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Abstract 

The El Paso del Norte (PdN) air basin encompasses El Paso, Texas, and Ciudad Juárez, 

Mexico. The region frequently experiences episodes of PM2.5 and NO2 that can be attributed to 

cross-border traffic, industrial activity, and intense dust storms. To expand coverage beyond the 

current regulatory monitors, a binational network of twelve calibrated Clarity Node-S sensors was 

deployed between March and June 2025, with one unit collocated at CAMS 41. A two-step 

correction process was applied: sensor-to-sensor normalization against a designated base unit, and 

a multiple linear regression against FEM/FRM reference data. For NO2, the manufacturer's global 

calibration model, which incorporates temperature and humidity baselines, produced stronger 

performance than locally driven models.  

PM2.5 statistics were examined under four scenarios (uncapped, <1,000, <500, and <100 

µg/m3). Uncapped values were dominated by extreme dust events, with site maxima exceeding 

5,000 µg/m³, while capped datasets had period averages ranging from 13 to 20 µg/m³. NO2 

exhibited diurnal cycles that could be linked to traffic, with a 1-hour maximum of 70.1 ppb at 

Doniphan Dr. and 64.9 ppb at US 54. Inverse-distance weighting maps highlighted recurring PM2.5 

hotspots in Anapra and near the port of entries, while NO2 patterns followed major roadway 

corridors. Collocated results demonstrated a strong agreement with the reference monitor for 

PM2.5 (overall R² = 0.95) and weaker correlations for NO2 (R² = 0.12-0.21).  

An outreach program, the ñAir Detectivesò workshop, involved 114 elementary students 

and resulted in significant improvements in protective behaviors and personal environmental 

actions. The findings suggest that a calibrated, low-cost sensor network can enhance air quality 

resolution, strengthen exposure assessments, and advance methods for calibration and data 

validation. Recommendations include seasonal re-collocations, enhanced dust protection for the 

field unit, and automated event flagging.  
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Chapter 1: Introduction  

1.1 Ambient PM2.5 and NO in the El Paso del Norte Region 

There are three significant sources of particulate matter: desert dust and unpaved roads, 

vehicle traffic and cross-border transportation, and industrial and area sources [1]. The dry, arid 

environment of the El Paso-Juarez area significantly contributes to PM2.5 pollution [1]. Windblown 

dust from open deserts, as well as unpaved dirt roads, is a significant source of particulate matter 

[2]. For example, in Ciudad Juarez, emission inventories have indicated that natural dust 

(especially dust from unpaved roads) can account for roughly 70-80% of all particulate 

emissions[1].  

Emissions from dust sources are further exacerbated due to prolonged droughts and sparse 

vegetation [3]. For example, in early 2025, powerful winds and dry conditions occurred, resulting 

in more dust than normal, which led to one of the highest seasonal particulate levels recorded since 

at least 2000 [4]. Blowing desert dust creates a haze over the borderland and is a major contributor 

to PM2.5 peaks, especially during windstorms [4]. These dust episodes are so frequent that El Paso 

has been labeled ñone of the dustiest/sandiest cities in North Americaò [5]. Furthermore, vehicle 

traffic and cross-border transportation are other primary sources of PM2.5 in the El Paso del Norte 

(PdN) air basin [6]. Heavy traffic of diesel trucks, buses, and cars on the highways and 

international ports of entry emits a significant amount of fine soot and exhaust particles [6]. Some 

research in the area has shown that some neighborhoods near the port of entries receive a 

substantial amount of PM2.5 [6]. The US EPA has long identified vehicles as a ñbig sourceò of local 

particulate pollution [7].  

Cars emit tailpipe soot and generate road dust from paved streets (especially during dry 

weather) [7]. A 2021 exposure study of schoolteachers near a border crossing found that on days 

with heavy traffic, personal PM2.5 exposure levels were, on average, 90% higher than those 

recorded at the nearest official monitor [8]. Overall, mobile sources are the most significant 

human-caused contributor to PM2.5 in the region, accounting for 15-50% of total PM2.5 emissions 

in recent inventories, second only to natural dust [1]. One notable aspect is that poorly maintained, 

older diesel vehicles and prolonged wait times at the border in Juarez can produce concentrated 

plumes of PM2.5 that drift into neighboring areas of El Paso during certain wind conditions [9].  

It is worth noting that industrial and area activities are other contributors to PM2.5 in the 

PdN region. Factories, power plants, construction sites, and smaller-scale industries emit fine 

particles locally. For example, a cluster of artisanal brick kilns (ladrilleras) on the outskirts of 

Ciudad Juárez burns fuel such as scrap wood, tires, and trash to fire bricks, emitting PM2.5 and 

other pollutants [10]. These brick kilns have been documented to produce high levels of localized 

particulate matter, exposing nearby residents to harmful smoke [10]. Studies have noted that 

communities surrounding such sites experience elevated levels of pollution, in some cases causing 

residents to suffer higher rates of respiratory symptoms [1]. Table 1-1 the primary sources of PM2.5 

in the region [1].  
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Table 1-1: PM2.5 Sources with Examples and Estimated Contributions 

PM2.5 Source Examples in Region Estimated Contribution 

Dust from Soil & 

Unpaved Roads 

Windblown desert dust; vehicles on dirt 

roads 

~70ï80% (majority of 

PM2.5 emissions) 

Vehicle Emissions & 

Traffic 

Diesel trucks at border crossings; high-

volume highways; idling vehicles 

~15ï20% (largest 

human-caused source) 

Industrial/Other Area 

Sources 

Brick kiln clusters; factories and plants; 

construction dust; burning activities 

<10% (combined minor 

contributions) 

 

Nitrogen dioxide (NO2) is a gaseous pollutant formed by high-temperature fuel combustion 

[11]. In the border region, vehicle exhaust is by far the dominant source of NO2 [11]. Gasoline and 

diesel engines emit NO2, along with nitric oxide, which later oxidizes to NO2, as a byproduct of 

fuel combustion. The large volume of cross-border traffic leads to concentrated NO2 emissions in 

urban corridors [11].  

Aside from on-road vehicular traffic, off-road mobile sources contribute to NO2 on a 

smaller scale [12]. These include rail locomotives, construction equipment, and other specialized 

machinery. El Paso is a rail hub, and freight trains passing through add NOx emissions. The El 

Paso International Airport operations also emit some NOx [13]. Large industrial point sources form 

another significant category for NO2 [13]. In El Paso, a notable point source is the natural gas-fired 

Newman Power Station, located northeast of the city, which emits NOx from its turbines. The 

Marathon oil refinery in south-central El Paso also contributes to NO2 through its process heaters 

and boilers. In Ciudad Juárez, most of the industry consists of medium-sized manufacturing plants 

that do not involve massive fuel combustion; however, any boilers or generators present will emit 

some NO2.  

It is important to note that NO2 is a short-lived pollutant; it can photolyze in the atmosphere, 

forming ozone or nitrates, and be dispersed by the wind. For instance, NO2 concentrations in El 

Paso exhibit a strong diurnal pattern, with the highest levels near roads during morning and evening 

traffic peaks, and lower levels midday as atmospheric mixing and photochemical reactions 

consume NO2 [11]. At night, NO2 can accumulate again as it is no longer being broken down by 

sunlight [13]. Table  lists the primary NO2 sources in the region, along with their estimated 

contributions based on emissions inventories and studies [14], [15]. 
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Table 1-2: NO2 Sources with Examples and Estimated Contributions 

NO2 Source 

Category 
Key Contributors Estimated Contribution 

On-Road Motor 

Vehicles 

Gasoline cars, diesel trucks & buses 

(especially in heavy traffic and 

border queues) 

Majority  ï ~50% or more of NO  

emissions. Primary source of urban 

NO2 

Off-Road 

Mobile 

Equipment 

Diesel locomotives (freight trains), 

construction and mining equipment, 

airport ground engines 

Significant (~10ï20%). Localized 

near railyards, construction sites, 

etc. 

Industrial Point 

Sources 

Power plants (gas-fired), oil 

refinery, large boilers, and 

generators in the area 

Significant (~20ï30%). Steady 

emissions can create plumes (e.g., 

downwind of a power station). 

Other 

Combustion 

Sources 

Small-scale burning (brick kilns, 

burning of trash, etc.) and 

residential fuel use 

Minor contributor to NO  (<10%). 

Includes numerous small sources; 

impact is more local. 
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Chapter 2: Project Objectives & Significance of Research 

2.1 Project Objectives 

The overarching objective of this project, situated within the PdN, is to enhance air quality 

monitoring capacity through the deployment of calibrated low-cost sensor networks. By utilizing 

Clarity Node-S devices alongside a reference-grade monitor at CAMS 41(Continuous Ambient 

Monitoring Station), the project aims to improve spatial resolution and data accuracy in non-

regulatory air monitoring. This enhanced network facilitates a more detailed understanding of 

localized air quality conditions, particularly in areas that have historically been underserved by 

regulatory infrastructure.  

In addition to its monitoring goals, the project emphasizes the development of reproducible 

calibration and data validation methods that can strengthen the credibility of low-cost sensor data. 

The initiative also promotes binational collaboration between research institutions and government 

agencies in El Paso and Ciudad Juárez. This technical exchange is crucial for harmonizing 

measurement practices, sharing resources, and laying the groundwork for future collaborative 

environmental efforts. Ultimately, the project serves as both a scientific and policy-supporting 

effort that advances non-regulatory air quality monitoring while contributing to informed, 

community-relevant decision-making. 

2.2 Significance of Research  

This project addresses persistent air quality challenges in the PdN, encompassing El Paso, 

Texas, and Ciudad Juárez, Mexico. The area frequently experiences elevated concentrations of 

particulate matter (PM2.5) and NO2, primarily driven by cross-border traffic and industry, rapid 

urban growth and construction, as well as natural sources such as the surrounding deserts. 

Traditional regulatory monitors are sparse, limiting the spatial resolution required to assess 

localized pollution variability across this binational urban corridor. 

To improve coverage, this study expanded the number of monitoring locations by 

deploying Clarity Node-S sensors at multiple urban sites, along with a collocated reference-grade 

sensor at CAMS 41 for calibration. The resulting network enables the identification of 

neighborhood-level variations in PM2.5 and NO2, including potential pollution hotspots near 

schools, roads, and underserved communities.  Beyond increasing monitoring capacity, this study 

supports high-resolution exposure assessments and strengthens community and public health 

efforts. It also advances methods for sensor calibration and data validation, demonstrating how 

properly corrected low-cost sensor networks can enhance air quality surveillance, inform public 

health actions, and guide future binational collaborationsðall while aligning with both state and 

federal regulatory goals. 
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Chapter 3: Methodology and Study Designs 

3.1 Scientific Approach 

A comprehensive air monitoring network was established in the PdN to enhance the 

understanding of air quality patterns within the binational air basin, increase public access to 

environmental data, and foster collaborative efforts among research institutions and regulatory 

agencies. The network spans both El Paso and Ciudad Juárez, consisting of 12 strategically placed 

Clarity Node-S sensors that measure PM2.5 and NO2 concentrations.  

