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Objectives : A large-scale freshwater lake is a freshwater lake with a storage of 5,000,000 tons or more among
freshwater lakes. It is located at the end of the basin, so complex and various pollutants flow in from a wide basin,
and it has a characteristic of longer retention and greater accumulation for a long time in the lake. Since the continuous
inflow and accumulation of non-point pollution sources for agricultural purpose occurred due to the repeated reuse
of agricultural water near freshwater lakes, and the complex water use and occurred drainage structure, water pollution
is aggravating. In this study, the main pollution sources of large-scale freshwater lakes were derived through multivariate
statistical analysis using various water quality factors for efficient freshwater lake management. The analysis is performed
out to predict the future Chlorophyll-a(Chl-a) and to identify major factors affecting algal growth, and to use them
as establish effective countermeasures to improve water quality based on the characteristics of freshwater lakes algal
growth the future.

Methods : In the case of GanWol(GW), GeumGang(GG), GeumHO(GeH), NamYang(NY), DaeHo(DH), BuNam(BN),
SapGyo(SG), ASan(AS), YoungSan(YS), YoungAm(YA) in the water environment information system operated by
the Ministry of Environment, water quality data on a monthly basis for 10 years from January, 2011 to December,
2020 were collected from three point measurement located in the lake. In the case of GoHeung(GoH), GunNae(GN),
Busa(BS), SeokMoon(SM), and HaeNam(HN), water quality data were collected on a quarterly basis for 5 years
from April 2015 to March 2019 from one point measurement located in the lake.

Results and Discussion : As a result of Korean trophic state index (TSly,) analysis, most of the large-scale freshwater
lakes in the central region of the West Sea were classified as Hypertrophic, and all of the large-scale freshwater
lakes in the southern region of the West Sea were classified as Eutrophic. Based on the results from factor analysis
and principal component analysis, countermeasures against organic matters, nutrients, and algal bloom in terms of
type of large-scale freshwater lake should be prepared. As a result of multiple linear regression analysis for Chl-a
prediction, large-scale freshwater lakes in the central region of the West Sea had higher explanatory rates than large-scale
freshwater lakes in the southern region of the West Sea, but all were analyzed below 0.8, suggesting that the accuracy
was not high.

Conclusions : BOD, COD, TOC, T-N, and T-P concentration of freshwater lakes in the central region of the West
Sea have more deterioating water quality than freshwater lakes in the southern region of the West Sea, suggesting
that organic pollutants and nutrients need to be managed. As a result of the factor analysis, it is judged that organic
matter & algae type nutrient type, and complex type classification, and appropriate water quality management measures
for each type are required. All regression models used for prediction of Chl-a were analyzed as p<0.05, and the
independent variables of each prediction formula were meaningful in explaining Chl-a. Chl-a is changed by the complex
effects of various water quality factors, and it is also judged that the influence of water quality external products
such as precipitation, sunshine time, and flow rate should also be considered. In the future, if the regression is performed
by integrating the water quality factors and external factors of a longer period, it is possible to create a model with
a slightly higher explanatory rate by increasing the R* value.

Keywords : Multivariate statistical analysis, Large-scale freshwater lake, Multiple linear regression Principal component
analysis
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Fig. 1. Map of study area including water irrigated area, total water storage, and effective water storage of 15 large-scale

freshwater lakes.
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Table 1. Water quality parameters evaluated in this study from 15 large-scale freshwater lakes.

GanWol (3) GW
GeumGang (3) GG
GeumHo (3) GeH
NamYang (3) NY
DaeHo (3) DH
BuNam (3) BN
SapGyo (3) SG
ASan (3) AS
YoungSan (3) YS
YoungAm (3) YA
GoHeung (1) GoH
GunNae (1) GN
BuSa (1) BS
SeokMun (1) SM
HaeNam (1) HN

o] Axteitt.

