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l. INTRODUCTION

On December 2, 2014, the Imperial County Air Pollution Control District (District)
adopted a revision to the State Implementation Plan (SIP) (2013 PM2.5 Plan) to
address the 24-hour fine particulate matter (PM2.5) national ambient air quality
standard (NAAQS or standard) of 35 ug/m. The 2013 PM2.5 Plan addresses Clean Air
Act (Act) requirements for the Imperial County PM2.5 nonattainment area. The
nonattainment area represents a portion of Imperial County containing the cities of
Brawley, El Centro, and Calexico.

As a result of ongoing State and local control programs, PM2.5 air quality has improved
throughout Imperial County in recent years. Concentrations have declined 12 to

53 percent, and monitors located in the cities of EI Centro and Brawley now record
PM2.5 design values that are well below the standard. The Calexico monitor, located
within one mile of the international border with Mexicali, Mexico, remains above the
standard. Due to its proximity, Calexico is impacted daily by emissions from Mexicali.
On a few days each year, this impact is large enough to cause exceedances of the
24-hour PM2.5 standard. These days occur during stagnant weather conditions, with
predominant airflow from the south, and often coincide with wintertime holiday
celebrations in Mexico where the use of bonfires and refuse burning along with
fireworks displays are commonplace.

The Act includes a specific provision for areas located next to an international border
that allows states to take into consideration the impacts of cross border transport of
pollutants. The 2013 PM2.5 Plan demonstrates that emissions in the Imperial County
PM2.5 nonattainment areas are at a level sufficient to attain the 24-hour PM2.5
standard absent the impact of emissions from Mexicali, Mexico. Areas impacted by
cross border pollution must still comply with requirements in the Act to demonstrate that
appropriate actions have been taken to reduce local emissions and their impact. For
Imperial County, the SIP must include certain requirements and SIP elements for a
moderate nonattainment area.

Air Resources Board (ARB) staff continues to work with the District, the

U.S. Environmental Protection Agency (U.S. EPA), and representatives from Mexico's
environment ministry in efforts to improve air quality along the border region. For
example, the Border 2020 Program is a multi-agency cooperative effort to improve
environmental conditions, including air quality along the Calexico-Mexico border. The
ARB’s Heavy Duty Vehicle Inspection Program is another focused effort to improve
border air quality. Heavy duty vehicles are routinely inspected at border crossings in
Calexico to ensure that trucks and buses entering the State meet California’s strict
vehicle emission standards.

Other efforts are underway by the District to enhance the dissemination of information
about air quality in the Imperial County. An air quality and health information website
notifies residents by email or cell phone when the levels of air pollutants are forecasted
to be unhealthy. The District also leads a “no burn” campaign that provides radio and
television broadcasts to help educate residents about the air quality impact from open
burning. The District will continue these efforts as well as evaluate the potential for



additional measures to improve air quality in the region as part of the development of
the SIP for the 12 ug/m3 annual PM2.5 standard due in 2016.

Il. BACKGROUND

The Imperial County PM2.5 nonattainment area is an agricultural region located in the
southeast corner of California that shares its southern border with Mexicali, Mexico.
Most of the population, commercial activity, and farming operations occur in the PM2.5
nonattainment area, comprising approximately one-fourth the width of the county. The
nonattainment area includes the three largest cities in Imperial County- Brawley,

El Centro and Calexico. Each of these cities are similar in size with populations of
25,000 to 43,000 people. A map of Imperial County, the boundaries of the PM2.5
nonattainment area, and the Mexico border area is shown in Figure 1.

Figure 1. Imperial County and the PM2.5 Nonattainment Area
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The nonattainment area contains relatively few major industrial sources, with unpaved
road dust and fugitive windblown dust emissions representing the largest emission
sources. Other significant emission sources in the nonattainment area consist of
managed burning and disposal, emissions from aircraft, and tilling emissions from
farming operations.

In contrast, the city of Mexicali, with a population of nearly 700,000 has a large number
of industrial, mobile, and area sources. These sources are generally subject to less
stringent emission regulations than those in California. Consequently, emissions from
Mexicali industrial sources are approximately 15 times higher, and mobile source
emissions are almost three times higher than in the Imperial County nonattainment
area.



Current Air Quality and Trends

Despite the challenges that Imperial County’s geography, climate, and proximity to
Mexico pose for air quality, the combined efforts of State and local control programs
have resulted in improved air quality in the region. Concentrations recorded at PM2.5
monitors in Imperial County currently comply with the 35 ug/m3 24-hour PM2.5 standard
at all locations, except for the monitor in Calexico.

The metric used for determining if an area attains the PM2.5 standard is called the
design value. To reduce year-to-year variability, design values are based on a three-
year average. In 2012, the Calexico 24-hour PM2.5 design value was 43 ug/m3, more
than twice the design values from monitors located in Brawley and El Centro (18 ug/m3
and 20 pg/m3, respectively) (Figure 2).

Figure 2. 2001 and 2012 24-hour Design Values for Brawley,
El Centro and Calexico
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SIP Requirements

The Imperial County PM2.5 nonattainment area was designated as nonattainment by
U.S. EPA in 2009, and subsequently classified as moderate in 2014, requiring a SIP
submittal by the end of 2014. The 2013 PM2.5 Plan was developed under the
provisions of Section 179B of the Act that allows consideration of the impact of
international cross border transport of pollutants. Under this provision, the Act does not
require states to develop an attainment strategy addressing pollutants that originate
from beyond the United States borders. The 2013 PM2.5 Plan includes a
comprehensive technical analysis of these cross border impacts, and a demonstration
that the nonattainment area would have attained the 35 ug/m3 24-hour PM2.5 standard
absent these international emissions from Mexicali. The 2013 PM2.5 Plan also



addresses Act requirements to demonstrate that appropriate local actions have been
taken to reduce emissions and provide ongoing public health protection.

[I. TECHNICAL DEMONSTRATION OF CROSS-BORDER IMPACTS

While Calexico is impacted daily by emissions from Mexicali, on a few days every year,
this impact is large enough to cause exceedances of the 35 ug/m3 24-hour PM2.5
standard. Between 2010 and 2012, the Calexico filter-based federal reference monitor
measured PM2.5 concentrations that exceeded the 35 ug/m3 PM2.5 NAAQS on five
winter days due to transport from Mexicali (Table 1).

Table 1. 179B International Transport Days

Transport Day Concentration (ug/m3)
December 4, 2010 50.9
February 5, 2011 80.3
December 11, 2011 444
January 31, 2012 37.7
December 23, 2012 64.7

U.S. EPA guidelines on demonstrating attainment in areas impacted by emissions from
outside the United States are based on implementation of the PM10 NAAQS. This
guidance identifies five types of analyses that may be used to evaluate the impact of
international emissions on the nonattainment area.

1. Compare emission inventories from each side of the border to assess the
magnitude of the emission differences;

2. Evaluate changes in PM2.5 concentrations with the corresponding wind direction;

3. Analyze filters for specific particles that may be tied to foreign emission sources;

4. Analyze the emission inventory on the U.S. side of the border and demonstrate
that the impact of U.S. sources would not in and of itself cause the NAAQS to be
exceeded; and/or

5. Perform air dispersion and/or receptor modeling (source apportionment) to
guantify the impacts from U.S. and foreign emission sources.

Staff examined the available monitoring and meteorology data from Calexico, other
Imperial County monitoring sites, and Mexicali, and applied the guideline techniques to
evaluate the impacts of emissions emanating from Mexicali and Imperial County on
attainment of the 35 pug/m3 24-hour PM2.5 standard.

Staff first compared the area, population, and emissions data for Mexicali and the
Imperial County nonattainment area. Mexicali has more than four times the population
of the entire nonattainment area and more than 17 times the population of Calexico.
Emissions from Mexicali are also significantly higher than those in the Imperial
nonattainment area. For example, direct PM2.5 emissions in Mexicali are twice the
level as emissions in the nonattainment area, and NOx emissions are more than four
times higher.



Staff also evaluated the relationship between wind direction and resulting PM2.5
concentrations. This analysis indicated that although conditions on exceedance days
were typically stagnant, the occurrence of very low winds were predominantly from the
south and hourly PM2.5 concentrations in Calexico increased when the wind direction
was from the south. Winter days where the wind direction was from the north during
more than 75 percent of the day were also examined to assess PM2.5 concentrations
during conditions when the potential for impacts from Mexicali were minimized. This
analysis showed that on these types of days, there were no exceedances of the 35
pMg/m3 24-hour PM2.5 standard.

As a result of the meteorological conditions that occur on exceedance days, the highest
PM2.5 concentrations on all five days occurred in Mexicali and Calexico, with a gradient
of decreasing concentrations at sites located further north from the border. Figure 3
provides an example of this gradient on December 23, 2012.

Figure 2
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Staff also evaluated the chemical make-up of exceedance day samples. This type of
information is useful in helping to identify the type of emissions that resulted in an
exceedance of the standard. The chemical composition of the PM2.5 particles indicated
their origin as combustion emissions such as those produced from motor vehicles or
wood/waste burning. The analysis also indicated that elements, such as chromium and
zinc, normally measured at very low levels throughout Imperial County and the rest of



the State were five to eight times higher at Calexico. The potential sources of these
elements can include the combustion of refuse or other non-biomass materials and are
an indicator of burning and fireworks that occurred on these days in Mexicali. Further
evaluation of the correlations between wind direction and these source signatures,
indicated that the origin of these pollutants was south-southeast of the monitoring site in
the direction of Mexicali.

Together with the proximity of Calexico to Mexicali, analysis of the emission inventory
for each area, the prevalent meteorological conditions during exceedance days, and the
chemical composition of samples on those days, the available evidence supports the
international cross-border impact of Mexicali on the Imperial County PM2.5
nonattainment area. Staff also analyzed the hourly PM2.5 concentration data measured
at Calexico, which was consistent with data showing PM2.5 concentrations in Mexicali
impacting Imperial County.

The complete analysis summarized above is included in Appendix A and in the 2013
PM2.5 Plan. Excluding these five days that were significantly impacted by international
transport, the 24-hour design value for the Imperial County nonattainment area
decreases to 29 pg/m3 which is below the PM2.5 standard of 35 ug/m3. Table 2 shows
the resulting design values in Calexico for 2012 and 2013 with and without the five
international transport days. Staff also analyzed data collected from a continuous
PM2.5 monitor at Calexico. Although this monitor does not provide data suitable for
determining compliance of the PM2.5 standard, elevated concentrations at this monitor
occurred under the same conditions as observed on the five exceedance days.

Table 2. Calexico 24-hour PM2.5 Concentrations and Design Values
2012 (ug/m3) | 2013 (ug/m3)
Including 5 international transport days 43 42
Excluding 5 international transport days 29 29

IV. OTHER CLEAN AIR ACT REQUIREMENTS

In addition to the technical demonstration of cross border impacts, the other required
SIP elements in the 2013 PM2.5 Plan include an emissions inventory of sources in the
nonattainment area; quantitative emission milestones every three years, Reasonable
Available Control Measures/Reasonable Available Control Technology (RACM/RACT)
demonstration; contingency measures for the quantitative milestone years; and,
transportation conformity budgets. As discussed previously, these requirements are
designed to address the control of local emissions within the nonattainment area.

Emission Inventory

An emission inventory consists of a systematic listing of the sources of air pollutants
with an estimate of the amount of pollutants from each source and source category over
a given period of time. A SIP must contain base year and future year forecasts for all
pollutants identified as contributing to PM2.5 concentrations. The base year inventory is
an essential element of the plan that forms the basis for all future year projections and
also establishes the emission levels against which progress in emission reductions will
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be measured. U.S. EPA regulations establish general guidelines for selecting an
inventory base year. Based on those guidelines, ARB and the District selected 2008 as
the base year for the 2013 PM2.5 Plan. In addition to a base year inventory, U.S. EPA
regulations require future year inventory projections for specific milestone years. 2011
was the inventory year used to address quantitative milestone requirements, and 2012
was the inventory year used to demonstrate attainment of the 24-hour PM2.5 standard.
Emission inventories for each of these years were developed for PM2.5, nitrogen oxides
(NOx), sulfur oxides (SOXx), volatile organic compounds (VOC) and ammonia.

ARB and District staff worked jointly to prepare an updated emission inventory for the
2013 PM2.5 Plan. The inventory includes a category-by-category review and update
using the most recent information available on emissions-generating activities and
anticipated population and economic growth in the region. A summary of the emissions
inventory along with additional information on the inventory methodologies can be found
in Appendix B.

Quantitative Milestones

SIPs must provide for steady progress in reducing emissions during the years leading to
attainment. These interim reductions are known as quantitative milestones. With a
base year of 2008, the quantitative milestone years are 2011 and the 2012 attainment
year. Emissions are provided in these years for directly-emitted PM2.5, NOx, VOC,
SOx and ammonia emissions. Emissions of all these constituents decreased or were
constant from 2008 to 2012 within the Imperial County PM2.5 nonattainment area.

RACM/RACT

The Act requires that moderate nonattainment areas implement RACM/RACT for
significant emission sources within the nonattainment area. Under U.S. EPA guidance,
significant sources of PM10 are defined as those that contribute more than 5 ug/m3to
the 150 ug/m3 PM10 standard (3.3 percent). Using this same relationship, significant
sources of PM2.5 were defined as those contributing more than 3.3 percent to the

35 ug/m3 standard. Based on this analysis, the District determined that unpaved road
dust, fugitive windblown dust, farming operations (tilling), managed burning and
disposal, and emissions from aircraft were deemed significant and required further
analysis. The District conducted a RACM/RACT assessment for all of these sources
with the exception of aircraft emissions, which are under federal control. The District’s
RACM/RACT assessment relied on a previous RACM/RACT analysis in their 8-hour
ozone SIP as well as the best available control measure (BACM) assessment
conducted for PM10.

