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Environmental Studies in the Lower Part of the Han River VIIl. Physicochemical Factors
Contributing to Variation of Phytoplankton Communities. Kwon, Oh Youn'?, Seung Won
Jung®* and Jin Hwan Lee!*(!Department of Life Science and Chemical System, Sangmyung
University, Seoul 110-743, Korea; 2Present address: Han-River Environment Research
Laboratory, NIER, Kyunggi Province 476-723, Korea; *Department of Life Science, Hanyang

University, Seoul 133-743, Korea; “Korea Institute of Coastal Ecology, Inc. Incheon 402-835,
Korea)

To reveal physicochemical factors contributing to variation of phytoplankton com-
munities, the study was carried out biweekly at 6 stations from Feb. 2004 to Feb.
2005 in the lower part of the Han River, Korea. As results, water temperature was
changed from 0.3°C to 26.6°C, pH: 6.6~9.1, DO: 1.89~22.23mg L™, BOD: 0.38~9.20mg
L%, COD: 1.4~15.2mg L™, Conductivity: 62.5~500.0 gs cm™?, SS: 3.00~159.3 mg L™,
and Chl a 1.7~71.3 ug L. Phytoplankton standing crops ranged from min. 3.6 x 10?
cells mL™ (July 2004, St. 3) to max. 2.3x10%cells mL™! (Feb. 2005, St. 6), and mean of
those varied from 5.9 x 103 cells mL™! in spring, 2.1 x 103 cells mL™! in summer, 4.1 x 10°
cells mL™! in autumn and 8.5x 102 cells mL™! in winter, respectively. In order to
investigate factors influencing the total phytoplankton standing crops a multiple
regression analysis was adopted for the correlation between standing crops and
environmental factors. The coefficient of determination (R?) value of the regression
was 0.465, it showed that environmental factors which predominantly influenced
phytoplankton standing crops were water temperature, COD, NO,-N, PO,-N,
Discharge and pH. Six stations could be divided into 3 groups based on similarity
index in terms of environmental factors. In ANOVA analysis for physicochemical
and biological factors, water temperature, chlorophyll a, silicate, phytoplankton
standing crops were the same group differed little from stations. However, Station 1
and 2 were grouped followed in dissolved oxygen, conductivity, COD, nitrite, nitrate,
ammonia and phosphate, and Station 3, 4 and 5 were followed in dissolved oxygen,
conductivity, pH and phosphate.

Key words : Han River, multivariate analysis, physicochemical factors, phytoplank-
ton
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Fig. 1. A map showing the sampling stations in the lower
part of the Han River.
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Fig. 2. Biweekly variation of physicochemical factors in the lower part of the Han River from Feb. 2004 to Feb. 2005.

7 Ak, 11 ool H 6.2mg LIS f-X]slgdTh 47mg L™ AA 344 7.1mgL™?, AA 404 6.0mgL™,
A Y W3 A 1A 44mg LY AHAH 2604 A 5ollA 5.7mg LY, A 694 7.4mg L2 BOD<}



344

100+

Nitrate

Concentration (uM)

35+

—e— St.1
—0— St.2
—vy— St.3
—a— St.4
—a— St.5
—a— St.6

Phosphate
30+

25

Concentration (UM)

np7A 2 AR o) Wk

JofAF F NOFNS ALHe| 7 31.79 UMl A

ZHo| HF 39.16 (ME Z7}59 0, A== A
104 HF 20.27 uM, AHA 6ol|A] FHF 49.36 uUMZ oF
2.4 2] Z7}siele). B3], A4 20| ME HF 20.80 uM
2 AA 13 AR 3 Bmglovt, vAe ofeks W
AR 3 A= FH 32.91uME 12.11 uM o] Z7}3sle] s}
2 Z2es Ax S48 ddeh NHiANE NOg-Noj
W 3tel zreo] 7A-gAHel| HiF 34.05 uMei|A| o FH e I
T 47.22pME FTIBkl o, A 7+ WEtE AA 1]
Al FHF 27.83uM, AA 6o|A] ZF 57.37uMe] =&
e 372 A4S AR ke FAFE Bt NO,-
NS AgHe] JF 267uM3E H3 ahe 7he
Aol H3t 1.97 uM2| Hyom, 4 9l A
A zfel7t 18] FA| ke POs-PE NOs-N 3 NH,-
Ne| wWzlel vtz ALHe HF 454uMe] 2 5=

b}

R
RN

T

3]

fuA

s

=
TEE

7 Ammonia

1001

Concentration (UM)

of B 285 M2 ket 4
25 27kste] Aol A4

M, 8.

