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Abstract—Commercial shipping activities that release aquatic in-
vasive species are recognized globally as a dominant transport vector
for marine invasions. Aquatic nuisance species (ANS) introductions
have resulted in billions of dollars of damages and immeasurable
biological devastation within the Great Lakes. National Park Ser-
vice managers are working with United States Geological Survey
scientists to develop and refine emergency response options for
ballast from high risk ships. This is to aid Parks in reducing risk
from high risk ships either during an emergency response or when
de-ballasting as part of ship operations within Park waters. The
National Park Service is working on developing a salvors’ guide to
provide guidelines for emergency treatment of ballast within Park
waters if conditions require ballast discharge. Discharges of live
non-native species are currently prohibited within U.S. National
Park boundaries, but permanent treatment of ballast to comply with
this regulation may be as far off as 2021. Having potential tools to
treat ballast on a short term basis will allow ship owners/operators
to comply with mandatory regulations within Park boundaries or
to participate voluntarily. In addition, accidental groundings make
it imperative that procedures are developed to (1) assess whether
the ballast is high risk, and (2) ensure management as part of an
emergency incident in a timely way. This paper will present a review
of a prototype draft risk assessment, methods previously used to
treat ballast, and a summary of future work designed to address this
critical need. Case studies of emergency treatment will be reviewed
and lessons learned discussed.

Introduction

Invasive nuisance species are estimated to cost the United
States $97 billion dollars annually. In the Great Lakes
alone, environmental and economic harm (both damage
and control costs) are annually estimated to be $5.7 bil-
lion dollars (Pimentel 2005). Controlling Aquatic Nuisance
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Species (ANS) spread in the fresh water environment has
been limited. Many of the ANS are small and their effects
may be hidden for years, making detection and response
before they gain a biological foothold difficult. Management
jurisdictions to address the problem are often fragmented
and uncoordinated. Because current mandatory actions like
ballast exchange and salt water flushing are less than 100%
effective (Johengen and others 2005) and implementation
of stringent U.S. or International Maritime Organization
(IMO) standards are estimated to be years away, develop-
ing some means to significantly reduce risk is critical. This
paper highlights National Park Service (NPS) efforts to
create cost-effective means to reduce the risk of damaging
invasions and determine situations where additional first
lines of defense can make a difference in both salt and fresh
water environments.

Every year there are over 800 ship groundings in the
United States. Risk assessment protocols for dealing with
cargo and hazardous man-made chemicals are in place.
But one potential risk not often evaluated as part of the
emergency response (and one that can permanently alter
the aquatic environment) is aquatic nuisance species. In the
Great Lakes there has been no successful eradication of any
pest or pestilence once it has gained a biological foothold. As
a result, this risk needs to become a key consideration for
our management of marine and freshwater Parks (Whelan,
personal communication).

If a Park has shipping lanes running through or near its
boundaries, assessing risk and preparing to interdict when
a high risk situation occurs is critical. Some countries have
required ballast treatment as simple as pouring chlorine
into aballast vent. For example, Argentina requires chlorine
to be added to ballast tanks of ships that are arriving from
ports where cholera is present. But data on the efficacy of
their methods has not been available. In addition, when the
National Park Service required treatment of the Igloo Moon,
a stranded ship with a hazardous cargo, many questions
were raised relative to the efficacy of treatment and how
to improve upon the techniques used (Mearns and others
1999).

Three Case Studies Where Treatment
was Required

In February 2009, an owner of a submersible dry dock
barge purchased from China with un-exchanged ballast,
voluntarily worked with State of Washington Department
of Fish and Wildlife to treat ballast water prior to discharge.
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Submersible pumps were used to pull the water from
separate ballast compartments into the treatment system.
Using a treatment facility outside the ballast tanks may
have limited applicability, depending on the availability
of pumps, timing, and the treatment equipment; but it is
reported the manufacturer of the UV system used to treat
the ballast water on this barge may develop and size the
system to respond to emergency applications in the future
(Smith, personal communication).