Unpaved road dust, fugitive windblown dust, and tilling emissions from farming
operations are all controlled under District Regulation VIIl. Regulation VIII requires a
variety of control techniques, including paving, chemical stabilization, application of
water or dust suppressants, alternative tilling, and the fallowing of land. U.S. EPA
approved these categories as BACM in July 2013. This rule therefore also meets the
requirements for RACM/RACT.



Rule 701 was approved as RACM in 2003 and controls emissions from managed
burning and disposal. The District implements Rule 701 under the District Smoke
Management Program, which conforms with requirements of ARB’s Smoke
Management Guidelines. If a burn day is called, the District allocates the permitted
burns to minimize smoke impacts and safeguard public health. Rule 701 does not allow
any burning to be a nuisance, to reduce visibility or to impact a sensitive receptor within
1.5 miles. All permit holders are required to give notice and advise neighbors of a
potential burn. This noticing requirement is known as the Good Neighbor Policy under
the District's Smoke Management Program. Based on this assessment, the District
determined that their current rules met the RACM/RACT requirement for moderate
PM2.5 nonattainment areas.

Further Study Measures

Although the 2013 PM2.5 Plan demonstrated that current rules met the RACM/RACT
requirement, the District also committed to examining the potential for additional
ammonia emission reductions from the following sources: confined animal facilities,
composting facilities, and agricultural fertilizers.

Confined Animal Facilities

District Rule 217 (Large Confined Animal Facilities) addresses VOC and ammonia
emissions from permitted dairy operations and beef feedlots. Rule 217 requires a
mitigation measures to be implemented by each dairy and feedlot operation. The
District will evaluate the existing effectiveness of Rule 217 and potential enhancements
to the mitigation measures.

Composting Facilities

The District currently regulates composting facilities which are subject to controls that
reduce VOC and ammonia emissions through a permit, rather than a rule. The District
is committed to working with industry to develop a composting rule that further reduces
VOC and ammonia emissions in Imperial County.

Agricultural Fertilizers

The State Regional Water Quality Control Board (SRWQCB) implements performance
standards for agricultural fertilizer management, storage, and application in beef and
dairy operations. These performance standards limit the contamination of water and
reduce air emissions from agricultural fertilizers. The District is committed to working
with SRWQCB to ensure that these performance standards achieve emission
reductions.

Contingency Measures

Contingency measures are a required element of a nonattainment area SIP and provide
additional emission reductions in the event the area fails to achieve quantitative
milestones or attain the NAAQS. In the context of a SIP developed under the provisions
of Section 179B, contingency measures only apply to the quantitative milestone years.
However, since required emission levels in the quantitative milestone years of 2011 and
2012 have already been met, further contingency measures are not required.
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Transportation Conformity

Under Section 176(c) of the Act, transportation activities that receive federal funding
must ensure that transportation emissions do not interfere with an area’s air quality
progress. Section 176 of the Act requires that transportation plans, programs, and
projects conform to an area’s plan before being approved by a Metropolitan Planning
Organization. In order for transportation emissions to conform to a plan the activities
must not:

1. Cause or contribute to any new violation of any standard,;

2. Increase the frequency or severity of any existing violation of any standard in any
area; or

3. Delay timely attainment of any standard or any required interim emission
reductions or other milestones in any area.

The portion of the total emissions inventory allocated to highway and transit vehicles in
the emission inventory is the motor vehicle emissions budget. The 2013 PM2.5 Plan
establishes nonattainment area-level on-road mobile exhaust and municipal unpaved
road dust emissions. Motor vehicle emission budgets were established for NOx and
PM2.5 for a winter day in the attainment year of 2012 and were calculated using
EMFAC2011.

The emission budgets established in the 2013 PM2.5 Plan fulfill requirements of the Act
and U.S. EPA regulations to ensure that transportation projects will not interfere with
progress and attainment of the 24-hour PM2.5 standard.

V. COLLABORATIVE EFFORTS WITH MEXICO

The District, ARB, and the U.S. EPA are working together with Mexico on many efforts
to identify and implement programs that will improve air quality in the border region. In
2012, the U.S. and Mexico signed the Border 2020 Program, which is a cooperative
effort between U.S. EPA, Mexico, ARB, the District, and other agencies to improve the
border environment by cleaning the air, water, hazardous waste, and ensuring
emergency preparedness along the U.S.-Mexico border region. The Border 2020
Program includes the Imperial-Mexicali Air Quality Task Force. The Task Force was
organized to address air quality issues unique to the border region and provide
educational information to residents from both sides of the border.

To better understand emissions occurring in Mexicali and impacting air quality on both
sides of the border, ARB and officials from Baja California recently began developing a
plan to conduct PM2.5 monitoring at several sites in Mexicali. This binational,
multi-year monitoring effort is expected to begin in 2015 and will produce high quality
information on PM2.5 air quality originating in Mexicali. The District also continues to
work with counterparts in Mexico to discuss and implement emission reduction
strategies and projects that would improve the air quality in the Mexicali-Imperial region.



Finally, in July of 2014, Governor Brown and officials from Mexico’s Ministry of
Environment and Natural Resources and the Mexican National Forestry Commission
signed an agreement addressing air quality, climate change and other environmental
issues. The agreement identifies joint actions between California and Mexico and
includes the following specific areas of cooperation and coordination with respect to air
quality:

e Reducing emissions of criteria pollutants, and air toxic contaminants;

e Continuing and increasing cooperation related to air quality along the border,
including capacity building on air quality monitoring, audits of air quality
monitoring equipment, the use of specialized equipment and, exchange of
technical and policy information on air quality; and

e Supporting new and expanded markets for clean and efficient energy
technologies in the industrial, electricity and transportation sectors.

The agreement will enhance binational efforts to improve air quality throughout the
border region, which will benefit residents of both Imperial County and Mexicali, Mexico.

V.  RECOMMENDATION

ARB staff recommends that the Board approve the Imperial County 2013 PM2.5 Plan as
a revision to the California SIP including the technical analysis of the impacts of
international transport demonstrating the Imperial PM2.5 nonattainment area would
have attained the 35 ug/m3 24-hour PM2.5 standard absent the impact of these
international emissions.
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l. Overview

The purpose of this analysis is to identify the origin of emissions impacting PM2.5
concentrations in the Imperial County nonattainment area (Imperial NA) next to the
Mexico international border. The Imperial NA is an agricultural community located in
the southeast corner of California which shares its southern border with Mexicali,
Mexico. The Imperial NA includes three PM2.5 monitoring sites, located in the cities of
El Centro, Brawley and Calexico. These three cities are about the same size and, in
general, have emission sources that are similar. Calexico is the only violating PM2.5
monitor in the Imperial NA.

This analysis provides technical documentation that in 2012 the Imperial NA attained
the 24-hour PM2.5 standard of 35 micrograms per cubic meter (ug/m3) but for
emissions emanating from Mexico. The Clean Air Act (Act) contains a specific provision
in Section 179B for areas that are affected by the international cross-border transport of
pollutants. Exceedances that occur due to international transport may cause violations
of the standard; however, the Act does not require states to develop an attainment
strategy addressing pollution that originates from sources beyond United States
borders.

U.S. EPA guidelines on demonstrating that an area is in attainment but for emissions
emanating from outside the United States identifies five types of information that may be
used in evaluating the impact of emissions from outside U.S. borders on a
nonattainment area. States may use one or more of these approaches based on the
specific circumstances and the data available:

1. Compare emission inventories from each side of the border to assess the
magnitude of the emission differences;

2. Evaluate changes in PM2.5 concentrations with wind direction;

3. Analyze filters for specific particles that may be tied to foreign emission
sources;

4. Analyze the emission inventory on the U.S. side of the border and
demonstrate that the impact of U.S. sources does not cause NAAQS
exceedances;

5. Perform air dispersion and/or receptor modeling (source apportionment) to
guantify the impacts from U.S. and foreign emission sources.

For this analysis, staff used all of these approaches to evaluate the impact of Mexicali
emissions on the Calexico PM2.5 monitor.



Figure 1. Mexicali and Calexico Separated by the International Border

From an air quality perspective, Calexico and the Mexicali Metropolitan Area share a
common air shed. Since the topography does not restrict airflow from either side of the
border and both areas experience similar meteorology, Mexicali pollution impacts
Calexico (Figure 1). The Calexico site is less than one mile from the international
border and, according to United States Environmental Protection Agency (U.S. EPA)
monitor siting criteria, is representative of air pollution from both Calexico and Mexicali.

The Mexicali Metropolitan Area has a population of close to 1,000,000 (U.N. Data) as
compared with the significantly smaller city of Calexico, which has a population of
approximately 38,600 (2010 U.S. Census). Figure 2 shows an aerial image of Calexico
and Mexicali during the night which highlights the large differences in size and
population. Emissions inventory data for Mexicali shows that emissions are orders of
magnitude higher than emissions in the Imperial NA. Also, Mexicali ranks as the third
most polluted city in the world for PM10 behind cities in India and China (Choked.
Retrieved on June 2, 2014 from: http://www.economist.com/blogs/graphicdetail/2013/01/daily-
chart-11).
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Figure 2. Mexicali and Calexico

Mexicali

Calexico

On a daily basis, ambient PM2.5 concentrations in Calexico are significantly impacted
by Mexicali emission sources. In Mexicali, a large population of industrial, mobile, and
area sources are subject to less stringent emission regulations. Consequently, Mexicali
industrial sources emit approximately 15 times more emissions and mobile sources emit
almost three times more emissions than the entire Imperial NA. Due to these emission
differences, PM2.5 concentrations measured in the Imperial NA typically follow a
gradient with the lowest PM2.5 concentrations measured in the north at Brawley and the
highest concentrations in the south at Calexico. As shown in Figures 3 and 4, Brawley
and El Centro have responded similarly to California control programs and air quality
has improved as a result. However, in Calexico, air quality has not improved and
remains above the revised federal annual average PM2.5 standard of 12 ug/m3 and the
24-hour PM2.5 standard of 35 pg/ma3.



Figure 3. 2001-2012 Annual Design Values for the Border Region,
Brawley and El Centro
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Figure 4. 2001-2012 24-hour Design Values for the Border Region,
Brawley and El Centro
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While Calexico is impacted daily by emissions from Mexicali, on a few days every year,
that impact is exacerbated resulting in exceedances of the 24-hour PM2.5 standard.
Between 2010 and 2012, the Calexico monitor measured PM2.5 concentrations that
exceeded the PM2.5 National Ambient Air Quality Standard (NAAQS) on five winter
days (Table 1). These days occurred during stagnant weather conditions, often with
predominant airflow from the south. Stagnant meteorological conditions impede
dispersion and facilitate the build-up of PM2.5 concentrations in the Calexico-Mexicali
air shed. Most of these days coincide with wintertime holiday celebrations in Mexico
where the use of bonfires and refuse burning along with fireworks displays are
commonplace, further increasing emissions in Mexicali. As a result, in 2012, the
Calexico 24-hour PM2.5 design value was 43 pg/m3, more than twice that of Brawley
and El Centro levels (18 pg/m3 and 20 pg/m3 respectively). On all exceedance days
included in this analysis, the average concentration at the Calexico site was more than
60 percent higher than the average concentrations at El Centro and Brawley.

In addition, no exceedances for PM2.5 were recorded at Calexico when the
predominant wind flow was from the north, northerly winds defined as winds from the
north at least 18 hours per day with speeds in excess of 1.5 meters per second (mps)
(see Section IX). A more refined concentration-wind direction analysis presented in this
document also shows that no violations of the PM2.5 NAAQS occurred during northerly
wind flow over the 2010-2012 time period.

Table 1. PM2.5 Measurements Exceeding the 24-Hour PM2.5 Standard at the
Calexico Monitoring Site in 2010-2012

Date Calexico PM2.5 (ug/m3)
12/4/2010 50.9
2/5/2011 80.3
12/11/2011 44.4
1/31/12 37.7
12/23/2012 64.7

In order to evaluate the impact emission sources in Mexicali on elevated PM2.5
concentrations measured in Calexico, staff analyzed the chemical composition data of
PM2.5 samples and compared them with the composition of PM2.5 from monitoring
sites around California. The PM2.5 chemical composition provides a signature for
identifying types of activities potentially impacting a monitor. On the days exceeding the
24-hour PM2.5 standard, the chemical composition showed high values of organic
carbon and elements. The high level of organic carbon indicates that combustion
activities are a major source of emissions affecting Calexico. The high levels of organic
carbon correlated well with high levels of chlorine and fine particulate antimony. Both
chlorine and fine particulate antimony are associated with refuse burning, which is
known to occur in Mexico. Some elemental components measured three to thirty times
higher than at other sites in California (Figure 5). High concentrations of lead, bromine,
zinc and barium, are typically associated with fireworks, tire burning and leaded
gasoline. This suggests that source signatures contributing to high Calexico PM2.5
levels were unique to this site and not found at other sites in California. Significantly,



open refuse burning, which might produce these analytical results, has been banned in
California since 2004.

Figure 5. Concentrations of Select Elemental Species on an
Average Exceedance Day (2010-2012)
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Further, the ARB laboratory performed additional elemental analysis on PM2.5 filters in
Brawley and EIl Centro coinciding with the five exceedance days. The difference
between elemental species concentrations at Calexico and the other two Imperial
County sites, ElI Centro and Brawley, was similar to the difference observed between
Calexico and other California sites. As a result, the analysis indicates that emissions
impacting the Calexico monitor are not typical of emissions affecting monitors
elsewhere in Imperial County, but originate from sources south of the border. Source
apportionment modeling substantiated PM2.5 chemical composition analysis and
indicated that refuse burning and secondary nitrate were the major contributors to the
PM2.5 concentration on transport days.

Overall, the analysis shows that Calexico 24-hour PM2.5 exceedances are due to
emission sources not found in California. This interpretation is based on analyses
indicating that during stagnant conditions, pollution from holiday activities in Mexicali,
including extensive fireworks displays and bonfires containing plastics, tires and other
refuse materials fill the entire air shed and drift into Calexico. PM2.5 concentrations at
El Centro and Brawley, which are more representative of local emission within Imperial
County, were significantly lower on Calexico exceedance days.

