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Copper Sources in Urban Runoff and Shoreline Activities

COPPER SOURCES IN URBAN RUNOFF
AND SHORELINE ACTIVITIES

EXECUTIVE SUMMARY

The purpose of this report is to summarize information on the sources of copper that is
carried to San Francisco Bay in urban runoff and copper that is released directly into the
Bay from shoreline activities. This report:

Provides estimates of the amount of copper released to San Francisco Bay from
each source;

Estimates the relative degree of uncertainty in each copper release estimate and
lists the sources of uncertainty for each estimate;

Reviews available control measures for each copper source, providing control
measure effectiveness information to the extent data are available;

Identifies feasible control measures for copper sources in urban runoff and
shoreline activities; and

Identifies priorities for investigation of sources and control measures.

This report was prepared for the Clean Estuary Partnership to support Technical
Task 4.11, Basin Planning Assistance for Cu/Ni North of the Dumbarton Bridge.

Tables S-1 and S-2 (on the next page) summarize urban runoff and shoreline activity
copper source load estimates and the uncertainties in these estimates. Although the
total of the urban runoff estimates (45,000 — 47,000 pounds per year) is somewhat less
than the total estimated copper discharge in urban runoff (90,000 pounds per year), the
report concludes that it is unlikely that a major copper source has not have been
identified. Given the long history of investigation of copper sources in the Bay area, it is
more likely that one or more of the copper load estimates understates actual copper
releases.

Table S-3 (on page 3) summarizes the feasible control measures and priorities for
investigation for each identified copper source.
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Copper Sources in Urban Runoff and Shoreline Activities

Table S-1. Summary of Copper Sources in Urban Runoff
(Pounds of Copper per Year Discharged to San Francisco Bay)

Copper Source

Load Estimate

Uncertainty®

Vehicle brake pads
Estimate includes:
Original equipment pads
Replacement brake pads
Brake pads on heavy-duty trucks, off-road
vehicles, rail cars, and motorcycles

>10,000

10,000
?

?

High

Architectural copper

4,500

Moderate-High

Copper pesticides <8,000 — <10,000 High
Estimate includes:
Landscaping 1,200 to 2,500
Wood preservatives 1,400 to 2,800
Pool, spa, and fountain algaecides <5,000
Industrial copper use 3,300 Moderate
Deposition of copper air emissions 8,800" Low to Moderate
Estimate includes:
Diesel and gasoline fuel combustion 3-60
Industrial facilities 130
Residential wood burning and forest fires 110
Unknown >8,000
Soil erosion 7,000 Moderate
Estimate includes:
Construction 2,600
Hydromodification <5,000
Copper in domestic water discharged to storm 3,000 Moderate-High
drains
Vehicle fluid leaks and dumping 600 Moderate-High

“Uncertainty is defined as follows: Low indicates that the estimate has an error within 50%; Moderate
indicates that the estimate has an error up to 2 fold; Moderate-high indicates that the estimate has an error
up to 5 fold; High indicates an error up to 10 fold (see Section 1.4).

bMay overlap with vehicle brake pad estimate.
Source: Section 3.

Table S-2. Summary of Shoreline Copper Sources
(Pounds of Copper per Year Released to San Francisco Bay)

Copper Source

Load Estimate

Uncertainty

Marine antifouling coatings 20,000 Moderate-High
Copper algaecides applied surface waters 4,000 High
Source: Section 3.
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Copper Sources in Urban Runoff and Shoreline Activities

Table S-3. Summary of Feasible Control Measures (Other than Public Outreach) and Priorities for Investigation
for Copper Sources in Urban Runoff and Shoreline Activities

Copper Source

Feasible Control Measures

Priorities for Investigation

Vehicle brake pads

Brake Pad Partnership (BPP)

Improved load estimate (BPP)

Architectural copper

Requirements for management of wastewater from
cleaning and treatment

After completing the recommended investigation, consider
limiting installation and/or requiring measures to prevent
copper releases or to treat roof runoff

Practicality and efficacy of control measures
such as coatings and runoff treatment
measures

Copper pesticides

Consider developing best management practices for wood
preservatives to minimize copper use where releases are
most likely

Regulatory control measures for pool, spa, and fountain
algaecides are feasible; use improved load estimate to
determine if they are warranted

Improved estimate of the copper load from
algaecides (primarily pool, spa, and fountain
algaecides); use estimate to determine
whether regulatory measures are warranted
Evaluate alternative practices and pesticides
for landscaping to determine if safe and
effective alternatives exist

Industrial copper use

Industrial stormwater permit program

None

Copper air emissions

Not able to identify appropriate measures at this time
Additional controls on identified sources are not warranted

Identify major air emissions sources
Determine overlap with brake pad wear
debris (BPP studies will provide data)

Soil erosion Construction stormwater permit program None
Hydromodification management plan requirement

Copper in domestic water None (other than public outreach) None

discharged to storm drains

Vehicle fluid leaks and None necessary (other than public outreach) None

dumping

Marine antifouling coatings

Not able to identify appropriate measures at this time
Consider a non-toxic antifouling coatings pilot project

Bay Area-specific load estimate

Participate in IACC Copper Antifouling Paint
Sub-Workgroup investigation of copper
problem and control measures

Copper algaecides applied to
surface waters

Aquatic pesticides permit program

None

Source: Section 3.
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Copper Sources in Urban Runoff and Shoreline Activities

1.0 INTRODUCTION

1.1 Background

Copper has been a pollutant of concern in San Francisco Bay since the late 1980s. The
1989 designation of lower South San Francisco Bay as impaired by copper (listing under
section 304(]) of the Clean Water Act) caused government agencies and businesses to
make a significant investment in copper source identification and copper reduction
measures. These activities created a wealth of information on copper releases to
surface waters—and greatly expanded understanding of options to prevent or reduce
copper releases to San Francisco Bay.

The most recent compilation of copper sources in urban runoff is in the lower South Bay
Copper Action Plan (Tetra Tech et al., 2000). The Copper Action Plan’s copper source
list was based on copper source information from the mid-1990s such as the Metals
Control Measure Plan (SCVURP, 1997), which in turn was based on a list of sources
assembled in the South Bay Copper Reduction Dialogue (SBCRD, 1994).

Since the mid-1990s, activities in the San Francisco Bay Area (Bay Area) and scientific
research from elsewhere have provided new information relevant to understanding
copper sources and control measures. The purpose of this report is to update
information on copper sources in Bay Area urban runoff. This report also explores
shoreline copper sources that are not present in lower South San Francisco Bay, but
that occur elsewhere in the Bay Area.

1.2 Scope of This Report

This report has been prepared for the Clean Estuary Partnership to support Technical
Task 4.11, Basin Planning Assistance for Cu/Ni North of the Dumbarton Bridge. The
report was originally intended to provide up to date information about copper sources in
urban runoff to facilitate development of a prioritized list of potential urban runoff copper
source control measures that would provide the greatest relative removals per effort
expended. However, during the course of the review it became apparent that shoreline
activities represent a potentially significant source of copper to San Francisco Bay that
were not considered in previous evaluations of Bay copper sources. Therefore, the
report was expanded to include shoreline copper sources, even though such sources
are not components of urban runoff. This information will be used in any San Francisco
Bay Basin Plan amendments that follow out of the impairment assessment. Because
one of the necessary elements of a Basin Plan amendment package is a source analysis
(which should be as quantitative as possible), this report provides quantitative load
estimates to the extent possible with available information.

The focus of this report is copper sources in urban runoff to San Francisco Bay. Two
types of non-runoff Bay shore copper releases not previously investigated are also
included—marine antifouling paint and copper algaecides applied to shoreline lagoons.
This report does not address discharges into or effluent from industrial or municipal
wastewater treatment plants, nor does it address non-urban copper sources, like
sediment erosion from open space, agricultural pesticide use, mine drainage, and
reservoir releases.

The information in this report was assembled from available data sources. Only existing
information was used; sampling and chemical analysis were not conducted.
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Copper Sources in Urban Runoff and Shoreline Activities

1.3 Report Organization

Section 2 summarizes previous copper source identification studies and reviews the
urban runoff copper control measures from the lower South Bay Copper Action Plan.
Section 3 identifies the major copper sources, estimates the relative magnitude of each
source and identifies the relative degree of uncertainty associated with these estimates,
and reviews copper control measures, providing control measure effectiveness
information to the extent it is available. Section 4 lists conclusions and
recommendations and identifies priorities for follow-up activities to address critical data
gaps and uncertainties relating to potentially significant copper sources.

1.4 Uncertainty

Available data do not support reliable quantitative estimates of copper releases from
most copper sources. The estimates in this report are quite uncertain. While the scope
of the report does not include a quantitative review of uncertainties underlying each
estimate, the report identifies the sources of uncertainty and uses qualitative review of
the uncertainties to categorize the level of uncertainty in each estimate according to the
following definitions (Tsai et al., 2001):

Low uncertainty indicates that the estimate has an error within 50%;

Moderate uncertainty indicates that the estimate has an error up to 2 fold;

Moderate-high uncertainty indicates that the estimate has an error up to 5 fold;

High uncertainty indicates an error up to 10 fold.

