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Executive Summary

This report presents regional toxics modeling conducted by the Bay Area Air Quality
Management District (BAAQMDy)supportof the Community Air Risk Evaluation (CARE)
program.The BAAQMDBtartedthe CARE program in 2004 to estimate and reduce health
risksassociated with exposure to oubdr toxic air contaminants (TA@ithin the Bay Area.
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(ARB) over West Oakland, using the CALPUFF model thleriyears laterSubsequently
ENVIROMternational Corporation simulated regional toxics concentrations over core areas
of the Bay Area. District staff built @@NVIRON &  #y2siillatingoxics concentrations

over the entire Bay Area arddhlculatingthe associated caser risk for Bay Area residents.

For this effort, meteorology from 2000 and emissions inventory from Z8@pendix A)
were used. The selected models wéine Mesoscale Meteorological Model versioriNgM5)
for meteorological modelingAppendix Bandthe Comprehensive Air Quality Model with
ExtensionsQAMX for ozone and toxics modeli@ppendiceC and D)These two models
are highly sophisticated and preferred for most model applications in the nation. The
emissions inventory used was the best avaddbl the region.

Toxics species like formaldehyde, acetaldehyde, etc. can undergo chemical reactions in the
atmosphere and form secondary pollutants in addition to their direct emissions into the
atmosphere. Atmospheric oxidants play an important roleenondary toxics formation.

These oxidants are essentially the products of ozone chemistry. Therefore, ozone chemistry
wasincluded inthe toxics simulations.
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with diesel particulate matter emissions (MPonly and 2) witlreactivetoxics species
emissions.

The simulations with DPM only included emissions from all diesel sources in the Bay Area.
Two periods July 228 and December 128, 2000 were simulated and awge diesel PM
concentrations were calculated. The annual average concentration is assumed to be 96% of
the average of these two periodshe 96% factor was determined by comparing July and
December observed CO average concentrations to annual averagenCéhtrations (See
Appendix E for details).

Figure Bl showsthe distribution of simulated annual average PM concentratiivom

DPM. The highest annual average concentration was located over West Oaklafd (10
pg/m3), extending toward Emeryville aatbngboth sides of theeastern span of th8ay
Bridge. The second highest18 pg/m3)were over West Oaklandsouth-east of downtown
Oakland Alamedaand theTransbay District/Rincon Hill are@sSan Francisco. Several grid
cells with concentrations raying from 4 to 8 pg/m3 exist just outside of these regions.
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Concentrations from 2 to 4 ug/m3 cover an area fribra Berkeley Marina in the north to

San Leandro in the south and from downtown San Francisco in the west to Piedmont in the
east.Areas just nah and east of dwntown San Jose al$mvean annual average
concentration of 24 ug/m3. Concentrations from 1 to 2 ug/m3 cover an area from
Richmond in the north to San Jose in the south and from San Francisco in the west to
Piedmont in the east, mostlground freeways. Similar concentrations were estimadéahg
portions of SR4, 1580 and-680, as shown in the figure.

The full chemistry toxics simulation included all known major carcinogenic toxics emissions
in the Bay Area. The initial and boundaryditions were set to a small, near zatambers

to avoid potential numerical problems. The full chemistry runs covered sdagiperios

for summer (July 1:28) and for winter (December 128). The selected periods were

average summer and winter days frahe meteorological perspective; however,

observations showe®ecember 2000 was, in general, an abaverage PM month.
Additionally, PM concentrations in mldecember are generally higher than other winter
periods. Therefore, the simulated toxics concefivaswere expectedo represent high

end winter concentrations.

Next,a combinedcancer risk from five toxics species (diesel PMbLtadiene, benzene,
formaldehyde, and acetaldehyde) was calculated over the entire modeling domain. Other
modeled carcingenic toxics species were not included in this calculation either because
their concentrations were too low or their unit risk factors were too small. The unit risk
factors(OEHHA, 2002jsedfor the above speciewere 300, 170, 29, 6, and 2.7 cancer per
million per pg/m3, respectively.

Cancer risk for each species above was calculated by multiplying their respective annual
average concentrations with their unit risk factors and then summing the resulting values.
The esults were expressed as the number of expected cancer incidences per million people
and plotted in Figure 8. West Oakland had the highest number of expected cancer
incdences of around 800 per million. Downtown San Francisco was second with a number
around 2500 per million. Expected incidences in the range @5P to 2500 per million

were located over an area extending from Emeryville in the north to Alanrettze south

and from West Oakland in the west to th&80 corridor in the easSimilar nunbers were

also found in downtown Oaklan&xpectedncidenceganging from 500 to 100per million
covered an area from Richmond in the north to San Jose in the south and from San Francisco
in the west to the East Bay Hills in the eagth Oaklandconnected to San Jose along the |

880 corridor.Much of the Bay and its surrounding areascludingSanta Rosa, Travis Air

Force Base, and portions of tl&&R4, SR24, 180, 580 and 4680 corridorshad expected
incidences ranging from 250 to 500 per million

Theexpectedcancerincidencesvere then adjustedrom per million to actuaBay Area
populatiors. Thiswasdone by multiplying the expected incident numberezich gridcell by
the actual population of that cell and dividitige resultby one million. Thadjusted cancer
risksare shown in Figure=.