LA EH F4o] 4
i 21%)RE MM 718t
59 23] i 43%EL 7Sl o, AF 597
20041 79 4% (< 29%)3 7Y 21 (B 34%)
of dA] ZasATr) o] F F718ke] 84 154 (F+F 54
2ol A5 Boch 7+l 109 31de] HF 36

3= 20043 39 14

—
RiA

2
o
al

K

F& BT olF2: AF 0F o4 F4E B
B8 28 F5o Aslpde A AN AF 4F
oJge) F4E nedem, B4 304 R BFoE 7}



Physicochemical Factors Contributing to Phytoplankton Community

¥

rort A Aol T8 ZA| eksith
20049 29€32E 20059 24714 W AF 7} =

Ho|A] =33 £2 Asterionella formosa, Aulacoseira

04.4

\__

granulata var. angustissima, Aulacoseira italica,
Cyclotella radiosa, Cymbella minuta, Diatoma vulgare,
Fragilaria crotonensis, Melosira varians, Navicula
gregaria, Synedra acus 5 1029 2 317} 3} A] AFA|
Skl Tﬂﬁi&i = ek 5, A oz &9
BlE7} =& =2 715344 Achnanthes minutissima, =
% Scenedesmus quadricauda, ¢ &2 ¢j| Diatoma tenue,

% Merismopedia sp., ]S4 2E 7124 71%]= Achn-

345
anthes convergens, 7}-&-3 Stephano-
Zqsjoiet.

X‘j Zzo Eué

discus hanzschii f. tenuis7}

2 ool A% Fo 4
Fo FxHF90 = %‘;}%ﬂ Stephanodiscus hanzschii
f. tenuis7} 200441 2¥XE] 4¥97}%] 1.2 % 10%cells mL™*
o]Ake] HZEgow 37.9% A} oM, 2004 12U F
E] 20059 2¥U7IA]E 55.8% 5 AA|ste] A-&He| ti=
Al - Zo|git} 2004 3YRE] 5UVA| = ELF
Asterionella formosa”} 3 37.9% 43193, 44 2E
7974 R
ot 8#, J=7<2l Microcystis aeruginosa:= 543} 6

Fragilaria crotonensis7} 18.5% -$-43}

o
=
2
140 —e— St.1 -
—~ Silicate
s —0— St.2
e —v— St.3
s St.4
=] St.5
g St.6
b=
c
8
c
o
@)
3000
— = [ Discharge | 5500 —~
£ 400 —@— Precipitation (2004 ~ 2005) -
S O Precipitation (Annual avg.) ¢
= 2000 «
S 300- £
g - 1500 “é,
£ 2004 o
§ A F1000 &
a 1007 H L5000 O
0- \ S 0
. - 50
20 [ Standing crops
i —e— Chlorophyll a L 40 _
S < 15+ 4
5E o
oL - 30 =
% g 10+ 20 ©
=) B =
g3 ] _ o
| ﬁ
. ﬁ VT 1,
SRR o 0 o
Vad QQ’@% @ 3° A > 3" \79 ™ \79 Q’QO(‘ O(’ O° e° A NN
‘04 '05

Time

Fig. 3. Biweekly variation of water temperature, silicate, precipitation, discharge, chlorophyll a and phytoplankton
standing crops in the lower part of the Han River from Feb. 2004 to Feb. 2005.
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Table 1. Pearson correlation matrix between physicochemical factors and phytoplankton standing crops in the lower part
of the Han River (n=150; *p<0.05; **p<0.01; - not significant).

DO WT pH Con. COD BOD Chla SS NOyN NOyN NHsN SiO-Si POsP Pre. Dis. S.C.
DO 1.00
WT  —081* 1.00
pH 0.63** —0.43** 1.00
Con.  —032%* -  —0.23* 1.00
cob - —024% - 047 1.00
BOD - - - 017* 041% 1.00
Chla  042%* —0.46%* 040%* 0.19%* 0.36** 0.34** 1.00
Ss —021%  0.19% —0.16% 0.36** 047 028 -  1.00
NO,-N - - - - - - - - 100
NO;N —0.53%% 0.28% —0.43** 052%* 0.30%* - - 019 - 100
NH,N  —0.48%%  0.35%% —0.47*+ 037% - - 0.26% - 0.50% 1.00
Si0;Si —0.40%* 0.43** —0.36%* - - - 0350 - - 0.20% 0.26% 1.00
PO,-P - —016* —0.16% 0.72%% 038** - - - - 042% 020% - 1.00
Pre.  —031% 043% —031** - - - 0427 0260 - - 0.29%% 0.27** —015% 1.00
Dis.  —0.32%% 050%* —0.28** - - - —045% 0.35% - - 027% 049* —0.14  0.82** 1.00
s.C. 0.59%* —057** 0.33** 021* 035% - 067 - - - —0.19% —0.36** 0.30%* —0.38** —0.39** 1.00