In each section, possible methods to reduce the uncertainty in the estimates are
identified. In light of the potential magnitude of the copper sources, quality of the data
underlying each estimate and the existing control measures for each source, the report
recommends priorities for future investigations to improve the quality of the copper load
estimates.
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Copper Sources in Urban Runoff and Shoreline Activities

2.0 PREVIOUS COPPER SOURCE IDENTIFICATION STUDIES

2.1 Copper Uses

Most copper that is refined in the U.S. is used in copper wire and rod, products that have
limited potential to release copper to surface waters. Other uses of copper and its
compounds are highly varied, as shown in these examples compiled from the Copper
Development Association and International Copper Association (CDA, 2002; CDA,
2003a: ICA, 2004):

Plumbing pipe

Heat exchangers, radiators
Industrial catalysts and electrodes
Jewelry and other decorations
Utensils such as pots and pans
Coins

Fertilizer

Firework ingredient

Coating in cathode ray tubes
Animal feed additive

Dietary supplement

Roofs, gutters, flashing, and other architectural elements

Motor vehicle components like bearings, bushings, gears, and wiring
Pesticide (algaecide, fungicide, wood preservative, bactericide)

Batteries (as an electrolyte or contaminant; an ingredient in alkaline batteries)
Blue coloring for consumer products

Semiconductor manufacture

This report focuses on applications of copper metal, copper compounds, and copper
alloys (e.g., brass and bronze) that may be sources of copper releases to surface water.

2.2 Lower South San Francisco Bay Copper Source Studies

For more than a decade, San Francisco Bay Area wastewater treatment plants and
urban runoff management programs have investigated the many uses of copper to
identify potentially significant sources of copper releases to surface waters. The 1992
Santa Clara Valley Nonpoint Source Pollution Control Program Source Identification and
Control Report was the region’s first compilation of copper source information—and its
first comprehensive plan to reduce copper levels in urban runoff (SCVYNPSPCP, 1992).
The South Bay Copper Reduction Dialogue assembled a comprehensive compilation of
copper sources, which is summarized in Table 1 (South Bay Copper Reduction
Dialogue, 1994). Additional investigation has identified that many of the listed copper
“sources” actually conveyed copper from one or more uses of copper into San Francisco
Bay. Table 1 (on the next page) identifies which of the listed “sources” convey copper
from elsewhere and lists the primary copper sources.

In 1997, the Santa Clara Valley Urban Runoff Pollution Prevention Program was the first
stormwater program in the Bay Area—and probably the first in the nation—to attempt to
guantify the specific sources of copper in urban runoff. Since 1997, the report
documenting this effort—the Metals Control Measure Plan—has provided the only
available basis for prioritizing efforts to manage copper in urban runoff in the Bay Area
(SCVURP, 1997). Table 2 (on page 8) presents the copper sources summary from the
Metals Control Measure Plan.
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Table 1. Copper Sources Listed by the South Bay Copper Reduction Dialogue

Copper “ Source”

Primary Copper Source

Air deposition

Conveys copper from many sources

Automobile dismantlers (runoff)

Vehicle parts

Brake pads

Brake pads

Commercial and residential land uses

(runoff)

Conveys copper from many sources

Construction activities—copper in sand
blasting slag and copper surface finishes

Copper in waste materials used for
sandblasting, copper architectural

materials

Copper algaecides (swimming pools, spas,
fountains, and ornamental pools)

Copper algaecides

Copper algaecides in water supply systems
and reservoirs

Copper algaecides

Copper fungicides and herbicides

Copper-containing pesticides

Copper in imported water supply

Copper in source water, copper
algaecides

Erosion of native soils

Soil

Gas Stations

Brake pads, other vehicle sources

Highway runoff

Conveys copper from many sources

Illicit connections

Copper in wastewater (conveys copper
from many sources)

Industrial land use

Conveys copper from many sources

Landfills Conveys copper from many sources
disposed in solid waste
Open space Soil

Parking lots and maintenance yards (runoff)

Conveys copper from many sources

Spills and illegal dumping (copper
contamination in motor oil, copper-
containing pesticides)

Many copper sources

Street runoff

Conveys copper from many sources

Tap water

Copper pipes, copper in source water,
copper algaecides

Vehicle Fuels (Exhaust)

Vehicle fuels

Wastewater treatment plants

Copper in wastewater (conveys copper
from many sources)

Source: South Bay Copper Reduction Dialogue, 1994 and analysis by TDC Environmental.

2.3 Other Copper Source Studies

A literature review identified three studies estimating contributions of various copper
uses to copper levels in urban runoff. The findings of each study are briefly summarized

below.

2.3.1 Stockholm

A Swedish study investigated sources of metals in runoff and sewage in a portion of
Stockholm, Sweden (Sorme and Lagerkvist, 2002). The urban runoff contributions from
copper roofs, brake pads, tires, and asphalt were estimated. Other sources were

7
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Table 2. Copper Sources Summary from Metals Control Measure Plan

Estimated Adjusted %)'/(Ojtoatl
Copper Source Load at Load to Bay
Source (Ibs/yr) (Ibs/yr)® Load to
Bay
Point Sources (Wastewater Treatment 2,461 2,461 28
Plants)
Nonpoint Load Estimate for Lower 6,400 6,400 72
South San Francisco Bay
Urban Nonpoint 9,611 4,685 53
Brake Pads 7,700 3,753 42
Coolant Leaks 112 55 1
Coolant lllegal Dumping 116 57
Oil lllegal Dumping 7 3 0
Industrial runoff 693 338 4
Tailpipe Emissions 116 57 1
Construction Erosion 93 45 1
Pesticide Application” 74 36 0
Water Supply/Corrosion 700 341 4
Other Nonpoint 3,519 1,715 19
(Natural Erosion and Reservoir Spills)
Total 8,861 100

*Nonpoint Source estimates were adjusted to be consistent with the nonpoint load estimated on the basis of

creek monitoring data.

bAgricultural and landscape maintenance applications only. Athough the original table attributed this load to
both fertilizers and pesticides, the calculations not appear to address copper from fertilizers.
Source: Metals Control Measure Plan (SCVURP, 1997).

assumed to be negligible, an assumption validated by the acceptable mass balance
(sources estimated as 109-113% of measured load). Table 3 presents the load
estimates. It should be noted that copper roofs are relatively common in Stockholm—
study authors estimated a total copper roof area of 623,000 square meters in an area

with a population of 630,100.

Table 3. Copper Sources in Stormwater Entering
Henriksdal Treatment Plant, 1999

Estimated Copper Load
Copper Source (kalyr)
Copper roofs 700-920
Brake pads 280
Tires 0.2
Asphalt 11-17
Total (Stormwater Only) 991-1217

Source: Sorme and Lagerkvist, 2002
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2.3.2 Maryland

A University of Maryland group explored sources of copper in urban residential and
commercial runoff (Davis et al., 2001). While this study confused “sources” and
conveyances of copper and makes some unverified assumptions, it nevertheless sheds
light on the presence of copper in urban environments. The study involved washing
various urban surfaces and measuring the amount of metal washed off. This technique
cannot separate copper from the “source” and copper conveyed to the sources from
elsewhere (e.g., from air deposition). The exterior surfaces examined did not contain
copper so they are unlikely to be the primary source of the measured copper (copper
roofs were not examined). The study also assumes that the material collected on
vehicle wheels is entirely (and exclusively) brake pad wear debris, rather than a mixture
of debris from road and vehicle sources. Table 4 summarizes study results.

Table 4. Copper “Sources” in Maryland Urban Stormwater

Estimated Contribution to | Estimated Contribution to
Copper Source Residential Stormwater Commercial Stormwater
Roofs (non-copper) 9-10% 75%
Material washed from 9-22% 7%
building siding
Brake pads 47-55% 15%
Tires 1% 0%
Qil 0% 0%
Wet deposition 7-8% 1%
Dry deposition 14-17% 2%

Source: Daviset al., 2001.

2.3.3 Copper Development Association

The industry association for copper manufacturers has compiled information about

environmental copper releases into a report (CDA, 2003b). This report some of the
relevant literature on copper releases and provides estimates of release rates from
certain sources. These release rate estimates are summarized in Table 5.

Table 5. Estimated Copper Release Rates from Environmental Copper Sources

Estimated Copper Release Rate

Copper Source (g/m* material per year)

Copper roofs 05-3.0

Copper gutters 3.5 (old gutters)

7.8 (new gutters)

Composite roof shingles with copper mildewcide 0.17

Copper-based marine antifouling paint 0.7 — 10 x 10" (all boats)
6 — 8 x 10" (well-maintained boats)

Source: CDA, 2003b.