Thepopulationadjusted expected incidencepatial distributionwas similar to the number

of expected incidences per million people. However, some shift in the distribution was
evident. The highest number of populatieadjusted incidencewasaround40, occuring

over a grid cell in downtown San Francisco. The second highest nafrdreund25 was

also in downtown San Francisco, extending toward Civic Cétpulation-adjusted

expected mcidences around 15 were found in east Oakland and aedtsouth of the San
FranciscaCivic CenterExpected incidences around 10 were found in much of Oakland and a
small portion of San Francisdacidencesaround 5 vere found in an area from Richmond

and San Francisco in the north to San Jose in the south, mostly following the major
freeways.

Thepopulation-adjustedcancerincident numbersvere further modifiedbased on the
sensitive population defined as people over 64 and under 18. The resdisitrdpution of
expected incident numbers is displayed in Figusé. Ehe highest expected incident number
wasaround 1Q located over downtown Oakland and San Francisco. The number around 5
covers much of downtown Oaklapdowntown San Franciscand a srall part of east San
Jose.
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Figure BL: Annual average diesel PM concentrations.
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Figure B2: Expected number of cancer incidents per million.
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Figure B3: Expected number of cancer incidents in the Bay Area general population.
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Toxics Modeling to Support the Community
Air Risk Evaluation (CARE) Program

1. Introduction

This report presents technical details of toxics modeling conducted by staff of the Bay Area
Air Quality Management District (BAAQMBDsupport ofthe Community Air Risk Evaluation
(CARE) progranthe BAAQMD started the CARE program in 2004 to estimdtecdnce

health risks associated with exposure to oot toxic air contaminants (TA@ithin the Bay
Area.¢t KS /! w9 LINPINIYQa (2EAOA Y2RStAYy3 61 a Ay
Board (ARB) over West Oakland, using the CALPUFF modelthabeyearslater. Under

this effort, the annual average ambient concentrations of selected toxics species were
simulatedusingyear2000emissionsand cancer risk was evaluated for West Oakland
residens. Subsequently, the BAAQMD established a contractEMHRONnNternational
Corporation ENVIRONENVIRON200§ to conduct regional toxics modeling over the Bay
Area, using meteorological inputs generated by ARB and emissions inputs generated by
Sonoma Technology, Inc. (S3TI, 2006

Under this effort ENVRONsimulated ambient concentrations of selected toxics species,

using the Comprehensive Air Quality Model with Extensions (CAWIRONvaluated
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modeling and CARE staff extensively evaluated the delivered products and identified two

major areas for improvements, both in the meteorological inputs: 1) the meteorological

modeling domain was too small, not covering the entire Bay Area, especially Santa Clara
County. As aresulthel OO2 Y LI ye@Ay3a /! aE R2YFIAY RAR y2i Y
regional toxics modeling needs. 2) On certain days, the simulated wind speed was too
strong,significantly impacting the performance of CAMx.

In order to overcome these shortcomings, District staff simulated meteorology over the
entire Bay Area, using both the Mesoscale Meteorological Model version 5 (MM5) and the
California Meteorological ModéCALMET), which was used by ARB. Comparison of wind
fields obtained from these two models against observations showed that the performance
of MM5 was superior to CALMET. Therefore, the MM5 was selected to prepare
meteorological inputs to CAMX.

By the time the meteorological modeling was completed, STI updated the CARE emissions
inventory from 2000 to 2006STI, 2008)This updated inventory was also selected for toxics
simulations. The following sections of this report detiad emissions inventorpreparation,
meteorological modeling, toxics modeling and the analysis of resulting toxics concentrations
and risk assessments. Spatial distribusohemissions ofelected toxics species and their
county totals are given in Appendix Meteorological malel (MM5)evaluationagainst



observations is given in Appendix/Ar quality model (CAMxhodelevaluationagainst
observations is given in AppendixTechnical details dfow toxic air contaminants were
simulated are presentetoh Appendix D.

2. Emissons Inventory Preparation

Emissions estimates of toxic pollutants and ozone precursors were prepared as inputs to

CAMx. To ensure timely availability of the input files, the District obtained assistance from

STIL{ ¢ L Q& YI AY(ST, ¢g008vasd prycssg ihe 2005 CARE emissions inventory
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program. SMOKE was then used by District staff to generate the CAMX inputs.

