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Abstract

In this study, the major 38 tributaries in Nakdong River were monitored for flow rate and water quality in order to
understand the characteristics of the watershed and to find improvement plan. The flow rate and water quality for
each target tributary were evaluated based on the monitoring data in 2013~2014 using a statistical package
SPSS-22.0. In addition, the tributary grouping method was conducted using a BODs concentration/flowrate and TP
concentration/flowrate monitoring data. The average values of BODs, CODwy,, TP and TOC concentrations in
Gumicheon, Gyeonghocheon, Jincheoncheon, Gisegokcheon, Yonghacheon and Yonghocheon located at Nakdong
Waegwan and Nakdong Goryung watershed were high and in the grade of IIl or IV (5~8 mg/L). The Pearson
correlation coefficients of TOC with BODs, CODwn, and TP were greater (r=0.8, p<0.01) than those of the other
water quality parameters (12 species). The tributaries with high values of water quality parameters (BODs > 3.0 mg/L,
TP » 0.1 mg/L) and flowrate (Q > 0.1 m’/sec) were selected for improving water quality according to the stream
grouping method. Five tributaries (Gumicheon, Gisegokcheon, Yonghacheon, Yeongsancheon, Mijeoncheon and
Yonghocheon) were classified as Group I, which require polices and plans for water quality improvement.
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1 Hwangji cheonyuipcheon 20 Yonghocheon
2 Gacheon 21 Deokkokcheon
3 Jaesancheon 22 Migokcheon
4 Donggyecheon 23 Sannaecheon
5 Sinpyeongcheon 24 Jeonggokcheon
6 Daeharicheon 25 Jeonhwacheon
7 Jangcheon 26 Daegokcheon
8 Singokcheon 27 Yeongsancheon
9 Gumicheon 28 Ohocheon
10 Gwangamcheon 29 Sincheoncheon
11 Gyeonghocheon 30 Chodongcheon
12 Banjicheon 31 Susancheon
13 Dongjeongcheon 32 Sangnamcheon
14 Jincheoncheon 33 Mijeoncheon
15 Cheonnaecheon 34 Antaecheon
Gl i 16 Gisegokcheon 35 Yeochacheon
‘ oL ] 17 Bollicheon 36 Daepocheon
o/ s SR 18 Yonghacheon 37 Sogamcheon
19 Hyeonpungcheon 38 Daecheoncheon

Fig. 1. Sampling location (38 sites) for flow rate and water quality monitoring in Nakdong River.
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Table 1. Physical characteristics of tributary monitoring sites in Nakdong-River