Z3HTSI,=0.5TSTko(COD)Y+0.25TSIko(T-P)+0.25TSl, (Chl-a) (Eq.4)

23} TSI o] A= vpgro 2 119K Oligotrophic, TSIk, <
30), %% 9% (Mesotrophic, 30<TSl,<50), 5% (Eutrophic,

50 < TSIy, =< 70), ¥} 9K Hypertrophic, TSIy, >70)2] 4THA| =
QoparelE Ak

2.4. CHHE SHEN

22 O] EAEA] T2 IO SPSS ver. 22(IL, USA)S 85
o8], 7 Fem e A AT AT, 29184 5
ChAZEARAS Aslgich T REARAE Fol Bt
S0, BEBA, ARG 5 NERAT AT 5o
Tejz $4e Aaslon], TR B4 F SUAR X
Sl(standardization)E A A] 3 Shapiro-wilk HA7|Fo2 AF
A A (normality test)S A5 p>0.0501d HFA4 BE=Z
Hsleich 7 BEo] 22 AAPE ATAE B 4 B
20g T BAS Aaelel S8 A AT RRES ek
23 Z 37190 £ QA AW

== Hgkehlot g =
7HA @4=3(GW, GG, NY, DH, BN, SG, AS, GeH, YS, YA)2]

=
79 Y YUHAE X(analysis of variance, ANOVA)S X345}
t}. ANOVA E48 E3) Z7F8(spatial) =2 H37} EASHE
o2 FOSHA] YFrhp<0.05)= 7Hdo] 7121 57 EE(GW,
NY, AS, GeH, YS)2| 76]—?‘ Hrm Sl fARE Sl
$49 3 bt R AR Al B 33
of +4AEE EdE 2L AR

AR X (correlation analysis)S T]oj<>

Correlation Coefficient: r)E ©]-&35}92

A}TA|<>(Pearson

pH, EC (uS/cm), DO (mg/L),

BOD (mg/L), COD (mg/L),
SS (mg/L), TOC (mg/L),

T-N (mg/L), NOs-N (mg/L),
NH4-N (mg/L), DT-N(mg/L),
T-P (mg/L), PO4-P (mg/L),

DT-P(mg/L), T-Coli (/100 mL),
Temp. (‘C), Chl-a (mg/m?)

pH, EC (uS /cm), DO (mg/L),
BOD (mg/L), COD (mg/L),
SS (mg/L), TOC (mg/L),
T-N (mg/L), T-P (mg/L),
Temp. (‘C), Chl-a (mg/m°)

sl 4 Azl die SRS W) 9l BE AP
HA(Kaiser Meyer Olkin test, KMO test)2 A3}t
KMO test 53| 10] 717124 o] ou), 05 o3t
o A9 Bgol e Ao BESn™ el e
T2E TesAA felo] tigh siAE Ec} A7) 3] S8l
Q0] =& 3)A(rotation)A] 7] =] 891 & 3|A5H= W
34 A w3 A (orthogonal)T+ A3 A (oblique)o] It}
Lo HmEAnos aol A4 gol /Y we Was
] A3}5}= Varimax i]ﬂbg,‘ < gastgch
7 270 ol AS B
ﬁwg HEg Tkl B
AT CEAF AT LA S So) Chiash 57 QRS
| 314 3=3+E](lumped) varimax factors7Fe] A& A3 A
sfobshgick. W4 =¢] WL Q) E(enter), H(forward),
F2UbackwardHL vlwEk] 71 o) RS B A

ol e ko
e
T

[*]

rulm

2l §sto] 157 i di+f= g
224 Au= Box and Whisker plot© & Fig.2o] A
°] COD, TOC 5= &4 Ax}, A3)
HY g2 dif] 52 led=d

Ehlon, HE g4t BHEAos $Y8S AR
Ih $A7|IEIV 53)S 2IHCOD: 8 mg/L °|3},
TOC: 6 mg/L °]sha}¥ct E3E T3 ¥ COD, TOC 5k
Bt Aot FASHH LR f{o(p<0.05)5t, HEA G
o Zpol7h 2 Aoz 2L

o HS
>
—
=
i
4>
)
0
N
i
mﬂ

N ool oy > o
A ko a
rgmlmrﬂ;&%
_(;_IRI‘L
ol
24“;
}O‘l
N
- q

(coefficient of variation)&= F4=

CHstalzd Zats|x| mj443 H125 20224 128 593



Dong Hwi Lee et al.

