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Natural-born Killers

Anti-fouling coating systems 
and their mixed effects on 
the marine environment.

by MR. CHARLES (BUD) DARR
U.S. Coast Guard Office of Maritime and International Law

Like so many issues related to environmental protection,
balancing the benefits of a particular protective measure
against the potential harm is a prime consideration. For
example, anti-fouling hull coating systems can provide
substantial environmental benefits, but an effective coat-
ing system can also have an unfortunate negative impact
on the marine environment. There are very good reasons
to keep a ship's hull free from bio-fouling, but the meth-
ods employed may cause severe damage to the envi-
ronment. In other words, what happens when the
natural-born killers are too good at killing?

At present, there are regional, national, and interna-
tional regimes in place to control the detrimental effects
of anti-fouling coating systems. This is because there is
a compelling need to minimize the environmental
harm caused by the biocides employed. In particular,
the harm caused by organotins, or more specifically
Tributyltin (also known as TBT), is well documented.1

Positive Effects of Anti-fouling Coating Systems
As a ship's hull becomes fouled with biological matter,
the resulting surface friction causes a significant increase
in the power required to maintain a desired speed. 

The additional power output results in increased fuel
consumption, which adds cost. As power output in-
creases, the air pollution emissions from a shipboard
propulsion system also increase. Components of this
air pollution include nitrogen oxides, sulphur oxides,
particulate matter, and greenhouse gases. Therefore,
using anti-fouling coating systems can increase fuel ef-
ficiency, decrease air pollution emissions, increase op-
erating speeds, and minimize the spread of aquatic
invasive species. 

Possible Environmental Harm 
Among the environmental harm caused by TBT/organ-
otin anti-fouling coating systems are documented 
mutations in in-
vertebrate species,
long-term heavy
metal deposition,
effects on marine
mammals, and
dangers to human
health and wel-
fare.2

There are well-
documented con-
centrations of
organotin biocides in areas such as Puget Sound, San
Diego Harbor, and Hampton Roads.3   The concentrations
of these substances tend to be highest where ships re-
main stationary for extended periods of time. 

There is some evidence that organotin has detrimental
effects upon marine mammals. Some studies have
found elevated concentrations of these biocides in the
livers of stranded mammals.4 Although more research
remains to be done, there is a growing belief that the
top of the food chain, including these mammal verte-
brate species, is substantially affected by exposure to
organotin biocides.

There is also a well-founded concern among the scien-
tific community that human health and welfare is at risk
due to organotin and other biocides. This is largely due
to exposure related to the application and removal of
anti-fouling coating systems, as well as human con-
sumption of species where the biocides are concentrated. 

A fouled hull results in a reduction in vessel speed for any
fixed power output. The increased hull friction will cause a
diminished speed through the water for a fixed number of
turns, which can be quantified by a metric known as “slip.” 

Slip is typically measured on a daily basis by comparing the
theoretical distance a ship should have traveled—based
upon a total number of turns made over a 24-hour period—
against the actual distance traveled through the water dur-
ing that same period. 
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U.S. Coast Guard to have primary responsibility for
shipboard enforcement and for the EPA to have pri-
mary responsibility for shoreside enforcement. Con-
gress has yet to act on the president's proposal.

The IMO Marine Environment Protection committee is
addressing measures to minimize the translocation of in-
vasive aquatic species through the bio-fouling of ships.
At present, a correspondence group has begun work on
the topic, under the leadership of New Zealand. 

Domestically, the U.S. Coast Guard already has authority
and a congressional mandate to prevent the introduction
and spread of aquatic invasive species via means that in-
clude hull fouling. This authority is granted by the NAN-
PCA of 1996, which amended the National Invasive
Species Act of 1990. The U.S. Coast Guard has exercised
this authority by requiring the regular cleaning of vessel
hulls, via promulgation of regulations at 33 CFR 151.2035. 

At the present time Congress is considering a variety
of legislative proposals that may alter the U.S. Coast
Guard’s authority to regulate invasive species. The ad-
ministration has expressed its concern that the U.S.
Coast Guard’s authority to regulate hull fouling as a
vector for the introduction and spread of aquatic inva-
sive species should not be compromised by legislative
action. This vector is frequently overshadowed by the
threat posed via ships’ ballast water effluent, but is
nonetheless quite important. 

