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Executive Summary 

Recent efforts by Texas Air Quality Research Program (AQRP) and TCEQ to monitor 

and study air quality in Texas cities has resulted in improved understanding of the processes and 

sources which control urban air quality in e.g. Houston.  As highlighted in the AQRP Priority 

Research Areas 2018-2019, El Paso is near the National Ambient Air Quality Standards for 

particulate matter (PM) and ozone (O3).  Reductions in anthropogenic emissions through the 

implementation of cleaner technologies for e.g. motor vehicle exhaust, coal-fired power plants, 

have refocused efforts to understand the contribution of biomass burning to urban air pollution.  

This is particularly relevant for El Paso, which can experience large impacts of periodic 

biomass burning/wildfire plumes transported from out-of-state.  Black carbon (BC), a marker 

for combustion influences on air quality, has been shown to be decreasing in urban areas across 

the United States due to increased regulation and the use of cleaner fuels (Kirchstetter et al. 

2017).  As a result, biomass burning contributions are likely becoming more important for BC 

and for urban air quality in general.   

This project has provided critical new a methodology to ascertain the influence of 

biomass burning on air quality in El Paso, TX through the characterization of BC and brown 

carbon (BrC). BrC is the carbon fraction of an aerosol that selectively absorbs short 

wavelengths of light (i.e. ultraviolet or UV). Influence of biomass burning plumes was 

identified using aerosol optical properties, including aerosol light absorption and scattering 

coefficients for specific UV and visible wavelengths combined with absorption Ångström 

exponents (AAE) and scattering Ångström exponents (SAE)  (Sandradewi et al. 2008b, Laing et 

al. 2016).  When light absorption by atmospheric aerosols is dominated by BrC rather than BC, 

such as when there is increased influence from biomass burning on aerosols, the AAE is much 

greater than one. When the aerosol absorption is dominated by BC, like in motor vehicle 

exhaust, the AAE is close to one. The newest technology for real-time monitoring of aerosol 

absorption is the tricolor absorption photometer (TAP). The TAP measures absorption at UV, 

green and red wavelengths to more specifically target this biomass burning influence.  This 

inexpensive and continuous photometer was designed by National Oceanic and Atmospheric 

Administration (NOAA) and is commercially produced by Brechtel to address issues with 

previous photometers, including cost, sensitivity, noise and, effective scattering corrections 
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(Ogren et al. 2017).  Light extinction by atmospheric aerosols includes both absorbing and 

scattering components. Both absorption and scattering coefficients have potential to be used to 

classify biomass burning, combustion and dust impacts of urban air quality.  Since Texas cities 

are periodically impacted by all these sources, a combined absorption and scattering monitoring 

approach, similar to that used by NOAA and the Department of Energy, was implemented for 

(BC)2 El Paso. The two goals of (BC)2 El Paso are to 1) address scientific air quality questions 

of frequency, seasonality, and optical properties of biomass burning plumes in El Paso and 2) to 

evaluate the TAP instrument suite for application in long-term monitoring at urban sites in 

Texas. 

The PIs conducted a multi-month field deployment of two TAPs, a seven-channel 

aethelometer (Magee Scientific AE42), and a three-wavelength nephelometer (TSI 3563) to 

characterize aerosol optical properties, including multi-wavelength light absorption and 

scattering during (BC)2 El Paso. Measurements of light absorption and scattering coefficients 

and the calculated AAE and SAE were used in a proof-of-concept study to identify when 

biomass burning influenced El Paso air quality during the Mar-Jun 2019 campaign.  The aerosol 

optical properties were also used to identify dust events. In addition to these aerosol optical 

property measurements, trace gas, satellite fire data and back trajectories were used to further 

support classification and extent of biomass burning influence. This suite of aerosol and trace 

gas instrumentation was installed in the Baylor Air Quality Trailer, which was deployed on a 

newly constructed pad adjacent to the TCEQ CAMS 12 (UTEP) air monitoring site and 

managed remotely by the Baylor-UH team.   

Major Findings 

1. The TAP + nephelometer was used to identify influence of biomass burning events on El 

Paso air quality.  Findings were supported using satellite fire products and back 

trajectories. 

2. For seasonality during (BC)2 El Paso in 2019, June was identified to have the most 

influence from biomass burning, while April-May had the most influence from dust 

events. 

3. The use of AAE allowed for BB events to be identified, even in a complex urban 

atmosphere when changes in concentration alone are not indicative.  
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4. The TAP + nephelometer instrument suite provided a relatively low maintenance 

solution to conducting a long-term BB monitoring campaign. 

Recommendations for Future Analysis 

1). Conduct a (BC)2 Houston scientific study to investigate the influence of BB in Houston, TX. 

2). Analyze co-located PM2.5 filters for radiocarbon and potassium ion to quantify the impact of 

biomass burning on PM2.5 concentrations and to establish relationships between changes in 

AAE and contribution of biomass burning. 

3).  Couple aerosol optical depth and modeling with (BC)2 study to understand transport and 

potential influence on ozone or other air quality parameters. 

4) Target June in El Paso for future, intensive measurement campaigns for detailed volatile 

organic compounds (VOCs), ozone, NOx, particle size and particle composition related to 

biomass burning impacts.  
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1.0 Introduction 

Biomass burning, which can include wildfires, agricultural burning and residential wood 

smoke, emits particulate matter (PM) and a wide range of gas-phase pollutants.  PM emissions 

from biomass burning are predominantly carbonaceous, with aerosol absorbance from both 

black carbon (BC, or elemental carbon) and brown carbon (BrC, or light-absorbing organic 

carbon) (Laing et al. 2016). Biomass burning plumes can also impact ozone (O3) and secondary 

organic aerosol (SOA) formation through the emission of NOx (nitric oxide; NO and nitrogen 

dioxide; NO2), sulfur dioxide, ammonia, and volatile organic compounds (VOCs).  AQRP 

Project 16-008 and AQRP Project 16-024 identified biomass burning plumes from out-of-state 

as a significant source of regional background air pollution in Texas potentially impacting both 

O3 and PM2.5.   

