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Comparison of water quality after Changnyeong-Haman weir construction and
Statistic Analysis of water environmental factor in Nakdong river

Bo-ra Gwak

Division of Earth Environmental System Sciences,
Major of Environmental Engineering, The Graduate School,

Pukyong National University

Abstract

The study of water environment system using a multivariate analysis and
comparison of water quality after Changnyeong-Haman weir construction in Nakdong
river have been conducted. The purpose of this study is to establish better
understanding related water qualities in the Changnyeong-Haman weir section which
can provide useful information. The data were consisted of algae data and water
quality data including several parameters. Statistical analyses used in this study were
correlation analysis, principal components, and factor analysis. According to result
among water quality parameters, strong relationship between BOD, COD, and TOC
have been observed. Besides, in the correlation of water quality parameters and
algae, a negative correlation was observed between diatoms and d-silica.
Furthermore, the results of principal component analysis to the overall water quality
were classified into three main factors. In addition, when comparing before and after
construction weir, overall water qualities have get better, but the occurrence of
phytoplankton was increased. As increasing volume of water flow and residence time
after construction weir, the relatively lower concentration of nutrient has been

indicated. Therefore, the good conditions for phytoplankton to grow up are formed.
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Table 2.2. Regulation of water quality forecasting system.
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Table 2.3. Five main steps of factor analysis.

a1EMef A

1 8%y 28 sbsA WA

= Bartlett®] @3 d HA = IfEke] HA

= FeHT A = FEHFEY] HA
» KMOS9 ZEAAE HA

2. Az 8]1Y F=

= FUAAEE B4 » H A

= HeFEad FEH = F=29 FE9

= dell FEH = ojmx 2l FEH
3. 8]le) = A4

» X A3 3k(Eigenvalue) 71<& » I AR (Scree test)
. BAH AAEH . 2o wg

= A o] &

4. 81¢] A

= FAEH 3 H = e 23

= o] FHH A3 = Z2W 23

= oHFNISA

* SPSS PASW Statistics 18.0 BA ZAHEA] p.419 (2010)



T o o 5™ o M oo w5 ® N o @ W
T = B oo i W % G
T 8 e w25 _E = 2o
Lt ‘_Il” o 18° ,OI Nul i © Q
— 1 - .WH_ ‘m” mﬂ - :A_l
R W oy = H T A T Moo ™
~ n T N g T N g
Moo= do = R c],_ o m N e HEo N o
wohos O 7 B oy o P oo W
- . ) ~ —_—
%wam___marg%weun_y 55 4R
) — T A ~ C U
wwéwM@OMgflﬂ%uﬂ W X B o
L S S Mj Mo o mr_,wumﬁﬂ
= o = & o o - © I T o o
W x o @ Wp Mo o+ %_m H At Ho ™ Iy 0
of & Ew LT FIEED T L Rop P
® oo W & Do BE RN L o, 5y W
o o @Eo_ms LT o W w wo )
= NI~ R R O - S el
ooy - JMh e _ g A e R
k@ TS E L 8 xow B Lo am
R gl oK e T o= | W
il SR e R -
wop X oo X L e SRS Y
Mo F BN WG ooy W = WE R WE
oA T gy N o o o 2 o W T
~ i + o F T B i ooy -
=% P o BN E N oM
Mﬁ___ﬂwﬂﬂﬂimmnwﬂ,mﬂ_oww?w”ﬂo_
%aﬁeaﬂﬂmg.mw;m GBI SR
Mo do Uz s N~ o oF D ST g Mo
E = m e W o 2w T = & ™
e T S L mew Y 1]
H_I -— - O#E ;o‘_ o o . .w- IFL 0 Nﬂu -
X A % M B o N dJo 0y Ny
< T B i _— M = @ ™M 4 3 nll B
L S 2 — % o T = = 2 i
® » o U N S o 3 T s
a F B N O E Gl R - NS T
™ " ST W o M (S = ~ E T

}

)
il

FwEe] A%t Bt

A =3 o2 g

(tree-based model) == 2| AF2 A Y-F-(decision tree)zk

[}

Aoz, mekA

9

Iu7ras HFEH oz oaAbEA

H

Bz}
H

O]

7}
23t
model), YFTZ5

=]

# %4 =(terminal node)z}al 3t}
Z

;—rL

o]



