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Our Mission:Our Mission:
Science to Serve and Preserve the Value 

and Beauty of the Great Lakesand Beauty of the Great Lakes
Great Lakes are a global resource.
Great Lakes fresh water and its habitats must be protectedGreat Lakes fresh water and its habitats must be protected.
Our goal: Ideas and facts for future action.
Development of new technologies.
C f I i i d b ll h l iCurrent focus:  Invasive species and ballast water technologies



Every year new aquatic invaders threaten 
Great Lakes’ health recreationGreat Lakes  health, recreation, 
economic activities and ecology

Poster “critters”:  dreissenid mussels and Asian carp



Many other organisms
are of concernare of concern

From:  Pazouki et al., Newcastle University, 2010. Project RP577        



Many other organisms are of concernMany other organisms are of concern
IMO ‘D2’ standards for discharged ballast water

IMO timetable:  Depending on ship size, BW exchange allowed until 
f h l ff i ill b ll d ( ll hi2016; after that only effective BW treatment will be allowed (all ship 

sizes). 



US Environmental Protection Agency      
Costs:  Invasive species cost the Great Lakes Basin $billions per 

year, through economic, environmental, and control costs 
i t P th th t h h lth d fi himpacts.  Pathogens threaten human health and fish. 

2010 Aquatic Invasive Species goals of the 
USEPA Great Lakes Restoration Initiative:

1. Predict them: forecast high-risk sites, species, effects, and restoration 
or prevention opportunitieso p eve o oppo u es

2. Stop them:  Develop and verify ballast water treatment systems
3. Detect them:  Systematic early detection and threat assessment
4 Control them: Prevention eradication and control4. Control them: Prevention, eradication, and control



Nearby ports
threaten our watersthreaten our waters

Great Lakes shipping 

For example, Toledo, a 
Original source of ballast water from outside the Great Lakesmajor port of the Great 

Lakes, and 
Near the “fishiest waters of 
the Great Lakes,” western 
Lake Erie 



Nearby ports
threaten our watersthreaten our waters

Great Lakes shipping 

…the port of greatest concern for receiving sufficient 
propagules and providing the most suitable habitat is Toledo  
(EPA report EPA/600/R-08/066F 2009)

For example, Toledo, a 

(EPA report EPA/600/R 08/066F, 2009)

Original source of ballast water from outside the Great Lakesmajor port of the Great 
Lakes, and 
Near the “fishiest waters of 
the Great Lakes,” western 
Lake Erie 



Toledo is also a 
ballast water donor

For example, Toledo, a major port of the Great Lakes, and 
Near the “fishiest waters of the Great Lakes,” western Lake Erie 

(Data for Canada Shipping Lines, only)



EPA GLRI’s goals for
Ballast water treatmentsBallast water treatments

Many treatment systems in development.
Can they meet EPA’s GLRI goals?y g
•“virtual elimination of living organisms from discharges”  Includes not

only the “poster critters” but also microscopic algae and bacteria, and 
•“development of verification…of shipboard treatment systems.”

Treatment systems include:
From Lloyd’s 
Register 2008Register, 2008
Ballast Water 
Treatment 
Technology Current 
StatusStatus

Summary
of treatment
technology optionstechnology options
for (a) physical
pre-treatment, and
(b) disinfection



RamLab GLRI 
ballast water projectballast water project

Project Title:  Verification of Ballast Water Treatment Technologies
Principal Investigaor: Jeffrey Ram WSUPrincipal Investigaor:  Jeffrey Ram, WSU  
Collaborating Investigator: Sarah Bailey, DFO, Canada

Overall goals:  Develop MOLECULAR and MICROSCOPIC methods to 
differentiate LIVE-FROM-DEAD over a broad range of potential INVASIVE anddifferentiate LIVE-FROM-DEAD over a broad range of potential INVASIVE and 
PATHOGENIC species, applicable to a range of treatment systems.

Expected milestones: planktonp
•Test live/dead molecular methods. DNA 
sequence data for risk analysis
•Test and compare FlowCAM and other 

QMZM
ZM

W

fluorescence microscopic methods
•Design Standard Operating Protocols for 
shipboard sample collection and preservation 
f l d b d l i

QM W

for land-based analysis
•Conduct shipboard verification tests



RamLab GLRI 
Milestone OneMilestone One

•Test live/dead molecular methods. DNA sequence data 
for risk analysisfor risk analysis
PMA-PCR
PMA = propidium monoazidePMA  propidium monoazide



RamLab GLRI 
Milestone OneMilestone One

•Test live/dead molecular methods. DNA sequence data 
for risk analysis PCR will use prokaryoticfor risk analysis
PMA-PCR PMA

PCR will use prokaryotic 
universal primers (for bacteria) 
and eukaryotic universal or 
subgroup (algae, protozoans, 
etc.) specific primers.

Test with a variety of es w v e y o
specific organisms varying 
treatment techniques as needed.

preserve and deliver
Extract
DNA

PCR,
With i l

preserve and deliver

With universal or 
species specific 
primers p
…..AGGCCTAG…

determine sequence



RamLab GLRI 
Milestone TwoMilestone Two

•Test and compare FlowCAM and other fluorescence 
microscopic methods (Sarah Bailey, DFO Canada)p y

•Stain only live cells (e.g., fluorescein diacetate (live esterase 
releases fluorescent fluorescein) FDA stained mixture of 

live and dead 
phytoplankton Left :phytoplankton.  Left,: 
bright field; right, 
fluorescence (from 
Reavie et al., J Gr. 
Lakes Res 36:540Lakes Res. 36:540-
547, 2010).

•Stains that stain only dead cells 
(e.g. SYTOX Green—penetrates 
permeable membranes and 
fl oresces ith DNA) Ill stratedfluoresces with DNA).  Illustrated 
with Micrococcus/Bacillus mix



RamLab GLRI 
Milestone ThreeMilestone Three

•Design Standard Operating Protocols for shipboard 
sample collection and preservation for land based analysissample collection and preservation for land-based analysis
Adapt laboratory methods to shipboard sample collection and 
treatment based on results of Milestones One and Twotreatment, based on results of Milestones One and Two

Methods will take into account shipboard conditions:
Stability
Lack of sophisticated equipment and personnelLack of sophisticated equipment and personnel
Limited time
Large sample volumes compared to lab experiments

Prepare QAPP based on above criteria, 
To achieve desired sample collection, processing, COC 
documentation analytical procedures upon receipt anddocumentation, analytical procedures upon receipt, and 
data analysis, to assure precision, accuracy, 
representativeness, completeness, and comparability.



RamLab GLRI 
Milestone FourMilestone Four

•Conduct shipboard verification tests
•Will work with

A multinational biotechnology company withA multinational biotechnology company, with
headquarters in Michigan and partners in Canada

•Will test our verification systems with Ballaclean™, Ballaclean 
Plus™ or other BW treatment technologies in shipboard testsPlus™, or other BW treatment technologies in shipboard tests 
with shipowners in Canada.

Ballaclean™ is a deoxygenation based method.
ll l l i l i hBallaclean Plus™ is a multi-component approach, 

combining filtration, chlorination, and 
neutralization prior to dischargep g

•Alternative or supplementary shipboard tests in collaboration 
with Sarah Bailey and others.



Pilot Study on
Early Detection in Toledo Harbor 

J ff RJeffrey Ram,
Wayne State prof 

in physiology, 
microbiology &microbiology, & 

molecular 
genetics)

25 lb bottom dredge25 lb bottom dredge

0 50.5 
mm 
mesh 
sieve
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