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ABSTRACT 
This report summarizes the results of a study of atmospheric deposition of copper 

and other trace elements conducted in Castro Valley, California from March 2004 
through February 2005.  The primary objective of the study was to characterize the wet 
and dry deposition of selected trace metals and trace organic pollutants from the 
atmosphere to the Castro Valley Creek watershed, as part of a larger effort led by the 
Brake Pad Partnership examining the contribution of brake pad material to the release of 
copper in the environment and its potential to negatively impact environmental water 
quality.  Precipitation and dry deposition samples were collected at four sites spread to 
measure deposition across a range of urban development and activity in the watershed.  
For several sampling events, ambient (gaseous) samples were also collected and analyzed 
for benzene.  

Average dry deposition fluxes of copper at the sites in Castro Valley ranged from 
12 to 31 µg·m-2·d-1.  Deposition rates varied widely among sites and among sampling 
events within any site over the course of the study.  Average concentrations of copper 
measured in precipitation or bulk samples ranged approximately 1.8 to 6 ppb (µg/L).  
Resultant average bulk and wet deposition fluxes in precipitation ranged 3.5 to  
9 µg·m-2·d-1 for copper, with a large amount of variation among sampling events.  The 
wet and dry deposition rate combined could therefore total around 40 µg·m-2·d-1, well 
above previous results for sites in the San Francisco Estuary, but comparable to rates 
measured in other urban areas in the United States.. 

Large temporal variability in measured deposition rates was found as expected. 
Both wet and dry deposition rates are influenced by conditions before and during each 
sampling period, which typically spanned two weeks for wet and bulk deposition 
samples, and two days for dry deposition.  Dry deposition samples were also collected 
during weekend periods and show small and inconsistent differences between weekday 
and weekend deposition rates. 

Significant differences in deposition at the lowest versus highest traffic sites were 
found, with differences among the three monitoring sites in the densely developed areas 
low in the watershed being less distinct.  Deposition differences among high and low 
traffic sites may also in part be caused by differences in elevation, with the lowest traffic 
areas located high in the watershed, requiring substantial vertical transport for pollutants 
generated in the valley to be seen. 
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1.0  INTRODUCTION 
Pollutants such as copper are emitted into the atmosphere either naturally by 

processes such as wind driven soil resuspension,  or by human activities such as 
industrial discharges stationary sources such as furnaces and mobile sources like motor 
vehicle operation.  The distance air pollutants are carried depends on multiple factors 
such as weather conditions, the nature and location of the source, and the particle size 
distribution of pollutants (or the aggregates they may form).  Deposition of atmospheric 
pollutants to a watershed may occur through several processes, including rain scavenging 
of gases and particles, and dry deposition of particles.  Because metals such as copper are 
largely not found in the gaseous phase, diffusive exchange and adsorption to surfaces are 
not significant deposition pathways of concern for these pollutants. 

Previously, gross calculations of atmospheric deposition were made based on 
ambient air monitoring results of the California Air Resources Board (CARB) and the 
Bay Area Air Quality Management District (BAAQMD) (Kirschmann and Grovhoug 
1996, Hauri 1998a, Hauri 1998b). In 1999-2000, the Regional Monitoring Program 
Atmospheric Deposition Pilot Study (Tsai, 2001) directly examined deposition in 
precipitation and onto surrogate surfaces at three sites around the estuary, and those 
methods are used in this study to evaluate deposition of copper and other trace elements 
in the Castro Valley Creek watershed. 

This deposition monitoring was initiated and funded as part of a larger Brake Pad 
Partnership study examining the emission and transport of copper to the environment 
from vehicle brake pads.  For this study, the San Francisco Estuary Institute (SFEI), 
coordinator of the previous RMP Atmospheric Deposition Pilot Study, conducted field 
sample collection and conducted the study  in collaboration with Professor Thomas 
Holsen’s Laboratory at the Clarkson University Department of Civil and Environmental 
Engineering, which provided advice, sampling materials and analytical support. 

Methods used were largely identical to those of the RMP Atmospheric Deposition 
study, based on monitoring methods for trace metals in dry deposition (Holsen et al. 
1993, Yi et al. 1997a, Yi et al. 1997b, Paode et al. 1998) and in precipitation (Vermette et 
al. 1995b) used by other researchers.  The RMP study estimated contributions of 
pollutants to the estuary via tributaries using simplistic assumptions of runoff and 
retention and in watersheds.  In this study we do not attempt to track pollutant transport 
beyond its deposition to the surface. Modeling of subsequent transport processes is 
addressed in the airshed modeling conducted by AER and watershed modeling by to be 
performed by EPA.  

This report describes the methodology used in the Brake Pad Partnership Castro 
Valley Atmospheric Deposition Study (hereafter simply referred as this study) and 
presents the results obtained from monitoring in this study for copper and other selected 
trace elements.  This report also presents results from more limited monitoring of gaseous 
benzene as a compound representative of vehicle exhaust gases.  Sampling methods for 
ambient benzene were derived from those described in EPA Method TO-15 (EPA 1999), 
as specified by the contract analytical laboratory, Air Toxics, Ltd. 

 
 



BPP- Castro Valley Atmospheric Deposition Study   DRAFT 8Apr2005 DO NOT CITE OR QUOTE 

7 

2.0 OBJECTIVES 
Copper, a pollutant of concern in San Francisco Bay, is present in some 

formulations of brake pads.  Copper from brake pads therefore likely contributes in part 
to copper loading in urban runoff to the San Francisco Bay.  The Brake Pad Partnership 
(BPP), a consortium of manufacturers, environmental organizations, stormwater 
management agencies, and regulatory stakeholders have come together to implement a 
program to identify and prevent water quality impacts that may arise from the use of 
copper in automotive brake pads. 

Current plans are to delist the Lower San Francisco Bay as a copper- impaired 
water body, but only on the condition that copper levels remain constant or decrease.  
However, copper content in brake pads has increased to meet safety regulations and 
consumer demand.  Concerns of increased copper loadings to the Bay in urban runoff 
have therefore arisen, and this study, part of a larger Brake Pad Partnership effort, aims to 
better quantify any potential impacts that brake wear material will have on the 
environment to better mitigate or prevent any negative effects. 

The BPP has selected the Castro Valley Creek watershed as an area for 
monitoring and modeling to be representative of mixed urban and open space land uses 
that may be found in the San Francisco Bay area.  Information from these linked studies 
will be examined with the intention of identifying possibilities for extrapolating or 
extending data and models developed for this small watershed to other watersheds in the 
region. 

The primary objectives of this study (within the larger BPP project) are to:  

?? measure atmospheric deposition of copper to the watershed surface 
?? determine the spatial and temporal variability of deposition 
?? measure other trace elements and benzene to estimate or bound the contribution of 

vehicle versus other sources to copper to the watershed. 

Characterizing and quantifying brake emissions, modeling of atmospheric and 
hydrologic transport, and water monitoring in Castro Valley Creek are other major 
elements of the larger BPP project.  This air deposition monitoring will be used in 
evaluating the performance of the modeling efforts to verify that the developed models 
reasonably reflect the actual behavior and ultimate fate of brake pad material in the 
environment. 
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3.0 METHODOLOGY 
Deposition of air pollutants to the Estuary and surrounding watersheds can occur 

by several processes, including rain scavenging of gases and particles, dry deposition of 
particles, deposition associated with condensation processes, and air-water exchange 
processes.  Air-water exchange does not occur for the non-volatile trace metals addressed 
in this report, and deposition through condensation is not specifically targeted for 
quantitation in this study, although the methods employed may incidentally collect some 
metals deposited through this pathway. This study of atmospheric deposition consisted of 
sample collection during rain events for wet and/or bulk deposition (depending on the 
equipment available at the location and the weather conditions during the collection 
period) and collections during non-rainy periods for dry and/or bulk deposition.   

The wet and bulk deposition portion of the project measured pollutant 
concentrations in rainfall, captured by specific precipitation like those used in the 
National Atmospheric Deposition Program Mercury Deposition Network (NADP/MDN) 
or with bulk deposition collectors for locations and times where use of the automated 
precipitation collectors was not possible or practical.  This study employed a direct 
method for dry depositon monitoring, measuring pollutant concentration in particles 
deposited and trapped on a surrogate surface (a greased plate) during dry (non-rainy) 
periods.  Other studies such as one  recently conducted by SCCWRP and UCLA in 
Southern California (Lu et al, 2001) used an indirect method for measuring pollutants in 
ambient air and calculating deposition using relevant equations, and assumptions or 
measurements of particle size distributions and concentrations and meteorological 
parameters.  The direct method using surrogate surface plates was chosen for this study to 
mirror the previous atmospheric monitoring study in this region.  Ambient gaseous 
benzene was also measured in a limited number of samples using evacauated canisters 
following EPA Method TO-15. 

An initial design for this study was included in the BPP Proposition 13 grant 
proposal to collect wet and dry atmospheric deposition samples from two sites in Castro 
Valley every two weeks over the course of a year.  The study design was reviewed and 
refined subsequently by the BPP steering committee and Science Advisory Team (SAT).  
Components that evolved and were modified after the initial proposal over the course of 
the study included the suite of measured chemicals, monitoring duration and frequency, 
and sampling site selection.  A brief description of the study scope and methods is 
presented below.  

3.1  Monitoring Parameters 
This study was designed to measure both dry deposition and wet deposition in 

precipitation (rain).  Discussions among the BPP steering committee and SAT sought 
sought chemical indicators specific to brake wear material but none were identified.  
Antimony was identified as one metal enriched in vehicle sources, and measurements of 
elements common in soils such as iron, aluminum, and silica (Bradford, 1996) were 
included as possible indicators of non-vehicle sources.  However, the latter elements are 
also common in automotive materials, so any estimates of “non-vehicle” contributions to 
copper deposition on the basis of these other compounds would represent likely represent 
overestimates or upper bounds of such sources.  
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 Benzene, an aromatic hydrocarbon, constitutes approximately 1-2% of gasoline 
(CARB, 1997) and is emitted in vehicle exhaust from a combination of unburned fuel and 
as a by product of partial combustion of other fuel components.  Benzene was added late 
in the study in September 2004 as an additional monitored pollutant and potential 
indicator of vehicle sources. 

 
3.2  Monitoring Duration and Frequency 
The aim of this study was to measure wet and dry deposition over the course of a 

year at various sites within the Castro Valley Creek watershed.  Monitoring frequency 
and duration of wet deposition samples for most of the Study was set on a 14-day 
schedule, to include the same proportion of weekday and weekend days in most of the 
collected samples.  Early in the study in spring 2004, some wet deposition collections 
were extended for one or two weeks during periods without precipitation, in an attempt to 
capture at least one rain event per deployment.  Bulk deposition samplers were deployed 
in areas where automated wet deposition samplers could not be used, and later in the 
study during late spring, and early fall 2004, periods when precipitation was sporadic and 
the ability to collect wet samples would not be reliable.  Wet or bulk deposition samples 
we taken beginning in March 2004 and ending February 2005.   

Dry deposition samples were generally collected approximately twice a month 
beginning July 2004, but the samples were not distributed uniformly throughout each 
month.  The two day exposure periods for the dry deposition samples needed to be 
scheduled during periods without rain, so samplers could not be deployed on a regular set 
schedule.  Furthermore, with exposure periods lasting only 2 days, significant differences 
between weekend and weekday samples could perhaps be captured.  However, because 
large changes in meteorological conditions that could occur over the course of a week or 
longer might also change deposition rates in collected samples for reasons unrelated to 
weekend or weekday differences in traffic and urban activity, all weekend samples were 
deployed immediately after weekday dry deposition samples were collected, to minimize 
the influence of changing weather or other longer term causes of variability. Dry 
deposition samples were collected until the end of the study in February 2005.  However, 
only one dry sample was taken at each site per month for most of the wet season months 
in the study (Table 2).   

3.3. Monitoring Stations 
The Castro Valley Creek watershed encompasses most but not all of Castro 

Valley.  Castro Valley is highly urbanized, with a mix of residential, commercial, light 
industrial, and undeveloped (open space) land uses.  There are many congested roads 
within Castro Valley, with the highest volume roads being the Highway 580/238 corridor, 
Castro Valley Boulevard, and Redwood Road. 

In the San Francisco Bay region, winds originate from the west and northwest 
during most of the year, (BAAQMD 1998).  In the winter, stormy periods with moderate 
and strong winds (>5 m/sec) are interspersed with stagnant periods with very light winds 
(<1 m/sec) when air masses can flow from various directions.  The SF Bay region has a 
“Mediterranean” climate with distinct wet (November to April) and dry seasons (Trujillo 
et al. 1991).   
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Where possible, especially for placing the wet deposition samplers, sampling 
locations were selected to comply with the siting criteria prescribed in the National 
Atmospheric Deposition Program (Bigelow 1984).  Initial criteria for sampling locations 
in this Study were as follows: 

?? accessible and secure 
?? adequate AC power (for wet deposition samplers only) 
?? within the Castro Valley Creek watershed 
?? not in proximity to known major stationary sources or located up-wind (prevailing 

winds) of such sources 

At the start of the study, two sampling sites were chosen using these criteria in 
order to accommodate the wet deposition samplers.  Castro Valley Community Center 
(CVCC) is located on Lake Chabot Road, a four- lane road leading from downtown 
Castro Valley to Lake Chabot Park.  The wet deposition sampler was placed on the 
rooftop on the western side of the building, approximately 30m east from the curb of 
Lake Chabot Road, and approximately 5m off the ground surface.  Castro Valley 
Elementary (CVE) is a school on San Miguel Avenue, in a residential neighborhood and 
several hundred meters from Castro Valley Boulevard.  The sampler at CVE was also 
placed on the roof, approximately 20 meters west of San Miguel Ave, and 10m above the 
ground surface. 

