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Abstract

Currently chlorine dioxide (ClO,) is considered a promising disinfection
material for aquaculture uses due to its high solubility and strong oxidative
power. This material is, however, easily degradable with the sunlight and not
hydrolyzed, barely leaving secondary residual materials in the water. Thus, it is
instantly volatile after disinfecting pathogens and likely minimizes the risk to
aquatic organisms. Only a few studies on chlorine dioxide were carried out in
the field of aquaculture.

This study was designed to find fundamental information on chlorine
dioxide to use it practically in the aquaculture field. This study consists of
two parts as follows; 1) Experiment 1 - Acute toxicity tests of chlorine
dioxide on two different fingerlings of seawater fishes (black seabream,
Acanthopagrus schlegelii and red seabream, Pagurs major) and four different
types of live feeds (Isocrysis galbana, Nannochloropsis sp, Brachionus
plicatilis, and Artemia salina), 2) Experiment 2 -  Disinfection efficiency of
chlorine dioxide in the culture media for four different types of live feeds
(Isocrysis galbana, Nannochloropsis sp, Brachionus rotendiformis, and Artemia
salina).

In Experiment 1, median lethal concentrations for 96 h (96LCsy) were found
at 0.14 and 0.24 mg CIOyL for black seabream and red seabream,
respectively. Based on the specific growth rates of [ galbana and
Nonochloropis sp., no observed adverse effect levels (NOAEL) were the same
with 0.05 mg ClOyL, while median effective concentrations (ECsy) for those

microalgae were estimated as 0.535 and 0.648 mg ClO,/L. Rotifer (Brachionus
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plicatilis) showed the same NOAEL as both microalgae, while its 24LCsy was
0.641 mg CIOyL similar to the level in Nonochloropis sp. For artemia
(Artemia salina), 24L.Cso and NOAEL were found 5.99 and 2.00 mg CIlO,/L,
showing the relatively higher tolerance to chlorine dioxide compared to the
other organisms tested.

In Experiment 2, the regrowth rate of Nomnochloropis sp was inhibited by
83% compared to control with the treatment concentration of 4 mg ClO,/L
under the concentrations of 0.94 mg TSS/L and 2.67 mg COD/L (P>0.05). Its
regrowth rate decreased with increasing treatment concentration, showing a
67% reduction to control at 16 mg ClO,/L, while bacterial growth was
inhibited by 98.4%. No inhibition in regrowth of Nonochloropis sp. was
observed with 2 mg CIlO,/L, but only a 60% reduction in bacterial growth was
found.

In the contrast, the regrowth rate of I galbana under the concentrations of
1.28 mg TSS/L and 2.67 mg COD/L was not inhibited and bacterial growth
was successfully inhibited by 95.4% at 8 mg CIlO,/L. compared to control. For
rotifer (Brachionus rotendiformis), no mortality was observed and bacterial
growth was successfully inhibited by 97.7% at 16 mg ClO,/L under the
concentrations of 1.62 mg TSS/L and 2.67 mg COD/L. Based on the TSS
concentration, the regressions of bacterial inhibition rate for MICy and MICy
were estimated as follows: Y=7.4481X + 0.8416 (R>=0.9901), Y=10.823X +
1.8756  (R?=0.9512). respectively (Y: bacterial inhibition rate, X: TSS
concentration). Artemia (Artemia salina) at the culture intensity of 1,000
individuals/mL survived 100% and bacteria were entirely removed at the

chlorine dioxide concentration of 50 mg ClO./L. Chlorine dioxide appears to



effectively disinfect for live feeds and be promising in aquaculture uses.
However, an effective concentration of chlorine dioxide for disinfecting live
feeds should be carefully determined, considering that different effects can be
manifested according to various factors such as culture intensity of live feeds

and demands in culture media.
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2.2. U A ZF(Microalgae)o| w3l o]Aksld &9 A AA 3|

=4

BoelAs FAgAN F2 olgshe 4R MARR 2 F

£ Bsa oA AE A% YFAN JFS Fohus] Aste] 54 o

& H7ke Ak

221. A8 AE

A& A &2 Nannochloropsis sp. (KMMCC-33) ¢} Isochrysis galbana
(KMMCC-12)2 A3 2574 F
A Ao, olu 3~4Y HASE AUulE SEATE A EAl v A =

LEHE7I(121C, 1582 7hsE Ft 3k F/28] | (Table 1)E AF8-3F91 2w
20

H dddE &7 AAuds shuA

ksl A4S 2% 20£1C, F# 100 ymol'm *:sec 'l A FF7] 24(%)

mAl R A 5A4AES ASTM  E1218 - 04(2012)  (Standard
Guide for Conducting Static Toxicity Tests with Microalgae) 7}o] =2}l
of wet AAEAT

AL ngERI121TC, 152 7k B F2wA 20 mLe whE
Hirdk  125mL A Eg2Fd €S 3 Nannochloropsis — sp.
(KMMCC-33) ¢ Isochrysis galbana (KMMCC-12)& 7z+7F 1x10* cell/ml

o =2 AHFsAu olF HFEH oS L(ClO) HY AA
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(EOTECH, Busan, Korea)E 7Zt7} 0, 0.05, 0.5, 1, 2, 4 mg CIOyLY %

2 A3 5 dvd vz 2esidv. 2ed Edtaas 2% 20+£1C,

-

.

4% 100 pmol-m *-sec!, FF7] 24() 1 0(eh)e] Aol A 96 A+ FQ

’

=

F wAlERe] BRs HAlsdth(Table 2). 25 A7+ 3
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Table 1. F/2 Medium used for the toxicity test in microalgae (Guillard RRL &

Ryther JH, 1962)

F/2 Medium
Stocks per 1 L
(1) NaNOs g
(2) NaH»PO,4.2H-0O 565 g
(3) Trace elements (chelated)
NA:; EDTA 416 g
FeCl;.6H>O 315 g
CuS0O,45H,0 001 g
7ZnS04.7TH20 0.022 ¢
CoCl,.6H,0O 001 g
MnCl,.4H50 018 g
NasMoO,.2H20 0.006 g
(4) Vitamin mix
Cyanocobalamin (Vitamin Bi2) 0.0005 g
Thiamine HCI (Vitamin B;) 01g
Biotin 0.0005 g
Medium per 1 L seawater
(1) NaNO3 1.0 ml
(2) NaH2PO,4.2H20 1.0 ml
(3) Trace elements stock solution 1.0 ml
(4) Vitamin mix stock solution 1.0 ml

_12_



Table 2. Test conditions

for

the

toxicity test in microalgae

(Nannochloropsis sp. and Isochrysis galbana)

Content Details
Nannochloropsis sp.
) (KMMCC-33)
Species .
Isochrysis galbana
(KMMCC-12)

Test system

Static, non-renewal

Test vessel

125 mL Erlenmeyer flask

Initial cell density

< 10,000 cells/mL

Temperature 201 °C
Culture volume 20 mL
Culture medium F/2 medium

Light quantity

100 pmol-m *-sec !

Photoperiod(Light : Dark) 24h:0h
No. of replicates 3
Rotative velocity 70 rpm

Test period 9 h

Evaluation

Cell growth

_13_



ojAtstd e T E Al A dulE A¥E = A H2d 2
dpell whet A ZF7E 100% 4 AsE dEble A w9k 0% 4

F ANE deE A 52 A9 F B NG9 oML FE T

- A 4 (hemocytometer) S o] &3te] wWHE Al 3t & H] A HE(SGR;
specific growth rate)s AAtste] 4o AL&-3F ThH(Table 3).
ArE HAFLES vy ez BARNS Aldgsdern, SPSS 120 54

ZRI9E ol &ste] olitstd el Wt mAlEFe Wb e = (ECk

k1
Z
o
>
=
.
e
o

half maximal effective concentration) % F43s
Observed Adverse Effect Level) & At=slth oju], WFFdds =
Probit AR HHES o83y, FIFTE

testE Al 35} T}
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Table 3. The equation for calculating the specific growth rate

(SGR) in microalgae

SGR = LN(N-Np) / t
N; : Cell density after incubation for t days
No : Initial cell density

t . Incubation period
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2.3. ZY|Y(Brachionus plicatilis)o] %3 o] Asld Ao FA

%4

= dAE Ao 2 FA Ay HolAER o] &= =E I (Rotifer,
Brachionus plicatilis)®| 7%= o|itstd o] S H7tstr] flste] o]
st A R WE ZE IO AEES ZANSA T

