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Abstract

The purpose of this study is to analyze the seasonal characteristics of water quality using long—term water quality
monitoring data. Seasonal characteristics of water quality were analyzed using monitoring data from 34 tributaries
where long—term monitoring was performed in the Nakdong River system, and average data analysis of water
quality, coefficient of variation analysis, and trend analysis were performed for seasonal analysis. For seasonal
analysis, average data analysis of water quality, coefficient of variation analysis, and trend analysis were performed.
As a result of the evaluation of the coefficient of variation, tributaries were larger than main streams, and BOD,
T-P, and TOC were larger in autumn and T-N were larger in spring. Trend analysis was analyzed using
Mann-Kendall and Sen's Slope. BOD, T-N, and T-P tended to decrease, but TOC had a lot to increase. Through
this study, it was possible to evaluate the availability of long—term water quality monitoring data and analyze
seasonal characteristics, and to analyze the stabilization period of water quality and changes in pollutant sources
for watershed management.
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Table 1. 34 Tributary status

Middle Watershed

Tributary

Kumhogang

Namcheon(7), Dalseocheon(8), Bookancheon(14), Omokcheon(19), Palgeocheon(31)

Nakdonggang Haguen

Mijeoncheon(12), Hogyeocheon(33)

Nakdong Goryung

Gisegokcheon(6), Bonricheon(13), Yonghacheon(22), Yonghocheon(23), Cheonecheon(26)

Nakdong Mirang

Gyuseongcheon(3), Guangokcheon(4), Sangnamcheon(15), Yeongsancheon(18), Ohocheon(20),
Yongdeokcheon1(21), Chodongcheon(27), Chilwoncheon(28), Toiraecheon(30), Hwapocheon(34)

Nakdong Waegwan

Gyunghocheon(2), Gumicheon(5), Dongjeongcheon(11)

Nakdong Changryung

Changrungcheon(25), Topyungcheon(29)

Namgang

Gajwacheon(1), Daesacheon(9), Daesancheon(10), Seokgyocheon1(16), Seokgyocheon2(17),
Uirungcheon(24), Hyunjicheon(32)

AFAGe dERFARA Wl g FANEL 3
A SRR AT SAsks 19571 AR
U A4 F 347 FHTAAEL Agekact. 34 F

i I Tributary
vyl iI"iMiddlewatershed

0 9,50019,000 38,000

Fig. 2. Sampling site
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2.5 Sen’s Slope
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Qmea= HlolE9] AokS HolFw, 1 &2 AFY 7=
715 Vredit). Sen's slope?] gho] S¥olw Z7}, Sold A
BEFs Y

Sen's slope= P<0.05 ¢ o} FAA o= {25t P>0.05
A AS SAACE FoJRt HFde qlckar whsich

B AFo4E Mann-Kendall #A2 Fo= (a=0.05)
of met A=FtE ALtetgl o, ARk ofefiet A

o

C, =2,V VAR(S) )

VAR(S)= Sof| tjgt B4te & Mann-Kendall ZAolA At

Table 2. Water quality by subwatershed

8¢ golm, Z, 0 ERATRERNE 92 5

3.0 3 A Y HSHS Bt Zt

2011 195 20224 69717 wie 4% 4 A=E
ol 4 dYgS Aot 42 A ZIZHAL Period) Tt
E(3~59), A48 6~89), 7+20~119), AL(12~29)=
H51930 ofefl Table 2.9F Zo] H7latAtFig. 4.).

B 4 B7rEd, A 71ZF J+ BOD 3.1mg/L, T-N
3.801mg/L, T-P 0.171mg/L, TOC 5.5mg/L& UErstth.
AL 7]E0 sk 4 W7 o R grietd 2FolA
o] Ha $4L “HES(ID"F5BOD 3.0~5.0mg/L, T-P
0.1~0.2mg/L)ell Setet.

Bt #AS A 710 AFER vwshd, BODeE T-N
2 A 7RG B3 AL 4ol 11 oFF /M2
VARG 281, T-PE 95do] w1 83 7k, A
22 W BYEglon TOCE B3 ofgdo] &7 yeht
At wEbA, AEHell= shdelA BOD2F T-N9| 4

| =oAL T-P2t TOCE A4 woH= AL ¢

=
% 9Igiet.

