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Abstract

The purpose of this study is to evaluate the water quality and phytoplankton community in Bukhan River which
account for 44.4 % of the total inflow into Lake Paldang, using multivariate statistical techniques (i.e., correlation
analysis, principal component analysis (PCA)/factor analysis (FA)). Water samples were collected from March to
November 2015 and the following parameters measured; water temperature, pH, DO, EC, SS, BOD, Chl-a, COD,
TN, NO;s-N, NH;-N, TP, DTP, PO,4-P, and phytoplankton community. The water quality of the main stream and the
tributaries were not significantly different apart from the relatively high concentration of BOD, COD and nutrients
recorded in MH. The highest cell density of Stephanodiscus hantzschii and Merismopedia glauca dominated
phytoplankton was observed in PD. Based on the correlation analysis, total phytoplankton and cyanophyceae were
highly correlated with BOD, COD and nutrients. PCA/FA resulted in four main factors accounting for 82.240 % of
the total variance in the water quality dataset. The group of component 1 (TN, DTN, DO, NO;-N, water temperature)
and component 2 (PO4-P, T-P, DTP, SS) were classified as nutrient element factor whereas component 3 (Chl-a,
COD, BOD, NH;-N, pH) was related to organic substances. Hence, the identification of the main potential
environmental pollution factors in Bukhan River will help policy makers make better and more informed decisions on

how to improve the water quality.
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T35t Y EZY St AEEFIE Y 9FE F=
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£ BEE FAFL 7I¥E TatH, olE &3 gAY
FEFE WA= FEES EEck 98 FEAA 2 a9
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and Kim, 2015; Gwak and Kim, 2016; Lee and Kim,
2017) ol orFstA &&= ok =9, A 1470
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2. Materials and Methods
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532 243 AEEHIE 289 548 Frkevl
s B3del 913 FH(CP), 4E(SB)FH E3HFo] FF
ste 29H2(PD)E HELE ST ES Egoe= g
Fote #YAd9 £38 Frie] A FRESEEAR S
Z|1Ee2 ZEFH3J), EIAFXMH), HAABG), TA
(GW)E AAF&gt +2 A5+ 2AY7IE AYsk 2015
| 39 -~20159 11€7H49 AEE AMSSIReH, AEE
FaE S-S 20159 197H 20159 11974/ 27/
el sl ZAFSEA T

T2, pH, §E44(D0), A7IAEE(EC), FHEZ(SS),
Chl-a, &3 2k QTFEHBOD), 3153 4k QTZHCOD),
FTAL(TN), §EFTELDIN), dEYoH] ZA(NH;-N),
A ZANOs-N), FQUTP), &EFJU(DTP), UtAY
(POs-P)2 E3HF 78 B A2l (http:/water.nier.go.kr)] AFEE
o] &3ttt

AEEF3EY AP PD, SB, CP AW L ez o
gom, A5e ARE WPt AFAE LUE F A3
FE F3| Lugol's solutione HEEFTE 1 %7t HES A7t
ste] PR 2FH A|EE 1 mLE Sedgwick-Rafter
Chamberol] @il 1583 FAAA AHA71 B3A07F
olA 200~1,000 W& StolA 103 o] F ¥HE Asko]
mlLE HEEZIE AEFE AdsAn 4 AN =
3 HEEFaE 7T 4 2 EFE Chung (1993),
Hirose et al. (1977), John et al. (2002), Patrick and Reimer
(1966, 1975), Prescott (1962), Prescott et al. (1981, 1982)
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Fig. 1. Study area with sampling location
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3. Results and Discussion

31 S5t Y /XM FAUEY
20159 3€¥€~20159 11€74A 537 s 9 FYAA
9 24 E4 & Fig. 2] YISt $2& 2.4~30.1°CH
HoZ, L7 I AFNA 21.5°C=2 7HE =3heh 2
< WFEY AFAA & AolE HolA] &teu, MH A
HellA 10.2°C~272°CY HA=2 AFRAFHAIQR)7F &
A detsith ole HAA SR A S=EFEEAH
R dgoz 29 HAapt 34 &2 AeE g

