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Abstract — The International Maritime Organization (IMO) adopted the International Convention for the Con-
trol and Management of Ships' Ballast Water and Sediments in 2004 to prevent the transfer of aquatic organisms
via ballast water. Thirty-four ballast water treatment systems were granted IMO active substance basic approval,
among which twenty systems were granted final approval. This paper is an in-depth consideration of the mech-
anism principles of the treatment systems that received active substance basic or final approval from IMO, and
on the concentration of Total Residual Oxidant (TRO). The TRO maximum allowable discharge concentration
was reduced by neutralization equipment, resulting with a concentration lower than 0.2 ppm. However, between
various treatment systems TRO maximum allowable dosage showed large differences, ranging from 1 to 15
ppm. The discrepancies of treatment allowable dosage concentration between different treatment systems are
largely due to the properties of species and water conditions such as the temperature and turbidity, rather than
the characteristics of treatment systems and the type or presence of filters etc.
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Table 1. Time Table of the IMO Ballast water Convention

Exchange & Performance Standard

Performance Standard

Ship Constructed Ballast Water Capacity '08 7}
Less than 1500 m®
Before 2008 1500-5000 m?
Greater than 5000 m®
Less than 5000 m’
2009-2011

Greater than 5000 m®
After 2012 All
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Exchange & Performance Standard [Z]Performance Standard

Table 2. Performance Standard of the IMO Ballast water Convention
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Oreani greater than 50 um
rganisms
& smaller than 50 um and greater than 10 pm

less than 10 viable organisms per m*
less than 10 viable organisms per ml

Toxicogenic Vibrio cholerae (O1 and O139)
Indicator Microbes Escherichia coli

Intestinal Enterococci

less than 1 cfu per 100 ml or per 1 gram (wet weight) zooplankton samples

less than 250cfu/100 ml
less than 100cfu/100 ml

A1 wietel A wEkek 5 ?J%%}O% HH%sFt— Zow,
Aate]] whe} thEARE 2016 7H4] A1 O = 81-8-Erh. A=
22 Bz gehA] WhHEe] AAE ol gste] s olekE
A APEAIA wlEsh= Zloltth

g8 2] 7152 Table 29} 2tk A2 7]%e] disiAe 2
P52 B2 =07} Qo AXE E3lal ot HE HARI 9
3] 2)ef|x] FAETHIMO[2004])].

53], 78 WAE Sl
FIG 10070412 sk 85 24 dskont, AE 107iAl= 2

el whet 4] 28t sk AudAEE Vs B ol

I, O @S AREEte] AElE estell §lA =]t
SElvkR= 20099 12€0]] IMO ARFE RS e goke vlw=st

a7, 20073 129 2194 At A HE A1878835 )2 Al

Aate] dot wasl BAlol AASHES Fulso] glow, 20114
29 021 AW EIETY A226645)F AL, AT S

QA A7 Foll Ak, s, STES (A, AR )elA = A
g g # HE A oldel Frlstolol ske @A Rl S
T HEl, WHAES AAIARL] PFAFR1 ol e ZH7
T8 20061 119 S Fpabi-g 0. AR bl 9l o] 1A
=, Mubg e Aedx]e] FAFRE A3 SEAIE
AlBA] BEADS Falstofolsh, o) & 918k A7 Zet
A3 A 7231, 1SO 17025 AN EE<17 ]ur 2174 A
Frolof k= Zlo® Eof gtk B3 01 WV] & BYF 1&
Al2aEle] a9l Fof| Tl Y 71E
ZESFEHoT TAE vl gtk
IMO AuRd 34 ejoks oldfalr] Slalixe= ofy] 714 53t
$F 7% U2 HakE AAok gt} Zbso] MR T 7

5}y

Mo 7 AL e Edto] ypEE Aow sl AAHow
FTUE ARE ANE 8 IMoeIAE BYE AE-S 9% A
A 1458 APISISITE. o] 7] AU RS AegA| o] Alx
o el AP =E *d‘%béﬁéfr JJrEl*lA%‘ UL 9% AH
A1(G8)”(IMO[2008]b)2} “E == ARESh= AURE R wA
2Ele] Q1S 919 AAFA(GY)" (IMO[2008]a)7F SiTh. FotellA

= A7l onE FALEH Kot At xHsI oY, =i
ol M= Bt Wkt ou)E Folsr] 3l Aejghs dS AHE-
Skt

IMO A3 8= ] okl oJshd Sd=Holst /3l +5++
285 sh= ey
= a1 Fo] gitk =
—)F A 2] =] €] 76’—r, IMO7} A gt €4
9)01] w2} IMOZRE] SAEH 018
Wholo} st} IMO 54 5912 HEH U39 7|4 429 &
¥4 1 5 9] 3] (MEPC, Marine Environment Protection Committee)
o] Aol5 Aok Frt. 7| A= aSTERTE 913 AEt
15 (GESAMP, Group of Experts on the Scientific Aspects of
Marine Environmental Protection)ol] A4 %] €l 38 4= Z-ATHBWWG
Ballast Water Working Group)el|4] 4=3J5} "]«151 A= 7He.
&, MEPCOA] 51 o -5 AolsH| ¥t gk, =4 52l 3
AollA AAsh= AE Al slid=71e] F25R] ol 3