The data collected supports two primary research objectives:  

1. Advancing the scientific measurement and analysis of air quality in the region through the 

deployment of low-cost sensors and generating spatial and temporal PM2.5 and NO2 

concentration patterns for public access  

2. Fostering a binational technical exchange among regulatory bodies and academic partners.  

Each sensor transmits data to the Clarity data management platform, where it is made 

publicly available through an online interface. This real-time accessibility ensures transparency 

and enables community stakeholders to engage with local air quality trends. The UTEP-UACJ 

research team was responsible for managing data collection and quality assurance exclusively. 

This centralized approach facilitated streamlined field operations, sensor troubleshooting, and 

consistent engagement with site hosts across the school, public, and private sectors. 

3.1.1 Selection of Instrument 

This air monitoring campaign utilized Clarity Node-S sensors to measure ambient PM2.5 

and NO2 concentrations across the PdN. These low-cost sensors were selected for their compact 

design, solar power capabilities, cellular data transmission, and their suitability for long-term 

outdoor deployment in urban environments. All deployed sensors were of the same make and 

model to ensure consistent measurement quality across the network.  

The network consisted of twelve total sensors. Six were deployed in El Paso, Texas, in 

addition to one collocated at the CAMS 41 regulatory monitoring site, and six were deployed in 

Ciudad Juárez, Mexico. The CAMS 41 collocated unit served as a reference sensor for calibration 

and post-processing correction of field data. 

Each Clarity Node-S sensor includes a laser-based optical particle counter for particulate 

matter, an electrochemical cell for nitrogen dioxide, and environmental sensors for temperature 

and relative humidity. These sensors work together to provide real-time measurements that are 

automatically transmitted to a cloud-based data platform maintained by the manufacturer. From 

this platform, the data are made available for both public access and research purposes. The 

technical specifications of the sensors are listed in Table .  
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Table 3-1 Clarity sensor specifications 

Parameter Technology Range Performance After Calibration 

Particulate 

Matter 

PM2.5 

(µg/m3) 

Laser Light 

Scattering with 

Remote 

Calibration 

¶ 0-1000 µg/m3 

¶ 1 µg/m3 

resolution 

Accuracy: 

¶ < 100 µg/m3: ± 10 µg/m3. 

¶ Ó 100 Õg/m3: within ± 10% 

of measured value 

¶ Correlation (R2) with USEPA 

FEM instrument > 0.8 

Nitrogen 

Dioxide 

NO2 (ppb) 

Electrochemical 

Cell with 

Remote 

Calibration 

¶ 0-3000 ppb 

¶ 1 ppb 

resolution 

Accuracy: 

¶ < 200 ppb: ± 30 ppb. 

¶ Ó 200 ppb: Ñ 15% of 
measured value 

Additional Node-S Parameters: PM2.5 Number Concentration [#/cm3] | PM1 Mass 

Concentration [µg/m3] | PM1 Number Concentration [#/cm3] PM10 Mass Concentration 

[µg/m3] | PM10 Number Concentration [#/cm3] | Internal Temperature [°C] | Internal 

Relative Humidity [%]  

Additional Parameters with Add-On Modules: Wind Speed | Wind Direction | Ambient 

Temperature | Ambient Relative Humidity Atmospheric Pressure | FEM-Grade Ozone 

Concentration | Black Carbon Concentration 
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3.2 Study Design and Study Area 

The air monitoring network installed Clarity Node-S sensors at 12 sites in the PdN, 

including community centers, regional centers, or other public spaces, or as close to these sites as 

possible. Sensors were evenly placed to cover the two cities. Figure 3-1 shows the locations of the 

sites in El Paso and Ciudad Juarez.  

 

Figure 3-1: Map of Low-Cost Sensors in El Paso and Ciudad Juarez from March 2025 

to July 2025 

  



8 

Table  provides the detailed names and coordinates of the sensor sites. The UTEP-UACJ 

research team managed sensor operations, troubleshooting, and data integrity. Data quality checks 

were conducted daily through the Clarity Dashboard and included flagging error codes, reviewing 

environmental sensor consistency, and identifying anomalies. Calibration and correction 

procedures were applied to PM2.5 and NO2 data using established reference-based models per the 

QAPP. 

Table 3-2: Sites in El Paso, Texas and Ciudad Juarez, Chihuahua 

El Paso Sensors 

Name Lat Lon 

Ochoa St. 31.75253 -106.47966 

I -10 W 31.76707 -106.50758 

Tiwa Blvd 31.62454 -106.28967 

Doniphan Dr. 31.84915 -106.58345 

U.S. 54 31.78799 -106.44216 

Southside Rd. 31.67918 -106.32746 

Ciudad  Juarez, Chihuahua, Mexico 

Bomberos Anapra 31.77356 -106.56127 

Clínica Nutricional UACJ  31.65517 -106.46628 

CentroComunitarioUACJ  31.577405 -106.37257 

Los Bosques 31.721586 -106.43714 

Babicora 31.64569 -106.38409 

IIT UACJ  31.74341 -106.43148 
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3.2.1 Tasks in Project 

This study consists of four tasks. The project began with a 3-month pre-deployment period 

for acquisition and evaluation of the instruments and selection of monitoring locations. An 

additional 3 months were spent evaluating the instrumentôs performance further and conducting 

side-by-side calibration against TCEQôs PM2.5 FEM device at the CAMS 41 site.  We were able 

to obtain four months of monitoring data for this report while the air monitoring operation 

continues at all 12 sites. In addition to the CAMS 41 collocated sensor, UACJ deployed additional 

units in Cd. Juárez at a site with FEM devices for PM2.5 and NO2.  

Task 1: This initial phase assessed sensor performance by comparing PM2.5 and NO2 data 

to FEM instruments and evaluated real-time data transmission, storage, and public accessibility. 

Following this evaluation, six Clarity sensors were installed in El Paso at locations discussed in 

the previous section, including libraries, recreation centers, schools, and regional service sites. 

Sensor placement prioritized coverage in communities that are most likely to be impacted by the 

regionôs air pollution. 

Task 2: Based on initial sensor testing, Clarity sensors were deployed to monitor PM2.5 and 

NO  in two priority communities with vulnerable populations that lacked sufficient air quality 

coverage. One of these areas in Mexico that is of particularly interest is the Puerto de Anapra 

colonia in Cd. Juárez. Anapra, located west of the Rio Grande, is one of the most economically 

disadvantaged neighborhoods in the Cd. Juárez. On the U.S. side, the monitoring network 

encompassed the UTEP campus, the adjacent Sunset Heights neighborhood, and communities in 

the lower valley.  UTEP and UACJ operated a network of 12 Clarity sensors across El Paso and 

Cd. Juárez, collecting real-time data on PM2.5, PM10, NO2, temperature, relative humidity, and 

atmospheric pressure. An additional was collocated at the TCEQ CAMS 41 station to provide 

continuous PM2.5 and NO2 data for further calibration, if needed. Sensor placement focused on 

filling spatial data gaps, improving measurement accuracy, and supporting analysis of pollution 

trends and source identification.  

Task 3: The project team identified and met with organizations within the communities 

selected for Task 2. The recruitment of monitoring locations was hinged on 

collaboration/willingness of local, private businesses or homeowners who agreed to host sensors 

during the study period. Although time consuming, this effort allowed access to sites that were 

otherwise unknown to regulatory agencies looking to site air monitors.  

Task 4: This task aimed to increase youth awareness, interest, and involvement in air 

quality and related environmental issues within the community. The project was presented to 

residents in the selected communities through meetings and online outreach. These sessions 

introduced real-time data and online platforms, allowing community members to access and apply 

this information in their daily lives. The effort helped raise awareness about air quality and 

supported broader community engagement. 
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3.3 Air Quality Data Collection (Task 1-Task 3) 

The LCS collected and transmitted data in real time throughout the monitoring period. All 

sensors were installed in shaded, well-ventilated, and secure outdoor locations at a height of 

approximately 4 to 6 feet above ground. Site selection was guided by accessibility and 

representativeness. By default, the Clarity Node-S reports about every 15 minutes: ~90 seconds of 

sampling, 60ï120 seconds of upload, and ~900 seconds of sleep, which yields one data point every 

15 minutes. For this study, Clarity reconfigured our units to a ~3-minute reporting period by 

shortening the sleep interval to ~60 seconds; after a 10-second warm-up, the PM2.5 channel 

sampled every 0.7 seconds and the NO2 channel every 0.5 seconds for the remainder of each 

sampling window, followed by upload and sleep.  

This configuration produced approximately 18 records per hour, which were then 

transmitted via the deviceôs cellular connection to Clarityôs secure cloud platform. All transmitted 

data was accessible through the Clarity Dashboard and could also be retrieved programmatically 

via the Clarity API. Authorized users obtained API keys from Clarity to securely access both raw 

and processed datasets in JSON format. Data could be filtered by time range, sensor ID, and 

pollutant type to support customized analysis. To ensure redundancy and uninterrupted access, the 

UTEP and UACJ research teams regularly exported and archived data locally. These exports were 

saved in .csv format for compatibility with standard data analysis tools.  

Post-processing procedures included:  

1. Conversion of raw JSON data to a structured .csv format.  

2. Time zone correction from UTC to MST for local alignment.  

3. Sensor error flag filtering and removal of invalid entries.  

4. Geolocation tagging based on fixed deployment coordinates.  

Sensor metadata, including firmware version, operational status, and cellular signal 

strength, was also monitored through the Clarity Dashboard to support ongoing performance 

assessments and troubleshooting. It is important to note that while Clarity sensors provide high-

resolution, real-time air quality data, they are not federally designated reference instruments. All 

PM2.5 and NO  measurements were therefore calibrated using data from the collocated sensor at 

the CAMS 41 regulatory monitoring site, as outlined in the Quality Assurance Project Plan 

(QAPP). 

3.3.1 Low-Cost Sensor Management 

The functionality of the Clarity sensors was assessed following field deployment. The field 

team conducted initial inspections at each site to confirm proper operation. Once installed, the 

sensors were monitored continuously through the Clarity Dashboard, which provided real-time 

data and system alerts. The team had full access to all monitoring sites and was able to perform 

maintenance or replace sensors as needed without delay. Regular communication between UTEP 

and UACJ facilitated the coordination of field activities, troubleshooting, and data management, 

ensuring consistency and reliability across the sensor network. 
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3.3.2 Low-Cost Sensor Data QA/QC   

To ensure consistent and reliable data across the monitoring network, all Clarity Node-S 

sensors went through a structured QA/QC process. All  sensors were deployed at the CAMS 41 site 

for collocating sampling and normalization of data to a designated base sensor prior to field 

deployment. The base sensor remained at the CAMS 41site during the study to provide continuous 

collocated data.  

