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Introduction 
 
Fouling control is necessary to maintain vessel speed and hull integrity and to 
reduce fuel consumption and petroleum pollution. Copper-based antifouling 
paints are the most popular means for slowing fouling growth. When dissolved 
copper exceeds the federal and California standard of 3.1 µg/l, it harms 
mollusks, crustaceans and echinoderms and alters phytoplankton communities 
[10]. The California State Water Resources Control Board (CSWRCB) approved 
a Total Maximum Daily Load regulatory program in 2005 for Shelter Island 
Yacht Basin of San Diego Bay to reduce copper discharges from antifouling 
paints by 76% over 17 years [4]. The CSWRCB resolved to act on a statewide 
measure if the California Department of Pesticide Regulation (CDPR) had not 
done so within two years [17]. An inter-agency workgroup will sample saltwater 
and freshwater marinas statewide for dissolved copper to assess the need for 
antifouling paint restrictions. They are already sharing data with the USEPA, 
which is considering lowering the dissolved copper standard in saltwater to 1.9 µg/l [18, 19]. The CDPR and USEPA are also reevaluating copper antifouling 
paint registration. These policy developments suggest that nontoxic and less-
toxic hull coatings may become more common. Such coatings require 
companion strategies, such as frequent hull-cleaning, to control fouling growth.  
 
Meanwhile, the National Aquatic Invasive Species (NAIS) Act of 2005 
prescribes antifouling paints to control AIS and discourages in-water hull 
cleaning; see Section 101 (3) (B) (iv), (v) and Section 305 (2) (B) (i) (III). The 
100th Meridian Initiative [1] was developed to prevent transport of zebra mussels 
(Dreissena polymorpha) by boats trailered between freshwater lakes and rivers; 
it prescribes cleaning boats thoroughly upon haul-out and before they are 
transported. California Assembly Bill 433 [2] mandated the California State 
Lands Commission to develop policy recommendations for controlling hull-
borne AIS on ships engaged in maritime commerce. No provision has been 
made for AIS policies appropriate for larger boats, which are kept in saltwater 
and removed once every one to three years for maintenance. Yet, commercial 
and commercial-passenger fishing and pleasure craft have been implicated in 
spreading AIS from ports to smaller harbors and estuaries [20]. Mexican marina 
development and liberalized port-clearance policies are likely to increase boat 
traffic along the Pacific coast. [7, 8, 13]. Thus, policies based on ecological, 
technical and socio-economic research are needed to foster practices that will be 
cost effective and successful in controlling AIS, while protecting coastal water 
quality. 
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Analysis 
 
Although antifouling paints slow development of fouling growth, they do not 
prevent it. Recent research has found that some hull-borne AIS are more copper-
tolerant than native species, giving them a competitive edge in harbors polluted 
by copper [11, 16, 5]. Thus, reducing copper pollution of coastal harbors may 
help native species to resist invasions.  
 
The authors found that copper-based antifouling paints need to be cleaned about 
13 times per year and nontoxic hull coatings need to be cleaned about 26 times 
per year in San Diego Bay. Boats are hauled to replace copper-based paints once 
every two to three years in San Diego and annually in some parts of the United 
States [10, 6]. Tables 1 and 2 compare annual costs for controlling fouling 
growth on a typical, 40-foot boat, based on current costs for haul-out and hull 
cleaning, and for in-water hull cleaning in the San Diego area [9, 12, 15, 14]. In-
water hull cleaning for a typical, 40-foot boat would cost $650 per year for a 
copper paint and $1,300 per year for a nontoxic coating. Haul-out and hull 
cleaning would cost nine times as much: nearly $6,000 per year for a copper 
paint and nearly $12,000 per year for a nontoxic coating! Clearly, prohibiting in-
water hull cleaning is not economically sustainable for such boats. 
 
Table 1. In-Water, Hull-Cleaning Costs for Copper and Nontoxic Coatings 
 

 In-Water Hull Cleaning 
Cost Per Service 

In-Water Hull Cleaning 
Cost Per Year 

Copper Paint $1.25/foot x 40 feet = $50 $50 x 13 cleanings =   $650 
Nontoxic 
Coating 

$1.25/foot x 40 feet = $50 $50 x 26 cleanings = $1300 

 
Table 2. Haul-Out, Hull-Cleaning Costs for Copper and Nontoxic Coatings 
 

 Haul-Out/Hull Cleaning 
Cost Per Service 

Haul-Out/Hull Cleaning 
Cost Per Year 

Copper Paint $10/foot x 40 feet + $60 = 
$460 

$460 x 13 cleanings = 
$5,980 

Nontoxic 
Coating 

$10/foot x 40 feet + $60 = 
$460 

$460 x 26 cleanings = 
$11,960 

  
An alternative, research-based policy may be appropriate and cost effective for 
controlling AIS on boat hulls, while protecting water quality. The authors have 
observed that the majority of boats remain in or near the home marina most of 
the time, which reduces the risk that they will transport AIS. Table 3 shows that 
about half of the boats in California’s coastal marinas take no trips over 100 
miles from their home marina each year, whereas a small percentage make 
frequent, long trips.  
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Table 3. Percentage of boaters by region who traveled more than 100 miles from 
home in 2000 [3]. 
 

# Trips > 
100 mi. 

North 
Coast 

SF  
Bay 

Central 
Coast 

South  
Coast 

San  
Diego 

None 54.0% 52.3% 55.3% 42.7% 55.4% 
1-5 33.1% 27.1% 27.2% 44.8% 31.2% 
6-20  9.2% 13.3% 13.9% 7.6% 11.3% 
> 20 2.9% 6.9% 3.8% 4.9% 2.1% 

Note: data in two columns do not sum to 100%, as per published source. 
 
Boats that do not travel long distances are less likely to encounter AIS. Those 
that spend most of their time in the home marina probably contribute the lion’s 
share of copper pollution. Thus, these boats are likely the best candidates for 
nontoxic and less-toxic hull coatings that could be cleaned frequently at the 
home slip. Boats that make frequent, longer trips are better candidates for 
copper-based hull coatings, because they pose a greater risk for transporting 
AIS. Because they are underway more of the time, they likely contribute less 
copper pollution to marinas. New, nontoxic and less-toxic hull coatings need 
independent evaluation in different areas to account for effects of water 
temperature, variations in local fouling communities and boat-use patterns. 
 
Additional protection from AIS transport can be provided by enhancing 
standard, antifouling practices. For example, all boats should be cleaned before 
departing for a trip to another region, an island, or an event attended by boats 
from other regions. They should be cleaned again before moving to another 
region or returning home. Owners of boats that are kept in, or visit, a major port 
should be especially diligent about cleaning the hull before departing the port. 
 

Conclusions 
 
A management system that tailors hull maintenance to the boat and its situation 
will foster antifouling paint pollution and invasive species control, while 
maintaining boat speed, fuel efficiency and petroleum pollution control. Early 
boat owner education on AIS and environmentally friendly fouling control 
practices will begin the process of protecting vessel hulls, water quality, native 
ecosystems and coastal structures in a cost-effective manner. Research results 
will help policy makers, managers and stakeholders to develop sustainable 
policies and practices. The authors prepared a white paper and policy analysis to 
provide scientific information, policy options, and research and education needs. 
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