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Copper Released from Non-Brake Sources
In the San Francisco Bay Area

Executive Summary

Many human activities result in the release of copper to thecemwent. The Brake Pad
Partnership is conducting a study whose purpose is to gain a bettestandig of the sources
of elevated copper concentrations in the San Francisco Bay. Thall oskort includes
assessing the magnitude of copper released in the Bay area,etbllmoyvmodeling of the
environmental fate and transport of these estimated releases. The inpeative of this report

is to provide estimates of major releases of copper from rekelsources in the Bay area for
use in the Brake Pad Partnership's modeling effort. This rafsartpresents the methodology
for preparing the estimates. Copper releases from brake Waagare the subject of a separate
report.

The boundaries of the sub-watersheds to be modeled in this projectiexeloped so that they
suit the requirements of the models. As a result, the sub-watsrdiseussed in this report may
be subdivisions or aggregations of actual physical watershedsreReds to sub-watersheds or
Bay area sub-watersheds throughout this report indicate sub-wadterakedefined for this
project. It is important to remember that the goal of the dvengject is to estimate total loads
to the San Francisco Bay and not to the individual sub-watersheds.

Estimates of releases of copper to surface waters and sh@ims in the Bay area sub-
watersheds in 2003 are summarized in Table ES-1. An estimated 8,G8fOckgper were
released to surface waters and storm drains in the Bay tedens 2003. This category of
releases includes releases of copper from

» algaecide uses in nonagricultural rights of way, public health, and recreatesas| a

* pool, spa, and fountain algaecides that are discharged to storm drains,

* industrial runoff,

» domestic water discharged to storm drains,

» architectural uses of copper, and

* pressure-treated wood used in marine construction in freshwater areas.
Table ES-1 shows that there is no single dominant source for this categopasésel

Table ES-2 shows the estimated releases of copper that ocdueety to Bay waters in 2003.
Total estimated releases in this category in 2003 were 24,000Tkig category of releases
includes releases of copper from

» antifouling coatings on boats berthed in the Bay,

* copper-based algaecides used to treat shoreline waters, and

* pressure-treated wood used in marine construction.
Copper-based algaecides used to treat shoreline watersraladively insignificant source of
copper that is released directly to Bay waters.
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Copper Released from Non-Brake Sources in the San Francisco Bay Area—Executive Summary

Air releases of copper in the Bay area include releasesldrake lining materials (the subject of
another report) and industrial air releases. Eleven fasiliported air releases of copper in the
Toxic Chemical Release Inventory in 2003. These releasesh wdtal 359 kg for the nine
counties in the Bay area, are summarized in Table ES-3. Tdestagingle reporter is San
Francisco Drydock Inc., which reported nearly 200 kg of copper released to air in 2003.

Table ES-4 summarizes releases of copper to permeableesuiridhe Bay area sub-watersheds
in 2003. The estimated total for these releases is 130,000 kg. Tdgsryaof releases includes
releases of copper from

» agricultural uses of algaecides in water areas,

* non-algaecidal agricultural uses of copper-based pesticides,

» urban land applications of copper-based pesticides,

» pressure-treated lumber used in residential and commercial construction, and

o fertilizers.
The largest contributor by far to this category is copper pegssicapplied to urban land. Less
important is copper pesticides applied to agricultural land and copper in festilize

Section 1 of this report is an introduction. Section 2 presents theagsh methodologies and

results for releases of copper from various sources. This sé&gns with a discussion of

themes relevant to estimating releases from all categufirssurces, followed by subsections on
architectural copper, copper in pesticides, copper in fertilizexger released from industrial

facilities, and copper in domestic water discharged to storm dr&mastion 3 provides a brief

discussion of sources not included in this inventory, and Section 4 is a list of references

Process Profiles, 1/27/2006, page 2



Copper Released from Non-Brake Sources in the San Francisco Bay Area—Executive Summary

Table ES-1  Estimates of copper released to storm drains and surfaceimtterSan Francisco Bay area sub-watersheds in 2003.
Total
Copper in Copper Copper Released| Copper
Algaecides Used in  Released Copper Copper in to Fresh Water Released
Nonagricultural from Pool, | Released| Domestic from Pressure- | to Surface
Rights of Way, Spa, and in Water Treated Wood Waters
Recreation Areas,| Fountain | Industrial | Discharged| Architectural| Used in Marine | and Storm | Standard
and Public Health,| Algaecides, | Runoff, to Storm Releases of Construction, Drains, Uncertainty,
Watershed kaly kaly kaly Drains, kgly| Copper, kgly kaly kaly kaly
Upper Alameda 54 89 79 22 160 29 433 93
Santa Clara Valley Central 0 142 49 35 120 20 365 114
Castro Valley 0 14 3 4 9 0 31 11
East Bay North 95 99 58 24 120 0 396 115
Upper Colma 0 36 6 8 17 0 67 28
Marin South 0 51 26 13 61 0 150 42
Coyote 0 233 155 57 311 11 767 198
East Bay Central 26 356 282 88 554 29 1,334 312
East Bay South 1 75 83 19 162 11 352 72
Solano West 158 71 85 17 166 0 497 172
Napa 147 88 63 20 130 0 449 138
North Napa 13 12 6 3 13 0 45 19
North Sonoma 0 4 1 1 3 0 8 3
Marin North 0 33 20 8 46 0 107 28
Contra Costa Central 520 192 121 47 27 0 1,159 474
Petaluma 0 28 24 7 48 0 108 25
Santa Clara Valley West 0 292 202 71 431 0 996 251
Upper San Lorenzo 0 14 5 3 12 0 35 11
Contra Costa West 185 69 59 17 123 0 452 170
Peninsula Central 0 194 160 46 325 0 725 170
Sonoma 0 13 6 3 15 0 38 11
Upper San Francisquito 0 5 3 1 11 0 20 5
Upper Corte Madera 0 10 1 3 5 0 19 8
TOTAL 1,199 2,121 1,500 516 3,120 100 8,556 759
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Copper Released from Non-Brake Sources in the San Francisco Bay Area—Executive Summary

Table ES-2  Estimated copper released directly to San Francisco Bag wma2003.
Copper Releasedtp  Copper Copper in Total Standard

Bay Waters from Released to | Algaecides | Copper Uncertainty in

Pressure-Treated| Bay Waters | Released to| Released | Total Copper

Degrees Degrees Wood Used in from Shoreline to Bay Released to

Latitude Longitude Marine Antifouling Surface Waters, Bay Waters,

Marina Name/County Shoreline (North) (West) Construction, kg/y| Coatings, kgly| Waters, kgly kgly kaly

Aeolian Yacht Club 37.75056 -122.20194 45 80 125 29
Alameda Marina 37.77519 -122.24768 259 338 597 153
Ballena Isle Marina 37.77000 -122.2900( 246 238 484 139
Barnhill Marina 37.78981 -122.27543 33 5 38 18
Berkeley Marina 37.86473 -122.31311 537 991 1,527 346
Berkeley Marine Center 37.86831 -122.3182p 29 45 75 18
Embarcadero Cove Marina 37.7825( -122.24333 59 106 163 37
Emery Cove Yacht Harbor 37.83750 -122.30750 210 389 599 136
Emeryville Marina 37.83816 -122.31326 200 205 404 114
Encinal Yacht Club 37.78251 -122.26344 0 0 0 0
Fifth Avenue Marina 37.78842 -122.26306 52 68 120 31
Fortman Marina 37.77660 -122.2596( 237 311 548 140
Grand Marina 37.77820 -122.2524§ 195 358 553 126
Marina Village Yacht Harbor 37.78532 -122.26953 366 377 743 208
Marinemax 37.78696 -122.24970 11 20 31 7
Mariner Square 37.79142 -122.2765( 24 35 59 15
Oakland Yacht Club/Pacific Marina 37.78364 -122 264 110 110 220 62
Park Street Landing Marina 37.7719¢ -122.23837 12 3 2 35 8
Port of Oakland 37.79370 -122.27504 244 345 589 146
Portobello Marina/D Anna Yacht Ctr. 37.79099 -122.26453 32 32 64 18
San Leandro Marina 37.69770 -122.19110 222 344 571 137
Brickyard Cove Marina 37.90941 -122.3780§ 122 205 326 77
Channel Marina 37.92522 -122.3702( 34 46 80 20
Keefe Kaplan Maritime Inc. (KKMI) 37.92420 -122.3731 10 18 28 6
Marina Bay Yacht Harbor 37.91423 -122.35458 415 585 1,000 249
Martinez Marina 38.02599 -122.13741 171 149 319 95
McAvoy Harbor 38.03905 -121.96094 146 394 540 109
Pittsburg Marina 38.03217 -121.8833( 237 445 682 153
Point San Pablo Yacht Harbor 37.93000 -122.41000 3 10 36 140 55
Richmond Yacht Club 37.91174 -122.37917 120 182 302 73
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Copper Released from Non-Brake Sources in the San Francisco Bay Area—Executive Summary