El Paso, TX is also impacted by regional biomass burning: meteorological conditions 

can drive biomass burning plumes into the city from across state and international boundaries 

(Chalbot et al. 2013). The complexity of El Paso regional air pollution is heightened by its arid 

climate (i.e. dust), topography, frequent temperature inversions and proximity to Ciudad Juarez, 

Mexico; all of which may contribute to O3, carbon monoxide (CO), and PM (Currie et al. 2009) 

concentrations. The Texas AQRP Priority Research Areas for 2018-2019 identified El Paso as 

an area which needs additional O3 and PM studies, including deployment of new monitoring 

technologies to identify episodes of biomass burning using continuous BC and BrC 

measurements. 

Since the optical properties of BC and BrC will be utilized for source identification of 

biomass burning, a brief overview is warranted.  Andreae and Gelencsér wrote a classic review 

of light-absorbing aerosols focused on BC and BrC (Andreae and Gelencser 2006). BC is 

defined both by its light absorption and by its refractory nature.  It is formed during combustion 

as nearly pure elemental carbon that has a graphitic-like structure and absorbs across the visible 

spectrum with a mass absorption efficiency of 7.5±1.2m2 g−1 (Andreae and Gelencser 2006, 

Bond and Bergstrom 2006).  Brown carbon, BrC or light-absorbing organic carbon (Andreae 

and Gelencser 2006), has been identified in emissions from smoldering biomass burning fires 

and unlike BC, it’s absorption has a strong wavelength dependence (peaking in the UV). BrC 
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has a very low absorbance in the visible and longer wavelengths, which are typically utilized by 

filter-based absorption techniques to determine BC (e.g., 600-900 nm). This difference in 

wavelength dependence for BrC vs BC, combined with the emission source differences, has 

resulted in utilization of BrC to BC absorption ratios to identify biomass burning plumes 

(Briggs and Long 2016, Brown et al. 2016, Garg et al. 2016, Laing et al. 2016, Becerril-Valle et 

al. 2017, Healy et al. 2017, Tasoglou et al. 2017, Titos et al. 2017).  

Laboratory and chamber studies have identified compounds and secondary organic 

aerosol products which could potentially act as BrC (Lin et al. 2014, Xie et al. 2017).  The 

precursor sources that have produced BrC in chambers when reacted in the presence of NOx 

include aromatic compounds like benzene, naphthalene, and m-cresol and also the biogenic 

compound, isoprene. These precursor compounds produced BrC under the specific conditions in 

the chamber.  To assess whether these types of precursors and reactions are relevant in urban 

areas, field or ambient measurements are needed.  There have been a few field studies which 

have apportioned the BrC as well as measuring its impact (Washenfelder et al. 2015, Cappa et 

al. 2019). Both of the referenced studies apportioned the BrC with co-located aerosol mass 

spectrometer measurements.  The studies in the southeast US (Washenfelder et al. 2015) and in 

Fresno, CA (Cappa et al. 2019) both report that biomass burning dominates BrC.  The study in 

Fresno had a contribution from an aged, nitro-organic factor as well (Cappa et al. 2019), 

however, the biomass burning factor had a stronger contribution and a distinct temporal trend 

that matched the BrC absorption.  In summary, although it is possible to have other BrC 

contributions, additional measurements, temporal trends, statistical methods and supporting 

remote sensing can facilitate clean separation of biomass burning BrC. 

Considerable work has been done to quantify and characterize BC and aerosol 

absorption in the atmosphere using a variety of instrumentation and protocols (Snyder and 

Schauer 2007, Sandradewi et al. 2008b, Ram and Sarin 2009, Ram et al. 2010, Subramanian et 

al. 2010, Kondo et al. 2011, Müller et al. 2011, Bahadur et al. 2012, Schwarz et al. 2012, 

Dallmann et al. 2014, Zhi et al. 2014, Laing et al. 2016, Ogren et al. 2017, Sinha et al. 2017).  

The most effective campaigns for investigation of BC and BrC have included more than one 

absorption instrument. This guarantees that the results can be compared across a variety of 

previous studies, but still incorporate the advancements of new technologies. Therefore, (BC)2 
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El Paso includes both TAP and aethalometer measurement of wavelength-dependent aerosol 

absorption. 

Cost-effective options for real-time monitoring have included many filter-based 

techniques, where light transmission through a filter media is measured at short intervals while 

atmospheric PM is slowly accumulating.  There are uncertainties associated with this type of 

measurement, which can be large.  Uncertainties associated with the filter can include: a lack of 

reference standard for quantification of BC, uncertainty in the scattering correction by the filter 

and PM loading resulting in shadowing effects (Bond et al. 1999, Müller et al. 2011).  

Additional uncertainties include specificity of light source wavelength, flow rate, and definition 

of size of sample area (Müller et al. 2011). To assess the “best” instrument for a given 

application, these uncertainties need to be adequately addressed. 

To address on-going issues with other filter-based, realtime BC and BrC instruments 

(i.e. high frequency of manual filter changes, problematic and contentious correction schemes 

for aerosol scattering and other filter effects), NOAA developed and constructed an aerosol 

absorption instrument, the continuous light absorption photometer or CLAP (tricolor absorption 

photometers, TAP, Bechtel, Inc. is the commercial version) that fulfilled the needs of long-term 

monitoring, improved corrections, multiple wavelengths, high sensitivity and low noise, 

precisely defined filter spot areas, temperature stabilization, with same correction factors as the 

PSAP, very low cost and very small instrument footprint (Ogren et al. 2017).  To minimize 

uncertainty in absorption measurements, and to improve aerosol classification through 

complementary measurement of aerosol scattering, the (BC)2 El Paso campaign deployed a 

three-wavelength nephelometer (Laing et al. 2016, Ogren et al. 2017). The TAP represents the 

cutting edge of filter-based photometers and was purchased, deployed, and validated for long-

term application during (BC)2 El Paso in 2018-19.  

