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EXECUTIVE SUMMARY

Air quality monitoring on the Nipomo Mesa over thast 20 years has shown that the particulate
concentrations on the Mesa are significantly highan other areas of San Luis Obispo County
D Over the past decade the San Luis Obispo CaAinfyollution Control District (District)

has performed supplemental monitoring and dataysisgbrojects to better understand this
problem. While these past efforts have helpetd¢oeiase our understanding, they did not
provide a definitive explanation of the source andpe of elevated particulate levels on the
Mesa.

A year long particulate monitoring study was irtgiich by the District from April 2004 through
March 2005 to better delineate the nature and exfiahe particulate problem observed on the
Mesa. Comprehensive sampling of both fine (PMark) coarse (PM10) particulate matter was
conducted across the Mesa with extensive chemiedysis of the filter media to provide a more
complete understanding of the sources and conditiesponsible for the high particulate
concentrations observed in that area.

The study was supported by the California Air Resesi Board (CARB) and the United States
Environmental Protection Agency (EPA) with loansampling equipment, chemical analysis of
the filters, and a federal grant of $25,000. Disstaff designed and coordinated the study and
performed the year long sampling program. Subistlagfforts were made by District staff to
ensure that all data from the over 10,000 dataegatwllected and used in the study met stringent
data quality requirements.

The results of the study document a serious paatieyproblem on the Nipomo Mesa, with
exceedances of five of the six state and fedeatlinstandards for fine and coarse particulates
recorded over the study period. Exceedances ddtéie 24 hour PM10 standard were measured
on over one quarter of the sample days.

The study data clearly demonstrates that the slagiest contributor to the particulate problem
is high northwesterly wind events entraining cruptaticles upwind from the Mesa and
transporting them to the Mesa area, particulateeomations dropped off substantially at the
farther inland location of the Mesa. The farthes winds extended inland, the farther inland the
high particulate concentrations extend. One exaepb this pattern was the observation of
localized areas of higher concentration that o@dunear dirt roads composed of fine sandy
particles.

This study also attempted to evaluate the potemtphcts from offroad vehicle activities at the
Oceano Dunes State Vehicle Recreational Area (S\WWhe elevated particulate levels seen
on the Mesa. The SVRA is located upwind of the diesthe area shown by the study data to be
the major source of particulates when high PM cotretions are measured on the Mesa. An
analysis of average weekend and weekday particalatsurements taken on the Mesa over the
past 12 years was conducted to determine if there Wigher PM levels on the weekends
relative to the typically higher weekend offroadhide activity at the SVRA. The analysis found

SLO County APCD 2007 Nipomo Mesa PM Study Pagel



higher weekend concentrations at one monitoringpstabut the data were not conclusive.
Secondary impacts from the offroad activities, sashilenuding vegetation, may also play a role
by destabilizing the dune structure, allowing wind€ntrain fine particles and carry them
downwind. Determining the potential secondary intp&f the offroad activities is beyond the
scope of this report, but deserves further study.

Regardless of whether human activities or natwalees are responsible, the study documents
the frequent occurrence of unhealthful particulatels on the Mesa. It is important to note that
simply because the composition of the particulegesostly natural crustal particles, the health
implications are not lessened. All fine airbopagticulate matter, regardless of composition,
can cause respiratory distress when inhaled, espeto the very young, the elderly and those
with compromised respiratory systems. In additgand particles are high in crystalline silica, a
known carcinogen with a high risk factor (14,15).

The study results also demonstrated that sulfateerdrations on the Mesa are well within the
California state sulfate standard, although high#fiate concentrations were found on the Mesa
than measured at other rural coastal areas ofdDalf. On days with light winds, the study data
showed monitoring locations downwind from the Caofiillips Refinery complex with
significantly higher sulfate concentrations thaesiocated upwind from the refinery.

As a result of this study, it is recommended thatDistrict install a federal reference method
(FRM) PM2.5 sampler and a real-time tapered elemscitlating microbalance (TEOM) PM10
analyzer in the more populated area of the Medee FRM PM2.5 sampler will confirm the
representativeness of the study PM2.5 measuremeue with non-certified samplers. The
TEOM analyzer will provide hourly PM10 measureme2vtshours a day. This real time PM10
data can be examined with real time wind dataltmador further understanding of the wind
events that are causing the unhealthful particdateentrations. The continuous TEOM data
will also provide a much larger PM10 database, Winiay allow a more conclusive
weekend/weekday analysis of the PM10 data.

To reduce the elevated PM concentrations observixtalized areas near dirt roads, it is
recommended that the District move forward withph@posed PM control strategies adopted by
the Board as part of the 2005 Particulate MattgrdReo meet the requirements of SB 656.

This includes a control strategy to reduce emissfoom high volume unpaved roads by

working with County Public Works, County PlanningdaBuilding Department, South County
Advisory Council and developers to evaluate ande@ment measures such as speed limit
reductions, application of dust suppressants oingavew and existing unpaved roads in areas of
higher population where exposure is greatest.

Finally, the District should work with the South @dy Advisory Council, State Parks, County
Public Works and County Planning and Building Dépants to further investigate the effects
of off-road vehicle use at the SVRA in contributiagthe elevated PM levels measured on the
Mesa, and what mitigation efforts are reasonabtefeasible to reduce that impact.
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STUDY BACKGROUND AND DESCRIPTION

Particulate concentrations in the Nipomo Mesa areasignificantly higher than other locations
in San Luis Obispo Counfy”. Federal and state health standards have bealisised for both
PM10 (coarse) and PM2.5 (fine) particulates (sddeld). Numerous violations of the state 24
hour PM10 standard and one violation of the fed24ahour PM10 standard have been recorded
at one or more of the monitoring stations in thpddno Mesa area. In the other areas of San
Luis Obispo County, the state 24 hour PM10 standaviblated only occasionally, and has
never come close to the higher federal 24 hour P8Ma0dard. Table 2, summarizing PM10
measurements for 2004, demonstrate this pattgoartitulate concentrations in San Luis
Obispo County™.

Table 1. California and Federal Particulate Health Standards

Pollutant Averaging Time California Standard Federa | Standard
PM10 24 hours 50 ug/m3 150 ug/m3
Annual Average 20 ug/m3 No standard
PM2.5 24 hours No Standard* 35 ug/m3
Annual Average 12 ug/m3 15 ug/m3

*The state 24 hour PM2.5 standard of 25 ug/m3 wapgsed and withdrawn just prior to board
approval. Itis expected that this standard weljpdpoposed again in the near future.

Table 2. Summary of 2004 PM10 Measurements in San Luis Obispo County

Monitoring Station Percent of Samples that Maximum Measured
Exceed State Health Standard 24 hour Concentration
San Luis Obispo 0% 35 ug/m3
Morro Bay 0% 43 ug/m3
Atascadero 0% 41 ug/m3
Paso Robles 0% 43 ug/m3
Nipomo Regional Park 3% 64 ug/m3
Mesa 2 17% 131 ug/m3

In order to better understand these higher pagieudoncentrations measured on the Nipomo
Mesa additional monitoring and data analysis ptejeave been performed over the past decade.
Table 3 presents a summary of the routine andiadditparticulate monitoring that has been
performed in the Nipomo Mesa.

SLO County APCD 2007 Nipomo Mesa PM Study Page3



Table 3. Summary of Routine and Special Particulate Monitoring in the Mesa Area

Site Name Begin Date End Date Particulates Measured

Old Town Nipomo 1975 1990 Total Suspended Particulate
(TSP)

Old Town Nipomo 1990 1996 PM10

Nipomo Regional 11/1998 Present PM10

Park

Eucalyptus Road 1989 5/1991 PM10

Mesa 2 (UCD1) 5/1991 Present PM10

Ralcoa Way 1990 11/2002 PM10

Ralcoa Way 9/1995 11/1995 PM10 and PM2.5 with
elemental analysis

Black Lake 9/1995 11/1995 PM10

CDF Station 5/2002 8/2002 PM10

The location of these historical monitoring sitepresented below in Figure 1
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Figure 1. Nipomo Mesa Area Historical Monitoring S tations
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In 2003, the District performed a detailed revievalbfivailable PM data from the Nipomo
Mesa. This review strongly suggested that thegradant source of high coarse particulate
concentrations (PM10) is wind blown crustal materi&hile not conclusive, the data also
suggests that the source of the majority of crustterial is the dune fields of the Oceano Dunes
State Vehicle Recreation Area directly upwind betwéhe coast and the Nipomo Mesa area.
Additionally, the data showed that overall, the RMbncentrations decline as one moves
further inland. One exception to this overall pattwas found at the Ralcoa Way monitoring
location which measured significantly higher PMbhcentrations than the CDF monitoring
station, located much closer to the coast. The filether showed that the Ralcoa Way
monitoring location measured significantly high&d®) concentrations than any other
measurement location on the Mesa.

In the 2003 data review, only 13 fine particuld@®@.5) measurements had been made in the
Nipomo Mesa area, at the Ralcoa Way monitoring sSiteough very limited, these data suggest
that the area may also experience higher PM2.5ertrations than elsewhere in San Luis
Obispo County. Additionally, elemental analysiglodse 13 samples suggests that there may, at
times, be higher than expected concentrationsltd#teun the area.

The 2003 review of data provided some insight theoparticulate problem on the Nipomo
Mesa, but also raised some questions that neegel amswered before definitive conclusions can
be reached on the cause, extent and potential@mub this problem. Some of the outstanding
issues include:

What source or sources are responsible for théwelya high PM10 concentrations measured
at the Ralcoa Way monitoring station?

How large of an area is represented by the elevRitO concentrations measured at the
Ralcoa monitoring site?

Are the average weekend PM10 concentrations oM#sa higher than weekday
concentrations?

Is the predominant source of crustal material #pgtears to be driving the high PM10
concentrations in the Nipomo Mesa area the re$@tmatural dune/wind process?

What role might off-road vehicle use at the OceBuaes play in contributing to the
observed higher concentrations of particulatebimadrea?

Are the PM2.5 measurements made at Ralcoa repatisendf a larger region, or localized
to the Ralcoa area?

Are the PM2.5 concentrations on the Nipomo Mesadnghan elsewhere in the county, and
do they violate state and/or national standards?

Are the sulfur measurements made at Ralcoa inditatf a sulfate problem in the Nipomo
Mesa area? If so, what are the source(s) of tiier3u

In an effort to answer these questions and proain®re complete understanding of the PM
issues on the Nipomo Mesa, the District initiatedaor particulate study for the Nipomo Mesa
area.
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STUDY DESIGN

A one year study was initiated in early 2004 tchgacoarse and fine particulate mass
concentrations as well as chemical speciation flata a variety of locations. The study
collected this data from April 2004 through Mard08. To assist the District with this study,
the California Air Resources Board (CARB) provid@d10 filter anion analysis (SO4, ClI, and
NO3), two additional PM10 hi-volume samplers, eigM2.5 mini-vol samplers, and PM2.5
elemental/organic carbon filter analysis. CARB waable to provide PM2.5 filter x-ray
fluorescence (XRF) elemental analysis due to the &b key staff and budget constraints. The
U.S. Environmental Protection Agency (USEPA) agrieecdover the cost of PM2.5 filter XRF
and mass analysis (to be performed by Desert Réséastitute) with a federal grant of $25,000.

The eight PM2.5 mini-vol samplers provided by CAE&e Figure 2 below) offer the benefit of
portability, battery operation, and simple openatidHowever, they have not been designated by
the USEPA as an approved equivalent monitoring atetar PM2.5; thus, data from these
samplers can not be used to determine complianttehealth standards. CARB and other
organizations have performed comparisons of the-mahsamplers to the USEPA approved
PM2.5 Federal Reference Method (FRM) samplers gdthd general agreemént Based on
these comparisons, the District decided to proeatddthe use of the mini-vol samplers for
PM2.5 sampling as a way to improve our understandfrthe PM2.5 concentrations and
chemical composition. Should the study resultscaie the possibility that PM2.5
concentrations on the Nipomo Mesa exceeded healtidards or were higher than elsewhere in
San Luis Obispo County, a PM2.5 FRM sampler woeédto be installed on the Mesa to
collect data that could be used to determine canpé with any state and/or federal health
standards.