Copper Releasedtp  Copper Copper in Total Standard

Bay Waters from Released to | Algaecides | Copper Uncertainty in

Pressure-Treated| Bay Waters | Released to| Released | Total Copper

Degrees Degrees Wood Used in from Shoreline to Bay Released to

Latitude Longitude Marine Antifouling Surface Waters, Bay Waters,

Marina Name/County Shoreline (North) (West) Construction, kg/y| Coatings, kgly| Waters, kgly kaly kaly

Richmond Yacht Harbor Ltd. 37.92522 -122.3705P 7 7 14 4
Rodeo Marina 38.03870 -122.2738( 9 0 9 5
Sugar Dock Marina 37.92133 -122.37167 5 9 14 3
145 Marina 37.96918 -122.51266 5 7 11 3
American Oceanics 37.97000 -122.51000 8 1 9 4
Angel Island State Park 37.86907 -122.43339 1 ( 1 1
Arques Shipyard and Marina 37.8675( -122.49717 43 2 1 55 23
Bel Marin Keys Yacht Club 38.0456 -122.3049 31 41 72 18
Cass Marina 37.86183 -122.48833 15 23 37 9
Clipper Yacht Harbor 37.86883 -122.49783 293 583 875 194
Corinthian Yacht Club 37.87187 -122.4560? 45 64 109 27
Dolphin Marin and Lofts 37.97000 -122.5124( 2 5 7 2
Galilee Harbor 37.86254 -122.48814 19 26 45 11
Hi Tide Boat Sales & Services 37.96733 -122.51233 5 0 5 3
Liberty Ship Marina 37.87 -122.5 26 41 67 16
Loch Lomond Marina 37.97334 -122.48248 253 436 689 160
Lowrie Yacht Harbor 37.96783 -122.50867 54 61 115 31
Marin Boat House 37.97000 -122.51183 6 7 13 3
Marin Yacht Club 37.97333 -122.49733 58 107 165 37
Marina Plaza Harbor 37.86650 -122.49550 50 92 142 32
Paradise Cay Yacht Harbor 37.9096Y -122.47633 80 62 141 44
Pelican Harbor 37.86050 -122.48367 44 82 126 28
Richardson Bay Marina 37.87567 -122.50550 107 1772 279 66
San Francisco Yacht Club 37.87267 -122.46330 91 61 153 50
San Rafael Yacht Club 37.96600 -122.51483 9 2 11 5
San Rafael Yacht Harbor 37.9700( -122.512G7 68 91 159 40
Sausalito Marine 37.86081 -122.48483 29 27 57 16
Sausalito Yacht Harbor 37.85900 -122.4836(7 283 285 568 161
Schoonmaker Point Marina 37.86383 -122.49183 79 130 208 49
Shelter Cove Marina 37.9 -122.52 8 9 18 5
The Cove Apartments & Marina 37.88 -122.46 27 12 39 14
Trade Winds Marina 37.96697 -122.51208 15 21 36 9
Travis Marina 37.83267 -122.48367| 40 36 76 22
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Copper Released from Non-Brake Sources in the San Francisco Bay Area—Executive Summary

Copper Releasedtp  Copper Copper in Total Standard

Bay Waters from Released to | Algaecides | Copper Uncertainty in

Pressure-Treated| Bay Waters | Released to| Released | Total Copper

Degrees Degrees Wood Used in from Shoreline to Bay Released to

Latitude Longitude Marine Antifouling Surface Waters, Bay Waters,

Marina Name/County Shoreline (North) (West) Construction, kg/y| Coatings, kgly| Waters, kgly kaly kaly

Napa Valley Marina 38.21982 -122.31309 98 145 243 59
Napa Yacht Club 0 0 0 0
Fisherman's Wharf & Hyde St. Harbor 37.81000 -122.42000 88 41 129 47
Mission Creek Harbor 37.79 -122.39 27 16 43 15
Pier 39 Marina 37.81083 -122.40967 151 282 433 98
San Francisco Marina East Harbor 37.80733 -122.3358 167 185 351 96
San Francisco Marina West Harbor 37.80647 -122.3428 168 309 477 108
South Beach Harbor 37.78149 -122.3874p 341 477 819 205
Treasure Island Marina 37.82000 -122.37021 49 64 118 29
Bair Island Marina 37.49858 -122.22097 46 86 133 30
Brisbane Marina 37.67454 -122.38096 283 526 809 183
Coyote Point Marina 37.59088 -122.31861 268 409 677 164
Docktown Marina 37.49583 -122.22050 74 82 156 43
Marine Collection LLC 37.66282 -122.37928 10 5 15 5
Oyster Cove Marina 37.66627 -122.38549 116 100 216 65
Oyster Point Marina 37.66257 -122.3749% 289 64 352 154
Pete's Harbor 37.50167 -122.22500 128 112 240 72
Port of Redwood City Yacht Harbor 37.50317 -1221013 90 164 254 58
South Bay Yacht Club 37.42683 -121.97917Y 7 2 9 4
Benicia Marina 38.05810 -122.17438 156 245 402 96
Glen Cove Marina 38.06767 -122.21357 102 157 259 62
Suisun City Marina 38.23449 -122.03800 76 133 208 48
Vallejo Marina 38.10885 -122.26722 390 444 834 225
Vallejo Yacht Club 38.10512 -122.26633 65 122 188 42
Gilardi's Lakeville Marina 38.19751 -122.54754 7 5 12 4
Petaluma Marina 38.23138 -122.61485% 96 59 155 52
Port of Sonoma Marina 38.11637 -122.503583 138 45 183 74
Santa Clara County 37.45 -122.04 5 5 1
San Mateo County 37.57 -122.27 32 32 3
Contra Costa County 38.06 -122.03 1 1 0
Marin County 37.97 -122.45 847 847 77
Napa County 38.19 -122.29 427 427 39
TOTAL 9,721 13,281 1,312 24,314 902
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Copper Released from Non-Brake Sources in the San Francisco Bay Area—Executive Summary

Table ES-3  Air emissions of copper reported in the Toxic CherRiekldase Inventory in the
9-county San Francisco region in 2003 (US EPA, 2005b).

Facility- Facility- Reported Standard
Reported | Reported | Preferred | Preferred | Release, | Uncertainty,

Facility City Latitude | Longitude | Latitude Longitude kaly kagly
Isola USA Corp Fremont| 372024 1242236 37.469698 .ANBBO6 4 1
Titan PCB West
Inc Fremont | 373028 1215650 37.508333 121.936[1114 38
New United
Motor
Manufacturing Inc| Fremont 372924 1215630 37.484722 121.941667 5 2
Pressure Cast
Products Corp Oakland 374620 1221259 37.772p22 218389 2 1
Communications
& Power
Industries Inc San
Eimac Div Carlos 373052 1201604 37.514444 122.267778 20 7
San Francisco San
Drydock Inc Francisco| 374540 1222245 37.761111 122.37916795 64
South Bay
Circuits Inc San Jose| 371653 121503§ 37.281389 843889 5 2
Viko Technology
Inc Adaptive
Circuits Div San Jose | 372146 1215314 37.366667 121.851667 2 1

Santa
ECS Refining Clara 372140 1225640 37.3615 121.9382 9 3
Santa

Pycon Inc Clara 373330 1215929 37.383822 121.955817 2 1
Sprig Circuits Inc | Vacaville] 382100 1220000 38.422772 121.970833 1 0.3
Total 359
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Copper Released from Non-Brake Sources in the San Francisco Bay Area—Executive Summary