In the fall of 2007, the NPS vessel Ranger III was first
treated with low dosages of sodium hypochlorite to ensure
that a targeted ANS species, Viral Hemorrhagic Septicemia
(VHSv), adeadly fish virus, was not transferred to Isle Royale
National Park. The first method of introducing the biocide
(bleach) and neutralizer (ascorbic acid) was simple; both were
added at appropriate times through the vent tubes. Because
of the properties of the chemicals used, chemical dispersal,
and the transit action of the vessel, the chemicals reached
the target dosages for toxicity and subsequent neutralization.
The Ranger III subsequently installed an in-line pump for
the injection of both chemicals for under $800 and in 2008
treated approximately 72,000 gallons of water for a cost of
less than $80. The biocide only represented 10% of the cost.
The neutralizer was the most expensive. Discharges met or
exceeded state standards for vessel discharge. NPS staff is
evaluating options for a permanent installation to treat the
ship and target a broader spectrum of ANS.

In November of 1996, a liquid petroleum gas tanker got
stranded in Biscayne National Park in Florida. This case
study will be examined in detail as some of the questions
raised by the incident team in the Mearns report (Mearns and
others 1999) have been addressed through time, and some of
the questions may be answered in the future by incorporat-
ing adaptive management techniques and monitoring into
emergency response actions as they occur and treatment is
used.

During the stranding, 1.1 million gallons of ballast was
treated at levels of 50-100 ppm of calcium hypochlorite, to
prevent the accidental release of an ANS species onto the
reefenvironment. After treatment, the ship was successfully
floated off the reef with no loss or release of cargo. In 1996,
this event resulted in a test of the newly implemented inci-
dent command structure for the USCG and the documented
first spill response with ballast treatment. The team raised
the following questions after the event:

1. Should ballast water risk assessment be included in
response procedures?

2. Was biocide treatment necessary?

3. Can on-site sampling for risk assessment be conducted?

4.If documentation of mid-sea exchange is lacking, how
can this be factored into risk assessment?

5.Can probable disease mortality within the tank be
calculated and factored in?

6. How importantis the distance ofthe ship to the resource
to be protected?

In every event, the best course of analysis will be conven-
ing a subject matter expert panel for site specific analysis.
Since 1996, there are new tools and studies available to the
panels orincident managers to help respond to the questions
raised above. There are also opportunities to pre-load risk
assessments based on current knowledge through the Net
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Environmental Benefits Assessment planning process by
identifying and incorporating known high risk ballast origin
sites into the analysis. I will provide a response to the inci-
dent team’s questions from an NPS manager’s perspective.

1. Given the current cost of ANS mitigation in the United
States and the freshwater environment of the Great
Lakes, I recommend that ballast water should always
be considered and evaluated as part of the response.
For areas with high standards for protection, such as
National Parks and marine conservation areas, it is
essential.

2. Live ANS are prohibited to be released within NPSjuris-
dictional areas per both NPS and USCG regulations. If
the ship’s transit records indicate that the ship took on
ballast in an area that has ANS, any release of ballast
with live ANS will be in noncompliance with NPS rules
and policy, and any release of unmanaged ballast will
be in violation of USCG regulation. Treatment will be
a critical component of risk reduction, and the ability
to implement treatment within the parameters of an
emergency response will need to be accounted for. If
not, the responsible party could be held liable for the
subsequent appearance of an ANS that damages park
resources. There is a list of species identified as having
the opportunity to become established for the Great
Lakes and there are internationally recognized diseases
that have the ability to cause significant harm in the
event of an accidental release. The spread of these spe-
cies in particular should be slowed by the most effective
method available.

3. VHSv, which is an international disease of concern, is
very difficult to isolate from a large ballast water tank
and can take weeks of lab analysis for verification. For
many species, culturing or finding the species in large
volumes of water will not be practical under emergency
response timelines. On-site risk assessment can review
ballast records and ports of uptake and make their best
assessment.

4. Documentation of ballast exchange has greatly improved
since 1996. Within the Great Lakes’ system, the Great
Lakes Ballast Water Working Group reports that 30
percent of the ships arriving within the system still
have “minor” compliance issues with ballast manage-
ment practices including documentation. With increased
compliance checks they are seeing a rapid improvement
in this area. It is important to note the Environmental
Protection Agency’s (EPA, 2008) findings that ballast
records need to be maintained for long periods of time,
because each tank may be managed differently; ballast
uptakes, five ports previous and/or last port of uptake,
may influence a risk assessment (Johengen and others
2005). The USCGis requiring ballast records to be stored
on board for 2 years, which should provide better risk
assessment.