Emissions for TOG and the criteria pollutants NGO, SO2, and PM&@re added to the

2005 toxics emissions database in order to create a mozbdy inventory. The addition of

TOG and NOx emissions, in particular, were needed because they participate in
LIK2G2O0KSYAAGNE | FFS 00 kafichs. EnKsSiong ifaHt$ fiork Kogenz EA O & O
sources were prepared using a method developed by ARB.

The area and nonoad mobile source data in the CARE inventory were given as annual
average daily totals by county. First these emissions were reformattadgat to SMOKE.

Then using SMOKE, they were distributed spatially, temporally, and chemicalknafid

cells, using surrogates provided by STI (STI, 2006). Since CAMx modeling was performed for
July and December, two separate emissions inventories yweeared for these two

months. SMOKE was further applied to adjust the annual average emissions for seasons.

To prepare the CAMx ready @oad mobile source emissions inventory, emissions from

these sources were first gridded and temporally allocatedgighe California Department
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and adjustments were made using SMOKE.

The CAMxeady stationary point source emissions included emissions from all permitted
sourcesas well as necessary meteorological information and stack parameters for CAMXx to
estimate plume rise for each source.

In this model application, anthropogenic emissions were only from the Bay Area sources,
while biogenic emissions included the Bay Aagal portions of the northern San Joaquin
Valley and the Sacramento area to carry out chemical reactions beyond the District
boundaries.

3. Modeling



3.1 Meteorological Modeling

Four nested domains were used for meteorological modeling. The outer daroaéred the
entire western U.S. with 38Bm horizontal grid resolution to capture synoptic flow features
and the impact of these features on local meteorology. The second domain covered
California and portions of Nevada with-kéh horizontal resolution toapture mesoscale

flow features and their impact on local meteorology. The third domain covered the Bay
Area, northern San Joaquin Valley, and Sacramento area as well as portions of the Pacific
Ocean with 4km resolution to capture local air flow featuréBhe innermost domain, which
was used for CAMx simulations, covered just the Bay Area and-kadrésolution with 152

grid cells in the eastvestdirectionand 208 grid cells in the nortbouth direction. All four
domains employed 50 vertical layers whose thicknesses expanitledieightfrom the

surface to the top of the modeling domain (about 16 km). In MM5, meteorological variables
are estimated at the midle of the layers. The thickness of the first layer near the surface
was about 22 m; thus meteorological variables near the surface were estimated 11 m above
the ground level in this application. The physics options selected in MM5 were similar to
those ugd bythe National Oceanic and Atmospheric Administration (NGawthe Central
California Ozone Study simulations. These options were well tested and proven to be the
best options to characterize meteorology in the region. The simulated winds were nudged
toward surface observations obtained from National Weather Service stations.

Simulation periods were July B and December 128, 2000. The resulting meteorological
fields were compared against observations as well as the results obtained from CALMET.
general, MM5 replicated meteorology better than CALMET.

3.2  Toxics Modeling

The toxics modeling domaimascenteredin the innermost meteorological modeling

domain with 140x19®orizontal gridcellsand 1-km grid resolutionFollowing this approach

the meteorological fieldgrom six grid cells along the edges of the meteorological modeling
domainwere not used in order to minimize the impact of boundary conditianth the 4

km modeling domaimn toxics modeling. In aloft layers, some meteorologwatiel layers

were combined in preparing meteorological inputs to CAMx to reduce computational time.
This is a common practice in air quality modeksgollutant concentrations in aloft layers

are relatively low and do not significantly impact concentra$i at the surface. The resulting
number of vertical layers in CAMx was 2@h layerthicknesses also expandedth height

from the surface to the top of the modeling domain (about 16 km). The thickness of the first
layer of CAMx was keptthe sameasMM& O 62dzi HH YOI SAGAYIFGAyY3
concentrations at 11 m above the surface.

Some toxics specigkke formaldehydeand acetaldehyde, can undgy chemical reactions in
the atmosphere and form secondary pollutants in addition to their direct emissidaghe
atmosphere. Atmospheric oxidants play an important role in secondary toxics formation.



These oxidants are essentially the products of ozone chemistry. Therefoigs inecessary

to carry out ozonechemistrysimulationsduring the toxics simulatis The ozone chemistry
used in CAMx was the Statewide Air Pollution Research Center version 99 chemical
mechanism (SAPRC99). The initial and boundary conditions for carrying out the ozone part
of the simulation were taken from the 2000 Central Californzaii@ (CCOS) modeling.
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with diesel particulate matter emissions only and 2) with full toxics species emissions.

