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Removal efficiency of Cochlodinium  polykrikoides  for  the

mineralogical characteristics of Hwangto on different localities

Park Ho Sup

Department of Environmental Geosciences, The Graduate School,
Pukyong National University

Abstract

Hwangto from _different localities showed the. wide range of
chemical compositions Si0;=43~71%, Al,03=13~26%, Fe20s=5~14%,
Mg0=0.4~1.8%, K-0=0.6~3.3%, L.O.l. (Loss of Ignition)=4.5~15%.
Moreover small amounts of Mn, Ca and P were existed in Hwangto.
The mineral compositions of Hwangto were mainly consisted of
quartz and feldspar. A little amount of kaolinite, chlorite, and
Fe—oxides were included. The result of size analysis shows that 6®
(31~164m) and 7®(16~8um) were dominated sizes in th sample. The
concentration. of organic carbon ‘and Zeta—potentian ~were in the
range of 0.1~0.81% (average 0.36%) and =4.14~-20.65mV (average
-13.67), respectively.

As increasing removal efficiency of Cochlodinium polykrikoides,
contents of AlOs, Fe;Os and L.O.l. in Hwangto were increased,
whereas SiOz content was decreased. Furthermore, the amounts of
clay mineral, organic carbon and small particle were high when the
removal efficiency was high.

According to factor analysis used to principle component analysis,
two components of factor 1 and factor 2 describe 79% of the total

variance, which is related to cohesion and adsorption.
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Table 1. Color and parent rocks of Hwangto on different
localities

Sample Location Color Parent rock

HT-1 Guenam-Myeon, Uljin Reddish brown Precambrian

HT-26 Jukbyen-Myeon, Uljin Yellowish brown gneiss

HT-27 Susaeng-Myeon, Ulju Reddish brown

HT-14 Susaeng-Myeon, Ulju Brown

HT-6 Oedong-Yeub, GyeongJu Reddish brown

HT-17 Yeongdeok-Yeub, Yeongdeok-Gun Reddish brown Cretaceous

HT-20 Yeongdeok-Yeub, Yeongdeok-Gun Reddish brown granite

HT-9 Cuksan-Myeon, Yeongdeok-Gun Bright brown

HT-24 Namjeong-Myeon, Yeongdeok-Gun = Yellowish brown

HT-18 Dosan-Myeon, Tongyeong Yellowish brown

HT-2 Onsan-Yeub, Ulju Reddish brown

HT-8 Yongyeon-Dong, Ulsan Yellowish brown

HT-10 Ungchon-Myeon, Ulju Reddish brown

HT-15 Onsan-Yeub, Ulju Reddish brown £ dgésgg%f;ur% ok

HT-21 Jinbo-Myeon, Chungsong Yellowish brown

HT-22 Guyongpo-Yeub, Pohang Yellowish brown

HT-23 Cuksan=Myeon, Yeongdeok-Gun Brown

HT-7  Janggi-Myeon, Pohang Yellowish brown Cenozoic volcanic

HT-3 Jungchun-Ri, Pohang Reddish brown

HT-4 Guyongpo-Yeub, Pohang Yellowish brown

HT-12 Chungha-Myeon, Pohang Yellowish brown

HT-25 Chungha-Myeon, Pohang Yellowish brown Cenozoic

HT-5 Pyunghae-Yeub, Uljin Dark Red sedimentry rock

HT-11 Onyang-Yeub, Ulsan Bright brown

HT-13 Chunbuk-Myeon, GuyeongJu Yellowish brown

HT-19 Chungso-Myeon, Boryeong Brown

HT-16 Yeongdeok-Yeub, Yeongdeok-Gun Yellow Granite
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Table 2. Constituents of Culture Solution for Cochlodinium
polykrikoides (Guillard and Ryther, 1962)

Materials Concentration

A NaNOs 75mg/L

B NagHzPO4 : HQO 5mg/L

C Na; - EDTA 4.36mg/L
FeCls - 6H20 3.15mg/L

D MnCl: - 4H>0 0.18mg/L
CoCls - 6H20 0.01mg/L
CuSO4 - 5H20 0.01mg/L
ZnSO4 + TH20 0.022mg/L
NasMoOy - 2H20 0.006mg/L

E B2 05ug/L
Biotin 0.518/L
Thiamine + HCI 0.1mg/L




(A) - (8)

Figure 1. Light miorographs of Cochloadinium DO/J/'/I(If./'/\’O/O’eS living cell in culture
(A: 4 cells B: 8 cells). © ¥
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Table 3. Removal efficiency of Hwangto (unit : %)

Elapsed Time (min.)

