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This attachment includes the following: 
 

Section 1. A summary of the SAB Report's conclusion about the effectiveness of 
shipboard treatment systems; the definitions of 10x, 100x and 1000x IMO 
D-2; and how these were developed or changed through the various drafts 

 
Section 2. Test data judged by the Panel to be reliable and on which the Report's 

conclusion was based, but which show that some treatment systems met 
at least 10x IMO D-2 to nearly 100x IMO D-2 for one or both organism 
classes 

 
 
 
The source documents referenced in this attachment can be downloaded at 
www.bioinvasions.org/sab. 
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Section 1. Conclusion regarding the effectiveness of shipboard treatment 
systems, and definitions of 10x, 100x and 1000x IMO D-2, in the various drafts of 
the SAB Report 
 
 
The Panel received four report drafts and met or teleconferenced to discuss them as 
follows: 
 
Table 1. Panel meetings and report drafts. 
July 28 & 29, 2010 1st Panel meeting, in Washington DC 

     • October 20, 2010 • Draft 1 (as separate sections drafted by 
subgroups) distributed to Panel 

October 26 & Nov. 4, 2010 2nd Panel meeting, by teleconference 
     • January 11, 2011 • Draft 2 distributed to Panel 
January 25 & 26, 2011 3rd Panel meeting, in Washington DC 
     • March 3, 2011 • Draft 3 distributed to Panel 
March 15 & 17, 2011 4th Panel meeting, by teleconference 
     • May 24, 2011 • Draft 4 distributed to Panel (for concurrence) 
May 27, 2011 Concurrence due from Panel members 

 
Federal rules prohibited the Panel from discussing the report outside of public meetings 
or teleconferences, the last of which was on March 17, 2011. The Panel was thus not 
able or allowed to discuss any changes that appeared in Draft 4, which was emailed to 
the Panel on May 24. 
 
Draft 4 then underwent quality review and revision by the SAB, before its release as the 
Final Report: 
 
June 16, 2011 SAB Quality Review meeting 
     • July 12, 2011 • Final Report released to public 

 
 
The SAB Report has a Glossary in the introductory chapter, included to ensure that the 
Panel used terms consistently throughout the report, and a Response to Charge 
Questions 1 + 2 chapter, which assessed the efficacy of shipboard treatment systems. 
Starting with Draft 3, the report drafts also included a Cover Letter and Executive 
Summary. The relevant conclusion and definitions appeared in these sections as 
shown in Tables 2 and 3 below. In these tables, minor editing that did not change the 
meaning is ignored; the exact wording can be compared in two summary files 
("Conclusion" and "10x, 100x, 1000x Definitions") or in the full report drafts, which are 
available at www.bioinvasions.org/sab. 
 
The conclusion regarding the effectiveness of shipboard treatment systems remained 
essentially the same from Draft 1 through the Final Report, though the wording and 
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emphasis was somewhat different in the statements in the Cover Letter and Executive 
Summary compared to the statements in the Response to Charge Questions 1 + 2 
chapter (Table 2). The definition of 10x, 100x and 1000x IMO D-2 in the Glossary also 
remained essentially the same from Draft 1 through the Final Report, with minor 
corrections and wording changes (Table 3). However, in Draft 4 a different definition of 
10x, 100x and 1000x IMO D-2 was inserted into the Response to Charge Questions 1 
+ 2 chapter. Both definitions are included in the Final Report.  
 
The new definition differed from the definition in the Glossary in two ways. First, instead 
of defining a treatment system as meeting one of the more stringent standards if it met 
the more stringent limit for either the >50 µm or 10-50 µm organism classes, under the 
new definition the system had to meet the more stringent limit for both organism 
classes. Second, treatment systems that satisfied the latter requirement had to 
additionally meet a standard for total bacteria (Table 3). 

 
Table 2. Conclusion regarding the effectiveness of shipboard treatment systems, in the 
four SAB report drafts provided to the Panel. (The Final Report, released after SAB quality 
review, contained the same conclusion as in Draft 4.) 

Draft Cover Letter Executive Summary Response to Charge 
Questions 1 + 2 

1 [No Cover Letter] [No Executive Summary] 5 treatment types can meet 
IMO D-2. None can meet 
10x, 100x or 1000x. 

2 [No Cover Letter] [No Executive Summary] 5 treatment types can meet 
IMO D-2. None can meet 
10x, 100x or 1000x. 