2.4 Lower South San Francisco Bay Copper Control Measures

The lower South Bay Copper Action Plan lays out measures to control copper in
wastewater and stormwater (Tetra Tech et al., 2000). These measures are divided into
three phases: Baseline actions and Phase | and Phase Il contingency plans. This
section considers only the implemented (baseline) activities. Table 6 reproduces the list
of Copper Action Plan Baseline actions. Appendix A contains lists of Baseline, Phase |
and Phase Il actions and the copper source addressed by each action.
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Table 6. Lower South Bay Copper Action Plan Baseline Actions*

Action

Description

B-1

Vehicle washing consistency in level of implementation

B-2

Continue to track copper sulfate use by water suppliers (includes State &
Federal water project)

B-3

Complete Industrial-2: investigations (based on MCMP), identify and
implement reasonable controls in conjunction with industry (older printed circuit
board manufacturers with copper plating) to reduce elevated levels in runoff
from targeted industry including development/implementation of education and
outreach plan

Clarify linkage with POTW Pretreatment program

1-Provide appropriate level of local support for agreed upon quantification
studies to:

2-Investigate and/or track quantification studies for a wide range of existing
copper control/pollution prevention measures and sources loadings (update
copper pie charts contained in MCM based on data from B-6 and B-16)

3-Collect data and prepare annual reports on the following potential indicators
Copper content in new auto brake pads

Total population in basin

Auto/truck vehicle traveled in basin

Copper sulfate (e.g., algaecide, pesticide, industrials; chemicals) sales in

basin (aggregate basis-scaled to basin level estimate)

Copper content in macoma tissue at Sand Point (Palo Alto

Reproductivity index for macoma at Sand Point

Benthic community assemblages at Sand Point

4-Prepare issue paper on feasibility of potential field investigation to monitor
long-term trends between copper from brake pads and concentration in water

Provide appropriate level of local support for agreed upon BPP activities
consistent with MCM

1-Review/assess/provide input on BMC/BPP brake pad wear debris research &
brake pad content data

2-Ensure that other local state and Federal players are involved appropriately
on brake pads issue as it is a widespread urban concern

3-Assist in making research data that are in the public domain accessible

B-6

Review appropriateness of transportation control measures, prioritize
reasonable measures and identify potential efforts for further development as
part of Phase | and implementation as part of Phase |l

B-7

Establish transportation/impervious surface “forum”
Consider results of VMT and imperviousness load estimates and control
effectiveness evaluation; identify potential control efforts for further
development as part of Phase | and implementation as part of Phase I

B-8

Continue to implement watershed classification and assessment efforts of
SCBWMI and improve institutional arrangements for watershed protection
(review Vol. Il Chapter 5/CCMP/CONCUR findings for relevance and possible
gaps as part of C-31)

*Transcribed directly from source.
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Table 6. Lower South Bay Copper Action Plan Baseline Actions (continued)

Action

Description

B-9

Continue current efforts and track corrosion control opportunities:
Continue educational outreach, within the City of Palo Alto, to plumbers and
designers to reduce corrosion of copper pipes via better design and
installation
Track developments in (1) alternatives to copper piping (b) corrosion
inhibitors, and (c) other methods of reducing copper corrosion

B-10

Utilize results of SEIDP indicator #5 (Sediment Characteristics and
Contamination) to investigate development of an environmental indicator and
investigate the linkage with SFEI sources and loading work effort

B-11

Consider need for Continuous Improvement of street sweeping controls and
storm water system operation & maintenance controls (key emphasis is to
develop SOP for disposal of collected materials)

B-12

Maintain existing education and outreach program for pools and spas

B-13

Track POTW Pretreatment Program efforts and POTW loadings

B-14

Track and encourage water recycling efforts

B-15

Utilize results of SEIDP to evaluate effective ness of related SCVURPPP
Performance Standards and identify cost-effective modifications

B-16

Establish Information Clearinghouse

(Track & disseminate new scientific research on copper toxicity, loadings, fate
and transport, and impairment of aquatic ecosystems for use in CAP update;
provide stakeholder resource)

B-17

Track and encourage investigation of several important topics that influence
uncertainty with Lower South Bay Impairment Decision

Phytoplankton toxicity and movement (IAR Section 5.3.1)

Sediment cycling

Loading uncertainty. Encourage incorporation of appropriate
bioassessment tools into ongoing monitoring programs to track presence of
copper-sensitive taxa in LSB

Prepare issue paper on feasibility and cost of addressing phytoplankton toxicity
guestions

B-18

Track and encourage investigation of important factors that influence copper
and fate (potential reduction in uncertainty is moderate to high)
Investigate flushing time estimates for different wet weather conditions
Investigate location of northern boundary condition
Determine Cu-L1 and L2 complex concentrations
Investigate algal uptake/toxicity with competing metals

B-19

Continue to promote industrial water use and reuse efficiency. These
programs may include workshops, outreach, incentives, or audits.

B-20

Revise copper conceptual model report findings and produce status report
(revise conceptual model uncertainty table, Appendix based on available
information)

B-21

1-SCVURPPP & Co-permittees evaluate feasibility of discouraging architectural
use of copper & explore feasibility of related policy

2-Promote Green Building principles and identify measures to investigate as
part of Phase |

Source: Copper Action Plan Table 4-1 (Tetra Tech et al., 2000).
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The Copper Action Plan included a wide variety of measures, such as studies relevant to
one or more copper sources, tracking activities of other entities that were addressing
copper sources, general measures that relate to many copper sources, and
implementation of control programs for specific copper sources. For purposes of this
report, those measures involving investigation or implementation of control measures for
specific copper sources to urban runoff are of interest. These items are listed in Table 7.
The lower South Bay experience with these actions is reflected in the control measures
discussions in Section 3 of this report (SCVURPPP, 2004).

Table 7. Copper Action Plan Investigation and Implementation Actions and

Copper Sources Addressed

Action | Description Copper Source
B-3 Complete Industrial-2 investigations (based on MCMP), Industrial
identify and implement reasonable controls in conjunction copper use
with industry (older printed circuit board manufacturers with
copper plating) to reduce elevated levels in runoff from
targeted industry including development/implementation of
education and outreach plan
B-5 Provide appropriate level of local support for agreed upon Brake pads
BPP activities consistent with MCM
1-Review/assess/provide input on BMC/BPP brake pad
wear debris research & brake pad content data
2-Ensure that other local state and Federal players are
involved appropriately on brake pads issue as itis a
widespread urban concern
3-Assist in making research data that are in the public
domain accessible
B-6 Review appropriateness of transportation control measures, | Brake pads and
prioritize reasonable measures and identify potential efforts | other vehicle
for further development as part of Phase | and sources
implementation as part of Phase Il
B-12 Maintain existing education and outreach program for pools | Copper
and spas algaecides
B-21 1-SCVURPPP & Co-permittees evaluate feasibility of Architectural
discouraging architectural use of copper & explore copper
feasibility of related policy
2-Promote Green Building principles and identify measures
to investigate as part of Phase |
Source: Copper Action Plan Table 4-1 (Tetra Tech et al., 2000).
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3.0 REVIEW OF COPPER SOURCES AND CONTROL MEASURES

3.1 Copper Sources Selected for Evaluation

On the basis of the Metals Control Measure Plan, other urban runoff copper source
identification studies described in Section 2 and a review of recent literature, nine
categories of copper sources were found to have the potential to make a significant
contribution to copper levels in San Francisco Bay Area in urban runoff and in releases
from shoreline activities. Table 8 lists these copper sources. Each copper source is
considered in the subsection listed in Table 8.

Table 8. Potentially Significant San Francisco Bay Area
Urban Runoff and Shoreline Activity Copper Sources

Copper Source Section
Marine antifouling coatings 3.2
Vehicle brake pads 3.3
Architectural copper 34
Copper pesticides (including shoreline algaecides) 3.5
Industrial copper use 3.6
Copper air emissions 3.7
Soil erosion 3.8
Copper in domestic water discharged to storm drains 3.9
Vehicle fluid leaks and dumping 3.10

Source: TDC Environmental.

3.2 Marine Antifouling Coatings

Paints applied to boats and ships to control unwanted “fouling” growth* on their hulls
often contain copper-based biocides. Historically, the biocide tributyltin was commonly
used in marine coatings. Its use on recreational boats was phased out in the late 1980s,
when U.S. EPA restricted use of tributyltin-based antifoulants to ships longer than 25
meters. Copper-based biocides—Ilong used on recreational boats—became the primary
antifouling coating option for recreational boats.

Because of the lack of marinas in the lower South San Francisco Bay,” marine
antifouling paint was not evaluated as a copper source in the Metals Control Measure
Plan. In the Bay north of the Dumbarton Bridge, there are major ports, industrial piers,
and dozens of marinas. Thousands of boats are berthed in the Bay; recreational boaters
put thousands of additional boats into the Bay for short-term use. Larger vessels include
about 2,000 shipping vessels that dock in Bay ports each year (BCDC and MTC, 2003),
hundreds of commercial ships involved in trade and tourism, and hundreds of
government-owned vessels to manage aquatic safety and resources. Boats and ships
coated with copper-containing biocides may release copper directly into the Bay during
storage, operation, and in-water maintenance. On-shore maintenance activities have
the potential to release copper into urban runoff.