Sample

0 10 30 60
HT-1 97 98 98 99
HT-2 76 98 99 99
HT-3 94 97 99 100
HT-4 88 95 96 97
HT-5 79 94 95 96
HT-6 90 94 95 95
HT-7 83 89 92 93
HT-8 61 88 90 91
HT-9 83 87 92 94
HT-10 144 87 96 97
HT-11 66 74 81 82
HT-12 61 /1 71 6
HT-13 62 67 83 86
HT-14 52 67 80 89
HT-15 61 67 /8 83
HT-16 50 63 /8 85
HT-17 39 62 63 70
HT-18 55 h8 54 64
HT-19 51 56 57 63
HT-20 51 53 53 58
HT-21 33 51 52 56
HT-22 42 46 48 59
HT-23 26 4?2 48 50
HT-24 29 40 47 53
HT-25 17 40 43 49
HT-26 30 37 46 46
HT-27 22 30 34 35
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Table 4. Removal efficiency by properties of Hwangto

(average)
Removal efficiency(%)
Properties A B C
(>80) (80 ~ 60) (<60)
Sand(%) 17.23 ~ 3.67 43.88 ~ 6.26 57.97 ~ 8.83
(9.97) (18.80) (25.40)
Silt(%) 80.83 ~ 69.95 77.60~.48.79 79.00 ~ 38.45
(76.42) (69.46) (63.24)
Clay(%) 17.64 ~ 9.30 16.57 ~ 7.34 16.52 ~ 3.58
(13.62) (11.74) (11.36)
Si05(%) 60.78 ~ 42.56 6555 ~ 42.39 70.6 ~ 51.19
(50.28) (57.387) (59.89)
25.25 ~ 17.44 26.08 ~ 16.36 21.1 ~ 12.97
ALOs(%) (21.62) (19.40) (17.80)
13.783 ~ 7.47 13.88 ~ 5.15 10.49 ~ 1.06
Fe204(%) (10.36) (7.61) (6.65)
C content(%) 0.81 ~ 0.23 0.44 ~ 0.20 0.58 ~ 0.11
(0.50) (0.30) (0.27)
Zeta—potential —4.14. ~ —-15.283 -10.50 ~ -16.73 =12.19 ~ -20.65
(mV) (~=9.98) (-13.82) (-16.61)
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Table 5. Chemical composition of Hwangto on different
localities (unit: wt. %)

Sample SiO2 Al:03 Fe:03 TiO: MgO K:0 LOI MnO CaO Na:0 P:0s Total

HT-1 4836 19.32 13.73 143 1.04 263 1215 0.17 0.13 0.32 0.07 99.35
HT-2 4777 2237 11.09 147 0.76 084 1441 0.11 0.16 0.30 0.08 99.35
HT-3 49.08 23.61 926 095 0.81 1.15 13.73 0.07 0.10 0.27 0.06 99.08
HT-4 5054 2431 954 098 0.83 119 1373 0.07 0.11 0.27 0.06 99.08
HT-5 4358 20.98 1355 095 1.24 212 1452 079 088 031 0.24 99.16
HT-6 4830 23.95 887 083 0.77 113 1482 0.04 0.10 0.24 0.05 99.10
HT-7 5483 19.81 854 1.06 0.78 131 1253 0.06 0.14 0.37 0.11 99.53
HT-8 57.04 19.13 795 0.81 093 1.76 11.01-0.13 0.30 0.38 0.06 99.49
HT-9 60.78 17.44 747 093 0.74 218 913 0.06 0.17 0.38 0.17 99.44
HT-10 4256 2525 13.62 155 0.70 0.71 1446 0.11 0.21 030 0.08 99.54

HT-11 61.01 18.61 595 055 043 1.60 10.75 0.07 0.15 0.26 0.13 99.51
HT-12 65.55 16.36 515/ 0.67 0.63 188 887 0.03 0.11 0.42 0.03 99.70
HT-13 63.56 16.80 6.23 0.89 0.64 1.60 1045 0.06 0.18 0.39 0.03 99.75
HT-14 62.70 16.58 6.23 089 0.64 1.60 1045 0.06 0.18 0.39 0.03 99.75
HT-15 42.39 26.08 13.88 '1.35 0.65 0.58 14.02 0.12 0.15 0.33 0.06 99.61
HT-16 58.01 17.56 626 096 1.75 216 691 0.06 1.85 351 0.09 99.13
HT-17 48.13 23.80 960 095 1.00 086 1442 0.08 .0.16 0.30 0.04 99.35