Influence of biomass burning plumes was identified utilizing the absorption 

measurements of BC and BrC, using methodology based on recently published studies (Laing et 

al. 2016, Wang et al. 2016, Becerril-Valle et al. 2017, Healy et al. 2017, Titos et al. 2017).  

Specifically, high AAE values indicated the presence of BrC (1.5-4.5) and influence of biomass 

burning, while the typical urban combustion sources dominated by BC had a lower AAE value, 

which remained near 1. Higher concentrations of BrC in the aerosol results in a higher AAE 
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value due to it’s ability to selectively absorb short wavelengths. Motor vehicle exhaust, or 

similar fossil fuel combustion has been demonstrated to have an AAE value dominated by BC 

while biomass burning has been demonstrated to contribute the higher, BrC-influenced AAE 

(Sandradewi et al. 2008a). AAE values can be calculated for specific absorption coefficient 

pairs or through the calculation of the slope of the difference in absorption coefficients over 

multiple wavelengths. Most recently, Laing et al. and Schmeisser et al., outlines the use of TAP 

aerosol light absorption coefficient measurements (σabs), nephelometer aerosol light scattering 

coefficient measurements (σscat) and CO to further characterize the influence of transported 

biomass burning plumes (Laing et al. 2016, Schmeisser et al. 2017). Laing et al. identified that 

long-range transport events had lower AAE values and higher σabs to CO enhancement ratios 

(Δσabs/ΔCO) as compared to more regional transport. This difference in AAE values was 

attributed to two different possibilities.  However, this example is for a remote site, and the use 

of enhancement ratios needs to be tested for Texas urban areas. 

The AAEs reported in other studies may be site specific as transport time, combustion 

conditions and local mixing of sources may have an impact on the resultant optical properties. 

This is the rationale for the long field campaign that extends beyond the biomass burning season 

in El Paso: so that a site specific AAE average without biomass burning can be determined. 

Additional validation/instrumentation will be used during this project to confirm wildfire 

impacts (i.e., CO, and PM2.5 from TCEQ monitoring sites in El Paso).  Once validation is 

completed for a specific site, the absorption instruments may be sufficient in themselves to 

identify and quantify biomass burning contribution.  This will be investigated during the (BC)2 

El Paso project, where a nephelometer will be deployed with the TAPs and aethalometer while 

synoptic TCEQ monitoring network data will be utilized for confirmation and further 

characterization.  

While previous studies have focused on identification of biomass burning influence at 

remote sites, the (BC)2 El Paso study was an urban study. This confounded the ability to 

identify by concentration differences or enhancement ratios.  However, since the AAE is 

assessing the wavelength dependence of absorption, an intrinsic property, it has the unique 

utility to identify biomass-burning influence under lower concentration conditions. 
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2.0 Project Design 

A long-term field campaign, the Black Carbon, Brown Carbon El Paso or (BC)2 El Paso 

campaign, deployed a suite of small footprint, low power, low maintenance, optical instruments 

in El Paso, TX (March to June 2019). This suite includes two, three-wavelength TAPs, a three-

wavelength nephelometer, and a seven-channel aethalometer. All optical measurements were 

conducted on particulate matter with an aerodynamic diameter of 2.5 microns or less (PM2.5).  

Aerosol (PM2.5) absorption coefficients (Mm-1) for ultraviolet (365 nm), green (520 nm), and 

red (640 nm) wavelengths were collected using both TAP instruments deployed using a one-

hour alternating measurements. The dual goals of this deployment were to address scientific air 

quality questions of frequency, seasonality, and optical properties of biomass burning plumes in 

El Paso as well as the instrument evaluation of the TAP for application in long-term monitoring 

at urban sites in Texas. The science questions utilize aerosol absorption measurements at three 

different wavelengths (e.g., UV, green, and red wavelengths) for March through June 2019 to 1) 

identify biomass burning plumes and 2) use the range in observed absorption Ångström 

exponents (AAE) to characterize the biomass burning plumes. The results of this study could be 

used to develop effective strategies to improve air quality in El Paso. In addition, the instrument 

evaluation of the TAP will help TCEQ determine the suitability of this instrument for future 

deployment in Texas for characterization of biomass burning impacts.  

Instrumentation was installed in the Baylor Air Quality Trailer, which was located 

adjacent to the TCEQ CAMS 12 (UTEP) air monitoring site.  This trailer has previously been 

used for both trace gas and aerosol sampling and has provisions for the installation of sampling 

equipment and inlets.  Instrument integration and trailer preparation occurred in Waco at Baylor 

University prior to deployment for (BC)2 El Paso.  A logbook was kept for instrument operators 

to log information on the instruments and maintenance.  
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Figure 1. (A) Site location for (BC)2 El Paso campaign.  (B) Baylor Air Monitoring Trailer co-
located with the CAMS 12 (UTEP) site.  (C) A TAP instrument with computer interface. 

 

3.0 Methods 

3.1.1 Optical Absorption Measurements – Tricolor Absorption Photometer 

A 3λ tricolor absorption photometer (TAP; Model 2901, Brechtel Inc., Hayward, CA) 

measures aerosol light absorption at wavelengths 365 (UV), 520 (green), and 640 (red) nm. The 

TAP uses 10 solenoid valves to cycle through 8 filter spots and 2 reference filter spots. The 

LED light source simultaneously shines through the sample and reference spots loaded with 47 

mm glass-fiber filter (Brechtel TAP-FIL100). The reference spot allows a differential 

measurement approach in the TAP so the increase in light attenuation due to deposited particles 

on the sample spot can be largely separated from filter effects. The TAP is set to rotate to the 

next filter spot when a filter spot’s transmission reaches 50% attenuation and the reference 

channel gets altered whenever the sample spot is changed. Each of the 8 sample spots is 

separated from the other by O-rings that clamp the filter material to prevent any inter-spot 

leakage. The air flow passes through the filter and into a solenoid valve controlled by the TAP 

Reader software.    

