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Trend Analysis of Water Quality in Dongjin River Watershed. Lee, Hyewon and Seok Soon
Park * (Department of Environmental Science and Engineering, College of Engineering, Ewha
Womans University, Seoul 120-750, Korea)

Spatial and temporal analysis of water quality was performed for eleven monitoring
stations in Dongjin River watershed in order to determine the trends of monthly
water quality. The monthly water quality data of biochemical oxygen demand (BOD),
total nitrogen (TN) and total phosphorus (TP) during 1995~ 2004, were analyzed uti-
lizing Seasonal Mann-Kendall test, LOWESS and three-dimensional graphic approa-
ches. The results indicated that BOD and TN concentrations had the downward trend,
but TP showed the upward trend, especially in Gobucheon. This numerical and gra-
phic analysis is the useful tool to analyze the long-term trend of water quality in a
large river system.

Key words : Seasonal Mann-Kendall test, LOWESS, trend analysis, trend graph, Sae-
mangeum, water quality
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Fig. 1. The map showing the sampling locations (M1 :
Dongjin River 1, M2 : Dongjin River 2, M3 : Dong-
jin River 3, T1: Wonpyungcheon 1, T2 : Wonpyung-
cheon 2, T3 : Gobucheon 1, T4 : Gobucheon 2, T5:
Jungubcheon 1, T6 : Jungubcheon 2, T7 : Jungub-
cheon 3, T8: Jungubcheon 4).
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Fig. 2. Trend analysis of BOD in Dongjin River.
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Fig. 3. Trend analysis of TN in Dongjin River.

43 5, 19648 BEA D9 Relo] Foz
Yol M ] FARAZAE Xy, Xip, o+, Xin 22 EHIH o5

A3 2

n-1 n
Si=> 3 sgn (X~ Xk 1)
k=1 j=k+1
sgn (X;—Xp)= 1 if Xj;—xy>0
= 0 if Xjj—xy=0
=-1 |f Xij—Xik<O

3714 sgn (—x)E | AT k AR H2H 71 7}
o2 1,0, ~12 vpehl A& (indicator)eh. o]s} 7]
ANE 7 99 29AF B aksled A4 AT 54
Qg 7 =Y AT FA FYA so @ Eab

ol Al@9) el Ao, Sz n— o] Haled

flo 4

AEE

it

hepae.

Var [S]=122Var [Si]
i=1

1 m(ni—1) (@0 +5) - St (1) (2t +5)

= 18 @
4714 ne FHBA] F 4ol g AR ZE 4
2 Fold Qe A Agelm, xb B 49 f4E
epac,

g 23 Aol o5 b A @l AT AAD
AR ()% AT o1F Fol4Ee] BFEAA ()9}
Almsle] A Teratdh 45 A4 B poaold
Aol slehe ARAIE 44513 p<acld 777}

Ae A1 4s3 Agael sl A9 S S4em o



STL R =& A 24 a3
1.0 1.0 1.0
__ 081 (M-1] 0g{ M2 0g{ M-I
- 0.6 : 0.6 0.6
> -
é 0.44 . 0.4 0.4
N .
F 0.2; 0.2 0.2
0.0 0.0 0.0
1.0 1.0 1.0
~ og] Tl 0gl T2 05l [T-31
0 .
2, 0.6 S 0.6 0.6
é . .
o
'_

TP (mg L)

20 2.0
[T-7] [T-8]
o 154 - 1.5
- . .
g 1.0
o
F 051

® Monthly data
—— LOWESS line
— Seasonal Kendall line

1995 1997 1999 2001 2003 2005
Year

1995 1997 1999 2001 2003 2005

Year

Fig. 4. Trend analysis of TP in Dongjin River.

= A g foleEs 9nisid 2
95% A F7ro s BAFgon ojuf ofe

SRR RS
SEe A7

ol ME Z74RelE, 29 S BaFlE oulshi)
k.
S-1
ZC=7 y S>O
Vvar (S)
= 0 y S:O
- ST oo @3)
«/var(S)’

AR AD 7]-&7] EA 2 (Seasonal Kendall slope esti-
mator)-> AlA W3le] Aol AxE Hriske Ao
2,438 73 71e7)e H#3 SA gl A AT
71€7] BAFF B A @)k el iAA Wl nle] (X,

Y) A8 sl AY/AXE 73 F, Zhzke] Al Ae]| djgt
BE 7Fsd 7187150 SR e R AAakgl ojdf A A
A AL 7)1&7] BA = AZ o A dis) A
AR e 23R oAl "ok o7)A], j<keolaL j=1,
,Ni g, k=2, 3, 4, -+, njo|t}. SEAZEE 7158 =}
gau 71¢718 Fe W I Bi5Ee] e oulsixm
B 7Fss As2de] 71871850 Fzkelnm A Al
2 7127 BAF e AR HAA A sl A3 9l



a4 o8 -

upy 2

Table 1. Seasonal Mann-Kendall test results for the BOD data in Dongjin River during 1995 ~2004.