Table ES-4  Estimates of copper released to permeable surfaces in tharggsté Bay area sub-watersheds in 2003.
; Copper Released
Aﬁgggsi:jgls Copper in Copper in from Treated
Applied to Pesticides Pesticides F\é\éz?ddegt?;dalr?d Copper Total Copper
Agricultural Applied to Applied to Commercial Applied in Released to Standard
Water Areas, | Urban Land, Agricultural Construction, Fertilizers, Permeable Uncertainty,
Watershed kaly kaly Land, kgly kgly kaly Surfaces, kgly kaly
Upper Alameda 0 4,346 107 145 644 5,242 1,907
Santa Clara Valley Central 0 6,796 20 229 10 7,147 2,932
Castro Valley 0 682 0 23 4 708 295
East Bay North 0 4,872 0 161 26 5,059 2,057
Upper Colma 0 1,680 0 56 9 1,745 711
Marin South 0 2,496 0 83 13 2,591 1,056
Coyote 0 11,165 291 377 1,003 12,837 4,867
East Bay Central 0 17,066 8 578 152 17,805 7,382
East Bay South 0 3,609 12 122 103 3,846 1,565
Solano West 0 3,525 897 114 1,441 5,977 1,861
Napa 0 4,674 1,895 134 1,114 7,818 2,194
North Napa 0 647 4,636 17 2,678 7,978 3,313
North Sonoma 6 198 894 7 343 1,448 579
Marin North 0 1,607 94 53 11 1,765 682
Contra Costa Central 0 9,865 30 311 115% 10,321 3,984
Petaluma 4 1,385 613 46 238 2,286 704
Santa Clara Valley West 0 13,979 17 471 13 14,597 6,022
Upper San Lorenzo 0 676 0 23 4 702 293
Contra Costa West 0 3,531 11 111 47 3,695 1,427
Peninsula Central 0 9,114 0 302 48 9,464 3,859
Sonoma 16 655 2,239 22 860 3,792 1,461
Upper San Francisquito 0 222 15 7 37 276 97
Upper Corte Madera 0 507 0 17 3 526 214
TOTAL 27 103,296 11,780 3,408 9,114 127,625 13,809
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Copper Released from Non-Brake Sources in the San Francisco Bay Area

1 Introduction

Many human activities result in the release of copper to theocemuent. The Brake Pad
Partnership is conducting a study whose purpose is to gain a bettestandieg of the sources
of elevated copper concentrations in the San Francisco Bay. Thall os#ort includes
assessing the magnitude of copper released in the Bay area,etblloyvmodeling of the
environmental fate and transport of these estimated releases. The pijeative of this report

is to provide estimates of major releases of copper from rakelsources in the Bay area for
use in the Brake Pad Partnership's modeling effort. This rafsartpresents the methodology
for preparing the estimates. Copper releases from brake Waagare the subject of a separate
report.

This report contains separate release estimates for the followegpdats of releases of copper:
» architectural copper
* copper in pesticides
» copper in fertilizer
» copper releases from industrial facilities (including releases in runoff)
» copper in domestic water discharged to storm drains

With a few exceptions, these categories of releases ane fiatka “Copper Sources in Urban
Runoff and Shoreline Activities” (hereafter referred to as th@mmrunoff report) prepared by
TDC Environmental for the Clean Estuary Partnership in November df 280urces estimated
in the urban runoff report to contribute less than one thousand pounds of coppeampéer
urban runoff (those from fuel combustion, wood burning, and vehicle fluid lewds not
inventoried for this report. Also, copper released from soil erositinbwicalculated by the
runoff model and was not estimated. In addition to sources found in the ruribzf report, an
estimate of copper released from fertilizers was developethifoinventory. A more detailed
discussion of sources not included in this inventory effort is given in Section 3 ofgbis re

In many cases, approaches for estimating releases thdéssebed in the urban runoff report
were adopted in this study. A report titled "Work Plans for Esimy Non-Brake Releases of
Copper in the San Francisco Bay Area Watershed" contains supplementanatidorabout the
methodology pursued in the creation of the estimates of releasssniae in this report.

Interested readers can access this document at
www.suscon.org/brakepad/pdfs/ FINALWorkPlanEstimg€opperLoadingNonBrakeSources04-27-05.pdf
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Copper Released from Non-Brake Sources in the San Francisco Bay Area

2 Estimates for Individual Categories of Releases

Some of the strategies for developing release estimates ap@ly or most of the release
categories. These commonalities are presented in this section.

Multimedia Estimates

Multimedia emission estimates of copper are given in this reporthat releases to pervious
surfaces such as soil, fresh water (both storm drains and swddéees), marine water, and air
were identified separately. Releases were estimatatddt3 sub-watersheds that lie within the
San Francisco Bay watershed.

Study Area

The boundaries of the sub-watersheds to be modeled in this projectiexeloped so that they
suit the requirements of the models. As a result, the sub-watsrdiseussed in this report may
be subdivisions or aggregations of actual physical watershedsreReds to sub-watersheds or
Bay area sub-watersheds throughout this report indicate sub-wdterabedefined for this
project. It is important to remember that the goal of the dvemgject is to estimate total loads
to the San Francisco Bay and not to the individual sub-watersheds.

Figure 2-1 shows the sub-watersheds within the San Francescav@ershed. San Francisco
County drains almost exclusively to the ocean as opposed to thari®hys not generally
included in the inventories presented in this report. An exceptiomde rfor air emissions of
copper in San Francisco County, as they have a high potentiabfmport to the Bay or to
portions of the Bay area that drain to the Bay. Also, a veryl gmdlon of Santa Cruz County
falls within the watershed. This area is neglected for pegos$ creating the copper release
inventories. Thus, the 9-county region that is referred to in tipisrtrevhen discussing air
emissions includes the following counties: San Francisco, SaroMasmta Clara, Alameda,
Contra Costa, Solano, Napa, Sonoma, and Marin Counties. The 8-county regisnmdfeared

to when discussing releases includes all of those counties except for San &r@oaisty.

General Methodology

Information that can be used to estimate releases is alntbsuivexception available for areas
bordered by political boundaries as opposed to physical ones suchtash&ds. For this
project, data for estimating emissions were gathered with tjige$ti geographic resolution
possible. For some categories of releases, the data are cagaty-tor others, they are state- or
nationally-based. Emissions for the portion of the county (or statewottry) within the sub-
watersheds were then apportioned based on population, land use, or soma&pptbpriate
factor.

Population counts and other weighting factors such as land usea@reasH sub-watershed area
by county, for the counties, and for the state were provided by CdSoration, a member of
the Bay modeling team. Tables 2-1 through 2-6 include some of thehddtwere needed to
estimate releases by sub-watershed. Population data fortdtdse were taken from the 2000
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census and land use/land cover data are from the 1992 NLCD datehsetigricultural land use
area in these tables includes crop categories only (orchardsirdsther, row crops, and small
grains). The residential land use area includes low intensgigemial, high intensity
residential, and urban/recreational grasses. Industrial/conaieansportation is a single
aggregated category of land use. Other land use categories do rastiapbe tables because
they are not helpful in making release estimates of copper.

A number of assumptions were made in order to conduct the inventoreeppér releases.

These assumptions are stated in the report. In cases wherevélseneore than one source of
data for a given value, the value judged to be superior irstefrfactors including peer-review
of the reference, geography, sample size, and timeliness wds U$ several values were
available in different references that were determined tofbegual quality, a value that is
representative of all of them was chosen.

Standard uncertainties were estimated for each of the vahiaged, following the strategies
outlined in NIST, 2005. In a few cases, a standard deviation of a sample ewdatedland used
as the standard uncertainty. However, in most cases, it was pogsidetermine only a
potential range of possible values for a given variable, wherteubealue was equally likely to
be anywhere in the range (a uniform distribution). In these dhseppint value was calculated
to be the midpoint of the range and the standard uncertainty is equ#lddtha range divided
by the square root of three. (Half of the range divided bgdjare root of three corresponds to
the square root of the variance, or the second central moment, obarudistribution, and the
square root of the variance is, by definition, the standard deviation in sthtestncs.)