)

48.44%, T-P 69.36%, TOC 35.54%= }et
U T-Pe] WSAS7E 71 23 TOCTE 7P 2+ Aog

Season Division Water Quality(mg/L) The coefficicnet Variation(%)
BOD T-N T-P TOC BOD T-N T-P TOC
MAX. 22.6 25.322 2.649 29.4 81.93 95.03 119.54 64.52
All Period MIN. 0.3 0.146 0.012 0.8 43.53 21.40 4221 19.62
n=3,663 AVG. 3.1 3.801 0.171 55 58.26 48.44 69.36 35.54
STDEV. 1.8 1.755 0.120 1.9 9.54 16.76 18.04 9.78
, MAX. 22.6 22.334 1.629 25.2 74.57 84.21 121.51 67.91
(Mii’i‘iiy) MIN. 0.3 0.385 0.022 0.9 31.72 20.50 30.11 14.02
=1025 AVG. 38 4.088 0.166 5.8 47.02 46.09 55.85 30.95
STDEV. 1.8 1.799 0.098 1.8 11.20 16.64 24.96 11.59
MAX. 16.4 15.356 1753 20.2 71.81 75.05 106.98 51.11
qi‘;rff[r\lzf) MIN. 0.4 0.146 0.027 0.8 30.13 17.39 22.48 13.09
n:990g AVG. 2.9 3.015 0.203 6.1 50.99 41.96 55.08 28.38
STDEV. 15 1.195 0.114 1.7 10.66 14.95 21.91 8.13
MAX. 19.9 14.825 2.022 29.4 95.28 100.79 105.05 65.56
@ETE;) MIN. 0.3 0.280 0.017 0.9 38.29 18.95 34.71 14.38
=937 AVG. 2.3 3.553 0.156 4.8 61.00 41.95 66.82 32.61
STDEV. 1.4 1.392 0.107 1.6 14.58 17.47 19.30 12.04
. MAX. 14.2 25.322 2.649 22.1 98.45 107.42 149.43 88.98
(D\Xftlfefb) MIN. 0.3 0.359 0.012 1.2 26.39 15.77 31.84 12.14
=711 AVG. 3.4 4.807 0.154 5.2 47.05 35.82 63.27 31.18
STDEV. 15 1.642 0.106 1.6 16.20 21.68 31.13 14.94

SREAISE H24A AH4Z, 2022



ZHA - - el M- 2t My 305
\ EES
=f=gs (===l _____ i
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Fig. 4. Water quality by period
(a) BOD (b) T-N () T-P (d) TOC
Fig. 5. Coefficient of Varation by Period
Table 3. Comparison of coefficient of variation between main stream and tributary(Unit: %)
BOD T-N T-P TOC
Season . . Tri. . . Tri. . . Tri. . . Tri.
Tri. Main “Main. Tri. Main ~Main. Tri. Main “Main. Tri. Main “Main.
All 58.26 40.77 17.49 48.44 30.07 18.36 69.36 66.87 2.48 35.54 33.37 2.17
Spring 47.02 32.26 14.76 46.09 25.42 20.67 55.85 56.89 -1.04 30.95 24.32 6.63
Summer 50.99 35.00 15.99 41.96 25.53 16.43 55.08 55.96 -0.88 28.38 27.38 1.00
Autumn 61.00 38.29 22.71 41.95 23.41 18.55 66.82 54.01 12.81 32.61 30.70 1.91
Winter 47.05 40.10 6.95 35.82 19.11 16.71 63.27 61.27 2.00 31.18 26.61 4.58
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Fig. 6. Comparison of coefficient of variation between main stream and tributary
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Sub33
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Table 4. Trend analysis over the entire period 1 subwatershed example