3 5 treatment types can meet 
IMO D-2. Wholly new types 
of treatment would be 
needed to meet 100x or 
1000x. 

5 treatment types can meet 
IMO D-2. Wholly new types 
of treatment would be 
needed to meet 100x or 
1000x. 

5 treatment types can meet 
IMO D-2. None can meet 
10x, 100x or 1000x. 

4 5 treatment types can meet 
IMO D-2. Wholly new types 
of treatment would be 
needed to meet 100x or 
1000x. 

5 treatment types can meet 
IMO D-2. Wholly new types 
of treatment would be 
needed to meet 100x or 
1000x. 

5 treatment types can meet 
IMO D-2. None can meet 
10x, 100x or 1000x. 
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Table 3. Definitions of 10x, 100x and 1000x IMO D-2 in the four SAB report drafts 
provided to the Panel. (The Final Report, released after SAB quality review, contained the 
same definitions as in Draft 4.) 
Draft Glossary Response to Charge Questions 1 + 2 

1 Defined 100x and 1000x IMO D-2 as 100 
or 1000 times more stringent than IMO D-
2 for the two larger organism size groups 
only. 

None. 

2 Defined 100x and 1000x IMO D-2 as 100 
or 1000 times more stringent than IMO D-
2 for the two larger organism size groups 
only. 

None. 

3 Defined 10x, 100x and 1000x IMO D-2 as 
10, 100 or 1000 times more stringent than 
IMO D-2 for one or both of the two larger 
organism size groups only. 

None. 

4 Defined 10x, 100x and 1000x IMO D-2 as 
10, 100 or 1000 times more stringent than 
IMO D-2 for one or both of the two larger 
organism size groups only. 

New definition: 10x, 100x and 1000x 
IMO D-2 requires meeting limits 10, 100 
or 1000 times more stringent than IMO D-
2 for both of the two larger organism size 
groups, plus achieve a specified reduction 
in total bacteria. 
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Section 2. Relevant Test Data 
 
The SAB Report assessed the treatment system test data against the following 
concentration limits for the >50 µm and 10-50 µm organism groups: 
 
Table 4. Concentration limits in IMO D-2, 10x IMO D-2 and 100x IMO D-2. 

Standard Organism group 
IMO D-2 10x IMO D-2 100x IMO D-2 1000x IMO D-2 

>50 µm 10/m3 1/m3 0.1/m3 0.01/m3 

10-50 µm 10/mL 1/mL 0.1/mL 0.01/mL 

 
The SAB Report scored treatment systems relative to these standards in two ways: 
systems were scored "A" for a standard if they had been "demonstrated to meet this 
standard in accordance with the approach suggested in the IMO G8 guidelines," and "B" 
if they were "likely to meet this standard if the more detailed ETV Protocol" was used 
(SAB Report, Draft 4 p. 41; Final Report p. 31). The IMO G8 guidelines base treatment 
system assessment on 10 land-based trials and 3 consecutive shipboard trials.1 The 
ETV Protocol bases assessment on 6 land-based trials, and doesn't address shipboard 
trials.2 For some of the treatment systems assessed, the Panel had no data on 
shipboard trials, or had data on fewer than 10 land-based trials. In those cases the 
Panel based its assessment on the data that were available (though this isn't stated 
clearly in the Report).  
 
On the following pages we provide the test data for three of the treatment systems that 
the Panel reviewed. These data show that these systems met the 10x IMO D-2 limits, 
contrary to what is stated in the SAB Report.

                                            
1 Resolution MEPC.174(58): Guidelines for Approval of Ballast Water Management Systems (G8), Annex 
Part 2: Test and Performance Specifications for Approval of Ballast Water Management Systems, §§ 
2.2.2.4, 2.2.2.8, 2.3.17 & 2.3.18. The relevant excerpts are available at www.bioinvasions.org/sab. 
2 Generic Protocol for the Verification of Ballast Water Treatment Technology (Version 5.1, Sept. 2010), 
EPA/600/R-10/146, pp. 30, 33 & 35. The relevant excerpts are available at www.bioinvasions.org/sab. 
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Ecochlor treatment system:  ≥50 µm organisms 
 
Ecochlor was the only treatment system in the "Filtration+chlorine dioxide" category 
reviewed by the SAB Panel, and was reported as meeting IMO D-2, but not meeting 10x 
IMO D-2 and not capable even with improvements of meeting 100x IMO D-2. The Panel 
reviewed one land-based test report (NIOZ 2009). The results for the ≥50 µm class 
were reported as follows: 
 
Table 5. Concentrations of ≥50 µm organisms in discharges from the Ecochlor treatment 
system. Land-based test data, from Table 8 on pages 27-28 in NIOZ 2009. 