HtHHwang et al., 2016; Kim et al., 2005). pH} DO
Mol 7bzt pH 6.9~9.1, 62~172 mg/LE A @E §Als
Sk ECeE H 208 uS/cm (68 ~ 503 uS/cm)Z YEGS
M, MH X&& AYsH 68~267 uS/cme BHE HI O
U, MH A HolAM+E 289~531 uS/eme BHAE Hol o2
QT ¥R S o =2 S YeRITE Cho et al. (2017)
of ¢t A 1'3 Y= e =Tt okd
SAEAYT 2 F2EFT EFEH d& S AVAE
E7F 3 B 13819 0 H, Kaviraj and Satyawati (2003)&
steEEiA B)A] PO, NHY, K'gol B&5dA A7A
E&7) Fopxitta Baustinh ES Fkdd #ESe A
T(Shin et al, 2001)llA 3t-AEd F/7T9 ECE B

A Y
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g R
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N Namhan River
Paldangdam2(PD)
2.0 km
127°38'45"E

952 uS/cm& EL S Ko, MH AATH A5 2R
Yelith SSE 03~67.0mg/Le WAL, MH A HA
Hwd =2 HF#(104mgLl)E EATE Chl-qd HFd42
6.3 mg/m* (0.1 ~558 mg/m* )2 HFUAARYG EBFF B
AN FLFke] AL AHEYFHEYATE WALeH, 59
PDoA F&zkel 7 ZA JetEgth YA FoA

GW A3o] Chl-a7} 73 &}t

BOD$t CODY H#F2 ZZ 1.1mgL (0.3~7.8mg/l),
3.6mg/L (1.3~83mg/L)22 F &5 =F MH X HdA
=2 AL BYE=d o= Shin et al. (200008 ATZA}
o} Zo] BEA FAo] ZAH FUILAE & Aoz #
o, o2 @ H vuste 4oix o2 BODET COD
9] AxZF 2 olfe B AR gAF FA EIAY
I AAER Y JFE Lol mAER I e LEA
7189 gFol E2 A2 FPAK(Hwang and Park,
2018; Imai et al., 2002).