Monitors were installed per the QAPP at shaded, open-air locations at breathing height (4ï

6 feet above ground). We used the Clarity Dashboard to track data flow, power, and sensor status 

in real time. Because the team had access to all sites, issues were addressed quickly through 

troubleshooting, routine maintenance, or sensor replacement. Data were checked throughout the 

project: we removed records with internal error codes, filtered invalid environmental values, 

reviewed time series for gaps or flat readings, aligned time zones, and standardized the dataset for 

analysis. 

3.4 Air Quality Awareness campaign (Task 4) 

The border region of Ciudad Juárez, Chihuahua, faces serious air quality issues due to 

factors such as extreme weather conditions, frequent dust storms, and emissions from industrial 

and vehicular sources. Within this context, the ñAir Detectivesò workshop was developed as an 

educational strategy aimed at promoting environmental awareness among elementary school 

students. This task followed a quasi-experimental design aimed at evaluating the impact of an 

educational intervention through the application of structured assessment instruments before and 

after the workshop. The main objective was to identify possible changes in studentsô knowledge 

regarding air pollution. 
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3.4.1 Air Quality awareness campaign study design 

The workshop was implemented at Ramón López Velarde Elementary School (morning 

shift) and involved students from 4th and 5th grades (ages 8 to 12). The sample group was selected 

considering the childrenôs availability during the activities and the facility to direct the children 

throughout the stations. 

The workshop was called ñAir Detectivesò and it was designed based in a carousel model, 

where students rotated through a series of thematic stations. Each station focused on specific 

content related to air quality, using visual aids, hands-on materials, and interactive activities. The 

stations were: 

1. Welcome and introduction to the topic 

2. Mission: Good vs Bad ï Identifying clean and polluting sources 

3. Flags ï Interpreting the colors of the Air Quality Index (AQI) 

4. Acid Rain ï Understanding the environmental effects of pollutants 

5. My Healthy Lungs ï Impacts of air pollution on respiratory health 

6. Discovering the Invisible ï Exploring particulate matter 

7. Closing: ñI Have the Powerò ï Reflective activity on personal actions 

3.4.1.2 Instructional Strategies and Evaluation Instruments  

To promote meaningful and student-centered learning, the following pedagogical methodologies 

were incorporated: 

Å Project-Based Learning (PBL) 

Å Problem-Based Learning (PBL) 

Å STEAM Approach (Science, Technology, Engineering, Arts, and Mathematics) 

Å Service-Learning focused on social and environmental action 

These strategies enabled the integration of scientific content with everyday experiences, 

encouraging critical thinking, creativity, and social responsibility among students. 

Two structured survey instruments with closed-ended questions were used: 

1. Pretest questionnaire: administered before the workshop to assess studentsô prior 
knowledge of air pollution, its sources, effects, and preventive measures. 

2. Posttest questionnaire: administered immediately after the workshop to measure 

knowledge acquired as a result of the educational experience. 

The collected data were analyzed descriptively to calculate the percentage of correct 

responses in both assessments. To determine statistically significant changes in learning, an 

independent samples t-test was performed, with a significance level set at Ŭ = 0.05. The results of 

the workshops conducted in Task 4 are presented in Chapter 5.  

  



13 

Chapter 4: Air Quality Data and Instrument Correction  

4.1 Low-Cost Sensors Installation and Placement at CAMS 41  

All Node-S units were collocated next to TCEQôs CAMS 41 station, mounted on the same 

fence and spaced 3ï4 feet away from the CAMS 41 sampler. Each unit operated side by side for 

at least 14 consecutive days to generate the dataset used to build the network correction. When 

CAMS 41 was offline for maintenance, a Node-S that had been previously collocated with the 

station served as the base unit. Before field deployment, every sensor was briefly collocated with 

this base, and its output was normalized to the base to derive sensor-specific calibration 

coefficients (ɓ). These coefficients were then applied to field data. The collocation layout is shown 

in Figure 4-1. 

 

Figure 4-1: Low-Cost Sensor Next to Reference Station 
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4.2 Data Cleaning Procedure  

All data collected by the Clarity Node-S sensors were processed using a standardized 

cleaning procedure as outlined in the QAPP. The goal was to ensure that only valid and accurate 

measurements were used in the final dataset. The first step involved removing data points flagged 

with internal error codes, which indicated issues such as sensor malfunctions or communication 

problems. Measurements that fell outside of reasonable environmental ranges were also excluded. 

This included negative or extreme values for PM2.5 and NO2, relative humidity above 100 percent, 

and temperatures that were clearly outside the expected range for the region.  

The data were checked for duplicate timestamps and irregular intervals. Any repeated or 

misaligned entries were removed to maintain consistency in the time series. The dataset was also 

reviewed for flatline behavior, where a sensor recorded the same value continuously over an 

extended period. These patterns typically suggested a malfunction, and the affected segments were 

removed if they exceeded a defined threshold.  

For any sensors placed in the same location during normalization or troubleshooting, 

readings were compared to identify outliers or persistent discrepancies. If one sensor consistently 

differed from others under the same conditions, those readings were reviewed and removed as 

necessary. Lastly, all timestamps were adjusted from Coordinated Universal Time (UTC) to 

Mountain Standard Time (MST) to align with local conditions and ensure compatibility with 

regulatory datasets. These steps were applied consistently across all sensors to produce a clean and 

reliable dataset for calibration and analysis. 

4.3 Data Correction  

Data correction for PM2.5 and NO  measurements was performed to improve the accuracy 

of sensor outputs and ensure consistency across the monitoring network. As outlined in the QAPP, 

the correction approach involved a two-step process:  

1. normalizing all sensors to a designated base unit and  

2. applying a correction model developed from prior collocation with a regulatory-

grade instrument.  

The Clarity Node-S follows a strict procedure and initial analysis where the base sensor is 

collocated next to an FRM/FEM instrument for a minimum of two weeks, typically 30+ days for 

better statistical validity. Both the FRM/FEM and base sensor record air pollutant concentrations 

along with other environmental variables such as temperature and humidity. The first step is to 

develop a relationship between raw base sensor outputs and FRM/FEM values using correlation 

metrics.  

  



15 

4.3.1 Data Correction for PM2.5  

PM2.5 data recorded by the base sensor were first correlated to that recorded by the FEM 

device using a multiple regression analysis.  

ὖὓȢ ‍ ‍ ὖὓ ‍ ὖὓȢ ‍ ὖὓ ‍ ὙὌ  ɴ

Where:  

ὖὓȢ :  PM2.5 reference concentration recorded by the FRM/FEM device 

RH:   Relative Humidity recorded by the base sensor 

PM1:   PM1 recorded by the base sensor, 

PM2.5:   PM2.5 recorded by the base sensor,  

PM10:   PM10 recorded by the base sensor 

ɓ0...ɓ4:  Fitted Linear Coefficients 

:ɴ   Residual error 

In other words, 

 

ὖὓȢ ‍ ὼ ‍έ  

where x is a matrix containing the parameters recorded by the base sensor,  

●

ὼ
ὼ
ὼ
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 ȟ♫  

‍
‍
‍
‍

 

Each additional clarity sensor j is standardized to the base sensor rather than to the FEM station 

(in cases where there is no reference station data). While mounted adjacent to the base sensor, the 

new sensor records its four-element vector.  
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A linear alignment ● ὥ◐▒ ╫▒ is fitted.  

Substituting this expression into the base sensor equation gives.  

ὖὓȢ ♫ ὥ◐▒ ╫▒ ‍ ὥ ◐▒ ♫╫▒ ‍ ȟ 

Consequently, sensor j inherits a personalized coefficient vector and intercept.  

♫▒ ὥ♫ȟ ‍ ♫▒╫▒ ‍ȟ  

Which will convert its raw outputs directly to FEM-equivalent concentrations through.  

ὖὓȢ ♫▒ ◐▒ ‍  

4.3.2 Data Correction for NO2 

The readings reported by the electrochemical cells for NO2 also undergo correction. A two-

baseline correction was used by the manufacturer using global data. Both temperature and relative 

humidity are first adjusted as follows:  

ὄὥίὩὰὭὲὩ ȟ ‌ ‌Ὕ ȟ ‌Ὕ ȟ 

ὄὥίὩὰὭὲὩ ȟ ‍ЎὙὌ ‍ὄὥίὩὰὭὲὩ ȟ   

and  

ЎὙὌ ὙὌ ȟ ὙὌ ȟ   

where, ‌  are coefficients obtained from laboratory characterization of the Alphasense cell; 

and ‍, ‍ are coefficients derived from lab and field experiments.  
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 The NO2 correction process underwent this process:  

1. A quality control process for reference data and the Clarity device. 

a. Reference 

i. Remove any measurement below -5 ppb 

b. Clarity Node-S 

i. All measurements associated with individual sensors (PM,Temp/RH) 

are invalidated if they produce an error code.  

2. Training dataset and cross-validation are used to develop ñCustom Calibrations.ò 

3. The performance of this calibration is evaluated using a dataset withheld from the 

training.  

A multiple linear regression analysis was performed between the validated Clarity NO2 data and 

the CAMS 41 refernece data to develop a correction relationship for this study. The relationship 

was compared to that developed using Clarity global calibration data. The model developed using 

Clarityôs global calibration coefficients appeared to be superior to that using the locally developed 

coefficients. Therefore, the Clarityôs global calibration model was used in this study.   

The customed Clarity global model follows the following notation 

ὔὕȟ ȟ ὧὔὕȟ ȟ ὧὄὥίὩὰὭὲὩ ȟ ὧὄὥίὩὰὭὲὩ ȟ ὧτὝ ȟ ὧυ
ȟ
ὧφ 

i.e., ●▪

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὔὕȟ ȟ

ὄὥίὩὰὭὲὩ ȟ

ὄὥίὩὰὭὲὩ ȟ

Ὕ ȟ

ὙὌ ȟ

ρ Ứ
ủ
ủ
ủ
ủ
Ủ

ȟⱣ

ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὧ
ὧ
ὧ
ὧ
ὧ
ὧỨ
ủ
ủ
ủ
ủ
Ủ

ȟ 

or  ὔὕȟ ȟ Ᵽ●▪ 

where   n: nth field sensor, 

ὙὌ ȟ : internal relative humidity of the nth measurement. 

ὔὕȟ ȟ : the calibrated nth measurement of NO2; 

 ὔὕȟ ȟ: the nth raw NO2 measurement, which is a function of the voltage 

measurement of the electrodes;  

ὧρȟȣȟȢὧφ: calibration coefficients for each Node-S sensor n;  

Following this, the model is compared against a wide range of parameters in order to find 

the best configuration. This is done using a 10-fold cross-validation that is repeated five times. 

After this, the best parameters for the model are determined, and the model is trained on the entire 

training dataset for each Node-S.  
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4.6 Sensor-to-Sensor Comparison During Pre-Calibration  

The pre-calibration process is essential to ensure accurate measurements. Testing sensor-

to-sensor helps identify variations or sensor drift that might affect the data. Figure 4-2 and Figure  

show a scatterplot matrix (SPLOM) of all the sensors; each panel displays the regression equation 

and R2 value. These equations help to evaluate the strength and direction of the relationships 

between the sensors. All sensors performed almost identical to each other for  PM2.5 measurements 

with R2 values greater than 0.99, which strongly supported the correction algorithms depicted in 

Section 4. 3.1. The sensors also performed very consistently for NO2 measurements with the 

majority of R2 values greater than 0.90, although a few fell below 0.90.  

