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Executive Summary 
 
CalEnviroScreen (CES) is an environmental justice screening tool used within California that 
scores census tracts based on pollution burden and population vulnerability in order to identify 
disadvantaged communities for consideration for prioritization of funding opportunities under 
particular programs, including the Greenhouse Gas Reduction Fund (Office of Environmental 
Health Hazard Assessment (OEHHA), 2017b).  US-Mexico border communities face air 
pollution impacts from both sides of the border that may not be well represented in CES.  To 
examine the issue, and to improve data along the US-Mexico border at San Ysidro, the 
California Environmental Protection Agency (CalEPA) Office of Environmental Health Hazard 
Assessment (OEHHA) contracted the University of Washington (UW) and its community 
partners to conduct a community-engaged air quality monitoring study.   
 
Under the current version 3.0 of CES, San Ysidro is classified as a disadvantaged community, 
with census tracts that fall within the highest 25% of census tracts within the state that are 
impacted by a combination of high levels of PM2.5 air pollution, low educational attainment, high 
linguistic isolation, poverty, unemployment, and housing burden.  Surrounded by freeways, and 
adjacent to the San Ysidro Port of Entry (POE) -- the largest land port of entry in North America 
-- the community is heavily impacted by the cumulative impacts of high roadway traffic. The 
San Ysidro census tract that is at the San Ysidro Port of Entry has the highest traffic levels in all 
of California. 
 
For the San Ysidro study, a community-engaged process was developed, which developed 
partnerships and an organizational structure to conduct research and improve understanding of 
air quality concerns in the community.  The project formed a Community Steering Committee 
(CSC) and Technical Advisory Group (TAG) that advised all aspects of the research. The 
research team worked with the community to assess and document environmental health 
knowledge and community needs.  The CSC guided the selection of sites within the community 
for deployment of lower-cost community air monitors, as well as the design of a website where 
the public could access data in both English and Spanish.  The TAG worked with the research 
group to ensure that data collected from the monitors and data analyses were of high quality. 
 
Fourteen lower-cost community air monitors were developed by the UW team, which included 
sensors for PM2.5, CO, NO, NO2, O3, temperature, and relative humidity.  A system was 
developed to transmit data from these monitors in the community via cellular network to data 
servers at the UW, where they could then be processed for QA/QC, and displayed on the 
community website.  All monitors were co-located in the field and calibrated against regulatory 
reference instruments in collaboration with the San Diego Air Pollution Control District. One 
year of data were collected by the community air monitors. 
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In addition to the use of lower-cost community air monitors, the research team conducted 
snapshot campaigns that measured ultrafine PM (UFP) and black carbon (BC) levels at select 
sites in San Ysidro to improve understanding of traffic-specific toxic pollutants. 
 
The study found significant associations between border wait times at the San Ysidro Port of 
Entry and air pollutant levels at nearby sites.  After integrating traffic data from Caltrans and 
emissions factors from the California Air Resources Board’s EMFAC 2017, significant 
associations were observed between mobile source emissions along I-5 and I-805 sites leading to 
the POE, and near-roadway community air monitoring sites for PM2.5, CO, and NOx.  Comparing 
two sites downwind of the I-5 freeway, pollutant concentrations were higher for the site that was 
approximately 200 ft. of the freeway than the other site located 300 ft. farther.  The diurnal 
patterns of traffic-related air pollutants generally matched those of hourly roadway traffic 
emissions and border wait times, peaking in the afternoon hours.  Holidays were found to be 
significantly related to higher traffic flows and levels of traffic-related air pollution emissions. 
 
Findings from the snapshot campaign found higher BC levels in the nighttime than the daytime, 
particularly in the Spring and Fall, but not in the Summer.  More specific to sources than PM2.5 
generally, BC levels are often associated with heavy duty diesel traffic and illegal burning 
activities. Also, BC is typically associated with smaller sized and the more toxic components of 
PM, such as PAHs (World Health Organization (WHO), 2012).  Interestingly, the campaign 
measured high Spring/Fall nighttime BC levels not only at sites near the POE, but also at the 
Tijuana Estuary Visitor’s Center, which was considered one of the “background” sites for the 
study. EC/OC and PM2.5 composition analyses of gravimetric samples also found relatively 
minor differences between the background site and a site in San Ysidro. These finding suggests 
that there are important regional pollutant sources in the San Diego/Tijuana border air basin, 
which is consistent with previous findings from CALMEX 2010 and other research studies (e.g., 
(Takahama et al., 2014)). 
 
Potentially relevant to future iterations of CES, our study compared PM2.5 levels in San Ysidro to 
those of the Donovan monitoring site.  In the current version 3.0 CES, PM2.5 is assumed to be 
2.88% higher at San Ysidro compared to Donovan.  However, we observed from our 
measurements that on average San Ysidro was 12% higher than at the Donovan site. 
 
Finally, our study produced important lessons for future community air monitoring studies 
within California.  The study demonstrated the potential for meaningful engagement with 
community to collect improved data that can be integrated into the community’s CES score.  
Moreover, we found considerable evidence from analysis of the air quality monitoring data that 
support the environmental justice concerns raised by San Ysidro community members, 
particularly around the issue of POE and traffic-related air quality impacts, as well as regional 
US-Mexico border shared air basin impacts.  
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Introduction 
 
CalEnviroScreen (CES) is a screening tool developed by the Office of Environmental Health 
Hazard Assessment (OEHHA) that scores California census tracts based on measurements of 
pollution burden and population vulnerability (Office of Environmental Health Hazard 
Assessment (OEHHA), 2017b). Its purpose is to identify areas of the state that have the highest 
pollution burden with populations that are most vulnerable to pollution exposure so that 
resources can be directed toward reducing these impacts. CES is being used by the California 
Environmental Protection Agency (CalEPA) to identify “disadvantaged communities” for the 
implementation of Senate Bill (SB) 535 (Health and Safety Code section 39711). State law 
requires a fraction of monies from the Greenhouse Gas Reduction Fund be allocated to 
communities considered disadvantaged based on geographic, socioeconomic, public health, and 
environmental hazard criteria. For the purposes of SB 535, CalEPA has designated census tracts 
in the highest 25% of CES scores as disadvantaged. Communities near the U.S.-Mexico border 
face pollution impacts both from sources in California and Mexico, some of which are not 
incorporated in CES data. In particular, communities in both Imperial and San Diego Counties 
face pollution impacts from Mexico. The latest version 3.0 of CES changed the scoring of border 
communities, reflecting the evolution of the tool.  
  
Recently in California, efforts have been made towards engaging communities in the collection 
of new air quality data, which could potentially provide information on pollution burden in 
border communities for CES. One study in Imperial County has augmented the existing 
regulatory and non-regulatory monitoring with 40 low-cost community operated PM monitoring 
sites, which has collected data for over a 1-year period through collaboration between the 
California Environmental Health Tracking Program, the University of Washington and other 
academic researchers, and a local community group (English et al., 2017).   
 
Building on the experience on the Imperial project and its framework, OEHHA contracted the 
University of Washington (UW) to conduct a similar community-engaged air quality monitoring 
research in San Diego County near the US-Mexico border. UW, in consultation with OEHHA, 
developed a research team consisting of researchers from San Diego State University and Casa 
Familiar, which worked together to engage the community of San Ysidro in designing, 
deploying, and analyzing the data from a network of low-cost air quality monitors.  Whereas the 
previous Imperial study was limited to only PM monitoring, the San Ysidro study collected 1-
year of PM, CO, NO, NO2, and O3 data from the monitoring network.  Additionally, snapshot 
campaigns measuring black carbon and ultrafine PM levels were conducted during the study. 
 
During our study, Assembly Bill (AB) 617 was passed in California, which mandates the 
California Air Resources Board (CARB) to develop a monitoring plan for criteria air pollutants 
and toxic air contaminants, and select priority locations within the state for community air 
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monitoring, as well as requires air districts to deploy community air monitoring systems with the 
goal of informing emissions reduction programs within communities.  The rule defined 
community air monitoring systems as “advanced sensing monitoring equipment that measures 
and records air pollutant concentrations in the ambient air at or near sensitive receptor locations 
and in disadvantaged communities and that may be useful for estimating associated pollutant 
exposures and health risks, determining trends in air pollutant levels over time, and in supporting 
enforcement efforts.”  Consequently, we have shared our engagement process and monitoring 
results with CARB in the hopes that it may inform their planning for AB 617. 
 
As experience with low-cost monitoring is still developing, important lessons from the San 
Ysidro project for quality assurance, and particularly collaboration with local air districts in 
colocation and calibration of low-cost sensors against reference regulatory instruments and 
ongoing semi-automated quality checks were obtained during this study.  Additionally, important 
lessons emerged related to engaging communities in assessing air quality concerns, obtaining 
input on locations for siting monitors, designing effective communication for real-time web 
access to monitoring data, and the need to build local capacity for sustaining air monitoring 
efforts.  Both the technical monitoring and community engagement lessons provided useful 
examples for improving air quality information in borders community for CES and 
implementation of community air monitoring for AB 617. 
 
The aims of our study were to: 
 

1. Form a Community Steering Committee (CSC) made up of community members to guide 
the project and a Technical Advisory Group (TAG) made up of representatives of various 
governmental agencies who routinely inform the activities occurring in the project.  

2. Consult with CSC members to identify needs and concerns related to air quality and air 
quality data (needs assessment). 

3. Form a process for meaningful engagement and regular meetings with community 
members throughout the duration of the project.  

4. Based on the recommendations of the community, and in consultation with OEHHA, 
select the sites for air monitoring, and recruit hosts for air monitors. 

5. Provide a low-cost air monitoring system that measured air concentrations of particulate 
matter (PM), carbon monoxide (CO), nitrogen oxides (NOx, both NO and NO2), and 
ozone (O3), as well as relative humidity (RH) and temperature.  The system should have 
the electronics necessary to transmit data from these sensors to computer servers in real-
time. 

6. If permission is provided by the San Diego Air Pollution Control District (SDPACD), co-
locate and compare data from community air monitoring instruments to data collected by 
instruments operated by SDAPCD. 
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7. Compare sensor measurements to snapshot measures from additional real time and 
gravimetric air monitoring instruments to measure PM (e.g., PM2.5, Dustrak (TSI, Inc.) or 
pDR1500 (ThermoElectric), ultrafine particles, condensation particle counters TSI 3007 
(TSI, Inc.), and gravimetric PM 2.5 with Minivols (Airmetrics) and black carbon (BC), a 
marker for diesel (Aethalometer A-42, dual channel, Magee Scientific), and evaluate the 
ability of the community monitors to characterize spatial distribution of traffic pollutants 
by characterizing the relation of BC and ultrafine particle to PM, CO and NOx measured 
by the community monitor.  
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The San Ysidro Community 
 
San Ysidro is a majority (93%) Latino community, and has some of the lowest income census 
tracts in the City of San Diego. San Ysidro is classified as a “disadvantaged community” by CES 
3.0 under SB 535 -- representing census tracts that score among the 25% highest in the state for 
pollution and population vulnerability.  As a US-Mexico border community, residents are 
regularly exposed to air pollution from sources in both countries. Three freeways cross the 
community (Error! Reference source not found.). The proximity to the border crossing -- the 
busiest land Port of Entry (POE) in the Western Hemisphere -- has also raised concerns about air 
quality due to the extremely long vehicular waits. Each day as many as 120,000 vehicles and 
60,000 pedestrians cross the POE and port reconfiguration and expansion is underway to 
accommodate a projected 87% increase in traffic by the year 2030. The reconstruction inspection 
facilities set to open in 2019 will result in long southbound delays adding to the current 
northbound delays. Despite these concerns, no regulatory air quality monitoring is currently 
conducted in San Ysidro and no environmental mitigation has been proposed by the U.S. federal 
government. According to U.S. Department of Homeland Security officials, this federal facility 
also has the highest number of 911 calls for emergency in all of the nation, significantly 
overburdening service for community residents. 
 

 
Figure 1. Map of San Ysidro Community, showing major freeways surrounding the community and the 
locations of the San Ysidro (passenger vehicles) and Otay Mesa (trucks) Port of Entries. 

 
Table 1 illustrates the factors for San Ysidro census tracts that contribute to its designation as a 
highly disadvantaged community under CES 3.0.  Notably, PM2.5 levels rank among the top 5% 
highest in the state.  One of the census tracts -- the one at the San Ysidro Port of Entry -- has the 
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highest traffic levels in California.  Low educational attainment, high linguistic isolation, 
poverty, unemployment, and housing burden also contributes to social vulnerability, which 
influences San Ysidro’s CES score.  
 
Although PM2.5 levels are an important factor for San Ysidro, the regulatory monitoring data on 
PM2.5 that are used for San Ysidro’s scoring are actually quite limited.  In CES 3.0, the nearest 
regulatory monitors that are used are located in Chula Vista and Otay Mesa (Donovan) (Office of 
Environmental Health Hazard Assessment (OEHHA), 2017a). These are both several miles away 
from the San Ysidro community, and do not represent the air pollution sourced from the 
community’s nearby freeways and the San Ysidro Port of Entry. 
 
Previous air quality research studies in San Ysidro have documented spatial variations in traffic-
related pollution including higher black carbon and ultrafine PM levels at sites near the Port of 
Entry (Quintana et al., 2014).  The study also found that air pollution levels were positively 
associated with northbound border wait times, particularly when wind patterns blow from the 
Port of Entry into San Ysidro and wind speeds are low.  Another study found that pedestrians 
crossing the border at San Ysidro are also impacted by traffic-related air pollution (Galaviz et al., 
2014).  Pedestrians crossing the border were exposed to 6-fold higher levels of 1-NP (a marker 
of diesel exhaust), 3-fold higher levels of CO, and 2-fold higher PM2.5 mass concentrations 
compared to non-border commuters.  Again, border wait times were found to be associated with 
some of these elevated exposures. Another recent study of exposures to passengers inside of 
vehicles crossing the San Ysidro border found that exposures to UFP were highest at the Port of 
Entry, with the vehicle idling while waiting to cross the border (Quintana et al., 2018).  
Collectively, these research studies illustrate the importance of the Port of Entry on traffic-
related air pollution exposures and environmental justice in the San Ysidro region. 
 
Aside from traffic at the Port of Entry, other regional sources of pollution may contribute to poor 
air quality in San Ysidro, particularly because the community shares its air basin with large parts 
of Southern California as well as Baja California in Mexico.  A previous study for the Cal-Mex 
2010 campaign that included size-specific black carbon measurements and back-trajectory 
analyses, found that elevated black carbon levels in the Tijuana area may be attributed to 
regional traffic and urban burning activities, as well as transport from other areas in the air basin 
(Takahama et al., 2014). Other potential regional sources of black carbon include the diesel 
vehicles at the Otay Mesa border crossing and illegal nighttime industrial burning (Shores, 
Klapmeyer, Quadros, & Marr, 2013). 
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Table 1. CalEnviroScreen 3.0 Results for San Ysidro Census Tracts 
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Community-Engagement Process 
 
A process for meaningful engagement with community members and technical advisors was 
developed for this study.  The engagement approach was based on previous work led by the 
California Environmental Health Tracking Program for a NIH-funded study in Imperial, CA, and 
consisted of three main groups (Figure 2): 
 

● A Research Team was formed through a partnership between a local community-based 
organization and two academic organizations, and was tasked with implementing the 
research and facilitating the engagement process with other groups, with oversight from 
the project sponsor, OEHHA. 

● A Community Steering Committee (CSC) was made up of community leaders to guide 
all phases of the project. 

● A Technical Advisory Group (TAG) was made up of local government and state-wide 
air quality experts to advise the technical aspects of air quality monitoring and data 
analyses for the project. 

 
In addition to these three main groups, the public was informed of the progress of the study, 
and consulted at regular community events during the project. 

 

 
Figure 2. San Ysidro Community-Based Air Monitoring Study Collaborations 
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Phases of Community Engagement 
The engagement consisted of the following major phases.  As described below, the study 
leveraged an existing community engagement forum, the San Ysidro Sin Limites. 
 

Phase Activities 

Identifying Stakeholders  Forming Research Team, CSC, TAG, and 
introducing the aims of the project. 

Needs Assessment Engaging with CSC and community to 
identify air quality concerns and knowledge 
gaps. Identifying research questions that the 
community would like answered by the study. 
Working with TAG to identify data quality 
objectives. 

Study Design Engaging with CSC, TAG, and community to 
provide information on air quality monitoring, 
and to identify sites for new air quality 
monitoring. 

Monitoring and Feedback Collecting 1-year of air quality monitoring 
data, and engaging with CSC and TAG to 
design data visualizations that address 
community needs. 

Monitoring Findings Engaging with stakeholders to discuss 
findings of the project. 

Action Identifying next steps for CalEnviroScreen, 
sustaining air quality monitoring, and 
mitigating air quality concerns. 

 

San Ysidro “Sin Limites”/Unlimited 
The local community-based organization, Casa Familiar was key in coordinating, introducing, 
and communicating with the general public, residents, and media of the initiative, and managing 
the community engagement and outreach activities of the project. The primary community 
meeting forum that was utilized is a forum created by the community organization in 2002 called 
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San Ysidro “Sin Limites” established in order to present community development needs and 
serve as a community engagement table to work with the community on effecting change. 
Community engagement and outreach activities for the study provided by the organization 
included: 
 

1. Assisting in determining what material to use and ensuring its translation to the 
appropriate language (Spanish). 

2. Providing materials for the community (copies of materials, large format maps, surveys, 
laptops, projectors, visualizations, including Google Earth community map). 

3. Providing space (meeting rooms, conference rooms and internet/telephone access) for 
both the community meetings and the Community Steering Committee. 

4. Utilizing their outreach methods that include: 
a. Outreach through their five community centers,  
b. Promotoras (health promoters) health and fitness classes and exercise groups,  
c. Door-to-door canvassing,  
d. Email blasts,  
e. Social media noticing,  
f. Existing small discussion groups (San Ysidro Neighborhood Partnership Program, 

San Ysidro Smart Border Coalition, and San Ysidro Community Planning Group),  
g. Question and answer sessions. 

5. Utilizing incentives such as: providing childcare, free parking, small raffle items, 
refreshments and food for evening meetings. 

Research Team Partners 
The Research Team consisted of Casa Familiar, and research groups from the University of 
Washington, and San Diego State University.  Each group brought respective areas of expertise 
of the project in community engagement, local air quality knowledge and sampling expertise, 
and community-based monitoring using lower-cost sensor technologies. 
 
Casa Familiar (Casa) was founded in 1968 to provide services to residents of South San Diego 
and to develop organizing strategies that would change the community’s status from a stepchild 
to a full partner in determining its own future.  The mission of Casa is the “building of 
community” that allows the dignity, power and worth within individuals and families to flourish 
by enhancing the quality of life through education, advocacy, service programming, art, housing 
and community/economic development.  All of Casa’s programs and services are guided by this 
mission statement and result in their development as mechanisms for the strengthening of 
families and community. Today, Casa operates more than 30 programs ranging from social 
services to parent involvement to financial literacy and fitness/health.  In addition to providing 
the traditional social services, Casa is involved in transitional housing, job development, 
community development, environmental initiatives related to border impacts, recreation, and arts 
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and culture development.  Casa’s website can be found at: www.casafamiliar.org.  Casa was 
principally involved in organizing and facilitating meetings with the CSC as well as community 
events with the public.  Casa also played a major role in obtaining permissions and setting up 
community air quality monitoring sites for the study.  
 