In the process of developing a Total Maximum Daily Load (TMDL) for the Shelter Island
Yacht Basin, the San Diego Regional Water Quality Control Board (San Diego RWQCB)

! Growth of seaweed, barnacles and other organisms. The presence of such growth on the hull reduces
boat speeds and increases motor boat fuel consumption.

% The one small marina in Alviso indefinitely closed on October 22, 2003 due to encroachment of wetland
vegetation (Santa Clara County Parks, 2004).
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has explored the potential importance of copper-based antifouling paint as a source of
copper in California surface waters. In a draft TMDL report, the San Diego RWQCB
estimated that 98% of the approximately 2,000 pounds of copper released into the Yacht
Basin each year comes from marine antifouling paints on the 2,400 boats berthed in the
marina (Dobalian and Arias, 2003). Of the approximately 1.8 pounds of copper
estimated released per boat per year, about 95% is believed to leach from the paint
while boats are moored at the dock; the remaining 5% is believed to be released during
monthly underwater hull cleaning activities.

The data that forms the basis of these estimates may not directly apply to San Francisco
Bay. Water body specific factors (such as temperature, pH, salinity, and fouling rates)
determine both release rates of biocides in antifouling coatings and coating maintenance
and replacement requirements. The draft Shelter Island Yacht Basin TMDL report
considered only dissolved copper releases and dissolved copper levels (Dobalian and
Arias, 2003); it did not consider copper releases from marina sediments, which are
known to contain copper released in particulate form from marine antifouling paint.

San Francisco Estuary Project's (SFEP’s) Boater Education Program has worked with
boaters and marinas since the early 1990s to develop and implement an education and
outreach program to protect Bay water quality. The program has focused on marine
waste management, encouraging boaters to use pump out and dump stations rather
than discharging directly into San Francisco Bay and the Delta. SFEP is currently
completing a comprehensive survey of Bay Area marinas that will provide data about
boat sizes and marina occupancy levels (Patton and McDowell, 2004).

The San Francisco Bay
Conservation and
Development
Commission (BCDC)
completed a pilot San
Francisco Bay marina
water quality study to
explore the water quality
impacts of marinas. To
guide the monitoring
study, BCDC established
a multi-stakeholder task
force and a technical
advisory committee, each
comprised of federal, state, and local agencies; environmental groups; and marina and
boating organizations. The study, which includes both a literature review and sediment
monitoring in four Bay Area marinas,’ was published in August 2004 (Pap, 2004b).
BCDC intends to work with the stakeholder task force to develop management strategies
for any water quality problems identified by the pilot study (Pap, 2004a).

Pete’s Harbor, Redwood City

3.2.1 Background

Marine antifouling coatings rely on slow release of a biocide impregnated in the coating
to prevent fouling growth on the hull. Two formulation types are common:

Ordinary “hard” copper-containing antifouling paints must be cleaned often enough to
remove early stages of fouling growth before it becomes established on the boat’s

8 Copper levels were measured in sediment samples, but not in water column samples.
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hull. Cleaning frequencies and methods vary by boat owner and location. In Shelter
Island Yacht Basin, boat hulls are typically cleaned by a diver about once a month.

An alternative formulation, known as “ablative” or “soft” paint, wears away as it ages.
This eliminates the need for cleaning. In San Diego, ablative paint is less common
than hard paint, apparently because few ablative paint formulations meet applicable
air pollutant emissions requirements (Johnson and Miller, 2002).

Marine antifouling paints are technically pesticides because they contain biocides. As
such, antifouling paints are subject to the authorities of the California Department of
Pesticide Regulation (DPR). DPR maintains public databases containing detailed
information about pesticide formulations, sales, and use (DPR, 2004a; DPR, 2003a;
DPR, 2003b). The discussion below is based on these data.

3.2.1.1 Coating Formulations

DPR product registration data show that the following copper-based biocides are used in
marine antifouling coatings:*

Cuprous oxide (copper (I) oxide)—The most popular marine antifouling paint biocide,
cuprous oxide has been formulated by 11 manufacturers into 157 marine antifouling
coating products that are registered for sale in California. Cuprous oxide
concentrations in marine antifouling paints range from 26 to 76%; most paints are in
the 40-70% range. Since cuprous oxide is 89% copper by weight, typical cuprous
oxide marine antifouling paints are 36 to 62% copper by weight.

Cuprous thiocyanate (copper thiocyanate)—This unusual marine biocide is
formulated into 12 marine antifouling paints from one manufacturer. Cuprous
thiocyanate is 52% copper by weight At concentrations of 9-23% by weight, the
copper content of these paints is about 5 to 12%.

Copper hydroxide—Two cuprous oxide-containing products made by one
manufacturer also contain copper hydroxide. Both products are 8% copper
hydroxide by weight. (Since copper hydroxide is 65% copper, this translates into
about 5% copper from copper hydroxide by weight.) Since this formulation is
unusual and the copper contribution in these paints is small relative to the copper in
the same paints from cuprous oxide, its contribution is assumed to be negligible.

3.2.1.2 Sales

DPR compiles statewide pesticide sales data based on proceeds of DPR’s funding
source, the “mill tax.” County-specific sales data are not available. Public data are only
available for pesticides for which more than 3 companies (“registrants”) had registered
products during the calendar year for which sales are reported. In 2002 (the most recent
year for which data are available), 1,146,625 pounds of cuprous oxide products were
sold in California (DPR, 2003a). Because there is only one manufacturer of cuprous
thiocyanate-containing products, it sales volume is not public.

3.2.1.3 Reported Use

Certain pesticide uses (primarily agricultural and urban applications by licensed pest
control operators) must be reported to DPR. DPR compiles these reports by October of
the year following application into reports organized by pesticide and by application site

*Two copper naphthenate-containing wood preservatives (neither of which are labeled as antifouling paints)
are also allowed by the state to be used for marine antifouling applications. While it is possible that these
products may occasionally be used for boat antifouling coatings, the high solubility of copper naphthenate
makes this us e impractical.
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(DPR, 2003b). Unfortunately, because marine antifouling coatings are paints, applying
them to boats is not typically considered to be a pesticide application. For this reason,
most marine antifouling paint use is not reported to the state.®> In 2002 (the most recent
year for which data are available), DPR records show that 15,184 pounds of biocides
were reported applied to boats and piers—almost all of this (15,032 pounds) was copper
oxide. Two other copper-containing biocides were also reported: 25 pounds of copper
bronze powder (a marine antifouling paint that is no longer registered) and 52 pounds of
cuprous thiocyanate.®

The product registration and use reporting data summarized above suggest that the
cuprous thiocyanate products are not likely to comprise a significant fraction of the
copper used in marine antifouling paints. For this reason—and because sales data are
not available—it is not considered further in this analysis.

3.2.2 Copper Loads

Copper releases from marine antifouling coatings to surface water relate to the amount
of copper applied to boats, the number of boats, the storage locations of those boats,
boat use frequency, and maintenance practices.

3.2.2.1 Copper Use in Marine Antifouling Coatings

Almost all copper-containing marine antifouling coatings use cuprous oxide as the
biocide—and almost all cuprous oxide products are marine antifouling paints. Copper
use in marine antifouling paint can be estimating by estimating cuprous oxide use.
Because regional sales data are not available, this analysis starts with a look at
statewide copper-based antifouling paint use.

Of the 195 cuprous oxide biocides registered in California, 157 registered specifically as
marine antifouling paints. Most of the remaining products have a broader “wood coating”
registration, but are sold commercially as marine antifouling paints. Only four of the 195
products—from 2 manufacturers—have uses other than coating wood, and these other
uses are almost exclusively agricultural. Since all agricultural pesticide uses must be
reported, it is reasonable to assume that almost all non-reported use of cuprous oxide
represents marine antifouling paint applications. In 2002, 214,000 pounds of cuprous
oxide was reported used for applications other than marine antifouling paint (remaining
reported use was almost exclusively agricultural, as expected). Assuming that all
cuprous oxide sold was also used in 2002, non-reported use of cuprous oxide was about
917,000 pounds. Since there are few non-reportable uses of cuprous oxide other than
use in marine antifouling paint, this means that as much as 932,000 pounds of cuprous
oxide (as much as 830,000 pounds of copper) could have been applied to California
boats in 2002.

3.2.2.2 Boat Population

California Department of Motor Vehicles (DMV) records show that 963,379 marine
vessels were registered in the state as of December 31, 2003 (DMV, 2004). California
registration data do not include sailboats less than 8 feet in length or commercial vessels
larger than 5 net tons or 30 feet. These must be registered (“documented”) by the U.S.
Coast Guard, which does not have a readily available compilation of registrations by
water body. California registration data are apparently compiled on the basis of the

® It should be noted that this treatment of marine antifouling paint is not unusual—other types of paint
commonly applied by homeowners and professional painters contain biocides (e.g., bathroom paint, deck
tEJaint); use of these paints is similarly not reported.