These analyses indicated that Calexico PM2.5 levels would have attained the 24-hour
PM2.5 standard in 2012 “but for” increased pollution emissions from the Mexicali
Metropolitan area. If Mexicali emissions were not impacting the Calexico site,
Calexico’s design value would likely be closer to that of EI Centro considering the
similarity in sources and emission profiles. In addition, Imperial County emissions are
expected to continue declining in the future, which ensures continued maintenance of



attainment. These analyses and documentation provides evidence for U.S. EPA to
approve the Imperial County 2013 PM2.5 SIP under Section 179B of the Clean Air Act.

Il. Regulatory Requirements and Guidance

179B Demonstration

Section 179B of the Act includes language that reduces planning requirements in
international border areas subject to emissions from outside the United States.
Specifically, 179B references requirements for State Implementation Plans as well as
Plan revisions:

“Section 179(B) INTERNATIONAL BORDER AREAS

(@) IMPLEMENTATION PLANS AND REVISIONS.—Notwithstanding any
other provision of law, an implementation plan or plan revision required under this
chapter shall be approved by the Administrator if—

(1) such plan or revision meets all the requirements applicable to it
under the Act other than a requirement that such plan or revision demonstrate
attainment and maintenance of the relevant national ambient air quality
standards by the attainment date specified under the applicable
provision of this Act, or in a regulation promulgated under such provision, and

(2) the submitting State establishes to the satisfaction of the Administrator that
the implementation plan of such State would be adequate to attain and maintain
the relevant national ambient air quality standards by the attainment date
specified under the applicable provision of this chapter, or in a regulation
promulgated under such provision, but for emissions emanating from outside of the
United States.”

U.S. EPA Guidance

In addition to statutory language in the Act, U.S. EPA published guidelines to assist in
the application of Section 179B. The guidelines outline five types of information that
may be used to substantiate the effect of emissions emanating from outside the United
States on a nonattainment area. A state may use one or more of these analytical
approaches based on the specific case under evaluation and the availability data.
Summarized with respect to PM2.5, the five types of information consist of the
following:*

! “State Implementation Plans for Serious PM-10 Nonattainment Areas, and Attainment Date Waivers for
PM-10 Nonattainment Areas Generally; Addendum to the General Preamble for the Implementation of
Title | of the Clean Air Act Amendments of 1990,” 59 Federal Register 157 (16 August 1994), pp. 41998 -
42016.



1. Evaluate and quantify any changes in monitored PM2.5 concentrations with a
change in the predominant wind direction (see Sections VII and Xl);

2. Comprehensively inventory emissions within the United States in the vicinity of
the nonattainment area and demonstrate that the impact of those sources on the
nonattainment area after application of reasonably available controls does not
cause the NAAQS to be exceeded. Analysis must include an influx of
background PM in the area. Background PM levels could be based, for example,
on concentrations measured in a similar nearby area not influenced by emissions
from outside the United States (see Section IX);

3. Analyze ambient sample filters for specific types of particles emanating from
across the border (although not required, characteristics of emissions from
foreign sources may be helpful) (see Sections VI, X, and Xl);

4. Inventory the sources on both sides of the border and compare the magnitude of
PM emissions originating within the United States to those emanating from
outside the United States (see Section VI);

5. Perform air dispersion and/or receptor modeling to quantify the relative impacts
on the nonattainment area of sources located within the United States and of
foreign sources of PM emissions (this approach combines information collected
from the international emission inventory, meteorological stations, ambient
monitoring network, and analysis of filters) (see Section XI).

The guidelines also indicate that states may use any of these approaches, or other
techniques, “depending on their feasibility and applicability, to evaluate the impact of
emissions emanating from outside the United States on the nonattainment area.”
States are not required to address all of the approaches, but should provide a weight of
evidence that international impacts affect the attainment ability of the area.

It is also important to note that the analysis needs to show that the area would have
attained but for international transport, not that all days that are over the standard are
due to international transport. The form of the 24-hour PM2.5 standard is the 98™
percentile, which allows for some days over the standard. Exceedances recorded on
five days from 2010 through 2012 provide a needed subset for demonstrating the
impact from Mexico. PM2.5 concentrations from the Imperial County side of the border,
as assessed from PM2.5 data screened by wind direction and speed, provide
substantial evidence that the Imperial NA is in attainment in the absence of emissions
from sources under Mexicali’s jurisdiction.

Monitoring data and general meteorological and emissions characteristics for all
exceedance days, when available, were examined first. Staff focused closely on the
five specific days in Table 1 and examined the available monitoring and meteorology
data from Calexico, other Imperial County monitoring sites, and Mexicali, and applied all

10



or portions of the guideline techniques to evaluate the impacts of emissions emanating
from Mexicali and from Imperial County on attainment of the 24-hour PM2.5 standard.
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II. Profile of Imperial County and Mexicali, Mexico

Imperial County

Located in the southeast corner of California, Imperial County is approximately 4,500
square miles with a population of 174,528 (U.S. Census). The county includes the
Imperial Valley with the Santa Rosa Mountain Range to the west, the Chocolate
Mountains to the east, and Mexico to the south. The three most populated cities in the
county are Brawley, El Centro, and Calexico with populations of about 25,567; 43,107,
and 39,310, respectively (U.S. Census). These three cities form a north-south axis
through the approximate center of the county from the southern end of the Salton Sea
to the Mexican border. Most of the population, commercial activity, and farming
operations occur in this relatively narrow land area comprising approximately one-fourth
the width of the county. A map of Imperial County, including the cities of Calexico, El
Centro, and Brawley, the boundaries of the PM2.5 nonattainment area, and the border
area of Mexicali is shown in Figure 6.

Figure 6. Map of Imperial County Nonattainment Area and Mexicali
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The area contains relatively few major emission sources, but may experience significant
on-road vehicular traffic, particularly near Calexico, given proximity to two international
ports of entry into the United States. Other emission sources consist of geothermal
power generation, food processing, plaster manufacturing, and light industrial facilities.
Imperial Valley agriculture produces a variety of crops including hay, vegetables, and
dairy products. Beyond the urban and rural areas of Imperial County are large
expanses of open desert and the Salton Sea with little human activity.
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Imperial County PM2.5 Nonattainment Area

The Imperial County PM2.5 nonattainment area encompasses about 690 square miles
within the central portion of the county. U.S. EPA established the Imperial County
nonattainment area based on analysis of air quality around Calexico, the county’s only
violating monitor. The nonattainment boundary includes the cities of Calexico,

El Centro, and Brawley, and a portion of the major roads in southern Imperial County.
The nonattainment area comprises the majority of the county’s population and mobile
source emissions in the county.

Mexicali

Mexicali is one of the largest cities along the U.S.-Mexico border and is the capital of
Baja California. The population of Mexicali proper is approximately 690,000 while the
entire Mexicali Metropolitan Area is estimated to have nearly one million residents (U.N.
Data). Mexicali has a strong agricultural and manufacturing economy that includes
manufacturing centers for the aerospace, automotive, medical device, and electronics
industries. Agriculture in the region consists of year around irrigated cultivation of
cotton, wheat, alfalfa, and vegetables. The climate is hot and arid, averaging about
three inches of rainfall a year or less. Mexicali residents celebrate several religious
holidays every winter. During these celebrations it is customary to light bonfires.
Bonfires and firework displays occur nightly during these celebration periods and will
typically continue until the early morning hours.

Table 2 compares the population and area of Imperial County, the nonattainment area,
the City of Calexico, and the City of Mexicali. Mexicali is more than 5 times the area of
Calexico with about 18 times as many residents. This difference in area and population,
coupled with the associated difference in area and population-based activities, supports
the observed difference in pollution emissions between the two cities.

Table 2. Population and Area of Imperial County,
Imperial County Nonattainment Area, Calexico, and Mexicali

Imperial Nonattainment City of City of
County Area Calexico Mexicali

Area (square miles) 4,176 690 8.4 43.9
Population (2010) 174,528 150,094 38,572 689,775

Source: U.S. Census, U.N. Data
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V. Ambient Air Monitoring in Imperial County and Mexicali

PM2.5 Monitoring Stations in Imperial County

The three PM2.5 monitoring stations in Imperial County currently employ filter-based
samplers and continuous Beta Attenuation Monitors (BAMs). The Brawley and El
Centro stations both include a PM2.5 Federal Reference Method (FRM) filter-based
sampler while the Calexico station includes collocated, regulatory Federal Equivalent
Method (FEM) filter-based samplers, an FRM filter based sampler, and collocated non-
FEM BAMs. In addition to PM2.5 instruments, each of the PM2.5 monitoring locations
in Imperial County is equipped with devices for measuring meteorological parameters,
including horizontal wind speed (HWS), wind direction (WD), outside temperature (OT),
relative humidity (RH), barometric pressure (BP), and solar radiation (SR) (Table 3).

For comparison with Calexico PM2.5 measurements, this 179B analysis incorporates
PM2.5 concentrations and meteorological data from the Brawley and El Centro sites.
The cities of Brawley and El Centro are similar to Calexico in terms of population and
the type and magnitude of local emission sources, with the caveat that Calexico is
located adjacent to Mexicali. Logically, air quality in all three cities should also be
similar.

Table 3. Imperial County PM2.5 Monitoring Locations

Meteorological
Monitoring Site? Spatial Scale Parameters
, , OT, RH, WD, HWS,
Calexico Neighborhood BP. SR
El Centro Neighborhood OT, WD, HWS, BP
Brawley Neighborhood oT

Source: Imperial County Air Pollution Control District Draft Ambient Air Monitoring
Annual Network Plan (June 2014) and California Air Resources Board Monitoring and
Laboratory Division.

In ambient air monitoring the spatial scale of representativeness defines a distance over
which pollutant concentrations are expected to be the same, given similar emission
sources and meteorological conditions. The spatial scale of representativeness for the
Calexico PM2.5 monitor is an important factor in establishing the origin of emissions
leading to elevated concentrations.

The Calexico air monitoring station was sited to conform to U.S. EPA criteria for the
neighborhood spatial scale. Concentrations measured at the neighborhood scale
monitor are expected to be relatively uniform over a radius of 2.5 miles around the
monitor. Given that the Calexico PM2.5 monitor is about 0.8 miles from the

2 PM2.5 samplers at the Calexico site include two regulatory, filter-based samplers and two non-FEM
BAMs; El Centro and Brawley each have one filter-based sampler.
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international border, PM2.5 air quality in Calexico is a function of United States
emission sources plus emissions emanating from Mexico and is not limited to sources in
the immediate vicinity of the monitor. The common air shed concept is a recognized
factor in poor air quality in cities along the U.S.-Mexico border and is referenced in the
air pollution reduction goal of the Border 2020 Program.®

PM2.5 Monitoring Stations in Mexicali

The air monitoring network in Mexicali consists of six sites, most of which were
established between 1996 and 2000 during the U.S.-Mexico Border XXI Program. Only
two of the six monitoring sites measure PM2.5. These sites are the Engineering
Institute of the Autonomous University of Baja California (UABC) and the Vocational
School of Baja California (COBACH). UABC and COBACH are located in the urban
area of Mexicali near the border, 2.6 and 2.0 miles from the Calexico monitor,
respectively. PM2.5 measurements at UABC and COBACH are made using BAMs.
While the availability and quality of PM2.5 monitoring data from UABC and COBACH
are often inconsistent, when available, these data are nevertheless useful in providing
comparative information regarding the magnitude of PM2.5 concentrations in Mexicali.

V. Imperial County PM2.5 Air Quality

As described above, PM2.5 concentrations measured in Calexico include non-FEM
BAM instruments. Appendix N, Section 3.0(a), of 40 CFR Part 50 indicates that all valid
FRM and FEM PM2.5 mass concentration data submitted to EPA's Air Quality System
(AQS), and meeting applicable requirements of 40 CFR Part 58, shall be used in design
value calculations. Evaluating PM2.5 concentrations measured using the non-FEM
BAM at Calexico were therefore not considered in determining compliance with the
NAAQS.* Data used for design value calculations, trend analysis, and completeness
relies exclusively on 2010-2012 FRM data. However, to better understand the potential
influence of emissions from Mexico on the Calexico station, hourly BAM data for 2010
through 2012 were also evaluated. These hourly PM2.5 concentration data are
provided in Section XII.

Design Values

Despite the challenges that geography, climate, and proximity to Mexico pose for
Imperial County air quality, the combined efforts of State and local emission control
programs have resulted in improving air quality in the region, with the exception of the
border area represented by the Calexico monitor. The trend in average annual design

3 http://www2.epa.gov/border2020/goals-and-objectives

* 40 CFR, Part 53, provides requirements for air quality monitors to be considered either "Federal
Reference Methods" or "Federal Equivalent Methods". BAMs at the Calexico site (currently and from
2010-2012) are considered non-FEM since they do not meet configuration and/or operating parameters
detailed in U.S. EPA's list of Designated Reference and Equivalent Methods
(http://www.epa.gov/ttn/amtic/files/ambient/criteria/reference-equivalent-methods-list.pdf). Unless
otherwise noted, mention of BAM instruments in this document refers to non-FEM BAMSs.

15


http://www2.epa.gov/border2020/goals-and-objectives
http://www.epa.gov/ttn/amtic/files/ambient/criteria/reference-equivalent-methods-list.pdf

values for Calexico, El Centro, and Brawley are shown in Figure 7. The figure illustrates
the extent to which Brawley and El Centro annual average design values track each
other and how Calexico differs in the magnitude and trend of the design value.

Figure 7. 2001-2012 Average Annual Design Values for Calexico, El Centro, and Brawley
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Violations of the 24-hour PM2.5 standard are typically limited to Calexico during the
winter months of December through February. Figure 8 shows that more than

52 percent of the PM2.5 concentrations measured in Imperial County between 2010
and 2012 were less than 12.1 ug/m3 and 98 percent were below 35.5 ug/m3.

