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ABSTRACT: Hydrotrope-combined copper (HCC) is a copper (Cu”)-based algicide, which is combined with a hydrotrope that keeps
copper ion in solution to improve performance. This study assessed the growth inhibition effect of HCC against Microcystis aeruginosa
which is one of the most common toxic cyanobacterium in eutrophic freshwater environment. Various HCC doses, ranging from 5.5 to 550
ug/L as Cu”, were applied to either BG-11 or 1/4 diluted medium with low- or high-inoculum density of M. aeruginosa. Growth inhibition
was monitored based on a decrease in chlorophyll-a content in culture medium during the incubation. Results showed that HCC
significantly inhibited the growth of M aeruginosain a dose-dependent manner. In case of 1/4 diluted BG-11 medium, HCC dose as low
as 5.5 g Cu™/L completely inhibited the production of chlorophyll-a by M aeruginosa. It was found that HCC did not induce any
significant release of microcystin-LR from M aeruginosa. Acute toxicity of HCC was tested using Daphnia magna, and the 24-h ECsq value
was 0.30 mg/L as Cu”" which was much higher than the actual inhibition dose. Ames test was performed using Salmonella enterica
serovar Typhimurium TA100, and HCC showed no increase in the number of revertant colonies. The result suggested that HCC does not
have any mutagenic potential in the aquatic environment. In addition, no genotoxic effect of HCC was also confirmed based on the SOS
ChromoTest using £scherichia coliPQ37. Therefore, HCC could be used as a relatively safe and effective pre- and post-treatment agent
to control hazardous algal blooming in aquatic environments.
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22z20) Aba 17k pH Al o] 2] vhAl @ A|Zb2] B3)7-S gl 2007; Joh et al., 2011).
Fura wtofLje} vjo] QajEAle] Sl AR AL 1) AT (CuSOs E= CuSOs - SH.0)= 25 4|42 913
E5] A18ETL 9l Al AR algicide) % stolch Al]
*For correspondence. E-mail: scchoi@hallym.ac.kr; A BRO] FLEle 2E2E T3 BB o] Y Eof T4 Q)

Tel.: +82-33-248-2151; Fax: +82-33-242-9300



8 < Parketal

n|Eg FGEE2A, 58] FE oA A ALA = 2
8-31=plastocyanin @] =8 FLAI A Eo|tBardn et al., 1995).
Fele 2R fa Ale] HAHR 7152 18] Kol
Agk mhepe] el 2] Wk T AAANE Wels A
Al &2 o] Wk} g-af(lysis) & ks AdE UEdl=
Z o &2 A A )t Garcia-Villada et al., 2004; Johnson et al.,
2007). ol2fgt 2] o] =44 mate] 7] 23k A O] ARG
19009 Zof A Fo 2 AIRElom, oy ApA] 5o
X} 252 3171 Sl A1 3 9o, T2 B4k pH
= @A = 2 A Sl et 54 8] RobA A=
2 F A5 H S 2 (Raman and Cook, 1988; Flemming and
Trevors, 1989) A7l avfrh 7rassie] 714 Fol5 Qs
o, & T2 A A= T3 e o) 54 ankE elish]
= St (Flemming and Trevors, 1989; Wurts and Perschbacher,
1994). o]2f3t g3k wjZofl 257 Aofoll ot F-23t ] &

£ FAI8E7] floliAl= dhde] St & Foldhe Aol &
7ot 4 9Lom), ool Subelo] QI7ke Eekeh u] A A
of £8A JFE = o Sk

E AT AT H o] §24 T o] &(Cu) B
2 &Moo fAT 4 ULS W 28712 TN
Y= hydrotrope-combined copper (HCC)E thAFO 2 F2 A
o+ Microcystis aeruginosa®l that AAA s Gule} v &0
HCC o] AE=A4], S<ivlo] 14 W f 8542 717} H7lel
o] A A E o2 APARRIA iz AR 2] 2] A =
K9 7153 & BbstiA) stk

Mz 3 EE

Hydrotrope—combined copper (HCC)

H A of| A ARE-SE 27 A2 A A A hydrotrope-combined
copper (HCC)= Z5=A] A&7 21 ET-300001 CuSOs4 - SHOE
20% (W/v) 7} =] =2 H7)ske] Al 2% ATHUS EPA Registration
No. 64962-1; Earth Sciences Laboratories Inc.). HCC+= 257
o A o & Qlaf fiEl= dde]/d =4 73(pH 8.1)°l
A 71&20] Akt o Blsf 3.74) = e thet A3
AY AL lek HCC -8 U 2] o] 29 g2 5% (wiv)©ll 3f
Fol FEAg Sef=ul £33 A(ICP-OES, ICAP 6300,
Thermo) & =7 &H2l5}4 Tt