About 75 pounds of tributyltin was also applied. Tributyltin may legally be applied to ships longer than 25
meters.
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owner’'s address, rather than the boat storage location. Registrations include boats used
in California lakes and rivers as well as those used in bays and coastal waters.

Vessel registration data are broken down by county—in 2003, 176,483 vessels were
registered in the nine Bay Area counties (Alameda, Contra Costa, Marin, Napa, San
Francisco, San Mateo, Santa Clara, Solano, Sonoma) (DMV, 2004). Most of these are
pleasure craft; the remainder (a few hundred vessels) are government and commercial
boats. About 20,000 are personal water craft (jet skis) (DMV, 2003).” Other
breakdowns of boat types (sail boat, motor boat), sizes, and storage location (e.g., in-
water or on-shore) are not provided in the registration data summary. These data
probably include some vessels used only in the ocean or other water bodies that do not
drain to San Francisco Bay.

3.2.2.3 Antifouling Paint Use

Boats may be stored in the water, or on shore. On-shore storage (“dry storage”) is less
expensive and requires substantially less maintenance than wet storage, so most boats
are stored dry, often at one of the region’s many storage yards. Dry-stored boats, which
only enter the water for short periods, normally are not treated with antifouling paint,
which is not necessary and may be damaged during travel on a boat trailer. Only wet-
stored boats typically have antifouling coatings. These boats, perhaps 10 to 15% of
registered boats, typically are larger and thus more difficult to transport and to move in
and out of the water than smaller boats.

The San Francisco Bay Area has about 60 yacht harbors, with about 15,000 berths (Bay
and Delta Yachtsman, 2004). Not all of these berths are occupied; colloquial information
from industry professionals suggests that about 10,000 to 12,000 boats are berthed in
San Francisco Bay.

3.2.2.4 Annual Copper Load

Not all of the copper applied to boats has the potential to be released to California
surface waters. Copper releases from marine antifouling paint may occur several ways.

Passive leaching and in-water hull cleaning. Because San Francisco Bay marinas
probably have cooler temperatures than San Diego Bay marinas, available copper
leaching data is likely to overestimate both passive and cleaning-related copper
releases. Colloquial information from boaters and boat maintenance facilities
suggests that underwater hull cleaning is not common in San Francisco Bay, and
frequent only among special groups (i.e., competitive sailors). In the absence of data
relevant to San Francisco Bay, the release rate estimates from San Diego Bay can
be used as a starting point to understand the potential magnitude of releases.
Assuming that the copper release rates estimated for San Diego Bay (about 1.8
pounds per 12.2 meter boat per year) apply to boats in San Francisco Bay, and that
boat sizes are similar (averaging 12.2 meters), the 10 to 12,000 boats wet stored in
San Francisco Bay could release as much as 20,000 pounds of copper per year. It
is not known what fraction of this copper remains in marinas and what fraction moves
into the main part of the Bay.

Boat use. Available studies of copper antifouling paint do not estimate copper

releases while boats are in motion; however, data suggest that release rates are
likely to be higher than releases from stationary boats because motion removes
biofilms that reduce copper releases. In the absence of data, it is assumed that

"1n 2002, 21,416 of the registered vessels in the 9 Bay Area counties were personal watercraft; 2003 data
are not available.
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releases from watercraft in motion are the same as in-dock passive leaching rates
and thus included in the above estimate. Because dry-stored boats normally are not
treated with antifouling paint, their use is assumed not to release copper.

On-shore maintenance. Boat maintenance—such as on-shore hull cleaning and
painting—has the potential to release copper to the environment, if the maintenance
discharges are not controlled. Discharges from boat maintenance facilities in the
Bay Area are regulated by stormwater management agencies and wastewater
treatment plants. While some unregulated maintenance activities may occur at
marinas, for purposes of this report, discharges are assumed to be negligible
because they should be managed with best management practices and/or directed
to wastewater treatment plants.

3.2.3 Control Measures

Currently there are no specific control measures in place to limit copper releases from
marine antifouling paint in the San Francisco Bay Area. In response to concerns raised
in San Diego, DPR and the State Water Resources Control Board are working together
to explore the relationship between marine antifouling paints and copper levels in
surface waters. To facilitate exploration of this issue, the Interagency Coordinating
Committee (IACC), an existing working group composed of 28 State agencies involved
in implementing California's Nonpoint Source Pollution Control Program, has created the
Copper Antifouling Paint Sub-Workgroup of its Marina and Recreational Boating
Workgroup. The purpose of the subgroup is to assess the degree and geographical
distribution of copper pollution caused by copper antifouling paints in California’s aquatic
environments. The subgroup, which held its first meeting in March, has not yet
established a workplan or schedule. One of the goals of the committee’s work is to
facilitate the evaluation of control measures by DPR and Regional Water Quality Control
Boards.

Alternative marine antifouling coatings. Other marine antifouling coatings exist. In
recent years, coatings designed to prevent adhesion of fouling growth to boat hulls have
entered the market. The University of California has evaluated these epoxy and silicone
coatings (Carson et al., 2002) and has published an education piece for boaters about
non-toxic antifouling strategies for boats (Johnson and Miller, 2002). To date, non-toxic
alternatives have not been widely accepted in the boating industry, due to concerns
about practicality and cost. If adopted, these alternatives would eliminate copper loads
from marine antifouling paint.

Hull cleaning best management practices. Although modifying underwater hull cleaning
practices to minimize copper release is possible, data from San Diego suggest that even
with relatively frequently underwater cleanings, modified procedures are likely have little
impact on copper loads (Schiff et al., 2003; Carson et al., 2002).

Prohibiting use of copper antifouling coatings. To date, no California agency has
prohibited use of copper marine antifouling coatings. A San Diego RWQCB proposal
that would effectively phase out their use in Shelter Island Yacht Harbor has met with
stiff resistance (San Diego RWQCB, 2003). DPR has the authority to restrict their use,
but has determined that further investigation of the need for restrictions through the
IACC Copper Antifouling Paint Sub-Workgroup should be completed prior to
consideration of possible restrictions (which would need to be based on data identifying
the contribution of copper marine antifouling paints to surface water quality impairment).
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3.2.4 Uncertainty

Due to the lack of San Francisco Bay-specific information (such as the specific number
and types of marine craft moored in the Bay, which marine antifouling paints are most
common, copper release rates in Bay water, hull cleaning frequencies, and recoating
frequencies) this estimate has moderate-high uncertainty. Sources of uncertainty in the
current estimate include (but are not limited to):

Marine craft information. Information about the number and sizes of boats,
commercial ships, and government vessels wet-stored in San Francisco Bay is
needed. Data needs include boat and ship numbers, typical sizes, cleaning
frequency, common antifouling paint types, length of time in Bay waters, and
recoating frequency.

Marina information. Most copper releases from antifouling paints probably occur into
water and sediments in marinas. Both the Regional Water Quality Control Board and
BCDC have marina sediment copper data. While the BCDC data shows copper
enrichment, the Water Board data do not (it is not clear whether this data represents
the active layer) (Pap, 2004b; RWQCB, 2004b). The extent to which this copper is
transferred to the water column and sediments in the Bay is unknown.

No total copper measurements. Studies prepared for the Shelter Island Yacht
Harbor TMDL evaluated release of dissolved copper. Total copper releases were
not measured. These studies note that paint particles are released upon hull
cleaning. These paint particles, which probably contain copper (since such a high
fraction of copper-based antifouling paint is copper), are assumed to deposit into
marina sediments and become stabilized in a manner that prevents future
contribution to dissolved copper levels. San Francisco Bay research has
demonstrated that fluxes from copper bound in Bay sediments contribute to
dissolved copper levels in the water column (URS and Tetra Tech, 1998).

Local environmental different than San Diego Bay. The release rates of biocides in
antifouling coatings are influenced by temperature, pH, salinity, and fouling rates;
these factors may be water body specific.

Boat usage increases copper release rates. The above copper release
measurements were necessarily made in static conditions. Increased copper
release rates have been measured from coatings after periods of motion (Valkirs et
al., 2003). The increased copper release was attributed to the motion-induced loss
of the biofilm that forms on antifouling paints (Valkirs et al., 2003).

Paint types unknown. Ablative paints may have somewhat higher copper release
rates than hard paints, but received little attention in the San Diego studies because
colloquial information suggested that they are little used due to region-specific air
pollutant compliance requirements.

Other biocides. Contribution of biocides other than cuprous oxide are omitted (e.g.,
cuprous thiocyanate).