Manual filter changes are the primary TAP maintenance. These filter changes on the 

TAP require minimal tools and consumables and little time. Items required for a filter change 

include a torque driver, replacement filter, tweezers, and zip-lock plastic bag. The standard 
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operating procedure for changing a TAP filter has been described (with photos) in the TAP 

Model 2901 UV system manual.  

3.1.2 Optical Scattering Measurements – Nephelometer 

Light scattering (bsp) was measured using a TSI Model 3563 nephelometer. In most 

integrating nephelometers, a white light source is used to illuminate the air sample, and light 

scattered by particles (and gases) at a particular wavelength is measured using a photomultiplier 

tube. In this project, a three-wavelength instrument is used (450, 550, and 750 nm; blue, green, 

and red, respectively). Filters in front of the PMT’s (Photomultiplier tubes) are used for 

wavelength selection. In addition, the TSI instrument provides a separate measurement of 

particle back-scatter (bscat). The instrument automatically calculates Rayleigh scattering from 

internally measured temperature and pressure and corrects the reported signal for those factors. 

Averaging time was determined based on the performance of the aethalometer and TAP 

instruments and set to a five minute average. 

 

3.1.3 Optical Absorption Measurements – Aethalometer 

The AE42 aethalometer (Magee Scientific, Berkeley, CA) measures light attenuation at 

seven different wavelengths (370, 470, 520, 590, 660, 880 and 950 nm). The AE42 used in the 

study had been purchased in 2010. The aerosol stream is drawn through a spot on a filter tape at 

user-set flow rate (typically ~ 5 l min-1). The detector measures the intensities of light 

transmitted through the sample spot versus the unexposed portion of the tape (reference spot) as 

sampled aerosol is being continuously deposited on the quartz fiber filter tape. As the absorbing 

aerosols accumulate on the sample spot, the intensity of light transmission through the sample 

spot decreases. The aethalometer manufacturer (Magee Scientific) calibrated the instrument 

based on the assumption that the change in aerosol light attenuation coefficient (m−1) is 

proportional to BC concentration (g m−3) through a constant called specific absorption cross 

section (m2 g−1) and the default output is BC at each wavelength. The aerosol absorption 

coefficient is derived for each wavelength using reported corrections and back calculations from 

the literature.  

3.1.4 Filter Area and Wavelength Corrections 
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Bond et al. presented correction of particle soot absorption photometer to account the 

error in filter-based measurement of light-absorbing aerosols (Bond et al. 1999). As the TAP 

operates under the same principles, this correction will be applied to the TAP in the current 

project (Ogren et al. 2017). This correction uses a reference absorption determined as the 

difference between light extinction and light scattering by suspended particles. Bond et al. 

suggested that differences within instruments requires correction for true flow rates (Qtrue) and 

filter spot area (Atrue) and hence the adjusted absorption coefficient (σadj
*) for PSAP was derived 

as below: 

σadj
*

 = (QPSAP / Qtrue) (Atrue / Aref) σPSAP    (1) 

where QPSAP, Atrue and σPSAP are flow rate, filter spot area and reported absorption coefficient of 

PSAP. 

 Ogren (2010) further elaborated the correction and the alternative σadj was derived 

(Ogren 2010). The filter spot area internally used by PSAP (APSAP = 17.83 mm2) and the 

measured spot area of the manufacturer reference instrument (Aref = 20.43 mm2) was corrected 

as below: 

σadj = (APSAP / Aref) σadj
* = (17.83 / 20.43) σadj

* = 0.873 σadj
*   (2) 

Equations (1) and (2) are based on equations (1 and 12) in Bond et al and equation (6) in Ogren 

(2010) which further yields the true aerosol absorption coefficient, calculated as: 

σap = 0.873 (QPSAP / Qtrue) (Atrue / APSAP) (σPSAP / K2) – (K1 / K2) σsp  (3) 

where σap and σsp are aerosol absorption coefficient and aerosol scattering coefficients 

respectively and K1 and K2 are the calibration constants representing the response of the 

instrument to scattering and absorption respectively. Bond et al also reported the numerical 

values of K1 and K2 to be 0.02 ± 0.02 and 1.22 ± 0.20, respectively when the measurements 

were made at a wavelength of 550 nm (Bond et al. 1999). 

Later Virkkula et al. (2005) reported that the correct wavelength of the instrument to be 574 nm 

instead of 550 nm used by Bond et al. (Virkkula et al. 2005). After the wavelength adjustment 

Ogren reported the correction for measurements of scattering and absorption at wavelength λ 

becomes 
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σap [λ] = 0.85 (QPSAP / Qmeas) (Ameas / APSAP) (σPSAP [λ] / K2) – (K1 /K2) σsp [λ] (4)   

where Qmeas and Ameas are the measured flow rate and filter spot areas of the instrument. In TAP, 

Qmeas = QPSAP and Ameas = APSAP, so equation (4) simplifies to 

σap[λ] = 0.85 (σPSAP[λ] / K2) – (K1 / K2) σsp[λ]     (5) 

Measurement of real-time σsp data requires that a nephelometer run in parallel to the TAP. As 

notified in the TAP user manual (Photometer, n.d.), depending on the version of software, we 

have an option to define σsp. If we don’t have this option, then the program calculates 

σap[λ] = 0.85 (σPSAP[λ] / K2)        (6) 

 

Angular truncation correction of total scattering coefficient 

The nephelometer sensitivity is biased due to two factors- angular truncation and 

nonlambertian error (Anderson and Ogren, 2007). Truncation error is caused due to the 

nonidealities in near-forward light scattering from 0 to 7 degrees, i.e. the scattering 

measurements are not performed within this truncation angles due to geometric blockage in the 

instrument (Moosmuller and Arnott, 2003). Forward truncation error is higher in the absorbing 

aerosols by nearly two folds than the non-absorbing aerosols, thus the truncation correction is 

important in the absorbing aerosol dominated locations. Although the truncation error is below 

10% for fine particles, the error can be as large as 20-50% for particles above 1µm diameter 

(Moosmuller and Arnott, 2003). Since both truncation correction and Ångström exponent are 

dependent upon particle size, Anderson and Ogren (2007) derived the correction using Mei 

theory which can expressed as: 

Cts = a + b α*
ts      (7) 

where the values for coefficients a and b are listed in the literature by Anderson and Ogren 

(2007); α*
ts is the scattering Ångström exponent using uncorrected data at 450, 550 and 700 nm. 