GERy 2o GrTEE 44ss BgelRE urEgdAd MY Fa
# B2 AolFe Yotk YTFEI} BEo Mok B mEdH HFwEA
SolA gARARS ¥ & A Aok 2
718A3l ofoltjols URFze] BANIT A 2e 25 B

FarAe e o Al PEesdAE o
g 7| AeEe BEAE] Ao YA BFo| AYPo| wte} FheolA

=E7b BEOAL hAtos HFwmsoME shtel

lo
T
TR
-
lo
[
)
Ll
it
o
PL
=
)
of\
kr

rlr
!
!
nj
oft
i
o~
r O

SPSSoll A AFH L A= B 2L a3t Zo] vl 77 dn
(D CHAID(Chi-Squared Automatic Interaction Detection)

M
e
rlo
&
b
(r
=2
>
A\
N
A
N
N
N
HU
2
M
]

Aste] wEolx oAARURE BAAAE dF ALHT Itk CHAD

e SYusel ASA7E BASE A9, ol shiel WEE nFshe A

=
@ Exhaustive CHAID
Z =Yg deiA EE Vhsd £8S HESE WH o2 CHAIDW Y 9
T4 Wolth oA vl &sidke= CRT WA FARSHY AYA|4 il
of ZolAFHAS AH&StE oIt

@ CRT(Classification and Regression Trees)



220 o]FoR HFESEE £ E(pure node)gtxl  dkth.  Breiman,
Friedman, Olshen® Stone(1984) %< CRTES E3to] JALAA Y FH oo ¢
g YRR A4, HETRPFY HAAS A HFEFY 7HA X 7](puring) &

& olgdoz AL of PHE HS V) AW 2IHE AR

=
s EZ(mpurity) & H4AZ e AL AEit B¢

=
= 2= AY(Gn)A S, OiEiA(Entropy)X]—’F #HxH(deviance) A+ 5o]

S 7HAE b8 SHHTE ol &3t R/ Aol o] &3t ol &HE =
HAWHFZE o A ¥ <=(surrogate)gb L 3o},
@ QUEST(Quick, Unbiased, Efficient Statistical Tree)

QUET W2 CRT7F 7HA 1 e ¥ A8 HAo(bias)= FAsH7] #13k
AdE Wrdolth Lohet Shih(1997)ell o]k AQb= et CRT WH-& ¥ Al
g3 B3y delo] FAo] o]Fo]x =], QUEST ¥ o3 M4s WA
Adesta, de® Ao giEiAd B84 Adgsit A4 55w
AT 43 YHoE I3 A Utk CRTS wIAE ZF mToflA] o]
S (binary spliDth-s AT F45A 57 W5 (momina)Q! 4 --olgk o] &

A} A2 A Wy CRTS 2t

UERgo] A B AUXA Be =T} AS JAA =HA &4



- o
° —_
— G T F A
ay
= = H
X TE AL = GO
~ S oo R A ok o W W oB o
A %%uAﬂ woT 5 mowxa%#i
_._.L o O Ef X m —_ ol J.M w__lu_ X _L_l 1__ ) WI Wo
| T o P =z X o N af T T 7 Mo @ e al
Ww W i o o) ™ M_m ﬁ Ay CERTY No 7o %. T A wa B oy
— ~ —
P Lo E X W LI Iy R 3T w
iy N 5 O _— _ =
= .o Y | o o P 1ﬂr| o ol Mmoo - = <
° 3 ﬂu o L mwo N ,_oL O_E 2 m R o El ﬂ ,Un,._
T N X mm oﬂ_ A m_ru E3 % ) o = ,_ma = ~ W
o & o % dm = Pl - o o @, " ™ 7o N oy
e = m% Mﬁ m% 5 i N 3 ™o T £ 5 L
2 o W T AR IO
7T o= i B % up 4 » KR T 5 or urT i
. = = < B woR R S\ T 5 5 W =
Ly E%}Q}A uTuLur4ﬂszﬁ 0
X EEEc T : ﬂ@a@%zﬂ@%g
ﬁE OHMO _E O_ ‘o) ﬁL o o _EE ﬂu.a —,ﬁl o X N Fa HL Wﬁ =
o N n oF - & o) N Ol = |- g o -
oy o Lo I MoTE m T M L o ER %)
o — EI o) o Ny X0 ] 1” o A _:_” .mW oo T — o ~ B
oo g ) i TR = 0K
g 5 E e el ) k mJ = o] - 11 n- o7 < X X it
il o o o O iy X Fo " N dr ~ 1]l S HA_I o
oy matzlhgﬂﬂ yiocﬁ,_ﬂ r S
ﬂmomaﬁz W aox%h1¥0M %ﬂ@ o
o R O o X o A =~ B g0 T - - wm o| % <
2 XX SR S 4 _x___ur#xﬁﬂ |
Nl RO — X oV ™ m ' e = —_— o o) W
Mo R -« B o0 o DTk =
% _g%m_@nﬂéaﬁ & w @ale_gumﬂu e
%%%@o@%%@ ﬂmmm@Wﬂ@Q%%qg
° B O g W 1 R o E. X .V Mﬁ 0= . e i = < o5 o
iéur;q HV%WWEU%. o= I
= o ) M N 1Xr Be | o] HAF ~ iy oy < Mu o
o®7h_:€i@7 e S
o T T TN 2 o W
% % o M B A =
moE % E T X
Fom