Two other sampling sites were added later in the study in order to capture a wider 
range of traffic conditions based on their proximity or distance from major roads.  These 
sites had not been previously considered, as they were not suitable for deployment of the 
wet deposition samplers.  However, it was decided that bulk and dry deposition samples 
should be collected at these locations.  The Redwood Professional Building is located on 
Redwood Road, at the end of an exit ramp from eastbound Highway 580.  The samplers 
were placed on a pole attached to the roof of the building, about 8m above the ground, 
and 30m east of Redwood Road.  The end of the sampler pole was also about 30m south 
of the edge of Highway 580, and 5m below the road surface; the highway is elevated in 
that section of Castro Valley to pass over Redwood Road.  The last sampler was placed 
near Madison Reservoir, a small enclosed reservoir operated by East Bay Municipal 
Utility District located in the upper watershed around 800m above sea level, along one of 
the ridges above Castro Valley. The reservoir is adjoined by two houses in the Columbia 
housing development.  The sampler was attached to a fence post, 3m above the ground 
surface, and about 30m west of Columbia Road, the main route into and out of the 
housing development, along a  ridge about 10m higher than the road at that location. 

3.4 Wet and Bulk Deposition 

At sampling sites where continuous AC power was available, automatic 
precipitation collectors (Figure 2) designed for the National Atmospheric Deposition 
Program/Mercury Deposition Network (NADP/MDN) could be deployed to collect 
precipitation samples.  The device has been described in detail and evaluated by other 
investigators (Vermette et al. 1995a).   Samplers (Aerochem Metrics, Inc., Bushnell, FL) 
were modified by the Illinois State Water Survey for the previous RMP study.  Up to two 
sampling bottle and funnel assemblies could be deployed simultaneously in each 
machine.  A precipitation sensor activated the lid to expose the funnels during a rain 
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event.  When the rain ceased, the sensor dried off, closing the lid.  Bulk deposition 
samples were collected using identical bottle and funnel assemblies, but the assemblies 
were loaded into a passive continuously open chimney rather than an automated sampler. 
Procedures for the preparation of the bottles and funnels used in collecting wet and bulk 
samples are described below. 

High-density polyethylene one- liter bottles and funnels with connecting adaptors 
were used to collect samples. Bottles and funnels were cleaned to reduce metal 
contamination.  Bottles and funnels were cleaned sequentially with detergent, nitric acid, 
and HCl, with multiple rinses of ultrapure water between each solution.  After the last 
rinse and soak with ultrapure water, sample bottles were emptied, capped, and double 
bagged for shipment.  Because the connectors used to attach the funnel and sample bottle 
did not have direct contact with the precipitation samples, they were subject to slightly 
less stringent cleaning procedures.  Connectors were washed in detergent, soaked in HCl, 
rinsed with distilled water, dried, and bagged for shipment.  

Materials for wet and bulk sample collection were handled in the field using 
methods adapted from EPA 1669.  The empty sample bottle was uncapped at the 
monitoring site, and a connector and funnel were attached.  The assembly was checked 
for tightness and placed in the precipitation collector or passive sampler chimney.  Site 
and sample conditions were noted on FOFs.  At the end of the collection period, the 
funnel and connector were removed, and the sample bottle recapped and bagged for 
shipment to the laboratory. 

Precipitation samples were weighed and acidified with trace-metal grade nitric 
acid to an acid concentration of 0.2%.  The samples were equilibrated for more than 48 
hours before being analyzed.  For samples containing less than 10 mL of precipitation, 
20.0 mL of reagent water was added, and the sample was acidified to 0.2%. 

Before analysis, concentrated HNO3 was added to 10 mL of the sample until it 
contained 2% nitric acid.  The sample was then digested at 85oC for 2 hours.   The 
digested samples were then analyzed by ICP-MS.  Blanks and calibration standards were 
measured periodically with samples in accordance with the EPA Methods and the project 
QAPP.  

3.5 Dry Deposition Methods 
Various techniques have been used in an effort to make reliable estimates of dry 

deposition flux of pollutants.  There are two general approaches:  1) direct measurement 
of deposition fluxes using surrogate surfaces (direct method), and 2) calculated 
deposition fluxes using airborne concentration data and modeled deposition velocity 
(indirect method).  With direct methods, geometry of the surface, roughness, and 
collection substrate all influence the wind profile and local turbulence above the sampling 
surface, which in part controls the deposition flux.  Surrogate surfaces are generally 
designed to minimize turbulence in the flow field so that minimum fluxes are measured.  
In the indirect modeling approach, particle size distribution is a critical parameter 
influencing deposition velocity and the resulting deposition fluxes. 

Large particles are responsible for a large proportion of the deposition flux, but 
they may account for only a small fraction of the total airborne mass (Holsen & Noll 
1992, Holsen et al. 1993, Shahin et al. 2000) due to large increases in deposition velocity 
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with small increases in particle diameter over 2 µm.  Shahin et al. (2000) asserted that 
large particles are not sampled efficiently by most samplers and are therefore 
underrepresented in most indirect flux estimates.  This often results in modeling estimates 
often lower than deposition flux measurements made using surrogate surfaces.  Due to 
these limitations described above, a direct method, employing surrogate surface plates, 
had been chose for use in the RMP Atmospheric Deposition Pilot Study to collect dry 
deposition samples of trace metals.  

To generate data most easily comparable to this previous monitoring effort in the 
SF Bay region, in this study of Castro Valley atmospheric deposition we also elected to 
use the same direct surrogate surface method.  The sampler “Egret I” (Figure 3) used in 
this study and the previous RMP study was an adaptation of the prototype developed 
previously by Professor Holsen,  (Holsen et al. 1991).  The original sampling device, with 
greased Mylar films mounted on a knife-edge plate, has been described by Yi and 
associates (Yi et al. 1997a, Yi et al. 1997b), and evaluated by other investigators (Holsen 
et al. 1993, Pirrone et al. 1995, Paode et al. 1998).  A modified sampler with a larger 
surface area developed and manufactured for the previous RMP study was also used here.  
The total exposed surface area was 500 cm2.   Plastic materials were used to construct the 
frame and various parts the sampler.  In addition, transparent plastics were used 
whenever possible to reduce thermal microclimates induced from blackbody radiation.   

A cartridge plate bearing a greased Mylar film was pointed into the wind with a 
leading knife-edge to provide a laminar or non-turbulent flow of air over the surface of 
the film.  The L-Apiezon grease applied to the Mylar film provided a sticky surface to 
capture particles, and prevent particle bounce and loss (Noll et al. 1990).  L-Apezion 
grease is largely free of the elements being monitored.   

At the analytical laboratory, Mylar film was cleaned sequentially with methanol, 
~2% nitric acid, and deionized distilled water.  After washing, the Mylar film was air-
dried and mounted in a plastic cartidge plate.  Approximately 150 mg of L-Apiezon 
grease was then applied to each film, using low heat to aid in spreading the grease.  Each 
catridge plate was placed into a plastic box that was in turn enclosed in two plastic bags 
by the laboratory.  The sampling plates were then shipped to SFEI. 

When installing or retrieving samples, ultra-clean field techniques adapted from 
EPA Method 1669 “Sampling Ambient Water for Trace Metals at EPA Water Quality 
Criteria Levels” (USEPA 1996) were practiced to minimize contamination from field 
operations.  The Egret I sampler could hold up to two wind-vanes that pivot according to 
the wind direction (Figure 3).  However, generally only one vane was mounted in the 
sampler at a time, with the exception of collection periods when field replicates were 
collected.  A Mylar film on a surrogate surface cartridge plate prepared by the laboratory 
was removed from its shipping container and mounted and secured to the wind-vane with 
plastic clips.   

Each greased Mylar film was exposed 48 hours for collection.  Field site and 
sample conditions were recorded on a field observation form (FOF).  Duplicate samples 
as well as trip blank samples were collected for a subset of sampling events 
(approximately 1 for each 10 field samples).  Trip blanks were transported to field sites 
but were not removed from their containers while in the field.   
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After samples were retrieved and returned to the laboratory, the greased Mylar 
film was rinsed with 50ml hexane to recover the collected material.  The Mylar film was 
rinsed a second (and often a third time) with hexane to ensure that all material was 
recovered, with the rinses collected for separate analysis.  Sample rinses were dried under 
vacuum, then microwave digested individually in 10 mL of 10% ultra-pure nitric acid.  
Samples were subsequently analyzed using inductively coupled plasma-mass 
spectrometer (ICP-MS) following EPA Method 200.8.   Urban particulate matter (UPM) 
standard reference material (SRM) from NIST was analyzed along with samples to 
evaluate method recovery and quantitation accuracy. 

3.6 Gaseous Trace Organics 
Benzene in ambient air was collected and analyzed using EPA Method TO-15, 

which employs an initially evacuated stainless-steel canister (at subatmospheric 
pressure). A sample of ambient air is drawn through a coarse filter to exclude particles 
which would jam the canister valve or contaminate the casnister interior.  A mass flow 
controller regulates the rate and duration of sampling into the pre-evacuated canister.  For 
this study ambient air samples were collected concurrently with dry deposition samples 
(48 hour integrated samples). After the air sample was collected, the canister valve was 
closed, an identification tag was attached to the canister, a chain-of-custody (COC) form 
completed, and the canister was shipped to the laboratory for analysis. 

Each sample canister after being initially evacuated at the analytical laboratory 
was individually proofed to ensure that the valve operated properly and that no 
contaminating gases remain in the canister.  A mass flow controller (with attached 
vacuum gauge) was also calibrated to ensure that the proper flow rate was set for the 
planned deployment period.  The field team attached the flow controller to the canister 
and checked for tightness of the entire assembly by checking for loss of vacuum while 
the sample assembly was still capped and presumably closed to the atmosphere.  The 
initial vacuum of the canister was recorded on the FOF.  If all the equipment functioned 
properly to that point, the valve was opened for sample collection and left at the site for 
the collection period.  On completion of sampling, the field team noted the final vacuum 
of the canister and closed the canister valve.  The flow controller was removed from the 
canister, and the equipment returned to the laboratory for analysis. 

For analysis of volatile organics in ambient air samples, water vapor is reduced in 
the gas stream (as needed if applicable), and the VOCs are then concentrated by 
collection in a cryogenically-cooled trap. The cryogen is then removed and the 
temperature of the trap is raised. The VOCs originally collected in the trap are 
revolatilized, separated on a GC column, then detected by one or more detectors for 
identification and quantitation.  In this study the analytical laboratory used gas 
chromatography with a mass spectrometer operated using selective ion monitoring mode 
(GC-MS-SIM) 

3.7 Quality Assurance and Quality Control 
Overall sample handling techniques used in the study closely followed the general 

clean technique principles as described in USEPA Method 1669 (USEPA 1996).  
Equipment and material that had direct contact with samples were rigorously cleaned (see 
above).  Additionally, clean sample bottles and funnels were double bagged. Surrogate 
surface plates with greased Mylar films were placed in polyethylene boxes before being 
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enclosed in clean plastic bags.  Powder-free polyethylene gloves were worn when 
handling samples.  

3.7.1 Wet and Bulk Deposition 
For wet and bulk deposition, the majority of samples were analyzed at Clarkson 

University in Professor Thomas Holsen’s laboratory.  For samples collected during the 
first two wet sampling events, a commercial laboratory (Caltest) analyzed wet deposition 
samples for copper only.   A summary of QA/QC results for the parameters reported are 
presented in Table 3.  The copper reporting limit of the commercial laboratory was 0.2 
µg/L (ppb), which was comparable to the method detection limit (MDL) for copper 
reported by the Holsen laboratory of 0.23 ppb.  MDLs for other analyzed elements, 
estimated as three times the standard deviations on replicates of laboratory blanks, are 
also shown in Table 3.  Data presented in this report are not blank-corrected although 
laboratory method blanks are used in calibrating the instrument.  

System blanks were periodically collected to assess any contamination resulting 
from field operations.  A system blank was generated by rinsing a small volume (20ml) 
of ultra-pure water through the sample funnel and collecting it in the sample bottle to 
determine the amount of contamination of the sampling train, similar to the process used 
at the end of collecting a bulk deposition sample.  Table 3 also presents concentrations of 
analytes found in system blanks.  Many of the trace elements were detected in the system 
blanks at concentrations above the MDL, particularly for elements typically  abundant in 
both natural and anthropogenic sources (Mg, Al, Si, Fe, Zn).  However, because the 
system blank volumes are small, the amounts per sample of even the most abundant 
contaminants (Fe and Mg) in system blanks averaged ~1 µg, well below the total 
amounts of these elements typically found in field samples, which typically have larger 
volumes. 