 

Figure 4-2: PM2.5 Raw Data (Sensor-to-Sensor) 
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Figure 4-3: NO2 Raw Data (Sensor-to-Sensor) 
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Chapter 5: Results of Air Quality Data 

From March 1, 2025, to June 30, 2025, 12 monitoring sites were active in the PdN, as 

detailed in Figure 3-1, focusing on measuring PM2.5 and NO2. The data unveiled pronounced 

disparities in pollutant concentrations between El Paso and Ciudad Juarez. Due to the more robust 

system for air sensing provided by the solar panel and cellular connectivity, the sensors stayed 

within their operational parameters, which yielded diverse readings for El Paso and Ciudad Juarez. 

5.1 Meteorological Data  

Meteorological data, particularly wind speed and direction, are crucial for understanding 

air quality and the movement of pollutants through a region. Wind conditions influence the extent 

and direction of pollutant dispersion. Strong winds tend to carry pollutants over wider areas, while 

calm conditions can lead to stagnant air and localized accumulation. Wind data also supports 

source tracking by helping estimate where pollutants may have originated. Wind roses provide a 

simple visual summary of how often winds blow from each direction and at what speeds, making 

it easier to interpret prevailing patterns. The meteorological data used in this analysis were 

obtained from TAMIS. For El Paso, the specific CAMS stations used are shown in Figure 5-1. 

UACJ provided the met data for the stations in Ciudad Juárez. 

 

Figure 5-1. Wind Rose Map at El Paso, Texas / Ciudad Juárez  (March-June 2025) 
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5.2 Descriptive Statistics of Pollutant Concentration Data 

Summary statistics of hourly PM2.5 and NO2 concentrations are presented in this section. 

For each sensor, the mean, maximum 1-hour, and maximum 24-hour concentrations during the 

study period are reported. During the study period, the PdN region experienced several 

unprecedented high wind events that engulfed the region in dust storms for many days. The 

extremely high wind conditions generated exceptional high PM concentrations, which were either 

out of the instrumentôs detection limits or calibrated range. As a result, PM2.5 data were filtered to 

possibly exclude concentrations that occurred during uncontrollable natural events that were 

representative of the regionôs air quality. Thus, extremely high PM2.5 concentrations were filtered 

out of the data under four capping scenarios:  

1. Uncapped (all values included) 

2. <1,000 µg/m3 

3. <500 µg/m3 

4. <100 µg/m3 

This approach allowed for a more nuanced interpretation of central tendencies and outliers 

by isolating extreme events that may disproportionately influence means or variances.  
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5.2.1 Descriptive Statistics for PM2.5 

Table 5-1 lists the raw, uncapped pollutant levels for each sensor. The maximum 1-hr PM2.5  

concentration ranged from ~280 µg/m3
 to over 5,000 µg/m3, revealing the presence of extreme 

spikes likely due to localized dust events. It is important to note that despite the widespread impacts 

of dust storm events observed during the study period, some monitoring locations recorded notably 

lower 1-hour maximum PM2.5 concentrations.  

For example, Southside Rd, Tiwa Blvd, US 54, and Ochoa St exhibited peak hourly values 

below 1,000 µg/m3, significantly lower than the extreme maxima at Babicora, Bomberos Anapra, 

and IIT UACJ. The elevated placement of the Ciudad Juarez sensors (on rooftops) likely increased 

their exposure to lofted dust plumes, as high winds can lift particles well above street level, 

allowing higher elevations to intercept concentrated dust clouds. In contrast to the El Paso sensors 

that were at breathing level, the lower levels could be attributed to shielding from buildings, 

vegetation, or being situated away from major dust-generating sources.  

Table 5-1: Summary Statistics for Low-Cost Sensors (Uncapped) 

Summary Statistics (Uncapped) 

Sensor Name PM2.5. 1hr Max PM2.5 Period Average PM2.5 24hr Average 

Babicora 4752.0 287.6 287.3 

Bomberos Anapra 5179.1 479.0 478.4 

Centro Comunitario UACJ 3174.7 179.0 178.0 

Clínica Nutricional UACJ  3498.1 82.5 82.4 

Doniphan Dr. 2762.9 25.2 25.2 

I -10 W 2701.6 117.0 117.4 

IIT UACJ  3580.6 1232.8 1233.9 

Los Bosques 2188.8 188.5 187.4 

Ochoa St. 900.6 21.1 21.1 

Southside Rd. 281.8 16.8 16.8 

Tiwa Blvd 382.2 16.5 16.5 

U.S. 54 615.1 18.6 18.6 
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Table 5-2 shows the PM2.5 statistics excluding extreme outliers above 1,000 µg/m3.  The 

high period-average PM2.5 observed in Table 5-1 dropped by nearly an order of magnitude 

indicating the significant impacts of dust events on the period averaged PM2.5 concentrations.    

Table 5-2: Summary Statistics for Low-Cost Sensors (<1000 µg/m3) 

Summary Statistics (<1000 µg/m3) 

Sensor Name PM2.5 1hr Max PM2.5 Period Average PM2.5 24hr Average 

Babicora 931.1 20.6 26.1 

Bomberos Anapra 844.6 30.2 37.1 

Centro Comunitario  UACJ 744.4 22.7 22.9 

Clínica Nutricional UACJ  976.3 23.4 24.2 

Doniphan Dr. 960.2 20.1 20.1 

I -10 W 614.0 18.6 20.1 

IIT UACJ  975.6 35.0 44.4 

Los Bosques 915.8 18.3 18.4 

Ochoa St. 900.6 21.1 21.1 

Southside Rd. 281.8 16.8 16.8 

Tiwa Blvd 382.2 16.5 16.5 

U.S. 54 615.1 18.6 18.6 
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Table 5-3 shows the same summary statistics with a 500 µg/m3 cap. IIT UACJ, Bomberos 

Anapra, and Babicora still exhibit elevated PM2.5 values but with figures an order of magnitude 

less than that computed from the unfiltered data., although more comparable to the data filtered at 

1,000 µg/m3., an indication that dust events are likely to cause extremely high PM2.5
 concentrations 

above 500 µg/m3. 

Table 5-3:Summary Statistics for Low-Cost Sensors (<500 µg/m3) 

Summary Statistics (<500 µg/m3) 

Sensor Name PM2.5 1hr Max PM2.5 Period Average PM2.5 24hr Average 

Babicora 486.3 19.1 23.1 

Bomberos Anapra 489.2 27.0 31.5 

Centro Comunitario  UACJ 418.1 22.2 22.4 

Clínica Nutricional UACJ  416.6 22.2 22.4 

Doniphan Dr. 448.3 18.2 18.4 

I -10 W 495.0 17.8 18.6 

IIT UACJ  499.8 26.0 30.3 

Los Bosques 473.4 17.4 17.5 

Ochoa St. 452.2 18.8 19.0 

Southside Rd. 281.8 16.8 16.8 

Tiwa Blvd 382.2 16.5 16.5 

U.S. 54 411.6 18.2 18.3 
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Table 5-4 includes only hourly PM2.5 values below 100 µg/m3. The cap filters out major 

dust episodes and provides insight into ñroutineò exposure levels. Most of the sites showed a period 

average PM2.5 concentrations between 13 and 20 µg/m3. The contribution of the uncontrollable 

naturally occurring dust events to the average mean PM2.5 concentration can be easily seen in the 

PM2.5 levels between Table 5-3 Table 5-3 shows the same summary statistics with a 500 µg/m3 

cap. IIT UACJ, Bomberos Anapra, and Babicora still exhibit elevated PM2.5 values but with figures 

an order of magnitude less than that computed from the unfiltered data., although more comparable 

to the data filtered at 1,000 µg/m3., an indication that dust events are likely to cause extremely high 

PM2.5
 concentrations above 500 µg/m3. 

Table and Table 5-4. The average PM2.5 concentration could be significantly biased by an 

order of magnitude due to the dust events, e.g., 5,179 µg/m3 (or 479 µg/m3) vs. 20 µg/m3, at 

Bomberos Anapra.  

Table 5-4: Summary Statistics for Low-Cost Sensors (<100 µg/m3) 

Summary Statistics (<100 µg/m3) 

Sensor Name PM2.5. 1hr Max PM2.5 Period Average PM2.5 24hr Average 

Babicora 97.4 16.0 16.3 

Bomberos Anapra 97.8 20.4 21.1 

Centro Comunitario  UACJ 99.5 18.4 18.7 

Clínica Nutricional UACJ  99.3 19.0 19.1 

Doniphan Dr. 99.0 13.3 13.7 

I -10 W 98.9 13.9 14.0 

IIT UACJ  99.3 16.5 18.0 

Los Bosques 98.1 14.1 14.4 

Ochoa St. 99.7 14.7 15.0 

Southside Rd. 99.5 15.7 15.9 

Tiwa Blvd 99.0 14.1 14.3 

U.S. 54 98.2 14.7 14.9 

 

Table 5-5 through Table 5-8 show the percentile-based summary statistics by site and cap 

level. The expanded summary includes standard deviations, 95th percentiles, and proportions of 

hours above health-relevant thresholds (12 to 35 µg/m3). It shows the aggregates of all hourly 

observations across sites for each cap condition. The uncapped data set shows a strong right-

skewed distribution (mean = 222 µg/m3 vs median = 13 µg/m3), which demonstrates the influence 

of extreme values. Notably, the <500 µg/m3 dataset yields a different balance, with a 95th percentile 

of ~55 µg/m3 and over 50% of hours exceeding 12 µg/m3.  
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Table 5-5: Measures of Central Tendency and Variability 

PM2.5 Measures of Central Tendency and Variability (Uncapped) 

Sensor Name 
Data 

Subset 
n 

PM2.5 

Mean 

PM2.5 

SD 
PM2.5 95th 

PM2.5 % Hours > 

Moderate (12 

µg/m3) 

% Hours > 

Unhealthy (35 

µg/m3) 

Babicora Uncapped 2948 287.6 1069.1 4352.2 54.7 15.1 

Bomberos Anapra Uncapped 2948 479.0 1338.7 4748.2 79.4 24.2 

CentroComunitari

oUACJ 
Uncapped 2948 179.0 677.5 1498.3 67.0 16.2 

Clinica Nutricional 

UACJ 
Uncapped 2948 82.5 409.3 88.6 73.7 13.1 

Doniphan Dr. Uncapped 2948 25.2 124.9 61.4 36.4 7.6 

I -10 W Uncapped 2948 117.0 499.2 158.3 39.3 11.2 

IIT UACJ  Uncapped 2948 1232.8 1408.4 2960.0 76.0 50.4 

Los Bosques Uncapped 2948 188.5 580.3 2168.6 43.0 15.5 

Ochoa St. Uncapped 2948 21.1 53.2 58.2 38.7 9.4 

Southside Rd. Uncapped 2948 16.8 17.3 37.8 59.1 5.9 

Tiwa Blvd Uncapped 2948 16.5 24.3 48.4 38.0 8.3 

U.S. 54 Uncapped 2948 18.6 34.1 46.9 46.4 6.5 
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Table 5-6: Measures of Central Tendency and Variability Capped at 1,000 µg/m3 