Ao Alg¥ ZE|Y= 7 eHBP00S, MicroBioTests, Mariakerke,
Belgium)& F3HA17 AR&slown, ojuf ALE3E sl¢e Hi A dr=
&% 2521°C, ¥ 100 ymol'm *-sec '¢] A A oF 2447k T+ H5HA
Atk FsfAZE B2 7] AR W oju] Hokek A= #HAYE F v
35 FEstor, tA] H35i7h AlE " 5 243 oo JHAE A F

o o]-&3Att.

o] 2ks A A (ClO el e 2H O] S FFS &2lstr] fste] =4 &
7hol=gFel ASTM E1440 - 91(2012) (Standard Guide for Acute
Toxicity Tests with the Rotifer Brachionus)ol uwg} 23S A3 &}l o}

M
(0]

ro

AL 48 well plates ©l-&3to] Zb wellel 1 mle] EidsirE &5

T F3kgk A 2A17F olule] REHE 7} well B 1094 FALE A

sto] &35tk ol AF=ZHE olAtsdAE 0, 005 05 1, 2, 4, 8

mg ClOyL9 =7} H X5 F=U F 24A7F &< <5 o] 5 (AS-BII0,
&

_'c'[);
AL oluf Ho] FE2 glloen 2k=

i

A-Sung Tester, Korea)ell <
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2551Co A "ol Q= &4 fAssleon mE AP 6uE gl

(Table 4).
AE A= AF AlF 24413 ol AnF S o] &5t ElEl o o]
o ZEjF e AE JATE AT AT FdsEH S AAsta

Aol FAIgE AEjel A of 17 ol &dEs TAF A= coronadl &2
= gl HAIE #HAF JHAI R s e itk

ojxtstd A FxAl  wWE REHO REEAANEE=(LCs;  lethal
concentration for 50% of exposed population) % 4 3F = (NOAEL :
No Observed Adverse Effect Leve)E AF=317] 18te] ZEHH A& /A
FE WR O R SPSS 120 Z R A A8t oW, wEAAlE R
Probit 3|74 & o] &3l o, F+9&8F5%E= One way ANOVA testE Al
st FEAE HAHES Al Levene AAS HAAFlon FiEA]o] SR

% o] Duncan’s multiple range testZ ©] 83} t}.
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Table 4. Test conditions for the toxicity test in rotifer (Brachionus

plicatilis)
Content Details
Species Brachionus plicatilis

Test system

Static, non—renewal

Test vessel

48-Well plate (polystyrene)

Organism/well 10 inds. per well
Test solution volume 1 mL/well
Temperature 25+1 °C

Age of test organism

0 to 2 hour old neonates

Photoperiod(Light : Dark) Oh:24h
No. of replicates 6
Feeding None
Test period 24 h
Evaluation Survival
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2.4. LH v o} (Artemia salina)dl] 3 o]A3tE A2 FA4
=X

A ZF 2 ZE 9 A FA A Hojo] HolHER Ho] o)L
Y= dH P oM Artemia salina)ol ©|AFStE AV WA= GEFS H e

95l FAEAAANT S AT

241. A8 AE

A derof UG eH(SEP Art, INVE, Salt lake city, USA)< 20+
1CAA 304 2 5§ ol §3tel FaAAOM 2318 A rotifer 23
52 W o 243 o ujel AAE FA9 Astel ALg e,

o] AFst A & (ClOp)oll thigh dHmole FAHAFIFS st st = A
¥ 7lo]=2kel ASTM EI1203-98 (Standard Practice for Using Brine
Shrimp Nauplii as Food for Test Animals in Aquatic Toxicology)el w
ot A3ds Al

A3 6 well plateE ©]&3sto] ZF welloll 10 mle] Edai4E 53

ol5 7t well B 107He]¥ F2H9i= A

sto] &kt ol F HAIEAH olitstdAE 0, 005 05 1, 2, 4, 8

mg CIOyLY FE7F HE5s Y3
&

_'(}5;
st olwl Ho] ¥H gl

-

A-Sung Tester, Korea)ol 4 e
2551 TCell A "ol Q= A4S FHstden ReE AL 6vHE &3ttt

(Table. 5).

A3 shele olslels ¥ A7 A3 F A mole] HAAE el



=
o4zt A sk wE  dHWFolY WA AREE=(LCsy;  lethal
concentration for 50% of exposed population) % %<3 % (NOAEL :
No Observed Adverse Effect LeveD)E AF&317] flste] &Hv|o} A& T
A& SPSS 120 Z2IaFelM E48 vk ofw, W= Alg == Probit
AEAYHE S o]l on F9dFFE= One way ANOVA testE Al

sl SEAA S 98] Levene AA S AA o SRl &
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Table 5. Test conditions for the toxicity test in Artemia salina

Content

Details

Species

Artemia salina

Test system

Static, non-renewal

Test vessel

6-Well plate (polystyrene)

Organism/well 10 per well
Test solution volume 10 mL/well
Temperature 25x1 °C

Age of test organism

0 to 2 hour old neonates

Photoperiod(Light : Dark) Oh:24h
No. of replicates 6
Feeding None
Test period 24 h
Evaluation Survival




w
p—
L
s
il
HE
Y
il
o]
2
2,
E)
e
9
2
Lt
g,
b
Lo
|
o,
J
o,

311. AAHF A% FFE XY BEE

HEE Aol FE AoE ddoR HAAG olihstdae] +
Bt Ao AEE We 4945 247 Fig. 19 20 Yy sich
A3t w2 0, 005 0.1, 0125 mg CIOy/Lel &l 745 xole] 192
Az Bt AFE AELLS 47 96, 100, 100, 96% = YERSTH 1y
0.15 mg CIO/L & Xl 7241%F 0.2, 0.3, 04, 0.5 mg CIOy/L A&
24N 0 B ARt HE Aoje] Aol BX olitsda

oZ:

=

J}ﬂ

% o

T 0, 005 0.1, 0.125, 0.15, 0.2 mg CIOY/L §=olA HF AEES 27
77.8, 889, 889, 87.8, 68.9, 63.3%= WEtRO L 0.3, 04, 0.5 mg ClOy/L
&l Zh7F 120, 48, 24 A1ZF Wl B ARSI T
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100

80

60

—@— 0 mg/L (Control)
—O— 0.05 mg/L

—¥— 0.10 mg/L
—/\— 0.125 mg/L

—— 0.15 mg/L
—{F 0.20 mg/L
—4@— 0.30 mg/L

—>— 0.40 mg/L
—4&— 0.50 mg/L

& & = C & o
48 72 96 120 144 168 192

40

20

Survival rate (%) of black seabream

Time (min)
Fig. 1. Time-course survival rate (mean+*SD) of juvenile black
seabream Acanthopagrus schlegelii based on the ClO,

concentrations.
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—@— 0 mg/L (Control)
—(O— 0.05 mg/L

—¥— 0.10 mg/L

—/— 0.125 mg/L
—— 0.15mg/L

—{1 0.20 mg/L

—— 0.30 mg/L

—>— 0.40 mg/L

—A— 0.50 mg/L

& & & &
0 24 48 72 96 120 144 168 192

40

20

Survival rate (%) of red seabream

Time (min)
Fig. 2. Time-course survival rate(mean=SD) of juvenile red seabream

Pagurs major based on the ClO,; concentrations.
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3.12. FAF Aolg FFE Aol AAE = (LCso)

AAE Aolsh FE Aolel AT A HE I A4 FE

!
o

295 Fig. 3% 4o "etlidth. 2 =3 s A4 &8 -
= fFAFHAL bEbst e, oAl e A7 Adides HE el
Abstd ae] did] =& WAdS YERd T A 33X, elapsed time) 2
A4 FE(Y)l ik AAsE(Z, LO)) AadAAE a3 2

A= XoJUNAF 194423 g):
Z

0.080 - 5598/X™ + 0.129Y (X: 24~192A1%F, Y: 0~1)

e AAAUNAF 749182 g):
7Z = 0187 - 1919/X% - 0275Y (X: 24~192A] 7}, Y: 0~1)
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Z =0.080 + 5.598/X"° + 0.129Y (R® = 0.9768)

n,Zz)

ncentration

[=]
-
[3,]