Trial Used a 
Filter? 

Chlorine dioxide dose 
(mg/L) 

Viable >50 µm 
organisms per m3 

1 No 5 3.0 
2 No 5 81.0 
3 No 5 25.3 
4 No 5 no data 
5 No 5 no data 
6 Yes 4 3.7 
7 Yes 5 0.0 
8 Yes 5 0.3 
9 Yes 5 0.3 

10 Yes 5 0.0 
11 Yes 5 0.0 
12 Yes 5 0.0 
13 Yes 5 0.0 
14 Yes 5 0.0 
15 Yes 5 0.0 
16 Yes 5 0.0 

 
This test series combined R&D testing and type approval testing. First, trials 1-5 were 
conducted without a filter, and did not meet the IMO D-2 standard; then trial 6 was 
conducted with a filter, but with a lower than normal dose of chlorine dioxide (4 mg/L); 
finally, trials 7-16 (10 trials) were conducted with a filter and with the normal 5 mg/L 
dose.3 In those 10 trials, the highest count in the treated discharge was 0.3 
organisms/mL, 30 times more stringent than the limit in IMO D-2. It appears from these 
data that Ecochlor, with a filter and 5 mg/L dose (the configuration that was type 
approved and has been offered for sale), easily met the 10x IMO D-2 standard for the 
≥50 µm class, contrary to what is stated in the SAB Report. 

                                            
3 Filter use and dosage in the different trials is discussed in NIOZ 2009 at pp. 4, 13, 26-27 and 37. 
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Ecochlor treatment system:  10-50 µm organisms 
 
Ecochlor's results for the 10-50 µm class were reported as follows: 
 
Table 6. Concentrations of 10-50 µm organisms in discharges from the Ecochlor 
treatment system. Land-based test data, from Table 9 on page 29 in NIOZ 2009. 

Trial Used a 
Filter? 

Chlorine dioxide dose 
(mg/L) 

Viable 10-50 µm 
organisms per mL 

6 Yes 4 <0.1 
7 Yes 5 <0.1 
8 Yes 5 <0.1 
9 Yes 5 <0.1 

10 Yes 5 <0.1 
11 Yes 5 <0.1 
12 Yes 5 <0.1 
13 Yes 5 <0.1 
14 Yes 5 <0.1 
15 Yes 5 <0.1 
16 Yes 5 <0.1 

 
These data appear to show that Ecochlor met the 100x IMO D-2 standard (<0.1 
organisms/mL) for the 10-50 µm organism class in 10 trials at the normal chlorine 
dioxide dose and in one trial with a lower dose. However, in each trial the volume 
analyzed consisted of nine 1-mL samples, so that the detection limit is actually 
0.1111.../mL, and the "<0.1" entries in Table 9 in the test report resulted from rounding 
off. The actual results thus show that while Ecochlor came very close to meeting the 
100x IMO D-2 limit, the volumes analyzed were not quite large enough to show that it 
did meet it. However, the results clearly show that Ecochlor easily met the 10x IMO D-2 
limit, contrary to what is stated in the SAB Report.



  Attachment - 8 

BalPure treatment system:  ≥50 µm organisms 
 
Severn Trent de Nora's BalPure was one of two treatment systems in the  
"Filtration+electrochlorination" category determined to have reliable test data, and was 
reported as meeting IMO D-2, but not meeting 10x IMO D-2 and not capable even with 
improvements of meeting 100x IMO D-2. The Panel reviewed two test reports on 
BalPure's efficacy, a 2010 NIOZ report on 11 land-based trials conducted in April-July 
2009, and a 2010 MERC/CBL report on 5 land-based trials conducted in October-
November 2009. The results for the ≥50 µm class were reported as follows: 
 
Table 7. Concentrations of ≥50 µm organisms in discharges from the BalPure treatment 
system. From Table 9 on page 28 in NIOZ 2010, and pages 6-16 in MERC/CBL 2010. 

