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Abstract

In this study, seasonal Mann - Kendall test method was applied to 12 stations of the water quality measurement network of
Nam-River based on data of BOD, COD, TN and TP for 11 years from January 2005 to December 2015 The changes of water quality
at each station were examined through linear trends and the tendency of water quality change during the study period was analyzed by
applying the locally weighted scatter plot smoother (LOWESS) method. In addition, spatial trends of the whole Nam-River were
examined by items. The flow-adjusted seasonal Kendall test was performed to remove the flow at the water quality measurement
station. As a result, BOD, COD concentration showed "no trand" and TN and TP concentration showed "down trand" in regional
Kendall test throughout the study period. BOD and TP concentration in "no trand", COD, and TN concentration showed an "up trand"
tendency in Nam-River dam. LOWESS analysis showed no significant water quality change in most of the analysis items and stations,
but water quality fluctuation characteristics were shown at some stations such as NR1 (Kyungho-River 1), NR2 (Kyungho-River 2),
NR3 (Nam-River), NR6 (Nam-River 2A). In addition, the flow-adjusted seasonal Kendall results showed that the BOD concentration
was "up trand" due to the flow at the NR3 (Nam-River) station. The COD concentration was "up trand" due to the flow at NR1
(Kyungho-River 1) and NR2 (Kyungho-River 2) located upstream of the Nam-River. The effect of influent flow on water quality
varies according to each site and analysis item. Therefore, for the effective water quality management in the Nam-River, it is necessary
to take measures to improve the water quality at the point where the water quality is continuously "up trand" during the study period.

Key words : Regional/seasonal Mann-Kendall, LOWESS, Nam-River, Nonparametric statistical

LME FHsto] A=Al U HiFo] 4= ghom,
s =2 31, B4 5 35l tiste] &

S-2uER= 90 ol Eof 47 = e Sehas HERAIZ AT ©.092) 42 1,348 7(1993 1) of| 4] 1,8287H

Received 18 July, 2018; Revised 12 September, 2018; The Korean Environmental Sciences Society. All rights reserved.

Accepted 3 October, 2018

"Corresponding author: Kyung hyun Kim, National Institute of
Environmental Research, Yeongsan River Environment Research
Center, Gwangju 61011, Korea

Phone : +82-62-970-3901

E-mail : matthias@korea.kr

) This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.



1030 A7k - 1\ A - 250 - A

(2016 )& =l Fefsiar Qlar, FARMES P4 39
7N, 4= 367 =A] vl i gFe] s=dd|o e 7E A
AFE]A QIEH(Yu et al., 2010; Jung et al., 2016; MOE
2016). =3t THLATFAE 7|22 o TESAY
S 20044 U A Ao B A,

o
Shf| PO E=HN o] gk - A gl B2
A ARS 913 712AE R 285kl QItKMOE

ol dereiRel ko] P e ek e
TskA 0 2 ol3fjsl=t]] %235t Bekele and McFarland
2004; Kwak et al., 2013). = 2o tfgh 4] 24
S 57] Slaprhs ol 47 i ahe] o) 2
A S wetsln olo] Agke e Agek A
o] T Q3}cHKim and Park, 2004). ApA|E0] =gist -
elLtete] 49 29t Lxmvislol 2o 22142l 20l
o] QIg14el aeluirke o 2 44 wiste] aclo] g 4
QIti(Yu et al., 2010). 12|21 A[ALAo|A H&E=
2 A AL} AlstaL A2} o 7L 2
sl 2 el uje} o), 42 dlo|ej Ak o 4
TR e 71k nPg TR el T 2
$7} ghon] o] 49 1)) ke vhg 714 8l
o] Bao] K53t ulwaA FAP IS Haatu se]
P25 22U 4= i (Montomery and Reckhow, 1984;
Sokal and Rohlf, 1995). 7| ~2Hs}o]| tigt &It
oj2fgk I, oA R ASA] EA & ARl
42 Z=AEAHPHO] Mann-Kendall,  seasonal
Kendall test7} o] &-2E]0]x]31 It (Xu et al., 2003;
Kim and Park, 2004; Lee and Park, 2008; Karpouzos
et al., 2010; Song et al., 2012). THH $AHE Q319
= =, 2(algae), AYeigbE o] Ha} 5 11 Al
o] wj$- tebsh o] & g Waprt ol 2A F3F
= X ER pEey I A Fa7t FoF aQlew A
2= 4= QJti(Smith et al., 1982). < 42 e F&=Fat