0.10

0.05

Lethal co

0.00

Fig. 3. Prediction model for the lethal concentration of ClO,; in black

seabream Acanthopagrus schlegelii based on the exposure

time and mortality probability.
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Z =0.187 + 1.919/X"® - 0.275Y (R* = 0.9067)

ncentration
n, 2

Lethal co

Fig. 4. Prediction model for the lethal concentration of ClO,; in red

seabream Pagrus major based on the exposure time and

mortality probability.
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(96LCs0)= Z+7F 0.14 2 0.24 mg CIOy/L = et

Fig. 5o Wehf AT 96413 b= A|AL

Np

7]

=
=

& 5= (96LCsp)

139} 1.1 g ClOykg fish « day '(H 1 1.2 ClOy/kg fish -

Fe 77
shsiet.

o
day-1)& A}

E
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@ Black seabream

.Y = 9.16X - 0.0003 (R? = 0.9999)
41! (O Redseabream
. Y = 4.49X - 0.0184 (R? = 0.9994)

Specific loading rate of CIO,
(g ClO,/kg fish day™)

Il\

|
I0 14 mg/L IO 24 mg/L
0 Cj I I I I : I

0.0 0.1 0.2 0.3 0.4 0.5

Target concentration of ClIO, (mg/L)

Fig. 5. Specific loading rate (daily total feeding rate of ClOs/total fish
weight) of ClO: in black seabream Acanthopagrus schlegelii and red

seabream Pagrus major.
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3.2. FHZF(Microalgae)o| w3l o]Ak3ld &9 A AA 3|

=4

Isocrysis galbana®} Nannochloropsis sp. & Ao 2 A|33F o] xk3}
Fao HAHoR Qg vAlEFY AFE WSS gt flal vl 96
AlZke] A7 44E A3E Fig 69 Table 60 WERH AT,
st aell et I galbana ] 473 As S4AFe A5 olitstdd
25 YA ¥ dxzTE 27HTLE 1x10° cells/mLell A 96 A17E
o] % 213+20x10" cells/mL® °F 2138 A sl A7 G E(SGR;
specific growth rate)e] 1.339+0.023 el ojAk3td A& 0
ClIOyL ztellA % o]} fALetAl Azt AAEo] 1.346£0.011= e
=k Hlaste] Fo Al AAANE EhHA FRAARE o] ikst g A
£ 05 mg ClIOyLY #E=2 AHgs AdF+ diddEo] 0551+0.065
2 gz H& 7oA A HAE ek BE o] AkstH 49
Hi %< 4 mg ClIO/LAAE L galbana®l AE7F 43 ALE &
nAlzFE #2725 glalth(Table 6).

wekA, I galbana © ¥ ES vtH o R AFEE olibstd Ao gt
I galbana 2 ¥t 35 = (ECs: Half maximal effective concentration)

+ 0535 mg CIOYyLAo™ HF93&F5XE(NOAEL: No Observed
Adverse Effect Level)+= 0.05 mg ClOy/L = 2F&=% At (Table 7).

s
r>~
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.
o

—
(%]

S
IS

Growth rates (day)
o
oo

o
o

0 0.05 0.5 1 2 4
ClO, concentration(mg/L)

@ /sochrysis galbana

Fig. 6. Visual growth comparison of Isochrysis galbana. (Top)
Concentration - dependent growth inhibition (mean+SD) of
Isochrysis galbana with various ClO: treatemtn concentrations
for 96 h (Bottom) (Asterisk means they are significantly
different with P-value of 0.05).
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Nannochloropsis sp. 1A 96A17F w Y olF x4+ %27] HTF%
o Hlasto] oF 250 vl Fk AdAete] AiHdFE ] 1.380+£0.005 ©] L
o o]Atsld A 0.05 mg ClOyLelA%= FdstA 250 ®) Ad%shd
1.380+0.005% wHx7-¢F Hlaste]l fFojn|gk 4 AsE AT 5 gl
o} a8y o)Akt 4 0.5 mg ClOy/Lol A= Nannochloropsis sp.2l 4
ol AA AsEo] LG EC] 0593+0.169 = FRIF A ow o]ikst
92 4 mg ClOyL °lA+E Nannochloropsis sp. 7} thi-% A4E 3 )
(Table 6, Fig. 7).

w2} A Nannochloropsis sp. 2] ©]4Fstd A9 vk s = (ECs) I
galbana Bt} k7 =& 0648 mg ClOyLelw F<¢3% %= (NOAEL) &
I galbana®t L34 0.05 mg ClOy/LE YEFETHTable 7).
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1.6

1:2

0.8

0.4

Growth rates (day)

0.0
0 005 05 1 2 4
ClO, concentration(mg/L)

& Nannochloropsis sp.

Fig. 7. Visual growth comparison of Nannochloropsis sp. (Top)
Concentration - dependent growth inhibition (meantSD) of
Nannochloropsis  sp. bwith  various ClO, treatemtn
concentrations for 96 h (Bottom) (Asterisk means they are

significantly different with P-value of 0.05).
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Table 6. The effect of ClO, concentration on specific growth rate

(meanzSD) for 96 h Microalgae toxicity test

ClO. Specific growth rates (day %)
concentrations
(mg ClOy/L) Isochrysis galbana Nannochloropsis sp.
0 1.339+0.023 1.380+0.005
0.05 1.346+0.011 1.380+0.005
0.5 0.551+0.065 0.593+0.169
1 0.355+0.143 0.300+0.322
2 0.144+0.125 0.371+0.016
4 0.000+0.000 0.000+0.000
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Table 7. The median effective concentration (ECsy) and no
observed adverse effect level (NOAEL) after 96 h

treatment of ClO, to microalgae

Isochrysis galbana Nannochloropsis sp.
ECs
0.535 0.648
(mg ClOy/L)
NOAEL
0.05 0.05
(mg ClOy/L)
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3.3. 23 (Brachionus plicatilis)d] 3t o]Atstd A9 FA4

%4

2
rr
H

B3 A& A7
.05 mg ClOy/LelA

oAt A AE AYEA FE tHEol
10+0.0 inds/well2 100% A& L o]Ahsd 4
AE MAT7F 92404 ind/well 2 91.67% A3t SAH =2 794
ol WAIS a7k vEhdA] ekth ey o]Akstd 4 05 mg ClOy/Lell
A= 82+1.2 ind/well & 81.67% AEdte] o] w% 3t o] FHHE 2
Bl o A7 Ao m Attt 53], o]4kstd 4 1 mg ClOyL
oAM= ZE]H AE JMAST7E 0.7£0.7 ind./well 2 27 v AE&
o] 6.67%% HASA TSR, o4kt A 2 mg CIO/L ©lde &%
T A = BF AME S tH(Table 8, Fig. 8).

weba], o]Atstd A B wo] wE 2E 9 (Brachionus plicatilis)®] &
2ek Ayl o|Akstd o] o8] = E| ¥ (Brachionus

=)

M

MA +& &4
plicatilis)7} 50% A AFE = WA AFEE(LCss;  Lethal Concentration
50%)+= 0.641 mg ClOyLZ g, ZE T AE HAE dIFS 7]
2 A ke FAAFE=(NOAEL : No Observed Adverse Effect Level)i=
0.05 mg ClOyL2o. 2 AF&5 It (Table 9).
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Table 8. The effects of ClO: concentration on the cumlative survival

number (meantSD) and survival rate in rotifer (Brachionus

plicatilis)
ClO, e ) , .
) Cumilative survival Cumulative survival rate
concentrations
number (%)
(mg ClOy/L)
0 10.0£0.0 1000
0.05 9.2+0.4 92+4
05 8.2+1.2 32112
1 0.7£0.7 e
2 0.0£0.0 0+0
4 0.0=0.0 0+0
3 0.0+0.0 0+0
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100 _
L 80
3 g 60
; S
S 2 40
S 5
(Vg
& 20 .
* * *
0 L 99—
0 005 05 1 2 4 8

ClO, concentration(mg/L)

Fig. 8. Concentration-dependent growth inhibition (mean+SD) of
Brachionus plicatilis with various ClO, treatment
concentrations for 24 h (Asterisk means they are

significantly different with P-value of 0.05).
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Table 9. The median effective concentration (ECs) and no observed
adverse effect level (NOAEL) of ClO, in rotifer (Brachionus

plicatilis)
Brachionus plicatilis
LCs(mg CIO, /L) 0.6405
NOAEL(mg ClO»/L) 0.05

_39_



3.4. gH ol Artemia salina)ol] 3+ 0|43t HAe FA

54

e v ol (Artemia saling)E o= A8t o]akstd & 0, 0.05, 0.5, 1,
2, 4, 8 mg ClOyLell digt 54 =44 A3 Z3}E Table 10, Table 11,
Fig 99 Wi At