Drs. Penelope Quintana and Zohir Chowdhury, professors at the San Diego State University 
School of Public Health, have experience conducting air quality monitoring studies in the US-
Mexico border region.  This group, which included both graduate and undergraduate students in 
public health, was principally involved in collecting samples for snapshot campaigns in this 
study.  Additionally, her group was instrumental in helping Casa Familiar establish and maintain 
the community air monitoring network.  Dr. Quintana’s team also helped obtain permissions 
from the San Diego Air Pollution Control District for colocation of the community air monitors 
for calibration, and carried out co-locations. 
 
Dr. Edmund Seto’s research group at the University of Washington has extensive experience 
building and deploying lower-cost air monitoring systems with community partners.  His group 
designed and developed the air monitoring system for the Imperial, CA IVAN air system for 
PM2.5 and PM10 monitoring.  His group was responsible for the monitoring system and QA/QC 
process for the San Ysidro study, which included numerous improvements over the Imperial 
system.  Additionally, his group was responsible for implementing the community website to 
allow public access to real-time air quality data from the monitoring system, and organizing 
meetings with the project’s TAG. 
 
All members of the Research Team contributed to data analyses, and the writing of the final 
project report. 

Community Steering Committee (CSC) 
The CSC was formed of 10 members of the San Ysidro community by invitation from Casa 
Familiar.  Members were chosen to represent different interests and concerns of the community, 
and to serve as community experts to guide the study.  Members acted as liaisons between 
community residents and the research team.  The CSC played an integral role in identifying the 
needs for air monitoring for the community, the selection of specific sites for placing air 
monitors, making design choices for the website that provides access to air quality data, and in 
posing questions for data analyses for the study. 
 
The formation of the CSC took place over a period of two months. It was important to ensure 
that the project provided as much information as possible to potential interested community 
members. Initial project introduction took place at a community wide meeting on February 25, 
2016 where the idea for the formation of the CSC and a preliminary interest list was presented. A 
second community meeting on March 29, 2016 formed the official “study launch” and another 
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opportunity for the CSC interest list was presented. Casa Familiar’s direct invitation to several 
community residents as well as sign ups from both of the community meetings resulted in the 
creation of a 10-member CSC. As of April 30, 2018 the CSC had met on twelve occasions (8 
CSC meetings and 4 community-wide meetings).  A summary of their CSC meetings and 
outcomes from the meetings are described in Table 2.  Additionally, the dates of Sin Limites 
meetings are provided in  

Table 3. 

 
Table 2. CSC Meetings 

April 26, 2016 
(10 members in 
attendance) 

Summary: Introduction to committee & orientation. Orientation 
included: goals & methods of study, air pollution information & 
sources, site selection review, community heat map review (see 
below). 

● Outcome: CSC provided feedback on community heat map - 
agreed that seems very accurate.   

● Outcome: CSC provided its own Needs Assessment 
discussion & input: dysfunctional border crossing is impact; 
Tijuana/Baja Ca. vehicle emissions; concern for seniors & 
children and those with pulmonary illnesses, freeway 
proximities; 

● Outcome: approve Spanish versions of information/Project 
Statement 

San Ysidro Community 
Heat Map capturing 
locations where residents 
felt were areas of impact 
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May 18, 2016 
(8 members in 
attendance) 

Summary: Review from CSC meeting #1, site selection review & 
Research team site suggestions, CSC site selection process (2 step 
process). Casa provided forms and 2-step voting process as well as 
utilized Google Earth to identify key landmarks, distances from key 
locations to freeway and border which helped to visualize all CSC 
recommended sites. 
 

● Outcome: CSC provided initial recommendations for 18 
priority community sites as well as reasons for selecting 
them.  

(Google Earth image) 

 

July 13, 2016 Summary: Discussed site selection process and checked to see if 
there are any revisions. Review of sites & confirmed T-Mobile 
cellular network coverage. 

● Outcome: Identified additional 3-4 CSC members will 
present the sites to the community at the community 
unveiling meeting. 

August 17, 2016 Summary: Prepare CSC for their presentation of the 13 monitoring 
sites. 

● Outcome: Review of presentation and practice with CSC. 
● Outcome: Identified 3-4 CSC members that presented the 

sites to the community at the community unveiling meeting.  

August 26, 2016 
(Community Meeting) 

Summary: Community Steering Committee and Research Team 
shares the location of 13 air quality monitors with the community. 

● Outcome: Begin public/community awareness effort. 
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December 7, 2016 Summary: Updated CSC on site monitor installation and monitor 
calibrations. Review possible data visualization tools for study 
website and identify CSC recommendations. 
  Outcome: CSC recommended: 

● Using map-based visualization that was clear, not too 
saturated with information was key. 

● Website needed to show all 13 monitors, even those outside 
of the community. 

● Website where additional information and detail could be 
accessed for those that needed it and that it be separate 
tabs/links/ or pop down menus. 

February 2, 2017 Summary: Review of recommendations for data visualization & 
website with OEHHA & UW 

● Outcome: CSC recommended adding more definitions of the 
graphics and separating hourly particulate matter to separate 
tab. CSC to test the website in preparation of website 
unveiling to the public June 9, 2017. 

April 19, 2017 Summary: Visualization and website review 
● Outcome: Colors for scale in pollutants needed to be 

adjusted, color range was very difficult to read. CSC really 
like the progress and fact that you could see all monitors 
including outside of the community. Graphs were very well 
received by the CSC 

● Outcome: CSC recommended making the magnification 
buttons more obvious and suggested moving it to better 
location. 

July 19, 2017 Summary: Presented comment poster to CSC and review funding 
opportunities to pursue to add sustainability and potential for 
environmental justice strategies 

● Outcome: CSC provided support for the CalEPA EJ small 
grant, and CARB Supplemental Environmental Project 
funding 

 
 

Table 3. “Sin Limites” - Community Meetings 

February 25, 2016 Project and Team Introduction and Group Discussions & Map Activity, 
CSC formation 

March 29, 2016 Project Summary, Needs Assessment, CSC formation 
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August 26, 2016 Project Summary & CSC Presentation of Air Monitor Locations 

June 9, 2017 Project Website Unveiling at Open House Event 

March 29, 2018 Present Initial Data Analysis from 1 year of Air Monitoring 

 

Technical Advisory Group (TAG) 
A TAG was formed by invitation from the Research Team, and included members from 
SANDAG, San Diego County, US EPA Border Office, San Diego Air Pollution Control District, 
the California Air Resources Board, and Caltrans.  The TAG met regularly on conference calls to 
discuss project feasibility and extensions, QA/QC of collected network data, critical emerging 
issues to overall mission and operation, external relevance and linkages to initiatives and 
organizations, and strategic planning (Table 4). The TAG meetings largely mirrored CSC 
meetings, and informed members of the TAG of the activities that were happening within the 
community and the advice obtained from the CSC.  
 
Table 4. TAG meetings 

June 2, 2016 ● Introductions 
● Describe project goals 
● Describe study design 
● Discuss QA/QC data quality objectives and indicators 

December 13, 2016 ● Update on status of community-engagement activities and 
deployment of community monitors 

● Preliminary data from co-location of community monitors with 
regulatory monitors 

● Plans for Snapshot Campaign 

June 1, 2017 ● Update on community engaged process for visualization design of 
website for accessing QA/QC’d real-time air quality monitoring data 

● Description of calibration method and performance measures for our 
network 

● Advice and recommendation on translating real time data to health 
● recommendations within the web visualization. 
● Method to access our calibrated data. 
● Discussion future uses and applications for this real time data. 

April 10, 2018 ● Review community-engagement activities 
● Update on status of monitoring 
● Review website 



20 

● Preliminary data analyses for the community air monitoring data and 
snapshot data 

● Discuss project next steps 
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Study Methodology 

Needs Assessment 
After establishing the organizational structure and outline of the engagement process, the 
research team conducted air quality focused community needs assessment. The assessment was a 
follow-up activity for a community event that was held in San Ysidro on February 25, 2016, 
which approximately 47 people attended.  At the event, the goals of the project were described to 
the community, air pollution information and potential pollutant sources were discussed, the 
health effects associated with air pollution was presented, and a mapping exercise was conducted 
to gather local knowledge of air pollution concerns and monitoring needs.  At the meeting, the 
community engagement plan was presented, and we launched the study website 
http://deohs.washington.edu/syairstudy to keep the community informed of the progress of the 
study, and for posting meeting materials.  The SDSU Institutional Review Board approved the 
protocol for conducting surveys of the participants of this event to capture air quality concerns, 
and needs for improved air quality monitoring in San Ysidro.  
 
Thirty-one needs assessments were administered following a verbal explanation of the informed 
consent form, in English and in Spanish. Afterwards, individuals interested in the study provided 
verbal consent to participate. The needs assessments were conducted on March 29, 2016 in San 
Ysidro. 
 
The needs assessment was composed of 24 questions, both quantitative and qualitative. The first 
five questions regarded demographics, such as the age of the participant, highest level of 
education, etc. The second set of questions covered various topics regarding air pollution, such 
as asking participant to rate outdoor air quality and the impact of air pollution on certain 
populations. The second sets of questions were matrix questions using the Likert scale. The last 
question asked participants to indicate on a map up to five locations where they would like an 
outdoor air quality monitor.  
 

Community Air Monitoring Network  
Fourteen lower-cost air quality monitors were developed specifically for this study at the UW. 
The monitors included an optical particle counter (custom firmware 4-channel Dylos DC1700), 
two optical nephelometers (Shinyei PPD42NS), electrochemical gas sensors (Alphasense B-
series CO, NO, NO2 (newer model with an ozone filter), and O3 (oxidizing gas model)). A 
microcontroller collected raw uncalibrated pollutant sensor readings, in addition to temperature 
and relative humidity sensor readings. Readings were collected every 2.5 minutes.  The readings 
were saved to a microSD memory card in the monitor.  Also, data were transmitted in 5-minute 
intervals over an embedded cellular modem to data servers managed at the UW. Each 5-minute 
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reading represented an average of the two readings over that interval. When data transmission 
failed (e.g., due to poor cellular connectivity), data were saved in a locally stored backlog file 
and transmitted to the database when connectivity resumed.   
 
Uncalibrated sensor data were subsequently processed for QA/QC and converted to calibrated 
concentrations as described below, before they were displayed on the project website 
http://www.syairstudy.org. 
 
Figure 3 illustrates the testing, calibration, deployment, and internal components of a community 
air monitor. 
 

 
 

Figure 3. Community Air Monitors. Initial testing of all monitors at SDSU after shipping from UW 
(upper left).  Colocation of the monitors at SDAPCD site for calibration (upper right). Deployment of a 
monitor at the Nicoloff Elementary School community site (lower left). Internals of a community air 
monitoring, showing the Dylos particle counter in the middle, four gas sensor components and custom 
microcontroller below the Dylos, cellular modem above and just left and behind of the Dylos, with air 
sampled from a side manifold cut into a weather-resistant enclosure (lower right). 
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Monitor Calibration Based on Co-locations with Reference 
Instruments 
As is common for direct-reading air quality instruments, readings were calibrated against 
suitable reference concentrations.  We performed co-locations of all monitors at a federally 
recognized monitoring site, with cooperation of the local air district.  In our study, co-locating a 
large number of monitors simultaneously was not feasible due to space constraints.  
Consequently, co-locations had to be carried out in batches (4-6 monitors per co-location 
session).  Co-locations were conducted over a minimum of a 2-week period.  Figure 4 illustrates 
the space constraints at one of our co-location sites, with eight of our boxes (four monitors 
mounted back-to-back on each tripod) operating towards the back of this image. 
 
 

 
Figure 4. Co-location of community air monitors at reference site. 
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Community Air Monitoring Network Deployment  
After colocation, the community air monitors were deployed at sites selected through our 
community engagement process. Casa Familiar facilitated several meetings with the CSC to 
discuss siting criteria (requirements for access, space, power, security, etc.), which resulted in 
site recommendations for the Research Team. Subsequently, Casa approached property owners 
to determine the feasibility of each site, and to obtain permission to place monitoring instruments 
at the site.  In some cases, upgrades to grounded power outlets were required for certain sites -- a 
process that was managed and supervised by Casa. Once a site was confirmed by the CSC, TAG 
and the Study Team, Casa confirmed each site’s needs and created a matrix for updating the 
study participants on the status of installing the monitors. This process also identified that no 
funding was allocated for needed site electrical upgrades for safety. Following a Casa report to 
the Study Team and OEHHA, it was identified that a supplementary fund would be requested 
from CalEPA to cover the costs for electrical contractors and to administer this portion of the 
work. Once approved to proceed by OEHHA, Casa administered the request for proposals, and 
project management for this work. Seven sites required the installation of outdoor, weatherproof 
(GFCI) electrical outlets. Two electrical contractors were hired by Casa, one in particular for the 
three school sites, needed to be a certified public works project contractor subject to the 
jurisdiction of the Department of Industrial Relations and have a certificate of liability to insure 
the San Ysidro School District. The second electrical contractor was used for the remainder of 
the sites and both had to be licensed and bonded. This process added approximately 10 weeks to 
complete the site preparation and monitor installation post calibration. One monitor remained at 
the Donovan SDAPCD colocation site to evaluate long-term sensor performance. The sites are 
illustrated in Figure 5, with each site described in Table 5. 
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Figure 5. Community air monitoring sites. 

 
Table 5. Community air monitoring site details. 

Site Details 

Community Center Community center near junction of I-805 and I-905. 

Nicoloff Elementary Elementary school near I-905, truck traffic. 

APCD - Donovan Colocation site with SDAPCD 

Border McDonalds Near pedestrian exit at the San Ysidro Port of Entry by the bus station 

Willow School Elementary school near the junction of I-5 and I-805 by the border 

Senior Health Center Health center near I-905, truck traffic. 

San Ysidro Middle School Middle school near I-805 

The FRONT Arte Cultural Art exhibition center near I-5 (~200 ft). 
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The Church Church downwind of I-5 (~500 ft). 

Tijuana/POE Near the port of entry on the Tijuana side of the border 

Tijuana Estuary Background site, outside of San Ysidro, near coast 

Outlets Border On top of a building at the outlet mall near the pedestrian Port of Entry 
(Pedwest) 

 
 
 

Quality Assurance and Quality Control for the Community Air 
Monitoring 
This is one of the few studies that has collected sufficiently long-term data to document the 
longevity of low-cost sensors. The following data quality objectives were established going into 
the project: 
 

● Transmission: We expected at least 80% of all collected data to be correctly saved and 
transferred to our project database through a cellular connection. This was automatically 
monitored on a daily basis. Data was additionally saved on an on-board SD card. This SD 
card data was manually retrieved and re-integrated into the final data set.  

 
●  Inter-box comparability: We expected the SY boxes to exhibit comparable responses in 

colocation (correlation greater than 0.85).  
 

● Conversion to concentration measure: Each sensor was compared to the reference 
instruments at a co-location site in the border region. Conversion between sensor 
readings and concentration was achieved through a mixed effects model of the form: 

 
 
Reference: Represents the pollutant reading of the reference instrument. 
Sensor: Represents the raw measurements from the air pollution sensors. 
 

A mixed effect model was selected as it assumed that each sensor had an independent 
intercept and slope that was uncorrelated with the main fixed effect of temperature and 
water vapor content. Additionally, using a mixed effects model assumes that each unique 
sensor response is drawn from a normal distribution of possible sensor responses, which 
improves the predictive ability of the model. For each pollutant, this general form of the 
calibration model was adapted using best fit criteria (Log Likelihood criteria) to select 
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additional covariates to add as main effects in the model. All model fitting was performed 
in R version 3.4.4 using the lmer function in package lme4. 

 
● Comparison to reference instruments: The predicted concentrations (based on the 

sensor readings) was computed for each individual sensor. These were compared to the 
measured concentration (based on the Reference Instrument).  

 
This section describes procedures for conducting and interpreting periodic calibration checks. 
Following the initial calibration period, monitors were deployed to field monitoring locations. 
One monitor remained (continuously) at the SDAPCD location. 
  
Data Checks: Data from each monitor were downloaded in real-time to our database. Every 24 
hours, a series of automated checks was performed to ensure monitor performance. This 
automated data check also generated a series of quality control flags for each pollutant, which led 
to eventual removal of flagged data from the database after review from the data manager. The 
automated data checks include: 

1.   Data upload (time and date): Each data point has an associated date and time. We 
verified that dates were chronological and with the time interval we expected. Sensors reporting 
fewer than 90% of expected time points in a given day were flagged. If the issue persisted, field 
maintenance included resetting the instrument and moving to a nearby location with better cell 
phone signal. Issues that could not be resolved by field crew required returning device to UW. In 
addition, the instrument self-checked data transmission by sending a request to the database 
(check that HTTP 200 status is returned by server). 

2.   Variability: We expected variability in the measurements being made. If the same value 
was returned over a period of 1 day for a given pollutant, we expected that this represents an 
instrument or transmission failure. This was checked by calculating the Quartile Coefficient of 
Dispersion (QCV) a robust measure of dispersion, useful for data that may not be normally 
distributed. QCV was calculated based on the 1st and 3rd quantiles of the daily distribution. For 
each day of data QCV = (Q3 – Q1)/(Q3 + Q1). For values of QCV that are very small (<0.1) a flag 
is raised and research staff manually reviewed the data. Persistent readings (all 0 or all 100) were 
flagged through this method. 

3.   Concentration Measures: On a daily basis, the sensor measurements were converted to 
concentration based on the calibration equations developed during the co-location period of the 
study. For each monitoring location, daily mean and SD were generated in the status report. 
Changes in daily mean that were greater than the 95th or 5th percentile values observed over the 
entire network were flagged for manual review. Flags were also generated for any negative 
concentrations and any concentrations that exceeded expected ambient concentrations by more 
than 1 order of magnitude (pollutant specific). 
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The detailed results of the QA/QC process are presented in the Appendix. 
 

Snapshot Campaigns 

Data Collection at Community Sites 
Snapshot campaigns were carried out on four separate occasions for five sites. These sites were 
chosen to represent sensitive populations; schools (Nicoloff Elementary School, Willow 
Elementary School, and San Ysidro Middle School), the coastal reference site (Tijuana Estuary 
Visitor Center in the TRNERR), and a near road site (The Front). We selected the Front site for 
the 5th daily air sampling site due to near road status and ease of access.  
 
Barriers to site selection: The lack of the potential for safe daily access and daily availability of 
staff to unlock access points was the main reason for rejection of other sites considered. The 
Outlets community air site was nearest the border but was rejected for difficult access (a 2-story 
unprotected ladder). The Adult Health center community air site also had a 2-story unprotected 
ladder. The Casa Church/ Community Center site had a difficult access with a stairs to a 
stepladder. The border McDonalds community air site had a sloping roof and it would have been 
difficult to place instrument boxes easily and safely. The Willow Elementary school had a 
difficult access with an initial step ladder to another higher ladder, so we were able to access 
with difficulty at the beginning and end of the snapshot campaign to set up the AE-42 
aethalometer, but it was not suitable for the daily access needed to change filters and service 
instruments. Originally, we had planned to use the PM2.5 hourly monitor (BAM) site funded by 
the US EPA and placed by the SDAPCD at the San Ysidro Port of Entry (POE) as a 6th and 
anchor site to co-locate our instruments. This site also had meteorology data collected. However, 
the GSA asked the SDAPCD to relocate and then take down the site after approximately a year 
of data collection. Data collected from this site ended in 2016, before the current snapshots 
started, although it was originally planned to continue during and anchor the snapshot 
campaigns.  
 