PM2.5 Measures of Central Tendency and Variability (<1000 µg/m3) 

Sensor Name 
Data 

Subset 
n 

PM2.5 

Mean 

PM2.5 

SD 
PM2.5 95th 

PM2.5 % Hours > 

Moderate (12 

µg/m3) 

% Hours > 

Unhealthy (35 

µg/m3) 

Babicora Cap1000 2771 20.6 42.8 50.7 51.8 9.7 

Bomberos Anapra Cap1000 2629 30.2 59.5 88.0 76.9 14.9 

CentroComunitari

oUACJ 
Cap1000 2694 22.7 35.6 61.8 65.2 11.7 

Clinica Nutricional 

UACJ 
Cap1000 2883 23.4 42.2 61.1 73.2 11.1 

Doniphan Dr. Cap1000 2941 20.1 52.5 58.1 36.3 7.4 

I -10 W Cap1000 2834 18.6 39.7 53.4 36.9 7.6 

IIT UACJ  Cap1000 1699 35.0 94.1 121.4 58.3 14.1 

Los Bosques Cap1000 2634 18.3 40.6 49.6 38.1 8.2 

Ochoa St. Cap1000 2948 21.1 53.2 58.2 38.7 9.4 

Southside Rd. Cap1000 2948 16.8 17.3 37.8 59.1 5.9 

Tiwa Blvd Cap1000 2948 16.5 24.3 48.4 38.0 8.3 

U.S. 54 Cap1000 2948 18.6 34.1 46.9 46.4 6.5 
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Table 5-7: Measures of Central Tendency and Variability Capped at 500 µg/m3 

PM2.5 Measures of Central Tendency and Variability (<500 µg/m3) 

Sensor Name 
Data 

Subset 
n 

PM2.5 

Mean 

PM2.5 

SD 
PM2.5 95th 

PM2.5 % Hours > 

Moderate (12 

µg/m3) 

% Hours > 

Unhealthy (35 

µg/m3) 

Babicora Cap500 2765 19.1 29.4 49.0 51.7 9.5 

Bomberos Anapra Cap500 2615 27.0 40.5 80.3 76.8 14.5 

CentroComunitari

oUACJ 
Cap500 2692 22.2 30.5 61.6 65.2 11.6 

Clinica Nutricional 

UACJ 
Cap500 2878 22.2 29.1 59.6 73.1 11.0 

Doniphan Dr. Cap500 2933 18.2 36.6 56.0 36.1 7.2 

I -10 W Cap500 2830 17.8 34.1 50.4 36.8 7.5 

IIT UACJ  Cap500 1677 26.0 49.8 98.9 57.8 12.9 

Los Bosques Cap500 2631 17.4 31.8 48.2 38.0 8.1 

Ochoa St. Cap500 2937 18.8 35.5 55.4 38.5 9.0 

Southside Rd. Cap500 2948 16.8 17.3 37.8 59.1 5.9 

Tiwa Blvd Cap500 2948 16.5 24.3 48.4 38.0 8.3 

U.S. 54 Cap500 2946 18.2 30.8 46.1 46.4 6.4 
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Table 5-8: Measures of Central Tendency and Variability Capped at 100 µg/m3 

PM2.5 Measures of Central Tendency and Variability (<100 µg/m3) 

Sensor Name 
Data 

Subset 
n 

PM2.5 

Mean 

PM2.5 

SD 
PM2.5 95th 

PM2.5 % Hours > 

Moderate (12 

µg/m3) 

% Hours > 

Unhealthy (35 

µg/m3) 

Babicora Cap100 2717 16.0 13.0 41.8 50.9 7.9 

Bomberos Anapra Cap100 2516 20.4 14.9 51.6 75.9 11.1 

CentroComunitari

oUACJ 
Cap100 2628 18.4 14.1 46.7 64.3 9.5 

Clinica Nutricional 

UACJ 
Cap100 2822 19.0 14.3 45.9 72.6 9.2 

Doniphan Dr. Cap100 2860 13.3 12.5 33.6 34.5 4.8 

I -10 W Cap100 2777 13.9 13.5 38.9 35.6 5.7 

IIT UACJ  Cap100 1595 16.5 14.6 43.9 55.6 8.5 

Los Bosques Cap100 2587 14.1 13.7 40.1 37.0 6.5 

Ochoa St. Cap100 2882 14.7 14.3 43.0 37.3 7.3 

Southside Rd. Cap100 2924 15.7 11.8 35.3 58.8 5.1 

Tiwa Blvd Cap100 2898 14.1 13.5 41.0 37.0 6.8 

U.S. 54 Cap100 2892 14.7 11.4 33.6 45.4 4.7 
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5.2.2 Descriptive Statistics for NO2 

Table 5-9 and Table 5-10 summarize the distribution of hourly NO2 concentrations 

recorded by the low-cost sensors during the study period. Table 5-9 presents the maximum 1-hr 

concentration observed at each site alongside the period average and 24-hour averaged values. The 

highest 1-hr maximum was measured at Doniphan Dr. (70.1 ppb), followed by U.S. 54 (64.9 ppb); 

both locations lie adjacent to major traffic corridors, which may be attributed to the influence of 

on-road emissions, in contrast to the lowest 1-hr maximum at the Tiwa Blvd site, which is a less 

trafficked area. Period average ranged from 11.4 ppb to 25.9 ppb, while the 24-h averages closely 

mirrored at all sites, which may indicate stable day-to-day conditions that is ubiquitous in the PdN 

region.  

Table 5-9: Summary Statistics for Low-Cost Sensors NO2 

  

Summary Statistics (NO2 ppb) 

Sensor Name NO2 1hr Max NO2 Period Average NO2 24hr Average 

Babicora 44.6 19.5 19.6 

Bomberos Anapra 38.2 15.8 15.9 

Centro Comunitario UACJ 39.9 13.5 13.5 

Clínica Nutricional UACJ  44.5 15.5 15.6 

Doniphan Dr. 70.1 25.9 25.9 

I -10 W 33.7 16.4 16.5 

IIT UACJ  36.9 13.9 13.9 

Los Bosques 35.0 12.7 12.7 

Ochoa St. 46.9 20.7 20.9 

Southside Rd. 31.6 11.5 11.6 

Tiwa Blvd 30.3 11.4 11.5 

U.S. 54 64.9 19.7 19.7 
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Table 5-10 shows the measures of central tendency and variability for the whole dataset. 

The mean concentrations spanned from 11.4 to 25.9 pbb. The standard deviation was moderate 

(4.1-10.8 ppb); however, the sites near major highways showed the most significant variability, 

suggesting intermittent spikes in emissions which could be tied to traffic flow and congestion.  The 

95th percentile concentrations followed a similar pattern, peaking at 47.4 ppb and 39.2 ppb, while 

remaining below 30 ppb at most residential or peri-urban sites. These statistics confirm that 

proximity to high-volume roadways could be a primary driver of elevated and highly variable NO2 

levels.  

Table 5-10: Measures of Central Tendency and Variability 

Sensor Name n NO2 Mean (ppb) NO2 SD (ppb) NO2 95th (ppb) 

Babicora 2948 19.5 7.6 34.8 

Bomberos Anapra 2948 15.8 5.0 25.8 

CentroComunitarioUACJ  2948 13.5 5.8 26.2 

Clinica Nutricional UACJ  2948 15.5 6.2 29.1 

Doniphan Dr. 2948 25.9 10.8 47.4 

I -10 W 2948 16.4 5.8 26.9 

IIT UACJ  2948 13.9 6.1 26.5 

Los Bosques 2948 12.7 5.3 24.1 

Ochoa St. 2948 20.7 7.6 35.5 

Southside Rd. 2948 11.5 4.1 19.7 

Tiwa Blvd 2948 11.4 4.4 19.9 

U.S. 54 2948 19.7 10.6 39.2 
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5.3 Time series results 

5.3.1 Time Series of Hourly Data 

 Hourly time series of PM2.5 and NO2 concentrations from March 1, 2025, to June 30, 2025, 

are presented in Appendix A. The data provides a detailed view of pollutant variability at each 

Clarity Node-S sensor site, which allows for a comparison of temporal patterns and concentration 

ranges across sites and between months.  

 For PM2.5, El Paso sites exhibited episodic spikes throughout the monitoring period, with 

the highest peaks occurring in March and April. These spikes often exceeded 50 µg/m3, suggesting 

short-term pollution episodes potentially linked to local emissions or regional transport events. In 

contrast, baseline concentrations between events tended to remain below 15 µg/m3. Ciudad Juarez 

time series also showed episodic increases, though the magnitude and frequency varied by site. 

Peak in Ciudad Juarez appeared more diffuse in timing across months, with several exhibiting an 

extended period of elevated concentrations, rather than short, sharp events. However, it is 

important to note that some sensors in Ciudad Juárez experienced sensor malfunctions, which 

could be a contributor to extended high readings.  

 NO2 concentrations in the El Paso sites demonstrated more consistent diurnal variability 

compared to PM2.5, with most hourly values ranging between 10 and 40 ppb, followed by localized 

peaks above 50 ppb. These patterns were relatively stable across months, although some sites 

displayed more pronounced short-term peaks, potentially reflecting traffic-related emissions. In 

Ciudad Juarez, NO2 levels were generally lower in magnitude but still showed episodic increases. 

Babicor, Centro Comunitario UACJ, and IIT UACJ exhibited the highest variability, with 

concentrations occasionally reaching or exceeding 50 ppb during June.  

 Overall, the time series reveals apparent spatial and temporal variability in both PM2.5 and 

NO2 across the PdN. PM2.5 was characterized by sporadic high-concentration episodes more 

common in spring months, while NO2 patterns were more consistent and localized, likely 

influenced by traffic activity and meteorological conditions. The appendix figures provide detailed 

site-level visualizations of these patterns.  
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5.3.2 Diurnal pattern of Pollutants per city  

The diurnal patterns of PM2.5 concentrations for El Paso and Ciudad Juarez are shown in 

Figure 5-2 and Figure 5-3 with concentrations capped at 500 µg/m3 to reduce the visual impact of 

extreme dust storm events on the plots. Both cities exhibit characteristic daily cycles, though the 

magnitude and timing of peaks vary by location.  

