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Analysis of Water Quality factor and Correlation between Water Quality
and Chl-a in Middle and Downstream Weir Section of Nakdong River

T
oY - YR

Sun-Young Jung - 1I-Kyu Kim'

R st $73 5
Department of Environmental Engineering, Pukyoug National University

(Received December 29, 2016; Revised February 13, 2017; Accepted February 16, 2017)

Abstract : This study analyzed the characteristics of water quality and the correlation between Chl-a and water quality factors
among four weirs located in the middle and downstream of Nakdong River for five years. The concentration of nutrients and
Chl-a from DS to CH was higher than that of GG, which is considered to be due to the influx of Kumho River located at upstream
of DS. There was a significant correlationship between Chl-a and most of the water quality factors for al season data. Based on
the comparison results between all season data and summer season data, a negative correlation between Chl-a and nutrients (POs-P,
NHs-N) was increased. Based on analysis on summer in 2015 with relatively low precipitation and high aga blooms, the
correlation between Chl-a and POs-P at al sites were increased. Therefore phosphorus is an important factor in the river on
summer season. And PCA results showed the first factor was classified as T-N, NOs-N for all seasons, and the first factor was
classified as T-P, PO,-P for summer seasons. Consequently, the middle and downstream of Nakdong River were most affected by
nutrients, especialy it was affected by phosphorous pollutants rather than nitrogen pollutants during summer seasons.

Key Words : Nakdong River Middle and Downstream, Chl-a, Nutrients, Multivariate Satistical Analysis
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Table 1. Characteristic of four weirs constructed in the Nakdong

River
Section  Weir  Capacity of

Weir length  height  storage

(km) (m) (10°md
Chlgok ~ Gangjeong-goreung 252 15 1077
Gangjeong-goreung ~ Dalsung 204 105 56.0
Dalsung ~ Habchon-Changnyeong 29 9.0 66.6
Habchon-Changnyeong ~ 429 132 1271
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Table 2. Observed average water quality data of GG to CH (2012.01~2016.10, n=247)

(a) Gangjeong goreung (GG) weir
year pH DO BOD COD SS T-N T-P TOC WT  Cond, NHs-N  NOs-N PO4s-P Chl-a
2012 83 13 20 54 1m7 2.840 0.074 37 152 240 0.078 2237 0.026 215
2013 82 11 20 55 91 2765 0.058 3.6 16.2 241 0.087 2012 0.015 222
2014 82 10.7 24 6.2 77 291 0.059 4.0 153 289 0.087 2,026 0.018 24 4
2015 79 98 18 59 48 2247 0.037 37 155 296 0.130 1.531 0.008 135
2016 79 94 2.1 6.6 6.5 2583 0,042 45 16.8 309 0.154 1.825 0.015 145

(b) Dalsung (DS) weir
2012 8.3 115 27 6.8 218 4049  0.140 44 16.1 365 0.104 3.112 0.059 345
2013 8.2 114 26 6.6 147 3755 0081 4.1 16.9 348 0.112 2781 0.018 314
2014 8.1 11.0 24 6.8 8.1 4057 0,068 44 16.1 416 0.125 2915 0.019 295
2015 8.1 10.9 23 7.0 58 3.487  0.051 45 16.2 444 0.158 2,491 0.012 20.8
2016 79 10.0 24 75 79 3686 0057 53 176 437 0.223 2747 0.023 210

(c) Habchon Changnyeong (HC) weir
2012 85 123 26 6.5 157 3656 0111 43 16.7 345 0.072 2825 0.042 343
2013 8.3 114 25 6.4 121 3395 0073 40 174 322 0.089 2512 0.019 297
2014 8.0 10.7 24 6.7 75 3.757  0.064 43 16.0 400 0.107 2719 0.020 257
2015 8.1 103 22 70 57 3.280 0,048 44 16.2 428 0.122 2332 0.013 18.2
2016 79 98 23 72 7.0 3389 0053 51 175 411 0.175 2512 0.021 179