(e)
Fig. 2. Box and Whisker plots for different water quality
parameters of 15 large-scale freshwater lakes during
2010-2020: (a)COD, (b)TOC, (c)T-N, (d)T-P, (e)Chl-a

with water quality standards.
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Fig. 3. Bar plots for TSk, results of 15 large-scale freshwater lakes.
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Fig.4. Pearson correlation analysis on water quality parameters during 2010-2020 for each large-scale freshwater lake: (a)GW,

(b)NY, (c)DH, (d)GeH, (e)YS, and (f)YA.
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Fig. 4. Pearson correlation analysis on water quality parameters during 2010-2020 for each large-scale freshwater lake: (a)GW,
(b)NY, (c)DH, (d)GeH, (e)YS, and (f)YA (Continued).

o] 7<% Chl-a®} pH, BOD, COD, SS, T-P, TOC, NH4-N, L% BOD, COD7} 7H AJiAl 7} ot f71E4 2] $-414
NOs-N, EC7} 0.01 ol A #-2J5kal, Temp. 2] 7-9- 0.05 Q1 #eE|7t Besittr HgEch olgst e 279 =
oA 93k AaE debdlleh Alsl FREd 371 g S AL G2 Ao E FUEA BaE 1
RE S 7]E 21x}¢] BOD, COD7} Chl-a$} &2 oFo] Alytyt
AE YeiY Y= 4718 52 gl S48k
o 71ZA 0] &l walzl Badk Aoz mobwEch

ol o
A—"D

ool FEe 971 71 54< 1223 BOD,
COD, WA 710 A& S93E dEF =2 4
A& oJujgitt. 18U} Pearson A3HA4: 75‘! = 23l og
RASYE U] U S AR AT 4

GeH9] 79~ Chl-a®} pH, BOD, COD, SS, T-P, Temp.7} 0.01

FEoA FYe R

0.01 s=ollA §J3F9aL, DO7F 0.05 ==l A F-2Jgt A EAo] mfe tE thqtE Hesl] 27 ‘E‘“ﬁ S OHH
2 2EAE]E YA 79 Chl-a®} pH, BOD, COD, SS, TN, L thokal 224 olzpe} 31 AFole] AlE7E u} =3l
TP, Temp., NH,N, NOzNo| 001 5oll4 folgt oz el gaabgo] meisjolof girka perech
A =] Q)t}. Pearson FHA4=9] ztol= AT 67 TS
Table 2. Results of factor analysis for large-scale freshwater lakes located in central region.
cw Variable BOD, COD, Chl-a  Temp., DO, PO4-P TN, NOs-N TOC, T-Coli. pH N.A. 0921
Cumulative rate 23.38 41.92 60.04 72.00 78.82 ’
GG Variable Temp., T-N, NOs-N SS, T-P BOD, COD, Chl-a NH4-N N.A. N.A. 0.721
Cumulative rate 24.38 43.87 60.49 69.25 ’
. TOC, EC .
Variabl Temp.,DO, T-N, NHs-N  BOD, COD, Chl- T-P i H, T-Coli. N.A.
Ny ariable emp 4 a N/TP p oli 0.630
Cumulative rate 24.38 40.78 56.32 69.79 78.84
oH Variable COD, T-P, Chl-g, TN/TP T-N, NOs-N T-N, NOs-N T-P, PO4-P N.A. N.A. 0.665
Cumulative rate 19.42 36.00 50.23 64.08 ’
BN Variable BOD, Chl-a COD, TOC, EC T-N Temp., DO PO4-P T-Coli. 0.590
Cumulative rate 18.27 33.49 46.33 57.47 67.76 75.58 ’
, CoD, SS, }
BS Variable EC. T-P. Chl-a TN Temp. N.A. N.A. N.A. 0.453
Cumulative rate 40.75 61.50 77.77
Variable Temp., NOs-N Chl-a T-P, PO4-P EC, TN, N.A. N.A.
SG NHz-N 0.686
Cumulative rate 19.06 37.72 53.72 69.50
. pH, TOC, COD, ) §
M Variable EC, S5, Chl-a Temp., DO, T-P T-N N.A. N.A. N.A. 0.195
Cumulative rate 37.97 69.91 84.48
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Table 3. Results of factor analysis for large-scale freshwater lakes located in southern region.