Instrumentation and Methods 
Black carbon 
Instruments utilized for data collection were the microAeth® AE-51 (Aethlabs, San Francisco, 
CA), and the Portable Aethalometer® AE42 (Magee Scientific, Berkeley CA). The AE-51 and 
the AE42 were designed to be portable and continuously collect samples. Both were used with 
external power sources. Both sampled air at approximately 1 – 1.5 m of height with carbon 
tubing (Ecochem Analytics) that had a funnel in a downward position with a screen attached to 
prevent insects from entering and with a wide loop to prevent condensation from entering the 
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device. The AE-42 was run continuously using a 5-minute averaging time as recommended by 
the manufacturer. At each visit, the research assistants would check that the instrument flow was 
at 4 LPM, instrument lights indicated that the instrument was working correctly, and that the tape 
was extruding freely. The AE-51 was operated on a 1-minute time base for averaging as this was 
the maximum averaging time in the software at that time.  Each site and each AE-51 was visited 
daily during the snapshot. The instrument was stopped and a new Teflon coated glass fiber filter 
was inserted as recommended by the manufacturer for every 24 hours of continuous sampling 
(AethLabs, 2018). The AE-42 instruments were calibrated by the manufacturer prior to use, then 
co-located to ensure that instruments were operating effectively. No significant differences were 
observed between the instruments operated simultaneously in the laboratory. The aethalometers 
were placed inside an open plastic box and this box was placed inside a larger plastic box with 
large holes drilled to provide ventilation. The smaller plastic box was to protect the instruments 
and powerstrip against moisture pooling in the ventilated box. Instruments were rotated through 
sites to minimize instrument effects. Data were downloaded from the devices at the end of each 
snapshot, and converted to MS Excel files, and converted from ng/m3 to µg/m3. Data files from 
the AE-51 and the AE-42 were smoothed using software on manufacturers’ websites. 
 

Carbonaceous particle-bound PAHs 

The instrument used to collect this data was the PASCE 2200 and refurbished 2000 (Ecochem 
Analytics, League City, TX). The instruments were calibrated by the manufacturer prior to use. 
These instruments were deployed at The Front, Tijuana estuary Visitor Center, Nicoloff 
Elementary School, and San Ysidro Middle School only in Snapshots 2, 3 and 4, due to 
instrument availability. Data was collected at 5-minute averaging times. The instruments only 
collect data for approximately 5 days before the data is overwritten by new data, therefore, the 
time period of data collection coincided with the accessibility of the site for downloads and the 5 
days before the takedown period. Instruments were rotated through sites to minimize instrument 
effects. Data was downloaded at the end of the snapshot or during the snapshot upon a few 
occasions, converted to MS Excel files, and data displayed in ng/m3.  



30 

 

Figure 6. Instrumentation box set-up on the roof at the Tijuana River Estuary during Snapshot 3. 

 

Continuous Particulate matter PM1, 2.5,4,10, and total PM – nephelometer  

The DRX portable nephelometer instruments (TSI, Shoreview, MN) were zeroed at the sites 
according to manufacturer’s directions. The DRX instruments were placed in a weatherproof box 
with ventilation holes, with the inlet sampling hose extruding and positioned near the CAM, and 
between 1 - 1.5 m of height. Care was taken to make sure inlets from various instruments were 
separated by at least 10 cm. Data was downloaded at the end of each snapshot or during the 
snapshot. A HOBO device (Onset Corporation, Bourne, MA) measuring RH and temperature 
each minute was co-located with the DRX at each sampling site.  
 

Gravimetric and Filter Sampling 

Minivol samplers (Airmetrics, Springfield, OR) operating at 5 LPM were used to collect 
gravimetric samples. Both Teflon and quartz filters were utilized to collect particulate matter 
samples. Two separate Minivols were utilized each day of sampling: one Minivol was loaded 
with a Teflon filter and the second Minivol was loaded with a Quartz filter. The Minivol 
sampler’s flowrate was checked and recorded just before and after sampling each day and set at 5 
L/min.  Field blanks were collected at the beginning and end of each snapshot campaign for each 
site (n=24 blanks of each type) by placing the loaded Minivol filter holder assembly into the 
Minivol in the field, turning the pump on for a few seconds, then turning off the Minivol and 
removing the assembly, which was then handled and stored in the same manner as the sample 
filters.  
 



31 

The 47 mm Quartz filters (Grade QMA, CAT NO. 1851-047, Lot NO. 9644965) that were 
utilized in this study were carefully prepared by baking the filters inside an oven at 500 °C 
temperature for eight hours to remove any organic contaminants that may be present in the filter 
prior to usage in the field. These baked filters were placed inside baked aluminum-lined petri 
dishes, then sealed with Teflon tape and stored in a clean environment. 
 

The Teflon filters (Whatman, 2 um PTFE 46.2 mm filter, PP ring supported for PM2.5, P5187451 
to P5187500, 50 Units, Cat. NO 7592-104) were pre-weighed in a Sartorius ultra-microbalance 
SE2-F which was kept in a temperature and humidity-controlled environment. To ensure 
appropriate environment, the filters were pre-conditioned for 24 hours inside a controlled 
humidity chamber box and kept inside the microbalance room. Continuous temperature and 
humidity measurements were recorded inside the chamber box, as well as, inside the 
microbalance room. Prior to performing any weighing, the calibration of the microbalance was 
conducted by utilizing a 50, 100 and 200 mg calibration weight. Furthermore, laboratory Teflon 
filter blanks were also weighed as a calibration process. After weighing 10 filters, the blanks 
were re-weighed to identify any potential scale drifts. For accuracy each Teflon filter was 
weighed three non-consecutive times. After post-weighing, filters were placed again into their 
respective Petri dishes and sealed, then placed in a clean environment awaiting field sampling. 
 

One to two days prior to sampling, these Quartz and Teflon filters were loaded inside the 
Minivol filter holder assembly using clean forceps. The loaded filter holder assembly was then 
wrapped with baked aluminum foil and each of them kept inside gallon-sized Ziploc bags until 
field sampling. Minivol filter holder assemblies were brought to each site in a cooler on ice 
before being placed in the machine, then upon removal were placed into a cooler and transported 
back to SDSU. At the end of sampling, the filter holder assembly was removed from each 
Minivol containing the sampled filter, placed in a cooler with ice packs, and brought directly to 
the lab where the filter was removed cautiously from the assembly. Each filter was placed in its 
own Petri dish, sealed with a Teflon tape to avoid or reduce any possible contamination, and 
stored in a -20C freezer for subsequent mass or chemical analysis. 
 
Prior to post weighing, Teflon filters were defrosted for 24 hours in the microbalance room 
inside a controlled humidity chamber box with continuous temperature and humidity 
measurements. During post-weighing equilibration, the temperature and the humidity’s range 
were between 20.5-22.7 °C and humidity was 39-43%, respectively. After post-weighing, filters 
were placed again into their respective Petri dishes and sealed, then placed back into the lab 
freezer awaiting chemical analysis. 
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Chemical Analysis 

All filter samples were sent to Chester Laboratories (Tigard, OR, USA) for detailed chemical 
analysis. Because of funding, a subset of all sampled filters was selected representing each 
snapshot campaign. A detailed chain-of-custody form was utilized to handle filters from the 
SDSU lab to the Chester Lab. The shipment of filter was done by covering a cooler with 
icepacks and shipping the filters overnight to prevent any particle loss from possible temperature 
change. 
 

The Interagency Monitoring Protection Visual Environment (IMPROVE) Thermal/Optical 
Reflectance (TOR) method was utilized to analyze EC and OC collected on the quartz filters. 
The IMPROVE method is slightly different from the NIOSH Thermal/Optical Transmittance 
(TOT) method since the IMPROVE method also accounts for the shininess of the samples, not 
only darkness. Using the IMPROVE method, total OC can be further divided into five separate 
measurements, which correspond to the carbon evolved during each of the four separate heating 
ramps in (non-oxidizing) or the first heating stage of the analysis (Pk1 OC, Pk2 OC, Pk3 OC, 
and Pk4 OC), and to the carbon evolved during (oxidizing) or the second heating stage that is 
counted as organic carbon to correct for pyrolytically produced elemental carbon (Table 6). The 
analysis was conducted at Chester Laboratories (Tigard, OR, USA). 
 
Table 6. EC and OC carbon fraction reported by the IMPROVE method. 

Carbon 
Name 

Required Temperature 
  

OC1 The carbon evolved in a helium atmosphere at temperatures between ambient and 140 °C 

OC2 The carbon evolved in a helium atmosphere at temperatures between 140 and 280 °C 

OC3 The carbon evolved in a helium atmosphere at temperatures between 280 and 480 °C 

OC4 The carbon evolved in a helium atmosphere between 480 and 580 °C 

EC2 The carbon evolved in an oxidizing atmosphere between 580 and 740 °C 

EC3 The carbon evolved in an oxidizing atmosphere between 740 and 840 °C 

  

The Teflon filters were first subjected to XRF and then to Ion Chromatography. XRF US EPA 
IO 3.3 method, which is a non-destructive analytical method, was utilized to analyze 38 elements 
on Teflon filters; and the Ion Chromatography (IC) method (US EPA 40 CFR 60 methods 7, 13, 
26/26A CTM027, ST-1B/1A, and Ion chromatography: Anions to Cations EPA Method 3000.0 
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& 300.7, lO 4.2, Thermo ICS-5000) was utilized to analyze a list of anions and cations on the 
Teflon filter. Only the identified ions were reported in this study. 
 
Ultrafine or PM1 particle count 

Data was collected with a condensation particle counter (TSI 3007, Shoreview, MN) that was 
charged before use with isopropanol according to manufacturer's directions. This charging lasted 
at most 13 hours and as few as 6 hours, depending on weather conditions. Since sites were only 
visited once a day in the morning, instruments were not charged again until the following day. 
Therefore, UFP were only estimated for daytime hours, and collection was concentrated in the 
morning and early afternoon hours. Due to the time needed to travel between sites and service 
instruments, simultaneous data collection was restricted to a few hours near midday. Data were 
downloaded in the field or at the end of the snapshot campaign, converted to MS Excel, and data 
displayed in particle counts/cc. The size range sampled is from approximately 10 nm – up to 1 
μm. 
 

Field data collection 

In addition to instrumentation, a field data collection form was completed for each site, which 
recorded serial numbers of instruments observed, times of arrival, times that instruments were 
started and stopped, time elapsed readings on the Minivols and filter numbers used in each 
Minivol PM2.5 sampler, blank filters deployed, as well as notes on weather, traffic and any 
problems encountered.  
 

Snapshot campaign visits 

Data was collected in spring, summer and fall, 2017, and winter 2018. Scheduling of the 
campaigns was designed to occur for five days of filter data collection (typically Monday 
through Friday, as children were present at the schools at that time) in four seasons, starting in 
the spring of 2017. As instrument set up at each site took a considerable amount of time, and the 
schools were not accessible on the weekends, the general schedule was to set up the instruments 
the week prior to the snapshot on a Thursday or Friday, then to carry out data collection for filter 
samples the following Monday through Friday, programming the Minivol pumps to stop on the 
following Saturday after 24 hours.  Sites were visited the following week to take down the 
equipment, with the exception of the AE-42s, which were left to operate longer at the Tijuana 
Estuary Visitor Center and Willow Elementary. This plan resulted in additional days of data 
collection for instruments which did not need to be serviced daily (the AE-42, and the DRX) 
from set up until take down. The Tijuana Estuary Nature Center was open only on Wednesday 
through Sunday and so sometimes take down for this site occurred on the weekend. Access on 
Monday and Tuesday to this site relied on finding research staff working during the times the 
Center was closed.  
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Data collection schedule 

Table 7 gives an overview of the dates for each snapshot campaign. Each period was planned to 
have 5 days of 24-hour filter collection, referred to as the ‘main sampling period’ in table. 
However, other instruments were operated for additional times. 
 
Table 7. Dates of Snapshots. 

Snapshot 
Campaign 

First set 
up 

Main Sampling Period (filters collected) Last take 
down 

1 (Spring) 03/24/17 Monday 03/27/17 – Saturday 04/01/17, morning 04/14/17 

2 (Summer) 07/27/17 Monday 07/31/17 – Saturday 08/05/17, morning 09/08/17 

3 (Fall) 11/21/17 Friday 11/24/17*, Tuesday 11/28/17- Saturday 

12/2/17 morning 

12/31/17 

4 (Winter) 02/28/18 Monday 03/05/18 – Saturday 03/10/18 morning 03/21/18 

  *’Black Friday’ 11/24/17    

 

In Snapshot 3, Fall, the sampling was designed to collect data over the Thanksgiving holiday to 
measure air quality on ‘Black Friday’ shopping day, a day on which residents had noted a long 
border wait time and increased traffic. Due to access problems and drizzle, which made access to 
rooftop sites dangerous for research staff, data was collected for filters on the days indicated 
(omitting Monday, November 27, 2017). 
 

Data processing 
Data files were checked for accuracy and data completeness. Data files were then consolidated 
using Microsoft Excel. Each data file was aligned to the HOBO date and time stamp in 1-minute 
values. All data was consolidated using local time: whether Pacific Standard Time or Pacific 
Daylight time, in order to align with community air monitors. The timestamp of the data files 
was compared to the start and stop times on the field data collection sheet and the times observed 
in the field visible on the instruments. In a few cases, (e.g., aethalometer at Willow Elementary, 
11/30/17) data files were noted to have a time offset. Data was then pasted into the combined 
files at the correct time. Data files were reviewed for anomalies by graphically comparing values 
and comparing mean of co-located instruments. For the microaeth AE-51 instruments, data was 
deleted after 24 hours of continuous operation if the instrument ran for more than 24 hours due to 
lack of access for changing the filter strip. BC data from one AE51 was omitted due to variable 
readings. 
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DRX nephelometer data processing: DRX data was collected for multiple size ranges PM1, 2.5, 
4, 10, total. For comparisons with the community air monitor data, the PM2.5 size range was 
further processed to correct for RH according to the method of (Chakrabarti, Fine, Delfino, & 
Sioutas, 2004). Values above 60% RH were adjusted using the equation: 
 

 
 
and values over 90% RH were omitted. The co-located HOBO RH were sometimes displaying 
lower values than the community air monitor RH, due to heating effects, so the community air 
monitor RH values were used to adjust the data.  The following table gives the site RH 
community air monitor data used for the correction. 

 
Table 8. Community air monitor site RH data used for co-located DRX PM2.5 adjustment. 

 
Snapshot 

Tijuana 
Estuary 

Visitor Center 

The Front 
"Arte Cultura" 

Nicoloff 
Elementary 

School 

San Ysidro 
Middle School 

1  
UW box RH used for DRX  
RH correction 

Tijuana Estuary 
Visitor Center 

San Ysidro Middle 
School 

San Ysidro Middle 
School 

San Ysidro 
Middle School 

2  
UW box RH used for DRX  
RH correction 

Nicoloff 
Elementary 

School 

Nicoloff 
Elementary 

School 

Nicoloff 
Elementary 

School 

San Ysidro 
Middle School 

3 
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School 
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Data completeness 

The appendix contains a table for each snapshot detailing the dates of data collection and data 
completeness.  
 

Data analysis 

R was used to convert data files into hourly averages. The time for each hour contains the 
average of pollution points for the hour (e.g., 9:00 am contains the average of pollutants from 
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9:00 - 9:59 am). Times are in PST/PDT following community air monitor data. Descriptive 
statistics were calculated using MS Excel and SPSS v25. Differences in BC between groups 
were assessed by the Kruskal-Wallace test followed by pairwise Mann-Whitney tests. A p-value 
of <0.05 was considered significant.  Day-time and night-time were separated based on sunrise 
and sunset time for the corresponding date midweek of sampling period. Correlations between 
pollutants were ascertained using Spearman’s rho in SPSS v24.  
 

Community-engaged Development of Data Website 
After community air monitors were deployed at sites in the community, and snapshot campaigns 
were underway, we worked towards developing processes for providing feedback to community 
residents on the data that were collected through the study.  Efforts were made to utilize our 
QA/QC process to provide useful calibrated data to residents.  
 
Current low-cost air monitoring technologies usually provide uncalibrated sensor readings.  
These uncalibrated readings are rarely useful because the readings may be due to differences 
between instruments, and variations in instrument readings that are caused by fluctuations in 
temperature or humidity.  Additionally, for low-cost light scattering optical particulate matter 
measurements, particle composition specific to study conditions may affect light scattering. 
Moreover, communities often require measurements that have been calibrated to local regulatory 
instruments for validity. Recently, sensor testing facilities, such as the South Coast Air Quality 
Management District’s AQ-SPEC, are evaluating the performance of low-cost air quality sensors 
(Papapostolou, Zhang, Feenstra, & Polidori, 2017).  However, their testing focuses primarily in 
reporting correlation (R2), and they do not report calibration models that can be used to correct 
uncalibrated sensor readings into more useful calibrated pollutant concentrations.  For these 
reasons, we utilized the calibration models developed through our site co-locations with 
SDAPCD to correct uncalibrated sensor readings.  The performance of these calibration models 
is presented in the Appendix. 
 
Once models were developed to process the sensor readings and to convert raw sensor data to 
calibrated concentrations, we developed a data website that would allow public access to data 
that pass QA/QC. The website was designed based on community input and provides access to 
air quality monitoring data in real-time.  The CSC met to review several design options.  The 
CSC tended to dislike tabular data displays, favoring map-based displays.  The CSC also felt that 
having both English and Spanish language versions of the website were important. The CSC also 
felt it was important to provide access to historical data, not only data on current conditions.  
Based on this input, the website http://www.syairstudy.org was developed.  
 
For the website, raw uncalibrated data are sent by the monitors via cellular network to a database 
server. Automated server scripts conduct QA/QC process on the data, and convert uncalibrated 
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readings into calibrated pollutant concentrations.  The data that passed QA/QC were then 
presented on the website.  The website has real-time map display of current air quality conditions 
at each site, as well as a date-picker that allows visualization of historical data in both map and 
time-series figures. The website can be accessed in either English or Spanish, and descriptions of 
the pollutants and their potential health effects are provided in both languages. 
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Figure 7. Map display of the syairstudy.org website. 
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Community-engaged Data Analyses 
Throughout the engagement events that occurred over the course of the study, questions 
concerning air quality were raised by the CSC, TAG, and community members that have 
particular relevance to informing knowledge gaps identified during the needs assessment, and 
addressing various regional air quality planning and policy issues.  For example, there were 
questions concerning the differences in air quality between sites, and whether the port of entry 
sites was more polluted than others in the community. There were also questions concerning 
border wait times and whether they are related to poorer air quality.  There were also questions 
about the temporal patterns of air quality that might reflect the delays at the port of the entry, and 
which might affect pollutant exposures within the community.  Also, because many of our sites 
are located near freeways, there were questions about the relationship between roadway traffic 
patterns and air quality.  Finally, we compared data from our community monitoring sites to 
measurements made at regulatory sites that are utilized in the calculation of CES scores, in order 
to inform potential adjustments that may be considered by CARB in future iterations of CES 
methods.  Because of the large amounts of data collected by this project, we were able to address 
many of these questions as described below in the study findings. 
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Study Findings 

Needs Assessment 
The results of the needs assessment indicated that most of the participants were long-time 
members of the community.  Many were concerned with air quality at work and school locations, 
and particularly concerned about air quality near the border, Port of Entry, and close to the 
freeways.  Many responded that they were affected by respiratory symptoms, and a high 
proportion of respondents had family members with asthma and heart disease.  Most were 
concerned about the impact of air pollution on children. Between 60-70% of participants rated 
their knowledge of where the air quality is poor, when the air quality is poor, and what to do 
when the air quality is poor as average or below average. Results of the Needs Assessment were 
presented to the community, via the slides shown in Figure 8 through Figure 17. 
 