PEzFE v 5% olakgdd4A 1 mg ClIOYL7EAl = AE /MAlTE 1010
ind/well2 100%9] AE&S YERARAAL oJ4tstd s 2 mg CIO/LolA &=
AE AAF7F 9.8+04 ind/well2 Fo] 2 AL FAE F9 T F AN
t}.

o]2tstd & 4 mg ClOYL FH AEE&o] HA Hadtes FAE 2ioH
HAu1s%E 8 mg ClOy/LAlAE 25+1.0 ind./well7} AE3Fe] oF 25% <] A
&5 UE WA (Table 10).

wreb A, o] akstd Aol dlgh dH V] ok (Artemia salina).f] WA AREE
(LCs0) ¢t 9 3¢5 = (NOAEL)+ 5989 mg ClOy/L, 2 mg ClO/Lo 2 A&
= A TH(Table 11).

o
m

_40_



Table 10. Survive rates (meanzSD) in Artemia salina with various

ClO, treatment concentrations

ClO,
concentrations Survival number Survival rate (%)
(mg ClOy/L)
0 10.0+£0.0 100+0
0.05 10.0+0.0 100+0
0.5 10.0+0.0 100+0
1 10.0£0.0 100+0
2 9.8+0.4 98+4
4 6.7£1.1 67+11
8 2.5%1.0 25+10
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Table 11. Median lethal concentration (LCsy) and no observed adverse
effect level (NOAEL) after 24 h treatment of ClO, in

Artemia salina

Artemia salina.

LCso(mg ClOy/L) 9.989

NOAEL(mg ClOy/L) 2.00
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ClO, concentration(mg/L)

Fig. 9. Concentration-dependent growth inhibition (meanzSD) in
Artemia salina with various ClO; treatment concentrations
for 24 h (Asterisk means they are significantly different
with P-value of 0.05).
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0.3 mg ClO/L ©°]% XA 24~120A1F W 5 HA}

15
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s

3)

B3]

23l 2 % (demand)©]

HHoE ol olatshd &9

g ol

o

o

F 0.167 0.33 mg ClOy/Le]lt}. Bae ¢

]
H

Lee (1999)& 5.73~6.14 g =7]9]

g], ©

Wl Aolz <la] vEhd Aew ®melth Bae 9

1}
Py

mg ClOy/Le]t}. &

S

st ae] o
Lee (1999)= A@el olitstd4E 1, 10, 100, 1000 mg ClOy/Le]
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WAz, 2 B dHu|ote] 54 FUHE AAG 23 vA xR 2T
(Isochrysis galbana, Nannochloropsis sp.)¥ =¥ ¥ (Brachionus plicatilis)
o] FPdFFrrE oiglda % 005 mg CIO/L ollom, duxozw
e v ok (Artemia salina)”F 2 mg ClOy/LZ o]Ak3ted Aol 3k W7k =7}
7 gk

Kim et al. (2003)°] 29 s Fol AFate FHEHD 2 COD 5%

Marta et al. (2018) ©] wWZW, total residual oxidants (TRO)e| ti3|
Achnanthes sp. = 0.23 mg/Lol A 7T2A17F o] % 50% A A A NS Hon
Navicula pelliculosa = 2.79 mg/Lol A 50%2] A&A &S HAtia H
3t k. w@ v AZRFY 4% Chuang et al. (2009) )X %= 0.2 mg/L
o] A& FxolA AL FdS mthE B3 A2 o &)
T "AZFY A9 Lopez-Galindo et al. (2010) += Isochrysis galbana

and Dunaliella salina ¢ TRO o g ECs #tel 2Hzb 291 mg/L <
173 mg/LE Hixo] Fo wg} 5452 oist gtk e] o)zt & A



S ¢ F AUtk o= B A At v uwstS W Isochrysis galbana 7}

ArEE o] TRO o digh 54 M=

)
r b
b
o2
B
(@]
(o))
o)
(@)
8
B
=
=
o)
o
&
To
fru
-

9 TRO 022 mg/LlA 7935 =(INOEC)A 2.,
1.63 mg/L °]49 H& FFo Fo|A ZE Y A|XEVF H
tha ®aE wh glth(Davis and Arnold. 1997). o]+ ¥ A Ao =
BT o] o]t Aol gk FAAEE 0.05 mg CIO)/L o Hl3] =2 X%
Awk o]4kstd A 05 mg CIOYL A% Ht 82%< AE=&S HS 2
of vlustH FARgE FXef AZtETh 1y TRO B & A £ 3t
ke AbstAldl 2E ¥ 7E o e A ek S desivde 4
o wet oA A A F HjGFidE RE Y A ZE F3 3 vy
I dastta Bzren
Wilde et al. (1983)¢] <ol 4] total residual chlorine (TRC)®} o]4ts}
A9 5A4E& fathead minnowse ©]-&3sFe] Bl LSSt o] HE oAl Ao
TRC+= 96A1F LCs #k©l 0.08 mg/L, 4ol 035 mg/L¥ o,
oAzl A= Xo]d wl 0.02 mg ClOYL, Aold w 0.17 mg CIO/LE 4
Eutth. ol Aol HlE] oJitstd e FAdo] AorEew °F 1/4 %

oA e el

date] o] Bt B ARE WYGS u Hol 4B B FA B )
At S4IFS Frshed mgol 9 Aoz W,
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=
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M

t}(Pascho et al. 1995, Yoshimizu et al. 1995; Oh et al. 1999; Ann and

o

/2)1—

9] biofouling &

14, UV 9=

9]

[e)
IT

Rimstad 2001). Z2&v #5F 9F9)

A7F A7) S 9o duk

I
LN

1 el gl

o3

=

iAW

o3

o=

2

o] A3} A (ClOy) 9t #Fold 24HHOCHF 9 2 free chlorine

F8A Aol
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bodojupA ol o QA mAE Slslgel Auzow uir

(American Public Health Association, 1995, Junli et al. 1997b).
o2t d AE A 7122 amino acide] A A, ribosomed TERH

s}, mRNA®] =&743t ol o3 Azt v &@d Ao J&F= vA=

Aow dE A drHSogawa et al. 2020). T3+ o]4FE < A phenols T

AA AN E Gk ollel, Amute] v, A % A gatate] w

ge B3 AEvte] R34S WHAA ATE A E ACEE W

LTt HEFAR 4TS 7] AL ele) s BH 8
G2 W Aom A Jbd, e BEAG Lol FE, L%, AT
A7 Fol olabstgael Aol JFE Fa Aok 1eu} olakstg o

3

At 2E2 pHell AA 3= A &7] MEdl v Al vl 3

et al. 2008) o]ttt d 4o AFAH SEol= o2 F&Eo] & L Ho ok

F we A7} o] Fo
A gel dig dEdAd W AR BEG el

Aol HolAES &l FA 2 Xofol] gk wlojy A Hwe] A
g 7bsAo]l By ¢lth(Lambert and Nicolas, 1989; Muroga et al

1990; Otta et al. 1999). =& Hol = wiF Al=gleo A WAdst= B2 &

il
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o F71Re] MAEE 29T A Hhole

o|N

(o
)

9]

a7 AdtH(Skjermo et al. 1997). 3k Verdonck et al. (1994),

o] f&= B
Lopez-Torres and Lizarraga—Partida (2001)%= o]2]3F 2% 7oA
FE HolWELS FHHAAA FAAE ek vrolej A AR wf A

2 AW A 7bede] mopdval skt

A, FAAEY FA 2 A-o] @Al wpolejx B AlE TE AR
A3l Hol =9 2HdS Aojetar FAsteE thdFe WHol A= U
(Mzimba and Steinarsson 2013).

webd, B AN FA RN HAZF, =
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2.1. PlAZF s Fdgol A ol dLe dHEE

211. 248 AE
A mAzEF A AT Fo=2 AFESE Nannochloropsis sp.
(KMMCC-33)¢} Isochrysis galbana (KMMCC-12)E %42 & oA ol &