The α*
ts at 450nm is calculated as α (450/550), at 550nm as α (450/700) and at 700nm as α 

(550/700). 

Therefore, the corrected total scattering coefficient can be calculated as: 
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σtrue = Cts . σneph     (8) 

where, σtrue is corrected total scattering and σneph is uncorrected total scattering measured by 

nephelometer prior truncation error correction. 

The uncertainty associated with Anderson and Ogren (2007) angular truncation 

correction technique was evaluated by Bond et al. (2009) and confirmed that the associated 

uncertainties is small. 

 

3.1.5 Ångström Exponents Calculations 

The nephelometer and TAP measurements are used to calculate the Ångström exponents 

for characterization of the wavelength dependency of aerosol absorption and scattering. The 

Ångström exponent is calculated as the negative slope of the linear fit of the optical parameter 

versus the wavelengths on a log-log plot (Moosmüller and Chakrabarty, 2011). The Ångström 

exponents for three wavelength bands can be represented using the following equation 

(Bergstrom et al., 2007; Kirchstetter et al., 2004; Schnaiter, 2005; Schnaiter et al., 2006).  

Absorption Ångström Exponent = - 
୪୬ ሺ௦ಓభ, ௦ಓమ, ௦ಓయ,ሻ

୪୬ሺ ଵ, ଶ, ଷሻ
    (9) 

The absorption Ångström exponent (AAE) is calculated with the absorption coefficient 

data measured using the TAPs at 640, 520, 365 nm ( λ1,  λ2, and λ3 respectively).  

In this study, the SAE is calculated with the scattering coefficient measured using the 

nephelometer (TSI 3563) at 700, 550, 450 nm ( λ1,  λ2, and λ3 respectively).  SAE is an 

intrinsic property of the aerosol derived based on the wavelength dependency of the aerosol 

scattering. SAE is inversely related to the particle size which indicates that larger particles will 

have smaller SAE and vice-versa (Schmeisser et al., 2017). The Angstrom exponents for three 

wavelength bands can be represented using following equation (Bergstrom et al., 2007; 

Kirchstetter et al., 2004; Schnaiter, 2005; Schnaiter et al., 2006).  

Scattering Angstrom Exponent = - 
୪୬ ሺ௦௧ಓభ, ௦௧ಓమ, ௦௧ಓయ,ሻ

୪୬ሺ ଵ, ଶ, ଷሻ
  (10) 

3.1.6 Single Scattering Albedo  
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The single scattering albedo (SSA) is the ratio of scattering to the total extinction. SSA is 

considered as the proxy to estimate the radiative effects of the atmospheric aerosols and is 

calculated using the following equation: 

SSA = 
ೞೌ

ೞೌ ା ೌ್ೞ
         (11) 

where; bscat and babs are the scattering coefficient and absorption coefficients, respectively. In 

conjunction with the AAE and SAE, the SSA can be used for aerosol source characterization. 

 

3.1.7 MODIS satellite data 

Near real-time satellite data from NASA’s Moderate Resolution Imaging 

Spectroradiometer (MODIS) instrument aboard the Aqua and Terra satellites (Product Title: 

MODIS/Aqua+Terra Thermal Anomalies/Fire locations 1km FIRMS V006 NRT) was utilized 

to determine the locations of active fires across North America. The data was downloaded daily 

and imported to Google Earth Pro (version 7.3.2.5776 (32-bit)) to allow for simultaneous 

evaluation with the HYSPLIT Back Trajectories for possible biomass burning influences. The 

fire data can be downloaded at https://earthdata.nasa.gov/active-fire-data 

 

3.1.8 HYSPLIT Back Trajectories 

Developed by NOAA’s Air Resources Laboratory, the Hybrid Single-Particle 

Lagrangian Integrated Trajectory model (HYSPLIT) was utilized to determine the origin of the 

air masses influencing the (BC)2 El Paso site (Stein et al. 2015, Rolph et al. 2017). Backward 

trajectories were run at 500 meters above ground level, had a 72-hour duration, and new 

trajectories were started every 6 hours. The trajectories were downloaded and imported to 

Google Earth Pro (version 7.3.2.5776 (32-bit)) for evaluation with the MODIS satellite data to 

determine possible biomass burning influences. Back trajectories can be computed at 

https://ready.arl.noaa.gov/HYSPLIT_traj.php 

 

3.1.9 MATLAB 
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Real-time TAP, nephelometer, and trace-gas data from the (BC)2 El Paso site was 

imported to MATLAB (version R2018a) for qualitative and quantitative data analysis. Using a 

code writen specifically for this analysis, AAE, SAE, SSA, and absorption and scattering 

coefficients plots were created daily as part of a check on instrument operations and to 

determine if a site visit was needed.  

 

3.1.10 Particulate Matter Sampling  

Filter-based fine particulate matter (PM2.5) sampling was conducted on a periodic basis 

to archive urban baseline and fire events on filters for future analysis. The mass absorption 

efficiency (MAE) of BC is used by the aethalometer to calculate BC from light attenuation.  

Filter-based analysis of organic and elemental carbon (EC, as a proxy for BC) can be used to 

check the El Paso MAE under baseline conditions and fire events. This was not finalized under 

the current campaign, but filters have been collected and archived for future analysis as needed. 