Slope
Water quality Stream Station Range Z value p value Trend (mg L—pl yh
Dongjingang 1 0.3~3.6 —0.08 0.94 NO 0.00
Main Dongjingang 2 1.1~125 -2.39 0.02 DOWN -0.10
Dongjingang 3 1.3~6.6 -0.10 0.92 NO 0.00
Wonpyungcheon 1 15~114 0.67 0.50 NO 0.03
BOD Wonpyungcheon 2 2.4~14.8 -3.71 0.00 DOWN -0.23
(mg LY Gobucheon 1 1.4~10.6 -0.16 0.87 NO -0.01
Tributary Gobucheon 2 23~12.7 0.66 0.51 NO 0.05
Jungubcheon 1 0.4~3.4 0.55 0.58 NO 0.00
Jungubcheon 2 1.0~30.2 -9.30 0.00 DOWN -1.36
Jungubcheon 3 1.1~154 -5.04 0.00 DOWN —-0.50
Jungubcheon 4 1.9~14.8 -6.74 0.00 DOWN —-0.50
Table 2. Seasonal Mann-Kendall test results for the TN data in Dongjin River during 1995~2004.
i . Slope
Water quality Stream Station Range Z value p value Trend (mg Lty
Dongjingang 1 0.2~9.7 -3.21 0.00 DOWN -0.13
Main Dongjingang 2 1.4~10.6 -3.72 0.00 DOWN -0.17
Dongjingang 3 1.7~10.2 -0.92 0.36 NO -0.11
Wonpyungcheon 1 0.9~9.8 -0.18 0.86 NO -0.01
™ Wonpyungcheon 2 0.6~15.6 —4.05 0.00 DOWN —0.26
(mg LY Gobucheon 1 0.0~10.9 -0.85 0.40 NO -0.03
Tributary Gobucheon 2 09~17.8 0.29 0.77 NO 0.01
Jungubcheon 1 0.0~5.1 1.83 0.07 NO 0.04
Jungubcheon 2 0.9~13.6 -5.39 0.00 DOWN -0.32
Jungubcheon 3 0.8~11.8 -3.67 0.00 DOWN -0.21
Jungubcheon 4 1.4~10.8 -0.31 0.76 NO -0.01

W3lshe S shetsta, A Apse] Wil Aske
AP oz BA3 7] 28] LOWESS (LOcally WEight-
ed Scatter plot Smoother) B4 #4 ¥Whi& A &3lv
Surfer 8.0% o83l 1 AFE A|Z+3}31gich. LOWESS
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2HE yo] RS 42 F A9 AAow AZ3%}
= ¥y o]t} (Cleveland, 1979; Hirsch et al., 1982; Cleve-
land and Devlin, 1988; Paul and Linfield, 1997; Clow
and Mast, 1999; Richards and Baker, 2002).
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Table 3. Seasonal Mann-Kendall test results for the TP data in Dongjin River during 1995~2004.

i . Slope
Water quality Stream Station Range Z value p value Trend (mgm23y?

Dongjingang 1 0~2250 2.09 0.04 UP 0.002

Main Dongjingang 2 4~682 3.38 0.00 UP 0.008

Dongjingang 3 56~1041 -0.27 0.79 NO —0.002

Wonpyungcheon 1 0~1032 5.45 0.00 UP 0.011

P Wonpyungcheon 2 3~1038 -1.35 0.18 NO —0.005

(mg m3) Gobucheon 1 6~1129 5.17 0.00 UP 0.015

Tributary Gobucheon 2 6~866 5.60 0.00 UP 0.021

Jungubcheon 1 0~168 2.17 0.03 UP 0.001

Jungubcheon 2 12~1812 -7.78 0.00 DOWN —-0.051

Jungubcheon 3 18~1452 -6.59 0.00 DOWN —0.036

Jungubcheon 4 36~2232 —4.70 0.00 DOWN —-0.037
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