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Conclusions regarding the performance of shipboard 
ballast water treatment systems 

 
 
Note that the IMO D-2 standard and the USCG Phase 1 standard, both of which are referenced 
in these quotes, have the same discharge limits (10/m3 for >50 µm organisms and 10/mL for 10-
50 µm organisms), but have somewhat different test protocols (IMO G8 protocols and ETV 
protocols, respectively). 
 
 
Draft 1 (10/20/2010) 
 
Response to Charge Questions 1 and 2, Pages 2-3 and Table 1: Five treatment 
types or categories of shipboard ballast water treatment systems were scored "A" and 
"B" for the IMO D-2 standard, meaning that they had been "demonstrated to meet the 
standard in accordance with the approach suggested in the IMO G8 guidelines" and 
were "likely to meet the standard with reasonable scientific certainty." A footnote stated 
that "Reasonable scientific certainty is defined as: (a) Rational basis built upon empirical 
scientific data that allows for drawing conclusions from data and (b) General acceptance 
by the relevant scientific community of the available data and methods, and the specific 
conclusions drawn from the data." 
 
All five of these treatment types or categories, including "Filtration + chlorine dioxide" 
(Ecochlor was the only treatment system in this category) and "Filtration + 
electrochlorination" (Balpure was one of two treatment systems with reliable data in this 
category), were scored "C" and "D" for the 10x IMO D-2 standard and the 100X IMO D-
2 standard, respectively. By not scoring these types or categories of treatment as "A", 
the report stated that they had not been "demonstrated to meet the standard in 
accordance with the approach suggested in the IMO G8 guidelines." By not scoring 
these as "B", the report stated that they were not "likely to meet the standard with 
reasonable scientific certainty" and, as described on page 3, that it was not true that 
"the number of living organisms was consistently low and it seemed very likely the 
BWMS would still meet the standard if larger, integrated sample were used."  
 
The treatment type or category of "Hydrocyclone + filtration + peracetic acid" 
(PeraClean was the only treatment system in this category) was type approved and 
judged to have reliable test data but was not scored in Table 1 "because the one 
manufacturer has withdrawn this BWMS from market." 
 
Response to Charge Questions 1 and 2, Page 3: "Rather than present the scores 
from individual, commercial BWMS units or models, the working group chose to 
categorize technologies by operation type (e.g., filtration + UV)...Thus, while the data 
packages from individual BWMSs were initially examined and scored, the results were 
collapsed to represent a top-order status of the field. For a given operation type, if 
reliable data were available for more than one commercial BWMS, the scores given to 
the operation type were the highest scores of any of the individual BWMS. In this 
manner, Table 1 represents the greatest potential of the operation types to meet various 
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discharge standards." 
 
Response to Charge Questions 1 and 2, Pages 4-5: "Based on available data, we 
can conclude with reasonable scientific certainty that several BWMSs can reliably 
perform to the IMO D-2 and USCG proposed Phase 1 discharge standard. However, 
current BWMSs are unlikely to ever meet 100x D-2 or 1000x D-2..." 
 
Response to Charge Questions 1 and 2, Page 5: "Table 1 lists five different types 
that have been able to demonstrate that they have met the IMO D-2 standard...Given 
the data available, it is also possible to assume that these same five systems have the 
potential to meet a 10X D-2/P-1 standard in the near future...However, given the data 
available, it is highly unlikely that any of the systems listed in Table 1 could provide 
organism removal to the level of 100x or 1000x the standard..." 
 
 
Draft 2 (1/11/2011) 
 
Response to Charge Questions 1 and 2, Pages 30-34 and 36-37: Exactly the same 
description and conclusions as on pages 1-5 and Table 1 of Draft 1. 
 
 
Draft 3 (3/3/2011) 
 
Cover Letter: "The Panel concluded that five categories of existing ballast water 
management systems (BWMS) achieved technologically and ecologically significant 
reductions in organism concentrations and were likely to comply with the least stringent 
proposed standard ( the D-2/Phase 1 standard). However, due to technological, 
logistical, and personnel constraints imposed by shipboard operations, the Panel also 
concluded that wholly new treatment systems need to be developed in order to meet 
more stringent proposed standards (i.e., standards that are 100 x, or 1000 x more 
stringent than D-2/Phase 1)." 
 