Separate from assessing air quality needs of the community, data quality objectives for the study 
with discussed with the TAG.  In particular, this discussion reinforced our needs within the study 
to collocate monitors at SDAPCD sites where the low-cost monitor measurements could be 
calibrated against, and compared with readings from SDAPCD instruments. 

 

 
Figure 8. Needs Assessment. How long have you lived in San Ysidro? 
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Figure 9. Needs Assessment. How would you describe the outdoor air quality? 

 

 
Figure 10. Needs Assessment. Respiratory Symptoms. 
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Figure 11. Needs Assessment. Asthma. 

 
 

 
Figure 12. Needs Assessment. COPD. 
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Figure 13. Needs Assessment. Heart Disease. 

 

 
Figure 14. Needs Assessment. Efforts to reduce exposure to air pollution.
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Figure 15. Needs Assessment. Important sources of air pollution. 
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Figure 16. Needs Assessment. Exposures to community groups.
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Figure 17. Needs Assessment. Knowledge of air pollution. 

 

Summary of Community Air Quality Measurements by Site 
We present air quality summaries for the year 2017 (Jan 1 2017 - Jan 1 2018) for the pollutants 
that met our data quality objectives at the Donovan co-location site. These were PM2.5 and NO 
concentrations. We also present the results for the CO concentration given we have reason to 
believe the measurements are reliable, even though we were not able to compare them to 
reference instruments after our initial colocation in Fall of 2016.  
 
For the entire year of monitoring, we present the average concentrations at each site (Table 9). 
To produce this, we calculated hourly averages for hours that had 75% percent data 
completeness. We also required that each season have a minimum of 50% of days to be included 
in the hourly average. The Outlets Border site did not meet this requirement and was not 
included in the table. The difference in concentrations reported at each site as compared to the 
measurement at Donovan, for PM2.5 ranged from approximately +/-4 ug/m3. By comparison, 
CES 3.0 estimates a 0.4 ug/m3 increase for San Ysidro as compared to Donovan.  Similar 
variations are shown in the table for average NO concentrations, ranging from 0 to 4 ppb higher 
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at sites in San Ysidro than observed at Donovan.  Variations by season for each pollutant are 
presented in Table 10 through Table 12. 
 
 
Table 9. Summary of mean PM2.5 and NO by site. 
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Table 10. Summary of PM2.5 for all sites monitored in 2017, by season. 
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Table 11. Summary of NO for all sites monitored in 2017, by season. 
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Table 12. Summary of CO for all sites monitored in 2017, by season. 
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Correlation Between Sites and Spatial Patterns 
We compared the Pearson's correlation of the measurements across all sites that had 
simultaneous data for PM2.5, CO and NO (Figure 18 through Figure 20). We found that overall, 
lower correlations were observed between the Tijuana Estuary site and sites located within San 
Ysidro. A similar pattern was observed for the Donovan (Otay) site, The sites most closely 
correlated with each other included the Front Arte Cultural, the Senior Health Center, the Willow 
school and Nicoloff school. These sites are all located in close proximity. The sites at the border 
were not well correlated with sites further north, suggesting different patterns of exposure at the 
border as compared to within the community.  
 
Maps of the interquartile range for PM2.5 and CO concentrations measured at sites in the 
community, and at the Donovan co-location site are shown in Figure 21 and Figure 22. The 
interquartile range is an estimate of the central tendency of the concentrations that is less 
influenced by outliers and extreme concentration events.  Higher concentrations can be observed 
generally at sites near the port of entry, and downwind (to the east) of freeways in the area. 
 
Figure 23 illustrates the relationship between the data observed at the Donovan regulatory site 
and the other monitoring sites in our network. We observed that some sites, such as the Tijuana 
Estuary and the Community Center, were consistently reporting lower particulate matter levels 
than the Donovan monitor. Other sites, such as the Front, Middle School and Port of Entry 
consistently reported higher particulate matter levels. All of the sites showed a positive 
correlation with the Donovan SDAPCD concentrations of PM2.5.  
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Figure 18. Pearson’s Correlation Matrix (PM2.5). 
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Figure 19. Pearson’s Correlation Matrix (CO). 
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Figure 20. Pearson’s Correlation Matrix (NO). 
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Figure 21. Map of the Interquartile Range of PM2.5. 

 

 
Figure 22. Map of the Interquartile Range of NO. 
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Figure 23. Differences in concurrent measurements at Donovan site (labeled as the Regulatory PM2.5 Concentration) and the various community 
sites, indicating the tendency for some community sites to report higher levels than the SDAPCD Donovan site.
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Diurnal Air Quality Patterns 
 
There was strong interest expressed by the community, both at general meetings and in 
discussions with the CSC, in characterizing diurnal patterns in air pollution concentrations at the 
different sites within the community. We present diurnal patterns observed by season for each 
site in the study domain (Figure 24 through Figure 26). For this purpose, we included data from 
January 2018 - May 2018 to have a more complete representation of winter characteristics.  
 
We observe clear evidence of diurnal patterns in the data as well as important seasonal shifts. 
Generally, concentrations peak in the morning hours, probably related to early morning low 
boundary layer height coupled with increased traffic emissions. Seasonally concentrations in the 
Fall and Winter are higher and have more pronounced diurnal effects.  
 
To better compare PM2.5 diurnal patterns, we present below the observations captured at the Port 
of Entry as compared the Community Center in San Ysidro (Figure 27). The community center 
is located 1.5 miles from the Port of Entry and is 0.5 miles downwind of the I-5. Generally, 
higher concentrations are observed at the Port of Entry site, with also greater variations by hour 
of day and by season at the Port of Entry, compared to the Community Center site. 
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Figure 24. Diurnal Patterns of PM2.5 by Season and Site. 
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Figure 25. Diurnal Patterns of CO by Season and Site. 
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Figure 26. Diurnal Patterns of NO by Season and Site. 
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Figure 27. Comparison of Diurnal Patterns of PM2.5 at the Port of Entry (top) versus the Community 
Center (bottom). 
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Comparison to Regulatory levels 
Although we were careful in our study to describe our monitoring as non-regulatory in our 
discussions with the CSC and TAG, nevertheless there was interest in comparing the results of 
the community air monitoring to existing regulatory standards. We have done this for PM2.5. 
Overall, the percentage of hours of concentrations of PM2.5 in the community, as measured by 
our non-regulatory community monitors were above the EPA annual regulatory limit is shown in 
Table 13.  
 
Table 13. Percentage of hours above 12 !g/m3 (the EPA annual regulatory limit for PM2.5). 

Site Percent 

The FRONT Arte Cultura 44% 

Tijuana/POE 43% 

Senior Health Center 43% 

Community Residence 42% 

Outlets Border+ 39% 

San Ysidro Middle School 37% 

APCD - Donovan 34% 

Border McDonalds 32% 

Tijuana Estuary 30% 

Willow School 24% 

Nicoloff Elementary 22% 

Community Center 10% 

+This site did not meet our data completeness requirement.   
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Border Wait Times 
Border wait times were collected on an hourly basis throughout the monitoring period from the 
government website: https://bwt.cbp.gov/index.html. Data was collected for both the Otay Mesa 
and San Ysidro crossings for all entry lanes (commercial, passenger and pedestrian).  Figure 28 
illustrates the distribution of border wait times by hour of day for the monitoring period, with 
higher wait times generally occurring in the afternoon hours, peaking at 15:00.  
 
The previous figure does not completely capture temporal variations that occur due to seasonal 
and weekly patterns.  To illustrate these patterns, Figure 29 and Figure 30 show similar data, 
but broken down by month and by day of week.  Finally, a generalized additive model allows us 
to model the Northbound San Ysidro Port of Entry border wait time by day of week, month and 
hour of the day (Figure 31). 
 

 
Figure 28. Northbound Border Wait time (minutes) at the San Ysidro POE (data from 
https://bwt.cbp.gov/). 
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Figure 29. Northbound border wait times at San Ysidro POE by month and hour (data from 
https://bwt.cbp.gov/). 

 

 
Figure 30. Northbound border wait times at the San Ysidro POE by day of the week (data from 
https://bwt.cbp.gov/). 
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Figure 31. Modeled wait times by hour or the day, day of week, and month (2017). 

 
 

Impact of Northbound Passenger Vehicle Delays on Air Quality 
A Generalized Linear Model was used to assess the impact of border wait times on PM2.5 
concentration at the different monitoring sites in our study. We determined that border wait time 
is an important factor in our model by comparing the Bayesian information criterion (BIC) value 
of the models with and without this variable.  
 
The form of the model used was as follows, with “s” in the model indicating applying a spline: 
 
log([PM2.5]) = intercept + s(WaitTime, by=site) + s(dayofweek) + s(hourofday) + s(Temp) 
 
We allowed the effect of the passenger delay to vary by monitoring location. Table 14 shows the 
average effect of Passenger Vehicles Time for the various monitoring sites. The Estuary Site 
(considered a reference site in our study) shows no response to Vehicle Wait Time. The Port of 
Entry site (Tijuana side) shows the strongest effect. We estimate that at the POE site, a 100-
minute passenger vehicle wait time results in an average increase of PM2.5 of 3.25 μg/m3. Other 
sites showing a significant increase in PM2.5 concentration associated with increased border wait 
times are the Senior Health Center (2.10 μg/m3) and The FRONT Arte Cultura (2.10 μg/m3). Our 
reference site (Tijuana Estuary) showed a non-significant change in PM2.5 of -0.06 μg/m3. 
Results for all sites are presented in Figure 32.  
 



66 

Table 14. Increase in PM2.5 associated with a 100-minute Northbound border delay for sites in our study 
after controlling for time trends by season, month and time of day. 

 
 
 

 
Figure 32. Modeled concentrations of PM2.5 at various community sites based on border vehicle delay. 

 
 
Similar analysis of the NO data finds that Northbound border delay is a significant factor for 
increased NO levels at the Tijuana POE with an increase for a 100-minute delay of 13.51 ppb 
and at the Senior Health Center and Border McDonalds of 4.79 and 4.17 ppb, respectively 
(Table 15). The Donovan APCD site also showed an increase in NO concentrations associated 
with SY border wait times.   
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Table 15. Increase in NO associated with a 100-minute Northbound border delay for sites in our study 
after controlling for time trends by season, month and time of day. 

 
 
 

I-5 and I-805 Traffic Patterns 
For comparison to air quality monitoring data, traffic sensor data were obtained from the 
Caltrans PEMS system for two locations in both directions -- North and Southbound I-5 at Via 
de San Ysidro (sensors 1118333 and 1118326, respectively), and North and Southbound I-805 at 
Beyer Boulevard (sensors 1118663 and 1118656, respectively) (California Department of 
Transportation, 2017).  One year of hourly data from January 1, 2017 - December 31, 2017 for 
total vehicle flow and speed were downloaded. Sensor data with less than 50% complete 
observations in any hour were excluded from analysis (approximately 6% of the total data were 
excluded). 
 
Histograms of the I-5 diurnal traffic flow patterns illustrate differences in the diurnal pattern of 
flows between north and southbound directions (Figure 33).  Northbound flows tend to show 
both morning and afternoon commute peaks, whereas southbound flows illustrate a single 
afternoon peak, with the highest flows from 15:00 - 17:00. 
 
The impact of large traffic flows during certain times of the day on traffic congestion can be seen 
in the traffic data for vehicle speed.  During the afternoon and early evening hours in the 
southbound direction, there is much greater variation in speeds, sometimes reaching below 20 
miles per hour, which is consistent with congestion.  As the southbound directions of the I-5 and 
I-805 lead directly to the Port of Entry, this congestion is likely attributable to vehicles waiting to 
cross the border.  We note that our analysis of the border wait time data illustrates that the 
highest border wait times also tend to peak in the afternoon at 15:00. 
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A multivariate regression model of log-transformed hourly traffic flows indicates significant 
differences in flow between I-5 and I-805 freeways, and between north and southbound 
directions of the freeways (Appendix).  I-805 South tends to have the highest hourly flows 
generally. Additionally, flows tend to be highest on Fridays, during the hours of 14:00 - 17:00, 
and during the summer (June-July) and winter (November-December) months. Both US and 
Mexican Holidays tend to increase traffic flows, particularly for I-5 South.  Northbound traffic 
flows on both I-5 and I-805 on Sundays also tend to be high. 
 
This analysis is limited in that we only have traffic data for the freeways on the US side of the 
border.  Given our results, it is likely that temporal trends also exist for traffic congestion on the 
Mexican side of the border that we have not analyzed.  Also, even on the US side, not all 
freeway segments are monitored with traffic sensors.  For example, the I-905 freeway that 
crosses the northern edge of San Ysidro is a major thoroughfare for heavy duty diesel truck 
traffic heading to the Otay Mesa border crossing. Yet, there are no traffic sensor sites near our 
near-roadway community air monitoring sites (e.g., near the Nicoloff Elementary School site).   
 
By itself, traffic flow, may not completely capture mobile emissions that potentially impact the 
pollution levels measured at nearby community air monitoring sites.  In the next section, we 
estimate the emissions from these traffic flows, and relate them to air quality measurements. 
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Figure 33. I-5 Traffic Flows (1/1/2017-12/31/2017) in Southbound (upper) and Northbound (lower) 
directions. 
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Figure 34. I-805 Traffic Flows (1/1/2017-12/31/2017) in the Southbound (upper) and Northbound 
(lower) directions. 

 
 
  



71 

Traffic Emissions Along I-5 and I-805 Freeways 
Mobile emissions factor data for San Diego for year 2017 were obtained from CARB EMFAC 
2017 (California Air Resources Board, 2018).  Light duty gasoline automobile emissions factors 
for NOx, CO, and PM2.5 were merged with the traffic data, matched on speed, and multiplied by 
hourly traffic flows to obtain estimates of hour-specific mobile emissions along I-5 and I-805 
freeways at Via de San Ysidro and Beyer Boulevard locations, respectively.  North and 
Southbound emissions estimates were summed.  Because EMFAC 2017 does not include 
emissions factors for light duty automobiles traveling faster than 65 miles per hour, the highest 
speed emissions factors were used for speeds between 70 and 90 miles per hour. Emissions rates 
at 5 miles per hour were also used for vehicles traveling slower than 5 miles per hour.  For the 
three pollutants considered, emissions factors (grams of pollutant per vehicle mile traveled) tend 
to increase dramatically under congested slow traffic flow conditions. 
 
Due to both higher traffic flows as well as congestion, emissions for all three pollutants were 
considerably higher for the southbound direction than in the northbound direction.  The highest 
CO, NOx, and PM2.5 emissions can be observed in the late afternoon and early evening hours, 
peaking at 15:00 for I-805 and at 17:00 for I-5. As an example, Figure 35 and Figure 36 
illustrate the diurnal patterns for NOx at the I-5 and I-805 locations, respectively. 
 
A multivariate regression model of log-transformed hourly traffic emissions largely mirror the 
findings from the regression model of log-transformed hourly traffic flows (Appendix).  
Significant differences in emissions were found between I-5 and I-805 freeways, and between 
north and southbound directions of the freeways.  I-805 South tends to have the highest hourly 
emissions generally. Emissions tend to be highest on Fridays, during the hours of 14:00 - 17:00, 
and during the winter (October-December) months. Both US and Mexican Holidays tend to 
increase emissions, particularly for I-5 South.  Northbound emissions on both I-5 and I-805 on 
Sundays as well as on Mondays also tend to be high. 
 
In the next section, we compare these roadway emissions to the air quality measured at nearby 
community monitoring sites. 
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Figure 35. I-5 NOx Emissions (1/1/2017-12/31/2017). 

 
 
 

 
Figure 36. I-805 NOx Emissions (1/1/2017-12/31/2017). 
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Impact of Roadway Emissions on Community Air Monitoring 
Concentrations 
Estimated pollutant emissions along the I-5 freeway were compared to concurrent air pollutant 
(PM2.5, CO, and NO) concentrations measured at two near-roadway community air monitoring 
sites: Front and Willow School.  Similarly, emissions along the I-805 freeway were compared to 
pollutant concentrations measured at the Middle School monitoring site.  In all cases, positive 
associations between roadway pollutant emissions and pollutant concentrations were observed.   
 
A representative time-series of PM2.5 and NOx emissions along I-5 and corresponding pollutant 
concentrations measured at the Front site for the month of June 2017 is shown in Figure 37 and 
Figure 38.  The peaks for roadway emissions in each afternoon generally correspond to peaks in 
pollutant concentrations at the sites. 
 
To illustrate the associations between emissions and pollutant concentrations, roadway emissions 
along I-5 were first log-transformed and divided into quartiles. Then, boxplots of the log-
transformed pollutant concentrations at the Front and Willow School sites were computed for 
each quartile of emissions (Figure 39 and Figure 40).  The boxplots illustrate increasing levels of 
CO, NO, and PM2.5 measured at each site, with increasing levels of roadway pollutant emissions. 
 
We also explored how pollutants potentially decay with distance from major freeways, like I-5.  
Concurrent measurements of PM2.5, CO, and NO were compared between two community sites 
that fall on a line away from I-5: the Front is approximately 200 ft downwind of I-5, while the 
Church is approximately 500 ft downwind.  A positive association was observed between hourly 
emissions on I-5 and hourly pollutant concentrations at both sites, with statistically significant 
higher concentrations observed at the closer Front site (Appendix). 
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Figure 37. I-5 emissions vs. PM2.5 concentrations at the Front Site for June 2017. 

 
 

 
Figure 38. I-5 NOx emissions vs. NO concentrations at the Front Site for June 2017. 
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Figure 39. Roadway Emissions vs Pollutant Concentration at the Front Site. 
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Figure 40. Roadway Emissions vs Pollutant Concentration at the Willow school Site.  
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PM2.5, BC, and UFP Findings from the Snapshot Campaigns 
The purpose of the snapshot campaign was to evaluate air quality at a subset of sites in 
conjunction with the UW community air monitors in order to assess additional traffic-related 
pollutants and to compare the community air monitors to portable research grade instruments 
over time. 
 