AAA] AT A EL- m| AP EA LA E](Korean Collection

=2l Al Als1d AllE

Table 1. Corresponding Cu™* concentrations with respect to the various
HCC (hydrotrope-combined copper) doses prepared from a 1:10* dilution
of the original one

HCC dose (%, v/v) Cu®* (ug/L)
0.1 55
1.0 55.0
2.0 110.0
5.0 275.0
10.0 550.0

for Type Cultures)ZH-E] HOF vko I Aot Microcystis
aeruginosa (KCTC AG30009)7} AM8-E| ¢1 S vl oF-2-BG-11
HI XS A3} TH(1.5 g NaNOs, 40 mg Ko.HPO,, 75 mg MgSOs -
TH,0, 36 mg CaCly2H,0, 6 mg CsHsOr, 6 mg (NHy)sFe(CsHsOn)n,
1 mg EDTA-2Na, 20 mg Na,CO3, 2.86 mg H3;BO3, 1.86 mg
MnCl, - 4H,0, 0.22 mg ZnSO; - 7H,0, 0.39 mg Na,MoO; -
2H,0, 0.08 mg CuSOj4 - 5H,0, 0.05 mg Co(NO3), - 6H,O per L
DW, pH 7.1£0.1). M. aeruginosa?] vjoFL 25°C, 2,100 lux,
14:10 A| 7k (Light:Dark) cycle 7 of| 4] o] o] % o, 250}
CF Al 22 vl x| of] APl FH-E 10% 4= 0. & g5k Alth
ke astotc,

d2At M. aeruginosa©l] 3t 2747 A4 HCCEJ
AZFAA A IS 71517 913) screw-capped tube (26x200
mm)o]| BG-11 8J X2} M. aeruginosa vl 9F8-& & F1]7} 20
mlo] H & g2 5 25| 52 HCC 892 H7tstqit A
% o] AFEFFHCC 8912 1/10° 0.2 3143 HCCE stock ©. &
A 23 T2 0.1-10% (v/v) H 9ol A H 71514t Table 1). o
3 10Y Bt Ag ujokstH A 24 7+A S & M. aeruginosa®)

AJZL-S- chlorophyll-a (Chl-a) 2] oF S &2 =235}4 ). Chl-ad]
=22 Standard Methods (Eaton et al., 2005)0] &3}¢]

acetone (9+1) &8 A 7 $ 663, 645, 630, 750 nmoJ| A A] &
o] B8 2 F ch ol A4Alo] ket el oick

mg
Chlorophyll —a
PRy (d7n3)

(11.64 - X1—2.16 - X2—0.10 + X3) - V.10
V.

sample

o714 X1 = Aggs - A750, X2 = Aeas - A0, X3 = Ae30 - A750

Microcystin—LR S40| 25 U EM

—

27 QA A HCCE o838t M. aeruginosas A 2|
] A|3Z 832 21t microcystin-LR 549 8% 7sAS &



M. aeruginosadi| LSt HCCO| AAtA K| 9

o} 112} 53T o] & fI5ke] flollA] A=t 1047He] A
A AY] ¢hEm 4 AR A B E AT OE FH[s13l o,
H| LE 95t OFA o) 2120 2 = bead beater (BioSpec Products,
Inc.) & AR5 &2 A Q microcystin-LR E4-0] 852 G &=
3} t). Bead beater 2] ZH5-2 ujjokoll thH] 50% (v/v) 202
glass bead (2]73 0.1 mm, BioSpec Products) S % 75t ALl of 4]
4,800 rpm O = Z}Z} 35330} 12 0] A1/ 4] cycle2 39] 5}
o] 3851 T 24 22 HCC 712} bead beater 221 =- 6}
A] 927 B ol Al -8 )<= microcystin-LR £4-F5 2915}tk

uljoFlof] 8<% microcystin-LR E4-= Microcystins-
ADDA ELISA Plate Kit (Abraxis, LLC.)= A}8-3}0] 723}
gtk o] A3 kit 4=Z0| 27 51= microcystins 2} nodularins
S AFA oz v gt HET 4 s Wk Y
OS2 54 FAZE NS 5HEES RIS Aol 723t
tHFischer et al., 2001). Microcystin-LR E4:2] B4.2.0.1-5
g/l Hefoll A Al Z=AR2] protocol o] whel =35} R EHwww.
abraxiskits.com).