3.7.2 Dry Deposition 
Summary results of quality assurance and quality control (QA/QC) measurements 

for dry deposition samples are presented in Table 4.  One blank result for copper was 
over 4 standard deviations from the mean of the remaining blank results and was 
discarded as an outlier.  Method detection limits (MDL) were defined as three times the 
standard deviation of blanks and are shown in Table 4 (in units of µg per sample). Like 
wet deposition samples, results for dry deposition samples in this report were also not 
blank-corrected.   

Recoveries and RSDs on replicate analyses of the UPM reference material on 
average met the DQOs established for the Pilot Study (Table 4).  Recoveries on trace 
elements on average deviated from the certified value by 10% or less, with the exception 
of Ni and Al.  The average recovery error for Ni was 18%, and the average for Al was 
26%, slightly over the target DQO.  Precision on replicate analyses of the reference 
material was generally quite good, ranging 1-22% RSD. 

3.7.3 Ambient Gas Collection 
Benzene sampling QA/QC consisted of  blank proofs on the collection canisters, 

and surrogates spiked to the canister prior to analysis.  All canisters were proofed by the 
laboratory individually prior to shipment for field sampling.  Benzene was not detected in 
any canisters.  On arrival, canisters were tested for tightness (< -29 in Hg vacuum) with a 
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vacuum gauge supplied by the laboratory.  After deployment, canisters were checked for 
remaining vacuum.  Some canisters that reached ambient pressure (due to small leaks in 
connectors, misadjusted flow controllers, or any other reasons) at the end of sampling 
were not analyzed, as the time of sampling completion could not be known and some loss 
of gases from the canister could have occurred.  At the lab prior to analysis, canisters 
were spiked with labeled recovery surrogates.  Recoveries of all surrogates were within 
control limits of the lab. 

 
4.0 RESULTS AND DISCUSSION 

This section presents results of the monitoring and loading estimates of the 
selected trace metals from the atmosphere to sampling sites in the Castro Valley Creek 
Watershed.  These estimates are further compared with estimates of trace metal loading 
from atmospheric deposition previously found in the SF Bay areas in the RMP 
Atmospheric Deposition Pilot Study, and results from studies in other regions. 

 
4.1 Wet Deposition 
A total of 49 precipitation samples were collected and analyzed from the two to 

four stations monitored over the course of the study, including field replicates and 
bulk/wet splits (Table 1). Sample volumes ranged from approximately 20 mL to nearly 
800 mL for wet and bulk samples collected. Smaller sample funnels were deployed 
starting in 2005 to reduce the threat of overfilling bottles during a series of severe winter 
storms, so collected volumes of wet and bulk samples are proportional only within each 
of the two sampling periods (before and after December 29, 2004).  Furthermore, all bulk 
samples contain approximately 20mL of added water used to rinse the collection funnel, 
so collected volumes for bulk samples do not represent only precipitation.  A number of 
samples were not successfully collected over the course of the study, indicated by “MF” 
(malfunction) in Table 1.  Malfunctions in sample collection have included failure of the 
automated sampler lid to open due to jamming or sensor failure, funnels becoming 
disconnected from bottles, and unauthorized removal of a bulk sampler (by an unknown 
party) in one case.   

Concentrations of the measured trace elements in wet and bulk samples varied 
widely among sampling events at each site and among the four sites.  Average  
concentrations measured by the laboratory in each collected sample are presented in the 
appendix in Table A-1.  Average concentrations of trace elements measured in samples 
for the different sites are summarized in Table 5.  For bulk samples in particular, metal 
concentrations in the collected water would be expected to vary widely, as some bulk 
samples would represent 14-day periods that were entirely or nearly dry, with all dry 
deposition in the collection funnel to that point being washed down and collected in a 
small volume of water rinsing the funnel at the end of the collection period.  In contrast, 
collections from extended rainy periods would have a large volume of water effectively 
diluting any dry material that had deposited in the funnel. 

One sample from Madison (October 20-Nov3) had an unusually high 
concentration of copper (~22 ppb) despite occurring during a period with a moderate 
amount of rain.  On reanalysis by the laboratory, the high measured concentration was 
reconfirmed.  However, for nearly all of the samples collected, a number of the trace 
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elements correlated extremely well; for example copper concentrations correlate 
extremely well with zinc, but the one sample from Madison in this period did not, with a 
ratio of Cu/Zn well outside the usual range  (Figure 4).  This value was therefore flagged 
as an outlier and was not included in calculations of flux rates or in statistical analyses. 

Fluxes for wet and bulk deposition rates (µg·m-2·d-1) at the various sampling sites 
were calculated by using equation (1) shown below: 

 

F = C*V/A/EP        (1) 

 

Where   F = Deposition flux rate 
C = Concentration of trace elements in the collected sample 
V = Volume of sample collected, including water for funnel rinse 
A=  Cross sectional surface area of the collection funnel 
EP = The exposure period 

 
The surface area of collection funnels was calculated from their diameters at their 

widest points, and the other parameters were measured or recorded for each sample 
collected.  Deposition fluxes for all the wet and bulk deposition samples are determined 
using this calculation, and tabulated in the appendix in Table A-2. Although for a number 
of measured elements, a large number of concentration results measured in wet and bulk 
samples were below the MDL (defined as 3*stdev of replicate blank analyses determined 
at the laboratory), it was decided to use the concentrations reported at less than MDL to 
calculate fluxes, as measures commonly used to assign values to non-detect records (e.g. 
assigning 0, half the MDL, or the MDL) can potentially introduce biases to the data set. 

Similar to concentrations, flux rates in bulk and wet samples also varied widely 
among sites and between collection events within any particular site.  Despite the 
variability, when the data are aggregated for each site and type of collection, some 
patterns emerge.  Table 6 shows averages and standard deviations of calculated flux rates 
for all wet and bulk collection events during the study.  

As shown in Table 6, for many of the trace elements, flux rates at Redwood 
averaged higher than at other sites.  Mean copper deposition rates for Redwood were 
significantly higher (p< 0.05) than at the other sites using both parametric (Student’s T-
test, Tukey HSD) and nonparametric (Kruskal Wallis) statistical tests.  Other elements for 
which deposition was significantly higher for Redwood than at other sites include Fe, Zn, 
Sr, Sb, and Ba. Parameteric and nonparametric analyses generally agreed on significance 
of differences, although the Tukey HSD test indicated a significant difference for Pb, 
whereas the Kruskal-Wallis did not. 

On three occasions, bulk samplers were deployed at one or both of  the wet 
deposition locations in order to collect both sample types side by side.  On two of those 
events, either one or both of the samplers malfunctioned, and a sample could not be 
collected.  However, two bulk samples (one at CVE and one at CVCC) were collected on 
events where the precipitation sampler appeared to be functioning properly.  For the CVE 
sample (collected 29-Dec-2004 to 12-Jan-2005), the mass of water collected differed only 
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by approximately the amount of water used for the collection rinse (651-633g = ~20mL).  
However, for the CVCC sample (collected during 9-Feb to 23-Feb-2005), the sample 
volumes collected differed by over 150mL, even though the automated sampler appeared 
to be functioning properly at the time the sample was collected.  One possibility is that 
power to the roof outlet had been turned off for part of the collection period. 

As was expected, wet deposition collected in these samples was lower than bulk 
deposition in the samples from the same period at the same sites.  Despite the collected 
volumes being virtually identical, nearly all deposition rates for the bulk collection bottle 
at CVE 29-Dec to 12-Jan were higher than for the corresponding wet deposition sample 
collected.  Similarly, the pair of samples from CVCC 9-Feb to 23-Feb had greater 
deposition rates for nearly all trace metals in the bulk sample, although the larger 
difference in collected volumes may have also contributed to the differences in observed 
deposition. 

All other bulk and wet deposition samples were collected on different events at 
the various sites, and biases may occur because the bulk of bulk samples were collected 
from wet deposition sites during periods where rain was expected to be sporadic.  
However, the patterns seen are consistent with the expectation that for any given site and 
event; bulk samples would contain at the least all the elements in precipitation collected 
in wet deposition samples, plus any additional deposition occurring during periods when 
it was not raining. 

 

4.2 Dry Deposition  
A total of 47 dry deposition samples were collected at up to the four monitoring 

stations over the course of the study.  For some of the sampling events, duplicate samples 
were collected from one of the stations.  The exposure duration was 48 hours for all 
collection events.   

Similar to the wet and bulk deposition monitoring, the dry deposition rate (µg·m-

2·day-1) at any given sampling site can be calculated using the same general formula: 
 

F = C*V/A/EP        (1) 

Where here F = Deposition flux rate 
C = Concentration of trace element in the analyzed extract 
V = Volume of final extract 
A=  Exposed area of the surrogate surface collector 
EP = The exposure period 

 
Dry deposition fluxes for individual samples, including field replicates, are 

tabulated in appendix Table A-3.  Dry deposition fluxes varied among  sampling events 
at all the sampling locations and are average dry deposition rates are summarized for the 
various sampling sites in Table 7.   

Similar to trends seen in the wet and bulk deposition data, for nearly all elements, 
deposition at Redwood was significantly higher (for Ti, V, Mn, Fe, Co, Cu , Zn, Sr, Ba, 
Pb, using both Tukey HSD and Kruskal Wallis tests) than at least one other site.  
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Generally Redwood was significantly different from at least Madison, but for some 
elements Redwood was higher than all other sites.  Similarly, dry deposition at Madison 
was nearly always the lowest, with significant differences from one or more other sites.   
CVCC and CVE generally fell in between, significantly different from Redwood or 
Madison for some elements but not others. 

Unlike results found previously in the SF Bay area (Tsai et al 2001), deposition 
fluxes were not significantly lower during the wet season, although a contributing factor 
may have been the small sample number for any given site (a maximum of five wet 
season sampling events, and eight dry season events).  Similarly, comparisons of 
weekend versus weekday samples taken on three occasions showed no significant 
differences.   

Average dry deposition flux rates (converted to an annual basis) were higher than 
reported in the previous RMP atmospheric deposition study (Table 8).  Dry deposition 
fluxes in Castro Valley fell within the middle and upper range of those observed in urban 
areas and around other lakes and bays in the USA  (Holsen et al. 1993, Wu et al. 1994, 
Golomb et al. 1997, Paode et al. 1998, Sweet et al. 1998, Zufall et al. 1998, Shahin et al. 
2000).  Results are most comparable to other studies using similar methods, as direct 
methods such as surrogate surface plates may yield measurements much higher than 
indirect methods with dichotomous air samplers.  This discrepancy due to different 
sampling methods is apparent in Table 8, as indirect methods generally reported lower 
deposition rates. 

Concentrations of copper detected in precipitation samples collected from Castro 
Valley were similar to those in a previous study of the San Francisco Estuary and those 
found in the Great Lakes area by Sweet et al. (1998) (Table 9). In Table 9, both wet and 
bulk results for this study are aggregated to derive averages.  Deposition fluxes of trace 
metals to Castro Valley estimated in this study were also similar but higher than those in 
the RMP pilot study and within the range of the fluxes reported for the Great Lakes 
(Sweet et al. 1998), Massachusetts Bay (Golomb et al. 1997), and Chesapeake Bay 
(Scudlark et al. 1994). 

Dry deposition fluxes around Lake Michigan from December 1993 to October 
1995, using an automated dry deposition sampler with knife-edge surrogate surfaces, 
were approximately 10, 7, 0.2, and 1.0 µg·m-2·day-1 (corresponding to 3,650, 2,555, 73, 
and 365 µg·m-2·yr-1) for Cu, Ni, Cd, and Cr, respectively (Shahin et al. 2000).  Indirect 
estimates made using dichotomous sampler during 1993 and 1994 and an estimated 
overall deposition velocity around Lake Michigan as one of the IADN monitoring 
stations yielded lower dry deposition fluxes of 1,300, 320, 380, 130  µg·m-2·yr-1 for 
copper, nickel, cadmium, and chromium respectively (Sweet et al. 1998).   Golomb et al. 
(1997) used both direct and indirect methods to measure the dry deposition of trace 
metals to the Massachusetts Bay, and found higher deposition flux of chromium by over 
a factor of two for the direct method versus an indirect method.   

Although both this study and the previous RMP study in SF Bay both used the 
same sampler design for direct measurements of dry deposition, the much higher Cu 
deposition fluxes measured in Castro Valley (e.g. ~20 µg·m-2·d-1 or ~7000 µg·m-2·yr-1) 
compared to bay sites are not surprising.  That study located monitoring sites as near to 
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the bay as possible while avoiding sources such as roads as much as practicable, whereas 
this study aimed to capture the maximum impact of traffic and urban actiivities.   

4.3 Benzene Monitoring 
Results of Benzene monitoring are presented in Table 10.  Ambient benzene 

concentrations ranged 0.10 to 0.48 ppbv.  For all sampling events, benzene 
concentrations at Redwood were higher than those at Madison.  One pair of samples 
taken concurrently at Redwood (Nov 19-21) averaged 0.34 ?  0.05 ppbv, whereas a 
sample from Madison taken at the same time (a weekend period) measured 0.14 ppbv.  A 
sample taken at Madison on the prior weekdays (Nov 17-19) measured 0.25 ppbv, 
suggesting a weekend versus weekday difference in ambient benzene.  However, 
considering the variability of field replicate samples taken, and assuming that variability 
at Madison would be similar (?  0.05 ppbv), the weekend/weekday difference would not 
be statistically significant (p >0.05) in large part due to the small sample number.  When 
all the sampling events are considered together, the difference between Redwood and 
Madison is significant.  Ambient benzene concentrations are moderately correlated to 
copper deposition rates (R2 = 0.49, Figure 7). 