Overall, the PM2.5 hourly values measured by the community air monitors correlated well with 
the PM2.5 as measured by the DRX (RH corrected). Correlations were above 0.8 for all sites in 
Snapshot 1 (Table 16). In Snapshot 2 (summer), correlations were lower, and ranged from 0.3-
0.9 (Spearman’s rho).  In Snapshot 2, the PM2.5 values were the lowest of all the snapshots, and 
the range was restricted, which may have resulted in lower correlations. High correlations (rho = 
0.7 - 0.9) were also seen in Snapshot 3, which occurred in November and December, 2017.  This 
indicates that the community air monitor calibration equations were valid almost 1 year after 
their calibration where they were co-located at the SDAPCD monitoring site at Donovan 
(calibrations performed October - December 2016 in comparison with the hourly PM2.5 values 
from the BAM). 
 
In addition, there is evidence that the community air monitor PM2.5 data also correlated 
reasonably well with black carbon measured at the same sites (Table 16). For Snapshot 3 (fall), 
which had the greatest range of BC levels, the correlation between BC and PM2.5 as measured by 
the community air monitor was greater than 0.8 for all sites. Figure 42 displays a scatterplot of 
BC vs. PM2.5 from the community air monitor at the Tijuana Estuary Visitor Center site, where 
we collected BC data for nearly a month (log values are shown on each axis). BC levels had a 
greater IQR than the PM2.5 (Table 17), but qualitatively the community air monitor increased at 
times of higher BC levels (Figure 42). 
 
There is some evidence that particle composition varied by snapshot, as measured by the hourly 
BC concentrations divided by the PM2.5 concentrations from the community air monitors, 
expressed as percent (Table 17).  In Snapshot 3 (fall), which recorded the highest BC 
concentrations, BC comprised nearly 20 % of the PM2.5 at the Willow Elementary School 
monitor, as compared to 7% in Snapshot 1 and 5 % in Snapshot 2. There were also differences in 
percent BC between the Willow Elementary School and the Tijuana Estuary Visitor Center for 
Snapshots 3 (19% vs 11%) and Snapshot 1 (spring) (7% vs. 2%). No difference was observed for 
Snapshot 2 (summer), which had low BC and PM values across all sites (5% vs 5%). 
 
Black carbon (BC) levels were generally approximately nearly twice as high in locations 
measured in San Ysidro as compared to the Tijuana Estuary Visitor Center, for Snapshots 1 and 
3. However, levels were similar between sites in Snapshot 4. In Snapshot 2, levels were very low 
overall (medians 0.2-0.3 ug/m3 BC) but were significantly higher in San Ysidro locations as 
compared to the Tijuana Estuary Visitor Center.  As previously stated, Snapshot 3, November-
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December 2017, displayed the highest BC levels. These high levels were observed overnight, 
with peaks centered at around midnight - 3 am, with lesser increases also observed in the 
morning ‘rush’ hours (Appendix). Daytime values were generally low in contrast to the high 
overnight values (Table 18). The exception was Snapshot 2, which had low but slightly higher 
concentrations during the day, and had a pattern expected for traffic pollution, with lowest BC 
concentrations at the coastal site with increasing concentrations in inland site, with the highest 
concentration at San Ysidro Middle School, which is near the commercial truck traffic. Also, in 
Snapshot 2 small BC increases could be seen in morning and evening, such as might be observed 
during traffic times (Appendix). The pattern of high overnight values seen for BC at all sites in 
the other snapshots, including the coastal reference site Tijuana Estuary Visitor Center in 
Imperial Beach, implies that high BC levels observed are more regional in nature. These regional 
elevated BC levels likely overshadow local traffic effects in some months of the year, except in 
as seen in Snapshot 2, summer, and could arise from burning activities and vehicle emissions in 
Tijuana. 
 
No correlation was performed for community air monitors in comparison to ultrafine particle 
counts. This is because the UFP data was only available for short time near midday, with little 
variability at each site (Table 19). When considered for periods of simultaneous measurements, 
typically midday when PM2.5 and BC levels are low, sites in San Ysidro had UFP levels 
approximately 3 times higher than the coastal reference site.  
  



79 

Table 16. Correlations between PM2.5 as measured by the community air monitor (CAM-UW) and the 
DRX, RH adjusted, site and snapshot season. Significant correlations are indicated by ** (p<0.01). 

Snapshot 1 PM2.5 - DRX (SDSU) BC 

 Pearson’s n 
(hours) 

Spearman’s Pearson’s n 
(hours) 

Spearman’s 

PM2.5 -CAM 
(UW) Site 

      

SYM 0.874 ** 335 0.925**    

NIC 0.882** 144 0.880** 0.642** 122 0.686** 

FRT 0.911** 142 0.941** 0.391** 250 0.579** 

EST 0.892** 250 0.933** 0.508** 250 0.600** 

WIL  NA  0.333** 421 0.575** 

 

Snapshot 2 PM2.5 - DRX (SDSU) BC 

 Pearson’s n 
(hours) 

Spearman’s Pearson’s n 
(hours) 

Spearman’s 

PM2.5 -CAM 
(UW) Site 

      

SYM 0.341 ** 192 0.650** 0.111** 238 0.361** 

NIC 0.829** 240 0.780** 0.379** 122 0.701** 

FRT 0.869** 70 0.896** 0.615** 238 0.580** 

EST 0.202 35 0.338* 0.503** 770 0.756** 

WIL  NA  0.452** 1033 0.705** 

 

Snapshot 3 PM2.5 - DRX (SDSU) BC 

 Pearson’s n 
(hours) 

Spearman’s Pearson’s n 
(hours) 

Spearman’s 

PM2.5 -CAM 
(UW) Site 

      

SYM 0.628** 358 0.724** 0.752** 118 0.823** 
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NIC 0.713** 358 0.848** 0.790** 116 0.859** 

FRT 0.888** 360 0.916** 0.792** 119 0.902** 

EST 0.827** 356 0.827** 0.834** 924 0.822** 

WIL  NA  0.923** 337 0.927** 

 

 
 

Figure 41. Relationship between PM2.5 and BC timeseries measured at The Front. 
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Figure 42. Relationship between PM2.5 and BC measured at the Tijuana Estuary Visitor Center. 

 

 
Figure 43. Relationship between PM2.5 and BC measured at the Willow school. 
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Table 17. Black carbon values in the community of San Ysidro, CA in 2017 and 2018, in relation to 
PM2.5 levels as measured at the same site by the community air monitors. 

Snap
shot 

Date Tijuana Estuary 
Nature Center  

Willow 
Elementary 

School 

The Front "Arte 
Cultura" 

Nicoloff 
Elementary 

School 

San Ysidro 
Middle School 

(Mean,  
Median, 25th, 
75th, 95th %) 

 
BC/PM2.5, %  

median, 
 (25th- 75th) 

(Mean, 
Median,25th, 
75th, 95th) 

 
BC/PM2.5, %  

median, 
 (25th- 75th) 

(Mean, 
Median, 25th, 

75th, 95th) 
 

BC/PM2.5, %  
median, 

 (25th- 75th) 

(Mean, 
Median, 25th, 

75th, 95th) 
 

BC/PM2.5, %  
median, 

 (25th- 75th) 

(Mean, 
Median, 25th, 

75th, 95th) 
 

BC/PM2.5, %  
median, 

 (25th- 75th) 
1 3/27- 

4/1 
1.0, 0.4a 

0.1,,1.7, 3.5 
 

1.9 (0.8-6.2) 

2.1, 0.8 
0.4, 3.5, 6.0 

 
7.1 (3.7-15.0) 

1.8, 0.6 
0.3, 1.7, 5.7 

 
5.6 (2.6-8.8) 

1.7, 0.6 
0.3, 2.0, 5.0 

 
7.9 (3.1-17.1) 

- 

3/27- 
4/14 

0.8, 0.3 
0.2, 1.0, 3.2 

1.4, 0.6d 

0.3, 1.5, 5.6 
- - - 

2 7/28, 
7/31- 
8/5 

0.2, 0.2a 
0.1, 0.2, 0.3 

 
4.5 (3.5-5.6) 

0.3, 0.2 
0.2, 0.3, 0.6 

 
4.9 (3.7-6.4) 

0.2, 0.2b 
0.1, 0.3, 0.6 

 
3.2 (2.4-3.9) 

0.2, 0.2 
0.2, 0.3, 0.6 

 
4.3 (3.3-5.5) 

0.4, 0.3c 

0.2, 0.5, 0.7 
 

5.3 (3.7-7.3) 
7/28- 
8/22 

0.3, 0.3 
0.2, 0.4, 0.7 

0.4, 0.3d,e 

0.2, 0.5, 1.0 
- 0.4, 0.3d,e 

0.2, 0.5, 0.8 
0.5, 0.4d,f  

0.3, 0.6, 1.2 

3 11/21, 
11/28-
12/2 

1.9, 1.4a 

0.7, 2.4, 5.8 
 

11.0 (7.2-15.6) 

3.9, 2.9 
1.5, 5.6, 9.0** 

 
19.1 (13.5-24.3) 

3.2, 2.1 
1.2, 4.5, 9.3 

 
12.4 (8.8-17.3) 

3.5, 2.6 
1.5, 5.1, 9.0 

 
20.4 (13.7-27.9) 

2.9, 2.1 
1.1, 4.3, 7.4 

 
8.9 (5.4-13.9) 

11/30-
12/17 

2.0, 1.3 
0.6, 2.6, 6.5 

3.5, 2.0d 

1.0, 4.7, 10.9 
- - - 

4 3/1-3, 
3/5-10, 

3/12 

1.2, 0.6 
0.2, 1.3, 4.8 

1.3, 0.5 
0.2, 1.5, 5.4 

1.3, 0.7 
0.4, 1.4, 5.3 

1.4, 0.8 
0.3, 1.7, 5.6 

1.3, 0.6 
0.3, 1.5, 4.8 

3/1- 
3/13 

1.2, 0.6 
0.6, 1.2, 4.7 

1.3, 0.5 
0.2, 1.5, 5.4 

- - - 

** Willow only from 11/30-12/2 
a Significantly lower than all sites in San Ysidro (p<0.001). 
b Significantly higher than WIL and NIC (p<0.001). 
c Significantly higher than WIL, NIC, and FRT (p<0.001). 
d Significantly higher than EST (p<0.001) 
e Significantly higher than NIC (p<0.001) 
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f Significantly higher than WIL (p<0.001) 
 
Table 18. Black carbon during day vs. night hours in sites in San Ysidro and the coastal reference site 
Tijuana Estuary Visitor Center. 

Snapshot/ 
Time 

Tijuana River 
Estuary 

Willow 
Elementary 

School 

The Front    
"Arte Cultura" 

Nicoloff 
Elementary 

School 

San Ysidro 
Middle School 

(Mean, Median, 
25th, 75th, 95th) 

(Mean, Median, 
25th, 75th, 95th) 

(Mean, Median, 
25th, 75th, 95th) 

(Mean, Median, 
25th, 75th, 95th) 

(Mean, Median, 
25th, 75th, 95th) 

1/Day 
(6:40am-
7:10pm) 

0.6, 0.3 
0.1, 0.7, 2.6 

0.6, 0.3 
0.2, 0.6, 2.9 

0.8, 0.4 
0.2, 1.0, 4.0 

0.8, 0.3 
0.2, 0.8, 3.8 

 

1/Night 
(7:11pm-
6:39am) 

1.2, 0.7***b 

0.1, 2.1, 3.8 
2.9, 1.7***b 

0.5, 4.3, 7.5 
2.2, 0.8***b              
0.3, 3.1, 6.8 

2.1, 1.0***b 

0.3, 3.0, 6.5 
 

2/Day 
(6:05am-
7:45pm) 

0.2, 0.2 
0.1, 0.3, 0.4 

0.3, 0.2***a 

0.2, 0.4, 0.7 
0.4, 0.3***a                
0.2, 0.4, 0.9 

0.3, 0.2**a            
0.1, 0.3, 0.6 

0.4, 0.4**a              
0.2, 0.6, 1.2 

2/Night 
(7:46pm-
6:04am) 

0.2, 0.1 
0.1, 0.2, 0.4 

0.2, 0.2 
0.1, 0.2, 0.6 

0.3, 0.2             
0.2, 0.3, 0.9 

0.2, 0.2               
0.2, 0.3, 0.4 

0.4, 0.3             
0.2, 0.5, 1.0 

3/Day 
(6:30am-
4:40pm) 

1.4, 0.9 
0.5, 1.6, 5.1 

 2.6, 1.4               
0.7, 3.7, 8.9 

2.4, 1.5                
0.6, 4.2, 7.7 

2.3, 1.4                
0.7, 3.6, 6.6 

3/Night 
(4:41pm-
6:29pm) 

2.1, 1.6***b 

0.8, 2.6, 6.2 
 3.6, 2.5***b               

1.5, 4.8, 9.6 
4.1, 3.1***b                
1.7, 5.6, 11.0 

3.4, 2.2**b                    
1.3, 5.0, 8.9 

* = Significantly higher than night (p<0.05).                                                        
**a = Significantly higher than night (p<0.01).                                                   
***a = Significantly higher than night (p<0.001).                                              
**b = Significantly higher than day (p<0.001).                                                    
***b = Significantly higher than day (p<0.001).    
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Table 19. Ultrafine particle counts (PM1, CPC 3007, TSI, Inc) for simultaneous measurements, medians 
are of the daytime simultaneous hours medians for 5 days, midday hours only (e.g. 10 am - 1 pm). 

Snapshot/
Dates 

Tijuana Estuary 
Nature Center 

The Front "Arte 
Cultura" 

Nicoloff 
Elementary 

School 

San Ysidro 
Middle School 

 Median, range 
(particles//cc) 
Median, range  
(within-day % 

higher than Estuary) 

Median, range 
(particles//cc) 
Median, range  

(within-day % higher 
than Estuary) 

Median, range 
(particles//cc) 
Median, range  
(within-day % 

higher than Estuary) 

Median, range 
(particles//cc) 
Median, range  
(within-day % 

higher than Estuary) 

1  
 3/27/17- 
3/31/17 

2947, 2242-7551 
 

reference 

10397, 3518-14140 
 

201, 143-353 

7304, 3157-12134 
 

147, 128-248 

10309, 1834-10784 
 

137, 74-154 

2   
7/31/17- 
8/4/17 

1496, 1046-3033 
 

reference 

3391, 2892-6484 
 

232, 161-387 

2952, 2401 - 6938 
 

224, 140-282 

4044, 2401 - 6938 
 

232, 161-387 

3  
11/28/17- 
12/1/17 

5817, 4462-10576 
 

reference 

11792, 6641-13792 
 

168, 118-248 

10677, 4071-12979 
 

141, 90-246 

11308, 6065-12246 
 

153, 100-270 

4 
3/1/18- 
3/9/18 

5819, 2920-8575 
 

reference 

5980 3622-7489 
 

152 95-542 

4973, 2665-7595 
 

143, 87-399 

5819, 2920-8575 
 

157, 109-437 
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Findings from Gravimetric Samples from the Snapshot Campaigns 
Gravimetric samples were collected during the four snapshot campaigns at 4 community 
locations. Figure 44 shows the distribution of the gravimetric samples across sites for the 
different snapshot campaigns. The IQR of measurements taken on the same day ranged from 0.6 
ug/m3 to 31 ug/m3 with a median of 2 ug/m3.  Snapshot 3 had samples that with considerably 
higher mass concentrations than those observed in the other snapshots. 
 
As described before, generally, the correlation between the DRX and community air monitors 
was high across sites and deployment periods (Table 16). After correcting the DRX data based 
on gravimetric data collection we obtained good relationships between the CAM estimates and 
the DRX data (Table 20). 
 
The DRX was mass corrected using filter data, however because some of the daily IQR observed 
between daily filter measures was higher than expected, it was difficult to compare the mass 
concentrations between DRX and CAM data. Overall, the CAM network underestimates the 
concentration reported by the filter corrected DRX (Figure 45 and Figure 46).  However, the 
concentrations reported by the DRX (and the gravimetric filters) appears to be significantly 
higher than reported at other local monitoring stations. 
 
 

 
Figure 44. Gravimetric samples for PM2.5 by site and by snapshot season. 
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Table 20. Correlation between mass-adjusted DRX and CAM PM2.5 measurements. 

Site Correlation (Pearson’s) 
DRX (mass adjusted) to calibrated CAM 

Across 1 year of snap-shot data 

Middle School 0.84 

Nicoloff school 0.77 

Front Arte Cultura 0.74 

Tijuana Estuary Visitor Center 0.72 

 

 
 

Figure 45. Comparison of mass and RH-corrected DRX with CAM PM2.5 measurements at the Middle 
School site. 
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Figure 46. Comparison of mass and RH-corrected DRX with CAM PM2.5 measurements at the Nicoloff 
site. 
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EC/OC and Compositional Analysis of Filters 
As part of a separately funded study, the gravimetric filter samples were analyzed for EC/OC 
composition.  Table 21 and Table 22 presents the EC/OC concentrations by site for each 
snapshot season and overall, with The Front site tending to have slightly higher EC and OC 
levels than the “background” Tijuana River Estuary site. Across the sites, generally a linear 
correlation was observed between EC and OC concentrations (Figure 47). The ratios of EC to 
total PM2.5 mass ranged between approximately 5 and 20% (Figure 48).  For 7 out of 9 
measurement dates, the ratio of EC to overall PM2.5 tended to be higher at The Front compared to 
the background site. 
 
PM compositional analysis (crustal species composition, ion and metals) results are presented in 
Figure 49 and Figure 50. Generally, the compositions between The Front and the background 
site did not differ dramatically, suggesting a fair amount of regional sourcing of PM2.5.  Daily 
Chemical mass balance of PM2.5 at both sites also suggested similar compositions (Figure 51). 
 

 
Table 21. Seasonal mean concentrations expressed in µg/m3 of OC and EC concentration within PM2.5 in 
Tijuana River Estuary and The Front Arte Cultural during the Snapshot Campaigns. 

  Tijuana 
Estuary OC in 

µg/m3 

(mean±1s) 

Tijuana 
Estuary EC in 

µg/m3 

(mean±1s) 

Front Arte 
Cultural OC in 

µg/m3 

(mean±1s) 

Front Arte 
Cultural EC in 

µg/m3 

(mean±1s) 

n 

Spring 2017 7.9±0.7 2.0±0.3 9.5±0.8 2.7±0.4 2 
 

Summer 2017 5.1±0.5 0.8±0.2 6.9±0.6 0.9±0.2 2 
 

Fall 2017 10.6±0.9 3.2±0.4 12.3±1.0 4.8±0.5 4 
 

Winter 2018 9.9±0.9 2.5±0.4 10.1±0.9 3.4±0.4 2 
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Table 22. Year-round and seasonal carbonaceous components of PM2.5 measured in San Ysidro, 
California by the IMPROVE Thermal/Optical Reflectance (TOR) method. Organic carbon (OC) and 
elemental carbon (EC). Quartz filters were utilized for sample collection and analysis. 
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Figure 47. Linear correlation between concentrations of EC and OC measured in Tijuana River Estuary 
and the Front Arte Cultural between March 2017 and March 2018 (N=19). 
  