Trial Viable >50 µm organisms per m3 
NIOZ 2010 (Land-based Tests) 

1 4.3 
2 0.3 
3 0 
4 0 
5 0 
6 0 
7 0 
8 0 
9 0 

10 0.3 
11 1.0 

MERC/CBL 2010 (Land-based Tests) 
1 1.4 
2 0.2 
3 0.4 
4 0.8 
5 0 

 
The IMO G8 protocols for land-based testing require that the discharge limits be met in 
10 trials. Because the concentrations in the ≥50 µm group are 1/m3 or less in 10 of 11 
NIOZ trials (#2-11) and 0.8/m3 or less in 4 of 5 MERC/CBL trials (#2-5), the BalPure 
treatment system meets the 10x IMO D-2 standard for the ≥50 µm group if assessed in 
accordance with the IMO G8 protocols.4 Since BalPure also meets the 10x IMO D-2 
standard for the 10-50 µm group (see below), and also decreases total bacteria,5 
BalPure meets the 10x IMO D-2 standard even by the more stringent definition of 10x 
IMO D-2 inserted into Chapter 4 in the final draft report provided to the Panel. This 
result is contrary to what is stated in the SAB Report.
                                            
4 Since the ETV protocol only requires 6 land-based trials for type approval, BalPure also met the 10x 
IMO D-2 standard when assessed in accordance with the ETV protocol. 
5 Table 13 on p. 34 in NIOZ 2010. In every trial, total bacteria concentrations in treated discharges are 
≥1.3 logs less than intake concentrations and ≥0.9 logs less than untreated discharge concentrations. 
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BalPure treatment system:  10-50 µm organisms 
 
BalPure's results for the 10-50 µm class were reported as follows: 
 
Table 8. Concentrations of 10-50 µm organisms in discharges from the BalPure treatment 
system. From Table 10 on page 30 in NIOZ 2010, and pages 6-16 in MERC/CBL 2010. 

 

 
The MERC/CBL report doesn't state the detection limit for the viable organism counts in 
the 10-50 µm category, but the results for the controls at t=0 and t=5 and for treatments 
at t=0 suggest a detection limit of 1/mL for each replicate; with 5 replicates (MERC/CBL 
2010, p. 3), this corresponds to a detection limit of 0.2/mL for each trial. 
 
As with the Ecochlor data, the NIOZ data appear to show that BalPure met the 100x 
IMO D-2 standard, but since the total volume analyzed was 9 mL the detection limit was 
actually 0.1111.../mL, not 0.1/mL. Thus these data only show that BalPure came very 
close to meeting the 100x IMO D-2 limit. These results, as well as the MERC/CBL 
results, show that BalPure easily met the 10x IMO D-2 limit, contrary to what is stated in 
the SAB Report.

Trial Viable 10-50 µm organisms per mL 
NIOZ 2010 (Land-based Tests) 

1 <0.1 
2 <0.1 
3 <0.1 
4 <0.1 
5 no data 
6 <0.1 
7 <0.1 
8 <0.1 
9 <0.1 

10 <0.1 
11 <0.1 

MERC/CBL 2010 (Land-based Tests) 
1 0 
2 0 
3 0 
4 0 
5 0 
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PeraClean treatment system:  ≥50 µm organisms 
 

SEDNA PeraClean was the only treatment system considered in the "Hydrocyclone+ 
filtration+peracetic acid" category. Although the SAB Panel determined that PeraClean's 
test data were reliable, the Panel did not score the PeraClean treatment system 
because the manufacturer withdrew it from the market after receiving type approval, due 
to performance issues in very cold, fresh water. 6 The Panel reviewed one report on 
PeraClean's efficacy, which included both a land-based test report (NIOZ 2008) and a 
shipboard test report (NIOZ/GoConsult 2008). The results for the ≥50 µm class were 
reported as follows: 
 
Table 9. Concentrations of ≥50 µm organisms in discharges from the PeraClean 
treatment system. From Table 8 on page 24 in NIOZ 2008, and Tables 6-10 on page 6-8 in 
NIOZ/GoConsult 2008. 

Trial Viable >50 µm organisms per m3 
NIOZ 2008 (Land-based Tests) 