AgHE FEA DUEE EE F 480l A

PN
Hu
i
2
ol-
ol
42
i)
—
0
&=
=
O
02,
o
3
s
["_8{.'4
ol
&
>~
zad
Of
ol
)
=
>,
o

F/2 =]
o & 1148 ubFo] 5o A Al oiul gt A F X5k o

5¢ Fot HiYHE MAEFe A= B LFAEE V] fste &
F % (0D, Optical Density), & H-F=2(TSS; Total suspended solids) %
3184 A4 8 72 (COD; Chemical Oxygen Demand)S =43t}

&3 %=(0OD, Optical Density):=  spectrophotometer(Optizen 2120UV
UV/Vis Spectrophotometer, Mecasys, Daejeon, Korea)E ©]-&3}o] 680nm
oA =AH3H oY, F FHFEZ(TSS;, Total suspended solids)> 2 -&
4 Ao wet wigfels AT dEsto] 80T =dfo] oA 24 AIZE

Az 5 oue 48 GHA TAS Addste] BASAh HeH An

-
o

(COD; Chemical Oxygen Demand)2 &3 AAgHo| wieg} Lzt

8
94 HPAABEYS o §3te] SR

o] A3} A (Cl0y) A4 A A(EOTECH, Busan, Korea)oll tal w Al ZF
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o
ol
ol
32
id

1.396+0.003, 1.4838+0.001% =AY Nannochloropsis sp. <t Isocrysis
galbana ©| 5% x| o)A AE AHod & HolAEI Ao Wks
= ¥WEsATh

AA, o] Akst el e mAlEFe A ofFE gRlstaratl, o]kt
28 & vA 1 mL A AEste] AAE2 7 (Smart 15 Plus Micro
Centrifuge, Hanil Science, Daejeon, Korea)oll 4] 3,000 rpmo. = 10% &<t
AAETT = AsdS AAFo=A AFEE IFAth oFEA g
MES 20 mLe ¢ EA7|(121TC, 1568)2 7 Bask E28XA A A
s

ARE B AlAzERE &% 20¢1C, FF 100 umol'm *sec!, #F7
24() 0} Z=AAAA 96AIZF Wk = spectrophotometer (Optizen
2120UV UV/Vis Spectrophotometer, Mecasys, Daejeon, Korea)Z ©]-& 3}
o] 680 nmollAq FF=E SAst] AP GRS FdsAnt

t&o], mAEFe Aol Fdd ojistd i il F-{kol A
Pz vluste] A AEE &21sl7] ¢35 Marine agar (BD Difco
N USA) B3 vjxo] o]igdaE Ad mAzRF wgas =ishe]

35+£1TCel A 7272 wjkstdon, zt wjxlol JE FHFIAEH(CFU,

colony-forming unit)& AlFste] Al Ao E3E sttt
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ox nAER ¥wjYH ZE I (Brachionus rotendiformis, Aquanet,
Tongyeong, Korea)g& Twiste] At&stdon A= 2 2LAAEE 7=
7] 93te] & HHEA(TSS; Total suspended solids) % 3184 24 Q
T-Z(COD; Chemical Oxygen Demand)< =4 38}9) th.
% FHEA(TSS; Total suspended solids)e T4 Algdyel wz}
HiFel S dA R dEste] 80T =gfo]l oA 24 Azt Ax3 $ v
A9 ZEA FAE ALete] SAkedv =3k sekd g
=

(COD; Chemical Oxygen Demand) =3t =2 F A g Ho| wpe} Lzt

Al ZF BHFEACTSS; Total suspended solids) 2 38tz A4~ Q 42
(COD; Chemical Oxygen Demand)S =43t em  ZHz; 1.624+0.095
mg/mL, 29.36£1.07 mg CIOy/L= 2% At}

o AT O AR RE Y A4S ANE TIEorste] o4t

o|2 flstol, ol NEY A F ZEV A L 2B YuE Hl)
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of Wolggzae] /A §4 ¥E HAAT. AARAL LA A
Me 200 mhele] 2E % f9%Ee BUStL 4A el

b 35S TA3FAL coronad] 715 S A MAES HAF AR BEEA

o
At AE AEs ZE Y agAS TEsto] 3521TCAAAl 72413 8 gst
gom, ZF wxlo FAdE H=FIAHH2(CFU, colony-forming unit)E 7l

Fato] iz b Al Alo] 23S v w sk},

222 =ZEY g dxo wE o|A3gire] ATFES
A I
2EY W% FEol wmel o]AEHA(CI0) 4 AA(EOTECH,

Busan, Korea)oll th3ak A& 2 A Ao AL zo]E &eldtax &

old  AdgolA Ag¥® FLdI}  ZE W (Brachionus rotendiformis,
Aquanet, Tongyeong, Korea)E& Twlsto] AL&stsom F FFEZ(TSS;
Total suspended solids) % 3}3t4 4FAQ G- (COD; Chemical Oxygen

Demand)2 Z}+2Z} 1.624+0.095 mg/mL, 29.36+1.07 mg/L&= &<2l% 3t}

TUe uEE 2ZE Y wjdAS dAEZ AdA 1/108, 1/1008) 348t
Aom ojitstdAhe] T 7 sAu& wek Zty] 924 dASA

(Table 12).
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ojatstd el whE Alwt AsiH Fele s olitstd4a A 108 F

Marine agar (BD Difco™, USA) H3t wj#|o] =w3lo] 3521T oA 724

o &z wiRel FAE HErs Aol JRIADRI(CE,
colony-forming unit)& 78t th. Al ¥ dolHE nlgo® 7243t o]
T oojdstd e el whE AT AdES tEd 22 F4(Table 13)
S ol&3to] Atasd

ERE AFEE oSt A sk wWE A AsES nAtg o R Aol
90% A& %= FE(MICy; Minimum Inhibitory Concentration required to
inhibit the growth of 90% of organisms) % 99% As¥ = TE& &7
S 2 1 (SPSS 12.0 program)< o] -&3}o] &3t}

3 22 E MICy R MICw®] gt 2 kol thHrAlA, & FraZ2el

w2 ottt 2 Alst Aol tiE A4S AEs A
fex ]

Hiol, ZElNe Wwd meb o ABHGLE AW ofF 2E¥ A
g Hoastel Mol 4BEAY UG RASE o NHP 2 FE T
& alstgok
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Table 12. Experimental ClO; concentrations to confirm the
bacterial inhibition efficiency in the commercially used

rotifer (Brachionus rotendiformis) culture

Rotif I o
otifer sample
(mg/L)
Undiluted 0, 12.5, 25, 50, 100
Dilution
} 10! 0, 1.25, 2.5, 10
series
1072 0.125, 0.25, 0.5, 1
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Table 13. Bacterial inhibition rates in the commercially used
(Brachionus rotendiformis) culture with various

treatment concentrations

rotifer

ClO,

Bacterial inhibition rate = (CFU.~CFUy/CFU;)x100
CFU, : Number of colonies according to ClOZ concentration
CFU, : Number of colonies when treated with 0 mg ClO»/L
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2.2.3. o]A3 L AT mE AHEE

2 13kstd 20 Ag] F=ok Ad At wmE Al AsiH A
oS #elstr] #1ste] Al sttt

I ZE Y= dA FY3 ZE Y (Brachionus rotendiformis,

e
>
el
rlo
o

>,
e
=
>

Aquanet, Tongyeong, Korea)E AM&3stdlon F FFZZ(TSS; Total
suspended solids)<  1.624+0.095 mg/mL ©°]1 1, 3}std b3
(COD; Chemical Oxygen Demand)© 29.36+1.07 mg/L °] %t}

HA, olitsld 48] AE Aol ofitstd oA AE AIHE @
gete] 1 WeS Folstdon (Test A and B, Table 8), o]%& A &%
LA e AEAE #AG e o
Ed &5+ 733kS 5 A3l sked(Test C, Table 14) B] nl 3} T},

mg ClOyLel A& TolA= 22t 1023 2024
=EE AET U Aol 2AEJ oY, EEQ 100 mg ClOy/Le %

2
rlr
L)
>
L
filo
()
X
_0|L
R
=
O%F

TolA = 2z 5EF 1024 =59 AFT Wl Aol ZAHIIT wg
o] Ab3} A & o] abito] o] aEtd A F el Ay A 7to] Hl#@EE=A gelaly)

fal o]4kstd A 25 mg CIOYLE 202 AHgst Agd+3 oitsd 4 50
mg CIO/LE 10 A2 A&+, o]4kstd 4 100 mg CIOY/LE 5% A
st A o]4kstd 4 200 mg CIOY/LE 258 AHEsh Ada ul Aol
ZAFE AT

7} A8 G- Marine agar (BD Difco™ USA) 3 wjAo] %23}

3
5C oA 7247 Wl F 2 WiAlo] WAE Aess Afeel dARAw
43

FJU

#(CFU, colony-forming unit)S Al4kslo] A
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Table 14. Bacterial inhibition rates in the commercially used rotifer
(Brachionus rotendiformis) culture with various ClO,

concentrations and treatment times

ClO, ) )
Test Treatment time (min)
(mg/L)
749 10
A
25 20
100 5
B
100 10
25 20
50 10
C
100 5
200 2.5
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ANE AE

2.3.1.

glujope] S el o] &

o)
=

A AEE

1

oH

o] &3}t
3l A]2~E(SEP Art, INVE, Salt lake city, USA)

=
=

(Artemia salina)

A}

=
=

]

o

5

o e m o} 5}

]

my!