4.4 Sources of Copper and Other Elements 
Examining he ratio of Cu to Fe or other elements found in environmental samples 

is one method of bounding or scaling of the origin of their sources.  In this study, the 
Fe/Cu ratio was approximately 100 in the dry deposition samples.  This is in contrast to a 
ratio of 10-20 in the precipitation samples, and 30 in bulk deposition samples.  All these 
are in a range similar to a ratio of around 60 for the NIST UPM (used in this study as an 
SRM for analyzing samples).  Because the ratio of Fe/Cu in soils is approximately 1400 
(Bradford, 1996), differing ratios of copper enhancement in samples may reflect smaller 
and larger contributions of iron from soil sources diluting copper from brake pads and 
other urban pollution sources. 

If we assume that all the iron in an average dry deposition sample (Fe/Cu of 100) 
orginates from soil sources with (Fe/Cu approximately 1000), then at most (i.e., assuming 
all other copper in the sample originated from a pure copper source), we can expect that 
at most 10% of the copper in the sample originated from the soil.  Taking a ratio of the 
sample Fe/Cu to a potential source Fe/Cu (e.g. 100/1000 in this case) rapidly indicates the 
maximum contribution of the potential source to the Cu in a sample, up to the point 
where the sample and source ratios are identical (i.e. in that case, all Cu in a sample could 
then have come from the source, as the ratios are identical).  

In the RMP Atmospheric Deposition Pilot Study, the Cu/Ni ratio was explored as 
a possible indicator or differing pollutant sources or transport mechanisms. The average 
in this study is similar to that reported by CARB in ambient air monitoring, with average 
Cu/Ni ratio of about 7:1.  The Cu/Ni ratio found in CARB’s ambient air samples varied 
with locations, ranging from 4:1 in San Jose to 11:1 in Concord.  However, because the 
detection limit in this study is higher than in the RMP study, determining ratios with 
more abundant elements (such as Fe) is preferable, as Cu/Ni ratios would vary widely, 
especially for measurements of Ni near its detection limit. 
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4.5 Comparison to Other Loading Pathways  
In the previous RMP atmospheric deposition study, one objective was to quanity 

the contributio of atmospheric deposition relative to other sources and pathways of 
pollutants (Table 11).  Loading estimates via atmospheric deposition in Table 11 were 
based on measurements of deposition flux at the sites in that previous study.  Although 
many of the assumptions used in that exercise were quite crude, it served as a screening 
level evaulation, highlighting first-order estimates for various sources and pathways, and 
revealing the large uncertainties associated with many of these estimates. 

One goal of this BPP project is to combine monitoring and modeling to develop 
our best integrated understanding of pollutants (i.e. particularly copper Cu) from their 
emissions, to transport, and fate in the environment.  Other members of the project team 
will be engaged in measuring and modeling those components of the study of the 
environmental fate of brake pad wear material.  Therefore, for this portion of the study, 
refining the previous calculated watershed loadings of pollutants and their transport to the 
Bay is not an objective, as those questions will be better addressed by the detailed 
modeling components of the study.  

However, we will note that bulk deposition rates measured in Castro Valley for 
this study for copper are at least 50% higher than the combined wet and dry copper flux 
estimates found previously for San Francisco Es tuary sites in the RMP pilot study.   
Although those measurements are more appropriate for determining direct deposition to 
the water surface given the closer proximity of thosee monitoring sites to the bay, for 
estimates of pollutant deposition and loading rates in the watersheds, this study likely 
provides more appropriate data.   Furthermore, if the average dry deposition rates found 
for these sites in Castro Valley are presumed to be representative of those in other 
watersheds around the Bay (about 4 times higher than those in the RMP study), then 
indirect atmospheric deposition could account for up to a quarter of the stormwater inputs 
of copper estimated in Table 11. 

One open question is whether surfaces in the watershed behave more like the 
surrogate surface plates, which prevent resuspension one particles are deposited, or more 
like the bulk collectors, on which materials can be continually deposited and resuspended 
to a degree.  Watersheds are likely to have both types of surfaces, but the surfaces that are 
most likely to prevent wind resuspension such as vegetated soils are also most likely to 
retard surface runoff of deposited particles, whereas smooth impervious surfaces that will 
allow rapid surface runoff of particles are also likely to yield particles to wind 
resuspension. 

 
5.0 CONCLUSIONS 

Various trace elements were measured in collected precipitation and from 
surrogate surface plates deployed at various locations in the Castro Valley Creek 
watershed.  Copper, and other pollutants of interest were measured in samples, and 
similar to results from a previous study in San Francisco Bay, concentrations found in 
samples varied widely among sites and among collection events for any site.  Average 
wet, bulk, and dry deposition rates fell within the range seen for other urban areas in the 
United States, with average deposition rates exceeding those measured previously for 
sites located nearer the bay.  



BPP- Castro Valley Atmospheric Deposition Study   DRAFT 8Apr2005 DO NOT CITE OR QUOTE 

21 

Wet or bulk deposition rates were significantly different among the sites for some 
trace elements, with the site at Redwood Road under Highway 580 receiving the most 
deposition.  However, for many of the trace elements, the Redwood site was higher but 
not significantly above the other sites in the lower watershed, Castro Valley Community 
Center and CVE.  The site at Madison Reservoir, high in the watershed, generally 
received the least deposition, as vehicle traffic and other activities are generally restricted 
to residents of the housing development located there. 

Dry deposition fluxes were also found to be significantly different among the 
various sites, again with the Redwood Road site generally showing the highest flux, 
Madison showing the lowest as expected, and the other two sites falling in between.  Dry 
deposition rates measured for the surrogate plates were much higher than previously 
found for sites in SF Bay.  Sampling site conditions span the range of those that may be 
found in many Bay area communities, from heavily traveled highway corridors and 
commercial districts, to quiet residential neighborhoods.  Deposition rates (whether bulk, 
wet, or dry) measured here likely better represents the typical conditions  seen in regional 
watersheds for the modeling and estimating atmospheric pollutant loads. 

A bulk deposition sampler was collocated with one of the automated precipitation 
samplers on two of the sampling events, as expected measured additional deposition not 
captured the wet sampler.  On one occasion, the differences in collected precipitation 
were negligible, so it is likely that the added deposition was from dry material deposited 
in the collector during dry periods during the sampling.  In the other sampling event, the 
bulk collector captured a greater volume of fluid, suggesting shielding of the collection 
funnel during part of the collection period (e.g. moisture sensor not being sufficiently 
sensitive for some small rain events, power interruption, temporary jamming).   

However, even the highest deposition rates measured for bulk samplers remain 
below those seen for the greased surrogate surface plates (dry deposition collectors).  
Unlike the grease on the surrogate surface plate, which prevents resuspension and loss of 
deposited material, bulk collector surfaces do not bind the deposited particles and thus 
allow resuspension losses and lower measured net flux.  Despite the complications of 
modeling and interpreting measured results for bulk samplers versus more idealized 
collectors such as surrogate plates and wet-only precipitation collectors, their simplicity, 
small size, and low expense allow monitoring at sites that would be otherwise difficult to 
utilize. 

For a limited number of dry deposition collection events near the end of the study, 
canister collectors were deployed to capture ambient gases for measurement of benzene.  
As expected, the ambient concentrations at the Redwood Road site were higher than for 
Madison Reservoir.  However, one sample taken at CVE indicates concentrations similar 
to those at Redwood, within the analytical variability for a pair of samples collected 
simultaneous ly at Redwood.  The benzene data further confirms our expectations from 
observations that traffic volume and thus benzene and other automotive pollutants are 
likely to be higher at Redwood than at the upper watershed site at Madison Reservoir. 

The data collected in this study show that deposition rates of trace element 
pollutants such as copper, zinc, and other metals associated with vehicle traffic and other 
urban activities would be found higher than at sites in a previous SF Bay region study 
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that intentionally located monitoring sites away from such sources.  The data suggest 
average copper deposition rates four to five times those previously measured, although 
results are likely skewed by location of one of the sites virtually below one of the 
region’s busiest highways.  However, data from less impacted but still highly urbanized 
sites within Castro Valley indicate deposition rates still well above those in the previous 
regional study.   The range of sites monitored in Castro Valley greatly improves our 
knowledge of local atmospheric deposition for the modeling of pollutant transport within 
this watershed, as well a providing more appropriate data for extending modeling efforts 
and atmospheric pollutant load estimates to other urban watersheds surrounding San 
Francisco Bay. 
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Figure 1. Sampling Sites in Castro Valley  
(left to right) Castro Valley Community Center, CV Elementary, Redwood Professional 
Building, Madison Reservoir 
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Figure 2.  Wet Deposition Sampling Device  
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Figure 3.  Dry Deposition Sampling Device (Egret I) 
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Figure 4. Copper and Zinc Correlation in Wet & Bulk Samples 
One likely outlier from Madison (Oct20-Nov3) in contrasting color 



BPP- Castro Valley Atmospheric Deposition Study   DRAFT 8Apr2005 DO NOT CITE OR QUOTE 

30 
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Figure 5. Collocated Wet versus Bulk Samples CV Elementary  
Wet sample deposition rates were lower for most trace elements despite similar volumes 
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Figure 6. Collocated Wet vs Bulk Samples CV Community Center 
Like in previous figure (CVE), most elements in bulk sample > wet 
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Figure 7. Relationship of Cu Dry Deposition Rate to Ambient Benzene 
Measurements 
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Table 1. Wet and Bulk Samples Collected 
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3/17/2004 3/31/2004  1 1        
3/31/2004 4/21/2004  1 1        
4/21/2004 5/26/2004  NR NR        
5/26/2004 6/9/2004  MF 1        
6/9/2004 7/7/2004       1 1 1  

10/6/2004 10/20/2004       1 1 1 1 
10/20/2004 11/3/2004       1 1 1 1 
11/3/2004 11/17/2004       1 1 1 1 

11/17/2004 12/3/2004  1 1      MF 1 
12/3/2004 12/17/2004  MF MF    1 1 2 1 

12/17/2004 12/29/2004  1 1      1 1 
12/29/2004 1/12/2005  MF 1    1 1 2 1 
1/12/2005 1/26/2005           
1/26/2005 2/9/2005  1 1      1 1 
2/9/2005 2/23/2005  1 2    1  2 1 

 total   6 9    7 6 12 9 
MF = malfunction of sampler or sampling train  
NR = no rain on wet collection 
 

Table 2. Dry and Gaseous (Benzene) Samples Collected 

S
ta

rt
 

en
d 

d
ry

 

C
V

C
C

 

C
V

E
 

M
ad

is
on

 

R
ed

w
o

o
d

 

ga
s 

C
V

C
C

 

C
V

E
 

M
ad

is
on

 

R
ed

w
o

o
d

 

7/7/2004 7/9/2004  1  1 1      
7/28/2004 7/30/2004  1  1 1      
8/18/2004 8/20/2004  1  1 1      
8/20/2004 8/22/2004  1  1 1      
8/31/2004 9/2/2004  2  1 1      
9/15/2004 9/17/2004  2  1 1      
9/29/2004 10/1/2004  2  1 1      
10/1/2004 10/3/2004  2  1 1      

11/17/2004 11/19/2004  1 1 1 1    1  
11/19/2004 11/21/2004  1 1 MF 1    1 2 
12/15/2004 12/17/2004  1 1 1 1    1 1 
1/19/2005 1/21/2005  1 1 1 1    1 MF 
2/9/2005 2/11/2005  1 1 1 1   1 1 1 

 total  17 5 12 13   1 5 4 
MF = malfunction of sampler or sampling train 
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Table 3.  QA/QC for Wet and Bulk Deposition Samples (in ppb) 

 
Method blank 

stdev MDL 
System blank 

average 
Average 

RSD 
24Mg 0.083 0.25 57 17% 
27Al 0.1 0.3 19 19% 
28Si 1.454 4.36 7.7 22% 
47Ti 0.209 0.63 0.22 32% 
51V 0.26 0.78 0.077 9% 
52Cr 0.067 0.20 0.35 16% 
55Mn 0.016 0.048 0.85 9% 
56Fe 0.15 0.45 54.7 17% 
59Co 0.006 0.018 -0.014 26% 
60Ni 0.287 0.86 -0.21 13% 
65Cu 0.076 0.23 0.77 14% 
66Zn 0.095 0.29 8.19 13% 
88Sr 0.006 0.018 0.07 8% 

111Cd 0.006 0.018 0.021 12% 
121Sb 0.002 0.006 -0.054 20% 
137Ba 0.022 0.066 0.21 9% 
208Pb 0.005 0.015 0.33 29% 

MDL - Method detection limit 
RSD – Relative Standard Deviation of lab replicate analyses, for FS averaging at least 3xMDL 

Table 4. Quality Assurance and Quality Control Parameters for Dry Deposition                
Samples (in ug/sample) 

 