- 24 -

3 =
A 5, 201D).



-

I

-t

10
oK

ol

<l

M 3

3.1 A did AH AA

2

Table 3.1~3.29)] e SiT).

10

1km

Fig. 3.1. Status of the measurement point water quality, discharge

and water levels by the organizations.



Table 3.1. Measurement points of water quality and discharge on main river.
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Table 3.2. Measurement points of water quality and discharge on influent.
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Table 3.3. Water quality parameters investigated in the study.

Parameters Notation Unit
1+ & (Discharge) DC mg/L
T2(Water Temperature) WT (¢

40|25 5 (pH) pH

&E4F4A (Dissolved Oxygen) DO mg/L

714 = % (Electric Conductivity) EC umhos/cm
AETHMLQ T F e mg/L
(Biochemical Oxygen Demand)
s}etA kA e T - mg/L
(Chemical Oxygen Demand)

554 (Suspended Solid) Ss mg/L

%4 2 (Total Nitrogen) T-N mg/L

&2 Yok A A (Ammonia nitrogen) NH; mg/L

A 434 4 (Nitrate nitrogen) NO; mg/L

Z<l(Total Phosphorus) T-P mg/L

A4+ 21 (Phosphate) PO, mg/L

& = & F-a(Chlorophyll-a) Chl-a mg/m’

Z 71 ¥4 (Total Organic Carbon) TOC mg/L
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Fig. 4.1. The location of automatic weather station in monitoring sites.
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Table 4.1. Pearson correlation coefficient among the water quality parameters in Y] site.

DC WT pH DO EC BOD COD SS T-N NHs=N | NOs-N T-P PO,~P | Chl-a TOC
DC 1 .338" | -.396™ | -.308" | -.436™ | -.200 .398™ .660™ -.277 123 -.233 .626™ 637 -.170 .050
WT 1 -.010 | -.818™ | —.602" | -.044 .338™ .232" -.811" 120 -.798™ | .538™ .388" -.124 .330™
pH 1 .325™ .012 397" 243" -.144 -.154 | -.380™ | -.152 | -.260" | -.595" | .524" 163
DO 1 425" .296" -.019 -.158 729" | -.388™ | 701" | —.424™ | -.4117 | 476 -.037
EC 1 160 -.078 | =.315™ | .710™ .017 .704™ | -.534" | -.546" .064 -.089
BOD 1 .543™ 105 .203 — .28 .108 .051 -.221 .560™ .529™
COoD 1 .390™ -.083 | -.198" | -.089 .394™ 214 .466™ 744
SS 1 ot 11 78 .108 -.102 .648™ 426™ 190 254"
T-N 1 7. 101 .925™ | -.328" | -.182 .168 -.046
NHz-N 1 -.185 .103 145 -.424" | -.037
NO3-N 1 =341 | -.159 .164 -.073
T-P 1 .803™ .062 3917
PO4-P 1 -.291" 212
Chl-a 1 .325™
TOC 1




Table 4.2. Pearson correlation coefficient among the water quality parameters in CD site.