Applications to materials other than boats. No available data suggests that copper-
based antifouling paint is commonly applied to marine structures other than boats
and ships; however, most marine antifouling paints are registered for use on other
structures.
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3.2.5 Next Steps

Load Estimate. Given the potential magnitude of copper releases from marine
antifouling paint, a region-specific investigation of the copper load and related issues
is a priority. An estimate would most efficiently be prepared in coordination with the
two entities currently working with Bay Area marinas (SFEP and BCDC) and with the
IACC Copper Antifouling Paint Sub-Workgroup.

Control Measures. The IACC Copper Antifouling Paint Sub-Workgroup plans to
facilitate evaluation of control measures, assuming its investigations identify the need
to reduce copper releases from marine antifouling paint. Among the possible control
measures that could arise from the subgroup are potentially costly measures like
education programs and cost-effective measures like state agency restrictions on
copper antifouling paint use.® Given the lack of acceptance of non-toxic alternatives
to copper antifouling paint, a nhon-toxic antifouling coatings pilot project would be an
appropriate precursor to future control programs.

3.3 Vehicle Brake Pads

San Francisco Bay Area drivers use their brakes millions of times a day, each time
releasing small amounts of brake wear debris to the environment. In 1993, the Santa
Clara Valley Nonpoint Source Pollution Control Program retained Woodward-Clyde to
investigate the potential that vehicle brake wear debris contained water pollutants. The
resulting report (Woodward-Clyde, 1994a)
identified vehicle brake pads as a potentially
significant source of copper in urban runoff,
sparking Santa Clara Valley water quality
agencies’ interest in vehicle brake pads,
and eventually leading to the formation of a
partnership with the brake pad industry and
other interested stakeholders to explore the
issue.

The Metals Control Measure Plan relied on
the 1994 Woodward-Clyde report to
estimate the copper load from vehicle brake
pads. Substantial errors in these

. . . i Behind the wheel: vehicle disc
estimates, which were identified through brake pads and rotor

the Brake Pad Partnership, are probably

part of the reason that the copper load estimate in the Metals Control Measure Plan was
about double the measured copper release from urban runoff into lower South San
Francisco Bay.’

The Brake Pad Partnership is currently conducting investigations that will lead to a
reliable estimate of the contribution of vehicle brake pads to copper levels in San
Francisco Bay. The approach of the Brake Pad Partnership is to characterize brake
wear debris and to conduct environmental transport and fate modeling to predict how
copper released from brake pads enters the Bay and affects both the short-term and
long-term concentrations of copper in the Bay. Results of these studies, which involve
air, watershed, and Bay modeling, are anticipated in 2006.

®In considering such restrictions, DPR usually relies on other agencies to develop region-specific data
identifying the contribution of the pesticide to surface water quality impairment.

° Estimated copper loads from urban runoff and other non-point sources were divided by a factor of 2 to
match creek copper load estimates.
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3.3.1 Background

Currently, the Bay Area Air Quality Management District (BAAQMD) estimates that
vehicles drive an average of 167.2 million miles per day in the San Francisco Bay Area
(BAAQMD, 2004). More than 5 million vehicles are registered to Bay Area residents and
businesses (MTC, 2004a). All of these vehicles rely on the friction between their brake
pads (“brake linings”) and a rotor or drum to stop.

While drum brakes are still common, most new vehicles have disc brakes that are open
to the environment. With a disc brake, each vehicle stop wears off a tiny amount of the
brake pad material (“friction material”), which may be deposited on the road, on the
vehicle, or elsewhere in the urban area.

Vehicle brake pads are manufactured by automobile parts companies that supply vehicle
manufacturers—not by vehicle manufacturers themselves. Brake pad manufacturers
use a wide variety of ingredients—including copper—in formulating brake pads.
Manufacturers consider formulations, customer identity, and pad sales data to be trade
secrets. Since brake pad composition is not regulated by any government agency, there
is no independent central data source for information about vehicle brake pads.

3.3.2 Copper Loads

Estimating copper releases from vehicle brake
pads into urban runoff involves two steps:
estimating copper releases in the watershed, and
then estimating the fraction of copper released
that is washed off in runoff. The Brake Pad
Partnership is currently exploring both of these
guestions. The estimate in this section is intended
to serve as a placeholder until such time as the
Brake Pad Partnership’s cooperative Disc brake pads
investigations are complete.

The discussion in this section is based primarily on preliminary information obtained from
the Brake Pad Partnership.'® The estimate of copper releases to Bay Area watersheds
involves use of the best available data and assumptions that the Brake Pad Partnership
believes are as accurate as currently possible given the available data. Because the
Brake Pad Partnership has not yet addressed the potential for wash-off of copper in
vehicle brake wear debris, the estimate of the fraction of copper that is washed off in
urban runoff does not involve input from the Brake Pad Partnership; it is based on
preliminary results of U.S. EPA modeling of copper runoff in Castro Valley.

3.3.2.1 Copper Release to Bay Area Watersheds

The annual copper release from vehicle brake pads can be represented by the following
eguation:

Cu Release = Nvehicles X %Wear X Cuvehicle

Where:

Cu Release—Annual quantity of copper released (Lb Cul/yr)
Nyenicles—Number of vehicles

Y%wear—Percent of brake pad (friction material) worn off each year
Cuyenicie—Average brake pad copper content per vehicle (Lb Cu/vehicle)

19 please note that this discussion represents the analysis of the report preparer; it does not represent the
views of the Brake Pad Partnership.
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Ideally, this equation would be used to calculate the total annual copper contribution
from vehicles driven in the San Francisco Bay Area. Unfortunately, since the copper
content of vehicle brake pads is considered proprietary by manufacturers, the data to
perform vehicle-specific calculations are not available. Limited aggregate data are
available; these can be used with the above equation to generate a preliminary
aggregate estimate of copper releases, as described below.

Copper content per vehicle. The best available data on brake pad copper content is
from the Brake Pad Partnership. As part of the Brake Pad Partnership, U.S. brake pad
manufacturers have developed a procedure for reporting on the amount of copper used
in brake pads on new vehicles each year. Reporting began in 1998; data are currently
available through vehicle model year 2002 (see Table 9) (Brake Pad Partnership, 2004).
The annual report provides the average quantity of copper per vehicle for vehicles in the
reported model year. Although these data are not intended for use in copper load
calculations, they are the most comprehensive and reliable data available regarding the
copper content of automotive brake pads.

Table 9. Copper Use in Brake Pads on the 20 Best Selling
Domestic Light Duty Vehicles, Model Years 1998-2002

Model Year 1998 1999 2000 2001 2002
Copper per vehicle (kg) 0.0402 | 0.0517 | 0.0564 | 0.0561 | 0.0766
Copper per vehicle (Ib) 0.0886 0.114 0.124 0.124 0.169

Source: Brake Pad Partnership, 2004

These data are for “original equipment” brake pads used in cars and light trucks.
According to brake pad industry representatives these vehicles are most likely to have
copper-containing brake pads. The data do not include “aftermarket” (replacement)
brake pads or brake pads used on heavy-duty trucks, rail cars, off-road vehicles, or
motorcycles!' Brake manufacturers indicate that the copper content of aftermarket
brake pads is small, but no public data are available to confirm that statement.
Colloquial information from brake manufacturers also suggests that copper use in trucks
and off-road vehicle brake pads is limited and that motorcycle brake pads, while often
containing copper, are so physically small that they comprise only a small fraction of on-
road brake pad material.

The available data provide the basis for an estimate of the amount of copper released
from “original equipment” brake pads used in cars and light trucks. At this time, it is not
possible to estimate the contributions from other types of brake pads.

Annual brake pad wear. Generally, automobile owners replace disc brake pads before
the pad material has worn off (this is done as preventative maintenance and avoids
damage to the rotor). Normally, all pads are replaced at once, leaving some pad
material permanently unused. In early Brake Pad Partnership discussions of wear
debris calculation methods, manufacturers provided colloquial information that on
average, about 60% of brake pad material is worn off prior to replacement. This
assumption has not been verified.

Since brake pads are not replaced annually, the brake pad material wears off over the
course of several years. According to brake pad manufacturers, original equipment
brake pads are replaced, on average, after about 3 years of service. This estimate has
not been verified, but it is consistent with typical automobile maintenance schedules.

1 Manufacturers of these other friction material types are not currently participating in the Brake Pad
Partnership.
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The actual lifetime of individual pads is highly variable, and pad lifetime on individual
vehicles may differ significantly from the estimated three-year average.

Due to the variability of pad lifetimes, it would be relatively complicated to develop the
data needed to estimate the portion of brake pad wear that occurs from each vehicle
with original equipment pads each year. However, since about the same fraction of
material is worn off of all pads prior to replacement—and a similar mix of new vehicles
enters the San Francisco Bay region every year, the overall wear rate for original
equipment brake pads in the San Francisco Bay Area is relatively constant. Assuming
that vehicle sales and the Bay Area fleet mix are relatively constant, the calculation can
be simplified with the assumption that the amount of original equipment brake pad wear
each year is equal to 60% of the amount of brake pad material sold on new vehicles
each year.

