] AFoA
< B} (Table 4). 313H4 Al4- e 7% (COD), 575
(SS)F= =2 A:A (r=0.532, p<0.01; r=748, p<
0.01)& Ho 7397 Z7= AE7FS 93 21 ,ﬁ_g

Z7F W& Aoz Atg s (Fig. 5S¢, Table 4). RbH
"‘i(TN)El 73%- 5t 3.42mg L2 vepyton] 747
2l 2%de)] 4.34mg L2 FHFroh oF 1.2v] =9k} (Fig.
5b). =3t 2.71mg L1244 FHAXS Bgon 7H¢-
718l 7~99e|x= g 3.22mg L2 2Ry U
Uehdeh Aae Eel 2 4AEE A AT gle]
g 4owe e B Aoz neldh v
N 49 olF 7] FAkste] QAo TN FER
S7FHAIRE 649 o] ¥ A&E = R T°r o] =7}t
gHsEe es)e B s 278w 1 %
o Qacke Aos B 1 F A9} BolE
A A3} F74she A% 2en(Fig. sb). oA A
°§’ﬂ'7¥ "\74101]/‘1 S T3 Kang and An (2006)2] 72
o el Ayl A% %
};q_i o:]o]:r::ﬂ_/] =5
2 o8] H.I1E (Carpenter et al.,
1998; Correll, 1998; Zhang et al., 2004)3} -f-A}3}9] o}
ofgt B&7]$E ol 200143 AgE meA]7)el
200335 W& Fig. 60l A e} 3e] 7h-g-gol whebr
A WpEe] Wkl w4 g2 Yelgd 2858

£ 2% £l Az e Aol ohsti A7)

kil
3]

Eavd S
Rghe] Fo] =4 hskeh(Fig. 6c, d). ol Aol &
of & g3fFe] HL Aeel® ¥ FEE el
7}3] _0,_7]. 2 4= uol =
o} Aoz Rolth Zolo] AL ZHomm ol
743k Held| (Fig. 6e, f), X‘J?Z}% } %}’“E WA
o A=Al F2AE Qle] A HEHWA Lol A
Arolelar Bod =z} (Heo et al., 1998, 1999). A7 A =x=
9] 74 Aholo] g Wb} ohE 2QlEel Hls) =
% o2 vepdtt(Fig. 6g, h). BODE 74974 =
aholg Helx| ehzdl wls) CODE et B4:A17]e
gt A|7]ef| wls) WEte] Fo] Fiot(Fig. 6i, j).

Kim et al. (1995)2 =9t5 9] Xojeksl 2lele] =9+3s
ol AR El Q)= BRI A7|AF So] FR3F gl uf
ZYolgty By} =3t HT dFEL B olx]o}
oM AL 2 mAA NN Bkl Sla) mofe] F
AFE o] A4S dFATE ez HuEty i
(Tao, 1998; Kim et al., 2000; Ogawa et al., 2006; Park et
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Table 5. Spatial variations of turbidity and suspended
solids. During 2009 (April, July*).

Dry season Monsoon season
(2009. 04) (2009. 07)a
Turbidity SS Turbidity SS
(NTU) (mg L™ (NTU) (mg L™

11 13.40 6.63 46.7 56.7
M1 1.03 2.80 254 184.0
M2 3.26 1.81 182 112.0
M3 0.80 0.40 224 530.0
M4 0.36 1.42 —
M5 0.82 0.20 -
M6 0.443 0.99 - -
M7 0.61 1.22 - -
M8 0.93 0.80 106 149.3
M9 1.06 1.00 - -
M10 0.81 1.21 — —
B1 3.77 6.43 29.7 313
B2 0.71 0.61 75.2 89.3

Sources: Park, S.M. (2010) Thesis of Master. Sangji University.

al., 2007; Park et al., 2010). RA| 72}3}2] oJ3ko 2 3}A
AFetel Awsk ASET el 4% A AT 4
Ao ggFae A Zoz o4t (Milly et al., 2005;
Zhang et al., 2007). 1013 7F2] 814 AHE7}$A1= 9} 37
¢ FA A 2 ATFANE S AT 297}
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