*WT: Water temperature, Con.: Conductivity, DO: Dissolved oxygen, COD: Chemical oxygen demand, BOD: Biochemical oxygen demand,
SS: Suspended solids, Pre.: Precipitation, Dis.: Discharge, S.C.: Standing crops
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Table 2. Stepwise multiple regression of phytoplankton St.2
standing crops in the lower part of the Han
River (n=150; *P < 0.05; **P < 0.01). St.3
Independent - St. 4
variable Variables B Remarks .
DO 0.772** St. 5
Con. 0.271**
. NO,4-N 0.225%*  2=0.605 St.6
Standing crops )
Dis. -0.173** F=38.992**

Fig. 4. Dendrogram from the Hierarchical cluster analy-

- — *k
NO,-N 0.129 sis of environmental factors on stations in the

cob 0.129* lower part of the Han River from Feb. 2004 to Feb.
*DO: Dissolved oxygen, Con.: Conductivity, Dis.: Discharge, COD: 2005 (Group A: St. 1 and 2; Group B: St. 3, 4, 5,
Chemical oxygen demand Group C: St. 6).

Table 3. ANOVA analysis of the sampling stations affecting the physico-chemical and biological factors in the lower part
of the Han River (n=150; *P < 0.05; **P <0.01; ***P < 0.001).

Stations
Variable F value
St.1 St.2 St. 3 St.4 St.5 St.6

DO 5.92%*x 10.422 10.472 8.92% 8.02% 7.55b¢ 6.46°
WT 0.27 12.342 13.022 13.682 14.012 13.732 14.682
pH 7.42%%* 7.992 7.68° 7.62° 7.44° 7.47° 7.32°
Con. 49.21%** 112.31° 130.98° 161.84° 164.97° 164.24° 259.382
COoD 10.46*** 4.38° 4.71% 7.04% 6.01% 5.68% 7.392
BOD 6.12%** 2.06° 2.47° 4.662 3.45° 2.53% 3.33°
Chl a 0.98 15.792 22.10% 21.442 18.832 23.152 20.172
SS 3.71** 11.33° 17.07% 23.68% 27.35% 17.77% 31.79°
NO,-N 3.22%* 1.99° 2.01° 2.32% 1.74° 3.152 2.60%
NO;-N 80.38*** 20.26¢ 20.79¢ 32.90° 44.31° 48.85% 49.352
NH,-N 13.11%** 27.824 31.77¢ 37.11% 45,22 50.81% 57.372
Si0,-Si 0.79 17.902 23.012 25.832 26.192 31.50% 26.16%
PO,-P 41.10%** 1.52% 1.134 3.06° 2.61% 3.62° 8.552
S.C. 1.31 3.282 4.872 5.982 5.522 5.932 5.232

WT: Water temperature, Con.: Conductivity, DO: Dissolved oxygen, COD: Chemical oxygen demand, BOD: Biochemical oxygen demand,

SS: Suspended solids, S.C.: Standing crops
Results of the Duncan’s multiple comparison test: Differents character means that the mean value is significantly different.
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Table 4. ANOVA analysis between the streams (Tan stream and Anyang stream) effecting the Han River and physico-
chemical and biological factors contributing to the adjacent sampling stations in the lower part of the Han River

(n=13; *P<0.05; **P<0.01; ***P<0.001).

Variable F value St. 2 St. 3 Tan stream  F value St.5 St. 6  Anyang stream

pH 6.52%* 7.632 7.612 7.13°

BOD 99.72%** 2.54° 4.84° 23.138%  39.20%** 2.63° 3.44° 9.75?

COD 50.43*** 4.66° 4.98° 12.432 30.73*** 5.61° 7.35P 10.772

NO;-N 21.55*** 21.01° 33.76° 67.76% 17.78*** 47.89° 48.77° 73.65%

NH,-N 17.13%** 1.09° 2.98° 17.56% 59.58*** 3.55°¢ 8.32° 20.072

PO,-P 24.91%** 29.62° 35.52° 80.59° 12.01%** 51.74° 57.63° 107.542
COD: Chemical oxygen demand, BOD: Biochemical oxygen demand
Results of the Duncan’s multiple comparison test: Differents character means that the mean value is significantly different.
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