In El Paso, Figure 5-2, PM2.5 concentrations generally remained lower before dawn (00:00-

06:00 MST), followed by a secondary peak around 7:00 MST, and gradual rise starting mid-

morning and peaking between 18:00 and 21:00 MST. This late afternoon/evening maximum could 

be influenced by a combination of increased vehicular activity during evening commute hours, 

atmospheric mixing processes, and potential regional dust transport. The nighttime decline could 

correspond to a decrease in traffic and the stabilization of the boundary layer.  

 

Figure 5-2 PM2.5 Hourly time series for El Paso sites (capped at 500 µg/m3) 
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In Ciudad Juarez, Figure 5-3, the diurnal pattern also shows low pre-dawn concentrations 

followed by a secondary morning peak and an afternoon-to-evening increase. However, some sites 

exhibit sharper late-afternoon peaks, which may reflect enhanced exposure to lofted dust and 

pollutant transport from surrounding areas.  

 

Figure 5-3 PM2.5 Hourly time series for Ciudad Juarez sites (capped at 500 µg/m3) 
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For NO2, the El Paso sites in Figure 5-4 display a clear bimodal pattern typical of traffic-

related pollutants, with a pronounced morning peak around 07:00-09:00 MST corresponding to 

the morning traffic rush hour, followed by a secondary evening peak near 18:00-20:00 MST. 

Concentrations decrease during midday when the NO2 photolysis and atmospheric dispersion are 

greatest.  

 

Figure 5-4 NO2 Hourly time series for El Paso sites 
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In Ciudad Juarez, Figure 5-5, the NO2 diurnal pattern is similar but with generally lower 

magnitudes, and in some locations the evening peak is less pronounced, possibly reflecting 

differences in traffic density, fleet composition, and urban form.  

 

Figure 5-5 NO2 Hourly time series for Ciudad Juarez sites 

 In conclusion, the diurnal profiles reveal the combined influence of local emissions, 

meteorology, and site characteristics on pollutant concentrations in both cities. Where PM2.5 

patterns are more strongly tied to dust transport and atmospheric mixing, while NO2 patterns are 

more directly linked to traffic-related emission cycles. All graphs clearly show the spatial 

variability among the sites in the PdN.  
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5.3.3 Time series of sensor data with nearby reference stations 

An analysis was conducted to assess the concentration of PM2.5 and NO2 reported by the 

in-field sensors by comparing them to nearby CAMS, which includes Desert View, Chamizal C41, 

Ascarate C37, and Socorro Hueco C49. Table 5-11 contains the distance measurement in 

kilometers representing the distance between the reference station and the Clarity sensor. The 

Haversine formula was utilized to calculate the distance between two coordinates of latitude and 

longitude. To include a minimum of one Clarity sensor for comparison, a 4 km radius was drawn 

for each reference stationðresults of the time series plots for data recorded at the reference station 

and nearby sensor locations are displayed in Appendix B. By evaluating a 4 km radii around each 

reference station, we can better understand the context of the local air quality recorded by the 

clarity sensors and how well they performed with respect to nearby reference stations (the time 

series plots in Appendix B show where the clarity sensor recorded PM2.5 concentrations that briefly 

spiked or were at lower concentrations together with the reference stations). For example, in the 

time series data, the comparison between the Chamizal C41 reference station and clarity sensor 

CL-3 shows a close relationship and therefore it is not a surprise given that they are only 0.006 km 

apart (as shown in Table 5-11 and therefore a strong correlation for measuring PM2.5). However, 

the clarity sensors performance capturing NO2 concentrations appears much weaker as there was 

not as consistent spikes as before in the time series. From the visual spikes and monthly variation, 

it can be seen in appendix B. Also, it is interesting to note that the clarity sensor that was deployed 

in Juarez recorded significantly higher PM2.5 concentrations in comparison to the nearby reference 

stations, but the clarity sensor in El Paso, TX reported a much stronger correlation reporting 

concentrations much closer to that of the nearby clarity station. 

Table 5-11: Clarity Sensor Distance in km to Reference Station 

               Reference Station 

Clarity Sensor Desert View Chamizal C41 Ascarate C37 Socorro C49 

Doniphan Dr. 
5.898 km 15.262 km 20.522 km 34.471 km 

I -10 W 7.903 km 4.951 km 10.162 km 23.536 km 

Ochoa St. 10.980 km 2.734 km 7.296 km 20.447 km 

CL-3 12.624 km 0.006 km 5.386 km 19.220 km 

U.S. 54 13.425 km 2.770 km 5.906 km 19.800 km 

Southside Rd. 27.516 km 15.446 km 10.355 km 3.954 km 

Tiwa Blvd 33.743 km 22.175 km 17.298 km 4.784 km 

Bomberos Anapra 3.295 km 10.062 km 15.277 km 28.411 km 
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IIT UACJ  15.554 km 3.344 km 2.738 km 15.983 km 

Los Bosques 16.161 km 5.194 km 4.287 km 15.339 km 

Clínica Nutricional 

UACJ 
19.218 km 12.334 km 11.823 km 16.933 km 

Babicora 25.237 km 14.945 km 11.376 km 9.416 km 

Centro Comunitario  

UACJ 

 

31.483 km 22.350 km 19.046 km 12.830 km 

5.4 Spatial Distribution of Pollutant Concentrations  

Heat map visualizations of PM .  concentrations present a clear view of pollution hotspots 

and cleaner areas across the basin. For the study period, the commonly used variogram-based 

methods were evaluated. However, inverse-distance weighting (IDW) was selected instead 

because it places no strong requirement on spatial stationarity, preserves sharply defined local 

features such as dust-storm plumes, and completes interpolations in seconds on standard hardware. 

IDW estimates a value at an unsampled location by taking a weighted average of nearby 

observations. In its simplest form, the two key equations are:  

ὤὼ
В ύὤὼ 

В ύ 
 

 

 

And    ύ
ȟ
  

 

where 

ὼ is the location for the estimate, 

ὤὼ  is the interpolated concentration at ὼ; 

ὤὼ  is the observed PM2.5 value at xi;   

i is the number of sensor; 

Ὠὼȟὼ  is the Euclidean distance between xo and xi; and 

ὴ is the inverse distance power (usually 2), 

wi is the distance based weight 

ὼ is the location of sensor i, 
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Each measurementôs influence is proportional to 1/dp, where d is the distance to the 

prediction point and p is a power parameter (typically 2). This deterministic approach avoids any 

need for variogram modeling and remains robust when data are sparse or unevenly distributed. All 

computations live in a fully scripted R pipeline:  

¶ gstat (Pebesma & Bivand) implements the IDW algorithm and handles spatial 

objects 

¶ terra (Hijmans et al.) converts the scattered IDW predictions into a continuous 

raster 

¶ tmap (Tennekes & collaborators) renders that raster over OpenStreetMap tiles.  

Each package is open source, on CRAN, and maintained by its original authors; the entire 

workflow can be re-run or tweaked.  

The heat map series below shows spatial PM .  patterns for three metrics: (1) the maximum  

1-hr concentration, (2) the daily (24-hr) mean, and (3) the period-average. Each metric appears 

with four upper boundsð100, 500, 1,000 Õg/m3, and uncapped. Grey circles mark sensor 

locations, and warmer colors represent higher interpolated values. Increasing the bound reveals 

how a few extreme duststorm hours dominate the uncapped surface and hide the finer spatial 

gradients visible under the capped scales. 
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Figure 5-6 shows the maximum 1-hr PM2.5 concentration throughout the period without 

any capping. There are two dominant red zone spikes located in south-central Ciudad Juarez 

(roughly the Zaragoza-Valle Verde Corridor), which show as a primary hotspot, saturating the 

scale at >5,000 µg/m3. There is also a second hot spot that sits on the north-west fringe near 

Sunland Park/Anapra, which  is well above 4,000 µg/m3. These figures are far beyond typical 

urban PM2.5 events and almost certainly correspond to short-lived dust storms or sensor artifacts 

rather than routing combustion sources. It is important to note that because the color bar has to 

accommodate those extreme values, most of El Paso and the Juarez core have only light orange to 

pale orange (~1,000-2,500 µg/m3). This scale flattens important gradients, for example, the 

Franklin-Mountain foothills and easter valley appear almost uniform, even though their everyday 

maxima would be very different under different scales.  

 

Figure 5-6: Heat Map PM2.5 1 Hour Maximum (Not Capped) 
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Figure 5-7 shows the period-average PM2.5 concentrations; there is a persistent hotspot 

south of Downtown Juarez. The sensor just southeast of the border crossing records high PM2.5 

that exceeds 1,200 µg/m3. Because this is an average over four months, dust storm induced high 

PM2.5 concentrations are likely to suppress contributions from local emissions.   

 

Figure 5-7: Heat Map PM2.5 Period Average (Not Capped) 
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Figure 5-8 shows the 24-hr average for PM2.5 without being capped. There is a dominant 

hotspot that exceeds 1,200 µg/m3 at that location. Similarly, the high concentration is attributed to 

the unusual high number of days with dust storm.  

 

Figure 5-8: Heat Map PM2.5 24hr Average (Not Capped) 
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Figure 5-9 shows a broader scale between 300 and 1,000 µg/m3, revealing high intensity 

spikes but still compressing neighborhood differences compared to the 500-cap map. Peak values 

were comparable across sensors, with most exceeding 700 µg/m3.   

 

Figure 5-9: PM2.5 1hr Max (<1,000 µg/m3) 
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Figure 5-10 shows two prominent hotspots in central Juarez and Anapra for the period-

average PM2.5 concentrations when the worst dust storm events were removed (<1,000 µg/m3). 

There is a good urban gradient, which shows better spatial variations of PM2.5 in the region.  

 

Figure 5-10: PM2.5 Period Average (<1000 µg/m3) 
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Figure 5-11 shows the 24-hr average PM2.5 concentration which is like that of the period 

average, with high concentrations located in central Juarez and Anapra.  

 

Figure 5-11: PM2.5 24hr Average (<1000 µg/m3) 
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Figure 5-12 shows the maximum 1-hr PM2.5 concentrations that are  capped at 500 µg/m3. 

A lower cap shows more spatial variability. The darker area signals either a recurring evening dust 

plume channeled up the valley or local industry/open burning episodes. The downtown 

Juarez/bridge corridor shows a warm ribbon tracking the main north-south highway and border 

crossings.  

 

Figure 5-12: PM2.5 1 hour Max (<500 µg/m3) 
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Figure 5-13 shows the period average PM2.5 concentrations for the PdN. The darkest cells 

show a concentration of 25 µg/m3, as well as a second warm patch around the Anapra area, which 

may indicate a persistent influence from local, anthropogenic activity.  

 

Figure 5-13: PM2.5 Period Average (<500 µg/m3) 
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Figure 5-14 shows that there is a hotspot in central Juarez, near the Paso del Norte Bridge, 

which seems to peak around 30 µg/m3. Indicating a sustained local source of pollution. A second 

warm spot can be seen near Anapra, also suggesting persistent emissions from unpaved industrial 

areas or other anthropogenic activity. However, it is important to note that these peaks could also 

be caused by instrument bias or possible sensor malfunctions that would drive averages up.  