 

4.0 Results  

4.1 Tricolor Absorption Photometers Time Series Data  

4.1.1 Aerosol Absorption Five Minute Averages - Tricolor Absorption Photometers 

Figures 2 through 4 report five-minute averages of the aerosol (PM2.5) absorption 

coefficients (Mm-1) for ultraviolet (365 nm), green (520 nm), and red (640 nm) wavelengths 

using combined datasets from the two TAP instruments.  TAPs were deployed (March to June) 

using alternating one-hour measurements in conjunction with a nephelometer, aethalometer, and 

trace gas instrumentation.  Absorption coefficient data integrates smoothly across the two 

instruments and shows variability of short time intervals.  
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Figure 2. The aerosol absorption coefficient (Mm-1) measured at 365 nm (ultraviolet) and 
reported as 5 min averages.    

 

 

Figure 3. The aerosol absorption coefficient (Mm-1) measured at 520 nm (green) and reported 
as 5 min averages.    

 

 

Figure 4. The aerosol absorption coefficient (Mm-1) measured at 640 nm (red) and reported as 5 
min averages.    

 

Figure 5 shows the aerosol AAE calculated by ultraviolet (365 nm), green (520 nm), and 

red (640 nm) wavelengths measured using both TAP instruments. AAE for the entire campaign 

(March to June) was calculated using equation 9. Comparing with the absorption coefficient 

above, the AAE is a ratio and has significantly less variability over the campaign, as it does not 
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change with aerosol concentration but changes as the wavelength dependency of the absorption 

changes. This allows for easier identification of biomass burning influence in an urban 

atmosphere with mixed combustion sources. 

 

Figure 5. The aerosol absorption Ångström exponent in 5 min averages.    

 

4.1.2 Absorption Weekly Averages - TAP   

Figures 6 reports weekly averages of the aerosol (PM2.5) absorption coefficients (Mm-1) 

for ultraviolet (365 nm), green (520 nm), and red (640 nm) wavelengths. 

 

Figure 6. Weekly averages of aerosol absorption coefficients (Mm-1) measured at the 365, 520, 
and 640 nm using the TAP instruments. 

Figure 7 reports weekly averages of the AAE using ultraviolet (365 nm), green (520 

nm), and red (640 nm) wavelengths. A distinct upward trend is noted in the AAE. Increasing 
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influence from biomass burning will push the AAE above 1.0. This trend is not evident in the 

absorption coefficient weekly data (Figure 6) and indicates the advantage of the AAE 

calculation for identifying biomass-burning plumes. 

 

Figure 7. Weekly averages of the aersosol absorption Ångström exponent. 

 

4.1.3 Diel Variation in Aerosol AAE – TAP  

Figure 8 shows the diel variation aerosol in AAE for the entire campaign. This is plotted 

to determine whether there is a diel pattern in biomass burning influence at the site. No such 

pattern is evident. 
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Figure 8. Diel variation in AAE.  

 

4.2 Nephelometer Time Series Data 

4.2.1 Aerosol Scattering Five Minute Averages  

Figures 9 through 11 report five minute averages of the aerosol (PM2.5) scattering 

coefficients (Mm-1) for blue (450 nm), green (550 nm), and red (700 nm) wavelengths using the 

nephelometer instrument. Dust events will increase the scattering coefficient. 

 

Figure 9. Aerosol scattering coefficient (Mm-1) measured at the 450 nm (blue) and reported as 5 
min averages.    
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Figure 10. Aerosol scattering coefficient (Mm-1) measured at the 550 nm (green) and reported 
as 5 min averages.    

 

Figure 11. Aerosol scattering coefficient (Mm-1) measured at the 700 nm (red) and reported as 
5 min averages.    

Figure 12 shows the aerosol SAE using blue (450 nm), green (550 nm), and red (700 

nm) wavelengths measured using a nephelometer.  SAE for the entire campaign (March to June) 

were calculated using equations 10 and reported using five minute averages. The SAE can be 

used to identify dust events with greater distinction than simply using the scattering coefficient. 

SAE near zero are indicative of dust events. A combination of SAE, AAE and SSA has been 

employed to give source characterization. 

 

 

Figure 12. Aerosol scattering Ångström exponent 5 min averages.    
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Figures 13 through 15 report the aerosol (PM2.5) scattering albedo for blue (450 nm), 

green (550 nm), and red (700 nm) wavelengths using the nephelometer instrument. SAE for the 

campaign (March to June) were calculated using equation 10 and reported using five minute 

averages. 

 

Figure 13. Nephelometer Single Scattering Albedo measured at the 450 nm (blue) and reported 
as 5 min averages.    

 

Figure 14. Nephelometer Single Scattering Albedo measured at the 550 nm (green) and 
reported as 5 min averages.    

 

Figure 15. Nephelometer single scattering albedo measured at the 700 nm (red) and reported as 
5 min averages.    

 

4.2.2 Aerosol Scattering Weekly Averages  
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Figure 16 reports weekly averages of the aerosol scattering coefficients (Mm-1) for blue 

(450 nm), green (550 nm), and red (700 nm) wavelengths measured using a nephelometer.  May 

had the highest scattering coefficients. 

 

Figure 16. Weekly averages of nephelometer scattering coefficients (Mm-1) measured at the 
450, 550, and 700 nm.    

 

Figure 17 reports weekly averages of the aerosol SSA using blue (450 nm), green (550 

nm), and red (700 nm) wavelengths. 
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Figure 17. Weekly averages of nephelometer single scattering albedo (Mm-1) measured at the 
450, 550, and 700 nm.   

Figure 18 reports weekly averages of the SAE. The SAE is lowest during early April and 

mid-May which reflects the peak in scattering coefficients in Figure 17.  This indicates dust 

events. 

 

Figure 18. Weekly averages of the aerosol scattering Ångström exponent. 

