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Statistical Analysis of the Spatio-temporal Water Quality
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Mijin Seo, Changdae Cho, Taehyo Im, Sanghun Kim, Hyunjeong Yoon, Yongseok Kim,
Gyeonghoon Kim’
Nakdong River Environment Research Center, Goryeong 40103, Korea

Abstract

Water quality is characterized by various complex factors. Therefore, a systematic understanding of water quality
trends is required to carry out a proper evaluation. In this study, we analyzed the spatio-temporal water quality
characteristics of the Nakdong River using five-year data from 2012 to 2016. Data was collected on the pH, DO, BOD,
COD, SS, TN, TP, TOC, WT, EC, NH;-N, NOs-N, PO4-P, Chl-a, rainfall, and total and fecal coliforms. A total of
38 water quality measurement stations, from Andongl to Gupo, were considered. Statistical analyses including trend,
cluster, and factor analyses were conducted to identify the dominant water quality components affecting the Nakdong
River. The Nakdong River was spatially classified into three groups for up-stream (Andongl to Sangjul), mid/up-stream
(Donam to Dalseong), and mid/down-stream (Hwawonnaru to Gupo) data collection, and temporally into two groups
for summer/fall (7~10), and the rest of the season (11~6) data. The water quality of the entire Nakdong River showed
trends similar to the mid/down-stream section, which indicates the importance of water quality management in this
section. Suspended solids, phosphorus, and coliform groups were established as important factors to be considered in
the summer/fall season across the river, especially in the mid/down-stream section. Nitrogen and organic matter were
identified as important factors to be considered in the rest of the season, especially in the mid/up-stream section. This
study could help determine the water quality components that should be intensively monitored in the Nakdong River.
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Fig. 1. Water quality measurement stations in the Nakdong River.
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Fig. 2. Dendrogram by spatio-temporal cluster analysis. Left one is the spatial result for water quality measurement stations
and right one is the temporal result for months. The numbers of the spatial result indicate the stations in Fig. 1.
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Fig. 3. Spatial water quality distribution with a trend line (blue solid line) from Andongl (upper station) to Gupo (lower

station).
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Fig. 3. Continued.
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Table 1. Results of Seasonal Mann-Kendall trend at each stream section

Variable Upstream Mid/Up-stream Mid/Down-stream Entire stream
P-value Trend S P-value Trend S P-value Trend S P-value Trend
BOD 78 < 0.0001 Up 0.8316 - -30 0.0339 Down  -14 03222 -
COD 18 0.2031 - 56 < 0.0001 Up 44 0.0019 Up 58 < 0.0001 Up
SS -50 0.0004 Down -56 < 0.0001 Down -65 < 0.0001 Down  -60 < 0.0001 Down
N 12 0.3961 - -6 0.6714 - -26 0.0660 - -8 05716 -
TP -19 0.1780 - -55 < 0.0001 Down -82 < 0.0001 Down =72 < 0.0001 Down
TOC 24 0.0897 - 53 0.0002 Up 47 0.0009 Up 48 0.0007  Up
WT 56 < 0.0001 Up 20 0.1573 - 24 0.0897 - 28 0.0477 Up
EC 68 < 0.0001 Up 62 < 0.0001 Up 16 02579 - 28 0.0477 Up
NOs-N 22 0.1198 - -10 04795 - -56 < 0.0001 Down  -32 0.0237 Down
POsP 23 0.1030 - -22 0.1198 - -24 0.0897 - -24 0.0897 -
Chl-a 54 0.0001 Up -6 0.6714 - -26 0.0660 - -14 03222 -
TC -42 0.0030 Down 12 0.3961 - 46 0.0011  Up 28 0.0477  Up
FC -18 0.2031 - -34 0.0162 Down 0 1.0000 - 4 0.7773 -

WT: Water Temperature; TC: Total Coliform; FC: Fecal Coliform
Up-stream: Andong1~Sangjul; Mid/Up-stream: Donam~Dalseong; Mid/Down-stream: Hwawonnaru~Gupo
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Fig. 5. Temporal LOWESS trends of monthly average water quality (2012~2016).
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Table 2. Comparison between weir stations and non-weir stations (stations except for weir stations) at each stream section

Mid/Up-stream

Mid/Down-stream

Variable Weir stations Non-weir stations Weir stations Non-weir stations
pH 8.2 8.3 8.2 8.2
DO 10.8 11.2 11.1 11.1

BOD 1.9 1.9 24 23
COD 5.3 5.5 6.6 6.2
SS 7.1 8.1 10.6 114
TN 2.522 2.511 3.376 3.054
TP 0.043 0.039 0.069 0.061
TOC 3.5 3.0 43 34
EC 247 253 357 367
NH;-N 0.077 0.124 0.110 0.104
NOs-N 1.901 1.949 2.480 2.257
PO4-P 0.011 0.012 0.019 0.017
Chl-a 17.2 18.6 26.8 27.8
TC 133 409 242 1,093
FC 19 43 34 100

wE 271 A4S etk Fig. 5). TOC2 % 2015
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Table 6. Results of rotated component matrix by factor analysis
Section Period KMO Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Up-sti Total iod  0.663 TP, S5, TN, NOs;-N BOD, Chl TC, FC
p-stream otal perio . DO. WT, Rain , 3- ) -a >
Summer/Fall
TN, TP, BOD, COD,
season 0.676 PO.-P, SS TC, FC Chl-a pH, DO WT
(7~10)
The rest of EC. TN, .
the season 0.607 DO, WT, Rain TC, FC COD, TOC pH, NH;3-N
NO;-N
(11~6)
Mid/Up . TN, NOs-N, TP, POs-P, SS,
—stream Total period  0.662 DO, WT TC, FC BOD, Chl-a EC, NH;-N
Summer/Fall EC, TN,
season 0.676 NO;-N, TC, FC COD, TOC Chl-a, DO
(7~10) TP, PO4-P, SS
The rest of pH, BOD,
the season 0.657 TgoN(\));_;\I ? COD, TOC, T, ;’SO B, TC, FC EC, NH;-N
(11~6) ’ Chl-a
. TP, PO4-P, SS,
Mid/Down ool period 0,744 Rain, N, NO:-N, pH, BOD, COD, TOC
-stream DO, WT Chl-a
TC, FC
Summer/Fall TP, PO4-P, SS,
season 0.685 Rain, TN, NOs-N BO]?r’O(C:OD’ NH;-N, DO
(7~10) TC, FC
The rest of
TN, NOs-N, BOD, Chl-a, COD, TOC,
the season 0.681 DO, WT sS NH3-N TP, PO4-P TC, FC

(11~6)

KMO: Kaiser-Meyer-Olkin; WT: Water Temperature; TC: Total Coliform; FC: Fecal Coliform
Up-stream: Andongl~Sangjul; Mid/Up-stream: Donam~Dalseong; Mid/Down-stream: Hwawonnaru~Gupo

o] Upeptt}. 2.2 14 mao] digk KMO 74 23}

= AYA7E0.S5 oV

LpEpyon, Bartlett 742]
p-valuel® B 0.05 oJ515 Uehe 2.9l 40 ejgt

71800 <l 2

A Elo

omw=

Hof=3lth(Table 6). F¥S
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o, SRRt - s FHolle tidatt @55l
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(Table 3~5). 8319] F&7]of&d H= 9ol Al 1 &
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olg= o] £ich(Jeon, 2012; Jung et al., 2016; Jung and
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