o ABEA, 43
HelH ZAste

A4 (DO), A7 =

Medium Influence Areas Tributary (ﬁfﬁ) L(?rit)h reilcl}ljl 1:rfg:1re(a}?m) Dra(??r%/e}(crirfzr;my govI;(r)ri?rllent
che;“yﬁ‘;%ﬁeon 11.09 467 16.09 0.0015 Taebaek
Andong Dam Gacheon 41.28 14.72 135.88 0.0033 Bonghwa
Jaesancheon 85.65 23.52 278.78 0.0033 Bonghwa
Donggyecheon 81.54 18.45 236.92 0.0029 Andong
Downml‘;a;?n Andong | o, eongcheon | 5606 | 2243 121.61 0.0022 Uiseong
Naesungcheon Daceharicheon 78.46 17.86 186.02 0.0024 Mungyeong
Wicheon junction Jangcheon 62.09 17.84 162.82 0.0026 Sangju
Nakdong Gumi Singokcheon 14.770 8.53 42.88 0.0029 Gumi
Gumicheon 68.31 15.47 179.95 0.0026 Gumi
Gwangamcheon 13.80 10.72 2791 0.0020 Chilgok
Nakdong Waegwan Gyeonghocheon 72.39 19.64 211.63 0.0029 Chilgok, Gimcheon
Banjicheon 21.83 10.90 66.85 0.0031 Chilgok
Dongjeongcheon 34.41 11.23 84.41 0.0025 Chilgok
Jincheoncheon 64.49 12.77 132.58 0.0021 Daegu
Cheonnaecheon 21.34 10.40 54.01 0.0025 Daegu
Gisegokcheon 27.96 12.47 75.54 0.0027 Daegu
Bollicheon 10.38 7.97 23.63 0.0023 Daegu
Nakdong Goryung Yonghacheon 12.24 797 26.24 0.0021 Daegu
Hyeonpungcheon | 34.43 12.74 74.42 0.0022 Daegu
Yonghocheon 22.10 8.89 63.49 0.0029 Changnyeong
Deokkokcheon 18.07 9.44 51.34 0.0028 Hapcheon
Migokcheon 14.01 9.48 36.75 0.0026 Hapcheon
Hwanggang Sannaecheon 44.22 11.52 138.42 0.0031 Hapcheon
Jeonggokcheon 3.23 493 8.79 0.0027 Uiryeong
Nakdong Changnyung | Jeonhwacheon 6.34 474 16.70 0.0026 Uiryeong
Daegokcheon 5.75 6.09 13.09 0.0023 Changyeong
Yeongsancheon 42.65 13.22 115.78 0.0027 Changyeong
Ohocheon 3.28 3.31 8.40 0.0026 Changyeong
. Sincheoncheon 68.36 14.93 186.27 0.0027 Changwon
Nakdong Milyang -
Chodongcheon 24.89 13.80 59.60 0.0024 Miryang
Susancheon 3.75 479 8.97 0.0024 Miryang
Sangnamcheon 46.44 14.08 74.92 0.0016 Miryang
Mijeoncheon 16.59 12.66 35.73 0.0022 Miryang
Antaecheon 11.01 6.72 2479 0.0023 Miryang
Yeochacheon 13.28 6.61 35.40 0.0027 Gimhae
Nakdonggang Hagueon ;
Daepocheon 34.27 11.97 77.30 0.0023 Gimhae
Sogamcheon 8.54 5.73 16.37 0.0019 Gimhae
Daecheoncheon 16.49 8.57 49.47 0.0030 Busan
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Table 2. Average flow rate and water quality (BODs, CODwn, TN, TP, TOC) of tributaries in Nakdong River
. Flowrate BODs CODwa N TP TOC
Tributary 3
(m’/s) | (avg.mg/L) | grade | (avg.mg/L) | grade | (avg.mg/L) | grade | (avg.mg/L) | grade | (avg.mg/L) | grade
1 | Hwangji cheonyuipcheon | 0.090 0.42 la 1.76 la 0.990 I\Y 0.030 Ib 0.74 la
