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Abstract

Four clays (both natural and commercial types) mainly used in Korea were tested for removal efficiency of Microcystis spp.
and ecotoxicity on Daphnia magna and Vibrio fischeri. Four clays (clay A~D) were composed of 91.9~100% of sand (0.02~0.2
mm in particle size). Clay D consisted of lager particles than other clays. Major elements of the four clays were SiO,
(45.3~62.8%), A1,O3 (18.5~29.7%) and Fe;03 (5.4~7.9%). They contained kaolinite (clay mineral), quartz, muscovite, and so
on. Clay C and D contained montmorillonite, one of the clay minerals improving clay-cell aggregation. For clay A, B and C,
removal efficiency of Microcystis spp. was over 60% at 2 g/L. It reached about 100% at over 5 g/L. For clay D, it was over 60%
and 95~100% at 5 g/L and 20 g/L respectively. After adding clays, pH decreased. The greatest drop of pH appeared at clay C.
Except for addition of 100 g/L clay C, ecotoxicity on D. magna and V. fischeri didn’t appeared at all dose of clays.
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2. Materials and Methods
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23. ZRHMHEE % pH B3l
1 L "]A) BG-11 ¥AXZ Microcystis spp.S 5,000 cells/mL
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S ES|X| H30A F35, 2014

OJHEFEBE UA) HEF xHsd FE 458 474
0.05, 0.1, 0.5, 1, 3, 5, 7, 10, 15, 20, 50, 100 g/ &X3
I 2% T awker & FAAAIRE E(10, 308 F) ZFAAL
&< BUFsATh Microcystis spp.d AEE A3t 95k
FE AY¥ A AES AX 108, 308 F9 AL £
3t Lugol’s 8402 g3tk 183 AlSE Sedgwick-
Rafter chamberel] |31 15% o] FAAAA 50~2008] &
o] Y4 u|F(Carl Zeiss, DE/Axio Imager A2)S ©] &3}
o BZZ AR 107] o)A Microcystis spp. A XS
WHE At Alge AEFE o] &5t FAAIL HE
ZFAALES AFESAT B FE AX A pHY W3}
E #AINY] Qe X H-F9 pHE SH3AT

%Xﬂﬂ% o] AejAl A= dFS FotR7] $5td

FAAEZE 7 F 2AS F5ALE2 EWE(Daphnia
magna) 2 wrdate) g ol(Vibrio fischeri)® 24X 344
548718 AAsRh S8 SE87 e o228
AAF7IE A49F EW S (Daphnia magna)E ©l-&3 37
SN FH A FREZEAAYIE A3 LFHof
(Vibrio fischeri) &% Adl& A8 & 474 FxA

3. Results and Discussion

FE 4%9 JEEZE BHYE 0.02~2 mm)}] F7}
91.9~100% HWHAZ Ueht ABIE, AAZE FE glo|
27t dEES ARG ALz ZAEHUY AZYE 2
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ol 3 2y F ZAKYE 02~2 mm)E 76.4~89.4%,
AAHYE 0.02~02 mm)E 4.7-233% BHE Uelgon
FE A9 BE AALY Hlgo] Z+ZF 22.0%, 23.3%<! whd
FE C9 DE 47 9.6%, 4.7%= 2o]E B THFig. 1).
AAZE Hste] Axu 24F3FE AY ARFET} ¥
nA A2 JEE Bt 2RAAE 9 FEY JEF

T2 SHH FFHoE FEY JrAold mE §J
ol g&td F 7] HEd Y=Y zole 2FRAAEE
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Fig. 1. Content of three types (gravel, coarse sand and fine
sand) classified with particle diameter in clays.
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18.5~29.7%, 2t (Fe,05) 54~7.9% w22 ZAFH AT
ojsHtad] F 53 FE C FE DA 47 62.8%,
582%%2 EA YEtger, AsdFvlg2 FE AA
29.7%=2 713 =4tHFig. 2). FE9 ZEHEL FE 4F
25 Ay, 9ere FEZEQ FHEE Yo E(kaolinite) S
ettt dE CY D AEZEQ ErRIZUolE
(montmorillonite) S &35l tHTable 1). &S TF+HF=
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H)Z2to] E(vermiculite) §°] g EIEW AHM, FFH
A o] &% S thHwang et al., 2000). 72 UolE
(kaolinite), 2ol E(illite), 7] &2to] E(vermiculite), =2
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go u]xlE]- 53] T2 ¥EHFS /A ol nF
o] 537 Wi &I 2FE AASEH oS¢