Fol 1891819 35 g9 A

8 g3

3)

=Ry

F o™ 30%

S

&

L=+ 9F 1,000 ind/mL

]
=

B 1] o} (Artemia salina) 2

w2}

7 ol

[o%
=

B &EA(TSS; Total suspended solids)S & FAH A

<

to] 80C =tfo)

ZE s

Mo

=0

H

R

2.3.2. A

2= 0, 25, 50,

TR

<

gujol 54 @Al 7|Eo = o]

oV

o

kA A7

bol erevote] 4

S

75, 100 mg CIOyL = A&

glwoke] A&

O

Tz Med 200 vk ¢

<
T
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& IIAE HA AR AT

olxtstA s AP A B2 txTol tHlske] dHEv|oke] FjAFIF
oo HAsHA @2 FEY A AdHS Flstr] 918t
Marine agar (BD Difco™ USA) #H3t wj#|o] ojitsd AS g s < n

o wikelE Lmshe] 35£1°TellA 72417 wjeFstl o, Zb wjA el FA
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3. 243

3.1. FlAZF wFgol AT ol dLe dHEE

3.1.1. vAzF AZF

Ag el AF-8% Nannochloropsis sp.2l &8 %(0ODggonm) = 1.396+0.003 ©]
dom F HFEA(TSS; Total suspended solids) 2 3}e+# Abi Q5
(COD; Chemical Oxygen Demand)< Z+7} 0.942+0.051 mg/mL, 20.06+1.27
mg/LZ =74 5 3t

2 Ao olitstdAE 7z uAEFe 0, 0.05 0.25 05, 1, 2, 4, 8,
16, 32, 64, 128 mg CIOZ2Z/LZ A gs & A2 wjxdd &HAA AdEE
et 1 A9 271 HF A F38%=(0Dessimm) = 0.068£0.008 2.,
&% % (ODggonm) = 0.347+0.003¢] A#E EMY
A A AeE AdEdeH 2 mg ClOy/LE olitstd s A=
AETAAE AT F FE=(ODssmm) -~ #ol 0.328+0.0052 =
ANOVA-test 23 thx-¢ Hlwske] Fo] %l Zpo]E HolA] okt =1
2} 4 mg CIOyLe| oltstA4E At A9 A 2343%S d=x
7o °F 83% =AM oA 4G A7 AFEHAT. I oS A
o A7t S7hekel wel A A&l EokA 16 mg ClOy/L ol A
= WET9 67% A=rt A4 H3dv ob&e, 32, 64, 128 mg ClOy/L
Ax= AHF A 27 F35=(0Dagonm) #ET S FAZ o]4kst g 20l
o] mAZF7E AFESE Aoz dAdE At Table. 15, Fig 10).

\1
N\
>,
Y
=
o2
ot
=
BN
-
1o
n‘.

F
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Table 15. Regrowth rates (meanzSD) of Nannochloropsis sp. with

various ClO; treatment concentrations

ClO,
concentrations OD(680nm) Regrowth rate(%)
(mg ClOy/L)
0 0.347+0.003 99.6£0.9
0.05 0.340+0.009 97.6£2.6
0.25 0.346+0.018 99.5£5.2
0.5 0.337£0.010 96.8£2.9
1 0.327+0.010 94.1+2.8
2 0.328%0.005 94.3+1.3
4 0.288+0.016 82.7+4.6
8 0.268+0.008 76.9£2.3
16 0.234+0.001 67.3+0.2
32 0.033+0.006 9.5+1.6
64 0.007+0.001 2.1£0.2
128 0.004+0.004 1.1+£1.0
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Fig. 10. Visual growth comparison of Nannochloropsis sp. with

various ClO,. treatment concentrations.
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Isocrysis galbana®] 74-%- A &ol| Alg&¥ w]&FN ] F33%=(ODesonm) #k-
1.488+0.001 ojlom, ol F FfHEd B 53 b e ol 74zt
1.276+0.044 mg/mL, 23.5+3.03 mg/L=Z 74 % At}

A 2 v Fes o] &ato] ofAtst Aol WiF A oARE QT
mg CIOyL A A@d77kA thzxel el #24<l

8
87 Asl7E SAEA ko, ojqtstd s 16 mg CIOY/L §XkolA = A

E

4% T2AE o]F  FHE(ODssonm)®l  #kol  0.127£0.0120.2  tiT
0.255+0.003 °ll H]3}o] oF 50% AEvk A AT

T3 32 mg CIO/L °o]49 F=77d s Al HE Al 27 F3%
(ODgsonm) 2] 0.081£0.008 K.t} $r& $=X5 Wolm= A FstA] H3la A}
ok Ao 2 JddEri(Table. 16, Fig 11).
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Table 16. Regrowth rates (meanzSD) in Isochrysis galbana with

various ClO; treatment concentrations

ClO,
concentrations OD(680nm) Regrowth rate(%)
(mg ClOy/L)
0 0.255+0.003 100.0£1.3
0.05 0.258+0.020 100.9£7.9
0.25 0.240+0.011 94.1+4.4
0.5 0.247+0.013 96.6%5.3
1 0.244+0.021 95.4£8.1
2 0.261+0.011 102.2+4.1
4 0.239+0.011 93.5+4.2
8 0.231+0.006 90.6+2.2
16 0.127+0.012 49.6£4.9
32 0.041+0.006 15.9+£2.2
64 0.035+0.006 13.7£2.2
128 0.034+0.003 13.3+1.0
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Fig. 11. Bacterial inhibition rates (mean*SD) in Isochrysis galbana

culture with various ClO; treatment concentrations.
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3.1.2. AlF Ao

Nannochloropsis sp.2l % HHE52d 92 334 Aithg o] 77
0.942+0.051 mg/mL, 20.06+£1.27 mg ClOyL ¢ ¥ %= uj<F Aeje]l -5
AT olabstd A AEl F Aol tixTof Hlaste] 9% Aol

Fold % T A3 552 2 mg ClOy/LAA T tir] 60%<] Al
o AlolE gl tH(Table 17). FAZ+= o|itstdAE AHEshA] &
)zl A 88+22 x10° CFU/mLe] Alyte] &<le Wi, o]itsld 4 2 mg
ClOyL A& FolA 356 x10° CFU/mLe] Alite] &A= At

g ojitsld A 8 mg CIOYLS Ags AdFolAe dixTol b3
76.9%7F Aggstol woHom Aol AAHAARS At 89.2% Ao
= At

ghA, 0]4kstd 4 16 mg ClOy/L AgsEol e Aol 984% Alolx &
A3NE BPARE thxzTe Hl&) 67.3%% AT =AU
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Table 17. Bacterial inhibition rates (meantSD) in Nannochloropsis sp.

culture with various concentration of ClOs

ClO
’ ) Colony—forming unit Bacterial inhibition
concentrations (CFU/ml) te (%)
m rate
(mg CIOy/L) )
0 88,333,333+£22,501,852 -
1 36,383,333+5,001,333 58.8
2 35,433,333+6,333,984 59.9
4 10,233,333+4,346,646 83.4
3 9.546,667+1,226,808 89.2
16 1,393,333+£178,489 98.4
32 430,533+50,576 99.5
64 1,733+£759 100
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e}
N
~
N
~