5. Though some ANS mortality occurs within the tank
during transit, studies have shown residual viability of
organisms within tanks. Thus, each situation has to be
evaluated with respect to risk of release of viable ANS.
The use of treatment against residual ANS measured
against the harm to native biota from the subsequent
release of either treated (with or without biocide neutral-
ization) or untreated ballast will be critical to address.
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6. Distance from the specific resource of concern will re-
quire site specific analysis by subject matter experts.
Data on this issue may be limited, but should always
be considered when available.

In summary, for the Biscayne National Park incident, the
natural resources trustees were satisfied that the risk reduc-
tion by biocide treatment was warranted and significant.
In fact, the current Superintendent has stated that if faced
with a similar situation he would follow the same process to
determine appropriate risk reduction, and biocide treatment
would be considered. Subsequent dye studies have provided
data on the dilution effects of direct discharge from a ship
which will enable managers to better assess the effects of
a direct residual biocide release without neutralization on
native aquatic species. Doing a better job of risk assessment
should be a focus of all emergency responders, by using adap-
tive management techniques to learn from each incident.

Protecting Marine and Freshwater
Parks in the Future

The effects of the wrong species entering your park at
the wrong time can be devastating to natural resources. An
invasive species issue can escalate rapidly; the expansion
of zebra mussels and quagga mussels in the Great Lakes
provides a dramatic example. We are in the process of crash-
ing the deep water fisheries of both Lake Michigan and
Lake Huron, having allowed these mussels into the system.
In addition to the effect of invaders on natural resources,
cultural resources can also suffer.

So how do you become the last place to be invaded by bal-
last transferred ANS? How would you slow the spread into
your park? The NPS assembled a team of scientists from
the USGS, naval architects, marine engineers, and industry
leaders; to create an Emergency Response Guide for Handling
Ballast Water to Control Non-Indigenous Species (Reynolds
and others 2010) and to test it on the largest of Great Lakes
ships. Indeed, the only commercial ships larger in the world
are supertankers. The guide addresses two situations: (1)
when a ship runs aground in your park; and (2) when you
know a ballasted ship is coming in from an area with high
risk ANS transfers and you would like to treat it before al-
lowing it to come in.

The techniques are designed to work with equipment that
is typically on board a ship, including small pumps, hoses,
fittings, and drums. The study gathered the data to be able
to rank methods of delivering a liquid into a ballast tank to
distribute it evenly. The Argentina vent dosing techniques
were ranked with three other techniques. For empty tanks,
the easiest and most effective method is in-line mixing. Full
tank dosing is more difficult to mix and requires working
with the ship owner prior to arrival, in order to encourage
or mandate that full tanks be treated before arrival and
release.

The emergency handbook can enable managers who have
the authority to protect resources to show how ballast can
be treated using equipment that is typically found on a ship
and is readily accessible. In the case of groundings, the U.S.
National Park Service does not allow for the release of live
ANS into NPS waters; thus, when the Igloo Moon grounded
in Key Biscayne, NPS required that no live ANS be released
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and worked with a team to find a temporary solution. The
emergency handbook also documents how to approach a
ship situation when you know it will want to discharge bal-
last as it offloads people or cargo within your Park. Some
options for treatment are captured in the guide as well as
a prototype risk assessment document to help you evaluate
and develop a risk assessment tailored to your situation.

Risk assessment should occur before an emergency event
occurs, but if ballasted ships are currently visiting your
protected area, you should start the analysis right away.
Knowing where the ship is coming from and the risks as-
sociated with live species in its tanks is critical. Ship infor-
mation is available from the U.S. Coast Guard and many
port authorities have web sites with ship arrival details.
You need to identify areas of concern. After you know the
area of concern, you need to identify chemicals that can kill
the species of concern while meeting regulations related to
chemical use in your country.

The result of the first draft on risk assessment is captured
in the guideline. This guide documents current options for
mixingbiocidesinballast tank and their limits and options for
neutralization. It is intended to stay as a draft and includes
a system for modifying it as new information is obtained.

NPS will continue to work with the development of the
salvors’ guide in order to develop a process to document (1)
how to monitor the treatment efficacy when it occurs; and (2)
how to improve future results by incorporating the monitor-
ing information into the emergency response system. Please
access this guide at www.nps.gov/isro (search for ballast
emergency guide). The intent is to keep the draft updated
and current on a web site and to add information and results
as the techniques are implemented. This first draft included
solid data on how totreat tanks that are empty and promising
data on treating tanks that are full. We will be conducting
shipboard trials on ways to enhance mixing in full tanks
during spring of 2010 and will incorporate the information
at that time. We are also taking the National Park Service
guidebook to a subcommittee of the U.S. National Taskforce
on aquatic nuisance species to be reviewed for adoption by
all Federal agencies.