Executive Summary, Page 1: "The Panel concluded that five categories of existing 
ballast water management systems (BWMS) achieved technologically and ecologically 
significant reductions in organism concentrations and were likely to comply with the 
least stringent proposed standard ( the D-2/Phase 1 standard). However, due to 
technological, logistical, and personnel constraints imposed by shipboard operations, 
the Panel also concluded that wholly new treatment systems need to be developed in 
order to meet more stringent proposed standards (i.e., standards that are 100 x, or 1000 
x more stringent than D-2/Phase 1)." 
 
Response to Charge Questions 1 and 2, Page 39 and Table 4.1: Five treatment 
types or categories of shipboard ballast water treatment systems were scored "A" and 
"B" for the IMO D-2 standard, meaning that they had been "demonstrated to meet this 
standard in accordance with the approach suggested in the IMO G8 guidelines" and 
were "likely to meet this standard if the more detailed ETV ballast water treatment test 
protocols were utilized." 
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All five of these treatment types or categories, including "Filtration + chlorine dioxide" 
(Ecochlor was the only treatment system in this category) and "Filtration + 
electrochlorination" (Balpure was one of two treatment systems with reliable data in this 
category), were scored "C" and "D" for the 10x IMO D-2 standard and the 100X IMO D-
2 standard, respectively. By not scoring these types or categories of treatment as "A", 
the report stated that they had not been "demonstrated to meet this standard in 
accordance with the approach suggested in the IMO G8 guidelines." By not scoring 
these as "B", the report stated that they were not "likely to meet this standard if the more 
detailed ETV ballast water treatment test protocols were utilized."  
 
The treatment type or category of "Hydrocyclone + filtration + peracetic acid" 
(PeraClean was the only treatment system in this category) was type approved and 
judged to have reliable test data but was not scored in Table 1 "because the one 
manufacturer has withdrawn this BWMS from market." 
 
Response to Charge Questions 1 and 2, Page 40: "Rather than present the scores 
from individual, commercial BWMS units or models, the Panel categorized the 
technologies by operation type (e.g., filtration + UV)...Thus, while the data packages 
from individual BWMSs were initially examined and scored, the results were collapsed 
to represent a top-order status of the field. For a given operation type, if reliable data 
were available for more than one commercial BWMS, the scores given to the operation 
type were the highest scores of any of the individual BWMS. In this manner, Table 4.1 
represents the greatest potential for each of the operational categories of technologies 
to meet various discharge standards." 
 
Response to Charge Questions 1 and 2, Page 44: "Conclusion 1b: ...available data 
suggests that the same five types may be able to reach 10x D-2/Phase 1 for the > 50 
µm and 10 – 50 µm size classes sometime in the near future, if both treatment 
performance and testing approaches improve." 
 
Response to Charge Questions 1 and 2, Page 45: "(Table 4.1) lists five types that 
have been demonstrated to meet the D-2/Phase 1 standard...Given the data available, it 
is reasonable to assume that these same five systems have the potential to meet a 10 x 
D-2/Phase 1 standard in the near future...Given the data available, it is highly unlikely 
that any of the systems listed in Table 4.1 could provide organism removal to the level 
of 100x or 1000x the standard..." 
 
Response to Charge Questions 1 and 2, Page 46: "Conclusion 2: Five types or 
categories of ballast water management systems can currently meet the IMO D-2 
discharge standard and appear to meet USCG Phase I standard (Deoxygenation + 
cavitation, Filtration + chlorine dioxide, Filtration + UV, Filtration + UV + TiO2, and 
Filtration + electrochlorination) and it is possible that the same five types could meet 10x 
D-2/Phase 1 sometime in the near future if both treatment performance and testing 
methods and approaches (e.g., detection limits) improve." 
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Draft 4 (5/24/2011)  (Concurrence Draft) 
 
Cover Letter: "The SAB concluded that five categories of existing ballast water 
management systems (BWMS) achieved technologically and ecologically significant 
reductions in organism concentrations and were likely to comply with the least stringent 
proposed standard ( the D-2/Phase 1 standard).  However, due to technological, 
logistical, and personnel constraints imposed by shipboard operations, the SAB also 
concluded that wholly new treatment systems need to be developed in order to meet 
more stringent proposed standards (i.e., standards that are 100x, or 1000x more 
stringent than D-2/Phase 1)." 
 