Figure 2. PM2.5 Mini-Vol Sample Example
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Various sampling locations on the Mesa were evatufdr the study. Locations were selected
to provide measurements in populated areas and mneaediately downwind from expected
major sources of coarse particulates and sulfusgions. Weighing these monitoring needs
with power availability, EPA siting criteria andesiavailability determined the final site
selections. It should be noted that the Ralcoa Wagitoring location, where the highest PM
concentrations on the Mesa have historically beeasured, was not selected for this study due
to this site no longer meeting EPA siting criterighe final study design is presented in Table 4
and Figure 3 presents the location of study sites.

Table 4. Final Study Design
Monitoring Station fParameters Measured
CDF - PM10 mass, sulfate, nitrate, and chloride
Directional PM10 mass, sulfate, nitrate, chloride
Wind Speed and Direction

Bendita - PM10 mass, sulfate, nitrate, and chloride
PM2.5 mass, elements by XRF, elemental/organic
carbon

Hillview - PM10 mass, sulfate, nitrate, and chloride

Nipomo Regional Park - PM10 mass*, sulfate, nitrate, and chloride

Mesa 2 - PM10 mass*, sulfate, nitrate, and chloride

Collocated PM10 mass* for quality assurance
PM2.5 mass, elements by XRF, elemental/organic

carbon
Collocated PM2.5 mass for quality assurance
Oso - PM2.5 mass, elements by XRF, elemental/organic
carbon
Atascadero/Santa Maria - PM2.5 mass for quality assurance comparison to PM2.5
(Quality Assurance only) FRM sampler

*existing measurements from the District monitormegwork

This study design generated almost 10,000 parteallad chemical species data points to
improve our understanding of the particulate probta the Nipomo Mesa.

All PM10 measurements were made with US EPA eqgentahethod hi-volume samplers
utilizing quartz fiber filter media following Distit standard operating procedures. PM2.5
measurements were made with mini-vol samplers.ase quartz fiber filters must be used for
elemental carbon and organic carbon (EC/OC) arsafysil Teflon filter media is typically used
for mass and XRF analysis, two separate mini-vmigars were utilized at each site when
EC/OC as well as mass and XRF analysis were pegitrm

Enormous effort was taken to ensure that the ddtected for this study would be of the highest
quality. Quality control procedures were implengehto directly control and document
numerous variables in the measurement processitiéwa quality assurance procedures were
implemented to measure the effectiveness of thétgeantrol tasks in controlling the data
quality. Data from these quality control and qtyadissurance tasks were used to validate the
entire study data set. A detailed discussion td glalidation and quality assurance results and
procedures is provided in Appendix A.
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Figure 3. 2004 Nipomo PM Study Monitoring Site Loc  ations
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PM10 DATA PRESENTATION AND SUMMARY

PM10 measurements were made at Nipomo Regional Mada 2, Hillview, Bendita, and the
CDF station. These measurements follow the natiRH.0 schedule where a sample is
collected every 6 days. The data are collectea 4 hour integrated average, from midnight to
midnight of the sample day.

In addition to the 24 hour average measurementadditional directional PM10 sampler was
located at the CDF station (collocated with a staddPM10 sampler). The directional sampler
was a modified PM10 sampler configured to be siaated stopped by the CDF data logger used
to record the wind parameters at the CDF monitositey The CDF data logger was
programmed to evaluate the wind conditions evess fhinutes. If the previous five minute
average recorded a wind speed greater than fivesmé#r hour and a wind direction between 260
and 330 degrees, the directional PM10 sampler wagd on (if it was a sample day). This
allowed the directional PM10 sampler to operatey diniring those meteorological conditions

that would be conducive to the entrainment andsprart of particulates to the CDF station from
the Oceano Dunes State Vehicle Recreation Area £VR

Each PM10 filter was analyzed for total mass a¢ agethe anions sulfate (SO4), nitrate (NO3),
and chloride (Cl). This study assumed that allagelis in the form of ammonium sulfate
((NH4)2S04), that all nitrate is in the form of amnmum nitrate (NH4NO3), and that all
chloride is in the form of sea salt (NaCl). TheHet’ category includes all particulates other
than sulfate, nitrate, and sea salt, and was detechiby subtracting the sum of ammonium
sulfate, ammonium nitrate, and sea salt from tked toass of the sample. The largest
component of the “other” category for PM10 woulgitally be crustal material, but could also
include elemental/organic carbon and other minonmanents.

The annual average of all valid samples over theysperiod for each site is presented below in
Figure 4.
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Nipomo PM Study PM10 Average Concentration
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Figure 4. 2004 Nipomo PM Study Annual Average PM10  Concentrations

Figure 4 shows that the annual average concemirfiiraeach site exceeds the state annual
PM10 health standard of 20 ug/m3. Historically, F\Mlata on the Nipomo Mesa has exhibited
the same pattern as seen in the study data. TEsecbsest to the ocean tend to be the highest,
with the concentration dropping further inland.

The one anomaly to this pattern is Hillview. Hiélw is located farther inland than CDF or
Bendita, but shows a higher annual average coratentr This deviation from the typical
pattern is very similar to historical data showthg Ralcoa Way monitoring station PM10
values being higher than other sites on the Mesa.

Analysis of the annual average sulfate and nittatecentrations showed similarities among alll
sites. The sea salt concentrations decreasertherffrom the coast as one would expect. The
largest difference from site to site is the “otheategory that accounts for the drop in

concentration as one moves inland as well as tjleehiconcentration observed at the Hillview
site.

Data for each valid 24 hour sample is presenteedah site in figures 5-9 below.
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Nipomo PM Study
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Figure 5. PM10 at CDF
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Nipomo PM Study
PM10 at Hillview
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Figure 6. PM10 at Hillview
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Figure 7. PM10 at Mesa 2
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Figure 8. PM10 at Bendita
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Figure 9. PM10 at Nipomo Regional Park
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A review of the individual 24 hour concentratiomgrh the study sites shows numerous
violations of the state PM10 standard at all siésl one violation of the federal PM10 standard
at the CDF monitoring site. As was observed inaheual summary of PM10 data, the PM10
concentrations tend to be the highest near the eoasdecreasing inland. Also, the “other”
category is the most variable and the main compoofathe highest overall PM10
concentrations. PM10 concentrations at all sitegevinighest in the spring and early fall and
decreased dramatically during the wet winter season

The directional sampler at the CDF station wasgtesi to sample only the air mass passing
over the Oceano Dunes SVRA with sufficient speepid¢& up and transport particulates to the
CDF location. Comparisons between the standard@Patnpler and the directional PM10
sampler at CDF allow for estimates of the contitouto the measured PM10 at the CDF
monitoring station from the Oceano Dunes SVRA. iifass collected on the directional
sampler is subtracted from the mass collected estdindard sampler to estimate the “non-dune”
contribution to the CDF PM10 measurements. Figreresents this data. From this data
presentation, it is clear that the higher concéioimssample days are caused by large
contributions from the dunes. It is interestinghte that the highest measured PM10
concentration at CDF (5/9/04) resulted entirelyrfrthe dunes contribution. Without the
contribution from the dunes, the PM10 measuredCd#t @ould be more typical of PM10
measurements elsewhere in San Luis Obispo County.

The most common source of sulfate aerosol is floegratmospheric reactions of the combustion
of fuels containing sulfur. However, it has bed&served that the natural wave action in the
coastal zone can produce natural “marine sulfaldie wave action creates natural particulates
in the coastal zone. The composition of thesaqaates roughly resembles the elemental
composition of ocean water, with salt compromidimg vast majority of marine particulates. A
small component of marine particulates is sulfdtes to the naturally occurring sulfur present in
ocean water. The amount of this marine sulfatebsaestimated by applying the approximate
ratio of chlorine (from sea salt) to sulfur in onemater. This relationship has been refined by
research performed by Dr. Thomas Cahill of the ©rsity of California at Davis (4,7). Itis also
important to note that sulfate aerosol that reduti® burning sulfur containing fuels is always
in the fine particulate fraction (particulate diaers less than 2.5 micron), where the marine
aerosol is more often in the coarse fraction (di@nsegreater than 2.5 micron) (4,9). Figure 11
presents average PM10 marine and anthropogenate@itdbm the study sites using the
chlorine/sulfur relationship identified by Dr. C#hi
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Nipomo PM Study
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Figure 11. Average PM10 Sulfate Values

As Figure 11 shows, the average sulfate valuettorof the five sites show a consistent trend.
Anthropogenic sulfate is lowest on the coast agdeisses as one moves inland. Marine sulfate
is highest on the coast and decreases at the islssd Overall sulfate increases as one moves
inland. These trends in the average sulfate vauesguite consistent with expectations.
Emissions of sulfur dioxide from offshore marinessels will convert to sulfate aerosols as they
move to the coast. This sulfate combines withlzagkground sulfate. Sulfur dioxide emissions
from the ConocoPhillips Refinery are added to tinenass at the coast. These sulfur emissions
will also convert to sulfate as the air mass mamksd and add to the sulfate concentration. It
is important to note that the rate of conversiamfrsulfur dioxide to sulfate aerosol is extremely
variable. The conversion can take days to occuery dry air, and can occur quite rapidly in air
with water droplets present. Other variables sagmetallic particles and high ozone
concenftgr)ations in the atmosphere also increaseetiition rate of sulfur dioxide gas to sulfate
aerosol™.

The Bendita average sulfate values are quite éffitesirom the other sites. This appears to be
due to significant periods of invalidated data tueampler malfunctions (see Appendix A).
The period of invalidated Bendita data is whenatelvalues measured elsewhere were low,
resulting is a positive bias to the average BerflNH O sulfate values.
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PM2.5 DATA PRESENTATION AND SUMMARY

PM2.5 measurements were made at the Bendita, Mesal2Dso monitoring sites. As noted in a
previous section, prior to this study only 13 featiculate measurements have ever been
performed on the Nipomo Mesa. These sites weeetssl to provide data to assess the fine
particulate concentrations across the Mesa asasealttempting to understand the particulate
sources impacting this area.

These measurements were made on the same natestialilate sampling schedule as the PM10
measurements. Each monitoring site utilized tw@P\samplers. One sampler utilized a
Teflon membrane filter with the other sampler usanguartz fiber filter. The Teflon filters were
analyzed for total mass and various elements ayxXtuorescence (XRF). The quartz filter was
analyzed for elemental/organic carbon (EC/OC). XR& and EC/OC analysis was performed
to allow a more complete chemical speciation ofsti@ples. Additional PM2.5 measurements
were made outside the study area (Atascadero amtd Staria) in order to compare the samplers
utilized in the study with Federal Reference MetRdd2.5 samplers. (See Appendix A for a
detailed discussion of this quality assurance asgdbe study.)

In addition to the above listed analysis, Tefldtefs for eight sample days from all sites were
analyzed for the following ions: Sulfate (SO4), Ammum (NH4), Nitrate (NO3), Sodium (Na),
and Potassium (K). These eight sample days wéseted to provide one or two examples of a
particular type of day. The eight days were selkéor the following reasons:

Sample Day Selected Reason Selected
4/9/04 Low mass, but high sulfur
5/9/04 Highest mass, and very high crustal contribution
6/2/04 Low crustal, but high sea salt
8/13/04 Low mass but high sulfur
9/24/04 Low mass but high sulfur
11/17/04 One of the highest mass samples without significant crustal
contribution.
1/22/05 Low winter sample
3/11/05 Highest sulfur measured in study, almost highest mass in study

To best utilize the extensive chemical analysithefPM2.5 samples, the overall mass
concentration was segmented into typical categofi@M2.5 particulates. These categories
were calculated from the chemical analysis perfaror all of the PM2.5 measurements using
accepted USEPA algorithms. Table 5 lists how gachiculate category was calculated (8,10).
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Table 5. Algorithms Used to Calculate PM2.5 Categories

Category Algorithm Explanation
Crustal (Al*2.2)+(Si*2.49)+(Ca*1.63)+(F | The mass of the most common
€*2.42)+(Ti*1.94) elements in crustal material is

adjusted to add the mass of the other
elements composing the compounds
found in crustal material.

Sea Salt ClI*1.642 The mass of chlorine is adjusted by
ratio of atomic weights of sodium and
chloride.