HT-18 59.92 18.20 7.34-.0.858 0.60 1.74 10.310.14-0.16 0.26 0.09 99.64
HT-19 62.65 1584 7.50 1.06 0.87 244 825 0.09 019 031 0.07 99.28
HT-20 55.21 20.65 855 0.79 0.87 2.03 10.76 0.03 0.21 050 0.04 99.64
HT-21 60.24 1850 6.41 084 0.71 171 1026 0.05 0.16 0.36 0.05 99.29
HT-22 51.19 20.76 1049 129 1.77 1.02 12.00 0.17 0.17 056 0.09 99.53
HT-23 70.60 12.97 489 0.71 0.81 216 536 0.06 033 1.72 0.05 99.66
HT-24 59.97 17.09 1.06 6.78 1.15 205 851 0.09 082 187 0.04 99.44
HT-25 60.24 1765 6.63 088 0.79 1.35 11.17 0.05 0.32 038 0.07 99.52
HT-26 5843 21.10 874 096 0.88 187 633 0.05 032 0.33 0.08 99.09
HT-27 60.41 15.19 487 061 0.97 333 1266 0.03 0.07 025 0.04 98.43
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Figure 3. X-ray diffraction patterns after various treatments of Hwangto(HT-3).

E.G.: Treated by ethylene glycol, Q: Quartz, K: Kaolinite, C: Chlorite.
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Figure 4. X-ray diffraction patterns after various treatments of Hwangto(HT-10).

E.G.: Treated by ethylene glycol, Q: Quartz, K: Kaolinite.
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Figure 5. X-ray diffraction patterns after various treatments of Hwangto(HT-27).

E.G.: Treated by ethylene glycol, Q: Quartz, C: Chlorite.
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Table 6. Major mineral contents of selected Hwangto (unit :

wt. %)

Sample no. Quartz Feldspar Chlorite Kaolinite
HT-3 25.7 5.6 8.8 59.9
HT-10 10.5 0 4.5 85.0
HT-27 6.8 29.8 44 .9 18.5
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Table 7. Carbon contents, Zeta—potential value and specific

surface of Hwangto

Zeta—potential Specific
Sample no. C(%) (r?wV) surfapce(mg/g)

HT-1 0.27 -4.94 n.a.
HT-2 0.80 -13.59 37.67
HT-3 0.74 -15.33 52.25
HT-4 0.61 -6.81 41.60
HT-5 0.45 -4.14 72.99
HT-6 0.81 -5.46 70.77
HT-7 0.41 -10.21 n.a.
HT-8 0.31 -15.23 n.a.
HT-9 0.44 -14.53 n.a.
HT-10 0.23 -14.89 n.a.
HT-11 0.23 Il 3N6/ n.a.
HT-12 0.20 -10.86 n.a.
HT-13 0.27 -14.37 n.a.
HT-14 0.44 -14.83 n.a.
HT-15 n.d. -10.5 n.a.
HT-16 0.39 -16.73 n.a.
HT-17 0.28 -15.7 n.a.
HT-18 0.18 =17.28 n.a.
HT-19 0.58 -16.39 n.a.
HT-20 0.35 -17.34 n.a.
HT-21 0.17 -14.69 n.a.
HT-22 0.49 -20.65 35.54
HT-23 0.26 -12.19 16.86
HT-24 0.18 -18.26 37.71
HT-25 0.15 -15.39 36.73
HT-26 0.11 -20.52 n.a.
HT-27 0.19 -13.42 63.89

n.d.: not detected, n.a.: not analyzed
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Table 8. Correlation coefficients among factor loadings
for each of the 2 factors used in the

Varimax—rotated R—mode factor analysis

Variables Factor 1 Factor 2
sand -0.99 -0.10
silt+clay 0.99 0.10
silt 0.96 0.16
clay 0.89 -0.14
Zeta 0.59 0.47
SiO> 0.02 —4. 84
Al,O3 -0.15 0.90
FesOs -0l 0.84
L.O.L" 0.85 0.82
R.€.? 0.45 0.73
Corg 0.13 0.63
Cumulative(%) 39.8 78.9
Y L.O.I. : loss of ignition