Figure 8. Distribution of PM2.5 Concentrations in Imperial County (2010-2012)
250

200 -

150 -

100 -

50 -

Number of Measurements

<12.1 12.1to<35.5 35.5t0<55.5 55.5 and up
FRM PM2.5 Concentrations (ug/m3)

*Invalidated and transport days are included

16



The 2012 and 2013 24-hour design values for the Imperial NA are 43 yg/m3 and

42 ug/ma3, respectively. The annual average design values for 2012 and 2013 are

14 pg/m3 and 14.1 pg/m3. These design values include three data points that were
originally invalidated by ARB’s Laboratory, but were nevertheless included in AQS. The
investigation into data quality and subsequent invalidation of three data values was
prompted by significant differences in mass measured using FRM filter samplers and
non-FEM BAM monitors.

PM2.5 FRM Trends

Figure 9 below shows time series plots of FRM PM2.5 concentrations at the Imperial
County monitoring sites of Calexico, El Centro, and Brawley from 2010 through 2012
and highlights the extent of exceedances over the three year period. Figure 9 also
shows that Brawley and EIl Centro air quality track well with each other, while Calexico
values are significantly different.

Ten exceedances were noted from 2010 through 2012. Five of the ten exceedances
occurred in Calexico during the months of December, January, or February. ARB, in
consultation with the Imperial County Air Pollution Control District (District), determined
that Calexico PM2.5 samples collected on October 15, 2011, March 31, 2012, and May
25, 2012, were not representative of ambient air quality based on analyses indicating
that the filter loading included particles significantly larger than PM2.5. These large
particles were likely the result of high wind events. These three samples were deemed
invalid by ARB.

Excluding the three samples invalidated by ARB results in a 2012 PM2.5 design value
for the Calexico site of 32 ug/m3, less than the 24-hour PM2.5 standard of 35 pg/m3.
Including these three samples would result in a 2012 PM2.5 design value of 43 ug/m3.
However, excluding the five days impacted by transport from Mexicali—the intent of this
“but for” analysis—would result in a PM2.5 design value of 29 ug/m3, even if the
invalidated samples were included.

Irrespective of the three invalidated samples, transport events from Mexico during the
winter months are suspected as the primary cause of PM2.5 exceedances at the
Calexico site on the remaining exceedance days, with the exception of two
exceedances occurring in summer of 2010 and 2011. The exceedance of

June 28, 2010, was determined to have been caused by a fire in Mexico and the
August 28, 2011, exceedance is suspected to have been caused by high winds.
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Data Completeness

The FRM data are complete for all quarters, except quarter three of 2011 and 2012.
The two incomplete quarters had 71 percent data completeness, which means they
were 4 percent (or 2 samples) short of the minimum 75 percent required for a complete
qguarter. The data completeness improved significantly in 2013, with the lowest
quarterly data capture of 87 percent. Table 4 provides the design values and data
completeness for the Calexico site for all data from 2010-2013.

Table 4. Calexico Design Values and Data Completeness 2010-2013

Year 24-hour Statistics Annual Statistics Data Capture
Design Design
98" Percentile | Value Avg Value Qtrl | Qtr2 | Qtr3 | Qtr4
2010 31.7 32 12.8 12.9 97 90 97 | 100
2011 40.9 38 13.2 14 100 | 97 71 93
2012 56.3 43 15.8 14 84 90 71 | 100
2013 27.4 42 13.3 14.1 87 97 | 100 | 100

*Data includes concentrations on invalidated and transport days
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Figure 9. PM2.5 concentrations in Imperial County (2010-2012)
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*Speciation data was available for only four of the five exceedance days.
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VI. Border Area Emission Inventories

The analyses presented in this discussion focus on identifying emission sources leading
to PM2.5 exceedances at the Calexico station and provide the basis for assessing the
applicability of Section 179B to the consequences of those exceedances. The analyses
show that PM2.5 samples collected in Calexico differ substantially in chemical
composition than typical PM2.5 samples collected at other locations around the State
and point to Mexicali as the source of emissions impacting the Calexico monitor.
Together with the proximity of Calexico to Mexicali, an emission inventory for each area,
and an assessment of the prevalent meteorological conditions during exceedance days,
the available evidence supports the cross-border impact of Mexicali on the Imperial
County nonattainment area.

PM2.5 Emissions in Imperial County and Mexicali

A comparison of PM2.5 emission inventories for the Imperial County nonattainment
area and Mexicali shows the relative impact of domestic and international sources on
PM2.5 air quality in the Calexico area. Annual emission inventories for the Imperial NA
and the Mexicali Metropolitan Area are shown in Tables 5 and 6 below.

Table 5. 2008 Annual Imperial NA Emission Inventory (tons/day)

Source Category NOx SOx VOC PM2.5
Point Sources 1.9 0.1 1.1 0.5
Area Wide Sources 0.6 0.1 9.3 10.9
On-Road Mobile 8.4 0.0 2.1 0.3
Off-road Mobile 8.0 0.2 5.8 1.1
TOTAL 18.9 0.4 18.3 12.8
Table 6. 2005 Annual Mexicali Emission Inventory (tons/day)
Source Category NOx SO2 VOC PM2.5
Point — Federal Sources 38.2 10.0 1.8 0.4
Point — State Sources 1.2 2.7 0.2 *
Area Wide Sources 3.3 0.4 41.9 18.5
On-Road Mobile 23.5 0.5 24.6 1.8
Nonroad Mobile 12.3 0.2 1.5 1.5
TOTAL 78.5 13.7 70.0 22.1

* Emissions not estimated.

The 2005 Mexicali Emissions Inventory developed by Eastern Research Group, Inc.,
(ERG) is the most recent, verifiable Mexicali inventory available. Point sources within
the jurisdiction of the State of Baja California (approximately 173 sources) were not
estimated in the ERG inventory; therefore, it is likely that the actual point source PM2.5
emission estimates are higher than the estimate in Table 6. In addition, ARB staff
anticipates that the Mexicali emission inventory would be higher if windblown dust was
included.
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The 2008 Imperial County emission inventory is the base year inventory used for the
Imperial NA SIP. A comparison of the 2005 and 2008 annual inventories shows the
relative magnitude of the emissions in each area by source category. Emissions from
sources in Mexicali are significantly higher than in the Imperial NA for NOx, SOx, and
VOCs.

Significantly, the emission inventory for Mexicali does not account for episodic
emissions associated with cultural celebrations common in Mexico during the winter
months of December and January. These celebrations are known to include extensive
fireworks displays and the lighting of bonfires containing plastics, tires, and other
materials. If incorporated into an annual emission inventory, the estimate of Mexicali
emissions of PM2.5 and other pollutants would increase substantially.

Gridded Emission Inventory for Calexico and Mexicali

To further evaluate local emissions in Calexico and Mexicali, ARB staff analyzed
information from a gridded inventory from Imperial County for 2008 and Mexicali for
2005, based on the available PM2.5 and NOx emissions data for both areas (Figures 10
and 11). The emission data sets used for gridding originated from the 2008 National
Emissions Inventory (NEI) and the 2005 Mexicali emissions inventory work conducted
by ERG.

The gridded inventory allocates emissions spatially and provides further evidence of the
emission differences between Calexico and Mexicali. The maximum emissions per grid
cell are intended to illustrate the maximum potential difference on each side of the

border and underscore the extent of differences between Mexicali and Imperial County.

Figure 10. Gridded PM2.5 Emission Inventory for Calexico and Mexicali (4 km)
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Figure 11. Gridded NOx Emission Inventory for Calexico and Mexicali (4 km)
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Figure 12 shows the average weekday winter PM2.5 emissions in 2012 for the Imperial
NA. The plot displays all sources of emissions in the nonattainment area except for
windblown dust, since all of the exceedances occurred on days with stagnant conditions
characterized by little or no wind. The plot also shows that PM2.5 emissions are
relatively uniform throughout the nonattainment area. The PM2.5 emissions are highest
in the grid that contains El Centro. The total emissions for the nonattainment area grid
are approximately 6.7 tons per day (tpd) of PM2.5. Considering local emissions only,
and based on gridded inventory information, one might expect El Centro to have higher
measured concentrations than Calexico. The fact that this is not the case supports the
case that higher emissions from outside the Imperial NA are impacting the Calexico
monitor.
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Figure 12. Gridded PM2.5 Emission Inventory for the Imperial Nonattainment Area
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VIl.  Border Area Meteorology

The majority of exceedances in Imperial County occur in Calexico where the impact of
transport from Mexico is greatest. Monitors in Brawley and El Centro may also be
impacted by emissions from Mexico, but their PM2.5 design values are below the
24-hour and annual standards. Exceedances in Calexico occur primarily during the
winter months when meteorological conditions tend towards atmospheric stagnation
with emissions accumulating near the border. These exceedances share the same
pattern of low wind conditions coupled with low ambient temperatures. Summer month
exceedances in Calexico, occurring once between 2010 and 2012, are atypical. Better
dispersion of PM2.5 in the summer occurs as the rising valley floor temperature helps to
break up inversions formed at night and in the early morning hours.

Wind Direction

Wind rose plots were made of the hourly average wind direction in Calexico from 2010
through 2012, the hourly average wind direction during the winter months of December
through February, and the hourly average wind direction on the five exceedance days
(Figure 13). A comparison of the three plots shows that exceedance days were
associated with very calm winds with little directionality. Generally, wind vanes exhibit
isotropic behavior under calm conditions so that at very low wind speeds, the precise
direction of the wind cannot be accurately established. The multi-directional wind rose
accompanied by very low wind speed is indicative of stagnant atmospheric conditions.
Under these stagnant conditions, pollutants within the Calexico-Mexicali air shed will
tend to accumulate and exceedances will occur with greater frequency.

Figure 13. Calexico Wind Rose Plots
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To the extent that wind direction did affect transport, BAM PM2.5 measurements were
binned by wind direction on exceedance days. From a total of 120 high PM2.5
measurements between 2010 and 2012, approximately two-thirds occurred during
southerly winds (79 to 272 degrees) (Figure 14). A description of how wind flow is
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established as originating from the north or south is detailed later in this document (see

Section IX).

Figure 14. Calexico BAM PM2.5 by Wind Direction on Exceedance Days
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Wind Speed

The connection between wind speed and BAM PM2.5 concentrations was evaluated by
plotting hourly BAM measurements with wind speed data. Figure 15 illustrates the
clustering of higher PM2.5 concentrations with winds equal to or less than about

1.5 mps. This coincides with wind rose data showing that low wind speeds were
consistent with exceedances measured in Calexico.

Figure 15. Calexico BAM PM2.5 and Wind Speed on Exceedance Days
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Meteorological data suggest that the prevailing atmospheric conditions in Calexico
during the winter exceedance days were stagnant with little or no dispersion, leading to
elevated PM2.5 concentrations from higher emissions on the Mexicali side of the

border.
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VIIl.  Estimate of the Source and Direction of Emissions Impacting Calexico

To assist in identifying the source and location of emissions impacting the Calexico
PM2.5 monitor, two analyses were performed. First, Calexico speciation data were
evaluated for the presence of specific elements or chemical composition that would help
indicate a specific type of emissions source. Since speciation samples are collected at
selected California monitoring sites every sixth sampling day, it is also possible to
compare the speciation profile and composition from Calexico samples with those from
other monitoring sites with known emission impacts.

Second, to estimate the direction of potential sources impacting Calexico, an analysis
using conditional probability was performed. The conditional probability function (CPF)
for each elemental species uses the concentration coupled with wind direction over the
period from 2010 through 2012 to estimate the potential direction of sources impacting
the Calexico monitor.

Chemical Composition Data

Compositional analysis of PM2.5 samples provides important information regarding the
source of emissions. Samples collected from Calexico indicate that the particulate
matter is heavily dominated by carbonaceous aerosols (organic matter plus elemental
carbon), which comprise about 58 percent of the PM2.5 mass on an average
exceedance day between 2010 and 2012 (Figure 16). Most of the carbonaceous
aerosol particles originate from combustion sources (tailpipe emissions, wood burning,
etc.). Compared with the annual average, a typical exceedance day contains about

20 percent more organic matter (Figure 17). In contrast, the contribution from
geological material is smaller on a typical exceedance day. Fugitive dust from sources
such as unpaved roads and open fields is therefore a smaller contributor to PM2.5
exceedances in Calexico. Organic matter concentrations, on the other hand, appear as
the primary contributor to exceedance values.

Figure 16. Calexico 2010-2012 Figure 17. Calexico 2010-2012
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Figure 18 below shows that on days with PM2.5 concentrations exceeding the standard,
the proportional composition was consistent. Organic carbon comprised the largest
portion of the mass, while ammonium nitrate was the second largest component.
Concentrations of elemental species comprised a significant portion (10 percent) of the
mass on these exceedance days.

Figure 18. 2010-2012 Chemical Composition on Exceedance Days at Calexico
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Staff also compared Calexico speciation data to other locations in the State and noted
both similarities and differences in the profiles. Organic matter and elements are
present in the Calexico samples, as with other sites in California, but the concentration
of elemental species at Calexico is 90 percent higher compared with other sites,
including wood burning areas and urban locations. The similar scale of organic matter
concentrations among the Calexico, Portola, and Chico monitoring sites suggests
combustion as a source of emissions on exceedance days. Chico and Portola organic
matter concentrations are associated with wood burning (Figure 19). The similarity in
organic matter concentrations in Calexico, Portola, and Chico speciation data suggests
that some type of wood burning may also be a factor in emissions impacting the
Calexico monitoring site.

28



Figure 19. 2010-2012 Chemical Composition on Average PM2.5 Exceedance Days
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Analysis of Wood Burning Tracers

Levoglucosan, mannosan, and galactosan are combustion byproducts of cellulose and
are often used as tracers for identifying biomass combustion. Staff evaluated the
Calexico samples for concentrations of these tracers to further help in identifying the
type of combustion emissions impacting the Calexico monitor. Areas with wood burning
activity generally have elevated levels of all three tracers. At Calexico, concentrations
of levoglucosan are elevated, but still up to 70 percent lower compared to Portola and
Chico. Similarly, concentrations of mannosan and galactosan are substantially lower at
Calexico compared to Chico and Portola.