Organic Carbon (Organic Carbon-blank The measured mass of carbon is first

value)*1.4 blank corrected (see Appendix A) then

adjusted to account for the other
elements in typical carbon containing
particulates.

Ammonium Sulfate | $*4.125 The measured sulfur mass is adjusted

(NH4)2S04 by the ratio of atomic weights of sulfur
to the other atoms in ammonium
sulfate.

Ammonium Nitrate | Total Mass — (Crustal+Sea The above categories are subtracted

NH4S04 and Salt+Organic Carbon from the total measured mass.

Other +Ammonium Sulfate)
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Figure 12 presents the annual average PM2.5 caatients and compositions measured during
the study.

Nipomo PM Study PM2.5 Study Average Concentration a  nd Composition
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Figure 12. 2004 Nipomo Mesa Study PM2.5 Average Co ncentrations and Compositions

The state annual PM2.5 standard (12 ug/m3) waseeeckat both the Mesa 2 and Bendita sites.
In addition, the federal PM2.5 annual standardu@/sn3) was exceeded at the Bendita site.
These measurements were not made with USEPA refesamplers and therefore alone can not
be used to demonstrate attainment/non-attainmethed?M2.5 standard, but can be used as a
general indication of the PM2.5 levels in the stadya. See Appendix A for a detailed
discussion of PM2.5 sampler comparisons perforroeduality assurance purposes.

The data from Mesa 2 and Oso stations are quitigasjrwith slightly more crustal and sulfate
particulates at Mesa 2 and slightly more ammoniitrate/other at the Oso monitoring station.
The Bendita data shows a significantly greateripormf crustal and organic carbon than the
other two sites. The Bendita monitoring site isal@d in the center of a small neighborhood.
One possibility why the Bendita crustal and orgar@doon concentrations are higher than the
other two sites is that this location (unlike thkey two) is in a neighborhood with significant
human activities. The higher organic carbon atd#erappears to be at least partially due to
wood burning based on a non-soil potassium (trierood smoke) analysf®. The higher
crustal fraction at Bendita could also be due tman activities. Bendita is a paved road, but
there are numerous unpaved roads in the neighbdrhibthe human activities in the Bendita
neighborhood are the cause of the higher carborciaustial particulate values, one can expect
the particulate concentrations in less populatedslike Mesa 2) to increase if those areas
become more populated.
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PM 2.5 organic carbon and elemental carbon (ECi@€3surements were performed at the
study sites, and the study annual averages fonargarbon are presented above. However, 24
hour sample data for EC/OC is not presented ifigjoees 13 through 16 due to contamination
of the filter media used for EC/OC analysis prmsampling. See Appendix A for a detailed
discussion of this issue. Corrections to the @@téhis contamination was possible for study
averages by subtracting average blank values, astinaet possible for individual samples due to
the large variability of the level of contaminatifsom one filter to another. Elemental carbon
was not detected above the detection limit of N3 on any sample. It is not unusual for the
elemental carbon concentration to be below thisan limit. Only a very small percentage of
samples statewide exceed the detection limit femehtal carbof?.

PM2.5 measurements were taken for quality assunaumgemses at the CARB monitoring site in
Santa Maria. These measurements were made intordempare the PM2.5 data values from
the mini-vol sampler that was used for study PM#dasurements to a PM2.5 federal reference
sampler. See Appendix A for a detailed discussiahis issue. PM2.5 data from Santa Maria
is presented in figure 16 for comparison purposegg. o

Figures 13 — 16 present 24 hour average PM2.5 s&mam the study sites as well as data from
the CARB Santa Maria monitoring station where sampbmparisons for quality assurance
purposes were performed.

Review of this data shows very similar data pattdrom all study sites. The most variable
particulate categories are crustal and sea sadfh ¢tustal values are associated with high sea
salt values. This suggests that the days with bightal concentrations are associated with a
strong sea breeze that contributes to higher seeaseentrations. Ammonium sulfate is also
quite variable with the lowest values occurringhie winter months. Sulfate concentrations are
generally higher on non-winter days with littlerto crustal component. Sample days with light
winds and less atmospheric dispersion had littieat@rustal particles, while allowing more time
for sulfur dioxide emissions from the ConocoPhdlfacility and any other sulfur dioxide
sources to convert to sulfate aerosol.
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Figure 13. PM2.5 at Oso
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Figure 15. PM2.5 at Mesa 2
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Figure 16. PM2.5 at Santa Maria
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The Santa Maria data set shows significantly legstal contribution than any of the study sites,
resulting is lower overall PM2.5 concentrations.

Winter samples from Bendita exhibit significantiglher overall PM2.5 concentrations than the
Mesa 2 and Oso monitoring sites for the same peBEgdmination of this data shows that the
higher Bendita PM2.5 concentrations are due todriginganic carbon values. In addition to the
higher organic carbon values, non-soil potassiuqualitative tracer for wood smoke, was also
high on a number of these same sample days. Higiser organic carbon values and associated
non-soil potassium in the winter months indicatg the higher Bendita PM2.5 concentrations
are likely due to neighborhood backyard burningnidires, and heating with wood sto\8s

Following mass and XRF analysis on the PM2.5 Tefilbers, eight sample days were selected
for full ion analysis. The full ion analysis, us@dconjunction with the previous XRF and
EC/OC analysis of these filters, provides the ncostiplete and accurate assessment of the
particulate mix. This more complete analysis pidesgidirect measurement sulfate rather than
calculating sulfate from elemental sulfur and direeasurement of nitrate that was not
measured on other samples.

Figures 17 — 20 present this “fully speciated” gsis. Note that there were no EC/OC
measurements made at Santa Maria, and EC/OC datapsesented on the first four sample
days for the other sites due to problems with comated filters (See Appendix A). In these
cases, where no organic carbon data is preseh@dyrganic carbon portion is contained in the
“other” category. Elemental carbon was never deteabove the detection limit of 1 ug/m3 in
any sample.

Review of samples from these eight fully speciatags shows that the sulfate values calculated
from the XRF sulfur measurements agree well withrtteasured sulfate on these eight sample
days. This indicates that the sulfur measured B¥ X6 in the form of sulfate, and not elemental
sulfur particulates or some other sulfur compoduriee fully speciated samples are the only
samples with any nitrate measurement. These sarapv that nitrate makes up a very small
fraction of the fine particulate mix on the Mesa.
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Figure 18. Bendita Fully Speciated PM2.5 Samples
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INTEGRATED DATA ANALYSIS

Integrating all available data sources can prosaidigitional insight and understanding of the
characteristics of the particulate mix presenhmgtudy area. Understanding these
characteristics is essential in understanding #rgqulate sources and processes that lead to high
particulate concentrations.

Analysis of the size distribution of particulatesrh a given measurement helps in determining
their origin. In general, combustion sources poadiine particulates (<2.5 micron in diameter),
while crustal particles entrained by wind or managticles tend to be coarse particles (>2.5
micron in diameter) (6,9).

Figure 21 presents the PM10 data from the Mesat®stallocating the contribution of the
coarse fraction and fine fraction of particles.isTgraph demonstrates that while there is some
variation in the fine fraction, the high PM10 days a result of huge increases in the coarse
fraction.
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Figure 21. Mesa 2 Coarse/Fine Particulate Fraction

Eleven days were selected where either the PMBM#.5 concentrations exceed standards or
the sulfate measurements were significantly highan the average day. These “episode” days
are studied and discussed in detail to provide geroomplete understanding of the conditions
that lead to standards exceedances or high sigfatts. Table 6 lists the episode days and the
reason for selection. A PM10 threshold of 80 ugfatBer than the state 24 hour PM10 standard
of 50 ug/m3 for selection of these episode dayswsas to limit the number of days analyzed to
a manageable number.

Appendix B presents graphical data summaries afadll from all sites for each “episode”
sample day. Each individual sample day summarygmts graphical summaries of data from
each site on a map of the study area. These gaummaries from each site present the data
in spatial context, allowing a more complete unterding of the mechanisms involved in

SLO County APCD 2007 Nipomo Mesa PM Study Page31



particulate formation and transport. Please ref¢he graphical summaries in Appendix B for

each episode day in order to fully understand dflewing discussion of episode days.

Table 6. “Episode” Days

Sample Date PM10>80 ug/m3 PM2.5>25 ug/m3 High Sulfa te
4/9/04 X
5/3/04 X
4/21/04 X
4/27/04 X
5/9/04 X X
6/26/04 X X
7/8/04 X
8/25/04 X
9/12/04 X X
9/18/04 X X
3/11/05 X X

High PM10 and PM2.5 Sample Days

Sample days with high PM10 measurements also reddrdjh PM2.5 concentrations. The
meteorological conditions on these days all shoanst northwesterly winds. The stronger and
more persistent the winds, the higher the partteutancentrations. On days where persistent
winds extended inland, PM10 concentrations at tippMo Regional Park (NRP) site were also
elevated. However, on days with strong winds endbast, but more variable winds inland,
PM10 concentrations at NRP were not elevated.

On all days with high PM concentrations, excep7/2, over 80% of the PM10 mass measured
at the CDF station was from the dune area. Thiedsigmeasured PM10 concentration (151
ug/m3) for the study, measured at CDF on 5/9/04, 10% from the dune area.

Analysis of PM2.5 samples for these days showdhaamples were composed of an atypical
high percentage of crustal particulates. The afdsiction of PM2.5 samples is usually a very
minor component (6,9). Sea salt concentratiortkese samples were also elevated. Sulfate
concentrations were quite low, with a higher thaerage natural marine sulfate fraction.

The high PM concentrations on these “episode” dag<learly caused by northwesterly wind
events. Data from the CDF directional PM10 samgt@ws that the vast majority of the PM10
mass at CDF is transported from the dune area.fartieer inland the wind event, the farther
inland the elevated PM concentrations will be seEime high crustal fraction of the PM2.5
samples further supports the observation that wWmaen crustal particles from the dunes are
responsible for the high PM observed on the Nipdftesa.

The data for sample day 4/27/04 is different fréve dther high PM “episode” days. While there
are some strong northwesterly winds on this dag/wtimds are much more variable than other
high PM “episode” days. The winds at CDF were fitthva dunes for only 25% of the sample
day, but about half of the mass at CDF was frondthees. Review of PM10 data from the San
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Luis Obispo and Morro Bay sites show that this dag one of the highest of the year for these
sites, indicating that the background concentratioour region was higher than normal. It
appears that this day’s PM10 concentrations ovibga were elevated due to a brief wind event
combined with higher than normal background PM eoti@tions.

High Sulfate Sample Days

The meteorological conditions on the high sulfaagsdwere quite different from the high PM
days. Winds on the high sulfate days were quite caarely exceeding 8 miles per hour. Winds
were variable, with little to no wind from the nlontest. The most common wind direction for
these days was due west, followed by west-southwest

The coarse PM fraction on these days is signiflgdatver than most days in the study. The
fine PM fraction concentration was average forgtugly. Approximately half of the fine
fraction on these days is composed of ammoniuna&ulfThe sulfate concentration on these
days was significantly higher at the most inlarid,9Nipomo Regional Park (NRP). For these
high sulfate days, the sulfate concentration measat NRP was 35% to 70% greater than the
sulfate measured on the coast.

The data show high sulfate concentrations are agsdowith light winds from the west to west-
southwest, at stations downwind of the ConocoRisilRefinery. These light winds allow
sufficient time for sulfur dioxide emissions frolmetConocoPhillips Refinery to convert to
sulfate. In addition, the light winds provide Kttlispersion of pollutants, resulting in higher
concentrations.

Regional Episode Day

High PM2.5 measurements and the highest sulfatsunements of the study were recorded
from all study sites on 3/11/05. PM and sulfatecamtrations on this day were homogeneous
across the study sites. The winds were out ohtitthwest all day, rarely exceeding 7 mph and
while the fine PM fraction was quite elevated, ¢heras almost no coarse fraction measured at
any study site. About half of the mass of the PlMsamples were ammonium sulfate, with
almost no crustal or sea salt fraction preseriénsmples.

Other PM measurements on the central and soutl ab@silifornia recorded elevated PM2.5
concentrations with little to no coarse fractiorhis pattern of measurements was recorded at the
San Luis Obispo and Santa Barbara monitoring statidn addition to the regional elevated
PM2.5 measurements, high concentrations of ozah@@® hourly average) were recorded at

the Grover Beach monitoring station on this day.