 

Figure 5-14: PM2.5 24hr Average (<500 µg/m3) 
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Figure 5-15 shows the observations for the 1-hour maximum surface capped at 100 µg/m3. 

There are multiple moderate hotspots now visible. The Central El Paso-downtown Juárez area 

shows the high concentrations centered along the bridge crossing corridor. A second bright patch 

appears in the lower valley near Socorro-Ysleta, suggesting a recurring short spike in that 

industrial-residential mix. Gradients that were lost in the map with unfiltered data can now be seen. 

Residential foothills and high-desert fringes shift to cooler orange tones, reflecting lower peak 

hours. High traffic around the I-10 and Loop 375 corridors also shows orange and red ribbons, 

consistent with traffic emissions and wind-channeled dust, supporting the interpolated pattern.  

 

Figure 5-15: PM2.5 1hr Max (<100 µg/m3) 
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Figure 5-16 shows that western Juarez experienced high PM2.5 concentrations; the largest 

warm zone sits around the Anapra area, reaching to about 20 µg/m3, which suggest a persistent 

PM source on the Mexican side of the border, possibly unpaved roads or the existence of some 

uncontrolled emission sources. There is an orange belt that arcs around the Franklin Mountain 

foothills and into downtown El Paso. The average values are around 16-18 µg/m3, which is 

consistent with a higher traffic density and up-slope wind that traps evening emissions. The 

southeast Juarez near the Zaragoza-Socorro corrido shows another pocket, which may indicate 

regular background dust or agricultural activity in the valley.  

 

Figure 5-16: PM2.5 Period Average (<100 µg/m3) 
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Figure 5-17 shows a persistent high PM2.5 concentrations near Anapra, where values 

exceed 20 µg/m3. It suggests a stable emission source may exist on the Mexican side of the Rio 

Grande River, likely related to emissions from unpaved roads or other anthropogenic activities.  

 

Figure 5-17: PM2.5 24hr Average (<100 µg/m3) 
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Figure 5-18 shows the distribution of the maximum 1-hr NO2 concentration in the PdN. 

There are two distinct hotspots located in the northwest Juarez and near US 54. Both spikes could 

be caused by stagnant, local rush-hour traffic. Away from the two hotspots most of the urban area 

were exposed to NO2 concentration of between 30 and 40 ppb.  

 

Figure 5-18: NO2 1hr Max 
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Figure 5-19 shows the period average NO2 concentrations. Again, the northwest Juarez 

experienced high NO2 concentrations indicating a possible continual mix of traffic emission 

sources. The NO2 concentration near the Paso del Norte Bridge stays around 20 ppb, reflecting the 

impacts from a persistent stream of traffic near the port of entry.  

 

Figure 5-19: NO2 Period Average 
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Figure 5-20 shows that the northwest Juarez continue to have the highest 24-hr average 

NO2 concentrations, which may be caused by the traffic emissions. The border crossing in central 

Juarez remains elevated, possibly due to the presence of buses and freight vehicles. There is a wide 

basin ribbon near the traffic corridors; this pattern confirms that road traffic is the dominant basin-

wide source.  

 

Figure 5-20: NO2 24-hour Average 
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5.6 Air Quality Awareness Campaign Results 

A total of 114 children participated in the ñAir Detectivesò workshop. The age of the 

participants ranged from 8 to 12 years, with the following distribution: 25% were 9 years old, 44% 

were 10 years old, and 29% were 11 years old. Table 5-12presents the percentage of correct 

answers to the pre- and post-surveys. Table 5-13 presents the statistical t-test values for the 

different topics. 

Table 5-12 Percentage of Correct Answers 

Topic Before (%) After (%)  Change 

What is air pollution? 93.0 92.8 å 

Major/mobile pollution source 71.1 68.7 å 

AQI interpretation (colors)  98.2 81.9 Ź 

Response to red-level AQI 80.7 92.8 ŷ 

Actions to improve air quality 53.5 94.0 ŷŷŷ 

 

Table 5-13 Statistical Test (Student's t-test) 

Topic t p-value Significance 

Air pollution  0.06 0.955 Not significant 

Pollution sources 0.36 0.722 Not significant 

AQI interpretation (colors)  3.69 0.0004 Significant 

Response to red-level AQI -2.58 0.0108 Significant 

Actions to improve air quality -7.53 < 0.00001 Highly significant 
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The comparative analysis of pretest and posttest results offers a comprehensive view of the 

cognitive impact generated by the ñAir Detectivesò workshop on participating students. The 

interpretation of findings is organized by thematic area: 

a) Understanding of air pollution 

Students exhibited a high baseline understanding of the concept of air pollution, with 93% 

correctly identifying it as the presence of harmful gases and particles in the air. The posttest score 

remained virtually unchanged (92.8%), indicating that while the workshop effectively maintained 

this knowledge, it did not significantly enhance it. This suggests that students were already familiar 

with the concept prior to the intervention, likely due to previous formal or informal exposure. 

b) Pollution sources 

The recognition of major or mobile pollution sourcesðsuch as vehicles and factoriesð

showed a slight decrease from 71.1% to 68.7%, with no statistically significant difference (p > 

0.05). This marginal drop may be attributed to the rewording of the posttest question or confusion 

between mobile and stationary sources. These findings highlight a critical area for improvement 

in future sessions, suggesting the need for clearer distinctions and more interactive explanations. 

c) Air Quality Index (AQI) interpretation 

A significant decline was observed in the correct interpretation of AQI colorsðfrom 98.2% 

in the pretest to 81.9% in the posttest. While the overall percentage remained relatively high, the 

reduction was statistically significant (p = 0.0004). This could be due to the introduction of more 

nuanced content that was not fully retained or internalized by all students. It may also indicate the 

need for sustained reinforcement or simplified visual aids when presenting abstract indicators such 

as AQI. 

d) Response to red-level AQI conditions 

Studentsô understanding of protective behaviors during red-level AQI events improved 

significantlyðfrom 80.7% to 92.8% (p = 0.0108). This reflects an enhanced ability to apply 

knowledge in practical health-related scenarios. The workshopôs emphasis on actionable 

guidanceðsuch as staying indoors or using masksðproved effective, particularly when delivered 

through relatable scenarios and participatory role-playing. 

e) Personal actions to improve air quality 

The most significant gain was observed in studentsô understanding of their role in 

improving air quality. Correct responses rose dramatically from 53.5% to 94.0% (p < 0.00001). 

This improvement highlights the transformative potential of participatory education in promoting 

environmental responsibility. The station-based workshop structure, which included tree-planting 

simulations and discussions about daily habits, likely contributed directly to this learning outcome. 
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Chapter 6: Discussion and Conclusions of Study 

6.1 Low-Cost Sensor Overall Performance 

Twelve Clarity Node-S sensors were installed to give block-level coverage across El Paso 

and Ciudad Juarez. Each sensor ran a solar-battery pack with its own global SIM card. Routine 

checks kept network uptime above 98%, with most outages limited to less than four hours while 

field staff reset the instruments. Before the long-term deployment, every sensor underwent a 

collocation period beside the FEM station at CAMS41. The resulting paired dataset fed a two-

stage correction approach. All sensors were first scaled to match a single in-field ñbaseò sensor, 

thereby removing senor-to-sensor bias. Following this, a multivariate linear model linked the raw 

outputs to the reference-corrected base sensor.  

The sensors encountered a few issues, mainly regarding episodic events such as dust 

storms. Spring winds regularly lofted coarse desert dust, driving PM2.5 readings beyond 5000 

µg/m3. Once the concentration exceeded roughly 1,000 µg/m3, the photometric counter saturated, 

outputting either its maximum value or noisy spikes. These episodes had two practical effects.  

1. They stretched hourly datasets, so statistical summaries were produced both with and 

without caps at 100, 500, 1,000 µg/m3 to expose hidden spatial patterns.  

2. Fine particles would often saturate the sensors' inlets, causing more maintenance 

events.  

Outside of dust events, the instruments performed within specification once they were 

cleaned and free of obstructions. However, the Ciudad Ju§rez units showed limited durability. 

During several storms, they malfunctioned, and their readings degraded again only a few hours 

after routine maintenance. The most plausible explanation is abrasive dust that scratches the inlet 

cone and coats the optical chamber, reducing mirror reflectance and sensitivity. This optical 

damage can force the sensor to report artificially high concentrations. 

6.3 Spatial and Temporal Patterns of Pollution  

PM2.5 was highly affected by episodic events. The uncapped distributions were strongly 

right-skewed(mean = 222 µg/m3 vs median = 13 µg/m3) this is based on the average mean and 

median from  Table 5-5, with extreme hours dominating the data. After capping at 100 µg/m3, the 

site converged to roughly 13-20 µg/m3, which better represents everyday exposure. The IDW heat 

maps clarified recurring hotspots near the international bridge corridor and the Anapra area. NO2 

displayed consistent diurnal cycles with morning and evening peaks at roadway-adjacent sites such 

as Doniphan and US 54, which may be driven by heavy traffic.  
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6.5 Conclusions 

6.5.1 Conclusions of Air Quality Awareness Campaign 

The results of the analysis confirm that the ñAir Detectivesò workshop had a positive and 

significant impact on studentsô understandingðparticularly regarding preventive actions and 

responses to high pollution levels. Topics related to the Air Quality Index (AQI) and individual 

actions demonstrated clear learning gains, indicating that the workshop was effective in fostering 

practical, real-world understanding among students. 

However, it is recommended to strengthen content related to mobile sources of pollution 

and the interpretive use of the AQI in future implementations, to consolidate more abstract or 

technical concepts. The participatory methodology usedðbased on thematic stations, group 

dynamics, and playful learningðproved highly appropriate for this age group, fostering 

engagement, reflection, and ownership of knowledge. 

Overall, the workshop proved to be an effective strategy for enhancing environmental 

literacy, particularly in areas related to informed decision-making and responsible behavior. 

Although students already possessed solid conceptual knowledge, the intervention enabled deeper 

learning in key dimensions such as information interpretation, practical application, and 

environmental awareness. These findings support the continued use of experiential learning 

strategies and suggest that well-designed, short-term educational interventions can produce 

measurable cognitive changes in young school populations. 
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6.5.2 Key Findings 

A calibrated low-cost network can increase the spatial and temporal view, enhancing the 

sparse regulatory monitoring in the PdN. PM2.5
 was dominated by episodic events that inflates 

uncapped averages. NO2 reflected commuter cycles and roadway proximity. After the base sensor 

normalization and MLR, the network produced comparable data across 12 sites with a high uptime. 

The collocation at CAMS 41 confirmed a strong PM2.5 agreement (R2 = 0.95), even though there 

was a weaker performance in March (R2 = 0.69). The NO2 correlations were modest overall (R2 = 

0.12-0.21 by month; 0.1495 for March-June). These results can be further seen in Appendix.  