Higher concentrations of galactosan in a community impacted by wood burning are
consistent with research indicating that galactosan is the most promising marker to
indicate biomass burning limited to wood only, without refuse, which might contain
paper, cardboard, or other wood-related products (Christian et al. 2010). The very low
concentrations of galactosan observed at Calexico, coupled with unusually high
concentrations of chlorine and antimony (discussed below), help rule out the typical
residential or agricultural wood combustion as a probable source of the high PM2.5
concentrations at the Calexico monitor (Figure 20).

These analyses of wood burning tracers substantiate the idea that emissions impacting
Calexico are atypical of simple wood burning and more likely indicate combustion
associated with wood burning combined with refuse or other non-biomass material.
Further elemental analysis was undertaken to help identify the source of the organic
matter.
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Figure 20. Comparison of Wood Burning Markers on High PM2.5 Day
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Elemental Analysis

Staff evaluated speciation data by plotting the organic carbon and chlorine
concentrations present in Calexico samples from 2010 through 2012. The purpose was
to assess if concentrations of organic carbon typically associated with combustion were
the same in Calexico and in other California locations. The concentrations of selected
elements were added to the plots to help determine what types of materials were
burned. Similar plots were made with data from samples collected at monitoring sites in
Chico and Portola. Chico and Portola are known to have increased rates of wood
burning and comparing the correlations for all three sites further established if the
exceedances could be due solely to an increase in biomass/wood burning.

The plots in Figure 21 indicate that Calexico has an unusually high chlorine
concentration with a strong correlation between organic carbon and chlorine. Samples
from Chico and Portola did not show a similar correlation. This suggests that the
Calexico samples were impacted by combustion emissions, but not from biomass
burning. The presence of chlorine indicates combustion associated with the burning of
plastics or other refuse. Since 2004, ARB’s Residential Burning Air Toxics Control
Measure (ATCM) has largely prohibited the burning of refuse in California, so it is
unlikely that combustion emissions with a trash-burning signature originated on the
Calexico side of the border. Rather, the high concentrations of organic carbon and
chlorine in samples from Calexico suggest that combustion emissions impacting the
monitor were from Mexicali, where the burning of residential refuse is well documented
(Li et al., 2012).
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Figure 21. Organic Carbon vs. Chlorine at Calexico, Chico, and Portola (2010-2012)

Chico: CSN PM2.5 (2010-2012) Portola: CSM PM2.5 (2010-2012)
4 4
v = (L0034 + 00163 y = 0.00159x + 0.0025
R*= 00549 R*= 04038
3 3
o -
E E
2 £
3 3]
1 1
o
=]
QMOWGQ--O-O ------- 0 | elebstanosocbBioceOota—g-20
o 10 20 30 40 1] 10 20 30 40
QC (ugim3) OC (ugim3)
Calexico-Ethel: CSN PM2.5 (2010-2012)
4 4
b y=0.1210x - 0.1575
R*= 05479
| [+]
o
3
z
? o
= 2 a2
G
o
1 00
[+] £«
o
I 5 O
0 b
1] 10 20 30 40
OC (ug/m3)

Identification of potential sources impacting the Calexico monitor was further assessed
by comparing speciation data from Calexico with other monitoring locations in the State
from 2010 - 2012 (Figure 22). Concentrations of several elemental species besides
chlorine are significantly higher at Calexico compared to other California sites. These
species include bromine, lead, and zinc and imply that emissions impacting the
Calexico monitor are fundamentally different than emissions impacting other monitors

around the State.

The comparison sites in the Central Valley and Southern California are impacted by a
variety of emission sources and are indicative of the elemental concentrations typically
present at California monitoring locations. The differences in measured element
concentrations, particularly with respect to elemental lead, an identified toxic air
contaminant strictly controlled for decades, indicates that the source of emissions
impacting the Calexico monitor are most probably not from within the U.S.
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Figure 22. Speciation Analysis: Calexico & Six Other California Locations (2010-2012)

ocC K+
4 0.25
35 I :
3 I I I 0.2 '
2.5 T 0.15 |
5 :
1.5 01 f
03 C
0 0
[=} o © = <L = [=] o o ol =] T -1 [=]
2 b ® Iz - +] S - @ E £ - £ =
3 o g @ 2 K ° o £ ® 2 R0
o [ = o =) © [s] LC = T k= o
= g & Q = § @& (&)
Br Ca
0.014 ¢ 0.3
0.012 | 025 |
001 [ 02 E I
0.008 | i
: 015 [
0.006 [ i
oo (L L os {1 |
0.002 [ 0.05 [ =
2 0 0 |
S i) 2 R = < x 8 £ 2 = = < z 8
= ¢ 3§ g £ - 5 5 g8 3 3 £ - 3 3
Z B o = 2 2 = B T = 2 = =
s ks & = I
g
3 Cl Pb
0.35 ¢ 0.016 [
03 | 0.014 |
025 | 0.012
g 0.01 [
0.2 :
015 | 0.008 |
A I 0.006 |
0.1 ‘ ‘ I I . 0.004
0.05 | [ | 0002 f[ T x
- s [ ] 2] = ] = 5]
[=} o m =] o 3 [} [=} o m =] T 3 [}
] o T ] - = e ] o T ] - = 2
5 o ® ‘B o b5 - o @ ‘@ §= B
o i > o i @ =] i > o i @
Si Zn
07 0.1
0.09
06 | I 0.08
05 0.07
04 [ 0.06
: - 0.05
03 ¢ 0.04
02 | ™ 095
0.1 ¥ = : -
: [ ] [ 001 frey =y = [(*] [ [
g & £ 3 S 3§ 8 g & £ 3 S 3§ 8
8 o 2 b h=. & = o £ G = &
2 i > g &= © S o > H 5 ©
= 5 E O = § & o

Figures 23 and 24 compare concentrations of select elemental species at Calexico to

other sites on exceedance days, including sites known to be impacted by wood burning.
Considering only the four exceedance days for which speciation data were available, the

most abundant elemental species sampled at Calexico is chlorine. Concentrations of

other elemental species, including antimony, bromine, lead, zinc, and barium are 3 to 30

fold greater than at other California sites.
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Figure 23. Concentrations of Select Elemental Species on an
Average Exceedance Day (2010-2012)
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Figure 24. Concentrations of Select Elemental Species on an
Average Exceedance Day (2010-2012)
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The implications of the data presented in Figures 23 and 24 involve combustion and the
elemental signatures typical of combustion. In addition to chlorine, fine particle
antimony is a potential tracer of general refuse burning in Mexico, including the burning

of plastics, rubber, fabrics, and other waste (Christian et al., 2010 and Hodzic et al.,
2012).

Antimony is used as a flame retardant for textiles and in lead alloy batteries and
antimony trioxide is used as a catalyst in the production of soft drink bottles and textile
polyester fibers, all potential combustible materials. It is possible that industrial sources
of antimony and other metals exist in Mexico, but there is currently not enough data to
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estimate their emissions. High concentrations of both chlorine and antimony, coinciding
with high PM2.5 concentrations, indicate that refuse or other non-biomass combustion
in Mexicali is likely an important source of PM2.5 mass on Calexico exceedance days.

Elemental Analysis from FRM Filters

Since PM2.5 speciation data are not collected at EI Centro and Brawley, FRM filters
from the three Imperial County sites matching four of the Calexico exceedance days
were analyzed by X-Ray Fluorescence Analysis (XRF) for elements. Sample dates and
measured PM2.5 mass are listed in Table 8.

Table 8. PM2.5 filters analyzed by XRF

PM2.5 Concentrations (ug/m3)

Date Calexico Brawley El Centro
12/4/2010 50.9 16.2 12.2
12/11/2011 44.4 10.2 13.7
1/31/2012 37.7 22.7 13.0
12/23/2012 64.7 15.5 26.4
Avg. PM2.5 49.4 16.3 16.3

Typically, chemical composition data are obtained by operating a separate multi-filter
PM2.5 sampler and subjecting the filters to different types of chemical analysis aimed at
qualifying different sets of chemical species. Because the cost of operating and
analyzing chemical composition data is very high, Imperial County has only one
speciation sampler operating at Calexico.

While FRM Teflon filters normally are not analyzed for PM2.5 species, it is nevertheless
possible to perform certain types of chemical analysis on the Teflon substrate. The
archived FRM Teflon filters were provided to ARB’s Laboratory for chemical analyses to
estimate the PM2.5 chemical constituents from a Teflon filter. These new data were
intended to determine if elevated concentrations of elemental species are unique to
Calexico or common to all Imperial County sites. The lab analyzed Teflon filters by XRF
to provide concentrations of elemental species.

The analytical results meet all quality assurance/quality control (QA/QC) criteria for XRF
analysis per ARB Monitoring and Laboratory Division’s standard operating procedure,
except for the non-uniform distribution of particles across the surface area of the filter
matrix. This impacts the quantitative accuracy of the XRF analysis. Therefore, the data
reflect the general spatial variation in concentrations, but are of limited value in terms of
guantitative estimate of elemental species concentrations.

The average concentration of elemental species was five to eight times higher at
Calexico compared to El Centro and Brawley (Figure 25). The average concentration of
geological material was six to eight times greater at Calexico compared to the other two
sites (Figure 26).
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Figure 25. Average Elemental Species Concentrations
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The difference between elemental species concentrations at Calexico and the other two
Imperial County sites, El Centro and Brawley, was similar to the difference observed
between Calexico and other California sites. Average concentration of chlorine was 7 to
15 times higher at Calexico (Figure 27). Concentrations of antimony and barium were
below the detection limit at EI Centro and Brawley, but they were in the 0.03 ug/m3 to
0.05 pg/m3 range at Calexico (Figure 28). Calexico concentrations of bromine, lead,
and zinc were 5 to 12 times the levels at the other two sites.
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Figure 27. Average Chlorine Concentration at Imperial County
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Figure 28. Comparison of Average Concentration of
Select Elemental Species at Imperial County Monitoring Sites
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The XRF analysis also revealed that on exceedance days the total elemental species

comprise a smaller percent of the measured PM2.5 mass with increasing distance north

of the border (Figure 29). This further suggests that the elements linked to refuse

combustion, as well as other elemental species measured at Calexico, likely originated

on the Mexico side of the border.
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Figure 29. Elements and Geological Material as Fraction of PM2.5 Mass
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Estimate of Emission Source Directions

To estimate the potential direction of the local sources impacting the Calexico monitor,
the conditional probability function (Kim and Hopke, 2004) was calculated for each
chemical species. The CPF estimates the probability that a chemical species from a
given direction will exceed a pre-set high concentration threshold. The CPF plots below
show the top 10 percent of species on any given day for 2010-2012. The length of each
line for each direction is a probability which ranges from 0 to 1. Potential sources are
likely to be located in directions that have high probability values. The same 24-hour
concentration was assigned to each hour of a given day to match to the hourly wind
data. Very calm winds were excluded from this analysis and 24 wind sectors of

15 degrees were chosen to show the potential directionality of the emission sources.

Motor vehicle emissions are typically identified by high concentration of organic carbon,
elemental carbon, nitrate ion, and minor species such as bromine. In Figure 30, the
CPF plots for those four species all point southwest from the Calexico monitor and
toward the international port of entry. It suggests these concentrations were likely from
vehicles at the United States-Mexico border crossing.

As shown in Figure 31, major sources of chlorine were identified as south of the
monitoring site and widely distributed. Coupled with the elemental analyses discussed
earlier, this result points to refuse burning as one of the major emission sources
impacting Calexico.

Figure 32 shows the CPF plots for selected metals (chromium, lead, antimony, and
zinc). The potential sources of these metals were located south-southeast of the
monitoring site in the direction of Mexicali. Again, activities that produce airborne
metals, including combustion of refuse or other non-biomass materials, are the likely
source.
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Figure 30. Conditional probability function plots for OC, EC, NO3, and Br
(Length of each line represents a probability)
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Figure 31. Conditional probability function plot for Cl
(Length of each line represents a probability)
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Figure 32. Conditional probability function plots for Cr, Pb, Sb, and Zn
(Length of each line represents a probability)
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Related to the previously discussed composition analyses, the ratio of BAM-measured
PM2.5 to PM10 for the five exceedance days was averaged and compared to one
summer day exceedance at Calexico during which both the PM2.5 and PM10 BAMs
exceeded the standard. The much larger percentage of PM2.5 during the winter
exceedance days is indicative of combustion. The August 9 exceedance—composed of
a much higher percentage of PM10—was more likely due to fugitive dust (Table 7).

Table 7. Ratio of BAM PM2.5 to PM10 on Exceedance Days

|__Date [BAMPM25 | PM10 | %of PM2.5 |
12/4/2010 50.5 117.3 43
12/10/2010 36.4 91.6 40
12/11/2011 39.6 83.9 47
1/22/2012 36.5 83.1 44
12/23/2012 69.1 117.8 59
Winter Exceedance Average 47
8/9/2012 | 491 | 387.3 13
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IX. Estimate of PM2.5 Concentration Impact from Imperial County Emissions

Efforts to isolate the impacts of cross-border transport on PM2.5 concentrations
recorded at the Calexico monitor using only hourly pollutant and meteorological data
from this site were conducted using several statistical approaches. The approach
considered the most appropriate and definitive was one based on the premise that
hourly-average winds with speeds above a pre-determined threshold blowing from
compass azimuths within an arc bounded by and to the north of the international border
would best minimize impacts from cross-border emissions sources. This approach is
described below. As with other analyses in this weight-of-evidence 179B
demonstration, the results are not conclusive, but provide strong evidence that, but for
the impacts of cross-border emission transport, the 24-hour PM2.5 NAAQS was
attained during the 2010-2012 evaluation period.

To assure temporal completeness, the analysis was based on all hourly monitoring data
collected at the Calexico site during calendar years 2010, 2011, and 2012. Hourly-
average PM2.5, wind speed, and wind direction data were recorded at the Calexico site
during these three years (AQMIS).