o BOD T-N T-P TOC
Division
p Slope Trend p Slope Trend p Slope Trend p Slope Trend
All Period | 0.003 | -0.017 | Down | 0.000 | -0.018 | Down | 0.000 | -0.001 | Down | 0.068 | -0.007 Tlr\l:(r)ld
Spri 0.013 | -0.079 | D 0.000 | -0.099 | D 0.105 | -0.002 Mo 0.436 | -0.020 No
pring . . own . . own . . Trend . . Trend
No No No
Summer | 0.221 0.057 Trend 0.163 0.030 Trend 0.016 0.004 | Down | 0.634 0.020 Trend
No No No
Autumn | 0.170 | -0.027 Trend 0.053 | -0.049 Trend 0.154 | -0.002 Trend 0.049 | -0.051 | Down
Winter 0.007 | -0.115 | Down | 0.000 | -0.154 | Down | 0.004 | -0.009 | Down | 0.691 0.013 Tlr\g:(r)ld

TAH(20.59%), T-N 428 (11.76%), T-P 2217 (5.88%),
TOC 117A(32.35%)0]1 ZtA ZA= BOD 10A#
(29.41%), T-N 92H(26.47%), T-P 16273 (47.06%),
TOC 3217:(8.82%) 0.2 eyttt A 7|7 #4 A3k, TOC
= Agstr BOD} T-N, T-PE Z7HHth= gHasks 2
A 47t Wot Y5dAle tAR £4do] /M= FAE
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S =7} 8.82%, A 294%, AL =7t}
11.76%= ettt A& 7kt d4 B 2o
5, 7HE A ARo] AdiH o R e Zos BAEICh
T-N2 & 37} 5.88%, H4 38.24%, oI5 57t 2.94%, 3t
A 11.76%, 7Ve Z7} 8.82%, #A 14.71%, AL Z7}t
5.88%, A 3529%= UEhsth Ao w A A7t
B B A&l fdAa Axlo]l M g2 AR HrkEL
tt. T-P= B 37} 11.76%, T4 23.53%, & 7t
8.82%, #4 32.35%, 7V Z7F 0.00%, 24 32.35%, AL
Z7F 0.00%, &4 20.59%% Lrehgth Autzdog 7447}
21 oS5 7HE9] A Aol 7MY B2 Aoz HIHESL
. TOCYE B 27} 29.41%, T4 2.94%, o2 =7}t
20.59%, 74 5.88%, 7V %7} 8.82%, T4 8.82%, AL
Z7Y 14.71%, 34 5.88%2 Uebgdtt S71 A7 B &2
7 o5 7t FAIT B AdES B2 2o g UEdTh
QAU AF EA Ayl BODE Eip o2 T-N Za}
AL, T-P= o583 7F2elA 9] A o] 3A Yehdx
o gt TOCE B3 o584 371 FA17F o &4 Yet

ool
ftlo
s
El
o
2
g
o)
O
v}
rr
s
o\
N

LN

<
U]'E ‘”>’
i)

2

FA) BAT ARE FHACE WS A BA
A HESN, B8, d5TY FAL) &3 ARES

BOD, T-N, T-PollA Z&A FA| AH-o] B 453y, Y

o =
FUY, W FVYel 48 ARSS BOD, T-N, T-P,
TOC B 37 34] Aol Be Aoz $As|9. ue}
A, 957 RO F AR G B, 57, 15T
9 FA 0] ARE £8e FasH Aol gout o
ROl W, A, Y SR

W, 4k A7e] 357 3, e A Aol
1 3Pt 0HoRA FAV B UEG BRe Wil
Bhte B0 ARES el 3, FEUY FUGe] 24
Aol F7kst dlek. T-N= BODS 25747 Y513
ZAGeNA Part RN OR ot YA FALe
A 27 Aol F7t w1 AoE ekt T-P H54%
AN AE 0 4 S A7o] Bl ety glott

=4
TOCE 958438 &8y Td9014 571 A4 A4
C ¥ Fajt Aoz o

o
52,

(]
9
e
=il
Jo
o
ot
ol
ra
il
1o
.4
@)

o
.
0%
_\:‘._I‘
i
ol

12)