Method & 
trip blank 

avg 

Method & 
trip 

blank stdev MDL 
RSD on 

SRM 
SRM 

%ERR avg 
24Mg 0.67 0.48 1.43   
27Al 1.53 1.34 4.03 4% 26 
28Si 4.38 3.15 9.46   
47Ti 0.08 0.08 0.24   
51V 0.01 0.03 0.09   
52Cr 0.41 0.28 0.85   
55Mn 0.13 0.32 0.95   
56Fe 1.65 1.37 4.11 4% 10 
59Co 0.01 0.03 0.09   
60Ni -0.02 0.13 0.38 22% 19 
65Cu 0.18 0.61 1.84 6% 6 
66Zn 0.88 0.81 2.43 1% 8 
88Sr 0.02 0.04 0.13   

111Cd 0.02 0.04 0.11 2% 8 
121Sb 0.004 0.03 0.08 2% 9 
137Ba 0.07 0.12 0.36   
208Pb 0.09 0.14 0.41 2% 7 

MDL – Method detection limit  
RSD – Relative standard deviation 
SRM – Standard reference material NIST UPM (1648) 
%ERR – % difference from certified value 
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Table 5. Average Wet and Bulk Sample Concentrations (ppb) in Castro Valley 
 CVCC  CVCC  CVE  CVE  Madison  Redwood  
 bulk  wet  bulk  wet  bulk  bulk  
 av sd av sd av sd av sd av sd av sd 

24Mg 326 ± 471 91 ± 110 361 ± 441 186 ± 173 155 ± 165 175 ± 148 
27Al 189 ± 346 31 ± 15 183 ± 240 105 ± 165 43 ± 78 101 ± 99 
28Si 197 ± 376 17 ± 13 208 ± 254 58 ± 121 46 ± 101 112 ± 97 
47Ti 1.7 ± 1.5 0.4 ± 0.3 2.1 ± 1.3 2.9 ± 5.2 1.1 ± 1.8 2.0 ± 1.2 
51V 0.7 ± 1.1 0.1 ± 0.1 0.7 ± 0.8 0.3 ± 0.3 0.3 ± 0.5 0.4 ± 0.3 
52Cr 0.5 ± 0.6 0.2 ± 0.1 0.5 ± 0.4 0.6 ± 0.9 0.2 ± 0.2 0.4 ± 0.3 
55Mn 11.4 ± 19.3 1.2 ± 0.7 9.9 ± 12.9 2.3 ± 2.3 4.9 ± 11.9 6.6 ± 5.9 
56Fe 195 ± 310 23 ± 15 194 ± 217 19 ± 13 41 ± 58 186 ± 186 
59Co 0.2 ± 0.4 0.0 ± 0.0 0.2 ± 0.3 0.1 ± 0.1 0.1 ± 0.2 0.1 ± 0.1 
60Ni 0.9 ± 1.4 0.2 ± 0.6 1.0 ± 0.8 0.3 ± 0.9 0.3 ± 0.8 0.6 ± 0.8 
65Cu 5.6 ± 8.2 1.8 ± 1.3 5.9 ± 7.0 1.9 ± 1.1 3.0 ± 5.9 4.9 ± 4.2 
66Zn 43 ± 76 10 ± 8 36 ± 45 13 ± 9 23 ± 44 37 ± 37 
88Sr 4.9 ± 7.6 0.9 ± 0.7 4.9 ± 5.8 2.3 ± 1.5 2.2 ± 4.2 6.1 ± 6.9 

111Cd 0.1 ± 0.1 0.0 ± 0.0 0.1 ± 0.1 0.0 ± 0.1 0.0 ± 0.1 0.0 ± 0.1 
121Sb 0.2 ± 0.2 0.1 ± 0.1 0.4 ± 0.5 0.3 ± 0.3 0.1 ± 0.1 0.4 ± 0.2 
137Ba 9.7 ± 15.8 1.9 ± 0.9 9.2 ± 11.2 2.6 ± 1.8 3.3 ± 5.6 11.1 ± 9.5 
208Pb 3.5 ± 6.0 0.6 ± 0.4 3.1 ± 4.4 0.7 ± 0.4 1.2 ± 2.4 1.9 ± 1.8 
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Table 6. Average Wet and Bulk Deposition Rates (µg·m-2·d-1) of Castro Valley Sites 
 CVCC  CVCC  CVE  CVE  Madison  Redwood  
 bulk  wet  bulk  wet  bulk  bulk  
 avg sd avg sd avg Sd avg sd avg sd avg sd 

24Mg 603 ± 104 545 ± 100 671 ± 284 658 ± 484 489 ± 642 425 ± 406 
27Al 186 ± 50 143 ± 51 223 ± 53 185 ± 31 59 ± 66 174 ± 107 
28Si 175 ± 24 108 ± 16 275 ± 33 267 ± 19 58 ± 87 204 ± 140 
47Ti 3.4 ± 0.7 3.1 ± 0.2 4.4 ± 0.8 3.5 ± 0.5 1.8 ± 1.7 4.0 ± 2.4 
51V 0.9 ± 0.2 0.6 ± 0.1 1.1 ± 0.2 0.6 ± 0.1 0.5 ± 0.3 0.7 ± 0.4 
52Cr 0.9 ± 0.4 0.3 ± 0.4 0.9 ± 0.4 0.5 ± 0.2 0.6 ± 0.3 0.9 ± 0.4 
55Mn 14.4 ± 1.6 14.1 ± 0.4 13.8 ± 1.9 17.3 ± 0.9 5.4 ± 8.8 12.4 ± 8.6 
56Fe 236 ± 31 165 ± 9 271 ± 31 224 ± 25 77 ± 81 321 ± 158 
59Co 0.2 ± 0.0 0.3 ± 0.1 0.2 ± 0.0 0.2 ± 0.1 0.0 ± 0.2 0.2 ± 0.2 
60Ni 1.1 ± 0.4 2.1 ± 1.1 1.8 ± 0.7 1.1 ± 2.1 -0.1 ± 2.4 1.0 ± 2.5 
65Cu 8.5 ± 2.1 4.2 ± 1.4 7.9 ± 2.5 4.8 ± 2.3 3.6 ± 1.9 9.0 ± 3.0 
66Zn 50 ± 13 22 ± 4 46 ± 19 31 ± 15 25 ± 11 64 ± 22 
88Sr 7.4 ± 1.1 5.1 ± 0.5 7.9 ± 3.1 6.1 ± 3.1 3.9 ± 3.9 12.2 ± 9.5 

111Cd 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 
121Sb 0.5 ± 0.1 0.3 ± 0.1 0.6 ± 0.3 0.3 ± 0.4 0.2 ± 0.3 0.7 ± 0.2 
137Ba 13.7 ± 2.6 6.5 ± 1.7 13.4 ± 5.6 9.0 ± 5.6 6.4 ± 5.7 21.1 ± 6.1 
208Pb 4.1 ± 1.0 3.5 ± 1.1 3.3 ± 1.5 2.6 ± 2.2 1.5 ± 0.8 3.5 ± 1.4 
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Table 7. Average Dry Deposition Rates (µg·m-2·d-1) to Castro Valley Sites 
 CVCC  CVE  Madison  Redwood  

 dry  dry  dry  dry  
 avg sd avg sd avg sd avg Sd 

24Mg 593 ± 322 397 ± 433 212 ± 161 1275 ± 1405 
27Al 891 ± 459 788 ± 741 307 ± 232 2636 ± 3964 
28Si 123 ± 56 113 ± 14 91 ± 34 138 ± 44 
47Ti 41.4 ± 17.5 38.6 ± 31.0 18.0 ± 8.1 93.5 ± 70.5 
51V 3.0 ± 1.4 2.7 ± 2.3 1.3 ± 0.6 6.2 ± 4.8 
52Cr 8.7 ± 2.9 11.8 ± 3.3 7.2 ± 3.1 12.5 ± 5.5 
55Mn 30.7 ± 13.7 33.3 ± 26.1 15.9 ± 7.1 63.3 ± 42.1 
56Fe 1568 ± 834 1181 ± 1054 579 ± 437 4541 ± 4160 
59Co 0.8 ± 0.3 1.1 ± 0.7 0.3 ± 0.2 1.4 ± 1.0 
60Ni 4.0 ± 2.0 8.2 ± 8.6 1.5 ± 1.8 6.1 ± 3.5 
65Cu 18.5 ± 5.4 16.3 ± 7.6 11.8 ± 9.6 30.8 ± 10.1 
66Zn 81 ± 24 79 ± 22 34 ± 12 174 ± 60 
88Sr 8.0 ± 3.1 7.2 ± 3.8 3.2 ± 1.6 25.9 ± 13.4 

111Cd 0.2 ± 0.3 0.6 ± 0.2 0.4 ± 0.5 0.3 ± 0.3 
121Sb 0.5 ± 0.3 0.7 ± 0.2 0.3 ± 0.2 0.8 ± 0.3 
137Ba 21.0 ± 7.4 18.9 ± 9.9 9.2 ± 3.3 52.1 ± 21.5 
208Pb 10.2 ± 4.3 8.4 ± 5.3 4.8 ± 2.3 15.0 ± 5.9 
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Table 8.  Estimated Dry Deposition Flux of Trace Metals Reported in the Literature  

Sampling Site Sampling 
Method 

Cu Nil Cd Cr Citation 

Urban Chicago2 D 21900 NA NA NA Paode et al. 1998 
Lake Michigan2 D 3650 NA NA NA Paode et al. 1998 
South Haven, MI2 D 2555 NA NA NA Paode et al. 1998 
Lake Superior3 I 2400 570 380 130 Sweet et al. 1998 
Lake Michigan3 I 1300 320 380 130 Sweet et al. 1998 
Lake Erie3 I 3300 460 400 1000 Sweet et al. 1998 
So. Lake Michigan4 D 2000 NA NA NA Zufall et al. 1998 
Massachusetts Bay5 D 2000 930 130 1200 Golomb et al. 1997 
Massachusetts Bay6 I NA NA NA 470 Golomb et al. 1997 
Chesapeake Bay7 I 290-810 330-910 11-32 110-300 Wu et al. 1994 
Lake Michigan D 3650 2550 75 360 Shahin et al. 2000 
SF Estuary8 D 1100?730 600?350 22? 15 1300?900 Tsai et al. 2001 
Castro Valley D 7150±3900 1530±1460 120±140 3500±1600 This study 

1 All data are presented in µg·m-2·yr-1. 
2 Average of three weekly composite samples taken in May 1994, July 1994, and January 1995. 
3 Average of monthly composite samples taken between summer 1993 and summer 1994. 
4 Average of four day measurements with two samples/day in July 1994. 
5 Average of bi-weekly composite samples collected at two sites from September 1992 to September 1993. 
6 Average of alternative bi-weekly composite samples collected at one site from September 1992 to September 1993. 
7 Range of low and high estimates from weekly composite samples collected between June 1990 and July 1991. 
8 Values represent mean ± standard deviation from all bi-weekly two 24-hr samples collected at three sites from August 1999 to August 2000. 
D – Direct method collecting particles deposited directly on surrogate surface plates. 
I – Indirect method collecting ambient air concentration and using modeling estimate. 
NA – Not analyzed. 
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Table 9.  Comparison of Trace Metal Concentrations and Deposition Fluxes Reported in the Literature to Results from this 
Study. 

  Cu Ni Cd Cr Citation 
Concentration in Precipitation (µg/L) 

Lake Superior 0.9±0.5 0.3±0.3 0.1±0.1 0.1±0.1 Sweet et al. 1998 

Lake Michigan 0.8±0.1 0.4±0.4 0.1±0.3 0.1±0.2 Sweet et al. 1998 

Lake Erie 0.9±0.1 0.3±0.2 0.1±0.1 <0.1 Sweet et al. 1998 

San Francisco Estuary*  1.2 0.4 0.1 0.2 Tsai et al. 2001 

Castro Valley 3.5 0.51 (<MDL) 0.043 0.41 This study 
Wet Deposition Flux (µg·m-2·d-1) 

Lake Superior 1.92 0.63 0.21 0.21 Sweet et al. 1998 

Lake Michigan 1.56 0.79 0.20 0.20 Sweet et al. 1998 

Lake Erie 2.33 0.77 0.26 0.17 Sweet et al. 1998 

Massachusetts Bay 1.37 1.70 0.38 4.11 Golomb et al. 1997 

Chesapeake Bay 0.71 0.70 0.13 0.24 Scudlark et al. 1994 

San Francisco Estuary 1.73 0.63 0.16 0.33 Tsai et al. 2001 

Castro Valley 2.34 ND 0.02 0.40 This study 

Total  (Dry+Wet) Deposition Flux (µg·m-2·d-1) 
Southern Quebec, Canada 3.26 1.62 0.74 0.63 Gelinas et al. 2000 

Lake Superior 8.49 2.19 1.25 0.57 Sweet et al. 1998 

Lake Michigan 5.12 1.67 1.24 0.55 Sweet et al. 1998 

Lake Erie 11.37 2.03 1.35 2.91 Sweet et al. 1998 

Massachusetts Bay 6.85 4.11 0.74 7.40 Golomb et al. 1997 

Commencement Bay, WA 20-149 8.4-49 NA 4.0-17 Crecelius 1991 

San Francisco Estuary 4.66 2.25 0.22 3.84 Tsai et al. 2001 
Castro Valley (bulk 
deposition) 6.9 0.76 0.068 0.78 This study 

*  Volume -weighted average concentration 
NA – Not analyzed 
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Table 10.  Ambient Benzene Concentrations in Castro Valley 
site start date end date conc ppbv conc ug/m3 

Madison 11/17/2004 11/19/2004 0.25 0.81 
Madison 11/19/2004 11/21/2004 0.14 0.46 
Madison 12/15/2004 12/17/2004 0.19 0.6 
Madison 1/19/2005 1/21/2005 0.16 0.53 
Madison 2/9/2005 2/11/2005 0.10 0.32 
     
Redwood A 11/19/2004 11/21/2004 0.30 0.97 
Redwood B 11/19/2004 11/21/2004 0.37 1.2 
Redwood 12/15/2004 12/17/2004 0.48 1.5 
Redwood 1/19/2005 1/21/2005 MF  
Redwood 2/9/2005 2/11/2005 0.28 0.88 
     
CVE 2/9/2005 2/11/2005 0.24 0.75 

Table 11.  Comparison of Trace Metal Loading to the San Francisco Estuary from       Atmospheric Deposition and Other 
Sources/Pathways (kg/year) 

Sources/Pathways Copper Nickel Cadmium Chromium Citation 

Total Atmospheric 
Deposition 5,900 2,800 280 4,800 Tsai et al. 