Wind Direction Assessment — Defining North Winds

Wind directions, under which the transport of emissions generated by U.S. sources,
were determined by mapping an appropriate compass arc that excluded impacts from
non-U.S. sources. An aerial photograph of the Calexico-Mexicali metropolitan area was
used to determine an appropriate compass arc of wind directions that would exclude
transport of cross-border emissions to the monitor. This photograph/map is shown in
Figure 33. Examination of the satellite photograph revealed reasonably clear
boundaries of the Mexicali Metropolitan Area, the region within which the vast majority
of sources of directly-emitted PM2.5 transported to the Calexico monitor are located.
Compass azimuths connecting the location of the monitor to the points where the
Mexicali urban edge intersects the international border are shown as straight lines in
Figure 34. These azimuths lie at angles of 94 and 257 degrees from true North.

The use of these compass azimuths to bracket wind directions transporting emissions
from U.S. sources, and not those under Mexican jurisdiction, provides the starting point
for identification of bracketing wind directions that separate plumes from U.S. sources
from those under Mexican jurisdiction.

Historical research and recent dispersion modeling analysis show that the full arc
subtended by an airborne emission plume as measured from the point of pollutant
release ranges from approximately 20 degrees to about 30 degrees, and is a function of
wind speed and vertical mixing potential (Slade, 1968; MAG 2012 Five Percent Plan for
PM10 for the Maricopa County Nonattainment Area). Airborne emission plumes are
generally symmetrical about downwind centerlines and, thus, plume half-arcs—as
measured from the centerline to the edge of a plume—generally range from 10 to 15
degrees. Figure 34 shows the effective outer edges (as purple lines) of a hypothetical
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30-degree arc emission plume with a release point at the intersection of the
international border and the edge of the Mexicali urban area and a plume centerline
(shown as a green line) that passes over the Calexico monitoring site (which replicates
the western azimuth shown in Figure 33).

Figure 33. Wind Direction Azimuths Extending From the Calexico Monitor to
Subtend an Arc Bounding the Mexicali Urban Area

2y 2001 Y ~ mageny, m elev 3'm eye alt; 1480 km

41



Figure 34. Boundaries of a Hypothetical Emission Plume Generated by a Border Source
with a Lateral Spread of 30 Degrees and a Centerline Crossing Over the Calexico
Monitoring Site
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In order to avoid a border-source emission plume as shown in Figure 34 from being
included in the analysis of U.S. sources impacting the Calexico monitor, the western
wind azimuth bracketing the directional arc of cross-border sources must be rotated
clockwise by the maximum plume half-arc (15 degrees) from the plume centerline
shown in green in Figure 34. At this orientation, the hypothetical worse case plume
centerline would remain in Mexican territory, represented by the lower purple line in
Figure 34, and the edge of the plume would just touch the Calexico monitor. In that
case, the plume would not contribute to PM2.5 concentrations measured at the monitor.

To assure that emissions from cross border sources did not influence an analysis of the
impacts of sources under U.S. jurisdiction, the wind directions bounding an arc within
which only U.S. sources would lie upwind of the Calexico monitor (i.e., northerly winds)
were selected to be 79 degrees (= 94 degrees — 15 degrees) and 272 degrees (= 257
degrees + 15 degrees) from true north. The subsequent analyses of north wind impacts
at the Calexico monitor were based on the northern arc bracketed by these two wind
directions.

Analysis of peak PM2.5 days recorded at the Calexico monitor during calendar years
2010, 2011, and 2012 revealed that a most days on which the 24-hour average PM2.5
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concentration exceeded the 24-hour standard of 35 ug/m® were winter days during
which stagnation wind conditions were recorded. On these days, mixing heights during
nocturnal hours dropped to within 100 meters of the surface, wind speeds ranged
between 0.0 and 1.0 mps, and PM2.5 emissions generated within the shared urban
area tended to move as much by lateral diffusion as by wind transport.

As discussed earlier (Section VII), with low wind speeds in the range of 0.0 to 0.5 mps,
the reported wind direction is not representative of the true wind direction. High hourly
PM2.5 concentrations measured during such hours most likely represented impacts
from sources within a few kilometers of the monitor on both sides of the international
border, within the common Calexico-Mexicali air shed. Because of the suspected
contribution of sources under Mexican jurisdiction to PM2.5 concentrations measured at
the Calexico monitor during nocturnal stagnation hours, data from these hours were
also omitted from the analysis of impacts from U.S. sources. The 1.5 mps threshold for
stagnating winds was chosen since on the transport exceedance days, concentrations
were highest when the winds were below 1.5 mps.

Average PM2.5 Concentrations during Non-Transport Hours

Because of the 24-hour averaging time of the standard, this portion of the 179B
demonstration focuses on estimating the resultant daily average historical PM2.5
concentrations at the Calexico monitor in the absence of impacts from Mexicali. From
the evaluations described above, hours of cross-border transport were determined to be
those hours during which hourly average wind speeds exceeded 1.5 mps and wind
azimuths were less than 79 degrees or greater than 272 degrees.

Consideration was given to the backfilling of excluded hourly PM2.5 concentrations
recorded during south wind or stagnation wind speed hours in order to include
representative non-cross-border PM2.5 values to facilitate an assessment of potential
attainment but for the impacts from Mexico. A search for continuous PM2.5 monitors
located in Imperial County to provide replacement PM2.5 values found no other
continuous monitors operating during this period. As a result, analyses of the PM2.5
hourly concentrations at the Calexico monitor were conducted using the screened
dataset that did not contain any values substituted for those excluded in the north wind
screening process. These data were reasonably well distributed by hour of day and
month as is shown in Figures 35 and 36.
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Figure 35. Number of Hourly PM2.5 Values in Screened 2010-2012 Calexico Data
Grouped By Hour of the Day
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Figure 36. Number of Hourly PM2.5 Values in Screened 2010-2012 Calexico Data
Grouped By Month of the Year
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These distributions of hourly PM2.5 values by hour-of-the-day and month-of-the-year
suggest that the sub-population of screened data is reasonably representative of the full
database with the possible exception of values recorded in July and August, for which
there are very few data points. During the summer months, few elevated PM2.5 days
are recorded at the Calexico monitor, suggesting that the relatively low number of data
points found in these months will not have a significant impact on data
representativeness. The screened data were analyzed to determine the potential for
the Calexico monitor to show attainment under north/non-stagnant wind speed hours.
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The average PM2.5 concentration from all hours that satisfied north wind/non-
stagnation wind speed (“north wind”) screens was calculated for each day in which at
least one hour satisfied screening requirements. This grouping of hours by date
produced records for 932 days. The range of north wind hours per day extends from

1 to 24 hours. When days with the same numbers of north wind hours are grouped, the
resulting distribution of total days per number of north wind hours generally declines
from the total of days with 1 qualifying hour (48 days) to those with 24 qualifying hours
(24 days). A plot of these days-per-number of north wind hours is shown in Figure 37.

Figure 37. Numbers of Days in 2010-2012 Grouped by the Numbers of
North Wind Hours per Day
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The distribution of daily average PM2.5 concentrations reported by the screened hourly
PM2.5 values was plotted against the number of north wind hours per day to determine
whether the numbers of exceedances of the 24-hour PM2.5 standard declined with
increasing numbers of north wind hours per day. This plot is shown in Figure 38.
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Figure 38. Daily Average PM2.5 Concentrations for Days in 2010-2012
Grouped by the Numbers of North Wind Hours per Day
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Figure 38 shows no daily average PM2.5 concentration above the level of the PM2.5
standard for all days having 15 or more north wind hours. The plot also shows that only
six days between 2010 and 2012 would have exceeded under this screening approach.
A calculation of the design value produced a value of 24.0 pg/m?°.

Staff assessed the cause of high “outlier” PM2.5 daily averages for days having 12 or
more north wind hours. For this subset of days, a threshold value of 20 pg/m? daily
average PM2.5 concentration was used to define high (or outlier) PM2.5 days when
winds impacting the Calexico monitor were primarily from the north. The days satisfying
these two conditions (i.e., 12 hours or more of north winds, daily average PM2.5
exceeding 20 pg/m®) were identified from the plot in Figure 38 (as red squares) and are
tabulated in Table 9.

Table 9. Daily Average PM2.5 Concentrations for Outlier Days
Under All Wind and North Wind Conditions

: - 3
Wind Hours All Wind Hours
Only
August 11, 2010 16 19.5 22.6
April 14, 2011 16 24.6 22.2
June 5, 2011 13 24.6 23.6
May 15, 2012 21 27.2 30.0
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Daily Average Concentrations in the Imperial NA

Staff also used hourly meteorological data to obtain days during 2010-2012 when winds
were from the north at least 18 hours per day and wind speeds were non-stagnant (i.e.,
>1.5 mps). The resulting days were matched with FRM sampling dates for the
Calexico, El Centro, and Brawley sites. Figure 39 displays the resulting 50 days.

The results show that for the majority of days, concentrations at Calexico recorded
higher values than the other two sites. This is consistent with data seen from all wind
directions throughout this time period. More important is the fact that under these north
wind conditions, there were no exceedances of the 24-hour PM2.5 standard.

Figure 39. FRM PM2.5 Concentrations in 2010-2012 when North Winds
>18 Hours and speeds >1.5 m/s
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Using available speciation data for four of the five FRM exceedance days, staff
compared the average speciation on these four days to the average speciation (mass)
values that met the above criteria for wind direction and speed (Section 1X). From these
data, the exceedance days are associated with significant increases in organic matter,
ammonium nitrate, and elements. Generally, the mass speciation on days with north
winds is significantly less than the mass speciation seen on days where transport from
Mexicali occurred (Table 10).

Table 10. Average Speciation on Exceedance Days and North Wind Days

Exceedance day speciation mass averages
oC EC Geological | Elements | Nitrate Sulfate Ammonium
22.6 2.2 4.2 4.0 6.3 0.9 3.0
Average Speciation on 31 North Wind Days
20 | 04 | 1.5 | o6 | o6 | 09 | 0.4
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X. Estimate of PM2.5 Concentration Impact from Mexicali Emissions

To estimate the impact of Mexicali emissions on the PM2.5 concentrations experienced
at the Calexico monitor on the five exceedance days, staff binned PM2.5 measurements
made at each site during the period of 2010 - 2012 by meteorological conditions that
were present during the five exceedance days at Calexico. The differences in the
binned concentrations were evaluated based on the following considerations:

First, by limiting the comparison of concentrations to those measurements made under
similar meteorological conditions, any differences due to meteorology are minimized.
The variables affecting the concentrations at each site are reduced and the focus
becomes the emission sources surrounding each site.

Second, the size and type of U.S. sources surrounding all three sites (Calexico,

El Centro, and Brawley) are similar and, therefore, in the absence of other sources, it is
expected that all three sites would experience the same PM2.5 concentrations during
similar meteorological conditions. Observed differences in PM2.5 concentrations
suggest that emission sources outside of Imperial County and the Imperial County
nonattainment area are impacting the concentrations.

The meteorological conditions used to segregate the concentration data were those
conditions observed on the five Calexico exceedance days during the first 10 hours of
the day (midnight to 10:00 am) during the months of December through February.
Specifically, average wind speed less than or equal to 1.5 mps and average ambient
temperature less than 66° F. Wind speeds of 1.5 mps or less typically reflects stagnant
conditions and renders the influence of wind direction negligible.

On average, concentrations measured at Calexico are almost three times higher than
the other two urban sites in Imperial County when stagnant, cold conditions are present:

Imperial County Number of Days Binned by Average
Monitoring Site Similar Meteorology (2010 — 2012) Concentration (ug/m3)
Calexico 22 26.4
El Centro 27 9.9
Brawley 12 9.1

Under similar meteorological conditions, and with similar nearby United States sources,
one would expect that PM2.5 concentrations measured at the Calexico monitor would
be within a relatively narrow range of the El Centro and Brawley monitors. An average
difference of 16.9 ug/m3 suggests that emission sources outside the United States are
significantly impacting the Calexico monitoring site beyond what would be expected
from known sources on the U.S. side.
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XI. Calexico Day-Specific Analyses

The following section details day-specific information for five days in which ambient
concentrations of PM2.5 exceeded the 24-hour NAAQS of 35ug/m3 at the Calexico
monitoring site. These analyses use both FRM data and non-FEM BAM data to further
evaluate the exceedance days. Non-FEM BAM data were used to track the PM2.5 on
an hourly basis with corresponding meteorological information. Although non-FEM
BAM data is non-regulatory and is therefore not used in the calculation of an area’s
design value, these data were valuable in evaluating diurnal and other patterns
observed on exceedance days. The conclusion that the five days listed in Table 11
would not have exceeded the standard but for emissions from Mexico is substantiated
for each day using elemental analysis data derived from filter particle loadings,
meteorological data, and other supporting information, where available.

Table 11. PM2.5 Measurements Exceeding the 24-Hour PM2.5 Standard at the
Calexico Monitoring Site in 2010-2012

Date Day Calexico PM2.5 (ug/m3) | Speciation Data?
12/4/2010 | Saturday 50.9 Yes
2/5/2011 | Saturday 80.3 No
12/11/2011 | Sunday 44.4 Yes
1/31/2012 | Tuesday 37.7 Yes
12/23/2012 | Sunday 64.7 Yes

Significantly, four of the five exceedance days occurred on a weekend day. Information
on these weekend days indicates holiday celebrations were the likely source of elevated
PM2.5 concentration measurements.

December 4, 2010

Analysis Methods

For the December 4, 2010, exceedance day analysis, staff evaluated the following
information: (1) PM2.5 concentration gradient within the Imperial NA plus the Air
Quiality Index (AQI) for Imperial County; (2) changes in the non-FEM BAM PM2.5
concentrations with the wind speed and atmospheric mixing height; (3) predominant
wind speed and wind direction in the area from December 2 through December 5; (4)
an air parcel back-trajectory starting at the hour of highest hourly recorded
concentration at the Calexico site; (5) speciation data on December 4, to identify the
major components of PM2.5, including a further breakdown of elemental species; and,
(6) source apportionment results using receptor based modeling.