2 Gacheon 0.585 0.47 Ia 2.44 Ib 1.530 VI 0.040 Ib 1.25 la
3 Jaesancheon 0.650 0.92 la 4.55 I 2.205 VI 0.050 11 2.54 Ib
4 Donggyecheon 1.355 0.66 la 3.25 Ib 2.535 VI 0.045 II 2.01 Ib
5 Sinpyeongcheon 0.270 1.73 Ib 6.59 11 1.535 VI 0.080 11 4.25 11
6 Daeharicheon 0.815 0.88 la 3.04 Ib 1.875 VI 0.075 il 1.50 la
7 Jangcheon 0.430 0.9 la 3.74 Ib 1.790 VI 0.060 I 2.24 Ib
8 Singokcheon 0.030 1.12 Ib 6.22 I 1.090 V 0.060 II 4.29 il
9 Gumicheon 0.765 5.08 I\ 9.23 V 5.595 VI 0.165 il 5.39 v
10 Gwangamcheon 0.155 1.22 Ib 5.74 I 2.535 VI 0.090 II 3.80 II
11 Gyeonghocheon 0.405 2.52 II 9.42 \Y 7.240 VI 0.205 I\ 5.67 v
12 Banjicheon 0.255 1.21 Ib 4.71 II 2.295 VI 0.070 II 3.08 II
13 Dongjeongcheon 0.285 2.63 II 7.10 v 2.970 VI 0.185 I 4.98 11
14 Jincheoncheon 3.455 0.97 la 7.93 v 10.595 VI 0.115 11 5.49 I\Y
15 Cheonnaecheon 0.065 2.46 I 5.09 I 3.155 VI 0.240 v 2.82 Ib
16 Gisegokcheon 0.185 3.99 1 8.56 IV 4.965 VI 0.355 \Y 5.90 v
17 Bollicheon 0.090 3.01 11 5.78 i 3.180 VI 0.190 i 3.56 I
18 Yonghacheon 0.320 7.42 v 14.99 VI 7.755 VI 0.405 Y 11.30 VI
19 Hyeonpungcheon 0.255 1.70 Ib 4.43 I 1.270 \Y 0.080 11 2.35 Ib
20 Yonghocheon 0.145 4.09 11 9.12 v 3.170 VI 0.140 I 5.99 v
21 Deokkokcheon 0.220 1.22 Ib 4.83 1l 3.255 VI 0.080 II 3.04 11
22 Migokcheon 0.085 1.04 Ib 4.62 II 2.815 VI 0.110 I 2.90 Ib
23 Sannaecheon 0.465 1.37 Ib 4.33 II 2.990 VI 0.085 II 2.1 Ib
24 Jeonggokcheon 0.105 1.23 Ib 6.36 I 5.420 VI 0.135 I 427 11
25 Jeonhwacheon 0.115 1.76 Ib 6.6 I 1.570 VI 0.080 II 4.08 11
26 Daegokcheon 0.275 1.12 Ib 6.54 i 3.885 VI 0.075 il 431 11
27 Yeongsancheon 0.335 3.12 11 8.21 I\Y 2.730 VI 0.125 111 4.36 111
28 Ohocheon 0.095 2.07 II 6.29 I 3.930 VI 0.135 I 3.93 I
29 Sincheoncheon 0.315 1.42 Ib 4.68 11 2.165 VI 0.075 11 2.93 Ib
30 Chodongcheon 0.115 2.47 I 7.64 v 1.660 VI 0.110 I 4.61 1
31 Susancheon 0.345 1.98 Ib 7.54 v 2.215 VI 0.110 i 4.68 i
32 Sangnamcheon 1.155 3.30 11 7.64 v 2.070 VI 0.145 I 4.35 11
33 Mijeoncheon 0.120 3.33 11 6.97 I 1.110 V 0.120 I 421 11
34 Antaecheon 0.040 0.79 Ia 3.5 Ib 0.355 I 0.060 II 1.91 la
35 Yeochacheon 0.130 1.02 Ib 3.78 Ib 2.075 VI 0.055 II 1.84 la
36 Daepocheon 0.760 2.02 II 5.34 I 2.220 VI 0.090 II 3.45 II
37 Sogamcheon 0.075 1.63 Ib 4.28 Il 3.485 VI 0.130 I 2.73 Ib
38 Daecheoncheon 0.135 1.04 Ib 2.83 Ib 2.185 VI 0.095 II 1.56 la
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Table 3. Pearson correlation coefficient among the water quality parameters