Developing an estimated standard uncertainty for each variableon@®us, but it was
necessary so that the uncertainties in each intermediate a@lice be combined in order to
develop a sense for the standard uncertainty in the final cadulegults. One way to estimate
the standard uncertainty in a value that is calculated usingitisgonf(x;, X2,...,Xn) iS to apply
the Kline-McClintock equation to that function. The Kline-McClintock eupumais the first term
in the Taylor series approximation for the propagation of unceytaint can be used when
variables are not co-related. Itis

U O BN A N
TV e ) Tl e ) T Yo

whereu is uncertaintyR is the resulting value, amdis the number of variables in the function.
For example, if

f(x,y,2= R= axy.
wherea is a constant, then

=ayz

a_R
0Xx
oR
— = axz
y

R _ax
0z y

and
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THE \/( ayzy) +( ale),l)2 +( axyy)’

f(X,¥,2= R= ax by c
wherea, b, andc are constants, then
oR
- = a
ox
a_R =b
oy
oR
- = C
0z
and

2 2 2
e = (8’ +(bu)" +( cu)
The Kline-McClintock equation was used to estinthgeuncertainty in calculated results for this
project.

Standard uncertainties are useful not only forudating a standard uncertainty in a calculated
value but because they can be used to provide gerah values that apply to a desired
confidence interval. For a 95% confidence intervia¢ range of values provided for the final
result is 95% likely to contain the true (actuadlue. This 95% confidence interval would be
described as a point value plus or minus two tithesstandard uncertainty for that value. A
67% confidence interval is one that includes théntpealue plus or minus the standard
uncertainty. (This assumes that the probabilistritiution characterized by a function’s result
and its standard uncertainty is approximately nérraad the uncertainty result is a reliable
estimate of the standard deviation of the result.)
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Figure 2-1 Sub-watersheds in the San FrancisconBagrshed (Cooke, 2005c).
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Table 2-1

County, state, and national data usegportion releases to the San Francisco Bay watgrsh

Area by Land Use Category’m

Commercial/
_ . Industrial/
2000 Population (% in _ Agricultural (% in Residential (% in Transportation
Area watershed) Area, fi(% in watershed) watershed) watershed) (% in watershed)
United States 290,809,777 (2%)
California* 33,871,648 (15%) 409,874,161,860 (2p6) 1,725,542,200 (1%) 9,173,708,900 (18%0) 3,017,9@,60(12%)
Alameda
County* 1,443,741  (100% 1,953,699,152  (90pb) 32,800  (81%) 370,398,100 (100%) 111,510,000 (100%)
Contra Costa
County* 948,816 (83% 1,964,595,501  (59%) 146,0086,1 (4%) 390,201,000 (87%) 64,098,900 (83%0)
Marin County* 247,289 (95% 1,412,412,634  (30%) 96 (93%) 111,232,200 (93%) 12,347,100  (99%)
Napa County* 124,279 (98%) 2,041,071,836  (54%) a64,800 (96%) 36,727,200 (95%) 7,490,700  (98%)
San Francisco
County* 776,733 (0% 127,205,702 (0%) 0 (0%) 84,600 (0%) 20,382,300 (0%)
San Mateo
County* 707,161 (84% 1,194,501,487  (40%) 10,480,70 (11%) 234,374,500 (86%) 43,065,000 (97Ph)
Santa Clara
County* 1,682,585 (95% 3,377,679,385  (71%0) 150,400 (27%) 528,315,700 (95%) 105,190,000 (92%)
Solano County* 394,542 (71%) 2,300,256,594 (38%) 1,600,200 (8%) 128,275,600 (74%) 38,932,200  (76%)
Sonoma
County* 458,614 (24% 4,118,178,208  (18%) 234,120,5 (23%) 122,115,900 (28%) 24,449,400 (28%)
8-County area 6,007,027 (86%) 18,362,394,797  (4P%)L,336,854,600 (24% 1,921,640,200 (87p0) 407,083,30(88%)
9-County area 6,783,760 (76%)  18,489,600,499  (48%),336,854,600 (24%) 2,006,144,800 (84p0) 427,465,60(84%)
San Francisco
Bay watershed 5,135,779  (100%) 8,913,383,406 (100%) 324,270,900 (100% 1,672,962,300 (10000) 354,9101,4QL00%)

*From Cooke, 2005b.
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Table 2-2 Population in sub-watersheds of the $andisco Bay watershed (Cooke, 2005a and 2005c).
POPULATION WITHIN COUNTY, 2000
San

Sub-watershed Sonoma| Solano| Santa Clara San Mate&rancisco| Napa | Marin | Contra Costa Alameda TOTAL
Upper Alameda D 0 223 0 0 0 0 48,103 171,322 219,648
Santa Clara Valley Central 0 0 347,650 0 0 0 0 0 0 347,650
Castro Valley ( 0 0 0 0 0 0 0 35,023 35,02
East Bay North D 0 0 0 0 0 0 85,049 158,853 243,897
Upper Colma D 0 0 84,314 0 0 0 0 0 84,314
Marin South ( 0 0 0 0 0| 125,179 0 0 125,179
Coyote 0 0 571,147 0 0 0 0 0 0| 571,147
East Bay Central 0 0 0 0 0 0 0 18,285 857,209 875,492
East Bay South 0 0 1,749 0 0 0 0 0| 183,665 185,414
Solano West D 172,236 0 0 0 520 0 0 0 172,755
Napa 2| 107,613 0 0 0| 95,852 0 0 0| 203,467
North Napa 8 0 0 0 0| 24,997 0 0 0 25,004
North Sonoma 9,927 0 0 0 0 2 0 0 0 9,929
Marin North 0 0 0 0 0 0| 80,582 0 0 80,582
Contra Costa Central 0 0 0 0 0 0 0 471,163 2 471,165%
Petaluma 66,505 0 0 0 0 0 2,946 0 0 69,451
Santa Clara Valley West 0 0 669,727 44,517 0 0 0 0 0 714,239
Upper San Lorenzo 0 0 0 0 0 0 0 2 34,716 34,719
Contra Costa West 0 0 0 0 0 0 0 167,549 1,179 168,728
Peninsula Central 0 0 0 457,37% 0 0 0 0 0 457,37%
Sonoma 32,834 0 0 0 0 1 0 0 0 32,834
Upper San Francisquito 0 0 147 10,994 0 0 0 0 0 11,144
Upper Corte Madera 0 0 0 0 0 0| 25,414 0 0 25,414
City of San Francisco 776,733 776,733
SAN FRANCISCO BAY AREA
WATERSHED TOTAL 109,275 279,849 1,590,641 597,203 0| 121,377 234,121 790,147 1,441,965 5,164,575
9-COUNTY TOTAL 458,614 394,542 1,682,584 707,161 776,733 124,279 247,289 948,816 1,443,741 6,783,76(
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Table 2-3 Land area of sub-watersheds in the Samcisco Bay watershed (Cooke, 2005a and 2005c).
AREA WITHIN COUNTY ()
Sub-watershed Sonoma Solano Santa Clafa San Mgteo Napa Marin Contra Costa Alameda TOTAL

Upper Alameda D 0| 569,667,660 0 0 0| 156,839,820 923,910,4481,650,417,923
Santa Clara Valley Central 0 0| 368,720,232 0 0 0 0 0| 369,367,983
Castro Valley ( 0 0 0 0 0 0| 14,236,851 14,236,851
East Bay North D 0 0 0 0 0 38,683,529 52,795,508 91,479,037
Upper Colma D 0 0| 28,260,219 0 0 0 0| 28,260,219
Marin South ( 0 0 0 0[113,110,758 0 0| 113,136,276
Coyote q 0| 966,384,398 0 0 0 0 0| 966,384,398
East Bay Central 0 0 0 0 0 0| 53,391,891 466,575,698 520,087,677
East Bay South 0 0 2,216,534 0 0 0 0| 191,618,628 193,835,164
Solano West 0773,412,42% 0 0] 123,046,394 0 0 0| 896,458,81)F
Napa 973,99P 96,218,658 0 0] 415,235,611 0 0 0| 512,428,261
North Napa 855,776 0 0 0| 565,375,144 0 0 0| 566,230,920
North Sonoma 151,776,894 0 0 0 165,608 0 0 0| 151,942,501
Marin North 0 0 0 0 0]185,472,0238 0 0| 185,472,028
Contra Costa Central 0 0 0 0 0 0| 653,816,114 270,654 654,086,768
Petaluma 298,210,466 0 0 0 0| 84,043,122 0 0| 382,253,589
Santa Clara Valley West 0 0| 484,864,708 16,416,015 0 0 0 0] 501,538,211
Upper San Lorenzo 0 0 0 0 0 0 826,634 102,221,067 103,047,708
Contra Costa West 0 0 0 0 0 0| 261,468,008 781,731 262,249,74D
Peninsula Central 0 0 0[348,556,75]L 0 0 0 0| 348,556,75L
Sonoma 278,867,641 35,347 0 0 197,270 0 0 0| 279,100,25)
Upper San Francisquito 0 0| 13,138,177 84,666,471 0 0 0 0| 97,804,648
Upper Corte Madera 0 0 0 0 0| 47,394,139 0 0| 47,394,139
SAN FRANCISCO BAY AREA