3.2.1 Diesel Particulate Matter Modeling

Particulate matter emissions from all diesel sources in the Bay Area were included in this
simulation. The eastern and northern boundary conditions from the surface to 500 m were
setto 1 pg/m3 and 0.5 pg/m3 of PM concentrations, respectively, the average
concentrations estimated from observations. Abd@0 m the boundary conditions were

set to zero. The western and southern boundary conditions were set to zero from the
surface to the top of the modeling domain. The initial conditioranterior model ells

were also zero. With these specifications, the framo boundary conditions allowed

pollutant penetration to the modeling domain when winds were from the east or from the
north along the eastern or northern boundaries, respectively.

July 1218 and Deember 1218, 2000 were simulated. First, average diesel PM
concentrations were calculated separately for the simulated July and December periods.
Thenanannual average concentration was calculag=®6% of the average of these two
periods The 96% factowas determined by comparing July and December observed CO
average concentrations to annual average CO concentrations (See Appendix E for details).

Figures 13 show the distribution of simulated annual average PM concentrations as well as
average concemations for the simulated July and December periods. The highest annual
average concentration was located over West Oaklanel@1g/m3), extending toward
Emeryville ancdlongboth sides of theeastern span of th&ay Bridge. The second highest
concentrationg8-10 png/m3)were over Alameda, soutleast of downtown Oaklandnd the
Transbay District/Rincon Hill areiasSan Francisco. Several grid cells with concentrations
ranging from 4 to 8 pg/ma3 exist just outside of these regions. Concentsafrom 2 to 4

Hg/m3 cover an area frorthe Berkeley Marina in the north to San Leandro in the south and
from downtown San Francisco in the west to Piedmont in the &astas just north and east

of downtown San Jose al$mvean annual average concentratiof 24 pug/m3.

Concentrations from 1 to 2 pg/m3 cover an area from Richmond in the north to San Jose in
the south and from San Francisco in the west to Piedmont in the east, mostly around
freeways. Similar concentrations were estimatddngportions ofSR-4, 1580 and-b80, as
shown in the figure.
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The highest summertime concentratio(®6 pg/m3)were located oveareas ofOakland
Emeryvilleand downtown San Francisco. Concentratioranlyto the east of the highest
areas were2-4 ug/mg3, falling to 12 ug/m3 Outside of these areasoncentrations were

below 1 nug/m3. The reason summertime concentrations are significantly lower than the
annual average is that during the afternoon hours of summer days, a strong sea breeze
develops and allows pollutants mix in the atmosphere. During the summer, the simulated
high ambient toxics concentrations aia generaltoward the east of high emission areas
because of predominant westerly winds. Airflow also splits over West Oakland, one branch
continues toward Brkeley and the other toward San Leandro.

Wintertime concentrations however, were generally larger than the annual average
concentrations over the core Bay Area. The maximum wintertime concentrations reached
16-18 pg/m3 in West Oakland. Concentrations dped sharply along the edges of the
maximum area. Concentrationgere 2-4 ug/ma3 over an area from Richmond in the north to
San Jose in the south and from San Francisco in the west to the East Bay Hills in the east.
These relatively high winter concentratie are mostly due to the stagnant meteorological
conditions. Concentrationsere 1-2 pg/m3overthe entire Bay and its surrounding areas.

3.2.2 Full Toxics Modeling

The full chemistry toxics simulatismcludedtoxic compoundshat were identified as
significant contributors to the rislweightedemissions in the Bay Area. The initial and
boundary conditions were set to a small numbleunt greater thanzeroto avoid potential
numerical problems. The full chemistry run was condddorthe sameJuly 1218 and
December 1218 periods as were modeled for the diesel PM only rufise selected days

were average summer and winter days from the meteorological perspective; however,
December 2000 was, in general, an above average PM madthtionally, PM

concentrations in mid December are generally higher than other winter periods. Therefore,
the simulated toxics concentrationgere expectedo represent high end winter
concentrations.

Figures 418 show the annual average as well as nmynaverage concentrations for the
simulated July and December periods for five toxics species (formaldehyde, acetaldehyde,
benzene, 1,3utadiene, acrolein). Again, the annual average concentrations are assumed to
be 0.96 percent of the average July aretBmber period concentrations. In the figures, the
total concentrations are shown for species having both primary and secoodargonents

The highest annual average formaldehyde concentrations were located at Travis Air Force
Base in Fairfield (8.5 pg/m3) and the San Francisco International Airpofb(3g/m3) as

shown in Figure 4. Concentrations in downtown San Francisco and San Jose reddéhed 3
pHg/m3. Concentrationgvere 1-2.5 ug/m3 in Oakland, Alamedand parts ofSan Francisco

and San Jose.



During the summer, the highest formaldehyde concentration2.8uug/m3) were located at
Travis Air Force Baghe San Francisco International Airpoaind downtown San Jose
Downtown San Francisco h&mrmaldehyde concentrations ranging froba2 pg/ma3.