L
'ON
ol N
2L
ol
180N
=
x o,
I‘ll‘rJ
rzig"j
)
mﬁﬁi
oy O
LWI‘J
i 30
fr K
N oo
R |

ol
w
=
m

198 4 4
74X, SEEY 3, 9 247, FEug
Aol Aaska otk 7Hed WA 144, ¥ 144

19 1 Fhska Qlet] BODS} 7o) 2fst g

4
i
I
-0,
oy
N,
B
U o

A Hhe Al Bl Uehia glo.

o B35, 7123} A 4 He Aol gol ety et

Journal of Wetlands Research, Vol. 24, No. 4, 2022



308 HEZRY 7| £AZUEYS S& AHH SH4EM dF
Table 5. Trend analysis by Mid—Watershed(Unit:: number)
Mid eend BOD T-N
~Watershed e Annual Spring | Summer | Autumn | Winter Annual Spring | Summer | Autumn | Winter
Nakdong Up 0 0 0 0 0 1 0 0 0 0
Waegwan
site n=3 Down 3 2 1 0 1 0 0 0 0
Kumhogang Up 0 0 0 0 0 0 0 0 0 0
site n=5 Down 2 1 1 1 0 2 3 1 2 4
Nakdong Up 0 0 1 0 0 0 0 1 0 0
Gorung
site n=5 Down 1 1 1 0 2 2 2 0 1 3
Nakdong Up 1 0 0 2 0 2 2 0 2 1
Changrung
site 03 Down 0 0 0 0 0 0 0 0 0 0
Namgang Up 3 3 0 0 1 0 0 0 1 1
site n=7 Down 1 2 0 0 1 2 3 1 1 2
Nakdong Up 2 1 0 1 2 1 0 0 0 0
Miryang
site n=9 Down 3 1 4 0 0 3 5 2 1 3
Nakdonggang Up 1 1 0 0 1 0 0 0 0 0
hagueon
site n=2 Down 0 0 0 0 0 0 0 0 0
Up 7 5 1 3 4 4 2 1 3 2
Total % 20.59 14.71 2.94 8.82 11.76 11.76 5.88 2.94 8.82 5.88
n=34 Down 10 7 7 1 4 9 13 4 5 12
% 29.41 20.59 20.59 2.94 11.76 26.47 38.24 11.76 14.71 35.29
Table 6. Trend analysis by Mid—Watershed(Unit:: number)
Mid Trend T-P TOC
~Watershed s Annual Spring Summer | Autumn | Winter Annual Spring Summer | Autumn | Winter
Nakdong Up 0 0 0 0 0 0 0 1 0 0
Waegwan
site n=3 | Down 3 2 2 2 1 1 1 0 1 1
Kumhogang Up 0 0 0 0 0 1 0 1 0 0
site n=5 Down 4 3 3 4 1 1 0 0 1 0
Nakdong Up 0 0 1 0 0 2 0 2 0 1
Gorung
site n=5 | Down 2 1 0 1 1 1 0 0 0 1
Nakdong Up 0 1 2 0 0 3 3 2 1 1
Changrung
site n=3 | Down 1 0 0 0 1 0 0 0 0 0
site n=7 Down 3 0 2 1 1 0 0 0 1 0
Nakdong Up 1 2 0 0 0 3 4 1 1 2
Miryang
site n=9 | Down 3 2 4 3 2 0 0 2 0 0
Nakdonggang | Up 0 0 0 0 0 1 1 0 1 0
hagueon
site n=2 | Down 0 0 0 0 0 0 0 0 0 0
Up 2 4 3 0 0 11 10 7 3 5
Total % 5.88 11.76 8.82 0.00 0.00 32.35 29.41 20.59 8.82 14.71
n=34 Down 16 8 11 11 7 3 1 2 3 2
% 47.06 23.53 32.35 32.35 20.59 8.82 2.94 5.88 8.82 5.88
shEAIsts] M242 #4%, 2022
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Agetgrleer BN 55®OD 3.0~5.0mg/L,
T-P 0.1~0.2mg/L)ell afsta Qlgict. Adz oz A
ZHol= BOD9F T-N¢ #do] golxi T-pet
TOCx= o534l =ordrh
HEAS B7HET A 717 Bt BOD 58.26%, T-N
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