DC

WT

pH DO EC BOD COD SS T-N NHs—N | NOs-N T-P POs,~P | Chl-a TOC
DC 1 247" -.202 | -.271" | -.301™ A27 738" 455" -.161 432" .077 .616" 464" -.128 .687"
WT 1 197 -.879" | -.120 124 .229" .051 -.163 .250" -.084 .383" .540™ .083 .365"™
pH 1 -.031 .001 114 -.152 -.066 -.136 -.073 -.099 -.110 -.107 169 -.139
DO 1 .065 -.047 | -.250" | -.044 .051 -.328" | -.091 | —.415™ | 547" | -.023 | -.422"
EC 1 -.026 —20]1 -.214 .296™ -.073 174 -.052 .024 -.017 -.089
BOD 1 .304™ .290™ — 4 .059 -.140 17 .077 .383™ .210
COoD 1 .688™ -.096 50178 .081 T 574 .281" 811
SS 1 -.081 .203 -.066 .560" 141 .346™ 4627
T-N 1 149 .595™ 125 .079 .053 .057
NH3-N 1 242" .582" 567" 160 567
NOz-N 1 21 .148 -.054 133
T-P 1 .780™ .244" .837"
PO4—P 1 .081 763"
Chl-a 1 151
TOC




Table 4.3. Pearson correlation coefficient

among the water quality parameters in PJ site.

DC WT pH DO EC BOD COD SS T-N NHz=N | NO3-N T-P POs,~P | Chl-a TOC
DC 1 .208 -.204 | -.235" | -.187 .060 159 .865™ -.117 338" | -.252" | 417 3517 -.056 -.008
WT 1 -.237" | =712 | -.508™ | .355™ 470 . 256 % “[—=506™ 187 -.615™ | .604™ A7 272" 2717
pH 1 .685 -.018 161 .078 -.172 -.241 | -.389" | -.209 | -.246" | -.484" 143 .078
DO 1 .281" = 049 -.141 -.255" .092 379 148 -.463 -.492 -.073 -.054
EC 1 -.083 —.159 -.178 7197 =.0P2 .689™ | -.523" | -.558™ | -.080 .008
BOD 1 .826™ .290™ .004 =27% " %.189 .480" -.013 610" 7317
COD 1 447 -.035 -.142 | -.255" | .691" .196 .676™ .890"
SS 1 -.043 155 -.233" | .603" .298 .320™ 319"
T-N 1 -.070 .935™ -.193 -.230 .000 .180
NHz=N 1 -.119 .092 .214 -.344" | -.195
NO3-N 1 -.360" | -.230 -.143 -.023
T-P 1 .692™ 437 .558™
PO4-P 1 -.164 .039
Chl-a 1 677
TOC 1




Table 4.4. Pearson correlation coefficient among the water quality parameters in

SD site.

bC WT pH DO EC BOD COD SS T-N NHs=N | NOs-N T-P PO,~P | Chl-a TOC
DC 1 254" | -.2917 | -.221 | -.486™ | -.134 130 .550™ -.156 -.168 -.097 476" .819” -.178 .017
WT 1 -.348™ | —.435" | —.715™ | .392™ .610™ 3477 | -.814™ | —.622™ | -.828™ | .480™ 211 .635™ 4517
pH 1 -.032 421" L .036 -.109 .288™ .325™ 219 -.162 | -.317" .009 151
DO 1 .325™ .238" .031 -.145 237" -.044 152 -.140 | -.202 .064 .097
EC 1 -.062 | -.222" | -.415™ | .786™ 1955 g1 =809 | -.8077 | -.2717 | -.039
BOD 1 .841™ .263™ | —.259" | -.280" | -.445" | 513" -.102 .785™ 795"
COD 1 527 | —.433" | —.410™ | —.567 | 742" 164 .808™ .893"
SS 1 -.258 | -.285"™ | -.264" | .738" .556" 2217 374
T-N 1 .805™ 935" | —.261™ | -.022 | -.523" | -.286™
NHz=N 1 .766™ | -.268" | -.083 | -.451" | -.285"
NO3-N 1 -.336™ .029 -.663" | —.432™
T-P 1 611 .393" .665™
PO4-P 1 -.216" .095
Chl-a 1 7197
TOC 1




Table 4.5. Pearson correlation coefficient among the water quality parameters in HA site.