The distribution of wintertime formaldehyde concentrations is shown in Figure 6. The
magnitude of wintertime concentrations was hgtthanthe annual average

concentrations. The winter average concentrations reached 8 pg/ma3 at Travis Air Force
Basethe San Francisco International Airpond downtown San Josk West Oaklandnd
downtown San Francisco, the maximum concentrations reached 5 pgyiti8,

concentrations ofl-2 pg/m3in surrounding areasConcentrations around 1 pg/m3

extended from Richmonahithe north to San Jose in the south and from San Francisco in the
west to East Bay Hills in the east, mostly following freeways sudi&#61 and 4880.

The highest annual average acetaldehyde concentrati8risA(jug/m3), shown in Figure 7,
were located in West Oakland and downtown San Francistthe western part of

downtown San Francisco and over Oaklasahcentrations ranged from-2.5 pg/m3.In
downtown San Joseoncentrations were 2 pg/m3. Concentratiosinearl pug/m3 covered

the entire Bay and its surrounding areas as well as Santa Rosa, Travis Air Force Base, and
portions of theSR4, SR24, 1-180,US101, 1580 and 4680 corridors.

The highest summertime acetaldehyde concentrations (abe2i531g/m3) were located in
downtown Sa Francisco (Figure 8)est Oakland had concentrations ranging up to 2
png/m3. Concentrations ranging from 0Bbug/m3 were located around Oakland, Berkeley,
San Jose, San Francisco and Travis Air Force Base. These regions were surrounded by
concentrationsaaround0.25-0.5ug/m3.

Acetaldehyde concentrations for wint@figure 9yeached 5 pg/m3 in downtown San
Francisco and 3 ug/m3 in Oakland. Concentrations ranging frof @g8m3 covered an
area from Vallejo in the north to San Jose in the south and f8am Francisco in the west to
the East Bay Hills in the ea€bncentrationsup to 1 pg/m3were found in Santa Rosa.

The simulated annual averags well asaveragesummer and winter concentrations for
benzeneare shown in Figures 112, for 1,3-butadienein Figures 135 and foracroleinin
Figures 1618.

4. Risk Evaluation

Cancer risk from five toxics species (diesel PMbaitddiene, benzene, formaldehyde, and
acetaldehyde) was calculated over the entire modeling donféan.this preliminary set of
simulations, ¢ther modeled carcinogenic toxics spedaiesith generally lower
concentrations and smaller unit risk factorsvere not included in this calculatipbut could
be in future assessment$he unit risk factors for the above specvesre, respectivéy, 300,



170, 29, 6, and 2. &xpected excess cancer cases per million per pgthese risk values
assume a 7Qear lifetime exposuréOEHHA, 2002)

Cancer risk for each species above was calculated by multiplying their respective annual
average concenéations with their unit risk factors and then summing the resulting values.
The results were expressed as the number of expected cancer incidences per million people
and plotted in Figure 19V est Oakland had the highest number of expected cancer
incddencesof around 3,00Qper million. Downtown San Francisco ve&esond with a number
around 2,50@er million. Expected incidences in the range @5P to 2500 per million

were located over an area extending from Emeryville in the north to Alameda in the south
and from West Oakland in the west to th&80 corridor in the easSimilar numbers were
also found in downtown Oakland. The numbers ranging from 500 to t0@@nillion
coveredan area from Richmond in the north to San Jose in the south and from Sansem
in the west to the East Bay Hills in the eagth Oaklandconnected toSan Jose along the |
880 corridor. The number of expected incidences ranging from 250 tinS®@nillioncover
much of the Bay and its surrounding areas as well as SantaRass, Air Force Base, and
portions of theSR4, SR24, 180, 580 and 4680 corridors.

Thecancerrisk numbersvere used to estimate expected excess cancers from toxic air
contaminants irBay Aregopulatiors. Thiswasdone by multiplying theancerrisknumber
of each gridcell by the actual population of that cell and dividihg resultby one million.
Theexpected excessancerinciderces, assuming a 7@ear lifetime exposureare shown in
Figure 20.

Thespatial distribution of thepopulationadjusted expected incidences was similathat

of number ofthe cancer risk estimatepér million peoplg. However, some shift in the
distribution wasevident, reflecting the Bay Area population densitidhehighest number

of populationadjusted incideneswasaround40, occurringover a grid cell in downtown

San Francisco. The second highest nunatb@around25was also in downtown San

Francisco, extending toward Civic CenRapulation-adjusted expected incidences around

15 were found in east Oaklanahé westand south of the San FrancisCivic Center.

Expected incidences around 10 were found in much of Oakland and a small portion of San
Franciscolncidencesaround 5werefound in an area from Richmond and San Francisco in
the north to San Jose in tleuth, mostly following the major freeways.