T-N, DTN, NO;-N, NH;-N¢] #$&= 27} 0.441 ~ 15.005
mg/L, 0.417 ~14.675 mg/L, 0.170 ~6.013 mg/L, 0.001 ~10.477
mg/LE Yesith 2425 o2 53} Zo| MH AX
A w2 AFS BAed, IA AHY Heol &
Z+ 2723 mg/L, 2.630 mg/L, 1.885 mg/L, 0.297 mg/LQlt] ¥k
8], MH &9 HFL 7.503 mg/L, 7.220 mg/L, 4.410 mg/L,
1718 mg/L2 2 zto]E B 4th T-P, DTP, PO,PY B
= 47 0.006 ~0.450 mg/L, 0.003 ~0.250 mg/L, 0.000 ~
0.234mg/LZE Q F&9 BLL 779 dEojx MH A3
o] JulHoz A Yetwtth
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Fig. 2. Water quality parameters at different locations from Mar. to Nov. 2015.
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3). MH A& 584 7o F74 23A9H AdDA cells/mLe] AEFE 71F3HH 3L, SB AMLS AW 4221
7} YR EE dYER Byt aH, sRds FEFE=E4 cellymL, CP XA fFalgdZzF+ AW 411 cells/mLE Y
Bh 9Ase] BRS Sdel AFAA PP werh ey
duto g " EAste 249 12 vAES 5% Al A" F AR 9X% CP AdE AEEFIE AX
A& AYE ol &stedl, d=wgE W vAEY 24 F7F AeH, A7 FUHAES AU SB A o]=28 Al
o 53 exol 9Fe gol wou, ALFl: BN I} F/ekAT 9wEoE BYzE AYFE AEL
A2l o] g0 Aty BuEy IvkKim, 2010). MH getdol 52.7% EIAo] 444 %2 L3R 0 2H(Kong,
AR Y= vEE AF27] B oig A AL T 1996), PD AN e HFZAAN FH= HEEEIE
& =2 AR Ui, A d dRTY 9% 43 Bk ol I Tt &2 AHHS #9(Shin et
Aoz ¥ Aoz AZ4dT al., 2000; Shin et al., 2001; Yi and Park, 2004)3} 337
oA FU= = Stephanodiscus hantzschii D Merismopedia
32 AISEYIE MES U PHZR H3| glauca 5% e ATAZL A1 F40] WE 4By
7+ AAY AEZZIE AESF 9 BELE LFEES =Y 9%, AFAIZT F7HKim et al, 2014; Song et al,
Fig. 4o Yehilth. PDY A EZHIE AEFE HA 2015)2 Q1 A5 FelFEFY I7F 59 JFoE 4
6,397 cells/mL (939 ~ 34,035 cells/mL)2 7}F& @t SB= EEFIE AExs7t 2A 7 Ao gddrh
B 3,759 cells/mL(1,050 ~ 11,217 cells/mL) R 2 H, CPE= PDY HF Aol 39 ~4€ A7t Z3 F2o] wh
2,788 cells/mL (650 ~ 5,360 cellsymL)2 7}d A& A XSS 2 TTERSL Stephanodiscus hantzschii7t dZsHAA THE
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Fig. 3. Monthly variations of nitrogen
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Fig. 4. Changes of phytoplankton communities from Mar. to Nov. 2015.
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Table 1. Changes of dominant species from Mar. to Nov. 2015
PD SB CpP
Month - - - - - -
Dominant species (%) Dominant species (%) Dominant species (%)
3 Stephanodiscus hantzschii (88) Asterionella formosa (19) Asterionella formosa (28)
4 Stephanodiscus hantzschii (50) Synedra acus (48) Synedra acus (59)
5 Chlamydomonas  sp. 39%5) Fragilaria crotonensis 17) Synedra delicatissima (20)
6 Fragilaria crotonensis 24) Aulacoseira granulata @31 Fragilaria crotonensis 7
Aulacoseira granulata var.
Meri; 1 1 R . 24 2
7 erismopedia glauca (19) hodomonas sp (24) angustissima 27
X . . Aulacoseira granulata var. .
8 Microcystis aeruginosa 33) angustissima (16) Mougeotia sp. (41)
A ] . A ] .
9 Aphanizomenon flos-aguae @7 ulaco.sel.ra granulata var 20) ulacotsel.ra granulata var 20)
angustissima angustissima
10 Aulaco‘sel‘m granulata var. 29) Aulaco'sezlm granulata var. (50) Rhodomonas sp. (33)
angustissima angustissima
A ] . A ] .
T ulacojsezf’a granulata var G1) Rhodomonas sp. 31) ulaco;era granulata var 7
angustissima angustissima
Table 2. Pearson correlation among the water quality parameters
Temp pH DO BOD COD SS EC TN DTN NOs;-N NH;-N TP DTP  POsP  Chl-a
Temp 1 0117 -0.645" 02777 06017 0226 0169 -0.484" -0481" -0471" -0.581" 0230° 0322" 0.161 0.382"
pH 1 0.402" 04657 03777 0.057 02827 0243" 0240° 0242* -03117 0.039 0066 -0.137 0415
DO 1 03167 0080 -0.077 -0.041 0740 07457 0.631% 0290 -0.059 -0.082 -0.183  0.057
BOD 1 06997 05117 03517 039" 03997 0252% -0.183  0448™ 0348 0.104 0.686"
COoD 1 0.650" 0214" 0.007 -0.009 0017 -0295" 04817 04767 0254° 0.781"
SS 10033 0215 0191 0236* -0.086 0.651" 0486 0482”7 0593
EC 1 -0.015 -0.010 -0.245* -0.077 0.190 0.120 -0.030  0.092
™ 1 0983 0.859** 0329 02577 0176 0140 0.015
DTN 1 0.852% 02977 0253° 0.182 0.146 0.005
NO;-N 1 0.169  0.154 0.084 0.094 0.116
NH;-N 1 0135 0120 02917 0339™
TP 1 09257 08257 0349”
DTP 1 08357 0279”
PO,-P 1 0.075
Chl-a 1
Tip <001, p <005
TP, DTP7} AAAEF} 5 Fo] JAJAE Ko A