bC WT pH DO EC BOD COD SS T-N NHs=N | NOs-N T-P POs~P | Chl-a TOC
DC 1 7527 | —.262™ | -.247" | -.483" A1 528" .618™ | -.433" | -.011 | —.415" | .556™ 454" 140 .245"
WT 1 -.033 | -.326" | -.424™ | 250" 443" 222" | =591 | -.070 | -.627" | .428" .320"™ 214" .328™
pH 1 .351™ 146 26 76 130 -.161 -.111 | =.300" | -.118 | -.250" | —-.334™ | .299" -.019
B]6) 1 Z05 150 126 —-.142 -.175 -.102 -.160 | -.202" | -.236" 1565 -7
EC 1 .038 =_ 1920 =ml84 576" 165 449" | -.387" | -.329" | -.100 | -.226"
BOD 1 .601™ .278™ .041 -.026 -.141 .354™ 119 .846™ .031
COD 1 4517 | 202" | -.058 | -.249™ | .493" .354™ .500™ 187
SS 1 -.023 .006 -.088 525" .320™ .223" 107
T-N 1 .200" .883" -.043 -.027 -.036 -.107
NHz-N 1 27 199 .302™ -.127 .031
NOs-N 1 -.093" | -.058 -.107 -.156
T-P 1 .833” .289" .398™
PO,~P 1 .099 2757
Chl-a 1 .012
TOC 1




Table 4.6. Pearson correlation coefficient among the water quality parameters in IH site.

DC WT pH DO EC BOD COD SS T-N NHs=N | NOs-N T-P PO,~P | Chl-a TOC
DC 1 .208 -.322™ | -.420™ | -.348" .057 507" 871" -.073 101 -.139 .788"™ .622" -.038 .3577
WT 1 .067 -.687" | -.601" | .345™ 4797 181 -.778" | -.198 | -.752™ | .341™ .346™ .296™ .450™
pH 1 .328™ -.021 242" - 002 | 28T W L. 12 -.295" | -.098 | -.325" | -.343" | .296" .071
DO 1 B -.168 | -.361" | -.368™ | .478" -.057 4787 | —.4647 | -.488™ | -.026 | -.3157
EC 1 107 =357 | =.324™ | 745" .237" 655" | —.4477 | -.454™ | -.258™ | -.282"
BOD 1 .343™ .099 -.063 | -.231" | -.093 .138 -.070 A74™ .276™
COD 1 497 | -.280" | -.118 | —.283" | .508™ 3677 .305™ .483™
SS 1 -.032 -.069 -.069 .882"™ .586™ .069 .343™
T-N 1 194 .902™ -.162 -.199" | -.225" | -.245
NHs—N 1 A7 -.086 .206" -.457" .028
NOz-N 1 -.124 -.180 -117 | -.255"
T-P 1 744 165 416™
PO4~P 1 -.085 A475™
Chl-a 1 153
TOC 1
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Table 4.7. Pearson correlation coefficient among the water quality

parameters and algae.

NP ratio | d-silica | t-silica Chl-a Cyano Diatoms Green
NP ratio 1 119 .093 -.115 -.287" -.008 144
d-silica 1 .928™ -.4127 | -.386" | -.466™ -.146
t-silica 1 -.315" —.404" | —.4477 -.077
Chl-a 1 -.050 232 278"
Cyano 1 120 .208
Diatoms 1 191
Green 1

* 1 p<0.05, ™ & p<0.01
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Fig. 4.9. Relationship between Diatoms and d—silica concentration in monitoring sites.
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Table 4.8. Eigen values and cumulative percentage of factors in

Changnyeong-Haman weir section.

Initial eigen values

Extraction sums of squared

Component number

component loadings
Variance Cumulative Variance Cumulative
fotal (%) (%) fotal (%) (%)
1 4.286 30.614 30.614 3.843 27.453 27.453
2 3.144 22.455 53.069 3.075 21.962 49.415
3 2.026 14.470 67.539 2.537 18.124 67.539
4 .997 7.121 74.660
5 .881 6.294 80.954
6 725 5177 86.131
7 .625 4.462 90.593
8 426 3.045 93.638
9 .283 2.020 95.658
10 .189 1.354 97.012
11 1483 1.024 98.035
12 .140 .998 99.033
13 .091 .653 99.685
14 .044 315 100.000
o
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Fig. 4.11. Scree plot in Changnyeong—Haman weir section




Table 4.9. Rotated component matrix by factor analysis in
Changnyeong-Haman weir section.

component
1 2 3
COoD .901 A1 .062
BOD .869 149 -.091
Chl-a .800 .055 —-.141
TOC 728 .238 .109
TP 677 -.112 .610
N .255 919 .055
NOs—-N .069 910 .028
EC .314 817 -.119
WT 418 -.502 448
SS .066 -.426 291
PO,—P .321 -.087 742
DO 175 .150 36
pH 402 -.002 %, (06
NH3z—N .084 .406 AT76

component 2

-1.0 -0s 0.0

bl
“oMponent 1 comP

Fig. 4.12 Component plot in rotated space in Changnyeong—Haman
weir section.
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