 

 
Figure 48. Comparison of ratios of EC to PM2.5 measured in Tijuana Estuary and the Front Arte Cultural 
between March 2017 and March 2018. 
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Figure 49. Chemical composition of crustal constituents within PM2.5 measured in Tijuana Estuary and 
Front Arte Cultural during the Intensive Field Campaigns conducted between March 2017 and March 
2018. 
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Figure 50. Daily concentrations of chemical species (segregated by individual species) within PM2.5 measured in Tijuana Estuary and Front Arte 
Cultural during the Intensive Field Campaigns (Snapshot campaigns)  conducted between March 2017 and March 2018. Chemical constituents 
were analyzed by using Ion Chromatography and XRF on Teflon filters and IMPROVE’s Thermal Optical Reflectance (TOR) on Quartz filters. 
Sea salt is represented by the water soluble component of Na and Cl. Crustal Oxides are the oxides of Al, Si, Ca, Fe, Ti, and Mg which make up 
the soil or dust in the air. Potassium Oxide is the oxygenated potassium which is a marker of biomass burning. 
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Figure 51. Daily chemical mass balance of PM2.5 concentration measured in Tijuana River Estuary and 
Front Arte Cultural during the Intensive Field Campaigns (Snapshot campaigns) conducted between 
March 2017 and March 2018. Chemical constituents were analyzed by using Ion Chromatography and 
XRF on Teflon filters and IMPROVE’s Thermal Optical Reflectance (TOR) on Quartz filters. 
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Comparison of Community Air Monitoring Sites to Regulatory Site 
Used for CES Methods 
 
Using 1 year of data, we developed a generalized additive model (GAM) to predict the ratio of 
pollutant measured in San Ysidro census tract 6073010013 (the main populated census tract in 
the community) to the ratio of pollutant measured at the Donovan monitoring station (SDAPCD). 
This model accounts for covariates including traffic flow, day of week, US and Mexican 
holidays, temperature and RH (as water vapor pressure). We also account for autocorrelation in 
the data by including a penalized spline term to account for time trends. We allow 4 degrees of 
freedom per season. Covariates for the model were chosen to minimize the Bayesian Information 
Criterion (BIC).  “s” in the model indicates applying a spline. 
 
Model: 
 
log([SY]/[Donovan]) = intercept + β1*s(log([Donovan])) + β2*s(“hour of day”)) + β3*s(“I5 
Traffic Flow”)) + β4*s(“Day of Week”)) + β5*USHolidayindicator + β6*MexHolidayindicator +  
β7*s(“Water Vapor Pressure”)) + β8*s(“Temperature”)) + s(Temporal Trend) 
 
For PM2.5 this model captures 66% of the variability in the ratio between the San Ysidro tract 
and Donovan PM2.5 concentration over the year 2017.  
 
We found, that on average in San Ysidro census tract 6073010013 the PM2.5 concentration was 
12% higher than the PM2.5 concentration measured at the Donovan site (CI 8% - 17%).  
 
The version 3.0 of CES assumes that the concentration in San Ysidro census tract 6073010013 is 
2.88% higher than the concentration at Donovan (Census tract 6073010014). 
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Discussion and Conclusions 
 

Major Accomplishments and Findings 
This study represents one of the longest-running community-engaged air quality sensor projects 
in California.  The study collected over 1 year of continuous hourly sensor measurements for 
multiple air quality indicators (PM, NO, NO2, and O3).  Moreover, the study successfully 
incorporated a monitoring strategy that utilized both lower-cost sensor technologies and 
research-grade higher end instruments for PM2.5, BC UFP, as well as conventional gravimetric 
sampling for EC/OC, ion, and metals compositional analyses.   
 
Although we did not formally evaluate the effectiveness of our community engagement 
activities, membership and attendance in both our CES and TAG remained strong throughout the 
project.  Moreover, community engagement in the study was important to ensuring the quality 
and applicability of the data collection and analysis for both local, regional, and state planning 
purposes. 
 
Our major findings are as follows: 
 

• The most recent version 3.0 of CES assumes that the concentration in San Ysidro census 
tract 6073010013 is 2.88% higher than the concentration at Donovan (Census tract 
6073010014).  We found from our monitoring, the PM2.5 concentration in the same San 
Ysidro census tract was 12% higher than at the Donovan site. Based on our positive and 
significant result we recommend revising the assumptions for border air quality 
accordingly. 
 

• There were clear border and roadway traffic-related impacts on the San Ysidro 
community.  We observed border wait times to the significantly and positively associated 
with poorer air quality as measured by the air quality sensors in San Ysidro.  This 
relationship was not observed at our background site far from and upwind of the port of 
entry.  We also observed clear associations between traffic flow, modeled traffic 
emissions, and worse air quality at sites immediately downwind of I-5 and I-805 
freeways. 

 
• Multivariate statistical models of the relationships between border wait times or freeway 

traffic and air quality indicate the importance of port of entry operations. In many of 
these models, factors such as time of day, day of week, US or Mexican holidays – all had 
important influences on wait times and traffic patterns, which seem to be related to air 
quality episodes in San Ysidro. 
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• With respect to our snapshot campaigns, we observed evidence for some larger-scale 

regional and temporal impacts.  For example, we observed higher BC levels in the 
nighttime than the daytime, particularly in the Spring and Fall, but less so in the Summer.  
Interestingly, the campaign measured high Spring/Fall nighttime BC levels not only at 
sites near the POE, but also at our background study site.  While BC is often associated 
with heavy duty diesel traffic, in border communities, it has been noted that illegal 
burning activities may also be associated with increased regional BC concentrations.  
Furthermore, EC/OC and PM2.5 composition analyses of gravimetric samples found 
relatively minor differences between the background site and a site in San Ysidro. These 
finding suggests that there important regional pollutant sources in the Baja border air 
basin, which is consistent with previous findings from CALMEX 2010 and other research 
studies (e.g., (Takahama et al., 2014)). 
 

• As of the writing of this report, there is no routine government-operated air quality 
monitoring site at the San Ysidro Port of Entry.  Given our findings, and the scale and 
importance of this border crossing, establishing a site with FEM and FRM-based air 
quality instruments should be a priority. 

 

Challenges and lessons learned 
The application of low-cost sensor technologies for air quality monitoring is still an emerging 
field, with considerable interest from a variety of stakeholders, which include regional, state, and 
federal environmental agencies, as well as academic researchers, community-based 
organizations, and citizen scientists.  Our study identified opportunities to improve the field. 
 
First, field calibrations were shown to be very important in obtaining quality data. But perhaps 
more important, was establishing an overall quality process. In our study, we developed a priori 
Data Quality Objectives, Data Quality Indicators, and procedures for ensuring useful data would 
be obtained for subsequent analyses.  Normalizing these procedures for different community use 
cases would help in integrating data across diverse networks.  
 
In order to develop our field calibrations, the study relied upon field co-locations.  We were 
fortunate to have the support and permission of the regional air quality agency to conduct these 
colocations.  However, not all pollutants are monitored at all sites.  And, in our case, we 
struggled because the SDAPCD Donovan site does not monitor for CO, which is a useful traffic-
related pollutant indicator, however, tends to not be monitored at many government-operated 
sites because its levels are usually below regulatory concern.  As community-based sensing 
continues to evolve, it would be useful to consider opportunities for having more pollutant 
species (e.g., CO, BC, UFP, VOC, CO2, CH4, and others) monitored with high-end instruments 
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at regulatory sites to enable calibration of lower-cost community sensors.  Moreover, space and 
power constraints were minor concerns that needed to be overcome at the colocation site for our 
study. 
 
Space and power, and permissions in general were a much larger concern for deployment at 
various sites within the community.  In our study, we developed a process which involved 
checking for various conditions (e.g., space, power, security), and documenting permission from 
the site owner.  As mentioned in our methods, because our monitoring is conducted outdoors, for 
electrical safety some of our sites required certified electricians to make electrical improvements, 
which took time and effort.  And, because our particular low-cost monitors operate on cellular 
connectivity, which can vary in signal quality between locations in a community, one of our sites 
had transmission issues. All of these potential challenges associated with deployments in various 
community settings should be factored into future projects. 
 
Not all of these issues are unique to low-cost air quality sensors.  Because our study involved 
deployment of research grade instruments (with some instruments costing 10-100x more than the 
low-cost sensor-based instruments), the same issues of space, power, security, and permissions 
were prevalent.  Additionally, because the instruments needed to be re-visited more frequently to 
install/take-down, maintain and replace consumables, and manually download data, other issues 
such as ease of access and safety of personnel visiting the site were issues that required careful 
selection of sites and monitor locations, and personnel training. 
 
As a community-engaged study, our research team made efforts to be responsive to the questions 
that community members have of the data being collected.  Many of the analyses included in this 
report, while technically not required of our project sponsors, were requested by CSC members 
and community residents. 
 
With respect to the analysis of study data for CES, there were some notable challenges.  The 
main issue is that the current version 3.0 of CES is based on 2012-14 data, which does not 
temporally align with our data. We also do not have 3-years of community monitoring data.  To 
overcome these issues, we compared same-year monitoring data from our community study with 
measurements at Donovan.  Already the latest version 3.0 of CES has adjustments for border 
communities based on what is known about the ratio of border air quality to measurements made 
at slightly father away sites. We employed a similar approach of comparing air quality levels to 
further inform this ratio. 
 
As mentioned above, we established a priori data quality indicators, and in our study found that 
with the relatively simple calibration models we employed for the current types of sensors we 
used, and for this particular setting, found that NO2 and O3 data did not meet our quality 
objectives.  Therefore, our CES ratio analysis focused on PM2.5 which did meet our quality 
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objectives.  We should note that while the NO2 data were of insufficient quality for our analyses, 
the Nitrogen Oxide (NO) data were of high quality, and there may be opportunities for further 
analyses of these data for traffic-related impacts on San Ysidro.  Nitrogen Oxide, as well as UFP 
and BC data would be especially useful to have if our project expands to include the nearby 
major truck crossing at Otay Mesa. 
 
While all multi-collaborator projects have their challenges, each group in our study had 
important roles to play in conducting the study, and each group benefited from improved 
knowledge and from contributing to science. For example, the snapshot measurements provided 
financial support and training opportunities to SDSU undergraduate and MPH students, almost 
all minority and/or disadvantaged students. In addition to the 2 graduate students receiving 
financial support, 2 additional graduate students and 8 additional undergraduate students 
received research experience by assisting this project in the laboratory and with field data 
measurements. Four student MPH projects are expected to result from this study. This helps 
provide training and capacity building in this border region.  Casa Familiar is now well-
recognized within the state for their leadership in establishing the monitoring network in the 
community, and for facilitating ongoing stakeholder engagement to ensure that the data are used 
for ongoing policy and planning.  Finally, the UW team has benefited from improved 
understanding of the application of community air quality sensors, data quality processes, 
integrating data from other sources (e.g., border wait times, CalTrans PEMS, and CARB 
EMFAC) with air quality sensor data, and engagement with a community around data analyses 
and website development. 
 
Furthermore, we recognized that community capacity building remains an ongoing challenge.  
There are numerous technical aspects of air quality monitoring that will continue to require 
knowledge transfer. Sustaining the partnership between the research team will be key to 
identifying what are the appropriate elements to transfer knowledge, what roles that are current 
handled by some partners that could be taken on by other, and potentially new partners. 
 

Next Steps for Community Solutions 
At the conclusion of the study, the Research Team met to discuss prioritization of next steps for 
the work.  Given the effort put into establishing the partnership and air quality monitoring 
network, the main issues discussed had to do with both as an ongoing resource for the 
community.  In summary we identified the following priorities: 
 

● Applying for continued funding to ensure that elements of the work may be sustained.   
o The group applied for, and was awarded a Border 2020 grant to extend the current 

low-cost sensor network into Tijuana, Mexico.  The new project brings on 
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additional collaboration from the Universidad Autónoma de Baja California, as 
well as various Mexican air quality stakeholders.   

o The partners applied for, and obtained funding under the CalEPA Supplemental 
Environmental Project (SEP) opportunity, which will contribute to sustaining the 
existing monitoring network.   

o The team also applied for, and was awarded a new Community Air Grant under 
CARB’s new AB617 Community Air Protection Program. The project expands 
the monitoring network to include newer ultra-low-cost air monitoring 
technologies, and community training.  

● Leveraging newly funded studies to continue knowledge transfer. 
● Working with San Diego Air Pollution Control District to better integrate and assist 

community air monitoring alignment with government air quality monitoring and 
planning activities. 

● Possibly integrating with other border projects (e.g., improving CES score at the US-
Mexico border by working to improve Mexican emission-reduction activities). 

● Integrating into San Diego Association of Government (SANDAG) 2019 Regional Plan 
Social Equity Analysis Framework and Approach 

● Further analysis/publications. 
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Appendix 
 

Casa Familiar - Summary of First Community Meeting 
February 25, 2016  
 
INTRODUCTION -The introduction and presentation was given by David Flores, introducing 
the project team with Vanessa Galaviz and Jenny Quintana present. 39 questionnaires were 
collected at the workshop and 5 maps were utilized for the home/air quality group exercise. 
  
ATTENDANCE 
  
There were 47 participants at the first community meeting, (1 was Congressman Juan Vargas’ 
Representative, 1 is a business property owner, and 1 media); 20 of these were Casa Familiar 
staff. More detail broken down by zip code of residence: 
  
South Bay Residence: 
  
San Ysidro - 92173              (Non-staff) = 19 
San Ysidro - 92173              (Casa staff) = 8 
TOTAL 92173                                 = 27 
  
Otay Mesa/Nestor - 92154   (Non-staff)  = 3 
Otay Mesa/Nestor - 92154   (Casa-staff) = 4 
TOTAL 92154                                     = 7 
          
Chula Vista - 91911/91910  (Non-staff)  = 2 
Chula Vista - 91911/91910  (Casa-staff) = 1 
TOTAL 91911/91910                          = 3 
  
Imperial Beach - 91932        (Non-staff) = 0 
Imperial Beach - 91932        (Casa staff) = 2 
TOTAL 91932                                     = 2 
  
NON South Bay Residence: 
  
Tijuana, Mexico                   (Non-staff) = 0 
Tijuana, Mexico                   (Casa staff) = 3 
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TOTAL Tijuana                             = 3 
  
City Heights - 92105            (Non-staff) = 1 
City Heights - 92105            (Casa staff) = 0 
TOTAL 92105                                 = 1 
  
Mission Hills - 92103          (Non-staff) = 0 
Mission Hills - 92103          (Casa staff) = 1 
TOTAL 92103                                 = 1 
  
Other (business, elected, media)           = 3 
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Monitoring QA/QC 
This is one of the few studies that has collected sufficiently long-term data to document the 
longevity of low-cost sensors.  Below are results of the QA/QC processes that were put in place 
for the study. 
 

Transmission and Data Completeness 
We present below the completeness obtained by site, for both cellular and SD card data, 
including statistics for data passing QA/QC. All but two of our sites met our data quality 
objective for having 80% data completeness, with the highest data completeness reaching 99% at 
the Nicoloff Elementary School site.  The mean data completeness across all sites was 84%. 
 
SD card data accounts for 14% of the total data collected in this project. Of the 11 sites 
monitored over the course of this project, only 2 sites failed to achieve 80% completeness. The 
first site, at the Outlets Border (44% completeness) experienced intermittent power failures 
related to commercial activities at the site. The second site, Tijuana Estuary Visitor Center (60% 
completeness), was very exposed and the box needed repairs and field visits (between May 17th 
2017 and July 31st 2017). We can also see that the data completeness drops precipitously for the 
time period from January 2018-May 2018. This is due in part to many of the sensors needing 
replacement and field work that were beyond the 1-year deployment of this project, and thus 
producing data that no longer met QA/QC.  We have learned that studies that rely upon these 
particular sensors could benefit from annual sensor replacements. 
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Table 23. Data completeness for community air monitors. 

 
 
 

Inter-box comparability 
Before calibrations were applied, the correlation between the boxes during colocation periods 
ranged from between 0.95 and 0.99 for the raw sensor values. The lowest correlations were 
observed for the Dylos sensors and the highest for the CO sensors.  
 

Comparison to reference instruments 
After the calibration, the mean difference between the measured sensor values and the reference 
standards is presented in the Table 24. Although the percent-difference for NO was higher than 
expected, this was in part due to low observed concentrations (the mean difference was 2.1 and 
the mean observed regulatory NO during the calibration was 5 ppb). The correlations observed 
after calibration between the sensors and regulatory values was near or above 0.8. We expected 
that the measure of concordance (ρc) would be greater than 0.6 for the hourly data. The measure 
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concordance (ρc) captures the mean squared error from the y=x line. After calibration, we 
achieved this expectation for all pollutants except for Ozone, where there was significant 
departure from the 1-1 line. Interestingly, this was not seen through the mean difference measure 
or the correlation measure. 
  
Table 24. Summary statistics comparing sensor to reference measurements. 

 
 

Calibration Performance over Time 
Over time we compared the performance of the sensors located at the Donovan site with the 
SDAPCD measurements. For PM2.5 we found excellent agreement between the Dylos sensor 
values and the SDAPCD reported values. We excluded 1.3% of the data that had extreme 
particle counts in the PM10 bin of the Dylos. These data points reported large mass 
concentrations as compared to the Donovan BAM. The measure of concordance (ρc) for hourly 
PM2.5 is 0.67 which meets our data quality objectives.  
 

 
Figure 52. Comparison of the hourly PM2.5 values measured at the Donovan APCD site and by the 
community monitor collocated at the Donovan site for the year 2017. The red line represents the 1:1 
correspondence line. 
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We also compared the correlation between the PM2.5 concentration measured at the Donovan site 
as well as the uncalibrated particle count measures from the Dylos monitors. Although a linear 
relationship is observed, the R2 value between these two measures is 0.18. 
 

 
Figure 53. Correlation between Dylos PM2.5 count and the PM2.5 concentrations measured at the Donovan 
APCD site by the Beta Attenuation Monitor. 

 
The NO monitor at the Donovan site operated over the entire 2017 year. However, we observed 
that there are significant hourly periods when the SDAPCD monitor is reporting 0 ppb of NO 
and the Donovan site is measuring a signal. The reporting of 0 concentration of NO, as measured 
by SDAPCD’s reference instruments are likely erroneous or extremely low.  For time periods 
when the SDAPCD monitor is measuring above 0, the R2 value between the two monitors 
increases to 0.78. This suggests that these monitors are best suited for locations where NO 
concentrations are expected to be higher (near-roadway). The measure of concordance (ρc) for 
the hourly NO concentrations is 0.60 which meets our data quality objectives.  
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Figure 54. Comparison of the hourly NO values measured at the Donovan APCD site and by the 
community monitor collocated at the Donovan site for the year 2017. The red line represents the 1:1 
correspondence line. 

 
The ozone and NO2 data collected by our monitors did not meet our data quality objectives. 
Despite replacing both monitors partway through the study period, the ensuing data quality did 
not improve. This suggests that there are important interferences on the measurements in this 
location that make these gas sensors unsuitable for monitoring at this location.  
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Figure 55. Comparison of the hourly Ozone (top panel) and NO2 (bottom panel) values measured at the 
Donovan APCD site and by the community monitor collocated at the Donovan site for the year 2017. The 
red line represents the 1:1 correspondence line. 

 
Unfortunately, CO was not measured at our colocation site by SDAPCD. Based on previous 
deployments, we have observed the CO electrochemical sensor to be stable and reliable over 
time, but we could not demonstrate this through colocation in this project beyond our initial 
calibrations. 
 
