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The Toxicity Effect of Aquatic Organism to Ballast Water

Treatment System using Ozone bubbles in Lab scale

Ra Gwon Kwak

Department of Biotechnology, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

Sea water in the areas is.used for, Ballast water used to balance of a
vessel. The sea water for ballast water causes large problems which
threaten ecosystem or marine environment not only the areas but also
others. Therefore, IMO has enacted laws preventing discharges of toxicity
water and regulating elimination of all organisms including virus in ballast
water when the water is flowed in or out a vessel. Thus, a management
treaty was signed, all vessels have to equip ballast water management
system (BWMS). As the treaty is effective, maritime related industries have
made a great effort to develop BWMS which is regarded as driving force

of a nation’s economic prosperity in the world market.



SUNBO Co., Ltd, DESEC Co., Ltd and KIMM have signed Technology
commercialization agreement and cooperatively performed a project
developing BWMS. In the Lab scale test for the Basic Approval, ozone
which has the lowest toxicity and a 10m3 of water tank were used. Also,
each 5m3 of tank for a treatment and control experiment was installed.

Ozone generator system was consisted of an air compressor, an oxygen
generator, and an ambient destructor, and a MFC controller, and the final
concentration Ozone was 170 g/L. Indicator organisms for the experiment
were Tetraselmis suecica and Artemia sp:

To decide injection methods, first, two methods are compared:
Side-stream is that sea water is pumped out, with a rate of 5.5L/min, of
the treatment pipe which has 5m3/h flow, ozone is injected into the sea
water, and then the mixed sea water with ozone flows in a treatment pipe:
Main-stream 'methods is that ozone is directly injected into the treatment
pipe. As a 'result of the comparison, the initial TRO /concentration,
3.6lmg/L as Br, by Main-stream methods was about Img/L as Br2 higher
than that by Side-stream:methods. The rate of elimination by Main-stream
methods, also, was two percent ‘higher “thanthe rate by Side-stream
methods. Therefore, Main-stream method was decided as the final injection
method. Test on improvement of a nozzle was also conducted to maximize
the functioning of injection by Main-stream method. Three types of nozzle
were developed and compared by a test. The test had been done with the
developed nozzles based on the findings that ozone should be ideally
micro-sized bubble which can be effectively dissolved in sea water and
fresh water and the outcomes with micro-sized bubbles can only meet the

conditions for the Final Approval by IMO. Each nozzle was called LAB-1,
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2, 3. The official test had been conducted with LAB-3 nozzle which had
ideal value of TRO and in which ozone bubbles could work effectively.

The initial value of TRO is 4.25 mg/L as Br2 in sea water and is
418mg/L as Br2 in blackish water. In terms of regulation D-2, which is
regarded as the most important article, both results from sea water and
blackish water test on elimination of organisms satisfied acceptance criteria
by IMO. At the following test, the result from toxicity experiment was also
satisfied with G8 and G9 criteria by IMO.

From above tests, two assumptions were needed to meet IMO criteria:
the initial value of TRO should be over 3.5 and decay. process should have

a slow decreasing tendency.



Y= AYFAE GANE T ASHE AL F 2L A ol ARATH(IM

(05

O, 2012). A¥te] MRS AN GAE g T Mg Bk opg,

WFRe] A FAF Bas) ofy AN GANAA ol2x @ FFo

AMelbgd g FAelzeke 2011d Eoll EH 12, 12¢€9 #ule=o] AZs, A
A= 32 M=, AAd= AEFS A AA AEZ 2646%7F FH AT

s 2ok 30717 /35%0l o2 AIFOZHE 12719 o wEs, A5

-1 -



20% ©o]’¢e] dumiel 10%°]7d<] eholH 2] of

Kol
| .

% 8% o4 AL AED

o] Aot (FE U, 2012)

bo

o %

=
=

a8y, 2020871 A AA

=

2 Fre] Mzt 202087+

il

%

bel, o 6ut 8

S|

ATt sk

R e

gho] o]} #

Aas

ol

=

1o= A AMA < 10070 9

ol 2

20203 7} A

3 A=

N

=
=

E[l_

o
=

o7 zof

& o

o2 u$ ofdth

/\El

bo

)
n-

oy
o

bof_zok 7182

S|

o] ANH I ek “1e]

sl



(1) Side - Stream 2]

Side - Stream W21 5m’'/he] A2l vl A 55 1/ming 3i+E F=

il

Fste] =LA TAH B8 oFE FYUYTFE T FU® F
TFE sl 2SS eEHE TAVIE AX HeS PSS & F OA A
g #oZ FYATIE HAelth

(2) Main - Stream 2]
Main - Stream %42 5m'/he] g wjdol] e E TAFAE F2

st e =AY 7|A HAlHE =S A4 wjdo A FYUS = Aot
Y3 =X Side - Stream W43} ‘Main - Stream W2 02 ZLA| A