Executive Summary, Pages 1-2: "The Panel concluded that five categories of existing 
ballast water management systems (BWMS) achieved significant reductions in 
organism concentrations and were able to comply with the least stringent standard 
proposed by the International Marine Organization (IMO), known as the D-2 / USCG 
Phase 1 standard.  However, based on the available data and constraints imposed by 
shipboard operations, the Panel also concluded that wholly new treatment systems and 
new measurement techniques would need to be developed if more stringent standards 
are to be met and evaluated with statistical validity (e.g., standards that are 100 x, or 
1000 x more stringent than IMO D-2/USCG Phase 1 standards)." 
 
Response to Charge Questions 1 and 2, Pages 40-41 and Table 4.1: Five treatment 
types or categories of shipboard ballast water treatment systems were scored "A" and 
"B" for the IMO D-2 standard, meaning that they had been "demonstrated to meet this 
standard in accordance with the approach suggested in the IMO G8 guidelines" and 
were "likely to meet this standard if the more detailed ETV Protocol (and corresponding 
sample volumes) were to be used." 
 
All five of these treatment types or categories, including "Filtration + chlorine dioxide" 
(Ecochlor was the only treatment system in this category) and "Filtration + 
electrochlorination" (Balpure was one of two treatment systems with reliable data in this 
category), were scored "C" and "D" for the 10x IMO D-2 standard and the 100X IMO D-
2 standard, respectively. By not scoring these types or categories of treatment as "A", 
the report stated that they had not been "demonstrated to meet this standard in 
accordance with the approach suggested in the IMO G8 guidelines." By not scoring 
these as "B", the report stated that they were not "likely to meet this standard if the more 
detailed ETV Protocol (and corresponding sample volumes) were to be used."  
 
The treatment type or category of "Hydrocyclone + filtration + peracetic acid" 
(PeraClean was the only treatment system in this category) was type approved and 
judged to have reliable test data but was not scored in Table 1 "because the one 
manufacturer has withdrawn this BWMS from market." 
 
Response to Charge Questions 1 and 2, Page 42: "Rather than present the scores 
from individual, commercial BWMS units or models, the Panel categorized the 
technologies by operation type (e.g., filtration + UV)...Thus, while the data packages 
from individual BWMSs were initially examined and scored, the results were collapsed 



  Conclusions – 5 

to represent a top-order status of the field. For a given operation type, if reliable data 
were available for more than one commercial BWMS, the scores given to the operation 
type were the highest scores of any of the individual BWMS. In this manner, Table 4.1 
represents the greatest potential for each of the operational categories of technologies 
to meet various discharge standards." 
 
Response to Charge Questions 1 and 2, Page 48: "Conclusion 1b: The Panel 
concludes that five types of BWMS are currently able to reach IMO D-2/ Phase 1 
standards. These same five types may be able to reach 10x IMO D-2/ Phase 1 
standards for the ≥50 µm and 10 – 50 µm size classes in the near future, if both 
treatment performance and testing approaches improve (see Section 5).  Finally, no 
current BWMS types can meet a 100x or 1000x discharge standard." 
 
Response to Charge Questions 1 and 2, Page 49: "Table 4.1 lists five types that have 
been demonstrated to meet the IMO D-2/ Phase 1 standard...Given the data available, it 
is reasonable to assume that these same five systems have the potential to meet a 10x 
IMO D-2/ Phase 1 standard in the near future...Given the data available, it is highly 
unlikely that any of the systems listed in Table 4.1 could provide organism removal to 
the level of 100x or 1000x the standard..." 
 
Response to Charge Questions 1 and 2, Page 49: "Conclusion 2: Five types or 
categories of ballast water management systems can currently meet the IMO D-2 
discharge standard and appear to meet USCG Phase I standard (Deoxygenation + 
cavitation, Filtration + chlorine dioxide, Filtration + UV, Filtration + UV + TiO2, and 
Filtration + electrochlorination) and it is possible that the same five types could meet 10x 
IMO D-2/Phase 1 sometime in the near future if both treatment performance and testing 
methods and approaches (e.g., detection limits) improve." 
 
 
Final Draft (7/12/2011)  (after SAB quality review and revision) 
 
Cover Letter: "Based on the information provided, five of 34 categories of assessed 
BWMS achieved reductions in organism concentrations sufficient to comply with the first 
standard proposed by the USCG (i.e., the ‘Phase 1’ standard)...the Panel concluded 
that none of the assessed BWMS can meet a standard that is 100 or 1000 times more 
stringent...Because of technological, logistical, and personnel constraints imposed by 
shipboard operations, wholly new systems need to be developed to meet proposed 
standards that are 100 or 1000 times more stringent than Phase 1." 
 