2 R.E. : removal efficiency
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Table 9. Correlation coefficients among removal
efficiency(R.E.), organic carbon(Corg),
Zeta—potential, chemical composition and

particle size (n=26, p<0.05)

R.E. Cog Zeta SiO, AlOs Fe,Os L.O.I.sand silt clay <Silt
R.E. 1.00
Cog 0.60 1.00

Zeta 0.69 0.44 1.00

Si02, -0.60 -0.45 1.00
AlOsz  0.55 0.45 -0.88 1.00
Fe203 ' 0.61 -0.83 0.69 1.00

L.O.I. 0.58 0.47 0.49-=0.82 0.78 0.62 1.00

Sand -0.47 -0.57 -0.46 _1.00
Silt  0.50 0.61 0:52=0.991.00
Clay —-0.86 0.77 1.00
<Silt 0.47 0.57 0.46 -1.00 0.99 0.86 1.00
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Figure 16. Destruction process of C. polykrikoides by Hwangto.

_40_



1.0 AI%O?:
¢re20z -9
oR.E.
oCarbon
057 Ozeta® 2|
o Osilt
— o
_‘g 0o . siltelay
@ Csand ,
s Oclay
-0.5-
10— DSi0g
T T N T
-1.0 -0.5 0.0 0.5 1.0
Factor 1

Figure 17. Distribution of the removal efficiency(R.E.),
organic carbon, Zeta—potential, chemical composition,

and particle size in the space defined by two factors.

_41_



v Z2&

1.06~13.88%,

L.O.1.(

F6203

12.97~26.08%,
K20

Al203

42.39~70.60%,

0.568~3.33%,

0.43~1.77%,

MgO

L3

b

=)
=

O X

k

Ol Ol

=
S

o
29

5.36~14.82%2

[0|04, Mn, Ca, P

lo

ol

LHEHH O,

0
ol

Y
%

a

n0

-

o0

oF & Are

63umQ|

Al LIEHSECH

1

Jt

igf

0]
Kq
&M

pem

<

ol

n

o

H 2=, S&, 826t BXHHEE0 =

10

00

Y

-

Al

J

L

0
oD
<

—_

wJ

Ok

0
o

ALH.

sRc

= 0.36%)E

b
o

0.11~0.81% (

&3
o
<+
an
o

00
1

ORl
i}

=

1]
20
Kq
&r

ur
<+
o
1

=k

(

-4.14~-20.65mV
AN Zeta&

Zetad fl=

EE9

25|
ST

A0 O

5.

20l

-13.67mV)

_42_



Zeta

=il

K/
H
E

K

mJ

O
i

1]
20
K4
&r

1

Ct.

i0J

£ AlAt

dl

A<

Ch=

g
H

Al
Jlo
K1
010

o0

ol
1

0l

&
o

X8 EE2 =23

6.

[=3]
=

< (Principle Component Analysis, PCA) 2|

0

<N
ol
xr
IH
oJ
o
i0)

(o
ol

ol

K
0D

O

KD
010

110
il
)

ulo

X0
Kq
1]
0

ok

X0
N
Ip
X0

<

—_

MY

Ok

H4 &l A CH

0

2

A2 Z2E9 =8

INE=PUPN

7.

& Ael 30|, &

2

T,

AH

-

nl

Rr

ur

H
]!

Rr

I7e)
00
Rr
ot

<0

Ui
70
ur

ol

-

Al

_43_



Kt
1]
&I
s
K0
i}

(1993)

Al

Kt
{0
n0
nJ
K0
n0

ok

)

L=

(2004) 2002-2003

2

TN

22

pp.273.

(2000) =

Kk

FLb
(]

ol

0
=)
K4

n0

5, No. 4, p.

| Xl, Vol.

285-297.

1

4, No. 2, p. 27-36.

|, Vol.

=43

M (1998) HEMHE

X0

A

Ins. Marine

o SUHAZ
Industry, Vol.

M (2000)

10, p. 51-55.

E0 28 Hxd=2 STMA,

33, No. 5, p. 455-462.

5t

I8 M S-S50 D8
Vol.

7
n0

36, No. 6, p. 716-722.

Vol.

(2005)

0K

a4

o0
{Ir

n0

)
)
0
<

ior

KE

o}
ol

N

|
OH
rr

0

70
ur

)
sl

I

|

<

ok

by

o)
00

747-751.

, P.

KD
0H

_44_



p. 67-73.