Thepopulationadjustedcancerincident numbersvere also calculated usingnly ésensitive
populatiora élefinedhereas people over 64 and under 18. The resulting distribution of
expected incident numbers is displayed in Figure 21. The highest expected incident number
wasaround 1Q located over downtown Oakland and San Francidcealue ofaround 5

covers much of dowmiwn Oaklanddowntown San Franciscand a small portion of eastn

San Jose

5.  Conclusion and Further Study
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analysis ofegionalscalesimulations of toxic air contaminas{TAC)The study represents a
significant step forward for District modeling capabilities: for the fist time, TAC modeling
was performed at a regional scale. T$tady developed modeleady TAC emissions for
2005 to predict selected TAC concentrationsti@o seasons a summer and a winter
periodt and estimate annual concentrations from some these selected compounds. The
compounds selected diesel particulate matter (diesel PM), benzene -tiBadiene,
formaldehyde, acetaldehyde, and acrofeiwere determinel to be primary contributors to
health risk, both cancer and narancer risk for the region.

One of the important finding of this study was thatany areas of the Bay Area have a
cancer risk level of between @5nd500 per million, based on unit canagsk factors from

the Office of Environmental Health Hazard Assessment (OEHHA; QEI9BAHighest

areas in the District have risk levels greater than 1000. These risk levels are supported by
observed riskweighted TAC concentrations.

A second important finding is thdtke riskweighted TAC emissions, risk from TAC
concentrations and TAC exposures are focused in several core urban areas of the region
near major freeways, ports, and areas with high levels of construction. For therfiestwe
have estimates of TAC risk, at high spatial resolution, in the Bay Area.

The information brought to light through this modeling study suggests additiohaie

work that could provide still more insight into the sources and nature of TAC otvatiens

in the Bay Ared-or examplefuture studies could include more TAC species in the modeling
and risk analyse#t a regional levelusing health risk factors from tf@EHHAthe

compounds included in this study represent tim@st of the health rekfrom TAC in the Bay
Area However, it is veryikelythat there arelocalized areashere health effects of other
compounds are important to consider in additito the compounds included in this study

In this work, as for all modeling studies, thevas a tradeoff between spatial resolution

and the length of the simulations. In future work it would be useful to consider longer
simulations, to include multiple weeks in a season and, perhaps, additional seasons to help
refine the estimate of annual caentrations and annual risk.

This study provided modeling results to characterize risk levels representdtingese
conditions in 2005. Futunmodeling studiegould address the influence and importance of
specific source regions and source categoriest example, it would be helpful to see the
contributions of stationary sources versus mobile sources to total risk. Moreover, it would
be extremelyinformativeto investigate the changes to the levels and distribution of risk in
future years. Specificgll the California Air Resources Board (CARB) has recently adapted
Toxic Control Measures (ACTMs) for diesel drayage trucksaahtrucks, ships, and other
sources that collectively were designed to reduce diesel emissions in California by 80% by
2020relative to 200Q(CARB, 2000Juture year simulations that include these reduction



measures and reduction measure implemented by the Air District for stationary sources
would help to evaluate riskeduction benefits of these measures in the Bay Area.
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Figure 1. Annual average diesel PM concentrations.
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Figure 2: Diesd?M concentrations for July.
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Figure 3: Diesel PM concentrations for December.
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Figure 4: Annual average formaldehyde concentrations.
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Figure 5: Formaldehyde concentrations for July.
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Figure 6: Formaldehyde concentrations for December.
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Figure 7: Annuaaverage acetaldehyde concentrations.
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Figure 8: Acetaldehyde concentrations for July.
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Figure 9: Acetaldehyde concentrations for December.
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Figure 10: Annual average benzene concentrations.
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Figure 11: Benzene concentrations for July.
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Figure 12: Bezene concentrations for December.
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Figure 13: Annual average 1hBtadiene concentrations.
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Figure 14: 1,dutadiene concentrations for July.
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Figure 15: 1,3utadiene concentrations for December.
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Figure 16: Annual average acrolein concentrations.
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Figure 17: Acrolein concentrations for July.
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Figure 18: Acrolein concentrations for December.
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Figure 19: Expected number of cancer incidences per million.
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Figure 20: Bay Area populatiadjusted expected number of cancer incidences.
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Figure 21: Bajrea sensitive populaticadjusted number of expected cancer incidences.
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APPENDIX A

Toxics Emissions Inventory

The following tables and figures give information on the magnitude and spatial distributions

of emissions of ketoxics species.

Table A1 summarizes 2005 diesel particulate matter of less than ten microns (DPM10)
emissions by Bay Area county and major source category. Overall, area anoadon
equipment emissions dominate, with Alameda and San Mateo Counties sithanwo

highest emission estimates.

Table ALIDPM10 emissions by county and major source category (tons/day).