SHES 0[8et 24=4 Tt

Daphtoxkit F™ (MicroBioTests, Inc.)2} 1/10°2 3|43}
HCC A& & o]-§sto] ZH| o Rt HCCO G4 =4S %
7¥8+gith. Daphtoxkit F™.& OECD (2004) 32413 ¥ o) u}
2} A A AYEE Daphnia magnaZ 0)-8510] A& A| 224 A1 7k
3D, magna®) §-4A3 @ A A4S 24 v
3} == (median effective concentration, ECso) S Probit 4] ©
2 A1E ST ECa (%) Al 8AI 0] 50% 7} A2 )
o7 = e T A= Tia(%)olH, Ao ECs (%)=
o]-&sto] el -4 Fk(toxic unit, TU)Z AAFSHITE:

o

TU= x 100

1
EC;

-

=
%3}7] 9]5}to] potassium dichromate (KoCr07) S AR&-5}0]
it S =351 A3}, 24-h ECs) gro] 1.91 mg/LE
1SO0) A A3t YIS0, 1996)21 0.6-2.1 mg/L ol 9= 21

4

HCC2o| EHtHO|&M(mutagenicity) Al
EAHo| YA AlE-2 Ames testE 7]t pre-incubation

HH(Maron and Ames, 1983) 2 2 434519 21, A]H2 &

St 52 Salmonella enterica serovar Typhimurium TA100
(hisG46, rfa, AuvrB)S& AFE5F4 T 5= Oxoid Nutrient
Broth No. 2] 4] overnight 1| 9F&}o] t<=7](2F 10° cells/ml)
Aefjoll o] 2= 5F JF b3, Allf HiSF ] 0.1 ml, HCC 34 Al &
(10°-10) 0.1 ml, sodium phosphate £+2-8-4(pH 7.2) 0.5 ml
& Este] 37°Coll A 307 X1 vl st A58 4] top
agar 2.5 ml-2 911 &3t & v|2] £H]3t minimal glucose
agar plate®]] $-o] SIAIZ] T2 37°Cof| A 484|171 B2t vl %F
Blo] BEAYSE B Zodwio] K his' revertant colony) A4
SholtE 574 tHeatyt 4 et A9 HCC A= thAl
DMSO 0.1 ml3} sodium azide (NaN3) 0.1 ml-& ZZ} Ho| ¢ o
2 AMSHRTE TA100 o= & A¥oll $HA histidine}
biotin 874, 18] 31 ampicillin W42 1] 2] &1 HE3}

HCC2| RE=Y Al

27487 AIAI HCCof| et -3/ A2 SOS Chromo
Test (SOS-ChromoTest Kit, EBPI)o]| &38}o] 43§38} o
Escherichia coli PQ37 #F5 A8 E. coli PQ37S
lacZ 8- AH(B-galactosidase gHg ol o7)2} sif4 SOS operon
(AIZEE Ao Tol)o] §3HE =HHo| Fo|tiLantzsch
and Gebel, 1997). A &S 93} PQ37S LB (Luria-Bertani) bj]
Z](10 g tryptone, 5 g yeast extract, 10 g NaCl, 20 mg ampicillin,
per L DW)ol] 2 &&}11 37°Cof|A] ODeyo 4Ho] 0.05-0.069]] 0]
= w714 A vtk Aol A @5 vlokel 100 w7
T HE FH[3HCC A7et o == (Held)el 4-
nitroquinoline-1-oxide (4-NQO)E 10 ulA-S njg] E53}9]
= 96-wel 1 microplate 2] Z}wellof] E-35}3137°Coj| A] 120E
7 ufjeFslH A SOS §H-2-8 G- & 519 th. HHe- 5 B-galactosidase
9] 4 =AS 93l O-nitrophenyl-B-D-galactopyranoside
(ONPG) 8- 100 wlA-& Z7Fahar dA(FEEA) F =& 2l
314tk SOS ChromoTestE $3HHCC A| 2= 1/10°= 3|3t
HCCE stock 02 A %3+ thS 1/10°747] 3]4(1,000-0.001
mg/L)sko] ARESEITE A tHEEE ¢l 4-NQO9| A -5- 10
mg/L 23l stock-2 ©]-&3f| 1/647}A] 3]4](10-0.3125 mg/L)5}o]
AHE-SFA TR

Zn} gl =t

=+ x<

K

HCCOl| SISt M aeruginosal| 4%t X

A NN = F=2=AE M. aeruginosas 335 IBG-11 Y
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257 —&— Control(no addition)
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=
o
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=
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Fig. 1. Effects of HCC (hydrotrope-combined copper) on the growth of
M. aeruginosa in either (A) BG-11 or (B) four-fold diluted BG-11
medium. Stock HCC solution, which was prepared from a 1:10 dilution
of the original one, was dosed at 0.1-10% (v/v).