BODs | CODyy | TOC TN TP sS Chl a DO EC TEMP pH Q
BODs 1 0.866" | 0.848° | 0.409" | 0.8197 | 0.331* | 0.466  |-0.605 | 0.613° | 0313 | -0.310 | -0.085
CODy 1 0990 | 0.614 | 07617 | 0.211 | 0.359" |-0.521""| 0.708"" | 0.524"" | -0.342" | 0.105
TOC 1 06417 | 0770 | 0.148 | 0270 |-0.524""] 0.731" | 0.510"" | -0.334" | 0.110

TN 1 0.584"" | 0.032 | -0.105 | -0.505""| 0.743"" | 0.441"" | -0.387" | 0.578"
TP 1 0.149 | 0259 |-0.623"| 07277 | 0261 | -0.384" | -0.065
sS 1 0.697"" | -0.197 | -0.069 | 0277 | -0.176 | -0.185
Chl a 1 -036 | 0.063 | 0273 036 | -0.215
DO 1 -0.562"" | -0.038 | 0.752"" | -0.210
EC 1 0.299 | -0.303 | 0.339"
TEMP 1 0.027 | 0.229
pH 1 -0.127
Q
[ AHAATE 0.01 FEolA Fold + B AE 0.05 A 23]
Table 4. Summary of the simple regression equation between TOC, TP, CODwm, and BODs and of reference
Regression r R’ F-value P-value
(a) TP=0.025COD, - 0.029 0.761 0.580 49.688 0.000
) TOC=0.752CODyy, — 0.714 0.990 0.979 1686.381 0.000
© TP=0.047BODs + 0.027 0.819 0.665 71.504 0.000
@ TOC=1.091BODs + 1.550 0.848 0.696 82.587 0.000
Kim et al,, (2013) TOC=2.445CODy, + 0.079
TOC=0.79BODs + 4.19 ~ 0.18 ~
Choi et al, (2012) TOC=0.70CODy — 0.49 0.53

Aot F718 9 AEsHA ggFelztel SS, DO, TEMP, pH 52
TOCY] A< A4S Uehl= ZAA%4 R’ BOD;s = 92 AHAE veidnh B3 Q) +E &5

(0.696)Htt CODwmy (0.979)014 =2 e Ho|m Ao ZH ABEAE o2 FEE vlste] AgiFoz

AZb 225 A & £ U%l3, o] TP CODwn W= A

(0.580) Ert} BODs (0.665)¢t © =2 X—E A& B

Kim et al. (2013) 95 JA], TOCY CODwy ] AATTA 3.3 SlS25 gHE o|23%H £2V|M0| TesH

7F 0.796 22 =of TOCS CODwy *OJ&ZH"E TAZ 3 oo M2
H S AR A RS AA radE

Kol ol 7|&E
AELES ]O]'Oq THA| 4] JAISHATE o= 7]1¥ CODwmn AEshA A0S AN AL WA S~ Aol
Z]’_E_E' Eﬁ C Z}'EE '—_]‘L—_zx.;‘ 5+ /\ 01031 73% 7] aT T = hud T 1l T = hi
= © LV = . o e3d stA9 e AJals] AR, M98 EAL 1

B9 A AT §U1E FEHE, JIE A 5 okt oo I e em e e >

Wrlo] 888 2 9}, Choi et al. (2012)= 71 BOD FANAERo] =- Al ofoF git}, o]2f§h sHHFY9S
il = 5 - = S — [

o CODy. f}ﬂ o ToC Sns e gy TEASE ARFoZN AYT Tupe AUT 4 9)

Mn T o= = O = = - = =
TOCS} BODs, CODyy, ] ARASE ZAFH ATk 0,187 o, olg YallAe AF-ohde 4% RYEY Axt
5 n = % 5] =% 25 o . 5 -1 =

05392 CODy7t BODs B} TOCS o @zare spo 1 /1% SPA-L&SE {rlof Ajefsfolrcr e ofd -1

3 2 9laith. Park et al., (2014)¢] AAFo]A= BOD; F3t £ A R AFA AHEE FEFEL BODs A

CODyn, TOC £8GRo0] 2 GBE v} 1], 97 o & C e SRSTEAAR A B vius

“mglo] o AlbAo] 9leS AASto M K AT A FEHZ I#HE= BODset TP 45 Al o] &3

Tt SASAT Chioa®l S0 AAs moln mapy O 7IE FHUAAL 884 90 2T {9 44 4

X T O JI_:‘ T TL__._ — _ _ _
Z2tg 2 H| 1 7155EE 5HY Eg, 2 4 A =z

BODs (0.466(»0.01), SS (0.697(p<0.0D)&E, o] 7] L f Lq 7k E} . T2 jﬁ] 7l 11]

opele molz 3 Chl-a ZAlo] BODs. SS 927t 22 AFSt 387) A|A 9] 2 F-A M)A AT BODset TP 4=

oo egre mas MBes maun. Ades (o FEE 32 FRAAZAAL YA AN det 2

o2 JF 7] Ygez FHHYg H/|HEE (EC) o] 0.8 oAo] o ATTA(H) W AL Helomu

= 712954 Ax &=21 BODs, CODma, TOC, TP 1 s =
5 o o Au ORI Holo st SFEA] Al Blu-grtete] ZF 2] BEAS &