About the author:
Mr. Darr is a civilian Coast Guard attorney who advises the marine safety,
security, and environmental stewardship programs. He has served on a
wide range of IMO delegations at the assembly, committee, subcommittee,
and working group levels. He graduated from the U.S. Merchant Marine
Academy in 1993, cum laude, and from The George Washington Univer-
sity Law School in 2001, with high honors. He is a retired Coast Guard ma-
rine inspector, investigating officer, and law specialist. 

Endnotes:
1. “Worldwide Occurrence of Organotins from Antifouling Paints and Effects
in the Aquatic Environment,” Karl Fent, (2006) Handbook of Environmen-
tal Chemistry Vol. 5, Part O, 71-100.

2. “The Status and Future of Biocides in Marine Biofouling Prevention,” Mau-
reen E. Callow, (1999), Recent Advances in Marine Biotechnology Vol. 3,
109-126; “Factors influencing organotin distribution in different marine en-
vironmental compartments, and their potential health risk,” C.-C. Lee, C.-
Y. Hsieh, and C.-J. Tien, (2006), Chemosphere Vol. 65, Issue 4, 547-559.

3. “Tributyltin Contamination of Sediment and English Sole from Puget Sound,”
Cheryl A. Krone, Douglas G. Burrows, Donald W. Brown, Sin-Lam Chan, and
Usha Varanasi, (1989), OCEANS 89, an international conference addressing
methods for understanding the global ocean Vol. 2, 545-549; “Distribution
and fate of tributyltin in the sediment of San Diego Bay,” P. M. Stang, and P.
F Seligman, (1986) In: Proceedings of the Organotin Symposium, Oceans ‘86
Conference, Washington, DC, USA, 23-25 September, 1986, New York, the In-
stitute of Electrical and Electronics Engineers, Inc., Vol. 4, 1256-1261; “Moni-
toring and Prediction of Tributyltin in the Elizabeth River and Hampton
Roads, Virginia,” Peter F. Seligman, Carl M. Adeha, Peter M. Stang, Aldis O.
Valkirs, and Joseph G. Grovhoug, (1987), Office of the Chief of Naval Research
and the David Taylor Naval Ship Research and Development Center. 

4. “Organohalogen and organotin compounds in killer whales mass-stranded
in the Shiretoko Peninsula, Hokkaido, Japan,” Natsuko Kajiwara, Tatsuya
Kunisue, Satoko Kamikawa, Yoko Ochi, Shinichi Yano, and Shinsuke Tan-
abe, (2006), Marine Pollution Bulletin Vol. 52, Issue 9, 1066-1076.

88 Proceedings Winter 2008-09 www.uscg.mil/proceedings

At present, the principal substitutes for TBT are cop-
per-based coating systems. Copper is far from a perfect
solution because it is also associated with negative en-
vironmental effects, though not believed to be as seri-
ous as those related to TBT. Until a viable alternative
can be identified for copper-based coating systems, it
seems unlikely that there will be a move to ban (or
largely limit) them. 

Although there are some less toxic alternative biocides
under consideration, some of the most promising al-
ternatives may be those that approach the problem by
inhibiting adherence of the species to the hull rather
than killing the species directly.

Regulations 
The key regulations in place include the U.S. Organotin
Antifouling Paint Control Act of 1988 (OAPCA), the
IMO anti-fouling system (AFS) convention, and the Eu-
ropean Union regulation EC/782/2003. 

In 1988, the United States acted unilaterally through the
OAPCA of 1988. This legislation imposed controls on
the supply chain and focused on banning use of organ-
otin on recreational vessels. Whereas the existing uni-
lateral regime focused on the domestic supply chain
and recreational vessels, the AFS convention sought to
regulate the entire supply chain and applications upon
all types of vessels.

In 2003, the IMO adopted the AFS convention. Having
met the minimum thresholds following ratification by
Panama in 2007, the convention entered into force on
September 17, 2008. At present, the annex to the conven-
tion only controls organotin, but it will likely be amended
at some point in the future to include other biocides.

Although framed as regional or national measures, the
practical effect of the EU regulation is to implement the
IMO AFS convention in its entirety. This regulation
supplemented a prior EU directive (2002/62), promul-
gated in 2002, which was primarily focused on cutting
off the supply chain of organotin compounds within
the community. 

Ongoing Initiatives
The United States is presently signatory to the AFS con-
vention, pending ratification. In early 2008, the presi-
dent transmitted the convention to the Senate for
advice and consent, together with proposed imple-
menting legislation. The administration’s proposed im-
plementing legislation takes the form of amendments
to the OAPCA of 1988. It principally provides for the