9 BAS AYT F9 LEAFAY ATKim et al,
2013)9F fAFS 23S eI BOD9 COD+= A8HAl
F7F 42k 0.759, 0.6382 FA X5 A Fo FHEA
S UEion, ERTEEE 92§ 2 JBERe #d
Eoh M2 FARE HE S Btk dae TN, DTNO| SA41
Ego o g9 FRPe HoH, tE EFT En
29 4B(TN: 0.569, DTN: 0.571)¢] E3Th NOs-N
AG gol 04492 FEFI ¥ FBP9E BoH,
NH:-N2 527 2 279 #do] itk o 35 5
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24 2% a9 FHEo] FEHAKTable 4). Al 189 68.990 %2 HIF Hoh FHFo] A stE HlFo]l G
o] ILHAE 473302 31.566 %S 718k, A 2899 (BRSES S
THAE 40312 26875 %S 71stdeh UHA A 389 8JAFY A¥s HER ’é}?_ﬁ]—’Foﬂ e 89l FEE

o)

T Al 4998 BRX7t 22 2410 (16.064 %), 1.162 (7.745
%)S WERTE Al 180 ~A 4802 HAA £k 82.240
%E AEstH, U Fo FAY FHEEH 2
g s B, 45749 A7 (Gwak and Kim, 2015)&
81.071 %= AR L, AXZ9 A+-(Park et al.,, 2014)=

Table 3. Pearson correlation coefficients between phytoplank-
ton taxa and water quality

g gaA JeE S+ Varimax
A 18902

NH;-N, pHZ vhehgtow,
Az A 129064 E
= AN A e
12998 % $5Ed FHez 54

T-N, DTN, DO, NO;-N, F&o0]gl

éli%}%o] o7

N tjo
o

2 -3} % tH(Table 5).
Al Zﬂ 23?1%
PO,-P, T-P, DTP, SS¥th. Al 38212 Chl-e, COD, BOD,
Al 4898 ECYT. LAEA
A 8FR AL, ol
2 AlRHH,
ATFH(Gwak

Table S. Rotated component matrix by factor analysis

Total Bacillario Chloro  Cyano Others
phytoplankton  phyceae phyceae phyceae
WT 0.130 04067 03247 03647 0274”7
pH 04117 0.188 0.079 03417 0357
DO 0.354™ 05617 -0.111 0.061 0.104
EC 0.212" 0.149 0097 0101  0.097
SsS 0.541" 0.293" 0092 0448 0349
Chl-a 0.679" 0.100 0153 074" 0617
BOD 0.759" 0.320"  0.242% 06217 0.504”
COD 0.638" 0.109  0.181 0.687"  0.584”
TN 0.316™ 0.569"  0.037  -0.059  -0.107
DIN 0.318" 0.571" 0055 0070 -0.124
NO;-N 0.267" 0449" 0009  -0.013  -0.052
NH;-N 0.163 0.145 0214 -0211" -0.186
T-P 0.341" 0016 0233 03637 0205
DTP 0.272" -0.131 0.310" 0342  0.175
PO,-P 0.060 0.113 0200  0.100  -0.030
" p <001, p <005

Table 4. Figen values and cumulative percentage of factors

Variable Component
1 2 3 4

T-N 0.943 0.181 0.023 0.035
DTN 0.939 0.175 0.020 0.045
DO 0.883 -0.187 0.014 0.144
NOs-N 0.878 0.075 0.127 -0.259
WT -0.659 0.198 0.563 0.088
PO,-P -0.009 0.934 -0.068 -0.077
T-P 0.095 0.930 0.222 0.117
DTP 0.016 0.907 0.178 0.116
SS 0.109 0.596 0.559 -0.204
Chl-a 0.034 0.163 0.873 -0.018
COD -0.078 0.370 0.831 0.112
BOD 0.335 0.241 0.726 0.341
NH;-N 0.361 0.330 -0.633 0.026
pH 0.314 -0.196 0.556 0.442
EC -0.095 0.087 0.093 0.915

Initial eigen values

Extraction sums of squared loadings

Component - - - -
Total Variance (%) Cumulative (%) Total Variance (%) Cumulative (%)
1 4733 31.556 31.556 4.733 31.556 31.556
2 4.031 26.875 58.431 4.031 26.875 58.431
3 2.410 16.064 74.495 2410 16.064 74.495
4 1.162 7.745 82.240 1.162 7.745 82.240
5 0.739 4.924 87.165
6 0.600 4.001 91.166
7 0.404 2.695 93.861
8 0.293 1.953 95.813
9 0.199 1.329 97.142
10 0.161 1.074 98.216
11 0.106 0.706 98.922
12 0.080 0.530 99.453
13 0.040 0.265 99.717
14 0.029 0.193 99.910
15 0.014 0.090 100.000
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