1 0.7 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 0 
9 0 

10 0.3 
11 0 
12 0 

NIOZ/GoConsult 2008 (Shipboard Tests) 
1 1.1 
2 0 
3 0 
4 0 
5 0 

                                            
6 Was it appropriate to remove the PeraClean system from SAB consideration because of its removal 
from the market, or because of its performance issues in cold, fresh water? The Panel's findings were not 
in regard to whether individual treatment systems could meet the standards, but whether the data showed 
that different types of treatment could meet the standards; and none of the treatment systems reviewed 
had been tested in anything close to the full range of conditions that ships operate in. In fact, PeraClean's 
type approval tests included trials in colder water than 6 of the 8 systems scored by the Panel, over a 
greater range of temperatures than 5 of the systems, and in fresher water than 7 of the systems. Some 
treatment systems are sold for use only under limited conditions, e.g. only in a certain temperature or 
salinity range, or only on voyages longer than a certain period. There doesn't appear to be any reason 
why the treatment type of "Hydrocyclone+filtration+peracetic acid" shouldn't have been scored just as 
other treatment system types were. The fact that a particular manufacturer withdrew its product doesn't 
change the performance demonstrated for the treatment type over a range of conditions. 
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The IMO G8 protocols for land-based testing require that the discharge limits be met in 
10 land-based trials and 3 consecutive shipboard trials. Because the concentrations in 
the ≥50 µm group are < 1/m3 in all 12 land-based trials and in 4 consecutive shipboard 
trials, the PeraClean treatment system meets the 10x IMO D-2 standard for the ≥50 µm 
group if assessed in accordance with the IMO G8 protocols.7 Had the type of treatment 
represented by the PeraClean system been scored by the Panel, the Panel would have 
found that PeraClean met the 10x IMO D-2 standard for the ≥50 µm class, contrary to 
the conclusion in the SAB Report. 
 

                                            
7 Since the ETV protocol only requires 6 land-based trials for type approval, PeraClean also met the 10x 
IMO D-2 standard when assessed in accordance with the ETV protocol. 
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PeraClean treatment system:  10-50 µm organisms 
 

PeraClean's results for the 10-50 µm class were reported as follows: 
 
Table 10. Concentrations of 10-50 µm organisms in discharges from the PeraClean 
treatment system. From Table 10 on page 27 in NIOZ 2008, and Tables 6-10 on pages 6-8 in 
NIOZ/GoConsult 2008. 

Trial Viable 10-50 µm organisms per mL 
NIOZ 2008 (Land-based Tests) 

1 <0.1 
2 <0.1 
3 <0.1 
4 <0.1 
5 <0.1 
6 <0.1 
7 <0.1 
8 <0.1 
9 <0.1 

10 <0.1 
11 <0.1 
12 <0.1 

NIOZ/GoConsult 2008 (Shipboard Tests) 
1 <0.1 
2 <0.1 
3 <0.1 
4 <0.1 
5 <0.1 

 
As with the Ecochlor and BalPure data, the PeraClean data appear to show that 
PeraClean met the 100x IMO D-2 standard, but since the total volume analyzed was 9 
mL the detection limit was actually 0.1111.../mL, not 0.1/mL. Thus these data only show 
that PeraClean came very close to meeting the 100x IMO D-2 limit. Had the type of 
treatment represented by the PeraClean system been scored by the Panel, the Panel 
would have found that it easily met the 10x IMO D-2 limit, contrary to the conclusion in 
the SAB Report. 
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Summary 
 

The results can be summarized as follows: 
 
Table 11. Treatment system performance assessed in accordance with IMO G8 protocols 
(i.e. based on the highest count in 10 land-based trials and 3 consecutive shipboard 
trials; or if results for fewer than these are available, then based on the highest count in 
all available trials). 
Organism size class Treatment system Highest count Performance 

Ecochlor 0.3/m3 
BalPure 0.3/m3 >50 µm 

PeraClean <0.3/m3 

Met 10x IMO D-2  
(<1/m3) 

Ecochlor <0.111.../mL 
BalPure <0.111.../mL 10-50 µm 

PeraClean <0.111.../mL 

Met 10x IMO D-2  
(<0.1/mL) 

 
In addition, since the BalPure treatment system also consistently reduced bacteria 
concentrations, it met 10x IMO D-2 even when judged against the more stringent 
definition of 10x IMO D-2 inserted into Chapter 4 of Draft 4. 
 
A key conclusion of the SAB Report is that there are several shipboard treatment 
systems that can meet IMO D-2 standards but none that can meet 10x IMO D-2; and 
while it might be possible for some of these treatment systems to meet 10x IMO D-2 
with adjustments or changes, wholly new treatment approaches would be needed to 
meet 100x IMO D-2. This conclusion is contradicted by the data in the test reports that 
the SAB Panel relied on, which show that some treatment systems consistently met 10x 
IMO D-2 for both the >50 µm and 10-50 µm organism groups and nearly met 100x IMO 
D-2 for the 10-50 µm organism group. 
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