County Area/Nonroad  Onroad Stationary Point Total

Alameda 2.04 1.40 0.02 3.46
Contra Costa 0.81 0.51 0.05 1.37
Marin 0.36 0.09 0.00 0.45
Napa 0.11 0.10 0.00 0.21
San Francisco 1.22 0.19 0.01 1.42
San Mateo 1.92 0.20 0.01 2.13
Santa Clara 0.86 0.76 0.03 1.65
Solano 0.26 0.26 0.01 0.53
Sonoma 0.25 0.19 0.01 0.45
Grand Total 7.83 3.70 0.14 11.67

Note: Emissions from diesel effadO 1 S32 NA S &

688y KIt @SR o6l &8 Rbagedanalysig § NA& O

Table A2 shows detailed contributions to the area/rroad DPM10 emissions by county

SaGAYIGSR Ay
adl F¥Qa

I w. Qa

T dzS €

from Table Al. These two tables show that ship emissions are the largest source of DPM10

for Marin, San Francisco, and San Mateo Counties, while they are second ongodon
sources in Alameda County. Construction equipment (included undeoadf equipment in
Table A2) is a significant source for the majority of counties.

Tables A3A7 show 2005 countlevel emissions of acetaldehyde, acrolein -tifdadiene,
formaldehyde and benzene, respectively. Emissions are broken out by major source

category.



Table A2Area and norroad DPM10 emissions by county (tons/day).

SHIPS WD

FARM MANUFACTURING | OFFROAD RECREATIONAL | COMMERCIAL Grand
COUNTY | EQUIPMENT | AND INDUSTRIAL EQUIPMENT | BOATS BOATS TRAINS | Total
Alameda 0.02 0.02 0.63 0.0002 1.28 0.09 2.04
Contra
Costa 0.02 0.01 0.47 0.0007 0.21 0.09 0.80
Marin 0.01 0.00 0.10 0.0002 0.24 0.00 0.35
Napa 0.04 0.00 0.05 0.0004 0.02 0.11
San
Francisco 0.00 0.02 0.44 0.0002 0.73 0.03 1.22
San
Mateo 0.01 0.01 0.28 0.0001 1.59 0.03 1.92
Santa
Clara 0.04 0.03 0.70 0.0004 0.08 0.85
Solano 0.04 0.00 0.12 0.0001 0.07 0.02 0.25
Sonoma 0.04 0.01 0.18 0.0002 0.01 0.02 0.26
Grand
Total 0.22 0.10 2.97 0.0025 4.13 0.38 7.80

Table A3Acetaldehyde emissions by county and major source category (lbs/day).

Area/Non-
County road Onroad Point Total
Alameda 1953 1119 1.4 3073
Contra Costa 1184 477 3.2 1664
Marin 350 100 0.0 450
Napa 229 99 0.0 328
San Francisco 658 180 0.0 838
San Mateo 674 213 0.0 887
Santa Clara 1359 697 20.7 2077
Solano 648 397 0.8 1046
Sonoma 560 198 10.1 768
Grand Total 7615 3480 36 11131
Note: Emissions from diesel 2 R OF § S32NAS& SadAYlI 0SR Ay
been halved based ofi A & O NRA O Gtbasedidndlygia T dzS f

Note: Emissions from diesel df2 | R O 41 S32 NA S a

Table A4Acrolein emissions by county and major source category (Ibs/day).

Area/Non-
County road Onroad Point Total
Alameda 179 128 0.6 308
Contra Costa 75 65 0.0 140
Marin 24 15 39
Napa 22 14 0.0 36
SanFrancisco 59 29 0.0 88
San Mateo 113 37 150
Santa Clara 130 99 229
Solano 193 41 234
Sonoma 33 31 64
Grand Total 828 459 1 1288

been halved based on Distrigt(i I ¥ Fh@sed afalySs

SadAYlFIdSR AY




Table A51,3-butadiene emissions by county and major source category (Ilbs/day).

County Area/Nonroad Onroad Point Total
Alameda 225 283 0.0 508
Contra Costa 106 197 35 307
Marin 64 52 116
Napa 39 43 82
San Francisco 65 104 169
San Mateo 121 142 263
Santa Clara 132 314 0.2 446
Solano 168 64 0.3 232
Sonoma 41 112 153
Grand Total 961 1311 4 2276
Note: Emissions from diesel éf2 I R OF 6§ SI2NASa SadAYlFGSR Ay

been halved based on Distri&t(i I ¥ Fh@sed afiadySs

Table A6Formaldehyde emissions by county and major source category (Ibs/day).