2 5 B o ] FAR Aol AlREAL SlEE A

g
-
i

A - o]g) - U7

ok wff 7 eol] OfFh Bk A=l Sl A E
IEAE flslAl= olERt 5 5 2P 8RIa(exogenous
variable)o]| 2J3t 2 W53 molsh= 4l E3F F-R5)
TH(Hirsch et al., 1982; Smith et al.,1982; Yu et al.,
2010; Kim et al., 2017). 12} AJAkel= Hojjsh xl=
= ojgal AR A A7 ) AR
Ol5f| o] ayElo] AL, Fehd 29lE areftt ¥
5 4] 54 QA ol S Agolo, 24714
27|¥(smoothing technique)& 4102 &t o7} tjf
FRolok webA 2 Aol st Aol fIRR
H7ke Aoz Ad 9 F7keA|(seasonal/ regional
Kendall test)E41& B2 ZX=A(LOWESS)S E3f
o IRkERte] TAHR) Wik S S BAIlc Ea
ofe] oY Wi & 0] FaFe vt AE Al
(flow-adjusted seasonal Kendall test)-2- A15§5l} FA]
ofl XYZ triplet A 3+ 471745 I Boled 420
Hsh 5495 AR o= Tfefsie] & - AdEfol ohgt
WEk BT TS TRl B2 Al 24 %)
Wk mht gke A W AW ol 783 A

T ek

rl
f

2
=

= A

fr

2 =2 o

2.1, g7 7Y

WS 9] AlARE AA 599 HAe
3,467.52 km’, GRS 189.83 km, FOHAE
18.27 km, FAMAIE 0.10, HoE=EL. 319.96 m,
WA HAR=31.86%0 k. ESE WS F74127° 29'~
128° 28', E9J35° 00'~35° 46' Alo]o] WUE7kgod
AZol| fIARE ol o= AMEo 2= BT 2|2jik
A (b o] R foat AAE olFn @A
o= A sl $dY, BRoRe Y o0 d
2.0 2= FENS Erg o R sto] Y el i
A} AAE oL ik FS AP Y U
AdollA] hdsto] wRshHAl wdel ARl A 5t

o
29 Fepslo] AReE
kel
=

A S7tsH ) A
Aol Eul, Al R 5 QAL O Sol St o

7o) Agkom GelEl gagoR SRAK ¥ W



W FESAYARE o83t vl 8 A7) A 24 1031

KOREA | \
Hakdong River Basin .~ { | \ o |

Hnl‘-1_\:||l'_zﬁ .
amyvang /|

L Sewage WWTP

A Water level station

# Water quality station

# Dam water quality station

Tnesoo, N ‘:. o
'Y .\!‘lnsun!.

Changehon
A

Nam River Unit Basin Divide

Samga

./ Georvonggant o+ NRO

Uirveong \_h HamanDaesan
Shiran L unnse
s Yuane s

a. ; Jeongithg™
! A Woriji NR7< -

r
/

Nam River Dam

Fig. 1. Nam-River study sites.
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Fig. 2. Long-term variations of BOD, COD and TN, TP from 2005 to 2015.
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Table 1. Result of monitoring sites and dam sites class in the Nam-River

Station Site name BOD" Class cop” Class TN? Class TP Class
NR1 KyungHo-River 1 1.3 IbY 4.1 m 1.754 Vi 0.043 il
NR2 KyungHo-River 2 1.5 Ib 45 m 1.419 \4 0.030 Ib
NR3 Nam-River 1.7 1b 4.6 m 1.184 \4 0.025 Ib
NR4 Nam-River 1 1.6 1b 3.7 Ib 1.200 \4 0.027 Ib
NR5 Nam-River 2 2.3 o 43 m 1.901 VI 0.041 o
NR6 Nam-River 2A 2.1 o 52 v 2.102 VI 0.043 o
NR7 Nam-River 3 2.1 o 4.1 m 2.076 VI 0.055 o
NRS8 Nam-River 4 2.1 o 4.7 m 1.948 VI 0.057 o
NR9 Nam-River 4-1 2.3 o 5.5 v 2.019 VI 0.049 o

D1,2,3 Nam-River Dam 1.2 Ib" 29 Ib” 1.633 vI? 0.022 o?