 

4.2.3 Diel Variation in Aerosol SSA and SAE 

The diel variation aerosol SSA for 450 nm (Figure 19), 550 nm (Figure 20), and 700 nm 

(Figure 21) measured using the nephelometer. SSA for the entire campaign (March to June) 

were calculated using equations 11 and five minute averages. High SSA (i.e. SSA > 0.9) 

indicates that the atmosphere is dominated by scattering aerosols while low SSA (i.e. SSA < 

0.9) indicates that the atmosphere is dominated by absorbing aerosols. The diel variation in SSA 

demonstrates influence from BC associated with morning rush hour traffic while the midday has 

more influence from scattering aerosol. 
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Figure 19. Diel variation in SSA using a 450 nm (blue). 

 

Figure 20. Diel variation in SSA using a 550 nm (green). 
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Figure 21. Diel variation in SSA using a 700 nm (red). 

Figure 22, shows the diel variation aerosol SAE from the nephelometer. SAE for the 

entire campaign (March to June) were calculated using equations 9 and five minute averages. 

 

 

Figure 22. Diel variation in SAE based off of 5 minute averages. 
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4.3 Aethalometer Time Series Data 

4.3.1 Aerosol Absorption Five Minute Averages - Aethalometer 

Figures 23 through 29, shows aerosol (PM2.5) black carbon (BC) concentrations (µg/m3) 

measured at 370, 470, 520, 590, 660, 880, and 950 nm using an aethalometer.  BC 

concentrations for the entire campaign (March to June) were reported using five minute 

averages. The aethalometer was deployed (March to June) in conjunction with a two TAPs, 

nephelometer, and trace gas instrumentation.  Instrumentation were housed in the Baylor Air 

Quality Trailer which was adjacent to the TCEQ CAMS 12 UTEP site.    

 

Figure 23. Aerosol black carbon concentrations (µg/m3) measured at the 370 nm and reported 
as 5 min averages.       

 

 

Figure 24. Aerosol BC concentrations (µg/m3) measured at the 470 nm and reported as 5 min 
averages.    
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Figure 25. Aerosol BC concentrations (µg/m3) measured at the 520 nm and reported as 5 min 
averages.    

 

 

Figure 26. Aerosol BC concentrations (µg/m3) measured at the 590 nm and reported as 5 min 
averages.    

 

 

Figure 27. Aerosol BC concentrations (µg/m3) measured at the 660 nm and reported as 5 min 
averages.    
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Figure 28. Aerosol BC concentrations (µg/m3) measured at the 880 nm and reported as 5 min 
averages.    

 
 

 

Figure 29. Aerosol BC concentrations (µg/m3) measured at the 950 nm and reported as 5 min 
averages.    

 

4.3.2 Aerosol Absorption Weekly Averages – Aethalometer 

Figure 30, reports weekly averages of the aerosol (PM2.5) BC concentrations (µg/m3) 

measured at 880 nm using the aethalometer.  The weekly average mass concentration of 

equivalent BC measured by aethalometer model AE42 is plotted in this figure. AE42 uses seven 

wavelengths to measure light attenuation, the sixth wavelength corresponding to 880nm is 

considered as the equivalent BC concentration. 
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Figure 30. Weekly averaged aerosol BC concentrations (µg/m3) measured at the 880 nm.  

    

 

4.4 Trace gas Time Series Data – CO and NOx 

4.4.1 CO and NOx five minute averages  

Trace gas measurements for CO and NOx were completed in the Baylor Air Quality 
Trailer to allow for calculation of enhancement ratios during biomass burning events, to 
understand diel variations, and to track seasonal trends. Both CO and NOx had daily peaks in the 
morning and late evening. 
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Figure 31.  Atmospheric CO concentrations (ppbv) reported as 5 min averages.   

 

Figure 32.  Atmospheric NOx concentrations (ppbv) reported as 5 min averages. 

 

4.4.2 CO and NOx weekly averages  

 

Figure 33.  Weekly averaged atmospheric CO concentrations (ppbv).    
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Figure 34. Weekly averaged atmospheric NOx concentrations (ppbv).    

 

4.4.3 Diel Variation in CO and NOx   

 

Figure 35. Diel variation in atmospheric CO concentrations (ppbv). 
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Figure 36. Diel variation in atmospheric NOx concentrations (ppbv). 

 

4.5 Enhancement Ratios – Weekly Averages 

4.5.1 Aerosol absorption coefficient enhancement ratios  

There is no distinct trend in the enhancement ratio for the three different TAP-based 
absorption coefficients with respect to (wrt) ambient CO concentrations. The NOx enhancement 
ratio wrt CO does have a decreasing trend over the Mar – Jun campaign. 

 

Figure 37. Weekly average enhancement ratios of TAP absorption coefficients (Mm-1) 
measured at the 450 normalized to atmospheric CO concentrations (ppbv). 
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Figure 38.   Weekly average enhancement ratios of TAP absorption coefficients (Mm-1) 
measured at the 520 normalized to atmospheric CO concentrations (ppbv). 

 

 

 

Figure 39.  Weekly average enhancement ratios of TAP absorption coefficients (Mm-1) 
measured at the 640 normalized to atmospheric CO concentrations (ppbv). 

 

4.5.2 Aerosol scattering coefficient enhancement ratios 
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Figure 40. Weekly average enhancement ratios of nephelometer scattering coefficients (Mm-1) 
measured at the 450 normalized to atmospheric CO concentrations (ppbv). 

 

 

Figure 41. Weekly average enhancement ratios of nephelometer scattering coefficients (Mm-1) 
measured at the 550 normalized to atmospheric CO concentrations (ppbv). 
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Figure 42. Weekly average enhancement ratios of nephelometer scattering coefficients (Mm-1) 
measured at the 700 normalized to atmospheric CO concentrations (ppbv). 

