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A. Charge from EPA and the Focus of this Document   
“What are the principal limitations of the available studies and reports on the status of ballast 
water treatment technology and system performance and how can these limitations be overcome 
or corrected in future assessments of the availability of technology for treating ballast water 
onboard vessels?”  Charge question 4 (and the other three specific charge questions) are under 
the committee’s overall charge to "provide advice on technologies and systems to minimize the 
impacts of invasive species in vessel ballast water discharge” (Feb. 2010 Federal Register 
notice).  While we address Charge Question 4, we also address aspects of the broader charge not 
covered by any of the four specific charge questions.  Specifically, in later sections of this report, 
we address limitations of technology and systems to enable effective compliance and 
enforcement, and on-shore treatment systems. 
 
B. Motivation: Standards Drive Technology Development 
To be useful, the standards that dischargers are required to meet must be achievable; but to 
provide an incentive to improve treatment technology, these standards must be more demanding 
than can be met by the specific treatment systems that are currently in use to treat the discharges. 
 
 

II. Problems with testing commercial ballast water treatment technology systems:  29 
protocols, analysis, and reporting practices that could be improved  30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

 
A. Major Limitations  
Major impediments in evaluating the performance of ballast water treatment technologies include the 
lack of available data to enable assessment or comparison of most systems; the lack of 
comprehensive, standardized testing programs; and the lack of standardized, practical protocols for 
quantifying the removal of some size classes of organisms. 
 
B. Lack of Independent Testing 
Testing should be conducted by a party independent from the manufacturer with appropriate, 
established credentials, approved by EPA/USCG. 
 
C. Need for Experimental Validation of Methods 
Experimental validation is needed to demonstrate that testing operations can accomplish separation 
of organisms with quantified uncertainty (e.g. microbead-based experiments to test filtration) 
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D. Lack of Standardized Testing Protocols 
Testing protocols must be standardized and ideally applied across the full gradient of environmental 
conditions represented by the earth’s ports 
 
1) Test Verification Factors 
2) Challenge Conditions - 
3) Treatment Facility Experimental Configuration - 
4) Verification Testing -  
 
E. Compromises Necessary Because of Practical Constraints 
1) Standard Test Organisms (Surrogates) - 
 
2) Other Potential Surrogates Cannot Reliably Quantify Organisms 

14 
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Algal pigments -  
 

16 
17 

Adenylates 
 

18 
19 
20 

 21 
 22 

23 
 24 
 25 

INT - (2-p-iodophenyl)-3-(p-nitrophenyl)-5-phenyltetrazolium chloride) 
 
3) Sized-Down Treatments- 

F. Incomplete Reporting of Results.  Complete results, including failures, must be reported. 
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inherent limitations?
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A. Statistical Constraints on Protocols and Standards 
Tests should be designed and the data analyzed using appropriate volumes and statistical methods, 
including explicit quantification of statistical power (Lee et al. 2010).  To verify reductions to the 
extremely low concentrations proposed for the largest (>50um) size class requires analysis of 
impractically(?) large sample volumes. 

 
B.  Mismatch Between the “Living” (Viable) Standard and Practical Protocols 
Determining whether an organism was "living," "viable" or "infective" at the time of discharge is 
very expensive in terms of time and effort for all organisms and perhaps impossible for some 
organisms and live stages.  Testing protocols for determining “viability” and/or “living” must be 
standardized, and the limitations of these protocols must be assessed. 
1) Rapid concentration of cells from large volumes kills and/or destroys many organisms –  
2) Standardized rigorously tested protocols for evaluating organism viability do not yet exist – 
3) Resistant stages present special challenges in attempts to assess viability – 
4) Many microbial species are capable of changing their location in counting chambers, which can 
bias the count  
5) Viable when collected (formerly viable) counts should be considered as a practical alternative for 
quantifying phytoplankton, other protists, and zooplankton – 
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6) Techniques to detect and quantify harmful bacteria are based upon small volumes relative to 
ballast tank volumes, and also cannot account for active nonculturable cells – 
 