The homogenous elevated PM2.5 and sulfate measntemner such a wide area on the central
coast strongly suggest that these high concentisatice a result of long range transport of a
polluted air mass. The high ozone readings obdeatvéhe Grover Beach monitoring station
further support this hypothesis.
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ADDRESSING STUDY QUESTIONS

The Nipomo Mesa PM study was conducted to gain i momplete understanding of the
particulate levels and sources on the Nipomo Mesaedl as answer specific questions that the
previously collected particulate data could noadieanswer. Questions that the study
attempted to answer included the following:

1. What source or sources are responsible for théwelahigh PM10 concentrations measured
at the Ralcoa Way monitoring station?

2. How large of an area is represented by the elevRit0 concentrations measured at the
Ralcoa monitoring site?

3. Why were the average Ralcoa weekend PM10 concemsatigher than weekday
concentrations?

4. Is the predominant source of crustal material dpgiears to be driving the high PM10
concentrations in the Nipomo Mesa area the re$a@tmatural dune/wind process?

5. What role might off-road vehicle use at the OceBnoes play in contributing to the
observed higher concentrations of particulatebimadrea?

6. Are the PM2.5 measurements made at Ralcoa repatiserd larger region, or localized to
the Ralcoa area?

7. Are the PM2.5 concentrations on the Nipomo Mesadrighan elsewhere in the county, and
do they violate state and/or national standards?

8. Are the sulfur measurements made at Ralcoa inditatf a sulfate problem in the Nipomo
Mesa area? If so, what are the source(s) of thar3u

Question #1.:
What source or sources are responsible for the lotpositive bias in the Ralcoa PM10
Data?

Review of historical data from the Nipomo Mesa ptithis study showed a consistent pattern
of PM10 concentrations being highest near the arastdeclining at sites farther inland. One
exception to this pattern was the Ralcoa Site wharsistently measured higher PM10 levels
than the other PM10 monitoring sites on the mesahawn in Figure 22 below. Figure 22
presents data from a small PM10 study performeberspring and summer of 2002. In this
study, the PM10 concentrations measured at Ralomaes] a consistent positive bias of about
30 ug/m3 as compared to the other Nipomo Mesa saglpications, even the Nipomo CDF
(NCDF) site that is significantly closer to the sbthat the Ralcoa Site.

SLO County APCD 2007 Nipomo Mesa PM Study Page34



2002 PM-10 STUDY DATA
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Figure 22. 24 hour PM10 Measurements Made in 2002

The Ralcoa monitoring site was located in an intaistrea surrounded by a wide variety of
potential sources that could account for this ol positive bias in the Ralcoa data. These
local sources include a concrete crushing operatiomerous auto wrecking operations, and dirt
roads. The Ralcoa site was also surrounded bg kugalyptus trees that over the years had
grown to the point where the site no longer matgitriteria for the various parameters
measured there. As a result, the site was shum dovate 2002.

The higher Ralcoa data is of concern because #reremall residential areas nearby that could
be exposed to the higher PM concentrations. Détémmthe source or sources that caused the
higher concentrations is essential in understanttirsgphenomenon and its implications.

The Hillview site measured consistently higher PMalues as compared to the other PM10 site
locations on the Mesa (see Figure 4). This patehiillview is very similar to the pattern
observed at Ralcoa. Hillview, like Ralcoa is l@xhhear dirt roads. It is likely that the locatize
higher PM10 readings at both Hillview and Ralcaadue to there proximity to dirt roads.
Technicians changing the PM10 filter at Hillviewesi observed cars travel along these dirt
roads (composed of very fine sand particles) regpin a large plume of particulates that would
drift from the roadway to the sampler location.

Question #2:
How large of an area is represented by the elevatd®M10 concentrations measured at the
Ralcoa monitoring site?
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This study as well as previous studies clearly stitat/the elevated concentrations observed at
Ralcoa and now at Hillview are very localized arebslevated PM10 concentrations. The study
data demonstrates that the Hillview PM10 value<aresistently higher than the Bendita site

that is in very close proximity to the Hillview sit The previous 2002 study also showed that the
higher Ralcoa PM10 concentrations were not presetiie nearby Nipomo CDF monitoring
station. One can conclude that these higher PMh8antrations are limited to small areas on
the Mesa near regularly traveled dirt roads. Okl expect other areas on the Mesa with dirt
roads to also experience higher PM10 concentrations

Question #3
Are the average weekend PM10 concentrations on tidesa higher than weekday
concentrations?

Comparison of weekend verses weekday concentrateimbe help identify potential sources
contributing to measured concentrations. If at@sithat are more prevalent on either weekends
or weekdays are making a significant contributiothie measured concentration, one would
expect the average weekend or weekday concentsatashow a positive bias on those days of
the week. This analysis could be used to deterihwféroad activities (mostly on summer
weekends) at the Oceano Dunes State Park arengreiatect particulate emissions (from both
fuel combustion and crustal particulate disturbgdhe offroad activities) that would

significantly impact the Mesa area. Attendance diatm the Park show that on average there is
about a 50% greater use on weekends verses wedRddfshere is a direct impact from this
activity on particulate concentrations, the weekawerage particulate concentrations should be
higher than the weekday averages. This analyss dot address secondary effects of offroad
vehicle use such as denuding natural vegetationhwieisults in less stable dune structure,
allowing winds to entrain particulates easier.

In the 2003 review of PM data from the Mesa, a weekverses weekday analysis of PM10 data
was performed. In this analysis an average coratgon for weekdays was calculated and
compared to an average concentration for weekenlis. analysis was performed on data from
the year 2000 and showed that Ralcoa had a signtfichigher weekend average PM10
concentration than the average weekday average.

In this study, weekend/weekday analysis was perdron the study data. While performing
this analysis it became apparent that even ongdalt of data (a total of 60 samples, approx. 17
weekend and 43 weekday) is too small a sampletsiaecount for normal data variations that
can result from cyclical weather patterns or offfegnomena that affect particulate
concentrations. It became apparent that a fiterigyear data set is necessary to calculate
average weekend/weekday concentrations withoutdhgral variability of the data causing a
bias to the averages. The larger the data selesbeeffect other variables, such as
meteorological conditions have on the calculateztaye values.

Average weekend and weekday averages were caldtitatall sites where a five to ten year
data set was available (Ralcoa Way, Mesa 2, NipRewgional Park, Atascadero, and Morro
Bay). The averages were calculated for the thtee en the Mesa and other District operated
sites elsewhere in the county. The analysis & ttatn locations elsewhere in the county was
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performed as a control to evaluate the significasfdde data from locations on the Mesa.
Figure 23 presents the average weekend/weekdagotvatons from selected sites for all data
available for the period 1995 through October 2006.

Average Weekend Vs. Weekday PM10 Concentration 1995 -2006
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Figure 23. Average Weekend Vs. Weekday PM10 Concen trations

Figure 23 shows some interesting differences imeggeeweekend verses weekday PM10
concentrations in the Nipomo area compared to dtivations in the county. Mesa 2 and
Nipomo Regional Park in particular have slightlgher average weekend concentrations, while
Morro Bay and Atascadero show slightly lower wee&keancentrations compared to weekday
PM10 levels. Interestingly, with the larger datg &alcoa no longer shows a higher weekend
average concentration.

In an attempt to provide a more complete analysikeodata, weekend/weekday averages were
calculated for both the summer (June-Septemberhanesummer periods. Activity in the
summer months, both in attendance as well as \ebsgadge in the Park is almost twice the
activity as for non-summer montHs If there is an impact from these activities, erald

expect the data to show a greater weekend bigdhdagummer months than the non-summer
period. Figures 24 and 25 below present the wabtaekday particulate averages for both the
summer and non-summer months. While this analysigended to suggest whether there is a
significant direct impact from the Oceano DunegeSRark, any other activity with PM
emissions that occurs primarily on weekdays or wadk will also influence its outcome.
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Average Summer Weekend Vs. Weekday PM10 Concentrati on
1995-2006

45.0
40.0
35.0
30.0
25.0 O Average Summer Weekday

20.0 B Average Summer Weekend
15.0 -

10.0
5.0
0.0 -

(ug/m3)

Average PM10 Concentration

Site Location

Figure 24. Average Summer Weekend vs Weekday PM10 Concentration
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Concentration 1995-2006

40.0

35.0

30.0

25.0 O Average Non-Summer
20.0 Weekday

B Average Non-Summer
15.0 Weekend

(ug/m3)

10.0 A

Average PM10 Concentration

5.0 1

0.0 T

Morro  Atascadero Nipomo Mesa2 Ralcoa
Park

Site Location

Figure 25. Average Non-Summer Weekend vs Weekday
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Morro Bay and Ralcoa show somewhat insignificantkesmd/weekday differences for both
seasons. Atascadero has significantly lower weskeadings for both seasons. Nipomo
Regional Park shows significantly higher averagekead concentrations for both seasons. The
Mesa 2 analysis shows a significantly higher (19%¢kend bias for the summer months and an
insignificant bias for the non-summer months.

The Atascadero monitoring station is located next school yard, in an area that could be
considered the central business district; the iali@ate significantly more activity on the
weekdays verses the weekends in the area of tm#anag station, as expected. The Nipomo
Regional Park monitoring station is located adjatem large community park, which receives
significantly more activity on the weekends compai@weekdays. It is difficult to explain why
the bias is greater for the non-summer month)apdrk is more active in the summer than the
non-summer period. It is possible that the metegroal conditions in the non-summer months
are less conducive to disperse local emissions.

The Mesa 2 site is located in an area with no agjidocal activities that are more prevalent on
the weekends. The Mesa 2 data analysis resultesutigt the off road activities upwind at the
dunes are impacting air quality in the Mesa.

If this is indeed the case, however, it is unclegly the Ralcoa analysis does not show a similar
long-term weekend bias. One possible explanatismoted in the discussion of Question #1
above is that the heavy influence of local souatébe Ralcoa site cancels out the potential
weekend effect of the dunes suggested at Mesa 2.

This analysis indicates that activity at the OceBunoes Park could be causing measurable air
quality impacts on the Mesa. However, the configdata from Ralcoa, as well as the
possibility that other weekend/weekday activitytpats may be influencing this analysis, make
this conclusion quite tentative. Further studil e needed to provide a more definitive
answer.

Question #4
Is the predominant source of crustal material thatappears to be driving the high PM10
concentrations in the Nipomo Mesa area the resultf@ natural dune/wind process?

This study provides very strong evidence that elusgterial from the dune complex upwind of
the Mesa is driving the highest PM10 concentratimessured on the Mesa. The measurements
made at the CDF site location with a directionallMampler (programmed to only sample
when the wind is blowing from the dune area) presithe most compelling evidence of the
impact from the dune area. Figure 26 present® k20 from CDF, separated between mass
from the dune area and mass from all other arEagire 27 presents the PM10 data from the
Mesa 2 site separating the fine and coarse fractidime total PM10 concentration. Looking at
both figures together, it is clear that the higlwestcentration days are due to significant mass
contributions from the dunes and that on those s#aye the coarse fraction becomes the
dominate fraction of the PM10. These two factees@mpelling evidence that coarse
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particulate from the dune area is causing the Isigh®110 measurements on the Nipomo Mesa.
While there was no elemental analysis performetherPM10 samples, it is generally accepted
in the scientific community that the coarse PMHzfion is composed mostly of crustal
elements.

Further evidence that crustal materials from theedarea are the major contributor to the highest
PM10 concentrations is presented in Figures 2&8ndrigure 26 presents the relationship
between the square of the average wind speed arfelMii0 concentration at Mesa 2 in 2001

(for sample days without the influence of rainjgufe 29 presents the relationship between the
percent of time the wind is blowing from the dumeaawith a speed greater than 5MPH at the
CDF site and the PM10 concentration measured abfe site. While this data demonstrates a
relationship between wind speed and PM10 contbutiom the dune area, as one would
expect, there are factors other than wind speddgein€ing the PM10 concentration.