Data not available for this analysis include concentrations from monitoring stations in
Mexicali from December 4; specific media reports from either north or south of the
border, which would substantiate activities impacting air quality in the area; clear
satellite imagery for detecting smoke from combustion activities; and PM2.5 BAM data
for Brawley and El Centro. However, PM2.5 mass and speciation data, coupled with
meteorological data and back-trajectory analysis, provide strong supporting evidence
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that the Calexico monitor would not have recorded an exceedance of the 24-hour
NAAQS in the absence of emissions from Mexico.

PM2.5 Concentrations

On Saturday, December 4, the Calexico monitor recorded a 24-hour average PM2.5
concentration of 50.9 ug/m3. Filter-based PM2.5 measurements at the El Centro and
Brawley monitoring sites were 12.2 and 16.2 ug/m3, respectively. Continuous PM2.5
monitors at Calexico began recording increased PM2.5 concentrations on the night of
December 2. Concentrations remained high the morning and night of December 3 and
this trend continued into December 4. The AQI value on this day was 139 (unhealthy
for sensitive groups) and was the highest AQI value recorded in Imperial County for
2010.

The PM2.5 concentration was roughly half the measured PM10 concentration on
December 4, suggesting that the PM impact was largely influenced by combustion
sources. Agricultural burning was either not permitted or did not occur in Imperial
County on December 2, 3, or 4, and District records indicate no burning violations or
complaints were received during those days. Although not all of the combustion
emissions are expected to have come from Mexicali, the combination of the magnitude
of the emission inventory in Mexicali, the number of stationary sources in Mexicali, the
number and age of motor vehicles in Mexicali, and the lack of agricultural burning in
Imperial County implies that most of the combustion emissions originated from outside
the County.

Figure 40 shows the spatial distribution of 24-hour average PM2.5 concentrations
recorded at each monitoring site in the Imperial NA on December 4. The 50.9 ug/m3
concentration measured at Calexico was nearly three times the annual average for that
site in 2010. The strong PM2.5 concentration gradient from the Calexico monitor—less
than a mile from Mexicali—to the Brawley and El Centro sites just to the north suggests
that the emissions impact on the Calexico monitor differs substantially from the impact
experienced by the Brawley and EI Centro monitors. With similar sources and
meteorology, the expectation is that PM2.5 concentrations measured at Calexico, El
Centro, and Brawley would be similar. The decreasing gradient northward is consistent
with the Calexico-Mexicali single air shed concept and points to cross-border emissions
as the source of high concentrations measurements at Calexico.
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Figure 40. Mexicali and Imperial County PM2.5 concentrations on December 4, 2010
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Surface hourly wind data collected at the Calexico station indicate that variable, low
wind speed conditions were prevalent throughout the day on December 4. The 24-hour
average wind speed at Calexico was 0.6 mps with maximum wind speeds reaching

1.6 mps. Wind direction was variable with approximately 24 percent of the winds
originating from the west. A wind rose plot for December 4 (Figure 41) indicates that
low wind speeds on that day are coupled with variable wind direction. These conditions
are typically associated with stagnant meteorological conditions. For purposes of these
analyses, wind speeds of 1.5 mps or less are used to identify stagnant conditions and
indicate little or no dispersion, i.e., emissions within the common Calexico-Mexicali
airshed result in high measured values. ldentifying meteorological stagnation in terms
of low wind speed in the range of 0 to 1.5 mps is consistent with earlier cross-border
transport studies (Chow et al., 2000).
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Figure 41. Wind Rose on December 4, 2010°
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To further characterize meteorological conditions on December 4 which may have
influenced PM2.5 concentrations measured at the Calexico station, staff evaluated data
on atmospheric mixing height and its correlation with PM2.5 mass data. The nearest
routine data collection points to Calexico for radiosonde data are Yuma, Arizona, and
Tucson, Arizona. Both of these locations have topography similar to that of Calexico.
Appropriate data from the Yuma site were unavailable for December 4, so Tucson data
were used to generate a plot of hourly mixing heights over a three day period that
includes the December 4 exceedance. All mixing height data originate from the
National Oceanic and Atmospheric Administration (NOAA) Earth System Research
Laboratory website and are research-quality data.

Figure 42 displays the mixing height and hourly PM2.5 BAM measurements at Calexico.
While data gaps exist for the atmospheric soundings, the overall trend over the three
day period shows an inverse relationship between mixing height and concentrations.
Decreasing mixing height corresponds to increasing PM2.5 concentrations as low
vertical mixing confines pollutants. This plot corroborates surface wind data and
supports the concept that emissions from Mexicali, confined to the Calexico-Mexicali air
shed with reduced pollutant dispersion due to low wind speed and reduced mixing
height, resulted in higher PM2.5 concentrations on December 4 than would have been
observed in the absence of emissions from Mexico.

®> Wind rose plot generated using Lakes Environmental WRPLOT View™ software program. This program
uses <0.5 mps as the default wind speed threshold for identifying “calm” winds.
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Figure 42. PM2.5 BAM vs. Mixing Height
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Analysis of the Event

To place Calexico PM2.5 values in the context of the Imperial NA’s other PM2.5
monitoring sites Figure 43 shows the daily and hourly PM2.5 concentration data
measured during the first week of December 2010. The data show lower PM2.5 values
at the El Centro and Brawley sites with somewhat elevated concentrations on
December 4. This pattern is consistent with the spatial gradient shown in Figure 40 and
suggests that emissions from south of the border may be influencing measurements
further to the north. The plot also illustrates the consistency between the FRM
measurements at Calexico (POC 1) and non-FEM BAM measurements at Calexico
(POC 3) on December 4 as well as on December 7. The BAM value on December 4,
for example, was 50.5 ug/m3, consistent with that day’s FRM value of 50.9 ug/m3.

While high PM2.5 concentrations at the Calexico monitoring site occurred under
stagnant meteorological conditions, when the wind speed and direction changed prior
to, during, and following the exceedance day, those changes were matched with hourly
PM2.5 concentration data to reveal any patterns that might better characterize the
temporal nature of PM2.5 concentrations. Wind speed and wind direction data were
plotted with BAM PM2.5 concentration measurements from December 2 through
December 5 (Figures 44 and 45).
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Figure 43. Daily and Hourly Average PM2.5 Values in Imperial County (12/1/2010 — 12/7/2010)
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Figure 44. PM2.5 BAM vs. Wind Speed at Calexico for December 2-5, 2010
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Figure 45. PM2.5 BAM vs. Wind Direction at Calexico for December 2 - 5, 2010
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Hourly PM2.5 concentrations began to increase substantially at approximately 10:00 pm
on December 2 when the wind direction changed from a northern to a south/south west
flow. Concentrations remained elevated above 20 ug/m3 until 8:00 am on the following
day, December 3, while the wind direction continued from a southerly direction. When
the wind direction changed to a northern flow, PM2.5 concentrations began to decrease.
In the evening of December 3, concentrations increased again and remained high until
mid-morning on December 4, consistent with a shift to a southern flow. PM2.5
concentrations were very high (85-115 pg/m3) from 1:00 am through 8:00 am and
decreased after another wind shift to the north. Concentrations began to increase again
after 2:00 pm, with a wind direction shift to a more southerly flow, and remained
moderately high for the rest of the day, as wind direction became more variable.

Data from Figure 44 show that low wind speeds, particularly in the early morning hours,
are correlated with higher PM2.5 concentrations. Generally, the highest concentrations
on December 4 were seen under southerly flow conditions (79 to 272 degrees) in the
early morning hours (Figure 45) (see Section IX for wind direction analysis).

The spatial nature of the December 4 exceedance event was assessed using a back-
trajectory plot (Figure 46). The objective of a back-trajectory plot is to discern the
pathway that an air parcel traveled prior to passing over the site of a continuous
pollutant monitor, i.e., a PM2.5 BAM. By calculating the coordinates of this traverse and
overlaying the resulting travel path onto an aerial photograph, the potential for transport
of emissions from sources under the path to the monitor may be evaluated (see
Appendix A for complete back-trajectory methodology).
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Coordinate calculations for the back-trajectory are conducted in a stepwise fashion
beginning at the monitor location and using the wind speed and direction data for each
preceding hour to compute path coordinates back to zero hours on the day prior to
December 4. The back-trajectory plot in Figure 46 begins at the hour of the highest
PM2.5 BAM concentration (6:00 am) and traced the pollution back to midnight

(00 hours) on December 3. From this analysis, it may be concluded that the air parcel
impacting the Calexico station at 6:00 am on December 4 was in Mexicali in the early
morning hours of the December 4 and the late night hours on December 3. The low
temperatures, low inversion height, and increased emissions in Mexicali impacted the
PM2.5 concentration at the Calexico site. The shorter line in between the trajectory
hours also shows that the air parcel traveled less distance over the time period in
Mexicali, which caused pollution to accumulate under these stagnant conditions.
Mexicali point sources are included in the photo to gauge the potential influence these
emission sources have on the air parcel prior to its reaching the Calexico station.

We considered a back-trajectory analysis using the HYSPLIT model in combination with
one of several available meteorological databases. During winter stagnation episodes,
wind speeds are typically less than 3.0 mps and hourly back-trajectory vectors range
from 2 to 10 kilometers (km) in length. The meteorological databases used by the
HYSPLIT model use grid sizes varying from 6 to 40 km. As a result of this difference in
grid resolution, HYSPLIT was not used since it would not provide the micro scale back-
trajectories needed to appropriately determine the traverse on United States side of the
border versus the traverse in Mexico prior to arriving at the Calexico station.
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Figure 46. December 4, 2010 Air Parcel Back-Trajectory

Identification of Emissions

To aide in identifying the source of emissions potentially impacting the Calexico monitor,
staff analyzed speciation data available on December 4. The speciation data show that
over half of the concentration was from organic matter and 21 percent was from
ammonium nitrate. High concentrations of elemental species were also present on this
day. High concentrations of carbonaceous aerosols suggest that combustion was the
main source of PM2.5, while high concentrations of elemental species suggest that
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emissions come from non-fossil fuel sources (Figure 47). See Section VIII for
supporting information.

Figure 47. 12/4/2010 Composition at Calexico
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On December 4 elemental species concentrations at Calexico were elevated compared
to both winter average and annual average concentrations. Concentrations of
elemental chlorine were six times higher compared to winter average and 13 times
higher compared to annual average (Figure 48). Concentrations of antimony, bromine,
lead, and chlorine were four to six times higher compared to winter concentrations and
four to 13 times higher compared to annual average. Concentrations of zinc and barium
were close to the average levels (Figure 49).

Figure 48. Comparison of Chlorine Concentrations on 12/4/2010 to
2010-2012 Winter Average and Annual Average
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Figure 49. Comparison of Select Species Concentrations on 12/4/2010 to
2010-2012 Winter Average and Annual Average
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The December 4 data across the Imperial NA reveals that Calexico was the only site
with elevated elemental species concentrations. Brawley and El Centro had
concentrations below or close to the detection limits (Figures 50 and 51).

Figure 50. Comparison of Chlorine Concentrations Across
Imperial NA on 12/4/2010
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Figure 51. Comparison of Select Elemental Species Concentrations
Across Imperial NA on 12/4/2010
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To provide information on possible sources of emissions impacting the Calexico
monitor, PM2.5 speciation data were analyzed using a source apportionment model—
Positive Matrix Factorization 2 (PMF2). PMF2 is a multivariate receptor model based
on the positive matrix factorization (PMF) method. Fundamentally, this model analyzes
characteristics of pollutants at the receptor site and, using mathematical algorithms,
estimates the source contributions. This model is based on a weighted least square
method that weights data points by their analytical uncertainties. A detailed description
of the PMF2 model procedure for Calexico is included in Appendix B.

For the PMF2 analysis, a total of 159 samples and 27 species including PM2.5
concentrations collected between 2010 and 2012 were analyzed and six major
sources/chemical components were identified: airborne soil, motor vehicle, secondary
sulfate, secondary nitrate, refuse burning, and industrial sources. Figure 52 suggests
that refuse burning and secondary nitrate were the major sources of emissions on
December 4. Refuse burning is estimated to contribute 29.3 pg/m3 of the 50.9 uyg/m3
concentration recorded at Calexico. Since refuse burning is not a permitted activity in
Imperial County, this impact—coupled with meteorological data presented earlier—is
strongly suggestive that these emissions originate from Mexicali.
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Figure 52. Source Apportionment PM2.5 Contribution on December 4, 2010
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To link results of the PMF2 analysis to specific emitting activities, percentages for refuse
burning and industrial emissions were used to estimate the PM2.5 contribution at
Calexico on December 4 (Table 12). Without refuse burning emissions, it is likely that
concentrations at the Calexico monitor would not have exceeded the 24-hour PM2.5
standard. If industrial emissions from Mexicali are excluded, the concentration on this
day decreases further. This decrease is significant given that refuse burning and
industrial emissions of the type identified PMF2 are essentially non-existent on the U.S.
side of the border in Imperial County, but are known to occur in Mexicali.

Table 12. Contribution of Refuse Burning and Industrial Emissions to
PM2.5 Concentrations on December 4, 2010

Without Refuse
FRM Burning Without Refuse Burning
Concentration Emissions & Industrial Emissions
50.9 pg/m3 21.6 ug/m3 21.5 pyg/m3
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February 5, 2011

Analysis Methods

Consistent with U.S. EPA guidance, staff evaluated the following data to analyze PM2.5
concentrations recorded on the February 5 exceedance day: (1) U.S. EPA PM2.5 Air
Quality Index (AQI) map for February 5; (2) the PM2.5 concentration gradient within the
Imperial County PM2.5 NA; (3) daily wind rose information; (4) atmospheric mixing
height data; (5) local media reports; (6) hourly wind speed and direction data from
stations in southern Imperial County for the period of February 3 through

February 6, 2011; (7) the relationship between the hourly BAM PM2.5 concentrations,
wind speed and wind direction recorded by the Calexico monitor; and, (8) air parcel
back-trajectory plots identifying the areas from which emitted PM2.5, contributing to
peak hourly impacts on February 5, 2011, was transported to the Calexico and El
Centro monitoring sites.