WATERSHED TOTAL 730,684,768869,666,4272,404,991,70p477,899,4561,104,020,02y430,020,0431,165,025,9941,752,410,5868,935,769,853
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Table 2-4 Agricultural land use in the sub-watedshef the San Francisco watershed (Cooke, 20052G01tE).
AGRICULTURAL AREA WITHIN COUNTY (n)
Sub-watershed Sonoma Solano Santa Clara San Mateo Napa Marin | Contra Costa Alameda TOTAL

Upper Alameda D 0 279,000 0 0 0 2,452,500 20,766,60( 23,498,100
Santa Clara Valley Central 0 0| 2,449,80( 0 0 0 0 0 2,449,800
Castro Valley ( 0 0 0 0 0 0 0 0
East Bay North D 0 0 0 0 0 0 0 0
Upper Colma ) 0 0 18,90( 0 0 0 0 18,90(
Marin South @ 0 0 0 0 0 0 0 0
Coyote ( 0| 35,693,10( 0 0 0 0 0 35,693,100
East Bay Central 0 0 0 0 0 0 13,500 2,277,00( 2,290,500
East Bay South 0 0 43,200 0 0 0 0| 3,111,30( 3,154,500
Solano West D 50,537,70( 0 0 3,296,70( 0 0 0 53,834,400
Napa 68,400 2,700 0 0] 41,262,30( 0 0 0 41,333,400
North Napa 20,70p 0 0 0] 101,182,500 0 0 0| 101,203,200
North Sonoma 12,925,800 0 0 0 3,600 0 0 0 12,929,400
Marin North 0 0 0 0 0| 105,300 0 0 105,30(
Contra Costa Central 0 0 0 0 0 0 2,490,30( 0 2,490,300
Petaluma 8,700,300 0 0 0 0] 12,600 0 0 8,712,90@
Santa Clara Valley West 0 0| 2,068,20( 90(Q 0 0 0 0 2,069,100
Upper San Lorenzo 0 0 0 0 0 0 0 0 0
Contra Costa West 0 0 0 0 0 0 917,100 0 917,10(
Peninsula Central 0 0 0 10,80( 0 0 0 0 10,80(
Sonoma 32,362,200 0 0 0 27,900 0 0 0 32,390,100
Upper San Francisquito 0 0 12,600 1,157,400 0 0 0 0 1,170,000
Upper Corte Madera 0 0 0 0 0 0 0 0 0
SAN FRANCISCO BAY AREA

WATERSHED TOTAL 54,077,400 50,540,400 40,545,900 1,188,000 145,773,000117,90Q 5,873,400 26,154,900 324,270,900
9-COUNTY TOTAL 234,120,500611,600,200 150,470,900 10,487,70D 151,664,800 126,90Q 146,006,100 32,377,500 1,336,854,600
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Table 2-5 Residential land use in the sub-watersirethe San Francisco Bay watershed (Cooke, 28082005c).
RESIDENTIAL/URBAN AREA WITHIN COUNTY (r’r12)
Sub-watershed Sonoma Solano| Santa Clara San Mdteo Napa Manin  r&Goktd Alameda TOTAL

Upper Alameda D 0 218,700 0 0 0| 15,110,100 61,531,200 76,860,000
Santa Clara Valley Central 0 0| 113,288,400 0 0 0 0 0| 113,350,50p
Castro Valley ( 0 0 0 0 0 0| 10,795,500 10,795,500
East Bay North D 0 0 0 0 0| 26,065,800 33,708,600 59,774,400
Upper Colma D 0 0| 19,317,600 0 0 0 0 19,317,600
Marin South ( 0 0 0 0] 52,890,30( 0 0] 52,891,200
Coyote 0 0] 134,801,100 0 0 0 0 0| 134,801,10p
East Bay Central 0 0 0 0 0 0| 10,377,900197,658,900 208,096,200
East Bay South 0 0 444,600 0 0 0 0| 56,329,200 56,773,800
Solano West D58,060,80( 0 0 213,300 0 0 0 58,274,100
Napa 18,900 36,740,70( 0 0| 27,042,30( 0 0 0| 63,801,900
North Napa ( 0 0 0 7,751,70( 0 0 0 7,751,700
North Sonoma 4,214,700 0 0 0 0 0 0 0 4,214,70(b
Marin North 0 0 0 0 0| 36,290,70( 0 0 36,290,700
Contra Costa Central 0 0 0 0 0 0| 220,281,300 0| 220,281,300
Petaluma 16,563,600 0 0 0 0] 2,474,10( 0 0| 19,037,700
Santa Clara Valley West 0 0| 251,110,800 10,549,800 0 0 0 0| 261,662,40D
Upper San Lorenzo 0 0 0 0 0 0 0| 10,795,500 10,795,500
Contra Costa West 0 0 0 0 0 0| 66,592,80( 471,600 67,064,400
Peninsula Central 0 0 0]154,647,90D 0 0 0 0| 154,647,900
Sonoma 13,039,200 0 0 0 0 0 0 0| 13,039,200
Upper San Francisquito 0 0| 1,071,900 17,729,100 0 0 0 0 18,801,000
Upper Corte Madera 0 0 0 0 0| 12,254,40( 0 0 12,254,400
SAN FRANCISCO BAY AREA

WATERSHED TOTAL 33,836,400 94,801,500 500,935,500202,244,40p35,007,300 103,909,500 338,427,900 371,290,5001,680,577,200
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Table 2-6 Industrial/commercial/transportation larsé in the sub-watersheds of the San Franciscav@tsrshed (Cooke, 2005a
and 2005c).
INDUSTRIAL/COMMERCIAL/TRANSPORTATION AREA WITHIN CQINTY (m?)
Sub-watershed Sonoma Solano | Santa Clgr&an Mated Napa Marin Contra Costa Alameda TOTAL
Upper Alameda D 0 5,400 0 0 0 2,484,000 16,370,100 18,859,500
Santa Clara Valley Central 0 0| 11,700,00( 0 0 0 0 0[ 11,700,900
Castro Valley ( 0 0 0 0 0 0 824,400 824,40(
East Bay North D 0 0 0 0 0 7,659,900 6,318,000 13,977,900
Upper Colma D 0 0| 1,507,500 0 0 0 0 1,507,500
Marin South ( 0 0 0 0| 6,138,90( 0 0| 6,142,500
Coyote Q 0| 37,251,90( 0 0 0 0 0| 37,251,900
East Bay Central 0 0 0 0 0 0 145,800 67,490,100 67,643,100
East Bay South 0 0 189,900 0 0 0 0| 19,807,200 19,997,100
Solano West D 20,430,00( 0 0 0 0 0 0| 20,430,000
Napa 16,200 9,293,40( 0 0] 5,892,30( 0 0 0| 15,201,900
North Napa ( 0 0 0] 1,423,80( 0 0 0| 1,423,800
North Sonoma 185,400 0 0 0 0 0 0 0 185,40(
Marin North 0 0 0 0 0| 4,762,80( 0 0| 4,762,800
Contra Costa Central 0 0 0 0 0 0| 29,088,00( 0| 29,088,000
Petaluma 5,178,6(0 0 0 0 0 632,700 0 0| 5,811,300
Santa Clara Valley West 0 0| 47,007,900 1,398,600 0 0 0 0| 48,406,500
Upper San Lorenzo 0 0 0 0 0 0 0 1,208,700 1,208,700
Contra Costa West 0 0 0 0 0 0 14,125,50( 900| 14,126,400
Peninsula Central 0 0 0| 38,342,700 0 0 0 0| 38,342,700
Sonoma 1,541,790 0 0 0 0 0 0 0| 1,541,700
Upper San Francisquito 0 0 177,300 582,30( 0 0 0 0 759,60(
Upper Corte Madera 0 0 0 0 0 216,000 0 0 216,00(
SAN FRANCISCO BAY AREA
WATERSHED TOTAL 6,921,900 29,723,400 96,332,400 41,831,100 7,316,100 11,750,400 53,503,200 112,019,400 359,409,600
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2.1 Architectural Copper