The wind driven crustal particulate depositionlgavisible from aerial photographs. Figure 3 in
an earlier section shows depositional land forra@the clearly defined prevailing northwest
daytime wind flow.
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Figure 27. Mesa 2 Coarse and Fine Fraction PM
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Mesa 2 2001 PM-10 Vs. Average of Square of W/S (Dry days)
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Figure 29. CDF Winds From Dune Area/PM10 Concentra tion Relationship
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The data from the study clearly demonstrates tlehighest PM10 concentrations measured on
the Mesa are largely due to wind driven crustalemal from the upwind dune area. The data
does not show however, whether this is a “natueaént, or one that is exacerbated by human
activities.

Wind blown crustal particulates become entrainednirair mass as part of “natural” processes.
In areas of loose sandy soil it is common for wghd events to cause natural dust storms. This
is essentially what is happening on the coastaé dmplex, with the dust storm plume
extending inland to the Mesa area. However, thegesubstantial human activities on the dunes
that could be contributing to this problem. Datesented above in question #3 suggests the
possibility that summer weekend activities are tngaa 15% higher average PM10
concentration at Mesa 2 from only primary vehicuiapacts. In addition to these primary
impacts, the off road activities on the dunes haeesecondary affect of denuding the dunes of
natural vegetation. The loss of this natural veieh may cause degradation of the dune
structure, allowing easier entrainment of partidagng a wind event.

While the study data suggests some level of imfpawnt the off road activities, determining the
extent of that impact is beyond the scope of thdyst Nonetheless, it is important to remember
that the health impacts are the same, regardldssvoinuch is caused by human activities
verses natural processes.

Question #5
What role might off-road vehicle use at the Ocean®unes play in contributing to the
observed higher concentrations of particulates intis area?

The role of off road vehicles at the Oceano Duseatiscussed above in Question #4.

Question #6
Are the PM2.5 measurements made at Ralcoa represatitve of a larger region, or localized
to the Ralcoa area?

The PM2.5 measurements referred to in this questierl3 measurements at the Ralcoa location
made in September through November 1995. Pritriscstudy, these were to only PM2.5
measurements made on the Mesa. These limited negasots ranged between 27ug/m3 and 9
ug/m3 and were made between September and Novard®88r Because these measurements
were made at only one location, it was not cle@inee measurements were representative of the
entire Mesa area, or just that one location.

The extensive PM2.5 sampling from this study clealows homogeneous concentrations over
the western Mesa area in most cases. Somewharhighcentrations were measured at the
Bendita monitoring location in the winter, and agp® be due to wood burning. The range of
concentrations measured in1995 is in line withdvecentration ranges measured in this study
(see figures 12-15).

Question #7
Are the PM2.5 concentrations on the Nipomo Mesa hiiger than elsewhere in the county,
and do they violate state and/or national standard®
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As described previously, the extensive PM2.5 measants demonstrate that the PM2.5
concentrations on the Mesa are higher than els@whehe county. The study data also suggest
that the PM2.5 concentrations on the Mesa violaestate annual standard, the proposed state
24 hour standard and the federal annual standasds@ample came very close to violating the
federal 24 hour standard. It should be notedttt@PM?2.5 study data was collected using non-
Federal reference samplers, so it can not be u§edhlty to demonstrate attainment or non-
attainment of any standard. Nonetheless, thestadagly suggests that at least some of these
standards are being violated on the Nipomo Mesa.

Question #8
Are the sulfur measurements made at Ralcoa indicaiins of a sulfate problem in the
Nipomo Mesa area, and what is the source of the $uf?

This question refers to the 13 fine particulate sne@aments from the Ralcoa site in 1995
discussed above. These samples were analyzedrous elements (including sulfur) by XRF.
The sulfur concentration of these samples was hitjfaen expected for a rural coastal area, with
the highest sample representing about 9ug/m3 sulfdhfortunately, the limited sample size
was insufficient to determine if they representtigcal range of sulfate concentrations for that
area. In addition, the analysis did not differatgibetween ammonium sulfate and elemental
sulfur, which is stored in large quantities at @@ocoPhillips Facility. The extensive PM10
sulfate analysis, PM2.5 sulfur and sulfate analgsigsormed on samples taken from various
locations on the Mesa during this study providesféicient data set to evaluate these questions.

The highest sulfate measurement during this stuaty atoout 1/3 of the state sulfate standard,;
thus, by that measure, there is not a “sulfatelprobon the MesaThere currently is no area of
California that is in violation of the state sudattandard.

The sulfate concentrations measured on the Mesav@vare higher than those measured from
other rural coastal areas. Figure 30 presentawbrage sulfate concentrations for the study
period from other coastal areas of California wheeridate is measured.
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Nipomo PM Study
Average Sulfate from Across the State
™
2 45
> 4
“q_') 3.5
8 31
3 25-
g 2
S 1.5 -
()
2 14 -
= 05 -
2 0
C
AN
< & 00@ & QQQ ¥ 2 & éQ? éz?’
& < N QF & & S R
& < A ® & N &
\Y" \,o < ?ﬁ\l‘% "9,0
™ &
<<k
&
Site Name

Figure 30. Average Sulfate Concentrations

The only other coastal areas to measure higheageeulfate values are the heavily
industrialized areas of Los Angeles and Long Bddatbor. Marine vessels are substantial
sources of sulfur dioxide emissions and associfdte formation, so this is not surprising.

Data from this study also shows that the sulfursnead by XRF is almost entirely in the form
of sulfate, and not elemental sulfur (or otherwufiompounds). Figures A-10 through A-12
demonstrate the strong correlation between sutfabeentrations calculated from elemental
sulfur measurements and sulfate measured by immatography. This strong correlation
shows that the sulfur measured on the Nipomo Mesathe form of sulfate, and not elemental
sulfur as some had theorized.

The sources of sulfate on the Mesa are very difftoudetermine. Like most pollutants, there
can be many different sources that contribute ¢catinbient concentrations. As described
earlier, it has been established that “marine seilfi@sulting from wave action is one contributor
to sulfate levels in most coastal areas. Thisntegmcuments that the “marine sulfate” portion of
the total measured sulfate can be calculated mguke ratio of chlorine to sulfur in the sample
following the procedure established by Dr. CahilUoC. Davis (4,7).

Figure 31 presents the marine and anthropogerdgtidre of the total sulfate measured at the
Mesa 2 site. Analysis of meteorological conditionmssample days where there is significant
marine fraction show the presence of a strong ssezb; days with no marine fraction have a
much calmer sea breeze and less atmospheric d@pers
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Nipomo PM Study PM10 Marine and Anthropogenic Sulfa  te at Mesa2
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Figure 31. Mesa 2 PM10 Marine and Anthropogenic Su Ifate

The largest source of sulfur dioxide (SO2) in thartty is the ConocoPhillips refinery. This
facility emitted over 2700 tons of SO2 in 2005. S hepresents over 99% of the SO2 emissions
from all stationary sources in the county and albalit of the total sulfur dioxide emissions from
all sources count}/W|de; emissions from marine Uesme the other significant source (43% of
total emissionsy¥. Given the magnitude of these emissions, itghlyilikely that the
ConocoPhillips facility is a significant contribuitto sulfate levels in southern San Luis Obispo
and northern Santa Barbara Counties.

Attempting to apportion the sulfate measured in argicular sample to one single source is
very difficult. Wind direction fluctuations ovelné 24 hour sample period can limit the portion
of the total sample potentially collected from quagticular source. Other meteorological
variables, variations in other local sources, aadations in overall background concentrations
can also complicate apportioning a measured coratert to one particular source. In addition,
the rate of conversion from SO2 to sulfate can eangm a few minutes to many hours
depending on several atmospheric variables, inctuthie presence of water droplets, certain
metallic particulates, and ozone concentrafibnif the distance downwind from the source
where the sampling is performed is too close feratmospheric conditions at the time, the
majority of sulfur dioxide may have not yet coneerto sulfate. The farther downwind from the
source, the more likely the SO2 to sulfate conearsias occurred, but also the more dispersion
of the emissions, resulting in less measurable anpa

Figure 32 presents the PM10 sulfate measurementsdl study sites. This graph also shows a
seasonal variation in sulfate concentrations, wighwet winter months being the lowest. For
many of the sample days, all of the study sitessmeal very similar concentrations, indicating
little direct impact from a local source. Howewiere are a number of sample days where the
Nipomo Regional Park (NRP) sulfate value is siguaifitly higher than the other study sites.
Review of the meteorological conditions for theample days shows light winds from the
direction of the COP facility for a substantial pon of the day. See Appendix B for graphical
data summaries demonstrating these conditions.
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Nipomo PM Study Calculated Anthropogenic PM10 Sulfa  te
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Figure 32. PM10 Sulfate Measurements

This could indicate that the other study sitestaceclose to the COP facility for the SO2
emissions to have time to convert to sulfate. NNR# site location, being farther downwind,
may have allowed more time for this conversiondour, resulting in a higher sulfate
measurement. With no other sources in the couthigrahan marine vessels emitting anything
close to the SO2 emissions from COP facility, timdikely that another source nearby the NRP
monitoring station caused the higher sulfate measants at NRP.
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CONCLUSIONS

This year long study clearly documents a seriousquédate pollution problem on the Nipomo
Mesa. Numerous exceedances of both state andafddsith standards were measured as
shown below:

1. The state 24 hour PM10 standard of 50 ug/m3 wasesglarl at one or more monitoring
station on 17 out of the 61 sample days (28%).

2. The federal 24 hour PM10 standard of 150 ug/m3exaseded at the CDF station on one
day out of the 60 sample days.

3. The state annual PM10 standard of 20 ug/m3 waseeeckat all five PM10 sampling
locations in the study.

4. The state annual PM2.5 standard of 12 ug/m3 waseeberl at two of three PM2.5 sampling
locations in the study.

5. The federal annual PM2.5 standard of 15 ug/m3 waesexled at one of the three PM2.5
sampling locations in the study.

6. The anticipated state 24 hour PM2.5 standard afgZ®3 was exceeded at one or more of
the sampling stations on 5 out of the 61 samples @886).

The study results clearly identify wind blown cralgparticles as the single largest cause of the
high particulate concentrations measured on theaM&feteorological data shows wind events
entraining crustal particulate from the dune fialgsvind of the Mesa area as the likely cause;
data from the directional PM10 sampler at the Cian strongly supports this conclusion.
Elemental analysis of the PM2.5 samples furthefigarthat on these high particulate days, the
largest fraction of particles are composed of thstal elements of silicon, iron, aluminum, and
calcium. Thus, the data clearly implicates winérg entraining crustal particulates from the
dune fields on the coast and transporting thermahks the primary cause of the PM10 and
PM2.5 levels measured on the Mesa.

The study results also show that as the winds pesgnland and begin to decrease, the
particulate concentration also decreases dramigticéhe data from the Nipomo Regional Park
monitoring station measured the lowest PM levelhéstudy due to being farther inland than
the other monitoring site locations. Localizedsaref elevated concentration, where the
particulate concentrations were even higher thast m@as of the Mesa were also identified.
Dirt roads with fine sandy soil were seen to ad@dditional particulate load to the air in their
vicinity, contributing to some of the highest panlate measurements.

This study does not definitively identify the impa&gc particulate concentrations on the Mesa
from off road vehicle use at the Oceano Dunes $atk Offroad Vehicle Area. A
weekend/weekday analysis of long term PM data eafopned to see if any direct impact to
particulate concentrations from the offroad adtgtwas apparent; while the analysis did show
higher average weekend concentrations at the Mesanoring site, the results were not
conclusive. Secondary impacts from the vehicleséigt such as denuding the natural
vegetation, may also play a role in destabilizimg dunes and allowing the winds to pick up the
fine particles and carry them downwind. Howevbis s a question of geologic processes
outside the scope of this study.
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Regardless of whether human activities or natwalees are responsible, the study documents
the frequent occurrence of unhealthful particulatels on the Mesa. It is important to note that
simply because the composition of the particulegesostly natural crustal particles, the health
implications are not lessened. All fine airborr@etigulate matter, regardless of composition, can
cause respiratory distress when inhaled, especaltlye very young, the elderly and those with
compromised respiratory systems. In addition, gaarticles are high in crystalline silica, a
known carcinogen with a high risk factor (14,15).

The study data demonstrated that sulfate concemtsabn the Nipomo Mesa are well below the
California state sulfate standard, though the Egekn there are higher than other rural coastal
areas. On days with light winds, the study datawsd monitoring locations downwind from the
ConocoPhillips Refinery complex with significantljgher sulfate concentrations than sites
located upwind from the refinery.

