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The Brake Pad Partnership is conducting a study whose purposais tlgetter understanding
of the sources of elevated copper concentrations in the San FraBecoThe overall effort
includes assessing the magnitude of copper released in the Bay areadftlomedeling of the
environmental fate and transport of these estimated releaseqrevious report provides
estimates of copper released to roadways in brake pad wea (Risselot, 2006). The copper
found in street sweeper dirt is landfilled and is therefore predeinbm entering storm water
runoff. This report provides estimates of releases of copper add saioved from roadways
in the San Francisco Bay area watersheds via street sgeefinese estimates are intended for
use in the Brake Pad Partnership's modeling effort.

Most of the values used for estimating removal of copper viat Sweseping were taken
from a study conducted in New Bedford, Massachusetts (Breaali @05). This study
included three field efforts: (1) measurement of street-dotirmulation from two residential
areas, after specific time intervals; (2) collection of edtrdirt for analysis of chemical
composition; and (3) controlled measurement of street-sweepgeedly. The authors of the
study state that the most important result of this prelimisaugly is the similarity observed
between this study’s data and those collected by others fravasatire Nation. They note
that

[flor example, average street-dirt-accumulatioresateasured in this study (14 g/curb-m/d) are
similar to those measured by others (9 to 15 glouid); estimated total recoverable
concentrations of arsenic (4 ppm), cadmium (0.9 )pmromium (261 ppm), copper (404 ppm),
lead (335 ppm), nickel (31 ppm), and zinc (260 pjm3treet dirt collected in this study are for
the most part similar to average concentratiorthege contaminants measured by others...
The street-dirt-accumulation rates cited in the above paragraptoaréitt et al, 2004, and the
authors were comparing the concentrations they found to those of Sartor and Gaboury, 1984.

In the study, copper concentrations were measured as eithérétaiaerable copper” or "total

copper.” The authors describe the difference in these values as follows:
Total concentrations are determined by using angtexid digestion, which dissolves the mineral
matrix; therefore, total concentrations includesthe@lements that compose the minerals in the
sample. Total recoverable concentrations are @ted by using a weak acid digestion, which
generally does not dissolve the mineral matrixrefare, total recoverable concentrations include
only those elements that are sorbed to the sudbparticles in the sample. Elements measured
by means of total recoverable methods are generatigidered the result of human activities and
are commonly considered to be the geochemicalbialogically available fraction.
The above quote is included here to illustrate the authors' definitibrigotal recoverable
copper" and "total copper.” However, the assumption made by the adthibtstal recoverable
copper indicates copper from anthropogenic sources is questionableas$tisption is based
on studies of metals/contaminants that have sorbed from an aqueousmioaselid (natural)
particulates such as soils and sediments. When the particultgaamsathemselves are the

source of contaminants, and the contaminants are dispersed throughentirthparticle mass,


http://www.suscon.org/brakepad/index.asp

then this means of distinguishing between anthropogenic and nonanthropagen&sds no

longer valid. Based on the work that has been done with brake paddelaris for the Brake
Pad Partnership (e.g., at Clemson University, by Jim Trainoraafidarkson University), it is

known that it takes a very rigorous digestion to get all of the brakevpar debris copper in a
dissolved form for analysis. In fact, the required digestion psofmsdissolving copper from
brake pad wear debris is much more rigorous than what the authibwes study used for their
total copper measurements.

In this description of the methodology for estimating copper and smiti®ved via street
sweeping in the San Francisco Bay area, "recoverable copgders te "total recoverable
copper."

Average street-dirt-accumulation rates measured in this stedy 14 g/curb-meter/d (or 8,200
kg/curb-milely). These rates were measured by washing iarpofta street before and after an
accumulation period and sampling the wash water. The overall avestaget-sweeper
efficiency, determined as a particle-size-weighted aye&rranged from 20 to 31 percent for the
mechanical sweeper. Street sweeper efficiency is tleeafadirt recovered to dirt accumulated,
and is measured by applying a known mass of dirt to a street @aglirmg the amount of dirt
swept by a sweeper. The recoverable copper concentration in ntathemeeper dust was
found to be 43 ppm. Measurements of both total recoverable copper armbtathtrations of
copper in street dirt resulted in a ratio of total recoveratbybper to total copper of about 60%
for most size fractions.

These values, combined with information about the number of swept cleb imiAlameda
County, taken from the 2000-2001 issue of "Clean Water," were usedctbatalstreet dirt and
copper removed via street sweeping for Alameda County. The numlssveeper miles in
Alameda County was 266,000 curb miles for that year. Of coursdy radlanf these sweeper
miles were on streets that were swept more than once durirygdhe If it is assumed that the
average swept street is swept on three out of four weeks, thenatleean average of 39 sweep
events per swept road per year. This means that the number ofcsilephiles in Alameda
County is 6,820. Note that there are no available data about therfcgquégh which swept
roads are swept. Most swept streets are swept on a weasilly Wwith some swept more
frequently and some swept less frequently. Street sweepingiestare suspended during rain.
Thus, the assumption that the average swept street is swept onottireé four weeks is
judgment-based.