Number of vehicles in use. To account for variation in vehicle sales, three years worth of
data were averaged (this is consistent with the assumed typical 3-year lifetime of original
equipment brake pads). In the San Francisco Bay Area, there are 5,432,514 registered
cars and trucks (MTC, 2004a). While annual vehicle sales data for the San Francisco
Bay Area are not readily available,** California DMV data show that 33.63% of non-
commercial registered vehicles are less than 3 years old (DMV, 2002), reflecting a
recent average of about 609,000 vehicles sold each year.

Copper release estimate. To account for variation in brake pad copper content, original
equipment brake pad copper content data for the most recent three model years were
averaged (0.139 Ib/vehicle) (this is consistent with the assumed typical 3-year lifetime of
original equipment brake pads). Putting this value and the above estimates into the
equation yields an estimate of about 51,000 pounds of copper released to San Francisco
Bay Area watersheds annually from wear of original equipment brake pads on
passenger cars and light duty trucks. This estimate does not include contributions from
replacement brake pads nor brake pads used on heavy-duty trucks, rail cars, off-road
vehicles, or motorcycles.

3.3.2.2 Copper Washoff into Urban Runoff

Available information suggests that brake pad wear debris is deposited not only on
roads, but also is widely dispersed in urban areas. Brake pad wear debris is comprised
of very small particles (less than 10 microns in diameter), making air emissions a
significant release method and a likely important transport pathway for brake pad wear
debris (BMC/PEC, 2001; Garg, 2000; Sanders, 2002). Information from the literature
shows that elevated copper concentrations appear at soil surfaces within about 20
meters of roads (Heath et al., 1999; Sutherland and Tolosa, 2001), suggesting that a
significant amount of brake pad wear debris is deposited near roads. Since most vehicle
use occurs on roads in urbanized portions of Bay Area watersheds, this analysis
assumes that most deposition occurs in the urbanized portion of Bay Area watersheds.

Potential for wash-off. The City of Palo Alto and the Bay Area Stormwater Management
Agencies Association (BASMAA) funded Clemson University to characterize brake wear
debris from one brake pad provided by the Brake Manufacturers Council Product
Environmental Committee (BMC/PEC). Clemson conducted copper leaching tests,
using standard extraction test methods and some modified methods with
environmentally relevant reagents to measure the ability of copper in brake pad wear
debris to leach out in the environment. Test results show that a substantial fraction of
copper in the tested brake wear debris can be mobilized in the environment

2 These data may be purchased for a fee from automotive industry sources.
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(Schlautman, 2002; Schlautman, 2003a; Schlautman, 2003b; Hur et al., 2003; Hur et al.,
in press). The copper solubility in the tested brake wear debris is probably due to the
high surface area of brake wear debris*® and the chemical form of the copper in the wear
debris.

If these data from one brake pad are typical of all copper containing brake pads,** the
results would mean that in the long term, most of the copper can probably be mobilized
from brake wear debris that remains exposed to water flows. This analysis assumes
that the behavior of copper in vehicle brake wear debris has wash-off behavior similar to
other anthropogenic urban copper sources.

Preliminary wash-off estimate. No specific estimates of brake pad wear debris copper
wash-off are currently available. A rough estimate of wash-off can be made from
preliminary watershed modeling information in combination with simplifying assumptions.
On behalf of the Brake Pad Partnership, U.S. EPA staff has set up a model of copper
runoff from the Castro Valley watershed. This preliminary model has not yet been
incorporated into the Brake Pad Partnership’s investigations. In preliminary runs of this
model based on currently available data (no data specific to vehicle brake pads),
between 31 and 48% of anthropogenic copper annually deposited on impervious
surfaces was estimated to be transported to San Francisco Bay in urban runoff
(Carleton, 2004)."

In the modeled watershed (Castro Valley), the impervious surface area is about 50% of
the total surface area. Assuming that all vehicle brake wear debris is deposited in
urbanized portions of Bay Area watersheds and that Castro Valley’s impervious surface
fraction is typical for the urbanized portion of Bay Area watersheds, this suggest that 15
to 24% of copper in brake pad wear debris may be transported to San Francisco Bay in
urban runoff.

3.3.2.3 Annual Copper Load

Combining the two above estimates (about 50,000 pounds per year of copper released
from original equipment brake pads, of which 15 to 24% may be transported to the Bay
in urban runoff) yields a copper load estimate of about 7,600 to 12,000 pounds per year
(or with one significant figure, about 10,000 pounds per year). This estimate is highly
uncertain (see below).

3.3.3 Control Measures

The Brake Pad Partnership has served as the primary control measure for copper in
vehicle brake wear debris. Initiated by Santa Clara Valley Urban Runoff Pollution
Prevention Program members in the mid-1990s, the Brake Pad Partnership is a
cooperative effort of government regulators, brake pad manufacturers, stormwater
management agencies, and environmentalists aimed at identifying and preventing
impacts on surface water quality that may arise from the use of automotive brake pads.
Together, the partners are investigating the issue of copper from vehicle brake pads in
urban runoff. The Brake Pad Partnership anticipates completing its investigations in
2006. As part of their participation in the Partnership, brake pad manufacturers have
committed to voluntarily introducing reduced copper products within five years if the

3 Clemson’s data show that brake wear debris has a much higher specific surface area (31 m %g) than the
standard copper-containing minerals tested (< 1.5 mzlg).

1n 2004, the Brake Pad Partnership plans to repeat the extractions on a representative sample of brake
wear debris to answer this question.

> Because this modeling effort involved matching washoff estimates and creek monitoring data, it accounts
for copper removal via control measures like street sweeping and runoff treatment systems.
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Brake Pad Partnership determines that copper from brake pads is a significant cause of
water quality impairment. While the Partnership’s investigations proceed, brake pad
manufacturers are conducting research to develop low copper or copper-free pad
formulations that meet safety standards.

Other control measures involve collecting copper after it is released to the environment
or reducing vehicle use. The major options are:

Street sweeping—collects particles from streets and highways. Municipalities
already sweep most Bay Area streets. Because street sweepers are relatively
inefficient in collecting fine particles (Woodward-Clyde Consultants, 1994b; Brown
and Caldwell, 1997), and wear debris probably deposits on many urban impervious
surfaces not subject to street sweeping, street sweeping is not a very effective
control measure for copper in vehicle brake wear debris. Available data are
insufficient to determine if increasing street sweeping frequencies or adding more
rural streets to the sweeping program would increase copper removal significantly
(Claytor, undated).

Treating urban runoff—Runoff treatment devices vary in their ability to remove
copper from urban runoff, with typical efficiencies in the 40-60% removal range
(Winer, 2000). Removal efficiencies for dissolved copper are typically lower than
those for total copper (Winer, 2000). Many devices are designed to remove trash
and sediments from stormwater in watersheds; these devices are not designed to
remove very fine particles like brake wear debris. Such devices are not very
effective at copper removal (Woodward Clyde, 1996)."° Vegetation-based treatment
methods—Ilike grassy swales—and infiltration methods generally have the highest
removal efficiency for copper (Winer, 2000).

Urban runoff agency permits will soon require treatment of runoff from much of new
urban development in the Bay Area. This requirement will require substantial
financial investment for installation and maintenance of the treatment facilities.
Treating runoff from existing development, while theoretically possible, would involve
an enormous infrastructure investment (much greater than for new development,
where installation can be paid for by developers)—plus significant annual
maintenance costs. Treatment facility costs vary greatly—a BASMAA survey listed
costs from $160 to $122,000 per acre (not including land costs) (Minton, 2003).
While vegetation based systems are generally at the lower end of the cost range
(hundreds to thousands of dollars per acre), Bay Area land costs—assuming land is
even available—would likely make retrofitting such measures on a widespread basis
cost-prohibitive.

Reducing vehicle miles traveled. Reducing vehicle use would reduce release of
vehicle brake wear debris. In response to Federal and California Clean Air Act
requirements, the California Air Resources Board, the Bay Area Air Quality
Management District, and Bay Area municipal congestion management and
transportation agencies have worked for the last several decades to reduce vehicle
use. Due to population increases and land use patterns, these efforts have been
unsuccessful—the number of vehicle miles traveled in the Bay Area increases each
year and is anticipated to increase for the foreseeable future (MTC, 2004b).

18 As it flows through watersheds, copper transfers to larger particles, generally after hours of contact time
(Sansalone and Buchberger, 1997). In typical Bay Area urban watersheds, this transfer occurs in creeks,
which have flows that are much too high for typical urban runoff treatment devices.
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3.3.4 Uncertainty

Given the many assumptions and omissions in the estimation of the vehicle brake pad
copper load, this estimate should be treated as highly uncertain. Most of the data gaps
will be filled by the much more complete and reliable estimate anticipated from the Brake
Pad Partnership.