Over the 1-year of monitoring, the PM2.5 estimated at Donovan by the community monitor 
showed some evidence of a systematic change. At the start of the period, the average error 
between the two monitors was 0.62 ug/m3 and at the end of the time period the average error was 
-0.52 ug/m3. While these differences are minor, depending on data quality objectives, this 
suggests that the calibrations of these monitors should be repeated on a yearly basis to correct for 
systematic changes.  
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Figure 56. Plot showing difference between community monitor and Donovan BAM over time, with 
small systematic bias, indicating potential sensor drift/degradation over time. 
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Traffic Analyses 
 

Speeds 
 

 
 

 
Figure 57. I-5 Speeds (1/1/2017-12/31/2017) in southbound (top) and northbound (bottom) directions. 
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Figure 58. I-805 Speeds (1/1/2017-12/31/2017) in southbound (top) and northbound (bottom) directions. 
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Traffic Flow Modeling Results  
 
Model of log-transformed hourly traffic flow.  Reference is Friday, midnight, January, for 
Southbound I-5. 
 
 
Call: 
lm(formula = log10(flow) ~ factor(id) + factor(hod) + month +  
    factor(day) + factor(id) * factor(day) + factor(id) * usholiday +  
    factor(id) * mxholiday, data = trafficdat_OK[trafficdat_OK$flow >  
    0, ]) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-3.10449 -0.12995 -0.00014  0.13632  0.61978  
 
Coefficients: 
                                  Estimate Std. Error t value Pr(>|t|)     
(Intercept)                       2.574312   0.009620 267.601  < 2e-16 *** 
factor(id)1118333 (I5 N)         -0.063806   0.008956  -7.124 1.07e-12 *** 
factor(id)1118656 (I805 S)        0.170404   0.008956  19.027  < 2e-16 *** 
factor(id)1118663 (I805 N)       -0.099987   0.009107 -10.979  < 2e-16 *** 
factor(hod)1                     -0.131856   0.008443 -15.616  < 2e-16 *** 
factor(hod)2                     -0.157773   0.008456 -18.659  < 2e-16 *** 
factor(hod)3                     -0.161313   0.008456 -19.077  < 2e-16 *** 
factor(hod)4                     -0.082369   0.008456  -9.741  < 2e-16 *** 
factor(hod)5                      0.088133   0.008456  10.423  < 2e-16 *** 
factor(hod)6                      0.176225   0.008456  20.841  < 2e-16 *** 
factor(hod)7                      0.305990   0.008440  36.253  < 2e-16 *** 
factor(hod)8                      0.382039   0.008440  45.263  < 2e-16 *** 
factor(hod)9                      0.411466   0.008431  48.802  < 2e-16 *** 
factor(hod)10                     0.426076   0.008430  50.544  < 2e-16 *** 
factor(hod)11                     0.437507   0.008447  51.797  < 2e-16 *** 
factor(hod)12                     0.462485   0.008451  54.724  < 2e-16 *** 
factor(hod)13                     0.495903   0.008450  58.689  < 2e-16 *** 
factor(hod)14                     0.532106   0.008445  63.008  < 2e-16 *** 
factor(hod)15                     0.551580   0.008468  65.135  < 2e-16 *** 
factor(hod)16                     0.539798   0.008457  63.825  < 2e-16 *** 
factor(hod)17                     0.538140   0.008450  63.687  < 2e-16 *** 
factor(hod)18                     0.515181   0.008456  60.926  < 2e-16 *** 
factor(hod)19                     0.483572   0.008440  57.292  < 2e-16 *** 
factor(hod)20                     0.433108   0.008447  51.276  < 2e-16 *** 
factor(hod)21                     0.387373   0.008440  45.895  < 2e-16 *** 
factor(hod)22                     0.291331   0.008445  34.497  < 2e-16 *** 
factor(hod)23                     0.165975   0.008445  19.654  < 2e-16 *** 
month02                           0.017883   0.006485   2.758 0.005823 **  
month03                           0.044348   0.006151   7.210 5.71e-13 *** 
month04                           0.047002   0.006268   7.499 6.59e-14 *** 
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month05                           0.067306   0.006076  11.077  < 2e-16 *** 
month06                           0.082564   0.006132  13.463  < 2e-16 *** 
month07                           0.085373   0.006073  14.057  < 2e-16 *** 
month08                           0.071308   0.006078  11.732  < 2e-16 *** 
month09                           0.013806   0.006199   2.227 0.025930 *   
month10                           0.126082   0.006054  20.825  < 2e-16 *** 
month11                           0.140178   0.006274  22.342  < 2e-16 *** 
month12                           0.160797   0.006025  26.689  < 2e-16 *** 
factor(day)Mon                   -0.026894   0.009103  -2.955 0.003134 **  
factor(day)Sat                   -0.023686   0.009090  -2.606 0.009170 **  
factor(day)Sun                   -0.182503   0.009158 -19.929  < 2e-16 *** 
factor(day)Thu                   -0.061972   0.008916  -6.951 3.71e-12 *** 
factor(day)Tue                   -0.076509   0.008985  -8.516  < 2e-16 *** 
factor(day)Wed                   -0.064217   0.008942  -7.182 7.03e-13 *** 
usholiday                         0.037728   0.009530   3.959 7.55e-05 *** 
mxholiday                         0.042194   0.008606   4.903 9.49e-07 *** 
factor(id)1118333:factor(day)Mon  0.104790   0.012843   8.159 3.49e-16 *** 
factor(id)1118656:factor(day)Mon -0.065648   0.012853  -5.107 3.28e-07 *** 
factor(id)1118663:factor(day)Mon  0.120277   0.013512   8.902  < 2e-16 *** 
factor(id)1118333:factor(day)Sat  0.004006   0.012838   0.312 0.755016     
factor(id)1118656:factor(day)Sat  0.008829   0.012840   0.688 0.491719     
factor(id)1118663:factor(day)Sat -0.030038   0.013215  -2.273 0.023031 *   
factor(id)1118333:factor(day)Sun  0.200792   0.012892  15.575  < 2e-16 *** 
factor(id)1118656:factor(day)Sun -0.015399   0.012925  -1.191 0.233509     
factor(id)1118663:factor(day)Sun  0.210892   0.013279  15.882  < 2e-16 *** 
factor(id)1118333:factor(day)Thu  0.063357   0.012608   5.025 5.06e-07 *** 
factor(id)1118656:factor(day)Thu  0.006562   0.012607   0.521 0.602697     
factor(id)1118663:factor(day)Thu  0.051914   0.012923   4.017 5.91e-05 *** 
factor(id)1118333:factor(day)Tue  0.084823   0.012677   6.691 2.25e-11 *** 
factor(id)1118656:factor(day)Tue -0.012076   0.012695  -0.951 0.341509     
factor(id)1118663:factor(day)Tue  0.075008   0.013103   5.725 1.05e-08 *** 
factor(id)1118333:factor(day)Wed  0.063257   0.012636   5.006 5.59e-07 *** 
factor(id)1118656:factor(day)Wed -0.009342   0.012636  -0.739 0.459724     
factor(id)1118663:factor(day)Wed  0.049747   0.012967   3.836 0.000125 *** 
factor(id)1118333:usholiday      -0.069181   0.013357  -5.179 2.24e-07 *** 
factor(id)1118656:usholiday      -0.047501   0.013361  -3.555 0.000378 *** 
factor(id)1118663:usholiday      -0.098595   0.014241  -6.923 4.49e-12 *** 
factor(id)1118333:mxholiday      -0.055266   0.011906  -4.642 3.47e-06 *** 
factor(id)1118656:mxholiday      -0.035803   0.011905  -3.007 0.002637 **  
factor(id)1118663:mxholiday      -0.070813   0.012732  -5.562 2.69e-08 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.2218 on 32983 degrees of freedom 
Multiple R-squared:  0.5785, Adjusted R-squared:  0.5776  
F-statistic: 656.1 on 69 and 32983 DF,  p-value: < 2.2e-16 
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Emissions Analysis 
 

 

 

 
Figure 59. EMFAC 2017 Light duty gasoline vehicle emission factors by speed for 3 pollutants. 
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Emissions on I-5 and I-805 
 

 
Figure 60. I-5 CO Emissions (1/1/2017-12/31/2017). 

 
 

 
Figure 61. I-805 CO Emissions (1/1/2017-12/31/2017). 
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Figure 62. I-5 PM2.5 Emissions (1/1/2017-12/31/2017). 

 
 

 
Figure 63. I-805 PM2.5 Emissions (1/1/2017-12/31/2017). 

 
  



117 

Emissions Modeling Results  
 
Below are regression models of log-transformed hourly roadway emissions, for pollutants NOx, 
CO, and PM2.5.  Reference is Friday, midnight, January, for Southbound I-5. 
 

NOx Emissions 
 
Call: 
lm(formula = log10(flow * NOx_RUNEX) ~ factor(id) + factor(hod) +  
    month + factor(day) + usholiday + mxholiday + factor(id) *  
    factor(day) + factor(id) * usholiday + factor(id) * mxholiday,  
    data = trafficdat_emfac[trafficdat_emfac$flow > 0, ]) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-3.10458 -0.12954 -0.00002  0.13607  0.62028  
 
Coefficients: 
                                  Estimate Std. Error t value Pr(>|t|)     
(Intercept)                       1.449697   0.009610 150.849  < 2e-16 *** 
factor(id)1118333                -0.067321   0.008947  -7.524 5.43e-14 *** 
factor(id)1118656                 0.166557   0.008947  18.616  < 2e-16 *** 
factor(id)1118663                -0.103618   0.009098 -11.389  < 2e-16 *** 
factor(hod)1                     -0.131957   0.008435 -15.644  < 2e-16 *** 
factor(hod)2                     -0.157710   0.008447 -18.670  < 2e-16 *** 
factor(hod)3                     -0.161198   0.008447 -19.083  < 2e-16 *** 
factor(hod)4                     -0.082221   0.008447  -9.733  < 2e-16 *** 
factor(hod)5                      0.088281   0.008447  10.451  < 2e-16 *** 
factor(hod)6                      0.176332   0.008447  20.874  < 2e-16 *** 
factor(hod)7                      0.306044   0.008432  36.296  < 2e-16 *** 
factor(hod)8                      0.382049   0.008432  45.310  < 2e-16 *** 
factor(hod)9                      0.411399   0.008423  48.844  < 2e-16 *** 
factor(hod)10                     0.426137   0.008421  50.603  < 2e-16 *** 
factor(hod)11                     0.437756   0.008438  51.879  < 2e-16 *** 
factor(hod)12                     0.462655   0.008443  54.800  < 2e-16 *** 
factor(hod)13                     0.495670   0.008441  58.721  < 2e-16 *** 
factor(hod)14                     0.531620   0.008436  63.015  < 2e-16 *** 
factor(hod)15                     0.550452   0.008460  65.067  < 2e-16 *** 
factor(hod)16                     0.541027   0.008449  64.036  < 2e-16 *** 
factor(hod)17                     0.539030   0.008441  63.857  < 2e-16 *** 
factor(hod)18                     0.515427   0.008447  61.017  < 2e-16 *** 
factor(hod)19                     0.483851   0.008432  57.383  < 2e-16 *** 
factor(hod)20                     0.432908   0.008438  51.305  < 2e-16 *** 
factor(hod)21                     0.387403   0.008432  45.945  < 2e-16 *** 
factor(hod)22                     0.291417   0.008436  34.543  < 2e-16 *** 
factor(hod)23                     0.166039   0.008436  19.681  < 2e-16 *** 
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month02                           0.015565   0.006478   2.403 0.016282 *   
month03                           0.042320   0.006144   6.887 5.78e-12 *** 
month04                           0.045152   0.006261   7.211 5.66e-13 *** 
month05                           0.065295   0.006070  10.757  < 2e-16 *** 
month06                           0.080795   0.006126  13.188  < 2e-16 *** 
month07                           0.083123   0.006067  13.701  < 2e-16 *** 
month08                           0.069102   0.006072  11.381  < 2e-16 *** 
month09                           0.011130   0.006192   1.797 0.072291 .   
month10                           0.123480   0.006048  20.416  < 2e-16 *** 
month11                           0.137635   0.006268  21.959  < 2e-16 *** 
month12                           0.157311   0.006019  26.136  < 2e-16 *** 
factor(day)Mon                   -0.031947   0.009093  -3.513 0.000443 *** 
factor(day)Sat                   -0.026880   0.009080  -2.960 0.003076 **  
factor(day)Sun                   -0.186364   0.009148 -20.372  < 2e-16 *** 
factor(day)Thu                   -0.065910   0.008907  -7.400 1.40e-13 *** 
factor(day)Tue                   -0.079559   0.008975  -8.864  < 2e-16 *** 
factor(day)Wed                   -0.066138   0.008933  -7.404 1.35e-13 *** 
usholiday                         0.039354   0.009521   4.134 3.58e-05 *** 
mxholiday                         0.042384   0.008597   4.930 8.27e-07 *** 
factor(id)1118333:factor(day)Mon  0.109729   0.012830   8.552  < 2e-16 *** 
factor(id)1118656:factor(day)Mon -0.061897   0.012840  -4.820 1.44e-06 *** 
factor(id)1118663:factor(day)Mon  0.125104   0.013498   9.268  < 2e-16 *** 
factor(id)1118333:factor(day)Sat  0.007273   0.012825   0.567 0.570673     
factor(id)1118656:factor(day)Sat  0.013015   0.012827   1.015 0.310275     
factor(id)1118663:factor(day)Sat -0.026802   0.013201  -2.030 0.042345 *   
factor(id)1118333:factor(day)Sun  0.204676   0.012879  15.892  < 2e-16 *** 
factor(id)1118656:factor(day)Sun -0.012054   0.012912  -0.934 0.350541     
factor(id)1118663:factor(day)Sun  0.214866   0.013265  16.198  < 2e-16 *** 
factor(id)1118333:factor(day)Thu  0.067307   0.012595   5.344 9.17e-08 *** 
factor(id)1118656:factor(day)Thu  0.008548   0.012594   0.679 0.497337     
factor(id)1118663:factor(day)Thu  0.056073   0.012910   4.343 1.41e-05 *** 
factor(id)1118333:factor(day)Tue  0.087880   0.012664   6.939 4.02e-12 *** 
factor(id)1118656:factor(day)Tue -0.010577   0.012682  -0.834 0.404315     
factor(id)1118663:factor(day)Tue  0.078057   0.013090   5.963 2.50e-09 *** 
factor(id)1118333:factor(day)Wed  0.065230   0.012623   5.167 2.39e-07 *** 
factor(id)1118656:factor(day)Wed -0.007833   0.012623  -0.621 0.534911     
factor(id)1118663:factor(day)Wed  0.051837   0.012954   4.002 6.30e-05 *** 
factor(id)1118333:usholiday      -0.070724   0.013343  -5.300 1.16e-07 *** 
factor(id)1118656:usholiday      -0.046479   0.013348  -3.482 0.000498 *** 
factor(id)1118663:usholiday      -0.099963   0.014227  -7.026 2.16e-12 *** 
factor(id)1118333:mxholiday      -0.055491   0.011894  -4.666 3.09e-06 *** 
factor(id)1118656:mxholiday      -0.035612   0.011893  -2.994 0.002753 **  
factor(id)1118663:mxholiday      -0.070924   0.012719  -5.576 2.48e-08 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.2216 on 32983 degrees of freedom 
Multiple R-squared:  0.5787, Adjusted R-squared:  0.5779  
F-statistic: 656.7 on 69 and 32983 DF,  p-value: < 2.2e-16 
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CO Emissions 
 
Call: 
lm(formula = log10(flow * CO_RUNEX) ~ factor(id) + factor(hod) +  
    month + factor(day) + usholiday + mxholiday + factor(id) *  
    factor(day) + factor(id) * usholiday + factor(id) * mxholiday,  
    data = trafficdat_emfac[trafficdat_emfac$flow > 0, ]) 
 
Residuals: 
    Min      1Q  Median      3Q     Max  
-3.1168 -0.1312 -0.0004  0.1360  0.6562  
 
Coefficients: 
                                  Estimate Std. Error t value Pr(>|t|)     
(Intercept)                       2.459621   0.009736 252.621  < 2e-16 *** 
factor(id)1118333                -0.076787   0.009064  -8.471  < 2e-16 *** 
factor(id)1118656                 0.173025   0.009065  19.088  < 2e-16 *** 
factor(id)1118663                -0.112642   0.009218 -12.220  < 2e-16 *** 
factor(hod)1                     -0.131751   0.008546 -15.417  < 2e-16 *** 
factor(hod)2                     -0.157839   0.008558 -18.443  < 2e-16 *** 
factor(hod)3                     -0.161412   0.008558 -18.861  < 2e-16 *** 
factor(hod)4                     -0.082497   0.008558  -9.640  < 2e-16 *** 
factor(hod)5                      0.088005   0.008558  10.283  < 2e-16 *** 
factor(hod)6                      0.176174   0.008558  20.585  < 2e-16 *** 
factor(hod)7                      0.305954   0.008543  35.815  < 2e-16 *** 
factor(hod)8                      0.382217   0.008543  44.743  < 2e-16 *** 
factor(hod)9                      0.412311   0.008533  48.318  < 2e-16 *** 
factor(hod)10                     0.427684   0.008532  50.128  < 2e-16 *** 
factor(hod)11                     0.438831   0.008549  51.333  < 2e-16 *** 
factor(hod)12                     0.463621   0.008553  54.203  < 2e-16 *** 
factor(hod)13                     0.496269   0.008552  58.030  < 2e-16 *** 
factor(hod)14                     0.532781   0.008547  62.334  < 2e-16 *** 
factor(hod)15                     0.557872   0.008571  65.090  < 2e-16 *** 
factor(hod)16                     0.554498   0.008560  64.780  < 2e-16 *** 
factor(hod)17                     0.553191   0.008552  64.686  < 2e-16 *** 
factor(hod)18                     0.527462   0.008558  61.632  < 2e-16 *** 
factor(hod)19                     0.489258   0.008543  57.273  < 2e-16 *** 
factor(hod)20                     0.435285   0.008549  50.918  < 2e-16 *** 
factor(hod)21                     0.387869   0.008543  45.404  < 2e-16 *** 
factor(hod)22                     0.291438   0.008547  34.097  < 2e-16 *** 
factor(hod)23                     0.166029   0.008547  19.425  < 2e-16 *** 
month02                           0.012452   0.006563   1.897 0.057806 .   
month03                           0.037198   0.006225   5.975 2.32e-09 *** 
month04                           0.041859   0.006343   6.599 4.21e-11 *** 
month05                           0.060996   0.006150   9.919  < 2e-16 *** 
month06                           0.075857   0.006207  12.222  < 2e-16 *** 
month07                           0.078668   0.006147  12.799  < 2e-16 *** 
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month08                           0.063337   0.006152  10.296  < 2e-16 *** 
month09                           0.006517   0.006274   1.039 0.298906     
month10                           0.120338   0.006128  19.639  < 2e-16 *** 
month11                           0.136312   0.006350  21.466  < 2e-16 *** 
month12                           0.154798   0.006098  25.386  < 2e-16 *** 
factor(day)Mon                   -0.036428   0.009213  -3.954 7.70e-05 *** 
factor(day)Sat                   -0.034472   0.009199  -3.747 0.000179 *** 
factor(day)Sun                   -0.195653   0.009268 -21.110  < 2e-16 *** 
factor(day)Thu                   -0.072305   0.009024  -8.013 1.16e-15 *** 
factor(day)Tue                   -0.083548   0.009093  -9.188  < 2e-16 *** 
factor(day)Wed                   -0.069938   0.009050  -7.728 1.12e-14 *** 
usholiday                         0.038055   0.009646   3.945 7.98e-05 *** 
mxholiday                         0.041371   0.008710   4.750 2.05e-06 *** 
factor(id)1118333:factor(day)Mon  0.114438   0.012999   8.804  < 2e-16 *** 
factor(id)1118656:factor(day)Mon -0.069852   0.013009  -5.370 7.95e-08 *** 
factor(id)1118663:factor(day)Mon  0.130242   0.013675   9.524  < 2e-16 *** 
factor(id)1118333:factor(day)Sat  0.014963   0.012994   1.152 0.249495     
factor(id)1118656:factor(day)Sat  0.010477   0.012995   0.806 0.420148     
factor(id)1118663:factor(day)Sat -0.018994   0.013375  -1.420 0.155587     
factor(id)1118333:factor(day)Sun  0.214026   0.013048  16.403  < 2e-16 *** 
factor(id)1118656:factor(day)Sun -0.018121   0.013082  -1.385 0.166001     
factor(id)1118663:factor(day)Sun  0.224200   0.013439  16.683  < 2e-16 *** 
factor(id)1118333:factor(day)Thu  0.073602   0.012761   5.768 8.10e-09 *** 
factor(id)1118656:factor(day)Thu  0.003881   0.012759   0.304 0.761005     
factor(id)1118663:factor(day)Thu  0.062233   0.013080   4.758 1.96e-06 *** 
factor(id)1118333:factor(day)Tue  0.091593   0.012831   7.139 9.62e-13 *** 
factor(id)1118656:factor(day)Tue -0.017940   0.012849  -1.396 0.162661     
factor(id)1118663:factor(day)Tue  0.081822   0.013261   6.170 6.91e-10 *** 
factor(id)1118333:factor(day)Wed  0.068861   0.012789   5.384 7.32e-08 *** 
factor(id)1118656:factor(day)Wed -0.013688   0.012789  -1.070 0.284500     
factor(id)1118663:factor(day)Wed  0.055483   0.013124   4.228 2.37e-05 *** 
factor(id)1118333:usholiday      -0.070622   0.013519  -5.224 1.76e-07 *** 
factor(id)1118656:usholiday      -0.046309   0.013523  -3.425 0.000617 *** 
factor(id)1118663:usholiday      -0.099754   0.014413  -6.921 4.57e-12 *** 
factor(id)1118333:mxholiday      -0.055502   0.012050  -4.606 4.12e-06 *** 
factor(id)1118656:mxholiday      -0.035154   0.012049  -2.917 0.003531 **  
factor(id)1118663:mxholiday      -0.070917   0.012886  -5.503 3.76e-08 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.2245 on 32983 degrees of freedom 
Multiple R-squared:  0.5783, Adjusted R-squared:  0.5774  
F-statistic: 655.6 on 69 and 32983 DF,  p-value: < 2.2e-16 
 