Street sweeper efficiency was assumed to be the midpoint of the rangeridhe New Bedford
study for mechanical sweepers. This is equivalent to 0.25 goswgség dirt. Values along with
their estimated standard uncertainties are given in Tableatisti8ally based uncertainties were
not available, so standard uncertainties were calculated by asgsanflat distribution across a
judgment-based range of potential "true" values for each varidlile standard uncertainty for
such a distribution is half the range divided by the square root ¢ (ST, 2005). The
formulas for calculating solids and copper removed via street sweepingnmeddaCounty are:
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These estimates are highly uncertain. If the KM&Clintock equation is used to calculate a
standard uncertainty in the calculated resultstaaedard uncertainties shown in Table 1 result in
a standard uncertainty for solids removed of £Kifly. The standard uncertainty calculated for
recoverable copper and total copper removed is K¢ and 600 kgly, respectively. (The
Kline-McClintock equation is the first term in th€aylor series approximation for the
propagation of uncertainty and can be used to kthe uncertainty in the result of a function
if the variables in the function are not co-related

The values for dirt and copper removed in Alamedar@y were extrapolated to the sub-
watersheds in the San Francisco Bay watershed loasé ratio of vehicle miles traveled in the
sub-watershed to vehicle miles traveled in Alam€danty, as shown in Table 2. Vehicle miles
traveled are assigned to the sub-watersheds basddta that is available by county and by the
population of the sub-watershed. Extrapolating ¥wshicle miles traveled introduces
uncertainties. However, it is the most appropréteice, partly because brake pad wear debris
releases to roadways were apportioned accordinghle miles traveled. It is recognized that
for some of the less urbanized sub-watershedsg usis ratio to extrapolate from Alameda
County results in an overly high estimate of copaed solids removed from roads by street
sweeping. However, the overall amounts of copperaved by street sweeping relative to the
copper released directly to roadways from brakessarall, and this bias is not expected to have
a significant effect on the overall results. Tmeertainty introduced by extrapolating according
to the ratio of vehicle miles traveled was assumoelde such that the "true" extrapolation value
would be between 0.5 and 1.5 of the ratio.
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Table 1. Tabulated values for calculating solidd eopper removal via street sweeping in
Alameda County and their uncertainty.

Estimated
Range Standard
Parameter Value (Estimated) | Uncertainty
265,500-
Sweeper miles in Alameda County, mi 266,000 266,500 289
Number of sweep events per swept road 39 32-46 4
Street dirt accumulation, g/curb-meter/d 14 9-19
Street dirt accumulation, kg/curb-mile/y 8,2P4 1,696
Sweeper efficiency (dirt removed:dirt 20%-31%
accumulated) 0.25 0.03
Recoverable copper concentration in sweepel 0.000039-
dust, mass fraction 0.000043 0.000047 0.00002
Ratio of total copper to recoverable copper 1.7 15-19 0.1
Solids removed, kgly 14 million 4 million
Recoverable copper removed, kg/y 603 361
Total copper removed, kgly 1,005 605
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Table 2. Estimated Solids, Recoverable Copper, Tastdl Copper Removed from San Francisco Bay AredeWwheds Via
Street Sweeping.
Vehicle Miles
Traveled Ratio Uncertainty
(for Uncertainty in Uncertainty
extrapolation | in Vehicle Uncertainty| Recoverable Recoverablg Total in Total
from Alameda Miles Solids in Solids Copper Copper Copper Copper
County to Traveled | Removed,| Removed,| Removed, | Removed, | Removed,, Removed,
Subwatershed subwatersheds Ratio kgly kgly kgly kgly kgly kgly

Alameda County 1.000 0.000 14,022,544 3,693,818 603 361 1,005
Upper Alameda 0.152 0.044 2,136,917 570,702 92 55 153
Santa Clara Valley Central 0.25%4 0.073 3,560,697 973,597 153 92 255
Castro Valley 0.024 0.00f 340,161 89,637 15 9 24
East Bay North 0.169 0.049 2,374,969 636,299 102 61 170
Upper Colma 0.069 0.020 965,799 255,134 42 25 69
Marin South 0.102 0.029 1,426,441 378,081 61 37 102
Coyote 0.417 0.120 5,849,799 1,694,350 252 153 419
East Bay Central 0.60p 0.175 8,504,648 2,689,989 366 228 609
East Bay South 0.128 0.037 1,801,784 479,308 77 46 129
Solano West 0.11y 0.034 1,639,289 435,851 70 42 117
Napa 0.139 0.040 1,951,579 520,030 84 50 140
North Napa 0.017 0.005 242,732 63,952 10 6 17
North Sonoma 0.006 0.002 90,076 23,128 4 2 6
Marin North 0.065 0.019 918,247 242,506 39 24 66
Contra Costa Central 0.329 0.095 4,609,942 1,290,756 198 120 330
Petaluma 0.04% 0.013 636,905 167,981 27 16 46
Santa Clara Valley West 0.526 0.12 7,369,828 2,240,149 317 196 528
Upper San Lorenzo 0.024 0.007 337,202 88,857 14 9 24
Contra Costa West 0.118 0.084 1,650,773 438|450 71 43 118
Peninsula Central 0.374 0.108 5,238,856 1,491/203 225 137 375
Sonoma 0.021 0.006 297,883 78,490 13 8 21
Upper San Francisquito 0.009 0.0p3 127,473 33/580 5 3 9
Upper Corte Madera 0.021 0.006 289,603 76,307 12 7 21
Total SF Bay Watershed 3.734 52,361,104 2,252 3,753