What can you do if you don’t have the legal authority to
require treatment for park protection? There is no harm in
asking for voluntary treatment. At least with this guidebook
you can offer the generic means to deliver a chemical and
hopefully, after discussions with scientists, offer suggestions
for chemicals that would disinfect for the ANS you are most
concerned about. At this point, the choice of what chemical
to use should always rest with the ship owner/Captain who
knows the fittings and coatings of the ship’s tanks and pip-
ing, and the training and materials handling capacity of the
crew.

Summary

Have a marine or freshwater park review your authori-
ties to know if you can mandate treatment, or need to work
pro-actively for voluntary treatment.

You can use this guide to outline ways to treat the ballast
if one of these scenarios occurs: (1) a ballasted ship runs
aground in your park, or (2) a ballasted ship is arriving from
an area of concern for ANS transfers. The actual treatment
could be (1) conducted voluntarily under the responsibility
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of the Captain or ship owner, (2) initiated by your coun-
try’s emergency response personnel when they have the
authority, or (3) required through concession contracts or
legal mandates. Enhancing the protection of our salt and
freshwater parks from the most common dispersal methods
for international aquatic pests is an achievable goal.

Acknowledgments

The author acknowledges all contributions from the
following for this work: Shipboard Testing-The Glosten
Associates, Kevin Reynolds and Jon Markestad (Ship Lo-
gistics Coordination, Dye Measurements); Scott Smith, U.S.
Geological Survey (Concept Development); Barnaby Watten
and Noah Adams, U.S. Geological Survey, (Mixing Methods
Development and Deployment), Scale Model Development;
Wesley Wilson, U.S. Navy (Computational Modeling).

References

Environmental Protection Agency (EPA). 2008. Predicting future
introductions of non-indigenous species to the Great Lakes. Na-
tional Center for Environmental Assessment Office of research
and development, U.S. Environmental Protection Agency, Wash-
ington, DC 20460, EPA/600/R-08/066F: 4-5.

Hoff, Michael. 2009. [Personal communication]. March 30. Fort
Snelling, MN: USFWS, Fisheries Program.

USDA Forest Service Proceedings RMRS-P-64. 2011

Johengen, T.; Reid, D.; Fahnenstiel, G.; [and others]. 2005. Assess-
ment of transoceanic NOBOB vessels and low-salinity ballast
water as vectors for non-indigenous species introductions to the
Great Lakes (final report). Cooperative Institute for Limnology
and Ecosystems Research, School of Natural Resources and En-
vironment, University of Michigan, Ann Arbor, MI; NOAA-Great
Lakes Environmental Research Laboratory, Ann Arbor, MI.

Mearns, A.; Benggio, B; Waite, T. 1999. Ballast water treatment
during emergency response: the case of the M/T Igloo Moon.
OCEANS ‘99 MTS/IEEE Riding the Crest into the 21st Century
13-16 September 1999.

Nalepa, T.F.; Fanslow, D.L.; Lang, G.A. (copied with permission
2009). Transformation of the offshore benthic community in
Lake Michigan: recent shift from the native amphipod Diporeia
spp. to the invasive mussel Dreissena rostriformis bugensis.
Freshwater Biology 54: 466-479.

Pimentel, D. 2005. Aquatic nuisance species in the New York State
Canal and Hudson River systems and the Great Lakes Basin:
an economic and environmental assessment. Environmental
Management (Online). 35(5): 692-701. DOI: 10.1007/s00267-
004-0214-7.

Reynolds, K.; Watten, B.; Smith, S.; Adams, N.; Green, P. 2010.
Emergency response guide for handling ballast water to control
non-indigenous species. National Park Service. Seattle, WA:
Glosten Associates.

Smith, Scott. 2009. [Personal communication]. February 5. Invasive
Species Section Leader, USGS Western Fisheries Research Center.

Whelan, Gary. 2008. [Personal communication]. 2/13/08. Fish Pro-
duction Manager MIDNR and EPA/600/r-08/066F 2008.

The content of this paper reflects the views of the authors, who are responsible
for the facts and accuracy of the information presented herein.

199



	6. New Directions in Wilderness Stewardship
	Protecting Marine Parks and Sanctuaries from Aquatic Nuisance Species Releases from Ballast During Emergency Response Events