1) River (Stream) environmental standard for water quality
2) Lake environmental standard for water quality

3) In Score : Excellent ( I a), Good ( I b), Below average (II), Fair (II), Poor (IV), Very Poor (V)

¥ Note 1 : NRI ~NR9(Nam river site), D1.2.3(Nam river Dam site)

% Note 2 : River (Stream) Mid-watershed target ( I b) : BOD 2 Below, COD 4 Below, TP 0.04 Below
Lake Mid-watershed target ( I a) : COD 2 Below, TN 0.2 Below, TP 0.01 Below

r

(1b)E 7202 B v BOD2 TP W 715
O 7 A= A% 0] HEE WSk L
Sk 3]sk A 02 YER o, COD
AR o] RS ABJk= A o= FAE9)
t} Table 2= 20043 ~2013W714] < 1087 97
99 sl LA e Wi s E AR AR o
HHo] ey whess Hrrh BRI 98] A
£H 07 WAENSE & = Uk skpAR Y]
R SR ol theh Fake
Zo&@ ot} dhH COD2| 79 NR4X|
A Alelslar 42ghg 7|5 M(Fair) 552 24
£ Hol= zAoa zAME 9o, E3] NR6AH1 GR9
Ao AFFsErt A veht Ee7IE NV
(Poor) Gl AR Uepitt.

TN o] A|50] BF 402807 V
(Very Poor)sgol| afdsl= Ao2 ARSI W
HHFD) A 7= 2H 2|52 BODL}F CODFE=
$22H371% 1b(Good)ysa olde] ol 53t =4
& Hol= 2108 AL, YT AR TP= 1T

(Below average)s+, TN-2 IV(Poor) 521 o=z

Upepdrt,

3.3. Seasonal Mann—Kendall/ regional Kendall test

4=2] 3F= regional/seasonal Mann-Kendall A}
£ Table 3,4,5,63} Fig. 3| UeRY3IcE BODo] tjjgt
regional Kendall A1} S EAHS -37, p-value:=
0.3418 2 AF7d(HO=no trend)& 585} AA|Z S
2 J73e] BODEEE= “no trend” AEIE VERJIC
seasonal Mann-Kendall A3} @73 H(RYS) 2 315
HZNR3) A2 S SAFo] 380]aL p-valuer= 2]
222) 0.05(AIZE 95%) o]3}2 BOD i g.ol5t
“F7P 4 el

w515 7100 91Ha WRANRS) 449 S 5
Al5F -38, p-value= 7-2J42(a) 0.05 (A1FE 95%)°]
S fLofgH g RS LEhRich LpeiA] 7} A1
M= SHEF= UEUA &tk COD s=+
regional Kendall A1} S EA|5F -13, p-value 0.75402
= o] @A BODSE9} th b2 AA A0 2 “no
trend” AFES VEFQIC) seasonal Mann-Kendall 2
I kel 1A H S (NR D), A 27J2(NR2),
H7H(NR3) 9] 37 A g oA SEAT 45, 40, 65,
p-value 0.015, 0.0301, 0.0004 2 -3-2J3t “Z7p” kS
LER QAek. W, Sk Rl 91217 EP3(NRT),
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Table 3. Seasonal Mann-Kendall/regional Kendall tests results with BOD
Seasonal Mann-Kendall trend
Monitoring site Statistic S Z-value p-value Kendall's tau (msgl/of/i]r) Trend
NR1 27.0 1.442 0.1492 0.245 0.02500 no trend o
NR2 35.0 1.896 0.0580 0.318 0.02500 no trend L ]
NR3 38.0 2.071 0.0384 0.345 0.02750 upward A
NR4 14.0 0.718 0.4729 0.127 0.02750 no trend o
NRS -33.0 -1.764 0.0777 -0.300 -0.07500 no trend L ]
NR6 -53.0 -2.876 0.0040 -0.482 -0.10000 downword v
NR7 -23.0 -1.217 0.2238 -0.209 -0.08167 no trend o
NR8 -27.0 -1.438 0.1505 -0.245 -0.06250 no trend [ ]
NR9 -28.0 -1.497 0.1344 -0.255 -0.06167 no trend o
Regional Kendall Test
N Statistic S Z-value p-value Kendall's tau (mS;/OI?/;) Trend
9 -37.0 -0.951 0.3418 -0.075 0.00000 no trend o
Note : p-value <0.05 statistically significant trends
Table 4. Seasonal Mann-Kendall/regional Kendall tests results with COD
Seasonal Mann-Kendall trend
Monitoring site Statistic S Z-value p-value Kendall's tau Slope Trend
(mg/L/yr)
NRI1 45.0 2433 0.0150 0.409 0.06188 upward A
NR2 40.0 2.169 0.0301 0.364 0.07000 upward A
NR3 65.0 3.554 0.0004 0.591 0.11120 upward A
NR4 -4.0 -0.166 0.8680 -0.036 0.00357 no trend o
NRS -25.0 -1.327 0.1844 -0.227 -0.05000 no trend { ]
NR6 -15.0 -0.774 0.4388 -0.136 -0.04687 no trend o
NR7 -45.0 -2.433 0.0150 -0.409 -0.15380 downword v
NR8 -45.0 -2.426 0.0153 -0.409 -0.1688 downword v
NR9 -18.0 -0.942 0.3464 -0.164 -0.05000 no trend o
Regional Kendall Test
N Statistic S Z-value p-value Kendall's tau Slope Trend
(mg/L/yr)
9 -13.0 -0.313 0.7540 -0.026 0.00000 no trend {