A e R A HCC 7 1=Fo w2 M. aeruginosa2] A7 A 35
B71sFATkFig. 1). ow] 2744 A4 HCCE 1/10° 0.2
3] 43} stock 8282 1| %] o] 0.1-10% (v/v) H 22 H7lsl 0
], ujoFelof 4] o] Cu”" - & FhAksHH 5.5-550 pg/Lo] sl
Stch HCCE 371814 92 ti&tol|Al+= Chl-a 5 =76
AT} T 2.6 mg/dm’ 7HA] 2|42 02 275k A9k HCCS
0.1% (viv) #2202 7 Aol A= Rt E ot E4]
3] Yo sz o2 =715l thFig. 1A). £3] HCCE 2-10%
(VV) 202 H71st et A= Chl-a 527 A&E3H
TN 7228k M. aeruginosa®] A70] 100% A8l =)=
A0 &2 YEpyttt o] g A= 1/42 3|43 BG-11 HA| bl
Ao A HGA S o B2 FR151A UEFLEA 0.1% 52
HCC H7Hto 2 &= A2 100% AAE 5= 912l chFig. 1B).
w2k HCCE 37t Al | o A= 2712 &, 2 G g
of oet A Fx17F A A A o 2gt A a7t F Al
4= Stk oluf| M. aeruginosa®] Y7ol B a3k
FeFo] A2 0 2 W2 2 U4E A A A9

[e] = [e] hl
Ot A &7} G Fazol ofRt AE A A FeTrhar a4

35

—— Control(no addition)
309 | —e— 0.1% (viv)

—h— 1% (V/v)

254 | —O— 2% (wA)

—O— 5% (v/v)

g
=
g’ 204 | —2— 10% (vv)
T
EREE
[=5
5
2 10 A
@)

05§

0.0 4

0 1 2 3 4 5 6 7
Time (d)

Fig. 2. Effects of HCC on the growth of M. aeruginosa in BG-11 medium
containing high-inoculum density. Stock HCC solution, which was
prepared from a 1:10° dilution of the original one, was dosed at 0.1-10%
(V/v).

ot

= ok

Fig. 2= M. aeruginosa®) 4% 5 =5 o2F 7TH] A= Z7HA
1 BG-11 HA|8] Z] o] 4] HCC 7} w2 M. aeruginosa2)
AN S H71e Aatolr). 27| AlE WErp A Ao g
o 2719 % Bek A AT A ehgh 53
AR ol 2-10% (v/v) 4230 2 H 718 HCC= Chl-a2] 4
%91 24 A2 B ] Theg AV o141} ob 2k Al
FES G =5 A0 2 AETH(Fig. 2). 3FA|9 M. aeruginosa
o) A WEr} AP A 0 5 v 2710l 4 T2k HOCS] A
s sckeb s 2 ul(Fig. 14), A2 WEZH T A0 2 e
2704 BT AR E SE317] S HCCS] £
apo] ] 402 Z7hElolof 8 Ao walr,

P oz N

p

S~

filjo

Microcystin §& 7t Tt

Fx2ATo] AASk= E4= A (hepatotoxin) 2} 4
= 2(neurotoxin) 2 F-HE|B, 71 Fo}A) Uepbs S
ZH=24> 21 microcystin©| Tt} Microcystin-2 771 2] ofu] Ak
2 JAE 84 cyclic peptide 24 554 SHIE, o] 7,
AFEFEL ol &4 = Aoz AP A JleHCodd and
Poon, 1988; Neilan et al., 1999). AlAEA7]7H{WHO)=
microcystin 5-0]|4] leucine (L)¥} arginine (R)& $H7-3t
microcystin-LR £4-9] 284 20| 3|85 == 1.0 uyg/L=E
okaL Qe G ZR oA Aot AE EES 083
o M. aeruginosaS 2 2]t ujj Al| 32 Wof] £ 5}1= microcystin
o gl ® §EF o] Y| = ANE 2T U= AL
2 H % ¢ thKenefick ef al., 1993; Jones and Orr, 1994;

ol
o rlr ox



M. aeruginosa0]| CHSt HCC Q| AMEf x| 11

Table 2. Effects of HCC (hydrotrope-combined copper) on the release of
microcystin-LR from M. aeruginosa