2001 
Direct Atmospheric 
Deposition  (dry + wet) 

1,900 
 

930 
 

90 
 

1,600 
 

Tsai et al. 
2001 

Indirect Atmospheric 
Deposition1 

4,000 
(6%)2 

1,900 
(4%)2 

190 
(8%)2 

3,200 
(8%)2 

Tsai et al. 
2001 

Effluent Discharges3 6900-
7300 

5600-
6100 98-330 1500-2000 Davis et al. 

2000 
Stormwater Runoff from 
San Francisco Bay 
Region4 

66,000 
(36,000 -
150,000) 

49,000 
(27,000 -  
78,000) 

2,300 
(1,300 - 
3,700) 

40,000 
(22,000 - 
64,000) 

Davis et al. 
2000 

Stormwater Runoff from 
Central Valley Region4,5 270,000 410,000 1,600 550,000 Davis et al. 

2000 
1 Indirect atmospheric deposition is derived from runoff and tributaries that are atmospheric in origin. 
2 Number in the parenthesis represents percentage of the loading from stormwater runoff in the San Francisco Bay Region. 
3 Data is extrapolated from the 1998 monitoring data from effluent dischargers that represented approximately 85% of the total discharges; lower number 
assumes zero value for non-detectable samples, and upper number uses value of detection limit for non-detectable samples. 
4 Include loading that is atmospheric in origin 
5 Crude estimates, according to Davis et al. (2000) 
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Table A-1 Wet and Bulk Sample Concentrations (ppb) 
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CVCC 17-Mar-04 31-Mar-04   205 0.01227 wet                     4.1             
CVCC 31-Mar-04 21-Apr-04   37 0.01227 wet                     1.7             
CVCC 09-Jun- 04 07-Jul-04   79 0.01227 bulk 1384 964 1044 3.50 3.10 1.91 54.3 882.2 1.093 3.94 23.9 213 21.9 0.251 0.63 45.3 16.79 
CVCC 06-Oct-04 20-Oct-04   650 0.01227 bulk 193 113 78 1.98 0.41 0.36 11.9 133.3 0.214 0.64 4.6 25 4.6 0.022 0.24 7.3 2.96 
CVCC 20-Oct-04 03-Nov-04   460 0.01227 bulk 166 105 101 2.54 0.65 0.39 4.4 140.5 0.115 0.99 3.5 22 2.5 0.031 0.28 4.7 1.99 
CVCC 03-Nov-04 17-Nov-04   316 0.01227 bulk 180 114 126 3.05 0.76 0.48 4.7 164.5 0.135 0.59 3.4 21 2.6 0.039 0.29 4.9 2.13 
CVCC 17-Nov-04 03-Dec-04   147 0.01227 wet 45 39 39 0.78 0.24 0.37 2.5 44.7 0.094   2.0 21 1.3 0.019 0.15 3.0 0.81 
CVCC 03-Dec-04 17-Dec-04   MF 378 0.01227 wet 61 23 26 0.53 0.14 0.14 1.1 28.4 0.013 0.33 1.9 6 0.8 0.007 0.08 1.4 0.43 
CVCC 03-Dec-04 17-Dec-04   755 0.01227 bulk 88 12 16 0.21 0.03 0.14 3.1 18.2 0.019 0.18 1.6 12 1.0 0.041 0.07 2.0 0.30 
CVCC 17-Dec-04 29-Dec-04   399 0.01227 wet 26 15 5 0.28 0.02 0.23 0.7 12.0 0.011   0.6 5 0.4 0.013 0.05 0.8 0.17 
CVCC 17-Dec-04 29-Dec-04   399 0.01227 wet 26 14 6 0.22 0.04 0.00 0.7 11.1 -0.004 0.00 0.5 5 0.3 -0.001 0.03 0.7 0.17 
CVCC 29-Dec-04 12-Jan- 05   MF 210 0.00581 wet 104 61 11 0.04 0.08 0.11 0.5 6.8 -0.007 0.14 0.8 4 0.8 0.026 0.22 3.0 0.18 
CVCC 29-Dec-04 12-Jan- 05   612 0.00581 bulk 237 7 7 0.18 0.05 0.11 0.5 10.8 0.003 0.40 0.8 4 1.4 0.012 0.11 1.8 0.19 
CVCC 12-Jan- 05 26-Jan- 05   39 0.00581 wet 94 36 10 0.53 0.16 0.43 1.7 28.3 0.024 1.29 4.2 24 1.0 0.087 0.19 2.3 1.25 
CVCC 26-Jan- 05 09-Feb-05   70 0.00581 wet 353 26 31 0.94 0.33 0.36 1.7 41.0 0.015 -0.19 1.9 11 2.4 0.006 0.08 2.5 0.91 
CVCC 09-Feb-05 23-Feb-05   359 0.00581 wet 22 35 12 0.21 0.06 0.25 0.4 8.9 -0.023 -0.46 0.8 5 0.3 0.001 0.00 1.4 0.75 
CVCC 09-Feb-05 23-Feb-05   526 0.00581 bulk 35 8 10 0.14 0.08 0.15 0.8 16.0 -0.006 -0.49 1.2 5 0.4 -0.008 0.04 2.1 0.29 
CVE 17-Mar-04 31-Mar-04   216 0.01227 wet                     1.4             
CVE 31-Mar-04 21-Apr-04   26 0.01227 wet                     2.6             
CVE 26-May-04 09-Jun- 04   88 0.01227 wet 181 41 44 0.53 0.34 0.18 4.0 32.6 0.076 0.18 1.7 17 2.6 0.046 0.29 2.4 0.90 
CVE 09-Jun- 04 07-Jul-04   38 0.01227 bulk 1255 659 707 3.13 2.17 1.22 34.9 615.4 0.764 2.48 19.6 126 16.5 0.240 1.29 31.6 11.99 
CVE 06-Oct-04 20-Oct-04   690 0.01227 bulk 207 137 191 2.28 0.46 0.40 12.1 160.6 0.155 0.75 3.7 25 4.6 0.024 0.22 7.4 1.97 
CVE 20-Oct-04 03-Nov-04   420 0.01227 bulk 182 127 142 2.99 0.68 0.41 5.0 162.0 0.105 1.24 5.1 25 2.7 0.036 0.32 5.9 1.81 
CVE 03-Nov-04 17-Nov-04   253 0.01227 bulk 185 129 153 3.03 0.70 0.42 5.0 168.8 0.106 1.02 5.0 25 2.7 0.033 0.26 5.9 1.80 
CVE 17-Nov-04 03-Dec-04   159 0.01227 wet 75 16 14 0.34 0.18 0.25 1.5 17.4 0.262   1.2 12 1.3 0.019 0.31 1.8 0.33 
CVE 03-Dec-04 17-Dec-04   MF 0.01227 wet 333 344   11.97 0.86 2.25 6.2   0.224 1.88 3.1 17 4.2 0.023 0.97 2.7 0.93 
CVE 03-Dec-04 17-Dec-04   20 0.01227 wet 399 477 379 13.23 0.87 2.48 6.3   0.239   3.1 17 4.2 0.034 0.92 2.7 0.93 
CVE 03-Dec-04 17-Dec-04   747 0.01227 bulk 95 38 50 1.02 0.19 0.27 1.9 52.2 0.057 0.24 1.4 9 1.2 0.052 0.10 2.3 0.63 
CVE 17-Dec-04 29-Dec-04   433 0.01227 wet 48 30 9 0.21 0.05 0.11 0.9 12.7 0.008 0.21 0.5 4 1.8 0.012 0.04 0.9 0.19 
CVE 29-Dec-04 12-Jan- 05   633 0.00581 wet 197 5 4 0.13 0.06 0.07 0.2 -0.4 -0.014 0.16 0.5 3 1.3 -0.002 0.02 2.1 0.05 
CVE 29-Dec-04 12-Jan- 05   651 0.00581 bulk 241 7 2 0.11 0.10 0.08 0.4 5.3 -0.002 0.23 0.6 3 1.5 0.002 0.11 1.8 0.11 
CVE 12-Jan- 05 26-Jan- 05   53 0.00581 wet 82 39 11 0.48 0.22 0.34 1.5 25.9 0.031 1.17 3.9 32 2.3 0.288 0.28 2.6 0.89 
CVE 26-Jan- 05 09-Feb-05   73 0.00581 wet 508 61 36 1.52 0.44 0.41 1.5 38.3 -0.001 -0.06 2.1 12 4.1 0.062 0.26 7.5 0.93 
CVE 09-Feb-05 23-Feb-05 A 422 0.00581 wet 17 17 12 0.16 0.06 0.12 0.5 11.0 -0.016 -0.71 1.3 7 0.6 -0.007 0.12 2.4 1.31 
CVE 09-Feb-05 23-Feb-05 B 436 0.00581 wet 17 18 11 0.17 0.03 0.15 0.6 13.4 -0.020 -0.69 1.2 9 0.3 -0.009 0.22 1.4 0.63 
Madison 09-Jun- 04 07-Jul-04   38 0.01227 bulk 621 285 374 6.78 1.93 0.91 43.9 218.5 0.543 2.38 21.5 161 15.9 0.181 0.40 21.7 9.20 
Madison 06-Oct-04 20-Oct-04   680 0.01227 bulk 250 64 86 1.50 0.28 0.20 8.7 76.9 0.133 0.63 2.2 9 2.6 0.040 0.07 3.8 0.70 

Madison 20-Oct-04 03-Nov-04   380 0.01227 bulk 83 25 15 0.78 0.48 0.19 1.6 29.6 0.033 0.26 
OL 

21.6 22 0.9 0.018 0.30 1.5 0.89 
Madison 03-Nov-04 17-Nov-04   245 0.01227 bulk 154 40 32 1.38 0.73 0.26 1.7 46.8 0.025 0.20 1.4 9 1.3 0.026 0.10 1.9 0.97 
Madison 03-Dec-04 17-Dec-04 A 745 0.01227 bulk 72 24 19 1.05 0.06 0.28 1.0 43.1 0.013 0.40 0.7 5 0.7 0.014 0.07 0.9 0.31 
Madison 03-Dec-04 17-Dec-04 B 775 0.01227 bulk 60 11 7 0.41 0.10 0.12 0.8 17.5 0.004 0.14 0.6 7 0.7 0.046 0.06 0.8 0.26 
Madison 17-Dec-04 29-Dec-04   435 0.01227 bulk 21 8 6 0.28 0.04 0.08 0.9 12.3 0.001 0.12 1.0 5 0.3 0.118 0.04 0.9 0.22 
Madison 29-Dec-04 12-Jan- 05 A 706 0.00581 bulk 187 3 1 0.07 0.04 0.06 0.3 3.8 -0.005 0.10 0.5 3 1.1 0.000 0.05 1.1 0.09 
Madison 29-Dec-04 12-Jan- 05 B 744 0.00581 bulk 218 5 4 0.17 0.04 0.09 0.4 6.5 -0.004 0.16 0.3 2 1.3 0.011 0.08 2.2 0.10 
Madison 12-Jan- 05 26-Jan- 05   58 0.00581 bulk 73 31 23 1.34 0.30 0.34 2.2 47.0 0.035 1.15 4.2 58 1.4 0.069 0.22 3.0 1.45 
Madison 26-Jan- 05 09-Feb-05   142 0.00581 bulk 253 24 24 0.62 0.36 0.24 1.7 22.8 0.024 0.21 2.1 11 2.2 0.008 0.07 2.7 1.31 
Madison 09-Feb-05 23-Feb-05 A 539 0.00581 bulk 10   3 0.08 0.07 0.12 0.2 4.2 -0.029 -0.81 0.3 3 0.1 -0.015 -0.03 0.5 0.11 
Madison 09-Feb-05 23-Feb-05 B 564 0.00581 bulk 11 1 4 0.08 0.05 0.14 0.3 5.7 -0.027 -0.76 0.7 2 0.2 -0.008 -0.01 1.5 0.45 
Redwood 06-Oct-04 20-Oct-04   620 0.01227 bulk 178 121 165 2.79 0.45 0.49 10.2 196.7 0.155 1.47 4.0 30 5.3 0.018 0.28 9.4 1.78 
Redwood 20-Oct-04 03-Nov-04   370 0.01227 bulk 166 96 99 2.74 0.63 0.44 5.6 185.8 0.101 0.83 5.8 32 4.5 0.030 0.35 11.1 2.05 
Redwood 03-Nov-04 17-Nov-04   222 0.01227 bulk 175 100 115 3.20 0.70 0.46 5.7 202.0 0.109 0.36 6.3 33 4.4 0.033 0.59 11.5 2.06 
Redwood 17-Nov-04 03-Dec-04   159 0.01227 bulk 99 98 153 2.56 0.34 0.57 8.4 235.0 0.140   4.6 46 4.2 0.131 0.37 12.0 2.71 
Redwood 03-Dec-04 17-Dec-04   661 0.01227 bulk 89 43 44 1.00 0.13 0.21 2.9 79.3 0.032 0.21 2.2 14 2.3 0.014 0.18 5.1 0.80 
Redwood 03-Dec-04 17-Dec-04   672 0.01227 bulk 95 45 57 1.35 0.20 0.46 3.3 90.4 0.056   2.6 16 2.6 0.038 0.20 5.6 0.88 
Redwood 17-Dec-04 29-Dec-04   486 0.01227 bulk 53 46 55 1.21 0.16 0.23 3.0 84.4 0.047 0.52 2.4 20 1.9 0.014 0.28 5.7 0.82 
Redwood 29-Dec-04 12-Jan- 05   630 0.00581 bulk 193 9 10 0.26 0.09 0.10 0.7 18.6 0.001 0.24 0.7 6 4.8 0.001 0.11 3.1 0.64 
Redwood 12-Jan- 05 26-Jan- 05   51 0.00581 bulk 307 350 343 4.10 0.84 1.06 21.2 690.1 0.339 2.17 15.8 134 25.5 0.159 0.92 35.3 6.59 
Redwood 26-Jan- 05 09-Feb-05   100 0.00581 bulk 551 193 181 2.11 0.61 0.62 10.4 242.3 0.157 0.26 7.8 68 10.3 0.059 0.56 20.2 2.73 
Redwood 09-Feb-05 23-Feb-05   524 0.00581 bulk 17 7 12 0.32 0.05 0.14 1.1 25.1 -0.011 -0.70 1.5 8 0.9 -0.010 0.06 3.0 0.18 