6.5.3 Limitations and Future Studies 

Base sensor normalization was pivotal, as during the colocation period, the reference 

station was undergoing a lengthy maintenance period. A base sensor had been previously selected 

to be the ñbestò sensor based on its correlation to CAMS41. Each field unit was briefly co-located 

with this base to estimate alignment coefficients, after which its data was corrected after 

normalization with the base unit.  

There could be possible limitations using this method, such as any residual bias could be 

propagated to the network. This could be mitigated by performing seasonal re-collocations at 

CAMS 41, tracking monthly slope/intercept for drift, and re-issuing the coefficient to the fleet. 

However, it is important to note that having a ñbaseò sensor that remains collocated with the 

reference stations could provide remote corrections to the other sensors. It is, however, essential 

to note some assumptions that are made following this method:  

1. The short base colocations captured a stable linear agreement for each unit.  

2. Hardware and siting of field sensors have not changed materially 

3. For NO2, the electrochemical cell will drift faster than the PM optics, which could lead 

to a need to re-collocate the sensors.  

Spring dust events pushed several optical particle counters beyond their linear range. 

Above roughly 1,000 µg/m3 some devices clipped or produced spikes, which could indicate they 

require cleaning or possibly a replacement. The high reading produced by the sensors could also 

be caused by abrasive dust scuffing inlets and coating optics, which could reduce reflectance and 

can bias readings. Rooftop placements in Ciudad Juarez may have intercepted lofted plumes more 

often than breathing height sites, possibly accelerating wear.  

There were no issues with power to the devices. However, the siting of the device is critical 

to keep them charged. The PdN is sunny throughout, allowing this project to capture data at the 

fastest sampling frequency. The extended sampling frequency modified for this study is only 

possible in areas with copious amounts of sunlight. Sampling frequency may vary depending on 

the location of the project.  

IDW was selected due to the small and unevenly placed number of units in the field, along 

with substantial event-driven variability, which made variogram fitting unstable and violated some 

of the stationary assumptions underlying kriging. IDW preserves sharp local features and is fast to 

compute, but it does not provide prediction uncertainty.  
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For future studies, several suggestions can be made:  

1. Strengthen Calibration: To strengthen the correction, extended collocations could be 

done seasonally. In addition to checking the monthly slope and intercept for the base 

sensor and applying back correction when they drift, a rolling calibration could be used 

for this purpose. For NO2, continue device-specific models with temperature and 

humidity and repeat collocations after major weather events.  

2. Harden Field Deployments: The devices could also see a reduction in maintenance if 

some steps are taken, such as adding inlet guards or a disposable pre-filter during dust 

seasons and scheduling pre-emptive cleanings for all units following a dust storm. 

However, it is critical to note that it is important to follow the manufacturer's 

specifications, as adding inlet guards or pre-filters could negatively affect devices and 

worsen their performance.  

3. Refine Data Treatment: Reporting uncapped and capped PM2.5 statistics and 

implementing an automated ñevent flagò that uses wind speed, direction, and humidity 

thresholds to tag possible dust hours so routine exposure metrics are not inflated.  

4. Advanced Spatial Methods and Uncertainty: Continue using IDW for rapid public-

facing maps, reporting RMSE and bias. If the network grows or seasonal data 

accumulates, test the use of ordinary or universal kriging with a variogram diagnostic 

and provide prediction variables.  

5. Power: Formalize a schedule for solar panel cleaning, shading checks, antenna 

placements, and battery health audits to ensure sensors are operational.  
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Appendix A  

 

Appendix A: Hourly PM2.5 Concentrations (µg/m³) Time Series at Clarity Sensors 

in El Paso, TX ï March 2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa Blvd, 

and U.S. 54) 

  



 A-2 

 

Appendix A: Hourly PM2.5 Concentrations (µg/m³) Time Series at Clarity Sensors 

in El Paso, TX ï April  2025 (Doniphan Dr., I -10 W, Ochoa St., Southside Rd., Tiwa Blvd, 

and U.S. 54) 
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Appendix A: Hourly PM2.5 Concentrations (µg/m³) Time Series at Clarity Sensors 

in El Paso, TX ï May 2025 (Doniphan Dr., I -10 W, Ochoa St., Southside Rd., Tiwa Blvd, 

and U.S. 54) 
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Appendix A: Hourly PM2.5 Concentrations (µg/m³) Time Series at Clarity Sensors 

in El Paso, TX ï June 2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa Blvd, 

and U.S. 54) 
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Appendix A: Hourly PM2.5 Concentrations (µg/m³) Time Series at Clarity Sensors in 

Ciudad Juárez, CH ï March 2025 (Babicora, Bomberos Anapra, Centro Comunitario 

UACJ, IIT UACJ, Los Bosques)  
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Appendix A: Hourly PM 2.5 Concentrations (µg/m³) Time Series at Clarity Sensors in 

Ciudad Juárez, CH ï April  2025 (Babicora, Bomberos Anapra, Centro Comunitario UACJ, 

IIT UACJ, Los Bosques) 
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Appendix A: Hourly PM 2.5 Concentrations (µg/m³) Time Series at Clarity Sensors in 

Ciudad Juárez, CH ï May 2025 (Babicora, Bomberos Anapra, Centro Comunitario UACJ, 

IIT UACJ, Los Bosques) 
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Appendix A: Hourly PM 2.5 Concentrations (µg/m³) Time Series at Clarity Sensors in 

Ciudad Juárez, CH ï June 2025 (Babicora, Bomberos Anapra, Centro Comunitario UACJ, 

IIT UACJ, Los Bosques) 
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Appendix A: Hourly NO  Concentrations (ppb) Time Series at Clarity Sensors in El 

Paso, TX ï March 2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa Blvd, and 

U.S. 54)  

 

  



 A-10 

 

Appendix A: Hourly NO  Concentrations (ppb) Time Series at Clarity Sensors in El 

Paso, TX ï April  2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa Blvd, and U.S. 

54) 
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Appendix A: Hourly NO  Concentrations (ppb) Time Series at Clarity Sensors in El 

Paso, TX ï May 2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa Blvd, and U.S. 

54) 
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Appendix A: Hourly NO  Concentrations (ppb) Time Series at Clarity Sensors in El 

Paso, TX ï June 2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa Blvd, and U.S. 

54) 
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Appendix A: Hourly NO  Concentrations (ppb) Time Series at Clarity Sensors in 

Ciudad Juárez, CH ï March 2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa 

Blvd, and U.S. 54) 
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Appendix A: Hourly NO  Concentrations (ppb) Time Series at Clarity Sensors in 

Ciudad Juárez, CH ï April  2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa 

Blvd, and U.S. 54) 
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Appendix A: Hourly NO  Concentrations (ppb) Time Series at Clarity Sensors in 

Ciudad Juárez, CH ï May 2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa Blvd, 

and U.S. 54) 
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Appendix A: Hourly NO  Concentrations (ppb) Time Series at Clarity Sensors in 

Ciudad Juárez, CH ï June 2025 (Doniphan Dr., I-10 W, Ochoa St., Southside Rd., Tiwa Blvd, 

and U.S. 54) 
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Appendix B  

 

 

Appendix B: 1 Hourly PM2.5 Concentration Time Series at Reference Station and 

nearby Clarity Measurements for March 2025: a) Desert View reference station and nearest 

Clarity sensor, b) Chamizal reference station and nearest Clarity sensor, c) Chamizal 

reference station and Clarity sensor CL-3, d) Ascarate Park reference station and nearest 

Clarity sensor, e) Socorro Hueco reference station and nearest Clarity sensor 
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Appendix B: Hourly PM2.5 Concentration Time Series at Reference Station and 

nearby Clarity Measurements for April 2025: a) Desert View reference station and nearest 

Clarity sensor, b) Chamizal reference station and nearest Clarity sensor, c) Chamizal 

reference station and Clarity sensor CL-3, d) Ascarate Park reference station and nearest 

Clarity sensor, e) Socorro Hueco reference station and nearest Clarity sensor 
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Appendix B: Hourly PM2.5 Concentration Time Series at Reference Station and 

nearby Clarity Measurements for May 2025: a) Desert View reference station and nearest 

Clarity sensor, b) Chamizal reference station and nearest Clarity sensor, c) Chamizal 

reference station and Clarity sensor CL-3, d) Ascarate Park reference station and nearest 

Clarity sensor, e) Socorro Hueco reference station and nearest Clarity sensor 
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Appendix B: Hourly PM2.5 Concentration Time Series at Reference Station and 

nearby Clarity Measurements for June 2025: a) Desert View reference station and nearest 

Clarity sensor, b) Chamizal reference station and nearest Clarity sensor, c) Chamizal 

reference station and Clarity sensor CL-3, d) Ascarate Park reference station and nearest 

Clarity sensor, e) Socorro Hueco reference station and nearest Clarity sensor 
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Appendix B: Hourly NO2 Concentration Time Series at Reference Station and 

nearby Clarity Measurements for March 2025: a) Desert View reference station and nearest 

Clarity sensor, b) Chamizal reference station and nearest Clarity sensor, c) Chamizal 

reference station and Clarity sensor CL-3, d) Ascarate Park reference station and nearest 

Clarity sensor 
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Appendix B: Hourly NO2 Concentration Time Series at Reference Station and 

nearby Clarity Measurements for April 2025: a) Desert View reference station and nearest 

Clarity sensor, b) Chamizal reference station and nearest Clarity sensor, c) Chamizal 

reference station and Clarity sensor CL-3, d) Ascarate Park reference station and nearest 

Clarity sensor 
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Appendix B: Hourly NO2 Concentration Time Series at Reference Station and 

nearby Clarity Measurements for May 2025: a) Desert View reference station and nearest 

Clarity sensor, b) Chamizal reference station and nearest Clarity sensor, c) Chamizal 

reference station and Clarity sensor CL-3, d) Ascarate Park reference station and nearest 

Clarity sensor 
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Appendix B: Hourly NO2 Concentration Time Series at Reference Station and 

nearby Clarity Measurements for June 2025: a) Desert View reference station and nearest 

Clarity sensor, b) Chamizal reference station and nearest Clarity sensor, c) Chamizal 

reference station and Clarity sensor CL-3, d) Ascarate Park reference station and nearest 

Clarity sensor 
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Time Period PM2.5 R2 PM2.5 Equation NO2 R2 NO2 Equation 

March-June 
0.7557 

y = 0.4689x + 

4.5803 
0.1495 

y = 0.2928x + 

10.808 

March  
0.6871 

y = 0.5275x + 

2.148 
0.116 

y = 0.2333x + 

12.793 

April  
0.9537 

y = 0.399x + 

6.1646 
0.2072 

y = 0.3105x + 

10.297 

May 
0.9512 

y = 0.9633x + 

0.4099 
0.1971 

y = 0.3388x + 

9.4182 

June 
0.9549 

y = 0.7127x + 

2.014 
0.0525 

y = 0.2575x + 

11.115 
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Appendix C  

 

 

Appendix C: Ochoa St.  El Paso Sensor 
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Appendix C: I10 West El Paso Sensor 
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Appendix C: Doniphan El Paso Sensor 

  