23 92 3HCho et al, 2004; Hwang et al.,, 2000;
Jung et al, 2003). WetA] FE JE zols 2F AA
2 TS v Aotk

EF U 5552 AEZE 9 A8 EEd §F = 34

3
Hol gt FHlZ EAFTH(Chon et al., 2010). o] &
EY $X-3A T FEA &&H YA JIT
S 714 F 7] WE && JES EXE AL W
Fasith 4 2% o7t 2E, ¥&, =g, W 7, Al
¢k #E, ABSE ZE 4% BN AEHA Fhen of
AL FE A, CollA 42 0.046 mg/L, 0.109 mgLE AE
HRoy FE B, DAME AEHA &UthTable 2). oFd
9 A& Bt 98 FEIIEG mgll °lsh#H FELed

229 W& 87IE(FEAY 71 1 mglL °lsh Tk
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Fig. 2. Content of major elements in clays.

Table 1. Mineral composition of clays

Table 2. Trace elements concentration in eluate of clays
Unit : mg/L

Materials Clay A Clay B Clay C Clay D

o' N.D. N.D. N.D. N.D.

As N.D. N.D. N.D. N.D.

Cd N.D. N.D. N.D. N.D.

Pb N.D. N.D. N.D. N.D.

Zn 0.046 N.D. 0.109 N.D.

Cu N.D. N.D. N.D. N.D.

CN N.D. N.D. N.D. N.D.

Phenol N.D. N.D. N.D. N.D.

ABS N.D. N.D. N.D. N.D.

N.D. : Not detected
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33. = X1I7-I§
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7] wW&Eo]tHYun et al., 2003) A-AIZE E
0.05~5 gL AX Al 108 AAANAE dE 308S
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AAZE BAIZE Bt Al SR FF o] o] F
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FE FFHA mEtA Z2RAAZES ABTES AAZE
o Rol2 BATH AAFE FE A~CE 2xF 9 3
Al wE AAZE]l FAHA UEbgTh AR 30
% VEoR g FE A= | gL AXE A 543%, 2 g/Loll
A 76.5%, 3 g/L °1dlME 95.0% °l4 AALEE Bk
FE BE 1 g/LolA 50.0%, 2 g/LAA 74.9%, 3 g/LolA
83.8%, 5 g/L oAl AE 98.0% ol 42 AAZLES EATh
FE C9 A% 0.5 g/LoAlA 46.0%, 1 g/LAA 65.3%, 2 g/L
ANA 65.7%, 3 gLAAE 95.0% ol AAZLE BRIt}
vido] AAFEQ FE DE AYZE Hlgtd AAZE
o] Uity 1 g/l AXE Al 36.9%, 2 g/LAIA 412%, 3 g/L
ol A 45.4%, 5 g/LAlA 70.7%, 15 g/L o)l e 94.0% ©]%4
o AALES EYUhFig. 3). ¥ A79 ul7HAZE Na et
al. (1998)9] A7 wW=2H A9sd sHFGAA At
Microcystis spp. AA A@AA 271 = 2,000 ppm ©]4
AE Al 302 F 55~75%7H] AAHRLH Ahn (2010)9 &
Tl M= Microcystis7} 96%S XA she AFAEE oz
FEE 30 gL AE Al 53.0~74.6%2 AAZES BT
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Materials Minerals

Clay A Kaolinite, Quartz, Muscovite, Anorthite

Clay B Kaolinite, Quartz, Muscovite, Orthoclases

Clay C Kaolinite, Montmorillonite, Quartz, Muscovite, Orthoclases

Clay D Kaolinite, Montmorillonite, Quartz, Muscovite, Orthoclases, Iron Oxide
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Removal efficiency of Microcystis spp. (%)

O—~—C O
Clay A
—@— after 10 min
O after 30 min
50 100
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O_
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50 100
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Dose of clay (g/L)