County Area/Nonroad Onroad Point Total

Alameda 1655 1203 35 2893

Contra Costa 1329 688 358 2375

Marin 475 165 1 641

Napa 284 150 8 442

SanFrancisco 606 318 48 972

San Mateo 1044 428 15 1487

Santa Clara 1523 1053 181 2757

Solano 1441 352 13 1806

Sonoma 586 351 2 939

Grand Total 8943 4708 661 14312
Note: Emissions from diesel 2 I R OF 6 S3I2NASa SadAYFGSR Ay
beenK I f 3SR 0 SR 2 ybasedahalyddh OG0 adl F¥FQa 7FdzS¢

Table A7: Benzene emissions by county and major source category (Ibs/day).

County Area/Nonroad Onroad Point Total

Alameda 639 1362 10 2011

Contra Costa 617 935 148 1701

Marin 294 250 1 546

Napa 175 203 1 379

San Francisco 373 498 2 872

San Mateo 444 675 4 1124

Santa Clara 651 1516 46 2212

Solano 334 301 8 643

Sonoma 205 527 3 735

Grand Total 3733 6268 223 10224
Note: Emissions from diesel éf2 I R OF 1 S3I2 NA Sa SadldmodethaveR A Y
0SSy KIf @SR 0 &S Rbageganalysia G NA OG aiGl F¥FQa 7FdzS¢

Table A8 shows Bay Area coufgyel total organic gas (TOG) and nitrogen oxides (NOx) by

major source category.

W

W

W



Table A82005Bay Area annual average TOG and Hfissions by county and major source category (tons/day).

TOG NOx
County Point Area On-road Non-road Natural Total Point Area On-road Non-road Natural Total
Alameda 106.4 32.7 334 16.5 12.2 201.2 5.3 3.9 65.6 46.1 0.1 121.0
Contra Costa 96.2 24.5 225 11.8 12.1 167.1 21.2 2.9 34.4 18.6 0 77.1
Marin 21 14.4 6.2 5.7 1.7 55.0 0.4 1 8.8 6.1 0.1 16.4
Napa 14.9 10.7 4.9 34 314 65.3 0.6 0.4 6.8 2.6 1.2 11.6
San Francisco 13.1 14.2 12.2 8.7 1 49.2 3.1 2.5 18 22.0 - 45.6
San Mateo 435 14.5 15.9 9.8 7.4 91.1 15 2.3 20.8 41.2 - 65.8
Santa Clara 147.8 35.2 37.4 15.8 31.1 267.3 9.7 4.6 52.4 23.8 0.2 90.7
Solano 17.6 6.4 6.3 6.7 2.7 39.7 6.3 0.7 11.7 8.1 - 26.8
Sonoma 26.1 21 12.1 4.7 10.6 74.5 0.5 1.2 15.3 5.5 0 22.5
Total 486.6 173.6 150.9 83.1 116.2 1010.4 48.6 19.5 233.8 174.2 1.6 477.7
{ 2dzNDOSY ! w. Qa LI Iy y Attg:/AvwS.afd ca.dok/@p/emsidviérgsSwhiap® |
Note: Emissionfom diesel ofN2 I R OF 6 S3I2NASa SadAYFGSR Ay !'w. Qa4 hCCwh! 5 Y2RKR

fuel-based analysis.


http://www.arb.ca.gov/app/emsinv/emssumcat.php

Figure Al illustrates the Bay Areade hourly distribution of DPM10 emissions for a

weekday and wekend day. It clearly shows a drop in overall activity on weekend days. Since
ship, construction equipment, and headuty truck emissions dominate for this pollutant,

most of the emissions occur during daylight hours. Note that stationary point source
emissions are not included in the figure. Overall, these are small contributions that tend to
be flat throughout the day.

December 2005 SFBA Non-Stationary Point DPM10 Diurnal Distribution
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Figure A1December weekday and weekend day diurnal distributions of DPM10

emissions (emissions from stationary point sources aremztded).
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The following plots give general spatial distributions of DPM10, formaldehyde,
acetaldehyde, 1;dutadiene, acrolein and benzene emissions. As discussed above, DPM10
originates mostly from ships, construction equipment, and hedwty trucks ands shown

below to be concentrated in areas where these activities occur (shipping lanes, populated
areas, and major highways). Formaldehyde, acetaldehyddyuteé®liene, acrolein and

benzene are generally combustion byproducts. In particular, aircrafaaignificant source

of acrolein so that emissions of acrolein are concentrated around large airfields. Benzene is
emitted primarily in the exhaust of combustion engines and through gasoline evaporation;
therefore, its emissions follow the major roadwasysd are found in the populated areas.



2005 SFBA Diesel PM10 Emissions Distribution
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Figure A2Spatial distribution of DPM10 emissions in the Bay Area.




2005 SFBA Formaldehyde Emissions Distribution
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Figure A3Spatial distribution of formaldehyde emissions in the Bay Area.



2005 SFBA Acetaldehyde Emissions Distribution
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Figure A4Spatial distribution of acetaldehyde emissions in Beey Area.



Figure A5Spatial distribution of 1Butadiene emissions in the Bay Area.