E]—L TN—G"L} 3T 0\_1_74] (05 ]O)E‘ M—L]', 7]E]' 1_]5}—__’]_ ]_ o]—odli]-
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2 dFolA AARE sPaESHE Fel AdE A

st A4 gL el o G%E WA 9
sfol ulg WMEROFL AT FEOFUS WYoh
o A18sren] (NIER, 2012), Euj&3ataol helus

< 183 HujEEsd: (BODs B TP kg/day-km)E
olgst] +AAM ohgY =4S WistuA skl

=
A, 7IA=H, &sbd, 894, HJUH, 294, 2734, 1
TH 59 0 FEHRSFBODs = TP kg/day (BODs
=T (mg/L) X952 (m'/sec) ¥ BjEHSUE(BODs Ei
TP kg/daykm’ (@ @EAR5 1 (kg/day) + A (km?)
£ HeEh ST
S AEARIES AU B g dolA LA sH=
= TELEY FAEe
Uehfe B2 geudy QJEARS} oA |, 5
o 5

Yy A AAS shdeg o2 Fade| HlF
Aiido s ©A%5A4750] B, BODset TP ¥jEH
SPdE 4] 0.54~16.90 BODs kg/day-km?, 0.06~0.92
TP kg/daykm® M2 FH st o] th2 FAo|
Hlate] F 97l Abdea] 9 2719] At FEG WY
of WA BEo] Q7] fjReg woHct 3], 835139
79 16.90 BODs kg/day-km?, 0.92 TP kg/day-km’& 7}
4 &2 BODs, TP Mi&ERSIUEE Bt ©]& Table 1
oA AAIS) ol spadolet WAol Z}Z; 2624 km,
12.24 km’S2 th2 A F-2Ho| Hs) zory, FHo] &
412k e a7t A4 4= AT vt 2 FA ¥R
o] EAiat, g5k Wk XY L Y57 FFAH 7

il
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AEFRT ASFTAAY Fol ANTFORA hFR
Feo s §Y7ksAol Fot HHjEReUEs} 2
Aoz WoE olelow, AUA 9 AN 44ET 2
747 BYA o] EAste] 0|2 8| FF oGt §
9d 5 9ol 1 wMEEY L AYREE DeQ Hel)e
A el AAslolol ek, dEUF FAG 2 Yaha
FYIE ATe] £F QAR £AY, A0, 938 5
o A 2277t fAFE A IR0 $73A, sl

Table 5. Point discharge load (kg/day) and discharged load density (kg/day-km? in the tributaries

Medium Inf Point discharge load Busi Discharged load density
edium Influence Tributarics (ke/day) asin area (ke/day-km?)
Areas (km?)
BODs TP BODs TP
Nakdong Waegwan Gumicheon 348.19 13.08 68.31 5.10 0.19
Cheonnaecheon 13.61 1.33 21.34 0.64 0.06
Gisegokcheon 65.01 5.83 27.96 2.33 0.21
Bollicheon 25.58 1.56 10.38 2.47 0.15
Nakdong Goryung
Yonghacheon 206.87 11.20 12.24 16.90 0.92
Yonghocheon 46.33 1.44 22.1 2.10 0.07
Migokcheon 7.60 0.81 14.01 0.54 0.06
Nakdong Milyang Yeongsancheon 84.41 4.08 42.65 1.98 0.09
Nakdonggang Hagueon Sogamcheon 10.25 0.81 8.54 1.20 0.09
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