Releases from this category were estimated usm@piproach taken in the urban runoff report.
Using this methodology, the surface area of coppefs, composition shingles containing
copper biocide, and copper gutters was calculatddtzen multiplied by factors that identify the
amount of copper released per unit of surface fare@ach type of material. Use of copper as a
biocide in composition shingles is a pesticidalleagion of copper, but it is expected that most
of the copper biocide used in manufacturing comyengles does not appear in California's
pesticide usage and sales reports. Because ofatiils because the release estimation
methodologies for copper roofing and shingles dairtg copper are similar, these pesticidal
releases are inventoried in this section rathar thahe pesticide section of the report.

Roofing is estimated to occupy 30% of residentald use and 50% of other developed land
(Barron, 2001). Copper roofs are used in 0.05%esidences and 0.3% of industrial buildings
(Barron, 2001). It is estimated that 0.03% of destial roofs are covered in composition
shingles treated with copper biocide (Barron, 200Additionally, copper gutters are used on
0.06% of residences and 0.3% of industrial buildii&arron, 2001). The estimated surface area
of gutters is 3.25% of roof area (Barron, 2001).

The loss of copper in runoff from architecturaltires decreases with increasing rainfall pH
until the pH reaches a level of 4.8, where furtinereases in pH have no effect on the loss rate
(CDA, 2003). Another strong influence on coppenrafi rates from architectural features is the
atmospheric concentration of chloride ions. Thepes in runoff is higher in marine
environments where chloride concentrations are bigith because the corrosion rate is faster
and because the dominant corrosion products are mauble in water than the corrosion
products found in inland areas (He et al, 2001)imil&rly, the copper in runoff from
architectural features is higher in urban areas thaural areas because pollutants in urban areas
increase the rate of corrosion (Wallinder and Lef,gP001). Finally, copper in runoff from
architectural features increases as annual pratigoitincreases.

The Bay area has elevated atmospheric chloride ecdrations (National Atmospheric
Deposition Program, 2005). Also, most of the copm®fs in the Bay area are found in
urbanized areas. However, the pH of rainfall i@ Bay area is generally higher than 6 and the
precipitation rate is low (35 cm/yr).

Values used to estimate architectural releaseoppar are summarized in Table 2.1-1. The
emission factor selected for estimating releasempper from copper roofs is 1.8 ¢/, This
factor is based on the concentration of coppeuimoff from a roof exposed to marine conditions
(He et al, 2001) and the rainfall rate in the Begea It is intended to reflect the elevated levels
of chloride ions that are found in the San FrarmiBay area. The potential range of release
ra;[;azs was assumed to be 1.0 to 2.6%yrso that the standard uncertainty in this vaki®.b
g/m’ly.

The emission factor selected for estimating rele@a$eopper from composition shingles treated
with copper biocide is 0.2 gffyr. This factor is based on field tests of parmisered with
algae-resistant composition shingles over sevetialaevents in Palo Alto (Barron, 2001). The
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standard uncertainty in this value is the standhidation of the average values for the seven
rainfall events and is 0.1 gffy.

The emission factor selected for estimating rele@asecopper from copper gutters is based on a
study of gutters of varying ages in the Palo Alteaain the late 1990s (Uribe and Associates,
1999). The point value for the emission factonfrthis study is 4 g/fty. It was assumed that
the actual value for the release rates has a 1B@dhbod of falling between 2 and 6 dify, so
that the standard uncertainty is 1 gim

The roof area fractions discussed earlier in taitien are specific to land use data developed by
the Association of Bay Area Governments (ABAG, 200Bhe ABAG land use data set closely
matches the data provided in Tables 2-1, 2-5, aGdd residential use but not for commercial
uses. In fact, the ABAG values for commercial larsg¢ area are two to three times larger than
the values given in Tables 2-1 and 2-6. In order apply the roof fractions, the
commercial/industrial/transportation land use dnea to be adjusted to be more in line with
ABAG values.

According to ABAG, the area of land in the 9-countyegion devoted to
commercial/industrial/institutional uses is 267,G80%es (ABAG, 2003), which is equivalent to
1,083 knf. This compares to land use area of 427 fon the 9-county area from Table 2-1.
This means that a correction factor of 25 must lepplied to the
commercial/industrial/transportation land use valoé Tables 2-1 and 2-6 before calculating
roof area.

The surface area of each sub-watershed that is tetbvoto residential and
industrial/commercial/transportation structures wasd to apportion the copper releases. The
standard uncertainty in the surface area of ealshwatershed that is devoted to the two types of
land use was assumed to be 3% of the land use area.

The estimated standard uncertainty in the fracbbrsurface area occupied by each type of
architectural feature is taken as half of the peaitie divided by the square root of three.

Most residential copper roofs in the Bay Area adlled on multifamily structures, and higher
density residential developments are more likelyoéodirectly connected to storm drains or
surrounded by impervious surfaces than single-fatmmes (Moran, 2005a). Therefore, these
releases were assumed to occur to surface watéigt@mn drains for the purposes of modeling.

Estimates of copper released in runoff from architeal features are given in Table 2.1-2. The
total estimated release of copper from architetfeedures in the greater Bay watershed is 3,100

kaly.
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Table 2.1-1  Values used to estimate releases @erdppm architectural copper.
Standard
Uncertainty Standard Standard
Standard | Fraction in Fraction Uncertainty Uncertainty
Fraction| Uncertainty of Roof| of Roof |Fraction in Fraction| Emission in Emissior]
That Is | in Fraction| Thatls| Thatls | Thatls| Thatls | Factor,| Factor,
Architectural Feature Roof |ThatlIs Roo| Gutter | Gutter | Copper| Copper | g/nfly | g/nfly
Residential copper roofs 0.3 0.03 0.000b 0.0001 1.8 0.5
Residential roofs with copper-impregnated compasishingles 0.3 0.03 0.0003).00009 0.2 0.1
Residential copper gutters 0.3 0.03 | 0.0325 0.009 0.0008).0002 4 1
Industrial/commercial/transportation copper roofs .5 ( 0.03 0.003| 0.0009 1.8 0.5
Industrial/commercial/transportation copper gutters 0.5 0.03 | 0.0325 0.009 0.008 0.0009 4 1
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Table 2.1-2  Estimates of architectural releasesopiper in the San Francisco Bay area by
sub-watershed.

Standard Uncertainty
Architectural Releases in Architectural
Watershed of Copper, kgly Releases of Copper, kgly

Upper Alameda 160 25
Santa Clara Valley Central 120 21
Castro Valley 9 2
East Bay North 120 19
Upper Colma 17 3
Marin South 61 10
Coyote 311 48
East Bay Central 554 85
East Bay South 162 25
Solano West 166 25
Napa 130 20
North Napa 13 2
North Sonoma 3 1
Marin North 46 8
Contra Costa Central 278 a7
Petaluma 48 7
Santa Clara Valley West 431 69
Upper San Lorenzo 12 2
Contra Costa West 123 19
Peninsula Central 325 51
Sonoma 15 3
Upper San Francisquito 11 3
Upper Corte Madera 5 1
TOTAL 3,120

Process Profiles, 1/27/2006, page 23



Copper Released from Non-Brake Sources in the San Francisco Bay Area

2.2 Copper in Pesticides

Pesticide use reports are available statewide (®&R,[D2005a) and by county (CA DPR, not
dated, various counties) and pesticide sales datawailable statewide (CA DPR, 2005b). All
but one of the 19 currently registered copper-bgmesdicide products appear in the California
use and/or sales reports. Data in these repartgarerally given in terms of active ingredient.
Sales reporting requirements for pesticides inckales for use in the manufacture of products
that contain pesticides. Use reporting sometimebides use in the manufacture of products
that contain pesticides. However, once a pestisidi@mulated into a consumer product such as
marine antifouling paint, pressure-treated woodcamposition shingles with biocide, its use
and sales are no longer required to be reported.