A Variable T-P, PO4-P T-N, NOs-N
Cumulative rate 15.17 30.09
el Variable EC, T-P, PO4P T-N, NOs-N
Cumulative rate 18.10 33.74
Variable DO, T-P, TN/TP pH, COD, TOC, Chl-a
AN Cumulative rate 33.93 64.63
Variable SS, EC, T-P, TN/TP Temp., T-N, NOs-N
" Cumulative rate 2437 46.28
GoH Variable COD, T-N, T-P Chl-a
Cumulative rate 26.01 43.36
oy Variable Te'?%'c'?&l_cfu EC, T-P
Cumulative rate 40.80 61.43

= H H
= x'l'g_n'_' T'_'Aﬁ 4-T'-I'
A

157]) @459 Q0184 A= Tables2 ~ 49 el
HRE S49] KMO-test 237} 0.5 o]Ao 2 Q018 A 9] g
Ao =4 Hr7IE o, BS, SM, HN, GoH, GN9] £ 0.5
otz Efg/do] Wol 8Ql@A dute] Aw=rt e Jlow
=T SM, GoHE] 9 KMO-test 2117} 0.3 o]sl=2 &
AElo] elfA]o] v|aE wrol =3 QxS FUlE FHSE §
chuer BARAS AWslok Aetsk oju gl EAjo] o]
ojFd Zeog |etEth e geo o] A9 3~67]2] a2lo]
FEEgov, 328 AL B 0% o4 7]eleg 1}
el el 891 35 ) YT aclEel Auson

2o} 8015 qhe] ALEALgo] The Hs| ekt 291o]

2o ofelgl, /1oj2ol A e Al el Facor N F
o FESHE AT MY )RS et fol
o] 7 =2 8¢l 1o 24 4 AAE HE 2= organic
matter & algae (BOD, COD, TOC, Chl-a), nutrients (T-N,
NH4-N, NOs-N, TP, PO,4-P), physico chemical factors (pH,
DO, SS, Temp., EC, T-Coli), other complex & 0.5 H=3}
o] 29l BAL st

B ﬁJJr GW, DH, BN, SM, GN9] 7
ol o o] sk 9 AT Sl

MY

3L organic matter

& algae

Table 4. Classification of 15 large-scale freshwater lakes
based on major factors (factors 1) from factor analysis.

BOD, COD, T-N, T-P, pH, DO,

ij;":g‘slteir)s TOC,SS,  NHsN, NOs-N, Temp., EC, V\ﬁg‘i;l‘;
Chl-a PO,-P T-Coli.
Agricultural  GW, DH, GG, SG, YA,
Reservoir BN, SM, GN GeH, HN, GoH NY. AS BS, Y5

Temp., DO EC BOD,COD  NA.
0.649
44.45 57.53 70.34
SS,Chl-a  Temp., DO TOC N.A.
0.583
48.94 63.29 75.47
EC N.A. N.A. N.A.
0337
83.34
CoD Chi-a N.A. N.A.
0.708
59.03 7130
TN/TP, EC pH Temp., DO NA.
0.209
59.86 74.56 89.17
T-N pH N.A N.A
0.438
74.36 86.65
o= e 2d9Ed Fote SR QA AeR ddE
o, Aol sl g w"r?l%a‘o YA S =
) FE ANl T 5 Qe