Executive Summary, Pages 1-2: "[B]ased on the available testing data, it is clear that 
while five types of BWMS are able to reach IMO D-2/Phase 1, none of the systems 
evaluated by the Panel performed at 100 times or 1000 times the Phase 1 standard." 
 
Response to Charge Questions 1 and 2, Page 31 and Table 4-1: Five treatment 
types or categories of shipboard ballast water treatment systems were scored "A" and 
"B" for the IMO D-2 standard, meaning that they had been "demonstrated to meet this 
standard in accordance with the approach suggested in the IMO G8 guidelines" and 
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were "likely to meet this standard if the more detailed ETV Protocol (and corresponding 
sample volumes) were to be used." 
 
All five of these treatment types or categories, including "Filtration + chlorine dioxide" 
(Ecochlor was the only treatment system in this category) and "Filtration + 
electrochlorination" (Balpure was one of two treatment systems with reliable data in this 
category), were scored "C" and "D" for the 10x IMO D-2 standard and the 100X IMO D-
2 standard, respectively. By not scoring these types or categories of treatment as "A", 
the report stated that they had not been "demonstrated to meet this standard in 
accordance with the approach suggested in the IMO G8 guidelines." By not scoring 
these as "B", the report stated that they were not "likely to meet this standard if the more 
detailed ETV Protocol (and corresponding sample volumes) were to be used."  
 
The treatment type or category of "Hydrocyclone + filtration + peracetic acid" 
(PeraClean was the only treatment system in this category) was type approved and 
judged to have reliable test data but was not scored in Table 1 "because the one 
manufacturer has withdrawn this BWMS from market." 
 
Response to Charge Questions 1 and 2, Pages 32-33: "Rather than present the 
scores from individual, commercial BWMS units or models, the Panel categorized the 
technologies by operation type (e.g., filtration + UV)...Thus, while the data packages 
from individual BWMSs were initially examined and scored, the results were aggregated 
to represent a top-order status of the field. For a given operation type, if reliable data 
were available for more than one commercial BWMS, the scores given to the operation 
type were the highest scores of any of the individual BWMS. In this manner, Table 4-1 
represents the greatest potential for each of the operational categories of technologies 
to meet various discharge standards." 
 
Response to Charge Questions 1 and 2, Page 37: "Conclusion 1b: The Panel 
concludes that five types of BWMS are currently able to reach IMO D-2/ Phase 1 
standards. These same five types may be able to reach 10x IMO D-2/ Phase 1 
standards for the ≥50 µm and ≥ 10 to < 50 µm size classes in the near future, if both 
treatment performance and testing approaches improve (see Section 5). Finally, no 
current BWMS types can meet a 100x or 1000x discharge standard." 
 
Response to Charge Questions 1 and 2, Page 38: "Table 4-1 lists five types that 
have been demonstrated to meet the IMO D-2/ Phase 1 standard...Given the data 
available, it is reasonable to assume that these same five systems have the potential to 
meet a 10x IMO D-2/ Phase 1 standard in the near future...Given the data available, it is 
highly unlikely that any of the systems listed in Table 4-1 could provide organism 
removal to the level of 100x or 1000x the standard..." 
 
Response to Charge Questions 1 and 2, Page 39: "Conclusion 2: Five types or 
categories of ballast water management systems can currently meet the IMO D-2 
discharge standard and appear to meet USCG Phase I standard: Deoxygenation + 
cavitation; Filtration + chlorine dioxide; Filtration + UV; Filtration + UV + TiO2; and 
Filtration + electrochlorination. It is possible that the same five types could meet 10x 
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IMO D-2/Phase 1 sometime in the near future if both treatment performance and testing 
methods and approaches (e.g., detection limits) improve." 
 
 

*  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  * 
 
In summary the report concluded: 
 

• Five types of shipboard treatment systems demonstrated in G8 type-approval tests 
that they meet IMO D-2 standards. 

 
• Though these types of treatment systems do not currently meet the 10x IMO D-2 

standard, they may be able to do so in the near future if treatment performance 
improves with moderate adjustments or changes to existing technologies. 

 
• Based on the available data no current shipboard treatment system can meet 100x 

or 1000x IMO D-2 standards, nor could them meet with moderate adjustments or 
changes to existing technologies. Rather, meeting these more stringent standards 
would require wholly new treatment systems. 

 


