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Abstract — For smooth implementation of the IMO Ballast Water Management Convention that is to come into
effect in the near future, IMO and Member States are working on the development of various technologies and
establishment of legislative action. Ballast water treatment systems are essential, yet difficult technologies, as
they need not only to treat living organisms, but also define whether they are viable or not, count the number of
viable organisms, and present quantitative results of the concentration of active substances. Despite the fact that
the Convention is looming in the near future, the issues mentioned above obstruct the setup of consensual tech-
nologies for performance reliability of the treatment system and analysis method of efficacy test results. This
paper considers the unsolved issues of the ballast water treatment technologies, and presents guidelines to solve
these issues.
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Table 1. Time Table of the IMO Ballast water Convention
Ship Constructed | Ballast Water Capacity '08 7FA] '09 '10 '11 '12 '13 '14 '15 "6 |'173%7]
Less than 1500 m®
Before 2008 1500-5000 m®
Greater than 5000 m®
—— Les i SO00 .
reater than m’
After 2012 All 0000

£ Exchange & Performance Standard, Performance Standard

Table 2. Performance Standard of the IMO Ballast water Convention

Target Organisms

Criteria

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

Toxicogenic Vibrio cholerae (O1 and O139) less than 1 cfu per 100 ml or per 1 gram (wet weight) zooplankton samples
less than 250 cfu/100 ml
less than 100 cfu/100 ml

Indicator Microbes  Escherichia coli

Intestinal Enterococci
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Fig. 1. IMO Guidelines for Ballast Water Conventions.
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Al vz v]=3dH 5= (EPA, Environmental Protection
Agency)?] VGP(Vessel General Permit) 27413} 1|59k H]
t(USCG, US Coast Guard)2] NISA(National Invasive Species
Act) 7178 18131 ZF 7852 VGP F7F at7de] alvk.
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Korea, Japan, Germany, n
South Africa Norway, China, UK
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Government Government
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Reviewedby | Submitted by Detall D.
Register Manufacturer Japan Submitted by
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Land-B Test T
On-B Test Land-B Test
ps On-B Test
Test | Toxicity Test i
Chemical Test | Toxicity Test
Fig. 2. Comparison of Type Approval Procedures.
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Table 3. Comparison of Type Approval Results
Country Certificate No.of Approv. Detail Data Efficacy Test
Korea Government 7 - (KORDI-2 KOMERI-5 BTP-1)
Germany Government 5 Government Home Page NIOZ-4 NIVA-1
Japan Government 3 Manufacturer Home Page ASC-1 NIVA-1 Unknown-1
Norway Class (DNV) 3 - NIVA-3
China Class (CCS) 3 - SOA-1 CCS-1 Unknown-1
South Africa Government 1 - Unknown-1
UK Class (Lloyds) 1 - Unknown-1
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Fig. 3. Trement Technologies for Type Approval.

20093 Lloyd's Fairplay2] A AA Aek=l= 4 2009, 2010
MERC(Maritime Environmental Resource Center, U]=3]| %2174 =}
AAE]) HIAE vpgo R AubgEs X g & dAlsore 7]
AL F 68,1902 02 731 THIMO[2012b]).

bl B 3ol A=, 2008 Lte] A2 2Fg e} 2012
IMarEST 7|4 AF25 £33k, Table 49} 7o) 202017441 €]
e A Foss FsISIt) ol ARk 71EY ol
T Arfsls x| FIEAL 22 2R A A
2&ljof sh=t, ol wt 7|Ed o]F 3ol AA =A v
Xk 7Pgsisint. o]of] whet Table 49} 22 Y 0=, 2020
WA7kA] 7124 68,1908 3 A1 %A 20,8804 34 & 89,0703 <]l
A G2 E AAsfof & oz o dsieitt.

2012 MEPC 63/INF.11 410l 4] IMarESTE 23 A x]8] ot
7F= 647 US$ WA 94.77F US$E F431 0 P 2 2020974
o] AAIA A2 A= 5709 USS$ WA 8409 USSS] Ao
2348 F ik

R, S AF7E BAASE ek s 2 AeA daEE A
Hh& Table 59} o] 743100t}

=] seAke] 714l st 95 f18 eS| ] B
A& Qg3 20109 L 7|0 A 0] 775%0]aL 9= F]
ol 425X 074 F 1,2003 2] AuPFAE 21 gl Fow
Tpet| 3L QIehE=AIFE 2] [2012]). o) & ARt 7hed] Aulg e
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Table 4. Estimated Number of Ballast Water Management Systems in the world

2009 2010 2011

2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Vessels constructed from 2009 to 2011

(greator than 5,000 ) 1,200 1,200 1,200 3,600
Existing Vessels 15,528 15,529 15,529 46,586
(less than 1,500 or greater than 5,000 m®) i ’ ’ ’
Existing Vessels
(between 1,500 and 5,000 m®) 7,201 7,201 7,202 21,604
gﬁg&fi’ﬁ;ﬁ?cgggvme%sels 1,200 1,200 1,200 1,200 1,200 1200 1,200 1,200 1,200 10,800
g:::ltyh;‘l’sstr(‘)‘ggefnxessels 540 540 540 540 540 540 540 540 540 540 540 540 6,480
Total 540 540 1,740 1,740 1,740 1,740 8,941 8,941 25,670 18,469 18,469 540 89,070
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Table 5. Estimated Number of Ballast Water Management Systems in Korea

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total
Existing Vessels
(less than 1,500 or greater than 5,000 m®) 266 267 267 800
Existing Vessels
(between 1,500 and 5,000 m®) 133133 134 400
Newly constructed vessels 408 408 408 408 408 408 408 408 3264

(greater than 5,000 m?)

Newly costructed Vessels
(less than 5,000 m®)

102 102 102 102 102 102 102 102 816

Total 0 0 0 510 510 643 643 910 777 777 510 5,280
5,000 m* o) Adao] zrzr g A2l e & AzE 797} 59] ATk Rl IMOSIAE o) 9%
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Table 6. Definition and differences between indicative and detailed analysis

Indicative analysis

Detailed analysis

Purpose

To provide a quick, rough estimate of the
number of viable organisms

To provide a robust, direct measurement of
the number of viable organisms

Volume

Sampli
amping Representative sampling

Yes, representative of volume of interest

Small or large depending on specific analysis Small or large depending on specific analysis

Yes, representative of volume of interest

Analysis parameters

Operational (chemical, physical or biological) Direct counts (biological)

and/or performance indicators (biological)

vsi N Time-consuming Lower
Analysis method Required skill Lower
Detection limit Higher (poorer)

Confidence with respect to D-2 Low

Higher
Higher

Lower (better)
High
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