1,

16, No.
Eo E40l HE

Algae, Vol.

k=i
= (2003)

IH
X0
o]
Ok

ok

=

io

= HEME P

ol
o=

s
o

13
ior
a0

H
Ll

ok

i

ol e

1. Ml 23]

&
[l

=

il

Cochlodinium 22 &2 10t

==
1o

151-159.

2, No. 2, p.

$0

)
ol
H
<F
o)

e

<0

0y
Bl
X0
uir
1]

S

ﬂ
0
M
TH

ki

o4 =

NS

20, No. 4, p. 59.

Xl, Vol.

o
ol
_lh’

rr

0

&)

ur

o1
B

-

[0

=)

0
ilo0

A
o

1]
R0

uA

K0
H

24, No. 5, p. 477-490.

X, Vol.

st=2-Y ol Ctel Cochlodinium polvkrikoides 22 &

iy
H)
oF
T

ol
o

o
ol

ol

0
Bl

RO
=
<0

119.

PP.

5t

(1998)

393-394.

» P.

A= 1,

0
80

1

IH

&t MIEHM Ot

R
Ki

19, No. 4, p. 437-445.

E

X0
wr
KM
iofD

ol
<
or
4r

0

(1999) &

K

_45_



H

A7 22I0IE, EZ0|AI0IE, MSC2H0IE, ¥ &4, &
EX&ASE X, Vol. 4, No. 1, p. 57-68.
=42 (2004) HZTIoH & Ol AAIE, pp. 157
A (1997) oA SES SEL E, 2283
104 D18 AEXE =2&, p. 89-99
EAA, Yol AZF4, T, oty 22 (2000) RelLiet
EE(SIE) FHE2 & ISH 2, st=2F 283X, Vol.

13, No. 3, p. 147-163.
Balkis N. and M. N. Gagatay (2001) Factors controlling metal
distributions in the surface sediments of the Erdek Bay,
Sea of Marmara, Turkey. Environment International Vol.

27, p. 1-13.
i

Guillard, R. R. L. and H. Ryther (1962) Studies of marine
planktonic diatoms Cycltella nana HUSTEDT, and
Detonula confervacea(CLEVE) GRAN. Can. J. Microbiol.,

red

Vol. 8, p. 229-239.
Kim C. S., S:~-G.Lee,»C. K. Lee,-H: Ki Kim and J. Jung
the dinoflagellate
Plankton Res.,

(1999) Reactive “oxygen species a causative agents in
of tide
21, p.

the ichthyotoxicity
Cochlodinium polykrikoides. J.

p.

2105-2115.
Krzysztof, L. and Danuta, W. (2003) Application of principal
component analysis for the estimation of source of
in surface sediments from
Vol. 51,

heavy metal contamination
Chemosphere,

the Rybnik Reservoir.

_46_



723-733.

Lee, G. C, J. H. Kim, Y. H. Chang (2006) Preparation and
Interface Properties of Colloidal Silica. J. Korean Ind.
Eng. Chem., Vol. 17, No. 4, p. 386—390.

Lee, J. S, (1996) Bioactive components from red tide plankton
Cochlodinium polykrikoides, J. Kor. Fish. Soc., Vol. 29,
No. 2, p. 165-173.

Park J. B., Y. W. Song, H. J. Kwon (1997) Adsorption
characteristics _of contaminants —on soils with various
organic carbon contents. J. Korean Soc. Civ. Eng., Vol.
17, No. llI-4, p. 403-413.

Taki kazuo, H. S. Kim, G. Dockko, M. Y. Han (2002) Zeta
potential on the surface of plankton cells and DAF
technology. J. Kor. Soc. Water and Wastewater, Vol. 16,

No. 4, p. 399-410.

_47_



	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 연구재료
	1.1. 황토
	1.2. 풍화 작용
	1.3. 적조생물 및 배양

	2. 연구방법
	2.1. 적조생물의 구제율 실험
	2.2. 입도 분석
	2.3. X-선 형광분석
	2.4. X-선 회절분석
	2.5. 원소 분석
	2.6. Zeta전위 측정
	2.7. 비표면적 측정
	2.8. 요인분석(Factor analysis)


	Ⅲ. 결과 및 토의
	1. 결과
	1.1. 적조생물의 구제율
	1.2. 입도
	1.3. 황토의 성분조성 및 광물 조성
	1.4. 유기탄소와 질소 함량
	1.5. Zeta전위
	1.6. 비표면적

	2. 토의

	Ⅳ. 결론
	Ⅴ. 참고 문헌