Test samples Microcystin-LR (ug/L)
Stock HCC?, 0.1-10% (v/v) <DL
Negative control (no treatment) <DL
Positive control (bead beater treatment) 0.181

* Prepared from a 1:10" dilution of the original HCC
® Detection limit (0.10 pg/L)

Zhou et al., 2013). Weha] & Ao A= HCC7} A 225
microcystin-LR 45 {93t -0 2 FA)7|=%] &9l
g a7} itk HCCE o] 85 gl tof 44 1/10° 2 8] 4]
3k stock HCCE0.1-10% (v/v) H 912 H7Fskela, o iz
o)l A= bead beaterZ A&-51o] B2]Z 2 2 microcystin-LR
540 55 FE5H3UTh Table 204 Led vEeL o] M.
aeruginosa N5 Fe] & 02 o3k o thxFol A HE
% microcystin-LR £4:9] 5%+ 0.181 pg/Lo] 31 o4, bead
beater 2} HCCE AHE-81A] 98- 547 thi & vt oh2t0.1-
10% (v/v) +=o2 HCCE H7FeE HAufx|ofA S4H
microcystin-LR £4:9] 5= L 5F HE35HA|(0.10 ug/L) 1]
qho] iek. wheba] A% A AR o g FHe]o] jA4 o 7| x5}
I = HCCE F2AE Y S dAlIste fra d7bs=
(0.1-1.0%)1 4 2y ob}e} 71 o] 440] 5 1E(-10%) 4= §
offt 07 BAE 8541717 SFonE QHlsh A48
R

%9l Aom BrhEch

=HE0] cist HCCe| Fd=d

EHE D. magnas o|-&sto] 274 AAA HCCL] 24
AIZE F4354 (acute toxicity) Al S=eYstlch G454
Aol = HCCE 1/10°2 3] 43} Al A RS ALgsg o,
A A7 35% =5 et A=l A D. magna7t 50%9]
FBABNECs0)E = Ao 2 S = U ch(Fig. 3). o] nff Fof
71 ECs0 (%) 2.2 5] AlA4HE TU (Toxic Unit) 4H22.860] %)
th TUE o] 83t A=A A =5 E53) Persoone 5(2003)
of W= 1 <TU < 10 ]l Sli= - Class I119]| si55l=
a/d=/dolch

Fig. 39] D. magna®| 4i$t HCC2| F4573 AldollA 50%
FRAME ol Az e 2] 9] $74 %= 2F0.30
mg/LO| Itk D. magna®l T3t SHitt2] o] G4 =702 Hargt
E3ollA ECsorx YERE= Cu k= ¢F 024 mg/LEA
(Merck, 2001; Kovacs ef al., 2012) HCCoJ| 323}l Cu?] ECso

ol ZRoIA HALE L Q= Pt AR ol e &

100 A

Response (%)
2

0 10 20 30 40 50 60 70 80 90 100
HCC dose (% v/v)

Fig. 3. Acute toxicity (24-h ECso) of HCC sample on Daphnia magna.
HCC was prepared from a 1:10° dilution of the original one.

Table 3. Mutagenicity test of HCC (hydrotrope-combined copper) using S.
enterica serovar Typhimurium TA100

Samples Revertant (CFU/plate)
DMSO* 165 +20
NaN;° 3,080 + 56
1:10° HCC 149+2
1:10* HCC 135+5
1:10°HCC 14249
1:10° HCC 172+ 1

* Negative control
® Positive control

HCCe| SHHO &M Tt

274 ARA HCCE 1107141 1/10°742] 843k Al =
= A715F9-2 wl(0.1 ml/plate) S. enterica serovar Typhimurium
TA1009] thet A=A o] HeteE Alegh A4S Table 3
ol ekl e}, Salmonella w55 0183 BE Aol A1
A8 w58 FAAV ol A7) 2] gkl Lt frame shift o]
2ol Q3] FAE| = his ZEE his 20| &
R oz A Sl o S 54
o] ko) 2uff o]l HALE Yo w
A st Maron and Ames, 1983). 12 A of A NaN; & A&
20| BEd o] A 2ha=DMSOE AN &

198} Q&= F718ke] 73t Aol e
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UER o, HCCE B ARl &7 2t AR =
o] HHE Aol Yt YEh Slti(Table 3). kA
o vt £HEdo] S7HE YA g2 HCCE &9
Holddo] gle Ao A