Ao AMEE L galbanad F FHEE 2 s1eA A Q Ao 4
1.276+0.044 mg/mL, 235+3.03 mg/L. Fom o]itstd Ao digh At Ao
22 Table 18 o YEFH A o] Nannochloropsis sp. ol 1|3l &dgt
oSt A FrAAAE ¥ =2 A AAES YEFHATHTable 18).
w3l [ galbana = Nannochloropsis sp. ° Hl&] ©§ =2 o]xt3d i
¢l 8 mg CIOyL 7hA WAl =79 Aol A=A Fgkom oluj
A& 954%7F AUt I galbana vjFHe] o)Azt AE 16 mg
ClIOY/LY =2 Agatd, At 99% A= mAlzFe] A4d3e o
ZToll B8l 50% 8 AsE = A= YEE

O

o

&

H
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Table 18. Bacterial inhibition rates (mean=SD) in Isochrysis galbana

culture with various ClOs treatment concentrations

ClO
’ ) Colony—forming unit Bacterial inhibition
concentrations
(CFU/ml) rate (%)
(mg ClOo/L)
0 225,166,667+37,597,65 -
1
1 67,233,333%7,749,570 70.1
P 30,483,333+5,177,435 36.5
4 18,550,000+5,125,183 91.8
8 10,446,667+964,642 95.4
16 2,158,333+359,942 99.0
32 464,400£25,398 99.8
64 1,650+£867 100
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FAENA HolA=r tFstr ol &Hal = ZEHE ATl AR
a3 ARES sk ZE S wke] o Alst Ale] ZheAdel el &

I Z+7; 1624+0.095 mg/mL, 29.36+1.07 mg/LZ FAH At ZE S wj
st HAFNAZF 10% w9kl A

< A&@st o HAEo] 10%7F A2 45+ dds JdskA FA

2
rlo
-
ins
o=
o

Ao ZEH wjgde ojitsldAE 717t O, 8, 16, 32, 64 mg CIOy/L

2 A3 & =E|Ho HBALS ATt 2 A o)ikstHAE At

Z79 A% 2007e] F 93%7F AEstR oW, 7%= HAME A

Az FAHAS o, o]iksd4 16 mg ClOY/Le sFXE7kA = 93% 71 A

Tote Aoz gRlso] 79 Blusto] Fol 2l HASIHE &l E A

Ut W, 32 mg ClOy/L FH & o4 oz JhAl47F F7Fske] 2007}

2l 5 34% 7} #HAeIS o™, 64 mg ClOyL oA+ 94%7F #HAFSHA
(Table 19).
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Table 19. Mortality of the commercially used rotifer (Brachionus

rotendiformis) with various ClO, treatment concentrations

ClOq Live Death
(mg/L) (%) (%)
0 93+1 71
8 93+1 e |
16 94+1 g1
32 66+5 34+5
64 6+5 94+5
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w3k o]atatd hof oA ZE| T AE 2 Hold
o olksld A 16 mg ClOyYL T% AdFoAe] A
A 2T A 16645 x 10° CFU/mLS ¥Hd o] 2ksted A 16 mg ClOy/L

oZ:
é
o
ol
o
N
2

4
2
Ol
ol
il
fo
["O
o

Al

2

a9e gels

3, 9 w2 o]

ﬁd
2
.ﬂ“

et 8 mg ClOy/L % A Fold wogAds
10+1x10° CFU/mL 2 93.6% At Alo] 7} = ),

a8y, ZEHZE 94% FHAFSE olibstd Aol FHa aEEQl 64 mg
CIOy/L ol A<= Aldte] 100% Ao = AtH(Table 20, Fig 11).
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Table 20. Bacterial inhibition rates (mean*SD) in commercially used
rotifer (Brachionus rotendiformis) culture with various

ClOs treatment concentrations

ClO
’ ) Colony—forming unit Bacterial inhibition rate
concentrations (CFU/ml) (%)
m
(mg CIOy/L) X
0 16,666,667+539,290 =
3 1,063,333£107,510 93.6
16 389,167+44,256 97.7
32 124,833+13,382 99.3
64 00 100.0

_77_



0 mg ClOy/L 8 mg ClOy/L 16 mg ClOy/L

32 mg ClOy/L 64 mg ClO»/L

Fig. 12. Visual comparison of bacteria colonies in the
rotifer(Brachionus rotendiformis) with various ClOs

treatment concentrations
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322 ZHY Mg 2= W& oA dL ATEE

dgelx 2EHE FYAMA AMGHA ARG AL, FHSE 2ZEAE
AbEEA el AZb S St REHE AbEEe A9 2ET S Uk
el Al s Alofstr] g olibstd x| wwrb dEbd £ de el #

AEES gtk (Table 213 22).

oAbt A~ E AeetA &S ETe A AT 134+6x10° CFU/mL
ojRot, s|AskA] 22 ZEF wjgde] o]itEdAE 125 mg ClOyL
A2l g Aol e 62+4x10° CFU/mLE ¢ 95%¢] Alwto] Alojd AL
gelstgdnt. m3 o]atstd s 25 mg ClO/LY F=Z Asds we
15£1x10° CFU/mL=Z w2 uiu] oF 98%9] Alito] A=At 12,
ZEy gde 1/1082 343 Ao oA AALE 25 mg
CloyLe sz A v 692:93x10° CFU/mLE 95% = Ao ¥ ¢l
o™, 10 mg ClOyL H#st¥e wf 99% Aol Asfwo] wjFkads 34
a2 er2 o] Hls) o] stAne At Aol © Eolxl A& F<
atadvh g 171000 3] ¥ =9 wjgee] A9 o]4kstd &27F 05 mg
CIOYL ¢ uwl iz div] 98%<] Alito] #lojxo] ZEw ] Fmel bz}
ol abatd ol At Ao o] PdEtx= AL FASHTh olu], ZE|H Hj%
Mg A EA e dHel A= o]4Fstd 4 100 mg CIOyLE A &lst
w 100%2] ZE]¥ 7} HAber vbdE ZE S kS 1/100] 8AE A
of o]atatd 4 1/109 FTx2 HE3 10 mg ClIOyLe o)tstd i 4
TFol A= iz FolHd Aot flv AEES Bt
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Table 21. Bacterial inhibition rates in progressively diluted rotifer
(Brachionus rotendiformis) culture with various ClOs

treatment concentrations

o . ClO, Bacterial MICg MICgq
Dilution series of ]
Gt concentrations  control rate (ClO- (ClOs
rotifer
(mg ClOy/L) (%) mg/L) mg/L)
125 954
25 98.8
Undiluted 13.22 19.71
50 99.9
100 100.0
Dilutio 1.25 715
n 107! 2.5 94.8 2.96 6.57
series 10 99.4
0.125 0
72 0.25 67.8
10 0.49 0.67
05 97.6
1 97.8
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Table 22. Survival rates (meantSD) of rotifer (Brachionus
rotendiformis) in progressively diluted culture with various

ClO; treatment concentrations

Dilution series of IO - Survival Mortality
rotifer BRI IL T rate (%) (%)
(mg ClOo/L)
0 93+1 7+1
25 88+5 1245
Undiluted 25 83+1 17+1
50 9+2 91+2
100 0+0 100+0
Dilution 1.25 93+1 8+1
series 10! 2.5 92+1 9+2
10 92+2 8+2
0.125 97+1 4+1
10 0.25 96+4 4+1
0.5 95+1 5+1
1 93+2 72
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ZE Y wjgHe] F RGEZA(TSS)o] weE oAzt A9 Al A 3= o
Bk BAAS AT A 90%2] Aol Alo]EH = MICy (Minimum

Inhibitory Concentration required to inhibit the growth of 90% of
organisms)S UWEFE 3 74]S Y=74481X + 0.8416 (R’=0.9901)¢] %L
99%¢] Alite] A% i= MICy (Minimum Inhibitory Concentration

ro

o
qae

required to inhibit the growth of 99% of organisms)E F4
Y=10.823X + 1.8756 (R*=0.9512)2. 2 el th(Fig. 13).

olyi gt AE FTFste] F AT 9% AojE HixE T uf A}
A g FEqAM aFEH s ojitEd 4 == 1971 mg ClIOYL &
H, 108 3|AgE mjFdolA g TH= oitEd i FEE 657 mg
CIOyLz2A ojuf HAe] FSe 2E L Ao dF FFo] AS AL
2 qAEY F2Y AE ZEHHY AT o] s Ao dAdd
=3
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Fig. 14. Counts of bacterial colonies in various ClO; treatment concentrations and treatment times.
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3.3. &Elmote] v g Yo h3t ojitFFAe dFEE

2 A% AMgE nE:E dEH Aol F FEZ(TSS;  Total
suspended solids)< 2.257+0.135 mg/mL, 3}8H% AHAQ F=(COD;
Chemical Oxygen Demand)< 20.38+0.82 mg/LE &2lEglon o]43tY

25 7247+ 0, 25, 50, 75, 100 mg ClOy/L A& Ay Fig. 1569 2t}
o]4kstd &~ 50 mg ClOy/L o|slol A= ZH | ol7F 100% AL AL
75 mg CIOYLAlA 97% AE&S BRIt 28 100 mg ClOy/L A 2 gt
AT A= BF APEste] 100% AAbES g8kt
Ei

2

o|Atsld A8 Ay stA] X tEFAA 70+5x10° CFU/mL ©] A3 7
of H]&lo] dH Wolr} AHES o)Akt & 259F 50 mg ClOy/L °ll A
o] ¢k 3] Ao = A tH(Table 23).