RECOMMENDATIONS

As a result of this study, it is recommended thatDistrict install a federal reference method
(FRM) PM2.5 sampler and a real-time tapered elemscitlating microbalance (TEOM) PM10
analyzer in the more populated area of the Medse FRM PM2.5 sampler will confirm the
representativeness of the study PM2.5 measuremeue with non-certified samplers. The
TEOM analyzer will provide hourly PM10 measuremezvtshours a day. This real time PM10
data can be examined with real time wind dataltmador further understanding of the wind
events that are causing the unhealthful particdateentrations. The continuous TEOM data
will also provide a much larger PM10 database, Winiay allow a more conclusive
weekend/weekday analysis of the PM10 data.

To reduce the elevated PM concentrations observixtalized areas near dirt roads, it is
recommended that the District move forward withph@posed PM control strategies adopted by
the Board as part of the 2005 Particulate MattgrdReo meet the requirements of SB 656.

This includes a control strategy to reduce emissfoom high volume unpaved roads by

working with County Public Works, County PlanningdaBuilding Department, South County
Advisory Council and developers to evaluate andement measures such as speed limit
reductions, application of dust suppressants oingavew and existing unpaved roads in areas of
higher population where exposure is greatest.

Finally, the District should work with the South @dy Advisory Council, State Parks, County
Public Works and County Planning and Building Dépants to further investigate the effects
of off-road vehicle use at the SVRA in contributiagthe elevated PM levels measured on the
Mesa, and what mitigation efforts are reasonabtefeasible to reduce that impact.
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STUDY OVERVIEW

The Nipomo Mesa PM study was designed to answeemums questions concerning the
historical measurement of high concentrations ofi@date matter on the Nipomo Mesa. A
detailed review of historical PM data from the Nip@ Mesa area performed in late 2003
generated a variety of questions that could nadegjuately answered with the data gathered to
date

In order to gather the data necessary to answse tipgestions, a year long particulate
measurement study was designed for the Nipomo leliesaconsisting of the following
measurements:

What source or sources are responsible for thévelkahigh PM10 concentrations measured
at the Ralcoa Way monitoring station?

How large of an area is represented by the ele\RiHO concentrations measured at the
Ralcoa monitoring site?

Are the average weekend PM10 concentrations oM#sa higher than weekday
concentrations?

Is the predominant source of crustal material #pgtears to be driving the high PM10
concentrations in the Nipomo Mesa area the resa@tmatural dune/wind process?

What role might off-road vehicle use at the OceBioes play in contributing to the
observed higher concentrations of particulatetimadrea?

Are the PM2.5 measurements made at Ralcoa repatiserd larger region, or localized to
the Ralcoa area?

Are the PM2.5 concentrations on the Nipomo Mesadrighan elsewhere in the county, and
do they violate state and/or national standards?

Are the sulfur measurements made at Ralcoa inditaf a sulfate problem in the Nipomo
Mesa area? If so, what are the source(s) of thar3u

These measurements were performed on the scheatel@ above from April 2004 through the
end of March 2005.

The following sections present specific qualityajatata validation criteria utilized, as well as a
discussion of observed strengths and weaknessbfreaasurement method.
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PM10 MEASUREMENTS

PM10 was measured with hi-volume samplers folloggravimetric analysis and ion
chromatography of all valid filters. Proceduresdalibration, sampling, and weighing followed
the District Standard Operating Proceddfe

Co-located samplers were operated at the Mesa &ariag station to access precision of these
measurements. As can be seen in Figure A-1, thecatéd measurements demonstrate very
good measurement precision.

Nipomo PM Study Collocated PM10 Mass Measurements
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Figure A-1. PM10 Collocated Measurements

The overall upper and lower 95% probability linfs PM10 from the study data set are +9.5%
and -4.8% respectively. EPA specifies that 95%babdlity limits be calculated excluding all
values where either the main or collocated valdevi®r than 20 ug/m3 (40CFR58 Appendix A)
to provide a more representative value. Excludiages lower than 20 ug/m3 from the study
data, the upper and lower 95% probability limits #6% and -2.7%.

The San Luis Obispo County APCD PM10 weighing Rhudited by California Air Resources
Board (CARB) each year. The weighing lab was daslited on April 28, 2005 passing on all
criteria.

The validation criteria used for the study is theng criteria used for other District PM10
sampling®®. Table A-1 summarizes the data validation citeri
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PARAMETER MEASURED BY VALIDATION CRITERIA
calibrated flow recording device on
Sampler Flowrate sampler 36-44 cfm
Sample Duration elapse time meter on sampler 24 hrs +/- 1 hr
no tears, pinholes, obvious
Filter Inspection Visual inspection foreign material

Table A-1. PM 10 Data Validation Criteria

Directional PM10 sampling was performed at the @dnitoring site. The CDF directional
sampler was a modified PM10 sampler configuredetsthrted and stopped by the CDF data
logger that was used to record the wind parameteise CDF monitoring site. The data logger
was programmed to allow the sampler to operate whign the wind was blowing at sufficient
speed to pick up dirt or sand particles and wawipbig from the coastal dune complex of the
Oceano Dunes State Vehicle Recreational Area. dakeelogger evaluates the wind conditions
every 5 minutes, turning the sampler on wheneweptkvious 5 minute average showed a wind
speed greater than 5 mph and a wind direction lest\260 and 330 degrees.

The overall data completeness for PM10 was 92%stMata loss was from the Bendita
monitoring site where mass flow controller malfuaos caused numerous samples to be
invalidated due to an out of tolerance sampler féder The mass flow controller was replaced
with a volumetric flow controller in mid January@®to solve this problem.

As is typical with PM10 filters, they were not ngierated prior to anion analysis by CARB. The
lack of refrigeration should have no affect on atdfand chloride ion measurements, but nitrate
is known to volatize as the temperature increase#e nitrate ion measurements may be biased
low due to volatilizatior?.
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PM2.5 MEASUREMENTS

PM2.5 measurements were made with mini-vol sampléish utilized 47 mm quartz or Teflon
filter media. Filter analysis included: gravimetanalysis, thermal/optical elemental/organic
carbon (EC/OC) analysis, x-ray fluorescence (XRRY ion chromatography for selected filters.
Because different filter media are needed for nxd®B/and carbon analysis, two separate
samplers were used at each location to allow thelsaneous sampling with both Teflon and
quartz filter media.

PM2.5 Precision Measurements:

Collocated samplers with Teflon filter media wevedted at the Mesa 2 monitoring station to
assess the precision of the mini-vol measuremekdgsdemonstrated by Figure A-2, the
precision is good, especially considering the sem@ture of the mini-vol samplers. The mini-
vol sample flowrate of 5 I/m is extremely low comga to other PM2.5 samplers (Federal
Reference PM2.5 samplers flowrate is 16.7 I/m)e Tdw flowrate utilized by the mini-vol
samplers magnifies the bias caused by sample Imgnaleighing inaccuracies and other such
artifacts.

Nipomo Mesa PM Study PM2.5 Collcated Measurements
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Figure A-2. PM2.5 Collocated Measurements
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PM2.5 Sample Validation and Completeness:
The PM2.5 validation criteria used for the study lested below in Table A-2.

Parameter Measured by Criteria

Sample Flowrate Certified Mass Flowmeter 51/m +/- 10%
before and after sampling

Run Time Sampler Elapse Time Meter 24 hours +/- 30 min.

Filter Inspection Visual inspection upon Damaged filter, insects, water
recovery from sampler droplets.

Filter Inspection Microscopic inspection Evidence of water or other
following analysis (Teflon obvious debris on filter
Only)

Exposed Filters Chilled

Table A-2. PM2.5 Data Validation Criteria

Overall data completeness for PM2.5 measuremerg84&. Table A-3 lists the data
completeness for each PM2.5 mini-vol sampler:

SITE/SAMPLER Valid samples % Completeness
Mesa 2 main Teflon 54 88.5%
Mesa 2 colo Teflon 42 68.9%
Mesa 2 Quartz 55 90.2%
Bendita Teflon 49 80.3%
Bendita Quartz 53 86.9%
Oso Teflon 52 85.2%
0Oso Quartz 56 91.8%
Sm/Atas — Teflon 49 80.3%
Average 84.0%

Table A-3. PM2.5 Data Completeness

A high percentage of data from the PM2.5 samplexs wvalidated for timer malfunctions
causing the run time to be outside of validatiateda. It was determined that most of the
“timer malfunctions” were caused by the AA battaryhe sampler to momentarily “jiggle” out
of the battery holder causing a short interrupbbpower to the sampler’s timer. This short
interruption would cause the timer to enter an uamode where it would often not shut off.
An inexpensive battery holder that employs a sptingnsure tight connections of the battery
could eliminate this problem.

Another significant cause of data loss was wateredww entering the sampler inlet and
dripping down on the filter. During the especialigt winter period of the study, water was
discovered inside the inlet and on the filter deva samples when the filter was recovered
following the sample run. Due to this observatiaih;Teflon filters were inspected with a x60
microscope following gravimetric and/or XRF anasysin this microscopic inspection
numerous filters had clear evidence of evaporata@mdroplets and residue from the
evaporated water being present on the filter mebhiaaddition to the evidence of water on the
filter, a few other obvious contaminants were foondhe filter media. All filters with evidence
of water or other contamination were invalidatddhe photographs in figure A-3 below
demonstrate these observations:
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Blank Filter (X60)

Heavily Loaded Filter (X60)

Filter jcpft209 with evidence of
water (X10)

Filter jcpft209 with evidence of
water (X60)

Filter jcpft138 with evidence of
contamination (X60)

Filter jcpft261 with evidence of
contamination (X60)

Figure A-3. Microscopic Photographs of PM2.5 Filte  rs
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It is not understood how the water was able torahgemini-vol sampler inlets, as the inlet is
equipped with a “rain cap” to prevent water frontegimg the inlet. The Teflon filters that
somehow had water droplets deposited on them shawbdracteristic “grid” pattern (see photo
above). This “grid” pattern resulted from the wadeoplet on the filter causing the smooth
texture of the membrane filter to deform in thetgat of the gridded stainless steel support that
the filter rests on in the sampler. This “grid’tigan allowed easy identification of Teflon
membrane filters that somehow had water drip ddweririlet and land on the filter.

Following the inspection of all Teflon study filggrall quartz study filters were also inspected
with the use of a microscope. There was no eviglehevater droplets observed on any quartz
filters. It is highly unlikely that we detectedali 6% of the Teflon filters with evidence of
water, and no quartz filters that had water contation. It is more likely that the nature of the
quartz filter media does not show evidence of wetetamination as easily at the Teflon media
does.

To determine for sure if water droplets on the tmilter media would leave any visible
evidence, a water droplet was placed on a quditz &nd allowed to sample (at the same sample
flowrate) until the droplet dried. The filter wdeen examined with the microscope and no
evidence of water was detected. This test conftirasthe quartz filter media reacts differently
than Teflon filter media and does not leave aniplasevidence of water contamination.

Because water contamination of quartz filters coutlbe detected, it is highly likely that some
the quartz filters that have been validated werdaroinated with water. As a result, the
elemental/organic carbon (EC/OC) data likely wdlvie some data values that were affected by
water dripping on the sample filters. It shouldnio¢ed that in the EC/OC analysis, only a small
punch of the quartz filter is analyzed, so for watentamination to actually bias the data value
of a particular sample, the water droplet must Hamded on the portion of the filter where the
punch was later taken. There is no way to detegminich filters may have been affected, so the
use of elemental/organic carbon data must be ugldhis caution. It should also be noted, that
the water problem only occurred in the wet winterigd of the study, where most data values
were generally low.

Another important validation parameter for the PM@ini-vol samplers is sample flowrate.
Accurate sample flowrate is important both in emguthe inlet “cut point” is maintained at 2.5
microns as well as accurately determining the tadédme of air sampled. In designing the mini-
vol sampling procedures, the sampler flowrate veapsor to each run to 5 I/m using a certified
mass flow meter (MFM), then measured again follgatime sampling period with the MFM.