Fig. 3. Removal efficiency of Microcystis spp. in the different dose of clay. (a) Clay A, (b) Clay B, (c) Clay C, (d) Clay D

FE 1 AAZEY Aole FEY FAHFEOIY Pdxe
zto] ol dFS wevhl dA At Avnimelech et al.,
1982; Han and Kim, 2001; Na et al., 1996; Pan et al., 2006).
FEY &FuE 4EE A W Q1 T 9F9E AAS
ZFY 43S dAstAY APdF s 2/ SH-FAS

£ AAHHolz and Hoagland, 1999; James et
al., 1991, Welch and Cooke, 1995). & A, B, Cx= FE D
Bt gFrE A& o] £& A2 IRIHJSH(Fig. 2)
oA ZRAARE Aold dTFE "AE Aotk
EHAo] i o]25tH EHS
7IABR o4 E49 FF/50] FLH(Dzombak and
Morel, 1987) 9A Fejot Fol2 n5Y Zolo uket
AEZE EF T AolE
olmz &Y ZAF, JFtESYUYlE A= FY FHE M
aeruginosa AES =5 AZEo Qe wHAE Ao
o] E(sepiolite)= A FEHZE M. aeruginosa AES T

B9 =7

o

IS stE|x| 30 M35, 2014

I!

o,

A9 X Fel =Uh. FA Wl Ev}o] E(bentonite)
3 82 IS UolERT 15~228] EUhal €EA
Th(Verspagen et al., 2006). ¥ ATl FE C9 DE
RUolEE dFstal el ERIZUCEx Fet
A7HAH S All2 A =& FFstd 27
vl P = B A3cHSengeo, 1994). B APAF
ERUZ YO EE 2 o] 20 %5 (Shirota, 1989),
Aol 93k EHZE(Yu et al, 1995) ol 2|5t
gt 27 T& WELE 2 AATYES vt
B 5% th(Avnimelech et al., 1982; Maruyama et al.,
1987; Na et al, 1996). °] W&o && C9 De YA
ZEJ vt F&50] & ALE AGHIJAT 2 A
TAA = T8 xfo]E Holx] gggrh

FEY 27 AA &S FEUAY A7 WS 97
3lthHan and Kim, 2001). Na et al. (1998)2 Microcystis
sp. AA AN FE A7 S5 AAFE Atk

=g
ol

R

g ¥ 1o

A e



EE9| Microcystis spp. MIHEE X ME|=S4EHI| 265

Table 3. Toxicity unit value obtained from 24h-acute toxicity test of clays for Daphnia magna and Vibrio fischeri Unit : TU
Dose of clay Daphnia magna Vibrio fischeri
(g/L) Clay A Clay B Clay C Clay D Clay A Clay B Clay C Clay D
0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0

I BAstRTh YAVF AE&TE A A3 FIEEE
S7tete] §A ®iEY JAdEEE Fastd 2R

sk A1 WA o] F71st7] ®Eolth(Jheong, 2001; Kim,
1998). &H, oy MPFATANA YA T FEZES YA
9 77 vl | Hdv Hol GE JAY 2/ AE
azl7t fAME W FEY 27 AA 58 HdUrt Aok
B3 tH(Clesceri et al., 1999; Han and Kim, 2001; Pan
et al., 2006; Yu et al., 1994a). Yoon et al. (1998)2 & E
YAAZIE 50 pm ©J5tE EA T B ARYE AAE]
=03 SHeH Yun et al. (2003)2 FE UA A7+
20~38 pm@ W AAZEC] FrAL BT olA”- =
4 FE QA A7 g AolE Hole AL &
ATA dEe2 g 2/ AE Z7] Ao] #ER]
dgEn £ AFolA AA ] Microcystiss A
B2 3717} FAe 4 umol A F9 um=2 W FHY
stger FE 920.02~2 mm)gt Z717F KA §
A AJEEEFE A~O)% AAZEFE D) AAze 2
ol FEY YA ATAA 7S AL AA HEH Y A
FEQJ #E Dt UHA FE Hstd 4 3717 37]
b 2o FE Y7t itrcot JZgo] LAY AAEE
S9d Aoz AGHIATH