Data not available for this analysis included hourly and daily average PM2.5
concentrations from monitoring stations in Mexicali; clear satellite imagery for detecting
smoke from combustion activities; hourly BAM PM2.5 concentrations recorded at the
Brawley and El Centro sites; and PM2.5 speciation data for February 3 through
February 5. In the absence of speciation data, useful tools like positive matrix
factorization (PMF) were also not available for use in this analysis.

PM2.5 Concentrations

On Saturday, February 5, 2011, the Calexico and EIl Centro filter based monitors
recorded 24-hour average PM2.5 concentrations of 80.3 ug/m3 and 36.9 ug/m3,
respectively. On the same day, a filter-based monitor at the Brawley monitoring site
recorded a 24-hour average PM2.5 concentration of 28 ug/m3. The Calexico PM2.5
data downloaded from the U.S. EPA’s AQS online database included a flag signifying
the monitoring technician’s observation of PM2.5 impacts at the monitor from very low
temperatures and subsequent burning in Mexicali.

Elevated hourly PM2.5 concentrations at the Calexico station were recorded over a
three day period in early February 2011. The observed trend using continuous PM2.5
monitors at Calexico recorded increased PM2.5 concentrations on the night of
February 3. Hourly PM2.5 concentrations remained high during the next two days and
into the morning of February 6. The AQI value on February 5 was 164 (unhealthy)
which was the highest AQI value recorded in Imperial County for 2011 (Figure 53).

Initial discussions with District staff revealed that February 4 and 5 were no burn days;
however, open burning was allowed on February 3. On February 3, a total of 925
agricultural acres were burned along with a much smaller number of acres on non-
agricultural lands. No burning violations or complaints were recorded by the District
during those days. Figure 54 shows the locations of all of the February 3, 2011
agricultural burns (in green) and miscellaneous burns (in red) for which permits were
issued and post-burn reports were submitted. Ignition times for the agricultural burns
were reported to be between noon and 2:30 pm. The non-agricultural burns were
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reported to have ignition times between 10:00 am and 3:00 pm and most were reported
to be 1 to 2 piles in size. Although there were a number of pile burns near the Brawley
monitor, the PM2.5 values recorded on February 3 were below the standard at this
station. The yellow tacks on Figure 53 show the locations of PM2.5 monitors. The
agricultural burning conducted on February 3 may have contributed to increased
background PM2.5 concentrations throughout the valley on February 4 and 5, but ARB
staff does not believe these fires were the primary cause of the exceedances.

A review of meteorological data collected at the Calexico site indicates that the lowest
nighttime temperature during the 2010-2011 winter was recorded in the early morning of
February 3, 2011. Low temperatures were also recorded in the early morning hours of
February 4 and 5, 2011. These low temperatures occurred in combination with low
wind speeds, resulting in stagnant conditions on these nights in Imperial County. These
stagnant conditions, more than agricultural burning, were the likely key factor resulting
in elevated concentrations on February 5. In addition, increased rates of fuel
combustion for residential heating and outdoor fires in Mexicali were documented in one
of the city’s local newspapers La Cronica.

Figure 53. Daily Peak AQI Map on February 5, 2011
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Figure 54. Agricultural and Pile Burns in Imperial County on February 3, 2011
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Figure 55 shows the spatial distribution of 24-hour average PM2.5 concentrations
recorded at each monitoring site in the Imperial NA on February 5. The 80.3 pg/m3
concentration measured at Calexico was nearly six times the annual average for that
site in 2011. Notably, the 80.3 pg/m3 measurement on February 5, 2011 was an outlier
from the 2010-2012 data stream as it was more than nine standard deviations above
the mean value at this site recorded in those years.
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The strong PM2.5 concentration gradient from the Calexico monitor to the Brawley and
El Centro sites to the north suggests that the emissions impact on the Calexico monitor
differs substantially from the impact experienced by the Brawley and El Centro
monitors. As with the analysis for December 4, with similar sources and meteorology,
the expectation is that PM2.5 concentrations measured at Calexico, El Centro, and
Brawley would be similar. The decreasing PM2.5 concentration gradient northward
suggests the predominance of a high emission source area to the south of the Calexico
station. Although the El Centro site exceeded the 24-hour PM2.5 standard on this day,
the concentration at Calexico was more than twice the concentration measured at El
Centro.

Figure 55. Mexical

li and Imperial County PM2.5 concentrations on February 5, 2011
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Meteorology

Meteorological data collected at the Calexico monitoring site confirm that stagnant
surface conditions occurred throughout the day on February 5. The 24-hour average
resultant wind speed at Calexico was 0.6 mps and the maximum was 1.5 mps. In
addition, the majority of the hourly wind directions were from the south (16 out of 24
hourly measurements). Winds were calm on this day in Calexico as shown in the
February 5 wind rose (Figure 56).

Figure 56. Wind Rose on February 5, 2011
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Staff evaluated the relationship between atmospheric mixing heights and PM2.5
concentrations recorded on February 5. The nearest radiosonde data collection sites to
Calexico are Yuma, Arizona, and Tucson, Arizona. Both of these locations have
climatology similar to that of Calexico. Both sites also reported incomplete mixing
height datasets for February 5, but the Tucson dataset was more complete (18 hours)
than the Yuma dataset (13 hours) on this day. For those hours during which sufficient
measurement data existed at both sites to calculate mixing heights, the mixing heights
were very similar to each other. Data from Tucson were used to generate a plot of
hourly mixing heights over a three day period that includes the February 5 exceedance.

Figure 57 displays the Tucson mixing height estimates and hourly Calexico PM2.5 BAM
measurements for February 3 through February 6, 2011. The overall trend over the four
day period shows an inverse relationship between mixing height and concentrations.
Similar to the December 4 exceedance day mixing height trend, this plot suggests that
stagnant meteorological conditions occurred during this period, which is corroborated by
the very low surface wind speeds recorded and supports the concept that emissions
from Mexicali mixed with those of Calexico to produce higher PM2.5 concentrations
than would have been observed in the absence of emissions from Mexico.
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Figure 57. Mixing Height and BAM Concentrations (February 3, 2011 — February 6, 2011)
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Analysis of the Event

At the end of January and the beginning of February, a low pressure trough was

situated just east of Calexico. This trough maintained a west-to-east pressure
differential that caused resultant hourly wind speeds at Calexico to average
approximately 2.2 mps, with maximum hourly wind speeds up to 5.1 mps. 24-hour

average PM2.5 concentrations at the Calexico BAM monitors were low, less than

10 ug/m3. On February 3, the low pressure trough moved eastward and its place was
taken by the edge of the Pacific high pressure cell.

Hourly wind speeds dropped to less

than 0.9 mps and temperatures dropped at night. This created stagnant meteorological
conditions that prompted the District to declare a ban on agricultural burning for

February 4 and 5.

PM2.5 concentrations began to rise at the Calexico monitoring station after 2:00 pm on
February 3, coincident with a slight increase in wind speeds and a shift in a general
direction from southeast to southwest. Concentrations remained elevated throughout

the day, reaching a maximum of 69 ug/m3 at 10 pm. A portion of the PM2.5

concentration rise at this time may have been due to the burning of 143 acres of hay

stubble just west of Calexico earlier that day.

As noted earlier, February 3 was the coldest day of 2011 in Imperial County. Calexico’s
temperature dropped to 32° F while the EI Centro Naval Facility recorded 21° F
Accuweather.com reported a freeze in Imperial County on February 3 and 4. Figure 58
discusses the damage to the winter vegetables and fruit in Imperial County from the

sub-freezing temperatures. The low temperatures in the morning hours of February 4
were generally a few degrees warmer than those of the previous night and nighttime
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temperatures continued to rise—at most monitoring sites in Imperial County—by 10
degrees or more by February 6. This temperature trend supports the concept that cold,
stagnant air creates conditions conducive to the formation of elevated PM2.5 levels in
the Imperial NA, heavily influenced by emissions originating from south of the border.
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Figure 58. Another Freeze for the Imperial Valley, Other Agricultural Areas

Another Freeze for the Imperial Valley, Other
Agricultural Areas
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Temperatures dipped close to all-time record
lows in a number of locations owver the
Imperial Valley of California and other
agricultural areas Thursday morning, with
another freeze occurring Friday momming.

El Centro dropped to 19 degrees Thursday
moming, one degree shy of their all-time
record low of 18 degrees set in Jan. 4, 1949,
El Centro did set their all-time lowest February
record, shattering the old record of 24 set on Feb. 12, 1965.

Multiple hours of sub-freezing temperatures were experienced im not only the Imperial Valley, but
also the Gila valley of California and in the lower Colorado valley of Arizona.

Photo by photos.com

There undoubtedly was some damage to these areas Thursday morning and more sub-freezing
temperatures were beginning to occur early Friday morning, but not quite to the severely low
levels just 24 hours =arlier.

These regions produce winter vegetables and fruit to the U.S. and other areas.

South Texas has also been hit with sub-freezing temperatures recently. In fact, part of the lower
Rio Grande valley never recovered to the freezing mark Thursday, after dipping into the upper
20s Thursday morming.

while clear skies at night were contributing to the low temperatures in the Southwest, including
sub-zero readings in Arizona, cloud cover and a "norther” were contributing to the freeze in
Texas.
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The extent of the damage from these freezes is not yvet known, but it could impact prices at yvour

local grocery store in the coming weeks, if the supply of quality fruit and vegetables is reduced or
has to be retrieved from more distant locations.

The cold weather did not hit the Central Valley of California nearly as hard with low temperatures
generally at or above the freezing mark. Temperatures have remained and should continue to
remain well above cold levels in central and southern Florida in the coming days and weeks.
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After a cold start, temperatures will rebound markedly over the
Southwest by this afternoon, but a slower temperature recovery is
in store for South Texas with more record cold in store Saturday
morning in the lower Rio Grande Valley.

The relatively low temperatures recorded on February 3, 2011, resulted in an increase
in residential space heating and outdoor fires which produced emissions that likely
continued as nighttime minimum temperatures remained below 40° F through

February 5. Documentation of this activity is contained in an article published on
February 5 in the Mexicali newspaper, La Cronica. Figure 59 discusses how people in
Mexicali began burning very early in the morning for comfort heat. This burning activity,
together with the very low mixing height estimated, may have produced the abrupt
increase in PM2.5 concentrations seen after midnight on the morning of February 5.
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Figure 59. Mexicali newspaper article published on February 5, 2011 regarding freezing

temperatures and burning “Improved Climate after Passage of Cold Front”

Sabado
5 de febrerode 20T

En la colonia hgualegua-;'.. Ale]an-dr;n Martinez y Ma;ia.. n;adre

W

e hija, se levantaron muy temprano a encender una fngata
para calentarse un poco, luego de una noche muy fria.

Mejorara clima tras
paso de frente frio

Las condiciones climato-
logicas mejoraran consi-
derablemente en la region
tras el paso de un frente que
trajoheladas para Mexicali
y el Valle, informé Enrique
Diavalos.

El técnico de Meteo-
rologia de la Universidad
Autonoma de Baja Califor-
nia (UABC) menciond que
para este fin de semana se
incrementan las tempera-
turas, ademés que habra
dias despejados, vientos
débiles.

Explict que la helada
que se registrd el jueves,
se debit a gue en el Esta-
do habia un sistema fron-
tal que no estaba tan fuerte
pero en combinacidon con
un frente continental oca-
siond las heladas.

“Fue un frio muy seco,
sin Nluvias que provocd he-

ladas, no nevadas, el agua
se pude congelar de los 4
grados para abajo y ése fue
el fendmeno que se vivid
con algunos congelamien-
tos de drboles, fuentes y
agua”, apuntd.

La temperatura del jue-
ves gue se regisird duran-
te la madrugada ha sido
la més baja en lo gue va
del afio y fue de 1.5 grados
centigrados, mientras gque
el viernes la mas baja fue de
2.8 grados centigrados.

Para hoy sibado se es-
pera un dia scleado con
algunas nubes, ademés
de temperaturas minimas
de 8 grados centigrados y
méiximas de 24; mientras
que para el domingo el ter-
mémetro podria aleanzar
minimas de 10 grados cen-
tigrados y mdximas de 27.

= PORYADIRA MURILLOD

Alberta dala Haya

Figure 60 shows the daily PM2.5 concentration data recorded between February 2 and

February 8, 2011. The data show lower PM2.5 values at the El Centro and Brawley

sites with somewhat elevated concentrations on February 5. This pattern is consistent
with the spatial gradient shown in Figure 55 and suggests that emissions from south of

the border may be influencing measurements further to the north. The plot indicates
consistency between the FRM measurements at Calexico and non-FEM BAM

measurements at Calexico on February 5 as well as on February 8. The BAM value on

February 5, for example, was 69 ug/ma3, relatively close to that day’s FRM value of

64.7 pg/m3.
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Figure 60. Daily Average PM2.5 Values in Imperial County (February 2 — February 8)
Daily Average PM2% Values
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*POC1 is on a 1-in-3 day sampling schedule and POC3 records hourly data

The wind direction on February 5, 2011 was predominantly from either a southern
direction or too calm to determine. BAM PM2.5 concentrations remained high
throughout the day, regardless of the wind speed, which averaged 0.6 mps, or the
direction, which was predominantly from the south. The AQI classification was
increased to Unhealthy. All hourly PM2.5 concentrations on February 5 at the Calexico
site were above 40 ug/m?® and reached as high as 103 pg/m®. Concentrations did not
begin to significantly decrease until after 9 pm, the same time that the wind speed
increased to almost 1.8 mps and shifted from south to north.

February 6, 2011 began with high hourly PM2.5concentrations for the first five hours.
T