(d) Changnyeong Haman (CH) weir
2012 85 119 25 6.1 156 3088  0.090 39 16.9 267 0.080 2329 0.024 385
2013 8.3 13 24 6.0 119 2950 0.064 37 177 264 0.076 2127 0.011 30.2
2014 8.1 111 24 6.3 99 3.017  0.061 39 159 307 0.078 2129 0.013 278
2015 8.3 10.9 23 6.3 82 2528 0.046 39 16.1 308 0.076 1773 0.009 205
2016 79 102 2.1 6.6 15 2,625 0,052 44 177 283 0.118 1.904 0.017 201
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Table 3. Pearson correlation coefficients between water quality and Chl-a
(a) all season data (2012.01 ~ 2016.10, n = 247)
pH DO BOD COD SS T-N T-P TOC WT Cond, NHs-N  NOs-N  POs-P
GG .546™ 480 491 230" 199 277 002 081 -276 -.005 =372 260”  -268"
DS .606™* 5562 628 388 073 377 288 140" - 310 136" -266™ 366 -.024
HC 618 575 671 461 218" 369 318 213* - 254* 143* -293™  3569% -.102
CH .598™ 520 528 4568 069 234 289 219 -.084 108 =357 214 - 169"
(b) summer season data (2012 ~ 2016, n=87)
GG 482 278 447 061 -.094 042 -.146 047 435" -.050 -401* 064 -.330"
DS 407 326 5765 281 083 -.216* 073 001 452 -.093 -415=  -272*  -343"
HC 679 569 638 A7 032 -126 082 292 461 -.037 =393~  -289* -d421*
CH 547 619 B551* 489 -173 025 -137 322** 323** 042 -316** -.140 -.428*
(c) summer season data (2015, n=18)
GG 168 308 594** A14 201 053 -.158 269 -.265 190 - 567" 182 - 536"
DS 421 734" 292 420 277 -.021 -230 657 -121 056 - 590 -.095 - 503"
HC 404 480" 634** 712 325 -253 - 631 637 -276 041 -.365 - 467 - 503"
CH 436 661 498 A75% -.005 -.053 -178 413 A7 -207 -.203 -284 - 504

*:p(0.05, ™ : p(0.01
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Table 4. Total variance explanation by principal component
analysis

. Rotation sums of
Initial eigenvalues

Com- squared loadings
ponent Total | 0Of % Cumu- - p ., %ol % Cumu-
Variance lative Variance lative
1 4076 29114 29114 3523 25166 25166
(@) 2 38311 23648 52762 3439 24561 49727
GG 3 2325 16606 69368 2159 15421 65148
4 1277 9122 78,490 1868 13.342 78,490
1 4460 31855 31855 3869 27637 27637
(o) 2 2783 19879 51734 2562 18297 45934
DS 3 1961 14010 65744 2343 16,733 62667
4 1824 13031 78775 2255 16108 78775
1 4269 30494 30494 3778 26985 26985
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1 4318 30841 30841 3.833 27380 27.380
(d) 2 3195 22822 53663 2797 19979 47359
CH 3 2552 18227 71890 2734 19531 66890
4 1255 8965 80855 1955 13965 80.855

Table 5. Rotated component matrix by factor analysis

Component
1 2 3 4

@ GG TN, DO, WT,  POsP, TP, COD,BOD,  NHsN,

NOs-N SS, Cond, TOC pH, Chl-a
TN, NOs-N, WT,  pH, Chl-a,
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Fig. 1. Component plot in rotated space.

Table 6. Total variance explanation by principal component ana-

lysis in summer season

Initial eigenvalues

Rotation sums of

75.296% 5 7t7} Awshe 2o R YERTh upsA R
KMO test A1} (8) GG 0.738, (b) DS 0.652, (c) HC 0.626,
(d) CH 07022 HEAE9l1 Batlett's testo] 73 HAES
AAer A3}, "B ARIAVE SAH SR {oshA o
By ZF A= a7 fQlEA o] et AoR B4
=) Qleh wEbA aQlEAE A AitE Table 73} Fig. 2
off et lct. a¢liA A}, 3520 47]9] 3 oA
A 1 29l TP, SS, POsP, Cond.7} 33 E|gl o, o=
td7]olls 2 oA LAEARY  AF] 24
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Table 7. Rotated component matrix by factor analysis in summer
season

Component

1 2 3 4

Com- squared loadings
ponent %of %Cum- L~ %of %
Variance ulative Variance Cumulative
1 5370 38360 38360 3434 24531 24531
(@ 2 2968 21200 59560 2763 19734 44266
GG 3 1333 9558 69117 2657 18978 63243
4 1233 8809 77926 2056 14683 77.926
1 3982 28444 28444 3267 23334 23334
(b) 2 8227 23049 51492 2579 18421 41756
DS 3 1811 12937 64430 2520 18000 59756
4 1383 9875 74305 2037 14549 74305
1 4278 30554 30554 3115 22249 22249
() 2 8230 23071 53625 2749 19636 41884
HC 3 1713 12233 65858 2369 16919 58804
4 1231 8795 74652 2219 15849 74652
1 4843 34596 34596 3240 23146 23146
d 2 8097 22125 56721 2836 20254 43400
CH 3 138 9898 66619 2338 16700 60100
4 1215 8677 75296 2127 15196 75296

TP, 8§, POs-P, NOs-N, TN,  pH, Chl-a,

@CG g, Do NHs-N gop,wr 00D TOC

)ps [PCond,  BODWT,  TN,NOsN, DO, NHN,
S8, PO.-P Chka  TOC,COD oH
TP,Cond,  NOsN, TN, DO, NHsN,

©HC sspo.p  BOD,WT  ChlapH 00 CP

@on TP.Cond,  CODTOC, NHeN.DO, oo

PO,P,SS BOD,Ch-a  WT, pH
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