Sources of uncertainty in the current estimate include (but are not limited to):

Most brake pads are not included in the estimate. Because limited copper use data
is available for replacement brake pads or brake pads used on heavy-duty trucks,
off-road vehicles, rail cars, or motorcycles, the copper contribution from these pads
was not estimated.

Estimates assume that the behavior of copper in vehicle brake wear debris has
wash-off behavior similar to other anthropogenic urban copper sources. This
assumption is based on data from only one copper-containing brake pad. There are
several different chemical forms of copper used in brake pad formulations.

Copper use data are not designed for mass load calculations. The Brake Pad
Partnership’s copper use reporting program does not document total copper use;
instead, it assumes that copper usage in disc brake pads for the top 20 models of
domestically-manufactured light vehicles (accounting for approximately 40% of
vehicle sales) serves as a valid indicator of the industry’s overall copper use.

Vehicle fleet mixes vary. Within a region or watershed, variations in fleet mix and
vehicle use patterns also contribute to differences in copper content and amounts of
wear debris released to the environment.

3.3.5 Next Steps

Load Estimate. The Brake Pad Partnership is currently conducting investigations
that will lead to a reliable estimate of the contribution of vehicle brake pads to copper
levels in San Francisco Bay.

Control Measures. Continue participation in the Brake Pad Partnership, which
serves as the primary control measure for copper in vehicle brake wear debris.

3.4 Architectural Copper

Architects and building occupants enjoy
the beauty and longevity of copper
architectural features like roofs, gutters,
and flashing. Nationally, architectural
use of copper has increased in recent
years (CDA, 2003b). Copper roofs and
gutters cost far more than ordinary
materials, limiting their use to a
relatively small number of structures in
the San Francisco Bay area.

Perhaps due to the relative rarity of
copper roofs, the Metals Control
Measure Plan did not estimate copper
releases from architectural Copper Copper roof, Redwood Shores California
features. Since the late 1990s, a series of papers in the literature have revealed
relatively high concentrations of copper in copper roof and gutter runoff (Barron, 2001,
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Wallinder and Leygraf, 1997; Zobrist et al., 2000; Wallinder and Leygraf, 2001,
Leuenberger-Minger et al., 2002). In some studies, copper concentrations in roof runoff
exceeded 1,000 pg/l (Barron, 2001). Concerned about these findings and an upward
trend in the use of copper roofs and gutters in new construction, Palo Alto commissioned
a study to estimate copper releases from copper architectural features (Barron, 2001).
The Palo Alto study estimated that architectural copper runoff comprises about 20% of
the copper load in Palo Alto creeks.

3.4.1 Background

While all copper pieces start with a shiny metal appearance, if left untreated, the copper
will develop a patina, oxidizing to shades of green and brown as it ages. Oxidation
forms compounds that are soluble in water. Factory or field treatments immediately give
the copper a desired patina, by oxidizing the surface to create a complete coating of
oxides. Occasionally, architectural materials may be clear coated to maintain a desired
hue (typically a penny-colored brown).

Some composite roofing shingles are treated with copper granules to retard moss and
mildew growth. Like the copper in pure copper roofs, the copper granules will age,
become covered with an oxide patina, and be subject to runoff when it rains.

3.4.2 Copper Loads
3.4.2.1 Copper Release to Bay Area Watersheds

The amount of copper washed off
architectural copper features is
proportional to the area of those
features and the copper release
rate. Both of these can be
estimated using information
compiled by Palo Alto (Barron,
2001). The major types of
architectural copper features
(roofs, gutters, and copper-treated
composite shingles) are included
in this estimate; the contribution
from other materials (flashing,
ornamentation) is assumed to be
relatively small.

Copper roof section, prior to installation

Presence of copper architectural features. No quantitative data is available about the
presence of architectural copper or the installation rate of new copper roofs and gutters
(Barron, 2001). The Palo Alto estimate relied on colloquial information obtained from a
survey of contractors, building departments and similar entities and a visual inspection of
buildings in Palo Alto to create a very rough estimate that copper roofs are installed on
0.05% of residences, 0.3% of industrial commercial buildings, and 1.5% of other
structures. The “other structures” category was region-specific,'” to reflect the relatively
high frequency of copper use in the institutional structures in that region (Barron, 2004).
The Palo Alto study estimated that 0.03% of residential roofs use composite roofing
shingles with copper biocides, and that these shingles had negligible use on structures
in other land uses. Roof coverage was assumed to be 30% for residential land and 50%
for other developed land.

Y The region includes East Palo Alto, Los Altos, Los Altos Hills, Mountain View, Palo Alto, and Stanford.
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Using these estimates, the copper roof area can be estimated as follows:
Copper roof area,y, = Acres |y X Roof Coverage,y x Copper Roof Fraction,y

Using land use data from the Association of Bay Area Governments (ABAG, 2003) the
copper roof area in the San Francisco Bay Area is estimated to be about 466 acres and
the composite shingle with copper biocide roof area is estimated to be about 39 acres
(see Table 10).

For copper gutters, the method was very similar (Barron, 2004)—except 0.06% of
residential buildings were assumed to have copper gutters (to reflect the presence of
copper gutters on some buildings without copper roofs). The surface area of building
gutters was assumed to be about 3.25% of the roof surface area. Using these figures,
the estimated copper gutter area in the San Francisco Bay area is 15.5 acres (2.5 acres
residential; 13 acres commercial/industrial/institutional).

Table 10. Copper Roof Area Estimate

Copper
Land Use Roof Roof Roof
area c Fracti Area Roof Area
(Acres) overage | Fraction (Acres) | Fraction
(Acres)
Residential 428,660 30% 0.05% 64 0.03% 39
Commercial/Industrial/ | 267,630 50% 0.3% 402 - --
Institutional

*Local streets and some highways are included within land use estimates (ABAG, 2003).
Source: TDC Environmental calculations based on data from ABAG, 2003 and Barron, 2001.

Copper release rates. Published literature and limited measurements conducted by Palo
Alto provide the estimates of copper releases from copper architectural features listed in
Table 11 (on the next page) (Barron, 2004). Note that the copper release rates are
within the range of the release rate estimates provided by the Copper Development
Association (see Table 5 on page 9).

3.4.2.2 Copper Washoff into Urban Runoff

Since the copper release rates for architectural copper are based on copper
concentrations in runoff, no additional adjustment for wash-off fraction is necessary.
Since discharge configurations vary—and often involve direct discharge to storm
drains—this analysis assumes that the net copper load is essentially the same as the
guantity of copper in runoff from architectural copper features. This approach does not
account for losses of copper between the release point (i.e., downspout) and surface
waters. While there is a potential for significant reduction in copper levels in roof runoff if
the runoff flows through vegetation or passes through a treatment device, the variation in
discharge locations for copper roofs provides no rational basis for assuming a certain
fraction removal of the copper.

3.4.2.3 Annual Copper Load

Multiplying the architectural copper roof area estimate by the estimated copper release
rates gives the copper load estimates in Table 11 (on the next page), a total of about
4,500 pounds per year of copper releases.
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Table 11. Architectural Copper Release Estimate

. Estimated Estimated Copper
Architectural Material Estimated Area Relezase Ra_te Release PP
(Acres) (9/m® material (Ib Culyear)
per year)
Copper Roofs 466 1 4,200
Composite Roofs with 39 0.17 59
Copper Biocide
Copper Gutters 15.5 2 280
Total 4,500

Source: TDC Environmental calculations based on data above.

3.4.3 Control Measures

Many control measures to reduce architectural copper releases are possible—measures
could include public education to reduce copper use, coating copper to reduce releases,
treating runoff to collect released copper, and restricting copper use. In the San
Francisco Bay Area, a few municipalities have used education to limit use of copper
architectural features; one municipality (Palo Alto) has prohibited most architectural
copper use.

Public education. Education of architects, planners, and the public has the potential to
reduce copper use in buildings. SCVURPPP has encouraged South Bay municipalities
to incorporate avoiding copper architectural features into municipal green building
programs. Ordinarily, green building programs do not address copper architectural
features. The general effectiveness of such educational programs is unknown, although
colloquial information suggests that education can limit copper use.

Treating copper or runoff. In theory, architectural copper features could be coated in a
manner that would maintain the copper’s appearance, but would prevent release of
copper to the environment. In practice, the efficacy and maintenance requirements for
such coatings have not been demonstrated. As described in Section 3.3.3, treatment of
runoff for copper removal is also possible. Treatment systems have significant technical
downsides—they require management and maintenance and have incomplete copper
removal. Costs for treatment would include building owner costs for installation and
maintenance, and municipal costs to ensure that treatment systems meet performance
standards.

Collecting copper wastewater. Cleaning and treating copper architectural features
(particularly patina treatments) involves corrosive solutions that may contain relatively
high concentrations of copper. These solutions could be collected, tested to determine
their waste classification, and managed according to accepted best management
practices for wastewater from building surface cleaning activities (BASMAA, 2000).

Prohibiting architectural copper use. Local governments 