Note that release estimates for copper incorporased biocide in composition shingles appear
in the architectural section of this report. Tisidecause it is expected that most of the use of
copper in composition shingles containing coppeesdmot appear in California pesticide
reporting. Also, the means for estimating thisreewf copper releases is similar to the means
for estimating other sources of architectural coppkeases.

Pesticide use reporting applies to agricultural aise to use by licensed professional pesticide
applicators. The difference between adjusted saldsadjusted reported use can be assumed to
include everything else, including the amount ofivac ingredient applied by commercial,
institutional, industrial, and household consumers.

In the pesticide sales reports, sales are disclosédfor pesticides that have three or more
registrants. Seven copper-based pesticides irfo@tah have reported use with no reported
sales. They are copper ammonium carbonate, cagjpeonate (basic), copper ethylenediamine
complex, cupric oxide, copper oxychloride sulfatepper salts of fatty and rosin acids, and
cuprous thiocyanate. Another copper-based pesticdpper 8-quinolinolate, had no reported
sales or use in 2003. The sales for these pessi@dn be estimated either based on their sales
history or based on their labeling information, plea with information on usage.

Unfortunately, sales of some retail products saltbey box” stores are inadequately disclosed

(CA DPR, 2004). These stores dominate sales dicpiss to consumers. Estimated consumer
sales were adjusted upwards by a factor of 20%derao correct for unreported sales (Brank,

2005). This factor is the midpoint of a range fromM0%, and the standard uncertainty in this

correction factor is half of the range divided I tsquare root of three, or 10%. Only those
portions of active ingredients that are susceptiblender-reporting (those that did not appear in
usage reports) were adjusted. Because the adjuistactor applies to products in aggregate, it

is important to remember when examining the relessienates presented in this section that the
adjustment is intended to give a more accuratenaggi of total releases of copper and that each
individual active ingredient is not affected unifdy by under-reporting of sales.

As Table 2.2-1 shows, a large portion of the safegroducts containing copper metal, mixed
copper ethanolamine complexes, copper hydroxidd, capper sulfate (pentahydrate) do not
have reported uses. These four active ingredialitef which are found in consumer products,
are responsible for essentially all of the estimateleases that are due to unreported sales.

Process Profiles, 1/27/2006, page 24



Copper Released from Non-Brake Sources in the San Francisco Bay Area

Cuprous oxide also shows a substantial correctmmuhder-reporting of sales, but as is
described in a later section, the estimated reteateopper from this active ingredient are not
based on its sales.

Use is also known to be under-reported. Reporsed of copper-based pesticides were adjusted
upwards by 10% to correct for under-reporting. sT¢orrection factor is taken from a study by
the California Department of Pesticide Regulati@Qf (DPR), where it was found that about
90% of the sales were reported as used over ayéimeperiod for a group of pesticides whose
usage was required to be entirely reported (WiJl05). This assumes that under-reporting of
copper-based pesticides is similar to under-repgtior the group of pesticides in the CA DPR
study. For calculating the standard uncertaintyheg adjustment factor, it was assumed that
67% of pesticides fall within a range of 80-100%yfueported, so that the standard uncertainty
in the correction factor is 10%. Reported usesctipper pesticides in California are given in
Table 2.2-1, along with adjusted uses. As withdbdgistment for unreported sales, the usage
adjustment for this group of active ingredientsiiended to provide a more accurate estimate of
total releases of copper from pesticides, but remognized that the usage of individual active
ingredients is not under-reported uniformly.

2.2.a Pesticides Applied to Land in Urban Areas

Estimates for this category were made by assumiag tinreported uses of copper-based
pesticides sold in California that are not usedlgsecides, as antifouling coatings, or as root
killer are applied to land in urban areas. WHilis is not strictly the case, it is generally tars
this methodology is expected to provide the bessite estimates of applications of copper in
copper-based pesticides to urban land.

The use of copper in antifouling paints is estirdait@ this section not because it is a good

indicator of releases of copper from that source decause the use of copper in this category of
pesticides helps with the development of an esénf@t pesticides applied to urban land. Pool,

spa, and fountain algaecide and antifouling coatisgs as well as root killer uses are not
necessarily required to be reported and must l@astd.

Five hundred million board feet of treated lumbes ananufactured each year in California
(WWPI, 2004). While there are some products regest for use in California for manufacturing
treated lumber that list copper metal and coppkargilamine complexes (mixed) as active
ingredients, there was no reported usage of thesgaunds in the manufacture of treated
lumber in 2003. There were 88,000 Ib of cupricdexand 319 Ib of copper carbonate (basic)
reported as being used in the manufacture of uidamber in California in 2003. Estimating
the amount of copper that is used to manufactesdd lumber in California is problematic, but
the reported values for copper use probably falsfeort of the amount of copper actually used in
the manufacture of treated lumber. Statewide s#Elesipric oxide are not disclosed, making it
impossible to assess the magnitude of unreportesi afsghis compound.

In the absence of more complete information, it wasumed that cupric oxide is the primary
copper compound used for treating lumber in Calitor This means that any unreported uses of
copper carbonate (basic), copper ethanolamine awmpl(mixed), and copper metal for treating
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lumber were neglected, so that unreported usdsesetcompounds were assumed to be applied
to urban land or used as algaecides in swimmingspspas, and fountains. The description of
the methodology for estimating releases of coppenftreated lumber, given in section 2.2d of
this report, shows that the estimated releasesopper from treated wood products are not
dependent on the reported use of copper in the factowe of treated lumber.

A statewide estimate of cuprous oxide use in maangfouling coatings can be made by

assuming that any unreported uses of cuprous aieeused in antifouling coatings (paints).

Adjusted reported sales of this pesticide in Catif@ were 1,800,000 Ib copper in 2003, while
adjusted reported use on boats and piers is appabely 6,100 Ib Cu/yr. Other adjusted

reported uses of this active ingredient, most oictvlare agricultural, totaled 310,000 |b copper.
Thus, use of cuprous oxide in marine antifoulingtocgs was estimated to be 1,500,000 Ib Cu,
which is 240 times larger than adjusted reported us

Sales are not reported for cuprous thiocyanateusectnere is only one registrant. In order to

estimate use of this active ingredient, it was me=siithat the use of cuprous thiocyanate as an
antifouling coating is reported at the same ratéhasuse of cuprous oxide as an antifouling

coating. Adjusted reported statewide use of cuptbiocyanate for boats and piers was 6.5 Ib
copper in 2003. Multiplying this value by 240 yislan estimate of 1,500 Ib Cul/yr.

Copper hydroxide is registered for antifouling @ogtuse, but is used for that purpose in only
two products where it is present in low concentragi (TDC, 2004). Therefore, its use as a
marine antifouling coating was neglected.

Finally, the use of copper in copper sulfate (pleydaate) as a root killer must be estimated.
Sales of root killer products containing this compgd have been banned in the nine Bay area
counties, but are still allowed in the remaindeCalifornia. Use of these products as root killer
can be estimated by using the reduction in seweopger in Palo Alto after the ban on sales of
root killer products containing this active ingrexlti was instituted. A reduction of 370 Ib of
copper per year was observed for a population 68226,300 (Moran, 2005b). The population
of California outside of the nine-county Bay are26,637,987, so the statewide estimated use of
copper for root control in products containing cepgulfate (pentahydrate) is 44,000 Ib Cul/yr.