MF – sampling malfunction, concentrations are reported but should not be used in deposition calculations 
OL – likely outlier    italicized values in strikethrough font are below the method detection limit (ND) 
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Table A-2 Wet and Bulk Sample Deposition Rates (µg·m-2·d-1) 
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CVCC 17-Mar-04 31-Mar-04   205 0.012272 wet                     4.89             
CVCC 31-Mar-04 21-Apr-04   37 0.012272 wet                     0.24             
CVCC 09-Jun- 04 07-Jul-04   79 0.012272 bulk 318 222 240.1 0.80 0.71 0.44 12.49 203 0.25 0.91 5.50 49.1 5.04 0.06 0.15 10.42 3.86 
CVCC 06-Oct-04 20-Oct-04   650 0.012272 bulk 730 429 295.1 7.47 1.56 1.37 45.19 504 0.81 2.44 17.40 93.2 17.54 0.08 0.92 27.70 11.18 
CVCC 20-Oct-04 03-Nov-04   460 0.012272 bulk 445 280 269.9 6.81 1.75 1.05 11.88 376 0.31 2.64 9.42 59.6 6.58 0.08 0.75 12.57 5.32 
CVCC 03-Nov-04 17-Nov-04   316 0.012272 bulk 331 210 231.7 5.60 1.40 0.88 8.68 303 0.25 1.08 6.27 39.5 4.76 0.07 0.54 9.09 3.91 
CVCC 17-Nov-04 03-Dec-04   147 0.012272 wet 34 29 29.1 0.59 0.18 0.28 1.84 33 0.07   1.50 15.4 0.96 0.01 0.11 2.21 0.61 
CVCC 03-Dec-04 17-Dec-04   MF 378 0.012272 wet                                   
CVCC 03-Dec-04 17-Dec-04   755 0.012272 bulk 387 52 72.0 0.91 0.15 0.60 13.70 80 0.08 0.78 7.03 51.0 4.48 0.18 0.33 8.78 1.33 
CVCC 17-Dec-04 29-Dec-04   399 0.012272 wet 70 39 13.5 0.76 0.06 0.62 2.00 32 0.03   1.58 12.7 1.00 0.03 0.14 2.08 0.45 
CVCC 17-Dec-04 29-Dec-04   399 0.012272 wet 71 39 17.1 0.58 0.10 0.00 1.84 30 -0.01 0.01 1.30 12.4 0.87 0.00 0.09 1.97 0.46 
CVCC 29-Dec-04 12-Jan- 05   MF 210 0.005809 wet                                   
CVCC 29-Dec-04 12-Jan- 05   612 0.005809 bulk 1786 56 50.4 1.38 0.40 0.85 3.83 82 0.02 3.00 5.82 28.7 10.39 0.09 0.82 13.69 1.45 
CVCC 12-Jan- 05 26-Jan- 05   39 0.005809 wet 45 17 4.8 0.25 0.08 0.21 0.79 13 0.01 0.61 1.98 11.2 0.46 0.04 0.09 1.09 0.59 
CVCC 26-Jan- 05 09-Feb-05   70 0.005809 wet 303 22 26.5 0.81 0.28 0.31 1.49 35 0.01 -0.16 1.62 9.2 2.07 0.01 0.07 2.16 0.78 
CVCC 09-Feb-05 23-Feb-05   359 0.005809 wet 99 153 50.9 0.91 0.27 1.11 1.88 39 -0.10 -2.04 3.38 20.0 1.20 0.00 -0.01 5.99 3.30 
CVCC 09-Feb-05 23-Feb-05   526 0.005809 bulk 228 50 62.6 0.90 0.52 0.94 5.22 104 -0.04 -3.18 7.81 31.9 2.74 -0.05 0.28 13.69 1.85 
CVE 17-Mar-04 31-Mar-04   216 0.012272 wet                     1.76             
CVE 31-Mar-04 21-Apr-04   26 0.012272 wet                     0.26             
CVE 26-May-04 09-Jun- 04   88 0.012272 wet 92 21 22.6 0.27 0.17 0.09 2.03 17 0.04 0.09 0.87 8.9 1.33 0.02 0.15 1.23 0.46 
CVE 09-Jun- 04 07-Jul-04   38 0.012272 bulk 137 72 77.2 0.34 0.24 0.13 3.81 67 0.08 0.27 2.14 13.8 1.80 0.03 0.14 3.44 1.31 
CVE 06-Oct-04 20-Oct-04   690 0.012272 bulk 830 550 765.6 9.16 1.83 1.59 48.47 645 0.62 3.00 14.87 101.5 18.41 0.10 0.90 29.81 7.90 
CVE 20-Oct-04 03-Nov-04   420 0.012272 bulk 445 311 346.1 7.31 1.67 1.00 12.19 396 0.26 3.04 12.38 61.3 6.58 0.09 0.77 14.51 4.43 
CVE 03-Nov-04 17-Nov-04   253 0.012272 bulk 273 189 226.0 4.47 1.03 0.62 7.42 249 0.16 1.50 7.40 36.7 3.95 0.05 0.39 8.74 2.64 
CVE 17-Nov-04 03-Dec-04   159 0.012272 wet 61 13 11.2 0.27 0.15 0.20 1.18 14 0.21   1.01 10.1 1.05 0.01 0.25 1.43 0.27 
CVE 03-Dec-04 17-Dec-04   MF 0.012272 wet                                   
CVE 03-Dec-04 17-Dec-04   20 0.012272 wet 47 56 44.2 1.54 0.10 0.29 0.73   0.03   0.36 2.0 0.49 0.00 0.11 0.31 0.11 
CVE 03-Dec-04 17-Dec-04   747 0.012272 bulk 414 163 219.1 4.42 0.84 1.18 8.09 227 0.25 1.06 5.99 38.0 5.28 0.22 0.45 9.99 2.72 
CVE 17-Dec-04 29-Dec-04   433 0.012272 wet 140 87 26.7 0.62 0.14 0.31 2.72 37 0.02 0.63 1.49 11.7 5.17 0.03 0.12 2.66 0.56 
CVE 29-Dec-04 12-Jan- 05   633 0.005809 wet 1531 35 30.5 0.98 0.50 0.56 1.76 -3 -0.11 1.26 4.22 21.4 10.30 -0.01 0.16 16.35 0.37 
CVE 29-Dec-04 12-Jan- 05   651 0.005809 bulk 1927 53 18.9 0.85 0.79 0.67 2.93 42 -0.02 1.85 4.63 26.1 11.64 0.02 0.89 14.08 0.92 
CVE 12-Jan- 05 26-Jan- 05   53 0.005809 wet 54 25 7.2 0.32 0.14 0.22 0.97 17 0.02 0.77 2.53 21.1 1.50 0.19 0.18 1.73 0.58 
CVE 26-Jan- 05 09-Feb-05   73 0.005809 wet 455 55 31.9 1.36 0.39 0.37 1.36 34 0.00 -0.05 1.91 10.9 3.69 0.06 0.23 6.68 0.83 
CVE 09-Feb-05 23-Feb-05 A 422 0.005809 wet 86 88 60.6 0.84 0.33 0.63 2.77 57 -0.08 -3.66 6.82 36.5 2.85 -0.03 0.62 12.41 6.78 
CVE 09-Feb-05 23-Feb-05 B 436 0.005809 wet 90 95 58.6 0.92 0.17 0.79 3.35 72 -0.11 -3.68 6.64 47.1 1.74 -0.05 1.18 7.46 3.36 
Madison 09-Jun- 04 07-Jul-04   38 0.012272 bulk 68 31 40.8 0.74 0.21 0.10 4.79 24 0.06 0.26 2.35 17.6 1.74 0.02 0.04 2.37 1.00 
Madison 06-Oct-04 20-Oct-04   680 0.012272 bulk 989 255 340.8 5.95 1.12 0.78 34.38 304 0.53 2.48 8.89 36.5 10.26 0.16 0.27 15.11 2.78 

Madison 20-Oct-04 03-Nov-04   380 0.012272 bulk 184 54 33.8 1.72 1.07 0.42 3.48 65 0.07 0.57 
OL 

47.73 48.3 1.90 0.04 0.67 3.21 1.97 
Madison 03-Nov-04 17-Nov-04   245 0.012272 bulk 220 58 45.3 1.97 1.04 0.37 2.37 67 0.04 0.28 2.04 12.4 1.89 0.04 0.15 2.73 1.39 
Madison 03-Dec-04 17-Dec-04 A 745 0.012272 bulk 312 104 83.0 4.55 0.27 1.22 4.46 187 0.06 1.73 3.06 21.3 3.15 0.06 0.28 3.77 1.34 
Madison 03-Dec-04 17-Dec-04 B 775 0.012272 bulk 270 50 33.3 1.83 0.43 0.55 3.55 79 0.02 0.62 2.89 32.6 3.11 0.21 0.25 3.49 1.17 
Madison 17-Dec-04 29-Dec-04   435 0.012272 bulk 61 24 17.8 0.82 0.12 0.24 2.51 36 0.00 0.34 2.89 13.9 1.00 0.35 0.11 2.75 0.64 
Madison 29-Dec-04 12-Jan- 05 A 706 0.005809 bulk 1621 23 12.0 0.64 0.36 0.54 2.36 33 -0.05 0.87 4.05 29.5 9.60 0.00 0.47 9.17 0.77 
Madison 29-Dec-04 12-Jan- 05 B 744 0.005809 bulk 1993 44 35.1 1.52 0.38 0.84 3.89 59 -0.03 1.44 3.20 17.9 11.68 0.10 0.74 20.26 0.94 
Madison 12-Jan- 05 26-Jan- 05   58 0.005809 bulk 52 22 16.3 0.96 0.22 0.24 1.58 34 0.02 0.83 3.01 41.9 0.99 0.05 0.16 2.19 1.04 
Madison 26-Jan- 05 09-Feb-05   142 0.005809 bulk 441 42 42.3 1.09 0.62 0.41 2.91 40 0.04 0.37 3.69 19.3 3.76 0.01 0.12 4.71 2.29 
Madison 09-Feb-05 23-Feb-05 A 539 0.005809 bulk 66   19.5 0.53 0.44 0.77 1.62 28 -0.19 -5.35 1.94 18.7 0.99 -0.10 -0.21 3.59 0.72 
Madison 09-Feb-05 23-Feb-05 B 564 0.005809 bulk 80 7 29.4 0.52 0.38 0.96 1.96 39 -0.18 -5.25 4.72 16.8 1.20 -0.06 -0.10 10.12 3.10 
Redwood 06-Oct-04 20-Oct-04   620 0.012272 bulk 644 437 593.7 10.08 1.61 1.75 36.98 710 0.56 5.29 14.50 109.5 19.18 0.06 1.01 33.98 6.43 
Redwood 20-Oct-04 03-Nov-04   370 0.012272 bulk 358 206 212.3 5.90 1.37 0.95 12.03 400 0.22 1.79 12.38 69.2 9.67 0.06 0.75 23.85 4.40 
Redwood 03-Nov-04 17-Nov-04   222 0.012272 bulk 226 129 148.1 4.13 0.91 0.60 7.40 261 0.14 0.46 8.08 42.6 5.75 0.04 0.76 14.83 2.67 
Redwood 17-Nov-04 03-Dec-04   159 0.012272 bulk 80 79 123.5 2.07 0.28 0.46 6.82 190 0.11   3.76 37.4 3.39 0.11 0.30 9.75 2.19 
Redwood 03-Dec-04 17-Dec-04   661 0.012272 bulk 344 166 168.7 3.83 0.51 0.80 11.20 305 0.12 0.80 8.34 53.4 8.97 0.05 0.69 19.46 3.09 
Redwood 03-Dec-04 17-Dec-04   672 0.012272 bulk 372 177 222.0 5.29 0.77 1.81 13.01 353 0.22   10.00 61.8 10.31 0.15 0.80 21.77 3.45 
Redwood 17-Dec-04 29-Dec-04   486 0.012272 bulk 174 152 181.3 4.00 0.53 0.76 9.90 278 0.16 1.71 7.91 66.2 6.14 0.05 0.93 18.72 2.70 
Redwood 29-Dec-04 12-Jan- 05   630 0.005809 bulk 1496 71 77.3 2.01 0.71 0.79 5.60 144 0.01 1.83 5.34 44.1 36.99 0.01 0.86 24.25 4.98 
Redwood 12-Jan- 05 26-Jan- 05   51 0.005809 bulk 192 219 214.7 2.56 0.53 0.66 13.28 431 0.21 1.36 9.87 83.6 15.94 0.10 0.57 22.06 4.12 
Redwood 26-Jan- 05 09-Feb-05   100 0.005809 bulk 675 236 221.3 2.59 0.75 0.76 12.76 297 0.19 0.32 9.61 83.0 12.66 0.07 0.68 24.69 3.35 
Redwood 09-Feb-05 23-Feb-05   524 0.005809 bulk 110 43 75.8 2.04 0.29 0.90 7.20 162 -0.07 -4.52 9.45 51.0 5.50 -0.06 0.38 19.18 1.17 