)
- 1
e
M
e
offt
Jo
N
e
i)
:;i
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- nutrients{+ g 2.2 ZFE o] A AIZA ol AT
%, AR 2R E FYEe daAE 9=l dAE
AYPH Aoz Fekyn,
ojored 2ol A7FS 03|
HEER LSS
A Hart S ez BekETh NY, ASe] 74-9- physico
chemical factors2 257 . physico chemical factors % DO
7h ke Raa gEe) B9 2UES JPFF §E0] Uol
3 /Psel 5] e 24 A4 DO el Bt <A
SR £ W 839 Aol FaT A2 B

. BS, vse] 2 FElo] 5:A9]
oolqist B0 8540l Yaruct clet AelEel Aet
= Aszlgor = gdilo] X&ELE Aog TiotE o)
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Fig.5. Principal component analysis on water quality parameters
during 2010-2020 for each large-scale freshwater lake
(Spearman’s correlation £»0.2): (a)GW. (b)NY, (c)DH,
(d)GeH, (e)YS, and (f)YA.

20| 9 99l PC2&= IUYPH7F F8 291, PC32 7|E}r
ol 4 U] Aol #0420 Bl & 45
o} vlmH ARt Ao wekE

TSI, &4 Axke} —Zr*g,]—r- FX4 AIZ, organic matter &
algae, nutrients, physico chemcial factors, “12]3 other complex
#YE TSI Fig.6o AUt Aol 32tel 77
3= Hypertrophic 5H o2 BEREQoH, 9 ¥l
o 7183 259 Zlo2 ByEYc) v Aasn aelo)

E 43 & Eutrophic SO 2 HE'E] =9 999l
A2 IR 2O DY 5 W SAT] AP
TEy AR oS QOL]Q 91tk

PCA 4 % PCl-27} ®g#el

AT e NYH}

Fig. 6. Comparison of TSk, and PCA analysis results for 15
large-scale freshwater lakes.
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Fig.7. Varimax factors and loadings on identified water quality
parameters after rotation: (a)NY, (b)DH, (c)YS, and
(d)YA.

YS, PC1-37} H|1A 8-&3}7} o]Fo]R|= DH, YAR &3}
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Fig. 8. Changes in varimax factors with time during 2011-2021
for each large-scale freshwater lake: (a)NY, (b)DH, (c)YS,
and (d)YA.

2 26.87%2] A8 7 TN, NO:-No| =& 9F9] 7]of
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VF29] 79 23.06%2] AL 71X Temp.7| &2 59
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Table 5. Multiple linear regressions of Chl-a using varimax
factors for NY, DH, YS, and YA.

NY  Y=3.38+0.40VF1+0.30VF2-0.09VF3+0.35VF4+0.03VF5 0.611 0.0
DH Y=2.94+0.61VF1+0.21VF2-0.26VF3-0.23VF4 0.774 0.0
YS  Y=2.30+0.01VF1+0.10VF2-0.10VF3+0.15VF4+0.30VF5 0.288 0.0
YA Y=1.83-0.21VF1+0.09VF2+0.1VF3-0.04VF4+0.21VF5 ~ 0.285 0.0

NY Y=3.38+0.40VF1+0.30VF2+0.35VF4 0.551 0.0
DH Y=2.94+0.61VF1+0.21VF2-0.26VF3-0.23VF4 0.774 0.0
YS Y=2.30+0.01VF1+0.10VF2-0.01VF3+0.15VF4 0.236 0.0

YA Y=1.83-0.21VF1+0.21VF5 0.303 0.0
NY Y=3.38+0.40VF1+0.30VF2+0.35VF4 0.551 0.0
DH Y=2.94+0.61VF1+0.21VF2-0.26VF3-0.23VF4 0.774 0.0
YS Y=2.30+0.15VF4+0.30VF5 0.285 0.0
YA Y=1.83-0.21VF1+0.21VF5 0.303 0.0
R ANY, FF 29 5 B4 AHAATY ByHe
9F W O TR

3.5. Chl-a ol &2 2|8t Multiple linear regression analysis
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