 
 
 

 



121 

 

PM2.5 Emissions 
 
Call: 
lm(formula = log10(flow * PM2_5_RUNEX) ~ factor(id) + factor(hod) +  
    month + factor(day) + usholiday + mxholiday + factor(id) *  
    factor(day) + factor(id) * usholiday + factor(id) * mxholiday,  
    data = trafficdat_emfac[trafficdat_emfac$flow > 0, ]) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-3.10871 -0.13035 -0.00103  0.13416  0.99659  
 
Coefficients: 
                                  Estimate Std. Error t value Pr(>|t|)     
(Intercept)                      -0.311790   0.009735 -32.028  < 2e-16 *** 
factor(id)1118333                -0.077711   0.009063  -8.574  < 2e-16 *** 
factor(id)1118656                 0.160816   0.009063  17.744  < 2e-16 *** 
factor(id)1118663                -0.114101   0.009216 -12.380  < 2e-16 *** 
factor(hod)1                     -0.132083   0.008544 -15.459  < 2e-16 *** 
factor(hod)2                     -0.157632   0.008557 -18.422  < 2e-16 *** 
factor(hod)3                     -0.161050   0.008557 -18.821  < 2e-16 *** 
factor(hod)4                     -0.082031   0.008557  -9.587  < 2e-16 *** 
factor(hod)5                      0.088471   0.008557  10.339  < 2e-16 *** 
factor(hod)6                      0.176466   0.008557  20.623  < 2e-16 *** 
factor(hod)7                      0.306117   0.008541  35.840  < 2e-16 *** 
factor(hod)8                      0.382108   0.008541  44.737  < 2e-16 *** 
factor(hod)9                      0.411493   0.008532  48.229  < 2e-16 *** 
factor(hod)10                     0.426747   0.008530  50.026  < 2e-16 *** 
factor(hod)11                     0.438699   0.008547  51.325  < 2e-16 *** 
factor(hod)12                     0.463377   0.008552  54.183  < 2e-16 *** 
factor(hod)13                     0.495396   0.008551  57.937  < 2e-16 *** 
factor(hod)14                     0.531001   0.008546  62.135  < 2e-16 *** 
factor(hod)15                     0.550341   0.008569  64.221  < 2e-16 *** 
factor(hod)16                     0.547812   0.008558  64.008  < 2e-16 *** 
factor(hod)17                     0.545497   0.008551  63.796  < 2e-16 *** 
factor(hod)18                     0.519924   0.008557  60.761  < 2e-16 *** 
factor(hod)19                     0.486281   0.008541  56.933  < 2e-16 *** 
factor(hod)20                     0.433318   0.008547  50.696  < 2e-16 *** 
factor(hod)21                     0.387579   0.008541  45.377  < 2e-16 *** 
factor(hod)22                     0.291580   0.008546  34.119  < 2e-16 *** 
factor(hod)23                     0.166133   0.008546  19.440  < 2e-16 *** 
month02                           0.009669   0.006562   1.473  0.14065     
month03                           0.036298   0.006224   5.832 5.54e-09 *** 
month04                           0.039936   0.006343   6.297 3.08e-10 *** 
month05                           0.059561   0.006149   9.687  < 2e-16 *** 
month06                           0.075341   0.006206  12.141  < 2e-16 *** 
month07                           0.076766   0.006146  12.491  < 2e-16 *** 
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month08                           0.062476   0.006151  10.157  < 2e-16 *** 
month09                           0.003962   0.006273   0.632  0.52763     
month10                           0.116815   0.006127  19.067  < 2e-16 *** 
month11                           0.131628   0.006349  20.731  < 2e-16 *** 
month12                           0.149003   0.006097  24.439  < 2e-16 *** 
factor(day)Mon                   -0.044028   0.009211  -4.780 1.76e-06 *** 
factor(day)Sat                   -0.036037   0.009198  -3.918 8.95e-05 *** 
factor(day)Sun                   -0.197468   0.009267 -21.309  < 2e-16 *** 
factor(day)Thu                   -0.076406   0.009023  -8.468  < 2e-16 *** 
factor(day)Tue                   -0.087297   0.009092  -9.602  < 2e-16 *** 
factor(day)Wed                   -0.071568   0.009048  -7.909 2.67e-15 *** 
usholiday                         0.042411   0.009644   4.398 1.10e-05 *** 
mxholiday                         0.042604   0.008709   4.892 1.00e-06 *** 
factor(id)1118333:factor(day)Mon  0.121653   0.012997   9.360  < 2e-16 *** 
factor(id)1118656:factor(day)Mon -0.056722   0.013007  -4.361 1.30e-05 *** 
factor(id)1118663:factor(day)Mon  0.137016   0.013673  10.021  < 2e-16 *** 
factor(id)1118333:factor(day)Sat  0.016600   0.012992   1.278  0.20136     
factor(id)1118656:factor(day)Sat  0.020892   0.012993   1.608  0.10787     
factor(id)1118663:factor(day)Sat -0.017462   0.013373  -1.306  0.19163     
factor(id)1118333:factor(day)Sun  0.215832   0.013046  16.544  < 2e-16 *** 
factor(id)1118656:factor(day)Sun -0.007191   0.013080  -0.550  0.58245     
factor(id)1118663:factor(day)Sun  0.226230   0.013437  16.836  < 2e-16 *** 
factor(id)1118333:factor(day)Thu  0.077788   0.012759   6.097 1.09e-09 *** 
factor(id)1118656:factor(day)Thu  0.011444   0.012758   0.897  0.36970     
factor(id)1118663:factor(day)Thu  0.066963   0.013078   5.120 3.07e-07 *** 
factor(id)1118333:factor(day)Tue  0.095527   0.012829   7.446 9.83e-14 *** 
factor(id)1118656:factor(day)Tue -0.009938   0.012847  -0.774  0.43921     
factor(id)1118663:factor(day)Tue  0.085744   0.013259   6.467 1.02e-10 *** 
factor(id)1118333:factor(day)Wed  0.070700   0.012787   5.529 3.25e-08 *** 
factor(id)1118656:factor(day)Wed -0.006503   0.012787  -0.509  0.61108     
factor(id)1118663:factor(day)Wed  0.057593   0.013122   4.389 1.14e-05 *** 
factor(id)1118333:usholiday      -0.074027   0.013516  -5.477 4.36e-08 *** 
factor(id)1118656:usholiday      -0.044273   0.013521  -3.274  0.00106 **  
factor(id)1118663:usholiday      -0.102845   0.014411  -7.136 9.77e-13 *** 
factor(id)1118333:mxholiday      -0.056071   0.012048  -4.654 3.27e-06 *** 
factor(id)1118656:mxholiday      -0.035002   0.012048  -2.905  0.00367 **  
factor(id)1118663:mxholiday      -0.071247   0.012884  -5.530 3.23e-08 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.2245 on 32983 degrees of freedom 
Multiple R-squared:  0.5739, Adjusted R-squared:  0.573  
F-statistic: 643.7 on 69 and 32983 DF,  p-value: < 2.2e-16 
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Models of Roadway Emissions vs Pollutant Levels  

The Front PM2.5  
 
Call: 
lm(formula = log10(new_pm25) ~ log10(PM25emissions), data = 
aqdata_emissions_front) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-0.67262 -0.12327 -0.00305  0.13012  0.72551  
 
Coefficients: 
                     Estimate Std. Error t value Pr(>|t|)     
(Intercept)          0.972214   0.005652  172.01   <2e-16 *** 
log10(PM25emissions) 0.225971   0.013751   16.43   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.2076 on 3722 degrees of freedom 
Multiple R-squared:  0.06765, Adjusted R-squared:  0.0674  
F-statistic:   270 on 1 and 3722 DF,  p-value: < 2.2e-16 
 
 

The Front CO  
 
Call: 
lm(formula = log10(new_CO) ~ log10(COemissions), data = 
aqdata_emissions_front) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-0.84161 -0.14578 -0.04526  0.10229  0.70028  
 
Coefficients: 
                   Estimate Std. Error t value Pr(>|t|)     
(Intercept)        -1.07343    0.04243  -25.30   <2e-16 *** 
log10(COemissions)  0.14002    0.01361   10.28   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.2083 on 3718 degrees of freedom 
  (4 observations deleted due to missingness) 
Multiple R-squared:  0.02766, Adjusted R-squared:  0.0274  
F-statistic: 105.8 on 1 and 3718 DF,  p-value: < 2.2e-16 
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The Front NO  
 
Call: 
lm(formula = log10(new_NO) ~ log10(NOxemissions), data = 
aqdata_emissions_front[aqdata_emissions_front$new_NO >  
    0, ]) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-1.94888 -0.20684 -0.02496  0.17187  1.36104  
 
Coefficients: 
                    Estimate Std. Error t value Pr(>|t|)     
(Intercept)         -0.74525    0.04804  -15.51   <2e-16 *** 
log10(NOxemissions)  0.53137    0.02268   23.43   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.3393 on 3720 degrees of freedom 
Multiple R-squared:  0.1286, Adjusted R-squared:  0.1283  
F-statistic: 548.8 on 1 and 3720 DF,  p-value: < 2.2e-16 
 
 

The Willow School PM2.5  
 
Call: 
lm(formula = log10(new_pm25) ~ log10(PM25emissions), data = 
aqdata_emissions_willow) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-0.83434 -0.18611 -0.01348  0.16261  1.34013  
 
Coefficients: 
                     Estimate Std. Error t value Pr(>|t|)     
(Intercept)          0.770411   0.006572  117.23   <2e-16 *** 
log10(PM25emissions) 0.359436   0.016026   22.43   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.28 on 4876 degrees of freedom 
Multiple R-squared:  0.09352, Adjusted R-squared:  0.09333  
F-statistic:   503 on 1 and 4876 DF,  p-value: < 2.2e-16 
 
 



125 

 

The Willow School CO  
 
Call: 
lm(formula = log10(new_CO) ~ log10(COemissions), data = 
aqdata_emissions_willow) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-0.94354 -0.19985 -0.07796  0.17197  0.97058  
 
Coefficients: 
                   Estimate Std. Error t value Pr(>|t|)     
(Intercept)        -1.54306    0.04985  -30.95   <2e-16 *** 
log10(COemissions)  0.31487    0.01601   19.66   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.2814 on 4876 degrees of freedom 
Multiple R-squared:  0.07345, Adjusted R-squared:  0.07326  
F-statistic: 386.6 on 1 and 4876 DF,  p-value: < 2.2e-16 
 
 
 

The Willow School NO  
 
Call: 
lm(formula = log10(new_NO) ~ log10(NOxemissions), data = 
aqdata_emissions_willow[aqdata_emissions_willow$new_NO >  
    0, ]) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-3.00794 -0.29558 -0.07928  0.21782  1.67769  
 
Coefficients: 
                    Estimate Std. Error t value Pr(>|t|)     
(Intercept)         -1.13555    0.05504  -20.63   <2e-16 *** 
log10(NOxemissions)  0.78181    0.02603   30.03   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.4476 on 4876 degrees of freedom 
Multiple R-squared:  0.1561, Adjusted R-squared:  0.1559  
F-statistic: 901.8 on 1 and 4876 DF,  p-value: < 2.2e-16 
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The Middle School PM2.5  
 
Call: 
lm(formula = log10(new_pm25) ~ log10(PM25emissions), data = 
aqdata_emissions_middle) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-0.92392 -0.19368 -0.02169  0.16979  1.57960  
 
Coefficients: 
                     Estimate Std. Error t value Pr(>|t|)     
(Intercept)          0.921798   0.007856  117.33   <2e-16 *** 
log10(PM25emissions) 0.224356   0.016703   13.43   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.2939 on 3941 degrees of freedom 
  (90 observations deleted due to missingness) 
Multiple R-squared:  0.04378, Adjusted R-squared:  0.04353  
F-statistic: 180.4 on 1 and 3941 DF,  p-value: < 2.2e-16 
 
 

The Middle School CO 
 
Call: 
lm(formula = log10(new_CO) ~ log10(COemissions), data = 
aqdata_emissions_middle) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-0.44246 -0.14275 -0.05113  0.12235  0.69494  
 
Coefficients: 
                   Estimate Std. Error t value Pr(>|t|)     
(Intercept)        -0.70703    0.03489 -20.266  < 2e-16 *** 
log10(COemissions)  0.03306    0.01100   3.006  0.00266 **  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.1958 on 4006 degrees of freedom 
  (25 observations deleted due to missingness) 
Multiple R-squared:  0.002251, Adjusted R-squared:  0.002002  
F-statistic: 9.039 on 1 and 4006 DF,  p-value: 0.002659 
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The Middle School NO 
 
Call: 
lm(formula = log10(new_NO) ~ log10(NOxemissions), data = 
aqdata_emissions_middle[aqdata_emissions_middle$new_NO >  
    0, ]) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-2.62527 -0.21492 -0.04427  0.16515  1.44324  
 
Coefficients: 
                    Estimate Std. Error t value Pr(>|t|)     
(Intercept)         -0.28101    0.04523  -6.213 5.74e-10 *** 
log10(NOxemissions)  0.31177    0.02081  14.979  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.3641 on 3983 degrees of freedom 
  (24 observations deleted due to missingness) 
Multiple R-squared:  0.05333, Adjusted R-squared:  0.05309  
F-statistic: 224.4 on 1 and 3983 DF,  p-value: < 2.2e-16 
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Models of Pollutant Decay with Distance from I-5 
 
Models of Roadway Emissions vs Pollutant Levels at Front vs Church Sites (approximately 200 
and 500 ft downwind of I-5, respectively) 
 

PM2.5 model 
 
Call: 
lm(formula = log10(value) ~ log10(PM25emissions) + factor(variable),  
    data = newdtw2) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-0.77650 -0.13083 -0.00198  0.13672  0.74363  
 
Coefficients: 
                               Estimate Std. Error t value Pr(>|t|)     
(Intercept)                    0.753535   0.004915  153.30   <2e-16 *** 
log10(PM25emissions)       0.141957   0.010179   13.95   <2e-16 *** 
factor(variable)new_pm25_front 0.243657   0.005079   47.98   <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.2106 on 6875 degrees of freedom 
Multiple R-squared:  0.2664, Adjusted R-squared:  0.2662  
F-statistic:  1248 on 2 and 6875 DF,  p-value: < 2.2e-16 
 
 

CO model  
 
Call: 
lm(formula = log10(value) ~ log10(COemissions) + factor(variable),  
    data = newdtw2) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-1.82809 -0.14112 -0.04399  0.10775  0.70979  
 
Coefficients: 
                              Estimate Std. Error t value Pr(>|t|)     
(Intercept)                  -0.913723   0.030243 -30.213  < 2e-16 *** 
log10(COemissions)       0.077068   0.009669   7.971 1.83e-15 *** 
factor(variable)new_CO_front  0.034438   0.004892   7.040 2.11e-12 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Residual standard error: 0.2033 on 6903 degrees of freedom 
Multiple R-squared:  0.01612, Adjusted R-squared:  0.01583  
F-statistic: 56.55 on 2 and 6903 DF,  p-value: < 2.2e-16 
 
 

NO model 
 
Call: 
lm(formula = log10(value) ~ log10(NOxemissions) + factor(variable),  
    data = newdtw2[newdtw2$value > 0, ]) 
 
Residuals: 
     Min       1Q   Median       3Q      Max  
-2.03291 -0.20360 -0.01949  0.17861  1.66000  
 
Coefficients: 
                              Estimate Std. Error t value Pr(>|t|)     
(Intercept)                  -0.689504   0.034809 -19.808   <2e-16 *** 
log10(NOxemissions)      0.495131   0.016318  30.343   <2e-16 *** 
factor(variable)new_NO_front  0.020666   0.008064   2.563   0.0104 *   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Residual standard error: 0.3351 on 6904 degrees of freedom 
Multiple R-squared:  0.1184, Adjusted R-squared:  0.1182  
F-statistic: 463.7 on 2 and 6904 DF,  p-value: < 2.2e-16  
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SDSU Snapshot data completeness tables and additional analyses 
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Figure 64. Black carbon by time of day by Snapshot. 
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Figure 64 (continued) 
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Figure 64 (continued) 
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Figure 64 (continued) 
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Figure 64 (continued) 
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Figure 64 (continued) 
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Figure 64 (continued) 

 

 

 
 