C. HACCP: an alternative approach to assess treatment capabilities?  
An alternative approach is to base the assessment on an analysis of the engineering and 
operational design of the treatment system and the individual processes used in the treatment 
system. This is the approach employed when Hazard Analysis and Critical Control Points 
(HACCP) methods are used to set regulatory and permit requirements. 
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A. Statement of limitation 
Both initial testing of technology protocols (section above) and potential compliance and 
enforcement monitoring suffer from slow and expensive methods.  No information was provided 
(does any exist?) on whether protocols and systems for compliance monitoring (whether 
voluntary by ship operator or legally required) and enforcement were being considered alongside 
the development and testing of technology.  The committee feels that it is essential that these be 
developed in concert with technology testing to avoid a situation where the creation of 
enforceable policy or rules is difficult or impossible. 
 
B. Practical compliance/enforcement protocols needed.  
Full protocols for initial evaluation of a technology (previous slide) are not practical for routine 
inspections (either self-inspections or regulatory inspections); protocols assessing surrogate 
parameters (including perhaps chlorophyll, DNA, ATP) for concentration standards should be 
developed that can be easily and quickly measured on board ship or nearby.  If sufficient 
foundation of rigorous studies demonstrate the relationship between surrogate variables and the 
numerical standards for living organisms (specified in policy) then such surrogates could be used 
not only in future compliance and enforcement testing but also in initial testing of technology 
systems. (see among others, recent paper by Tamburri et al).  These protocols also need to work 
under the full range of environmental conditions relevant to shipping (previous section). 
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A. Introduction 
Several key approaches other than shipboard treatment of ballast water (including both 
technologies and operational systems) could help to reduce the risk of biological invasions from 
ballast water discharges, and contribute to the achievability of discharge standards and permit 
requirements. 
 
B. Managing ballast uptake 
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Several studies have recommended various ballasting practices—referred to as ballast micro-
management, shipboard management measures, or precautionary management measures—to 
reduce the number of organisms, or the number of harmful or potentially harmful organisms 
(such as bloom-forming algae and organisms found in sewage), that are taken up with ballast 
water. 
 
C. Reducing risk of invasion from ballast discharges  
 Technologies and practices to reduce the volume of ballast water discharged in US waters could 
include ballast water exchange; operational adjustments; systems that allow shifting of ballast 
water between tanks; larger, wider vessels that require less ballast water per unit of cargo; 
changes in the deballasting practices to minimize reproduction of discharged organisms; and the 
potential development of ballastless vessels. 
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A. Existing Literature on Onshore Treatment 
Onshore treatment includes both treatment facilities built on land and treatment facilities 
installed on a port-based treatment ship, which will be referred to as “on-land” and “treatment 
ship” approaches, respectively. 
 
B. Potential Advantages of Onshore Treatment Compared to Shipboard Treatment 
Onshore ballast water treatment systems have a greater potential to meet strict standards at a 
reasonable total cost than do shipboard treatment systems. 
 
C. Potential Operational Issues Restricting the Use of Onshore Treatment 
 
D. Cost of Onshore vs. Shipboard Treatment 
 
E. Potential Capability of Onshore Treatment 
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A. Combining previously described approaches  
It may be possible to meet more stringent discharge standards, or otherwise reduce the risk of 
invasions from ballast water discharges, by combining multiple approaches discussed above, 
including on-shore treatment. 
 
B. Voyage-based risk assessment to prioritize use of treatment technologies, ballasting and 
deballasting practices, monitoring efforts, and enforcement.  
Ship-specific, voyage-based risk assessments have recently been developed for use by ship 
operators and regulators.  Risk assessment protocols consider the origin of a ship with respect to 
environmental match of port and/or known presence of harmful organisms.  These risk 
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assessments could be useful in compliance and enforcement purposes in addition to risk 
management purposes. 
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