Note : p-value <0.05 statistically significant trends
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Table 5. Seasonal Mann-Kendall/regional Kendall tests results with TN
Seasonal Mann-Kendall trend
Monitoring site Statistic S Z-value p-value Kendall's tau (msgl/of/i]r) Trend
NRI1 19.0 0.992 0.3210 0.173 0.01385 no trend o
NR2 14.0 0.716 0.4742 0.127 0.01523 no trend L ]
NR3 10.0 0.495 0.6203 0.091 0.005665 no trend o
NR4 -14.0 -0.716 0.4742 -0.127 0.006722 no trend o
NR5 -48.0 -2.587 0.0097 -0.436 -0.07721 downword v
NR6 -54.0 -2.918 0.0035 -0.491 -0.07225 downword v
NR7 -52.0 -2.807 0.0050 -0.473 -0.09211 downword v
NR8 -48.0 -2.587 0.0097 -0.436 -0.07465 downword v
NR9 -24.0 -1.266 0.2055 -0.218 -0.04399 no trend o
Regional Kendall Test
N Statistic S Z-value p-value Kendall's tau (mS;/OI?/;) Trend
9 -133.0 -3.425 0.0006 -0.269 -0.03850 downword v
Note : p-value <0.05 statistically significant trends
Table 6. Seasonal Mann-Kendall/regional Kendall tests results with TP
Seasonal Mann-Kendall trend
Monitoring site Statistic S Z-value p-value Kendall's tau (mSgl/oIf)/eyr) Trend
NR1 2.0 -0.055 0.9561 -0.018 -0.00015 no trend { ]
NR2 -12.0 -0.607 0.5436 -0.109 -0.00034 no trend o
NR3 -8.0 -0.388 0.6982 -0.073 -0.00026 no trend o
NR4 -49.0 -2.646 0.0081 -0.445 -0.00313 downword v
NRS -59.0 -3.198 0.0014 -0.536 -0.01029 downword v
NR6 -75.0 -4.080 0.0000 -0.682 -0.01029 downword v
NR7 -80.0 -4.349 0.0000 -0.727 -0.01080 downword v
NR8 -67.0 -3.639 0.0003 -0.609 -0.01019 downword v
NR9 -75.0 -4.080 0.0000 -0.682 -0.00753 downword v
Regional Kendall Test
N Statistic S Z-value p-value Kendall's tau (msgl/olf)/i/r) Trend
9 -222.0 -5.745 0.0000 -0.448 -0.00600 downword v

Note : p-value <0.05 statistically significant trends
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Table 7. Regional Kendall Tests results in Nam-River dam
Regional Kendall Test
Ttem N Statistic S Z-value p-value Kendall's tau Slope Trend
(mg/L/yr)

BOD 3 -35.0 -1.578 0.1146 -0.212 -0.0125 no trend o
COD 3 100.0 4.500 0.0000 0.606 0.0666 upward A

N 3 87.0 3.865 0.0001 0.527 0.03167 upward A

TP 3 3.0 0.090 0.9279 0.018 0.0000 no trend {

Note : p-value <0.05 statistically significant trends
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Fig. 3. Results of seasonal Mann-Kendall trend form 2005 to 2015.
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Fig. 6. Results of trend analysis of water quality concentration in Nam-River dam (example).
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Fig. 7. Comparison of trend slopes at each main station in the Nam-River.
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