Ao Astel ofefsl g AVE AUk

2. Main - Stream %2} 9] A&/NA

) N2EH Y AR

MEAPE Fohe] 7] TROFO! Eotoksin], eEmio] /by ojyaow



AL 2w IMO 12 ST F e 4ol Ute A
Aog u AgAu A5MAS AEST Z¥E $435te] LAB-1, LAB-
2, LAB-3S Hlwdle A< Adsdt)

Egol=E AR Je oA ¢Hol Ay wjdo] FEE FEAE T

Ast7] #Aste] §EGA PN 2712 7S] Fluent 6.3& ©]-8&3t CFD

ofr
S
flo
+
Og{:,“
ol
R
o

o AARDL chet gol ML

O ¥o]iZ YAZ(Inlet) : Velocity-inlet 2= 3} 3m/sE 7}4
O ¥o]iz 2 EZF(Outlet) : Outflow= 27
O Three - dimensional, Double-precision, Pressure-based solver

vd - (3m/s)#(0.2m)]

v [1.05%10" *m?/s]

O Re =

=571,4282 F{Fo]Z =, Standard k-epsilo

3. A|2H" FA

1) F8 A3



Table 1. Main equipment for Lab. Test

CLX TRO Sensor
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(2) LAB TEST SCALE SITE
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Table 2. Standard IMO Soup

a =
> 32 PSU 3 7 32 PSU < 3 PSU
LERFI|EA
> 1 mg/L > 5 mg/L > 5 mg/L
(DOC) £ £ £
ARG 71’ A
> 1 mg/L > 5 mg/L > 5 mg/L
(POC) £ & g
FHEFE2 (TSS) > 1 mg/L > 50 mg/L > 50 mg/L




- 50um ©]74%] AFAEAE mF 1005 o) MAZ EA st oF sk, HA 3
Mol 271 2 E(phyla) ¥ IHdivision)oll 3= A 5% (species) &2 T
HE A.
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Table 3. Standard IMO D-2 regulation

W&

BE7Vs A= 1070 / m Rk

T AE ‘
FH 2ol 10mm =3 50 gm 7] wt AES AE 107 / ml 7w
]_
S0 wmalo =aa 1 cfu / 100 m¢ =)Wt
lcfu/ %% 1lg 7wt
oIz A%}

250 cfu / 100 m¢ w|RE
100 cfu / 100 me 7w %
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3) 79 Aol e 45wl
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o] AL 7] TRO #NAFE =to]7} ¥%om, TRO Decay? 4 %% Main -

Streamo] ¢9H3F A S & & AATH(Fig: 3)
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B AME a3oA ZE7]&Fo] Main-stream©] Side-stream
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Table 4. The result of compare Side-stream to Main-stream for performance

test
(F5zx71)
1. &&7t~ 5% 1 170 [g/m']
2. SF7F2~ FrF 0 1.0 [1I/min]
3. 2&FY »= 20 [mg/1] = [2.0ppm]
4. A &% 5 [m/h]
5. 3l
AE AT TRO as Br2
A I
0] A [ind./m'] [mg/1]
= 0] g2k
‘:Q’}Ll T H o
[ind./m’]
Day0 Day2.-Day5 Day0 Dayl Day2 Day3 Day4 Dayb
Main—
460,000 ~ 800 200 0 361 225 205 124 193 1.1
Stream
Side-
259660 2480 1,112 334 269 172 1.04 14 1.11 1.2
Stream
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=7/0A7F 800704, LAB-3¢] %7] A= /WAF+ 450714 = LAB-37} LAB-2
[e)

of Hlgt] ©oF 44%7F = AMEES UEE AES AT + AU (Fig. 8)

o]AL A AHEENAE A= TRO#C] LAB37F o =9k7] Wizl vephd
A2 Atg " (Jang M.C. 2012).
el o] mde MO 7|E40e 93 AE AN Z AAF}HoH, o

AHE 7HAA Alz="E A% F dsjdderiedel sAA A
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Fig. 6. LAB-3
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Fig. 7. The result of compare LAB-2 with LAB-3 for TRO concentrations.
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(3) HMI (Human Machine Interface) 74
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Table 5. The result of performance test for TRO decay

TRO [mg/L as Br2]

D-2

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 7| &

a3

3l = 3.85 1.63 0.57 0.37 0.18 0.09 =
714 418 1.29 0.67 0.41 0.21 0.06 ==
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Table 6. The result of performance test for alive organism

TRO [mg/L
NE FU mg/L
(as Br2)
z7] A= Day 0 Day 1 Day 5
3 71 &l e sl s dlle T
>50um
L 105,000 156,000 7,542 13,058 550 772 2 3
[indiv./ m']
10m < ,<50um
1,135 1,020 2 3 0 1 0 1

[cells/mL]
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