H ABEAPE A 213 FUsllof k=t o] FAe AR
IMO7} A3 Adupd g A8 2l 41334 (G8)ell whet
Pslojo} i},

el s IMOIA BHEA 591 ke A el ol tisd,
A 7o) W AaE dobiar, 7 A a4 H
l A2 w8} Ho viE w2E AR, Mg &%

& IMO A9 e AT



AU AR BYEA Fel Ue

dato] A-g-skebr] flsliAe, 888
ARESHE A, A IMOEFE AElE 3l ARSE= 243
A 5 Aol A= TS sk GHEL S
MEPCe|A] Hhoto} gict,
% S
5 183 AEte] o] 28-S BRlsk= FAlele
GRS AsiME YT AR PAel X
¥} IMO AuPE g Aelgeke] s 71F(D-2)l
Q1] st 3
Al el sk S eHdE BEg AedA
Al AMdatela] Arsh=

o
fu
]
nl
_>I1_',
s
o)
R
1o
ox
it
>
ug
I8
Az,
i)
N
N
N

3
e
-

@ >l A of

N
-

o o

s17] S8t R, 2%

T 9 A7AREER e B3

ok IMOeIA AP e A A el whet sl S A5

21501 0] AAAQl Ax}= Fig. 13 2HE-S2H2008]).
FHEA SAS YT AN TR o] F4EA L] Rk

ot ot & O off

)

221

U £A0) thsl ARE z3kstoiof sttt

- FEAE, FHFEE, ofF W 71k itk giasRl 1A

£ Xk AE Foll ok Yol T3tk A=

- IfsE 54 dist A=

- 371 A ST Zselr ] $4 a4 W oJde tish Al

- AL 7hssl A9 @AER T8 3 AEle Ak E )] ojst

Eesets &7

- FASHAAM Y AR FEollA] A

-JEAG AE

-AA 544 1S

_ E)\é/\] 3

3. IMO 24 =E 521 M2 &R

3.1 52l sg

A AA 2ol s 2 AH27sEe] /L vkl B
T Qo) Auxl vjgT) v gt e 5 dAAde] B3 7]
55 oA, Rk AEA Q= 7E HEF 94 &2 d8toln)
T 7FHol IMO BAEA 5918 93 A= 2 P49

Substan
Approval_

Type
Approval
Administration

Documentation|
(Manufacturer)
Assessment
(Administration)
est Preparatien
lanufacture

Type Approval

Administratio
ndecides the
sequence

ironmental Test
Testing Body,

Basic Approval P
Dataset: P A Ctlve
Discharge
Test Data
& Time Etc.
Acceptance Add
(IMO/MEPC) pata
Risk
Character.
& Analysis
Approval
(IMO/MEPC)
g N Wheén Active
Circulation stances
Member)
Dataset:
Discharge
Test Data
:iIity,Guia
by
. Acceptance
Confirm (IMO/MEPC)
Residual
Toxicity
With Basic
Approval
Approval
(IMO/MEPC)
] Wheén|Active
List Sulfstances
(Member)

Fig. 1. Procedure of IMO Active Substance Approval (7->%2008]).



222

7103} .

T

27

3} .