HCCo| SH=M AI™

SOS ChromoTest+=E. coli PQ37-& SAEAEZY =&
Al7]H DNA EA|7} A8 %] o] 3= %] += SOS response % &
AP B g Aol 53 lacZ reporter -5-%1219] 7]
ZBFHHHS-S 0]-8351= vy o]tiQuillardet and Hofnung,
1985; Lantzsch and Gebel, 1997). SOS ¥H-3-0] =525
UE) = B-galactosidase 2] A== ONPG 7] 0|3t
HhA ] © 2 31013} 4= Q) SOS ChromoTest=DNA of] <=4}
& §05 20| B7iol HeIH o] 88 Bk ok
obuieAl 5 914 £219) WS WA b 5% 23 o)
(Quillardet and Hofnung, 1985).

Fig. 4= HCC2}4-NQO (Y t=a) 9] +-8=/d5 7}
3}7] Y3 =33 SOS ChromoTest2] Z1}2 A, 4-NQOZ #]
23t A Fof whE A A =0 Afol o} T F 4wl
°F0.3 mg/LO] oAk FH5EE Fste A o2 UE
Weh LU HCC 9] 79 A9l of] 2183 stock -§-0-2 H|Z3E
L= A A RO A -0 3 =] A o] UpEkUER] oF 55 o
ABFACHFig. 4). o]&gt A= HCC7Z} A3 of] £ =
ok FASAEER A8 7hsAd o) vl Rk AS 9]
gk

olAye] Auk el 47 AHEE /|E T2 7uk 2Rl

-

T -

Fig. 4. Genotoxicity of HCC (1,000 —0.001 ul/L) and 4-nitroquinoline-
1-oxide (4-NQO; 10 —0.3125 pg/ml) tested using SOS ChromoTest Kit.
Samples were added from high (top row) to low (bottom row) doses.

n e A ASIY AlE

AR FAS AT HOCT} A4 02 25 o Alo]
RS AN AP e AR AR A 5§31 42 5
912 0.2 Y|t Fich ERHHCCE of ] Zwofl 4 Ao 2 5
AN ATt §REE 7 B ol WY ABSH: b=
SEoA SO g SRS G gho B R vl obd
S Abg-E 4 9l o= bk

8 2

Hydrotrope-combined copper (HCC)+= 18] 9] 243 &
A|817] 1ol GAakte] oF X/ 28715 AAIA AT
o] ol e(Cu’) 7]1ke) 254 O]k 2 g1z 2o
A o] BEsh= o 2] Q1 W ZR A4 Microcystis aeruginosa
of| theF HCC o] A7 A sl| & vtE 7183t o] & $15ke] M.
aeruginosa® & & F= AR BG-119] 314 A=
£ 2EsHA 2] o] F = 7% 5.5-550 ug/L 2§ ol A
HCCE H7}8}ar AAA 8| & 1= chlorophyll-a 5= 2] H3}H
2 SA3I3ith HCC= M. aeruginosa®] A7 @A 3] A3l
slem S8 /42 343 BG-11 A Ao A= 7] o]
295w PP ] 55 g7} ElE HCC Frho 2w
WA 3] elAfels RS vt HOCe) #7129
3| A 32 2 EE] microcystin-LR E4:7} & & =X] &F2l5t 4
Foll Al HCC+= M. aeruginosa®] A34-& AA|5k= -8 5=
Ak oy e} Z1 o) 4o] 5 I(550 ug/L) oA = maE 8 A
7|4 ¢k A o= 2RI Qiek RHH SWS(Daphnia magna)
of| thZFHCC 2] F-d 5 AR ol Al 50% P A 3lE P71 Al
7ol g FEl9 FEe 0F0.30 mg/LEA AEA faE

= A4 3]sl F7FR HCC Y S Ho| A o s
AL H71517] €154 4233t Ames test W SOS ChromoTesto]|
A& HCC= M. aeruginosa®] A7 A -85 =5 4 2]st=
FE FRoME EAHEER A8 Y A o & et
o|Fo] Autz 5E 7|& ] 7Nt 2 /A% AAA 9 IS
NAAZHHCCT7H 454 o2 257 vl 4] o] HAYS= A ol A
AP T ARA 2] A A B A QB Skl 5851 A 2 4

oS A0 7|,

Zjel 2

o] Q=013 7h 2k A7 2| A E of 4 4|23k 37
714 AT APEALS] O] 2| ATHA BB 13-4-30-33) 0.2 434
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