The results of the pre and post flowrate measur&weere used to calculate average sampler
flowrate for the run as well as ensuring the sarfiplerate (and inlet cut point) validation
criteria were met. This procedure was used, ite g it greatly increasing the study workload,
due to concerns that the mini-vol samplers couldoearusted to maintain the nominal 5 I/m
sample flowrate. It appears that much of this pdore was unnecessary for our study. Out of
the 488 mini-vol runs in the study, there was naareinstance that the sampler’s flowrate drifted
enough to trigger the sampler flowrate validatidtecia. As can be seen in figure A-4, the drift
was generally so low that the drift would not havegnificant affect on the average sample
flowrate used to calculate concentrations. Inagituns with greater sample loading than was
experienced in our study the sample flowrate dndty be greater.
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Nipomo PM Study Mini-vol Sample Flowrate Drift
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Figure A-4. PM2.5 Sampler Flowrate Drift

PM2.5 Teflon Filter Media Field and Trip Blank Measments:

Field and trip blanks were taken throughout thelgto ensure filter handling was not
significantly biasing the PM2.5 measurements. Dbignks were collected by selecting an
unexposed filter at random and submitting therfilbe analysis. Field blanks were collected by
selecting an unexposed filter at random, then fwgadito a spare mini-vol inlet, transporting to
the field with the next runs mini-vol samplersagping the “field blank inlet” to an actual mini-
vol sampler, recovering the field blank filter wittre normal mini-vol sample filters, and
submitting for analysis. This field blank proceelis much more representative of any actual
bias that may occur to actual sample filters thentypical field blank procedure of simply
installing a filter in the sampler, then immedigtedmoving the filter, and submitting for
analysis.

As previously noted, one disadvantage of mini-ashplers is the low sample flowrate. This
low sample flowrate will magnify any bias measubsgdield or trip blanks. For example, the
same change in mass of a blank filter will haveralieee times the resulting blank concentration
with a mini-vol than with a Federal Reference MetiiM2.5 sampler, due to the difference in
sampler flowrate.
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Table A-4 presents the results of trip and fielalils with Teflon filters:

Trip Blanks Field Blanks
Average Blank Value -0.3 | ug/m3 1.4 | ug/m3
Minimum Blank Value -1.1 | ug/m3 0.4 | ug/m3
Maximum Blank Value 1.0 | ug/m3 2.4 | ug/m3

Table A-4. PM2.5 Mass Blank Values

The trip blanks show no significant overall bidshe field blank results do show a slight positive
bias, again being magnified due to the low samiplerhte of the mini-vol samplers. The slight
positive bias from the field blanks must be notedvaluating the data from this study, but is not
significant considering that the weighing unceraimone for these filters is approximately 0.7
ug/m3. Blank values were not applied to adjust@ata from Teflon filters.

PM2.5 Quartz Filter Media Field and Trip Blank Maesments:

Field and trip blanks for quartz filter media weéak&en in the same manner as described above
for the Teflon filter media. Blank measurementsdi@mental/organic carbon (EC/OC)
measurements are especially important becauseaheéthbiquitous nature of organic carbon
compounds and the filter media’s natural affinly many of these organic compounds,
contamination with trace organic carbon compousdsvery common problem with EC/OC
measurements.

EC/OC Blank results from the first two months afngding were received from the CARB
laboratory in early August 2004. These resultsngtbexcessively high organic carbon blank
values. An investigation with the help of CARBf&t@as immediately initiated. Trip blanks as
well as Field Blanks showed similar high OC valu&sis indicates that the contamination of
the blanks was not associated with District staiéedling of the filters, but likely was to storage
of the filters. After evaluating possible souroégontamination, it was concluded that the likely
source was the plastic bags that CARB shippediltkeesfin. At room temperature, plastic bags
can outgas organic carbon vapors, which the qditdz media has an affinity for. CARB’s
decision to use plastic bags to store the filtediamén was largely influenced by the lack of
availability other containers that would be comiplatiwvith our program.

An easy solution to this problem was to keep therfmedia (and plastic bags) refrigerated
before sampling. The filters and plastic bags d&adys been refrigerated following sampling to
prevent volatilization of organic carbon from thiléef media. Keeping the filters and plastic
bags refrigerated at all times would greatly redute “out gassing” of organic vapors from the
bags, thereby hopefully eliminating the contamimaif the filter media.

In early September 2004 fresh quartz filters weowipled by CARB that were contained in
refrigerated plastic bags. The filters and bagewept refrigerated until just prior to sampling,
and then following sampling were immediately reérgted until analysis. This change in
procedure dramatically reduced the OC blank valdesle A-5 below presents the blank data
before and after the procedure change was implesdent
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Trip Blanks Field Blanks
Before After Before After
Average OC ug/m3 5.1 1.2 4.9 2.3
Minimum OC ug/m3 3.9 0.7 3.9 1.3
Maximum OC ug/m3 6.4 2.1 7.2 3.5

Table A-5. PM2.5 Organic Carbon Blank Values

The trip and field blank values measured aftempttoeedure change are in line with blank values
used by the USEPA IMPROVE and STN nationwide paldite speciation programs. These
nationwide programs utilize a data handling protdleat subtracts a nationwide average blank
value. The blank value used on these programsyatigisted for differences in sampler
flowrate is approximately 1.7 ug/m3 for mini-volma]ers(g). As this USEPA blank value is in
line with the blank values measured in the Niporivb $tudy, all OC data produced after the
filter procedure change will be blank adjusted bltsacting 1.7 ug/m3 from the measured OC
concentration. EC blank as well as ambient vahes®r reached the detection limit of 1 ug/m3.

Great consideration has been focused on tryingilimauthe OC data produced prior to the filter
procedure change. One hope was that the blaniddhteot actually represent the true bias to
the ambient data. The thinking was that the ogaapors that contaminated the filter media
were not particulates trapped on the filter, rathely were vapors adsorbed by the filter media.
Actual sample filters (that had adsorbed organmovs from the plastic bags) were flushed with
ambient air for 24 hours as part of the normal dargprocess. The hope was that the sampling
of ambient air had the effect of stripping thesiit of the adsorbed organic vapors. So an
experiment was devised to determine to what ex@éritours of sampling ambient air would
result in a decrease of the blank value.

A number of fresh uncontaminated quartz filtersenstored in plastic bags at room temperature
for 30 days to contaminate the filters with orgavapors. Six filters were installed in mini-vol
samplers, allowed to sample humidified zero airZdéhours, recovered from the samplers, and
submitted for analysis. Six filters were treatedrg blanks for control. Results showed no
reduction in OC concentration on the 6 filters thamnpled humidified zero air. Unfortunately,
the experiment demonstrated that the organic vdpamsthe plastic bags were not removed
from the quartz filter media by the sample flowrpéssing through the filters on a typical
sample run.

The high blank OC values prior to the procedurengkavere quite variable. This makes
subtraction of an average blank value from the $adh@C values for this period result in some
samples with obvious low or even negative OC valaed other samples with OC values that
are obviously too high (OC+crustal+(NH3)2S04 gre#itan mass measurement). As a result,
the use of individual OC data values from all stadgs for the period 4/3/04 through 8/31/04,
must be used with great caution. However, it &somable to utilize the average OC data for this
period, corrected by the average blank value poidhe procedure change with much less
caution. As a result, OC data for this period Wwiamk corrected with an average blank value of
4 ug/m3. OC data from this period will only be ds$e calculating average species
concentrations, not individual sample concentration
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SAMPLING AND ANALYTICAL METHOD COMPARISONS

Different sampling and analytical methods for pauttite matter are known to have different
strengths and weaknesses. There is no single ch#ihbis known to perfectly represent the
actual particulate concentration. Even simplefithethods have documented positive and
negative artifact issues due to filter handling aadditioning environments. The sample inlets
of different sampling methods are known to behafferéntly under a variety of conditions.

Two methods can agree well when sampling a prepande of a particular type of particulate
and then show stark disagreement when samplingmopderance of another type of particulate.
Even though no method produces a “true” representaf particulate concentration under all
conditions, specific methods have been designatededbUSEPA as reference methods that are
used to compare to state and federal health stdsidar

Intercomparison of methods is a useful tool indatiing and gaining confidence in the data from
the various methods. In this study, comparisothefmini-vol PM2.5 samplers to Federal
Reference Method PM2.5 samplers is helpful in eatatg the data from the mini-vol samplers

in terms of the state and federal PM2.5 healthdstats. Performing other methods comparisons
is also helpful in validating data and providing tthata users a greater understanding of the level
of confidence and applicability of the data.

PM2.5 Mini-vol Sampler Comparisons to PM2.5 Fed&ealerence Method (FRM) Samplers:
The mini-vol samplers used for PM2.5 sampling, elkihown to be reasonably accurate, do not
have federal reference or equivalent method ceatifin, and therefore can not be used to
demonstrate state or federal air quality standandptiance or violation. In planning the

Nipomo PM study, District staff evaluated variodd25 samplers for use in the study.
Weighing all the pros and cons, mini-vol sampleesenselected for their greater portability and
economy, knowing that they might produce data sonagwifferent from data that would have
been produced with FRM samplers. The approachovase the min-vol study data to get a
general understanding of PM2.5 levels and compositi the Nipomo Mesa area, and then if the
study data indicated, install a permanent PM2.5 FRipler to provide data for record that
could be used to demonstrate standard compliancelation.

Various studies have indicated that PM2.5 data fnaimi-vol samplers compare favorably to
data from FRM samplers. CARB performed comparidmta/een PM2.5 mini-vols and PM2.5
FRM samplers in Bakersfield, California in the venof 1998 that showed a close agreement
between the PM2.5 mini-vol and FRM samplers. Ositiedies have shown approximately a
10% difference between PM2.5 mini-vol and FRM sampatd®.

Prior to the beginning of the Nipomo PM study apgtudy for the month of December 2003
was performed at the District’'s Atascadero monigistation. The purpose of the pilot study
was to better understand the various proceduregpierating the mini-vol samplers as well as
gain confidence that there is some general agreeoe¢éneen the mini-vol and FRM samplers
prior to initiation of the Nipomo PM study.

The study consisted of collocated measurements/ersémple days between two FRM
samplers, two mini-vols operated by the procedecemmended by CARB, and one mini-vol
operated by a procedure utilized by Desert Resdasthute (DRI). The main difference
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between the CARB and DRI procedure is that withGA&RB procedure the mini-vol sampler
flowrate is set with a MFM prior to each run, andasured with the MFM following each run.
The DRI procedure is to mark on the mini-vol sampleotameter at 5 I/m (using a certified
MFM) and simply set the sampler’s flowrate to tharking on the sampler’s rotameter prior to
each run. The DRI procedure assumes that thedtayed at the 5 I/m setting throughout the
run, where the CARB procedure actually measurefidixewhen the filter is installed prior to
the run, and again measured when the filter isveraal following the run.

The results of the study are presented in the digé-5 and A-6 below:

Precision of Mini-Vol Samplers by
ARB Procedure

25.00 y=0.9154x + 1.52
R? = 0.9989
20.00

o
&
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< /
wn
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0.00 ‘ ‘

0.00 5.00 10.00 15.00 20.00 25.00
Sampler #2246

Figure A-5. Pre-Study PM2.5 Mini-vol Sampler Preci  sion
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December 2003 Atascadero PM2.5 Mini-Vol/FRM Comparisons
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Figure A-6. Pre-Study FRM/Mini-vol Comparison

These results showed little variation between tR¢ &hd CARB methods of mini-vol operation.
Additionally, there was generally good agreememivben the mini-vol samplers and the FRM
samplers. The 12/17/03 sample was the higheséald did show the mini-vol sampler
measuring a somewhat lower value than the FRM.s&lkemparisons between the FRM and
mini-vol samplers were similar to results obtaimedther studies. Based on the pilot study, the
District decided to use the mini-vol samplers vitie CARB procedure for PM2.5
measurements.

As part of the main Nipomo PM study, in order teess the comparability of mini-vol PM2.5
data to FRM PM2.5 data, a mini-vol sampler wasamaited with a nearby existing FRM PM2.5
sampler for each sample day. For the first pathefstudy, the mini-vol was collocated with the
District PM2.5 FRM sampler in Atascadero (4/3/08/20/04), but was moved to the CARB
monitoring site in Santa Maria for the remaindethe study (6/26/04 — 3/29/05). The
collocated measurement was moved from AtascadeBarnta Maria because the levels at
Atascadero were much lower than the levels measorée study area, and because it is
believed the particulate composition in Santa Meuaauld be closer to the particle composition
being measured in the Nipomo Mesa study area.