MF – sampling malfunction, no deposition rate calculated   OL – likely outlier 
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Table A-3 Dry Deposition Rates (µg·m-2·d-1) 
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CVCC 07-Jul-04 09-Jul-04   10 0.05 DRY 999 1429 130 43.0 2.77 7.13 26.63 2638 0.53 5.60 15.8 85.5 8.44 0.09 0.74 21.7 8.55 
CVCC 28-Jul-04 30-Jul-04   10 0.05 DRY 641 991 115 48.9 3.70 7.97 32.85 1976 0.69 2.73 21.5 89.8 9.47 0.09 0.38 26.4 13.22 
CVCC 18-Aug-04 20-Aug-04   10 0.05 DRY 669 1087 108 40.4 3.50 7.54 32.57 2238 0.78 4.07 21.5 97.6 9.40 0.09 0.56 21.7 16.24 
CVCC 20-Aug-04 22-Aug-04   10 0.05 DRY 508 873 109 32.9 3.14 7.79 26.32 1693 0.61 2.08 18.6 86.2 6.70 0.08 0.36 20.0 14.86 
CVCC 31-Aug-04 02-Sep-04 A 10 0.05 DRY 487 775 118 43.2 3.00 7.84 28.71 1361 0.64 1.92 16.1 74.9 8.81 0.01 0.28 19.9 10.77 
CVCC 31-Aug-04 02-Sep-04 B 10 0.05 DRY 572 834 119 40.3 2.95 7.81 32.13 1659 0.73 2.74 19.7 81.3 9.02 0.05 0.35 21.1 14.14 
CVCC 15-Sep-04 17-Sep-04 A 10 0.05 DRY 1327 1985 191 83.8 6.33 13.17 59.86 3390 1.43 6.79 24.6 130.1 14.70 0.11 0.63 38.3 15.34 
CVCC 15-Sep-04 17-Sep-04 B 10 0.05 DRY 1237 1751 121 77.8 6.07 12.22 62.20 3151 1.44 7.18 31.6 132.3 16.06 0.25 0.43 37.9 18.82 
CVCC 29-Sep-04 01-Oct-04 A 10 0.05 DRY 537 747 102 38.5 2.37 7.14 23.57 1330 0.84 1.48 19.8 68.2 7.33 0.01 1.00 18.7 6.43 
CVCC 29-Sep-04 01-Oct-04 B 10 0.05 DRY 607 843 69 39.1 2.61 4.56 24.30 1450 1.00 3.34 15.3 75.6 7.37 0.07 0.28 19.0 6.80 
CVCC 01-Oct-04 03-Oct-04 A 10 0.05 DRY 239 448 77 21.9 1.52 6.12 13.92 801 0.38 1.46 10.1 43.9 5.60 0.00 0.20 13.2 5.91 
CVCC 01-Oct-04 03-Oct-04 B 10 0.05 DRY 282 500 88 23.1 1.65 5.77 14.85 790 0.44 8.41 11.2 43.6 5.87 0.02 0.56 14.4 5.96 
CVCC 17-Nov-04 19-Nov-04   10 0.05 DRY 313 734 260 44.3 2.80 8.97 22.96 968 1.07 3.60 17.6 80.2 6.48 0.61 0.95 19.4 8.94 
CVCC 19-Nov-04 21-Nov-04   10 0.05 DRY 746 1307 97 59.5 4.38 12.83 56.20 2040 1.33 6.34 16.0 103.8 8.87 0.69 0.70 28.9 13.98 
CVCC 15-Dec-04 17-Dec-04   10 0.05 DRY 245 426 109 22.1 1.50 12.45 24.27 683 0.65 3.33 28.1 69.5 3.70 0.57 0.51 14.1 4.77 
CVCC 19-Jan- 05 21-Jan- 05   10 0.05 DRY 178 325 103 20.8 1.87 11.71 26.35 630 0.69 3.98 16.7 58.9 4.29 0.58 0.57 13.2 6.57 
CVCC 09-Feb-05 11-Feb-05   10 0.05 DRY 756 289 86 22.8 1.49 11.45 27.71 571 0.69 3.51 14.9 57.7 5.70 0.63 0.45 12.7 6.79 
CVE 17-Nov-04 19-Nov-04   10 0.05 DRY 232 516 120 31.1 2.66 8.51 17.65 829 1.12 2.61 13.5 71.9 5.91 0.87 0.99 16.9 7.45 
CVE 19-Nov-04 21-Nov-04   10 0.05 DRY 1171 2110 126 93.7 6.70 17.05 79.57 3058 2.30 8.60 29.7 115.4 13.31 0.85 0.66 36.3 17.30 
CVE 15-Dec-04 17-Dec-04   10 0.05 DRY 212 503 116 24.6 1.52 12.22 25.89 740 0.82 22.93 12.5 81.6 8.24 0.55 0.64 15.9 5.71 
CVE 19-Jan- 05 21-Jan- 05   10 0.05 DRY 195 429 90 21.2 1.50 11.80 23.46 714 0.62 3.94 11.3 66.8 4.61 0.47 0.60 13.6 8.27 
CVE 09-Feb-05 11-Feb-05   10 0.05 DRY 176 381 111 22.5 1.35 9.45 19.89 564 0.52 2.96 14.3 58.1 3.72 0.33 0.38 11.8 3.40 
Madison 07-Jul-04 09-Jul-04   10 0.05 DRY 607 901 80 24.5 1.40 5.39 15.97 1693 0.26 0.59 6.2 32.5 5.33 0.00 0.21 11.0 4.47 
Madison 28-Jul-04 30-Jul-04   10 0.05 DRY 267 485 167 32.2 2.20 6.75 21.05 887 0.34 1.77 13.1 54.5 5.91 0.05 0.40 13.9 9.37 
Madison 18-Aug-04 20-Aug-04   10 0.05 DRY 263 429 161 24.7 2.05 6.52 21.51 879 0.34 0.52 10.6 42.6 5.57 0.03 0.25 13.3 8.11 
Madison 20-Aug-04 22-Aug-04   10 0.05 DRY 243 351 74 21.3 1.94 5.90 23.90 793 0.28 1.03 9.5 38.9 3.90 -0.01 0.41 13.4 6.59 
Madison 31-Aug-04 02-Sep-04   10 0.05 DRY 219 224 77 12.7 0.99 4.22 11.42 466 0.16 -0.26 5.1 26.5 2.68 0.01 0.15 7.1 3.70 
Madison 15-Sep-04 17-Sep-04   10 0.05 DRY 484 648 93 32.6 2.14 6.66 24.09 1137 0.48 1.05 8.7 37.7 4.96 0.05 0.21 12.9 7.09 
Madison 29-Sep-04 01-Oct-04   10 0.05 DRY 261 313 67 20.6 1.14 6.10 11.89 573 0.19 -0.92 6.3 29.4 3.15 0.00 -0.05 9.1 2.66 
Madison 01-Oct-04 03-Oct-04   10 0.05 DRY 159 186 66 13.3 1.20 4.77 7.37 389 0.14 0.42 4.9 13.7 3.04 -0.04 -0.03 7.2 3.26 
Madison 17-Nov-04 19-Nov-04   10 0.05 DRY 71 107 93 12.8 1.27 7.40 5.49 175 0.90 1.12 7.2 19.6 1.88 0.89 0.78 5.2 3.27 
Madison 19-Nov-04 21-Nov-04   10 0.05 DRY 133 251 75 18.9 1.04 10.13 22.41 418 0.47 4.46 34.1 50.7 2.86 1.52 0.34 10.1 5.81 
Madison 15-Dec-04 17-Dec-04   10 0.05 DRY 36 57 96 10.7 0.58 10.95 17.42 161 0.46 4.21 16.5 28.3 1.44 0.58 0.39 7.0 3.07 
Madison 19-Jan- 05 21-Jan- 05   10 0.05 DRY 38 75 93 7.0 0.52 11.28 13.64 129 0.36 2.87 6.4 32.9 1.34 0.44 0.25 5.9 2.77 
Madison 09-Feb-05 11-Feb-05   10 0.05 DRY 51 96 76 7.6 0.41 7.53 9.15 95 0.22 0.94 8.7 21.2 1.06 0.27 0.06 4.1 1.93 
Redwood 07-Jul-04 09-Jul-04   10 0.05 DRY 5767 15695 161 208.2 17.17 13.92 137.56 16136 3.54 8.98 35.6 156.9 32.66 0.14 0.30 61.0 17.60 
Redwood 28-Jul-04 30-Jul-04   10 0.05 DRY 704 1304 172 73.3 4.12 9.32 39.79 2726 0.89 3.93 21.9 146.6 14.79 0.11 0.82 40.6 11.66 
Redwood 18-Aug-04 20-Aug-04   10 0.05 DRY 962 1523 178 69.8 4.86 9.98 50.26 3649 1.17 5.80 31.8 192.9 36.44 0.14 0.93 48.6 17.98 
Redwood 20-Aug-04 22-Aug-04   10 0.05 DRY 489 847 193 47.3 3.36 9.34 27.24 1954 0.58 4.54 25.9 133.0 20.97 0.10 0.91 31.2 14.40 
Redwood 31-Aug-04 02-Sep-04   10 0.05 DRY 456 694 96 38.4 2.47 7.46 25.95 1493 0.63 1.97 17.9 101.5 10.73 0.03 0.46 24.3 8.47 
Redwood 15-Sep-04 17-Sep-04   10 0.05 DRY 994 1415 89 65.3 4.66 10.02 57.41 3088 1.19 4.59 21.5 154.8 19.61 0.08 0.66 49.4 11.66 
Redwood 29-Sep-04 01-Oct-04   10 0.05 DRY 563 829 108 45.5 2.59 7.47 24.41 1616 0.50 0.94 15.3 90.0 9.10 0.01 0.72 26.3 5.77 
Redwood 01-Oct-04 03-Oct-04   10 0.05 DRY 316 517 81 28.5 1.87 6.26 18.24 1120 0.38 2.43 24.5 86.5 7.98 0.06 0.66 26.0 10.25 
Redwood 17-Nov-04 19-Nov-04   10 0.05 DRY 1022 1978 179 125.7 7.25 16.97 84.05 5092 1.98 7.70 42.3 255.6 24.66 0.85 1.39 75.4 18.33 
Redwood 19-Nov-04 21-Nov-04   10 0.05 DRY 2622 5736 167 283.0 16.80 24.75 161.16 11199 3.34 14.11 47.4 265.6 42.09 0.68 0.80 86.8 21.45 
Redwood 15-Dec-04 17-Dec-04   10 0.05 DRY 1020 1845 151 85.3 5.85 19.23 72.76 4609 1.65 9.26 44.9 223.7 35.35 0.91 1.11 78.3 14.61 
Redwood 19-Jan- 05 21-Jan- 05   10 0.05 DRY 1163 1624 95 95.6 6.26 19.36 78.67 4296 1.73 8.93 32.7 240.5 51.21 0.66 1.11 80.3 28.50 
Redwood 09-Feb-05 11-Feb-05   10 0.05 DRY 807 1378 83 73.9 4.89 11.31 58.08 2955 1.33 5.92 37.2 194.9 20.07 0.43 0.64 53.3 11.58 

 