ok

Table 3. List of Treatment Systems which Received Basic and Final Approval

Basic Approval Final Approval
No. Name of the system Method
Proposal GESAMP Report Proposal GESAMP Rreport
1 SEDNA Chemical M.53/2/12 Germany) M.54/2/12,annex 5 M.57/2/5 (Germany) M.57/2/10, annex 7
2 Electro-Cleen Electrolysis M.54/2/3 (Korea) M.54/2/12, annex 6 M.58/2 (Korea) M.58/2/7, annex 7
3 Special Pipe with Ozone =~ Ozone M.55/2 (Japan) M.55/2/16, annex 5 M.61/2/2 (Japan) M.61/2/15, annex 6
4 RWO (CleanBallast) Electrolysis M.55/2/4 (Sweden) M.55/2/16, annex 7 M.59/2 (Germany) M.59/2/16, annex 5
5 PureBallast AOT M.55/2/5 (Sweden) M.56/2/2, annex 5 M.56/2/1 (Norway) M.56/2/2, annex 5
6 NK-O3 BlueBallast Ozone M.55/2/3&27 (Korea)  M.56/2/2, annex 6 M.59/2/3 (Korea) M.59/2/16, annex 6
7 Hitachi (ClearBallast) Purification M.57/2/2 (Japan) M.57/2, annex 5 M.59/2/5 (Japan) M.59/2/19, annex 4
8 Resource Ozone M.56/2/3 (S. Africa) M.57/2/10, annex 5 M.59/2/10 (S. Africa)  M.60/2/11, annex 7
9  GloEn-Patrol uv M.57/2/4 (Korea) M.57/2/10, annex 6 ~ M.59/2/7 (Korea) M.60/2/11, annex 4
10 OceanSaver (OS BWMS)  Electrolysis M.57/2/6 (Norway) M.57/2/10, annex 8  M.58/2/1 (Norway) M.58/2/8, annex 4
11 TG Ballastcleaner Chemical M.57/2/8 (Japan) M.58/2/7, annex 5 M.60/2/2 (Japan) M.60/2/12, annex 5
12 Greenship Sedinox Electrolysis M.57/2/7 (Netherlands) M.58/2/7, annex 6 M.59/2/6 (Netherlands) M.59/2/19, annex 5
13 Ecochlor Chemical M.58/2/2 (Germany) M.58/2/8, annex 5 M.61/2/8 (Germany) M.61/2/21, annex 6
14 Blue Ocean Shield uv M.59/2/2 (China) M.59/2/16, annex 7
15 HHI System (EcoBallast) UV M.59/2/4 (Korea) M.59/2/16, annex 8  M.60/2/1 (Korea) M.59/2/16, annex 8
16 AquaTriComb uv M.59/2/8 (Germany) M.59/2/19, annex 6
17 SiCURE Electrochlorination M.59/2/11(Germany) M.60/2/11, annex 6
18 BalClor Electrochlorination M.60/2/3 (China) M.60/2/12, annex 6  M.61/2/4 (China) M.61/2/15, annex 9
19 DESMI Ocean Guard uv M.60/2/4 (Denmark) M.60/2/12, annex 7
20 ARA Plasma M.60/2/5 (Korea) M.60/2/12, annex 8  M.61/2/5 (Korea) M.61/2/15, annex 8
21 HHI System (HiBallast) Electrochlorination M.60/2/6 (Korea) M.60/2/16, annex 4  M.62/2/5 (Korea) M.62/2/18, annex 5
22 Kwang San "En-Ballast" Electrochlorination M.60/2/7 (Korea) M.60/2/16, annex 5
23 OceanGuard EUT M.60/2/8 (Norway) M.60/2/16, annex 6 ~ M.61/2/7 (Norway) M.61/2/21, annex 5
24 Severn Trent BalPure Electrochlorination M.60/2/9 (Germany) M.60/2/16, annex 7 M.61/2/9 (Germany) M.61/2/21, annex 7
25 Purimar Electrochlorination M.61/2 (Korea) M.61/2/15, annex 4 ~ M.62/2/6 (Korea) M.62/2/18, annex 6
26 AquaStar Electrolysis M.61/2/1 (Korea) M.61/2/15, annex 5
27 Kuraray Chemical M.61/2/6 (Japan) M.61/2/21, annex 4
28 ERMA FIRST Electrolysis M.61/2/11 (Greece) M.62/2/11, annex 5
29 BlueSeas Electrolysis M.61/2/12 (Singapore)  M.62/2/11, annex 6
30 SKY-SYSTEM Chemical M.62/2 (Japan) M.62/2/12, annex 4
31 JFE BallastAc Chemical M.62/2/1 (Japan) M.62/2/12, annex 5
32 BallastMaster Electrochlorination M.62/2/2 (Germany) M.62/2/12, annex 6
33 BlueWorld Electrochlorination M.62/2/3 (Singapore) M.62/2/12, annex 7
34 Neo-Purimar Electrochlorination M.62/2/7 (Korea) M.62/2/18, annex 7
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Fig. 3. Applicant of IMO Active Substance Approval.
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Fig. 4. Treatment Technologies for IMO Active Substance Approval.
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Table 4. Example Summary of Relevant Chemical Concentration and
Half-life for Modelling

Highest Median 1.1 e in
Substance Discharge
. Water
Concentration
Bromoform 500 pg/L 0.3 days
Dichlorobromomethane 0.98 ng/L 0.08 days
Dibromochloromethane 21 pg/LL 0.11 days
Bromochloroacetic acid 13 pg/L 2.7 days
Dls}nfec' Monochloroacetic acid 1.08 pg/L 3.58 days
B;-II())rI:) & Monobromoacetic acid 14.5 ng/L 3.2 days
ucts Dichloroacetic acid 1.15 pg/L 5.4 days
Dibromoacetic acid 50 pg/L 3.2 days
Tribromoacetic acid 13.66 pg/L 4.2 days
Dibromochloroacetic acid 8.8 ng/L 3.67 days
2,4,6-Tribromophenol 0.21 mg/L 1.21 days
Neutral-
ization  Sodium bisulfite somgr 0000747
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Fig. 7. Relation between Mesh Size of Filter and Maximum Allow-
able Dosage of Preparation of TRO for the In-Direct and Direct
Electrolysis Method for IMO Active Substance Approval.
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