Table 2.2-2 summarizes the estimated breakdowm@&ported uses of copper-based pesticides
in California in 2003. The first column in thidbta is the same as the last column of Table 2.2-
1. Unreported uses of the six copper pesticidasviere not assigned to antifouling coatings or
root killer uses and that can be used as algaesidee divided evenly between algaecidal
applications and applications to urban land. Th&gepesticides are copper metal, copper
carbonate (basic), copper ethanolamine complexess@)n copper ethylenediamine complex,
copper sulfate (pentahydrate), and copper trietlhamoe complex.

Table 2.2-2 also gives the standard uncertaintigbe estimated use as pool, spa, and fountain
algaecides and the estimated applications to udrah The uncertainty for the six copper-based
pesticides that can be used as algaecides is warhjc large because their possible use as
algaecide includes a range from 0% to 100% of treported uses that were not assigned to
antifouling coatings or root killer uses. Standarttertainties in Table 2.2-2 also include the
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uncertainty in estimated unreported uses, whictuin is based on the uncertainty in adjusted
reported usage and adjusted reported sales.

Some usage of copper-based algaecides for poals, apd fountains and some usage of copper-
based pesticides applied to urban land are reporfable 2.2-3 shows the reported usage of
copper-containing pesticides by county for the emggunties in the Bay watershed. Footnotes
for this table explain how the data in the pes&aidage reports was used to obtain these values.
Note that total adjusted reported use in this tabéxjual to the sum of total adjusted reported use
in agriculture, industrial water treatment, nonagltural water areas plus estimated use on urban
land, in pools, spas, and fountains, and as aneeild@ in nonagricultural rights of way,
recreaction areas, and public health.

It should be noted that uses of copper for strattpest control are included in the urban land
use estimate. (For the six algaecides, half ofehadjusted reported uses in structural pest
control are included in the urban land use estinzaie half are included in pool, spa, and

fountain algaecides.) Statewide, adjusted repousel of copper in copper pesticides for

structural pest control was 4,700 |b in 2003. ‘Eheses are included with the urban land

estimate because it is expected that they wouldveeimuch more like landscaping uses than
uses of copper in treated lumber.

The ratio of population in each sub-watershed téif@aia's population was applied to the
statewide estimates of unreported uses of copmadbpesticides on urban land from Table 2.2-
2 in order to determine the portion of copper ineported copper pesticides that is used in urban
areas in each sub-watershed. This was added tiycestimates from Table 2.2-3, which were
apportioned to the sub-watersheds using the rdtipopulation in each sub-watershed to the
county's population. Results, along with theimdgid uncertainties, are given in Table 2.2-4.
The standard uncertainties in Table 2.2-4 include tincertainty in basing sub-watershed
releases on population ratios. This uncertaintyaised on a range of half the population to 1.5
times the population of the sub-watersheds.

Table 2.2-4 shows that in the San Francisco Bagnsiaéd, an estimated 100,000 kg of copper
in pesticides were applied to urban land in 2008l of these releases in Table 2.2-4 are
assumed to be to permeable surfaces.

One would expect reported nonagricultural uses agper-based pesticides to be somewhat
proportionate to unreported uses on urban landrapdols, spas, and fountains. In other words,
if a county has comparatively large reported nocafjural uses of an active ingredient,
comparatively large nonagricultural unreported usfethat active ingredient might be expected
in that county as well. Therefore, one means sfirtg the appropriateness of apportioning
unreported uses of copper-based pesticides on lahdrand in pools, spas, and fountains as if
they were uniform throughout California is to detere if reported nonagricultural uses in the
eight Bay watershed counties are proportionatetétewide nonagricultural uses based on
population. Eighteen percent of California's pagioh lives in the eight Bay watershed
counties. The four active ingredients with thehleist unreported uses assigned to urban land are
copper, copper ethanolamine complexes, copper Riglroand copper sulfate (pentahydrate).
For copper, only 2% of California's nonagricultuugles occur in the 8-county region. Copper
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sulfate (pentahydrate) is similar, with 3% of Galifia's nonagricultural uses occurring in the 8-
county region. However, 34% of the state's nowagtral uses of copper ethanolamine
complexes occurs in the 8-county region, as do ©B%e state's nonagricultural uses of copper
hydroxide. Overall, reported nonagricultural usésopper-based pesticides in the eight Bay
watershed counties appears to be proportionatatevade reported nonagricultural usage.

2.2.b Agricultural Land Applications

The next step in estimating copper releases frgop@&oecontaining pesticides in the watershed is
to estimate agricultural land applications of cappesticides within each sub-watershed.
Copper use reports for the eight counties in theesshed were used. Adjusted usage values
(excluding use as algaecide, if any) are shownaibld 2.2-5. The portion of agricultural area in
each county that falls within each sub-watershed used to assign agricultural releases to the
sub-watersheds.

Results for the sub-watersheds are given in Tal#e62 The standard uncertainties in these
values were estimated as half of the range from tetwice as much as the average application
per unit of agricultural land, divided by the sguaoot of three. Using 1992 land use data to
apportion 2003 uses introduces an error that teadsverestimate agricultural applications
within the Bay watershed. This is because agricalltiand within the Bay watershed portion of
the counties has been converted to urban usesighar rate than agricultural land within the
counties in general. However, this error is assumeebe small compared to the uncertainty
associated with apportioning releases based orudigimal land use area as if releases were
uniform throughout all agricultural land within tle®unties. In the greater Bay watershed, an
estimated 12,000 kg of copper in pesticides wemdieg to agricultural land in 2003. All of
these releases are assumed to be applied to pdenseafaces.

2.2.c Algaecide Treatment of Surface Waters

The pesticides in this category are copper metgdper carbonate (basic), copper ethanolamine
complexes (mixed), copper ethylenediamine compdepper sulfate (pentahydrate), and copper
triethanolamine complex. Reported usage in indastrater was not included in this category,
because it is assumed that those uses are capturée section on industrial runoff and
industrial releases to surface waters.

Adjusted reported agricultural water area usesopper-based algaecides in the 8-county region
are given in Table 2.2-7. Uses of algaecides ricalfural water areas are treated as a release to
land because they are applied to waters that dysequently applied to land rather than to
surface waters that subsequently flow to the Bdyhey were apportioned amongst the sub-
watersheds based on agricultural land use areawithsapplications of copper-based pesticides
to agricultural land, using 1992 land use datagpoation 2003 uses introduces an error that
tends to overestimate agricultural applicationshinitthe Bay watershed. This is because
agricultural land within the Bay watershed portminthe counties has been converted to urban
uses at a higher rate than agricultural land with@ncounties in general. However, this error is
assumed to be small compared to the uncertainbciadsd with apportioning releases based on
agricultural land use area as if releases wereotmithroughout all agricultural land within the
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counties. Estimates by sub-watershed are giv@ialohe 2.2-8. The estimated copper released in
algaecide treatments of agricultural surface waiteithe greater San Francisco Bay watershed
was 27 kg in 2003. For uses in agricultural wateras, the uncertainty in the adjustment factor
(which accounts for under-reporting) can be neglbdbecause it is far outweighed by the

uncertainty associated with apportioning the valweeong the sub-watersheds. This

apportioning uncertainty is estimated as half & thnge from zero to twice as much as the
average application per unit of agricultural ladidjded by the square root of three.

Use of copper-based algaecides in nonagriculturaiemareas in the eight-county area is
assumed to occur entirely within the watershed alwhg the shoreline of the bays in the

watershed. Values for adjusted reported use arengin Table 2.2-9. This table provides

geographic coordinates for the center of each g&ishoreline. The total estimated releases to
the shorelines of the three bays in the San Fremd&ay watershed were 1,300 kg in 2003.

Three of the counties had no reported uses of cdpgmed algaecides in nonagricultural water
areas in 2003. They are Alameda, Solano, and Sar@ounties. Also, estimated shoreline

releases in Contra Costa County are quite smalie Siandard uncertainty in the estimates in
Table 2.2-9 is based on the uncertainty in theeotion factor for usage reporting. This

uncertainty does not take into account reportecpeojpise, if any, for treating drinking water

reservoirs (which would not be a direct releasthéoBay).

Estimates for those portions of adjusted reportsgsuof algaecides in rights of way
(nonagricultural), public health, and recreatioraacategories were taken as the midpoint of a
range from zero to total adjusted reported usdn@se categories. Again, these values are not
adjusted to reflect use, if an