H
E
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Fig. 15. The effects of ClO, on survival rate (meantSD) in

Artemia salina.
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Table 23. Bacterial inhibition rates (mean+SD) in commercially used

Artemia salina with various ClOs treatment

concentrations
ClO» ) ) e
) Colony—forming unit Bacterial inhibition rate
concentrations
(CFU/ml) (%)
(mg ClOy/L)
0 7,000,000+500,000 -
25 4.150+819 99.9
50 0£0 100.0
) 0£0 100.0
100 0£0 100.0
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= AFelx aEERE didE ZEH(B.
rotendiformis)® 4% % FE2 o] 1.624+0.095 mg/L, 29.36+1.07 mg/L
Vo2 olaEdAi FE 16 mg ClIOYLE AHsds wW =¥ (B
rotendiformis)®] A& e &S FTA X M-S 94% AT 7 o
e ok (A. salina) 2] 735 1
A& F% 25 mg CIOYLE A3 45 &H P oHA salina)© 100% A E3}t

AL AlEEE 100% AFEE = As Zeleksit

1
0%
1>
o
["_8{.'4
o
=2
>

Lo

000 ind/mL ¥%= 7]Fo =2 o4t

ot
2

a8y nE xR wj%¥ Nannochloropsis sp. 3% A4 43S n] X
A e oAt A FE 2 mg CIOyL oA 60%e] Alutak A=A, I
galbana = ©|AEtd A F% 8 mg ClOy/LolA 954% A+t Ao 7t 71538}
AR I galbana ¢ A Aol E thExFo Hvle] 90.6% W A
Aoy FEol wet ojitstd A e sRE Pt

3.19+0.04 mg/L 1 3 ? 3 mg ClOyL
o ] 5ol A ¥stH 0.32£0.02 mg CIOy/Lo =, 1A A ol &= 0.08+0.01 mg

r}mo

APAT NN E @ge] ol YE 4

F= dtdeto] uE R wigE HolWEL FASAAIHNAN FdE ks
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A B4l gEAE AL & F ANeM F 47188 % CODSH 2

HEojof HE Alglo =z A7ZF

5
i)
BN
L
flo
)
e
ot
jultd
B
P
>,
S
r]I.
[
>,
k=l

ES
= A ool Al mpolej s B oAl THAES dste] ARH o Ao I FA
of A& Aol TAHAR BIE UEE Ao AztEnh

o], IuolA dwtAow AEEH= oA &AF5EEQ Aobd ity
EF9 7% Jeong et al. (2015) o WE=W 10 mg CIO/L A= 719
W E-7 2] Tetraselmis suecica 7} AAENS ™ Bplicatilis 2 A.salina =
20 mg CIOyLlA FshetA] ZPrhal Bkl glom, Aottty E
A4S F3tst7] flsted F71HAQ FAE FASIATE ) Aot
HEES HZ dA7oA 77l R vAZR7E AFsHA 3o
e st ARMEE S (metabolic  substance) ¥ 2pold MU E
Fol Q1 Ao fa3k tfdslk HAFE (disinfection by-products, DBPs)%&

o] WA= EAHol A7|EHI P AAoHBond et al. 2011;

B oo
> 1o

of
e
ol

[e)
Hk-&

0

O

Henderson et al. 2008, Huang et al. 2008, Huang et al. 2009; Plummer
and Edzwald, 2001). 3FA] 8k & A+ZA o A o]4ks} 4 4 (ClOye] A5 F
stAlE AFEsHA FSkSol e mAlZF Aol AsEH= AHE Elst

Ak TYAA AL A5AY /1% A )5 ol kst ats
]_

ol RAEF Wel pHY FF& WA 2o f71%o] Wi pHA ¥
e At ol NHGATt ARG 5 2BARE BAvks FHo
gomz vol 4 WY AN US FWe Agol JHn
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oz Axkstd A wI Fa Aojol AUIH R S FA Fe ol EA
== 77y oF 0.001% 0.005 mg ClOyL o &%t

Hol| W& A I galbana 2 Nannochloropsis sp. ¢ B/ #ES nv}
goR AEd F9FFE=(NOAEL)E 0.05 mg ClOyL $iom, Zzte] xt
T9EFFE=(ECs)+= 0535 mg ClIOyL ¢ 0648 mg ClOy/L=Z 4FE% Ut
2 ¥ 9 (Brachionus plicatilis)®l 785 F*Ag=(NOAEL: No Observed
Adverse Effect Level)= "|AZF9 5434 0.05 mg ClO/L o), Hb
F X As=(LCs; Lethal Concentration 50%): 0641 mg ClOyLo=®
Nannochloropsis sp. ¢ Hl523 FEo 2 SR1E AT

upzjuto 2 kel ol (Artemia salina)e] W AANEE(LCs) S F9 T
Z(NOAEL)+= 5989 mg ClOy/L, 2 mg ClIOy/Lo=Z HolAZ Fol|Al 7174
ojAtstd Aol thek WIZEVE 2E Aoz SlH A

Hol A& wjFdo] WE o]itstd A AT EES  Fld A
Nannochloropsis sp.2] & =2 (TSS; Total suspended solids) 2 3}
& 2bA QL F2(COD;  Chemical Oxygen Demand)< Z+ZF 0.942+0.051
mg/mL, 2.67£0.153 mg ClOy/L ¢l IHE vAZF sjdde] 4 mg
CIOyLe] olitstd 45 Aeldh A 77F iz~ Hlste] oF 83% A%
HdowAr AR FoT AP Ayt HFHJT £F oI A
o Ael F=7F Sl wel A% A &o] EokA 16 mg ClOyL ol A
= WEzT9 67% A= AL HAo A A7 doluA &2 o)t
std 2 2 mg ClOY/Lol A= Aol 60% Aod WA, A7 dojdt
o[2kstd 4 16 mg CIOyLol A Altto] 98.4% Aol %= AdE H it

HhH I galbana 9 A% F FHEZE(TSS) 9 384 taxg %

(COD)o]  Z+7} 1.276%0.044 mg/ml, 267+0.153 mg CIOyL3 o™,
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Nannochloropsis sp. Bt} 2+ ¢ = o43ld 4 5% 8 mg CIOyL 7}
A w AR Aol AsEA kom oju] ATt 954% Ao = A
th. I galbana ¥ ¥ ol o]atdtdAE 16 mg ClOy/Le T2 A zshd
A2 99% A mAlzFe] Adge] el nlsl 50% Al s =
o & uE

WhE | F {5 (TSS; Total Suspended Solids) 2 8}8t4 Ak @ 3k

.

(COD; Chemical Oxygen Demand)©] Z+zt 1.624+0.095 mg/mL, 2.67+0.153
mg CIOyLSl = wjdd =E|ueo F% olitstdis Agsicsls o
o[2tstd 4 16 mg ClOyL 7hA ZE| ¥ ] HAPE dojubx] eFgtom thix
T ] 97.7%9] Alet Aol E3E Sl dEo], 1EE HiYH =
B3 vjgA S A st o|itstdAE Aeg & A Asgs &g 4
F=A(TSS)ell wet 90% 2] Alto] Ao ¥ = MICy
99%9] Alsteo]l Alojs= MICwel 3714 & 27 Y=74481X + 0.3416
(R2=0.9901), Y=10.823X + 1.8756 (R2=0.9512)& =<3}t

wpA o 2 1,000 ind/mL. o] dEH|ete] ¢ ol4bstd A 50 mg
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