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The global shipping fleet will be installing many
ballast water management systems — soon

https://www.marinetraffic.com/en/ais/home/
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BWMS type approval is required

IMO USCG
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The U.S. Coast Guard live / dead test for type approval 

Vital Stains + Motility

Image from Fux et al. (2010) Toxicon 56:1487-96.

“ETV protocol”

Stained or moving = live

Unstained and unmoving = dead

This is for organisms  
≥10 µm to < 50 µm

nominally protists
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Single Cell

Daughter
Cell

Daughter
Cell

Cell Division

Most Probable Number Dilution Culture (MPN) enumerates 
viable cells — those capable of reproduction

1978

Heterotrophs are assessed by motility
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No reproduction, no invasion

Simple as that
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Treatment with ultraviolet 
radiation (UV) can stop

reproduction without killing

Zombie Phytoplankton!

Not capable of reproduction 
but classified as undead
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Treat with low-energy UV

Test with MPN: PASS

Test with stains: FAIL

Correct answer: PASS

See also Blatchley et al, 2018. Environ Sci Technol 52, 8075-8086.

UV-Treated Discharge

FAILPASS

Wright and Welschmeyer 2015. 
J. Mar. Eng. Tech. 14, 9-18

Super-simple Summary:
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Super-simple solution for the USCG: 
Accept MPN Dilution Culture + Motility 

and align with the IMO

Document 
prepared with 
consent of the 
United States 

delegation, led by 
the USCG.

(January 2017)

9Cullen – ICAIS 2019



ICAIS Montréal – 2019Cullen ICAIS Montréal – 2019Cullen 

Consensus agreement
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2016 USCG rejection of MPN stands

MPN Working Group of the ETV has 
no published results after 5 years 
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The United States Coast Guard has yet 
to align with the global consensus
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Stains are not suitable
for low-energy UV
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USCG cannot test  low-energy UV treatment
systems suitably
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Legislated solution: 
VIDA
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Instructions in VIDA

• USCG with EPA must develop a new policy
(by Dec 4, 2019)

• It will describe type-approval testing 
methods, if any, for BWMS that render 
organisms nonviable

• It shall take into consideration organism 
grow-out and MPN

• Start with a draft policy letter based on best  
available science

(due June 4, 2019 for public comment)
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…the Coast Guard does not know of 
any type-approval testing protocols for 

BWMS that render nonviable 
organisms in ballast water that are 
based on best available science.

Draft Policy Letter 
Surprises Many
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Draft Policy Letter

• No description of a method:
“the Coast Guard does not know of any”

• Not one mention of MPN
• Describes a process for submitting protocols that might be accepted
• Tremendous amount of work (prep and review), much of it repetitive
• Timeline to first MPN-based type approval unknown — years?
• Uncertainty among all stakeholders
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The statement is not explained
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It cannot mean this:

…the Coast Guard does not know about 
the MPN + Motility methodology 
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It must mean this:

The Coast Guard denies that 
MPN + Motility type-approval testing 

protocols are based on the 
best available science 
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1978

Best available 
science disagrees
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So do most of the commenters: 
manufacturers, shipping, testing 

labs, researchers
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1978

Quick review of the best 
available science
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Documentation freely available on 
the permanent public record
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1951 1978

2015

J. du Conseil

MPN Dilution Culture has been used for 
decades to enumerate viable phytoplankton with 

unknown culturing requirements
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USCG-accepted Independent Laboratory:

USCG-accepted testing facilities:

MPN since 2006MPN since 2010
MPN since 2010

Contributed to 14 of the 21 USCG type approvals

Contributed to 16 type approvals for Norway (IMO)

MPN Dilution Culture + Motility has been used for years in 
type-approval testing of BWMS and has been fully 

endorsed by USCG-approved laboratories
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Suitable testing protocols have been published
They are based on best available science 
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• Damage from UV is repaired quickly or not at all
• The MPN Dilution Culture method promotes any repair that might occur
• Two-week incubation is enough to render the risk of delayed recovery negligible

MPN-based methods assess permanent loss of viability

27Cullen – ICAIS 2019



ICAIS Montréal – 2019Cullen 

Liebich et al., 2012. Aquatic Invasions 7, 29-36
Shown by Cullen and MacIntyre, ICAIS 2016

Growth first detected 
eight days after 
treatment

Is “regrowth” evidence of delayed recovery?
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Apparent ”regrowth” is survivors emerging

Liebich et al., 2012. Aquatic Invasions 7, 29-36
Shown by Cullen and MacIntyre, ICAIS 2016

Prediction of growth modeling with no 
delayed recovery

Delayed detection is not a demonstration of delayed growth
“nonviable means permanently nonviable”
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MPN + Motility has been thoroughly validated
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Limit of detection

Interlaboratory comparison
Reproducibility

Bias (false positive/negative)

Precision

Expert assessment of bias

Quantitative and rigorous

see next slide for reference
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Validated to a higher 
standard than for 

FDA/CMFDA + Motility

USCG-2019-0477-0007

Comment to the USCG draft policy letter CG-OES No. 01-19
John J. Cullen

https://www.regulations.gov/document?D=USCG-2019-0477-0007
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Equivalent or better protection
Science of the Total Environment 627 (2018) 1602-1626
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1978
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None of the findings in support of MPN for 
BWMS type-approval testing has been challenged

There is no “better available science” in the public domain
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MPN + Motility is well established in ballast water testing, 
fully consistent with the description in VIDA, and firmly 

grounded in the best available science.

The science supports acceptance of a generic 
MPN + Motility protocol for inclusion in the USCG Final 

Policy. 

Conclusions
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• Alignment with IMO and Canadian ballast water policy

• Equivalent or better protection of the environment

• Consistent and predictable framework for shipowners

• Path for approval of low-energy UV treatment

• Eliminate unnecessary and burdensome work

– manufacturers, laboratories, regulators, contractors, lawyers…

• More resources for Homeland Security and better ballast water treatment

Benefits of accepting MPN + Motility and moving 
on with protection of coastal environments
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Moving on would be good

Editorial:

Thank you
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