The comparison of data from the PM2.5 mini-vol #mel PM2.5 FRM sampler are presented in
figures A-7 and A-8 in both time series and scajtaphs:

SLO County APCD 2007 Nipomo Mesa PM Study Page A-14



Atascadero/Santa Maria PM2.5 FRM/MiniVol Comparison
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Figure A-7. PM2.5 FRM/Mini-vol Comparison
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Figure A-8. PM2.5 FRM/Mini-vol Comparison

The mini-vol/FRM sampler comparisons show genegat@ment between the two sampling
methodologies. The majority of the comparisons sbthhe mini-vol value higher than the FRM
sampler’s value. However, there are some datagwinere the mini-vol sampler value was
lower than the FRM sampler’s value, as was the iras®st of the comparisons made in the
December pilot study. It was surprising that thegorty of comparisons showed the mini-vol
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data value higher in the District's December pgttdy and the CARB 1998 Bakersfield study
showed the opposite trend.

In order to better understand the results of tha-wol/FRM comparisons the entire data set was
reviewed. In this review, it became apparent slaatple days where the mini-vol value was the
same or even higher than the FRM sampler value days where the particulate mix being
sampled was mostly fine particulates (using the PXF2VI10 ratio to assess the size segregation
of the particulates being sampled). On days wtiergoarticulate mix was predominately coarse,
the mini-vol data value was greater than the FRMeva

The relationship of the discrepancy between tha-sohand FRM methods to the particulate
size segregation suggests that the differenceeitvib methods may be due to different
characteristics of the two sampler’s inlets. Treiationship also helps to understand why closer
agreement between the two methods was observied GARB Bakersfield Study in the winter
of 1998 and the District December 2003 Pilot Studiiese two studies were performed in the
winter months in locations where the overwhelmingdominate particulate size would be in the
fine fraction.

The comparison of the two methods implies thamnting-vol PM2.5 data collected from the
study sites may overestimate the PM2.5 concentratizat would have been measured by a
FRM PM2.5 sampler. It is quite difficult to detama just how much the mini-vol overestimated
the data values. A linear regression analysif®ttbmparison of all FRM to mini-vol data
suggests on average, there is approximately a2Zll¥e-overestimation by the mini-vol samplers,
with the greatest overestimation on the lower catre¢gion data values.

Manual PM2.5 Measurement Methods Compared to “Riea¢” PM2.5 Measurement Methods
Another helpful comparison to provide perspectiadite different PM2.5 measurement methods
is the comparison of both the mini-vol and the FBR&fla values to other PM2.5 methods. For
part of the study period, while collocated miniN«®M measurements occurred at the CARB
Santa Maria station, PM2.5 measurements were asle @t the Santa Maria CARB site with a
Met One PM2.5 Beta Attenuation Monitor (BAM). Thesults of the comparisons are presented
in figure A-9.

SLO County APCD 2007 Nipomo Mesa PM Study Page A-16



Nipomo PM Study - Mini-Vol/BAM/FRM Comparison at Santa Maria
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Figure A-9. PM2.5 FRM/Minivol/BAM Comparison

This comparison demonstrates that the measurensemépancies between the FRM method
and both the mini-vol and BAM methods are approxetyathe same magnitude.

Comparison of measured PM10 Sulfate to PM2.5 Sutfatculated from Measured PM2.5

Sulfur

Sulfate concentration can be calculated from eléatsunlfur measurements by applying the
relative molecular weights of the atoms that corepbe sulfate molecule. For this calculation
to be valid one must assume that all sulfur present in the kaisn the form of sulfate. In
addition, anthropogenic sulfate is always in time firaction (<2.5 microrﬁ”. Oceanic sulfate,

that results from the natural churning and saltatibthe ocean surface is most often in the
coarse fraction (>2.5 micron). This naturally actwg oceanic sulfate can be estimated from the
chlorine concentration in a sample by applyingapproximate ratio of chlorine to sulfur in
ocean water (4,7).

Using these relationships, one can perform a cosgabetween anthropogenic PM10 sulfate
measured by ion chromatography of the PM10 filtgrd anthropogenic PM2.5 sulfate
calculated from the XRF sulfur measurements. Byjueling the only source of non-
anthropogenic sulfate — oceanic sulfate — one wexject the PM10 sulfate value to be the
same as the PM2.5 sulfate value in measurements atdde same time at the same location.

This comparison was made at both the Mesa 2 andiBestudy sites. The results of these
comparisons are presented in figures A-10 and A-11.
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Nipomo PM Study Anthropogenic PM10 SO4 Vs Anthropogenic PM2.5 SO4 at Mesa 2

PM10 SO4 ug/m3

PM2.5 SO4 ug/m3

Figure A-10. Mesa 2 PM10 Measured Sulfate and PM2. 5 Calculated Sulfate Relationship

Nipomo PM Study - Anthropogenic PM10 SO4 Vs. Anthropogenic PM2.5 SO4 at Bendita

PM10 SO4 ug/m3

PM2.5 SO4 ug/m3

Figure A-11. Bendita PM10 Measured Sulfate and PM2 .5 Calculated Sulfate Relationship

The results of these comparisons are quite goamhsi@ering that the data came from
completely different measurement methods, diffefitlet media, and completely different
analytical methods. These results assume thtteaulfur measured by XRF is in the form of
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sulfate, and that the oceanic sulfate contributias been correctly estimated. These
comparisons provide further confidence in bothRIMELO and PM2.5 measurements.

Comparison of measured PM2.5 Sulfate to PM2.5 &itfalculated from Measured PM2.5
Sulfur

A small number of PM2.5 Teflon filters were analgZer sulfate (and other ions) following
mass and XRF analysis. This provides another appity to compare calculated sulfate to
measured sulfate, this time both values from the fiarticulate fraction.

The comparison for all sites is figure A-12:

Nipomo PM Study Calculated Vs Measured PM2.5 Sulfat e
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= Oso
6.00 Bendita
x Santa Maria
% 5.00 Mesa2
‘;5 y =0.808x + 0.0092
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; y=0.8531x-0.1975
®
§ 3.00 Bendita
y=0.891x-0.3225
2.00 =
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y=0.8185x-0.1304
1.00
0.00 ‘ ‘ ‘ ;
0.00 2.00 4.00 6.00 8.00 10.00
Calculated Sulfate

Figure A-12. PM2.5 Measured Sulfate and Calculated  Sulfate Relationship

The linear regression results for this comparisenvary similar to the PM10 to PM2.5 sulfate
comparisons above. The slope of all of these cosges of approximately 0.85 indicates about
a 15% difference between the calculated sulfatenag@sured sulfate values. This 15%
discrepancy is very typical between two differemalgtical methods.
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OVERALL DATA QUALITY ASSESSMENT

Enormous effort in this study was placed on enguifiat the data quality would meet the study
objectives. Quality control procedures were impaied to directly control and document
numerous variables in the measurement processitidwa quality assurance procedures were
implemented to measure the effectiveness of thétgeantrol tasks in controlling the data
quality.

Data from these quality control and quality assoeatiasks were used to validate the entire study
data set. In this validation process, a few oleteons were made. These observations include:

Data loss from the PM2.5 mini-vols occurred duétise internal “AA” battery holders.
This could be avoided in the future by replacing blattery holders with holders utilizing
a spring to keep tension on the battery. All gdtacted by this problem was identified
by quality control procedures and invalidated.

Significant data loss (~ 6%) from the PM2.5 minissotcurred due to water entering the
sampler inlet and dripping down the inlet on to shenple filter. It is unclear how the
water entered the inlet. All data, other than @etal/organic carbon (EC/OC) data
affected by this problem was identified by micrgsicaanalysis and invalidated. There
was no way to identify EC/OC filter media that vedfected by this problem. As a result
there may be a small set of organic carbon datarthsa affected by this problem.
However, the data that may have been affected wwalé been during the rain season,
when the concentrations were generally very low.

A large portion of the organic carbon data (4/3/®8/31/04) was biased positive by the
storage of unexposed filters in plastic bags atréemperature. This problem was
detected by the use of trip and field blanks wetias part of the study protocol. Organic
carbon data for this period was corrected by sabirg average blank values. This blank
corrected data for this period should not be usedrindividual sample basis due to the
large variations in the level of contamination fréme plastic bags. However, average
values from this period should be representativecam be utilized.

The corrective action taken to eliminate the comtaton of the EC/OC quartz filter
media by the plastic bags was effective and theaneaer of the organic carbon data set
blank values is in line with organic carbon blargfues obtained in two nationwide
USEPA particulate speciation networks.

Comparisons made between the PM2.5 mini-vol sanysled for all study PM2.5
sampling and a PM2.5 Federal Reference Method Isam@monstrated overall good
agreement with an average 10-20% positive bias tr@mmini-vol sampler. And with

the greatest discrepancy at the lower concentraiada values.

Comparisons between PM10 measured anthropogematesahd calculated PM2.5
anthropogenic sulfate showed remarkable agreenstwekn the two different
measurement and analytical methods.

In conclusion, the resulting study data set can hewtilized with great confidence in the
guest to understand the issues surrounding patepblliution on the Nipomo Mesa.
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NIPOMO PARTICULATE STUDY

APPENDIX B - INDIVIDUAL SAMPLE DAY GRAPHICAL DATA SUMMARIES

This appendix presents a study area map with grapsiummaries of data for eleven sample
days with high PM10, PM2.5, or sulfate. Sites twlected wind data are depicted with the
wind rose for that sample day. The center of threlwose is located at the site location on the
map. Sites that did not collect wind data havé flbeation depicted with an oval.

The graphical summary of particulate data for estehfor that particular sample day is located

nearby the site location on the map. The sca&aoh bar graph is the same from site for site for
each parameter, but the scale of different paras&telifferent. The numerical data values and

color code is listed above the map. Table B-1a&rplhow to read the graphical summaries.

Table B-1. Key to Graph

Graph Sites Explanation

PM10 CDF Blue portion represents dunes contribution. Yellow portion represents
non-dunes contribution. Blue plus Yellow portions represent total PM10
concentration.

PM10 Hillview and NRP Blue represents total PM10 concentration.

2.5/10 Bendita and Mesa Blue represents the coarse fraction (2.5-10 micron). Brown represents

2 the fine fraction (<2.5 micron). Blue plus brown portions represent the
total PM10 concentration. The scale of this graph is the same as the
two PM10 graphs.

S04 All Sites Present Blue represents the anthropogenic portion of sulfate. Brown represents
the marine portion of sulfate. Blue plus brown portions represent the
total sulfate concentration. Note this is only the sulfate portion, not
ammonium sulfate.

PM2.5 All Sites Present Blue represents the crustal portion. Brown represents the sea salt

portion. Yellow represents the ammonium sulfate portion. Light blue
represents the other categories such as elemental/organic carbon. The
total of each category represents the total PM2.5 concentration.
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SAMPLE DAYS WITH HIGH PM10 AND PM2.5 CONCENTRATIONS
The following sample days were identified as haiigh PM10 and PM2.5 concentrations:

4/21/04
4/27/04
5/9/04

6/26/04
9/12/04
9/18/04

Graphical summaries for these days are presentieglires B-12 through B-6

SAMPLE DAYS WITH HIGH SULFATE CONCENTRATIONS
The following sample days were identified as hawiigh sulfate concentrations:

4/9/04
5/3/04
7/8/04
8/25/04

Graphical Summaries for these days are presentiguies B- through B-10

REGIONAL EPISODE DAY

The sample day of 3/11/05 was identified as a rejiepisode day. The data from this day
showed elevated PM2.5 and sulfate concentratiarns;dry low coarse PM fraction. The wide
spatial extent of these measurements indicateshisatvas a regional episode. A graphical
summary of this day is presented in Figure B-11.
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Figure B-1. 4/21/04
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Figure B-2. 4/27/04
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Figure B-3. 4/27/05
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Figure B-4. 6/26/04
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Figure B-5. 9/12/04
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Figure B-6. 9/18/04
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Figure B-7. 4/9/04
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Figure B-8. 5/3/04
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Figure B-9. 7/8/04
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Figure B-10. 8/25/04
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Figure B-11. 3/11/05
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