©
)
Ay

7
i

ok

o

CE 2xsie o 71 & o2 7283 FE B
] W&tEo] Zgth(Fig. 4). 60~70% ©]¥42 AAR
Hole AAZE 2 gL, AAFE 5 gL AXTA
pH7} BF 7 oo 2 Uetgth FE A9 F¢ AX
pHE 7.2~75 H9E BPom HX & pHE 7 gL &
Al 7.0, 10 g/Lgt 15 g/LAA 7.0, AL ZXF 100 g/L
oA 6274 Has4Th FE B 4% HX A pHUt
73~7.79 WHE EAXL A¥ F pHE 7.1-~7.69 WIS
Bl 8E CY ¢ ZX A pHe 7.0~7.79 HAE &
Hom AE F pHE 2 g/L °ldtelA 7 o], 10 g/LolA
6.5, 20 g/LAlA 6.1, 50 g/LellA 5.5, A AEFH 100 g/L
X 4.87MA #4sqh FE DY B9 AX A pHe

o
>
I

e Mo ax

7.0~7.79 HHE HPoH HAX F pHe 5 g/LodA 7.2,
50 g/LolA 6.4, A3 ZEZF 100 gLoAME 6.174A ZA
stEth FEVF AXEHA FE bZZRY FHE o9
b s Hol Fiol2s FAA K Yun et al, 2003) &
E9 ALO:9} Fe057F 82822 Al(OH);$F Fe(OH); 2
S AEEH FAsto| o] AREHIA FholR FEI B
olx pH7} Yol th(Vernon and Snoeyink, 1980). Kim
(2000)2 FEY HXFo] T7/1ETE pHe YEFJOZE T
2%t 3193, Park and Lee (2007)8] AFAAE FE
1, 3,5 7, 10 g/lL X A] pH7} 7.6, 7.5, 7.3, 7.1, 6.82
Zosdh mEA E X F pH WS FEAECA
FEFE FA L HYNA FEE Fxof drh

35

FE AX T EWHE(D. magna)@t TFEE| 2 oWV, fischeri)
o W3 FANHEES FE A, B, DY ZE AIFAA
etz gokth st BE C9 A E¥E(D. magna)
< BE AXFA FHo] A &gtont dEutd
oKV. fischeriye ¥ AT HAL ZXHF 100 g/LAA =4
(TU 1.2)0] &t & AFolAM= FES 84 2 A
o Wt 5% &&° AY Utk A, BEE Microcystis
spp. MEE I g A7 wEe =491
microcysting F&35HA] FETHs H(Pan et al, 2006) S
&3 F40] AY UEA Ekd AL Alsdrh ¥R
o AFATFolr FGE Ax+e 7% AEAA J¥8 =
G&Fo] Qitta M eW(Cranford and Gordon, 1992;
Cranford et al., 1999), Na et al. (1996)2] ATFA= o]
o] Aol FAE AL At HA 59 oA E &
F gt ES KMI (2004)9] AFNAM=E 100 gL &
52 AMFEE FYsAes 4F FABER] ofF, dAF,

T gl AY itk AT FE AX T pH
Za, 8 2 FFEE 55 F7F S 95 FA=HA
IEE v F Utk FE A¥ Fo= Qs g%} 100 NTU

o
2359 oRE0] AEH2E W Adda, 5 2
1=} 7 =]

g 1

ox M

(2010)9] ATFoNA ALl (Oryzias latipes)E G2 FE
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Fig. 4. Change of pH before and after removal of Microcystis spp. using clays. (a) Clay A, (b) Clay B, (c¢) Clay C, (d) Clay D
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4. Conclusion

ol
MR

AZAA A-G Microcystis spp. & WFSZE oA

FAAZLZ F2 AHE31 FE 429 ZEAA

I P 5P S ARG

E 4% 4% 0.02~02 mm o2, F2 32
o] 28}t & (Si0,, 45.3~62.8%), AELTTE (ALO;,
5~29.7%), AF3HA (Fe,05, 5.4~7.9%)2 ZAFH AT F

FENA 7HL8 Yol E(kaolinite)’} AEH U

o

e
ki
)

Mo oo % Fll‘ o

[e] =
- BE&

b

g sts)x| H30A M35, 2014

2)

3)

& C9 DA

©] E(montmorillonite) 7}
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