 

4.5.3 Aerosol absorption enhancement ratios – Aethalometer 

 

 

Figure 43. Weekly average enhancement ratios of aethalomter absorption coefficients (Mm-1) 
measured at the 880 normalized to atmospheric CO concentrations (ppbv). 
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4.5.4 Trace gas enhancement ratios – NOx  

 

 

Figure 44. Weekly average enhancement ratios of atmospheric NOx concentrations (ppbv) 
normalized to atmospheric CO concentrations (ppbv). 

4.6 Biomass Burning and Dust Events 

 According to previous literature, BC emission from fossil fuel combustion is spectrally 

independent, thus has AAE value of 1 (Bergstrom et al., 2007). Therefore, the deviation of AAE 

from unity can be attributed to the additional light absorbing carbon or brown carbon from other 

sources like biomass burning (Bergstrom et al., 2002; Praveen et al., 2012; Srivastava et al., 

2012). With high influence from the adjacent interstate highway, there is consistent contribution 

from motor vehicle exhaust on the absorbing aerosol at the UTEP site. This high impact is 

evident in the campaign mean AAE, 1.1 ± 0.17. An increase in the AAE from the average value 

would indicate a change in the sources of absorbing aerosols in El Paso. Therefore, a 

conservative cutoff of AAE = 1.2 has been assigned to separate the average urban combustion 

aerosol from biomass burning – influenced aerosol.  In other words, AAE < 1.2 is considered 

BC dominated fossil fuel whereas AAE > 1.2 indicates influence from biomass burning or 

wildfires. Figure 45, a bar plot of the percent of weekly data points with AAE > 1.2 highlights 

the trend in increasing biomass burning contribution from Mar – June for this campaign. Based 

on personal communication with David Sullivan (University of Texas), our June peak matches a 
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peak in the average June contribution of the smoke/fire factor based on multi-year (2009-2016) 

positive matrix factorization source apportionment from filter-based speciation for El Paso 

(Chamizal site). 
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Figure 45. Assessment of the percentage of AAE values by week which indicate influence from 
biomass burning (AAE > 1.2). From the figure, we can infer that the week starting from June 20 
to June 26 had highest contribution of biomass burning sources (p=40%) compared to other 
weeks. 

 As an example of the ability of the TAP + nephelometer combination to identify the 

influence of biomass burning, an event on June 23, 2019 will be described in detail. Influence of 

biomass-burning event at the site was identified with two distinct periods occurring on June 23, 

2019 (Figure 46) of elevated AAE.  These periods had AAE > 1.2.  MODIS fire maps during 

that period identified fires upwind in both Arizona and Mexico (Figure 47). HYSPLIT back 

trajectories modeled plume transport from the source regions to the (BC)2 El Paso site (Figure 
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48). However, it is apparent from the BTs and the NOAA smoke product that El Paso was on 

the edge of these biomass burning plumes. 

 

 

Figure 46. Aerosol absorption Ångström exponent 5 min averages for June 22-24th, 2019. The 
grey box designates AAE > 1.2 AAE.   

 

 

Figure 47. NASA’s MODIS active fire detection map overlaid with modeled plume transport 
and HYSPLIT back trajectories. 
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Figure 48. NOAA HYSPLIT three day back trajectories for June 23 to the (BC)2 El Paso site. 

 

To improve the assessment and identification of a biomass-burning event and reduce the 

overall number of assumptions, the AAE can be plotted against the SAE.  Thereby allowing for 
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the simultaneous examination of both types of optical properties (specifically absorption and 

scattering).  Figure 49, plots AAE vs SAE for the entirety of the campaign and highlights 

potential biomass-burning events, specifically when the AAE increases above 1.2 while the 

SAE remains relatively low.   

 

Figure 49. AAE vs SAE for the entire campaign with rough demarcations of source and aerosol 
type based off the aerosol classification matrix from Cappa et al. (2016).   

  To illustrate how the combination of AAE and SAE can uniquely identify biomass 

burning versus dust events. The biomass burning event identified in Figure 50 on 6/23 is 

compared to the campaign average and also a dust event identified on 4/10 (this event 

corresponds with peak hourly PM2.5 of 116.7 ug/m3 and PM10 of 980 ug/m3 from TEOM at the 

TCEQ CAMS 12 site collocated at UTEP).  

Sea salt 

Dust 
Biomass 
burning  
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Large particles Small particles

B
rC

 

Motor vehicle 
exhaust 

Figure 50. Box and whisker plots of the median AAE (left) and SAE (right) for the campaign 
average, 6/23 and 4/10 days. 



 

50 
 

Based on the classification scheme in Figure 49, it is clear that 6/23 has biomass burning 

impact with higher AAE, while 4/10 has a dust signal of higher AAE and low SAE. Since the 

6/23 event was not continuously impacting for the full 24 h period and was on the edge of the 

plume (Figure 47), the enhancement in the AAE signal is significant, but not extreme.  

However, as evidenced by the extreme increase in PM2.5 and PM10, the 4/10 dust event 

temporarily overwhelmed the urban signal and both the AAE and the SAE show a greater 

deviation from the campaign average.  

To evaluate whether SAE < 0 could reveal seasonality to dust events in El Paso, this 

cutoff has been applied to plot weekly dust influence on scattering aerosol in El Paso (Figure 

51). Unlike the AAE, there is no long term trend, but weeks with high influence. These periods 

would need to be further investigated to determine the extent of dust impacts, however, the 4/10 

event is clearly apparent in the weekly plots  

 

Figure 51. Weekly percent of data points with SAE < 0, an indicator of large particle influence.  

 

This biomass-burning event was observed using two different optical measurements 

(absorption and scattering).  CO, NOx, PM2.5, and PM10 had a diminished ability to observe the 
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biomass-burning event, Figure 52 – 54, respectively. CO, NOx, PM2.5, and PM10 data were 

acquired from the TCEQ CAMS 12 (UTEP) site (June 22-24, 2019). 

 

 

Figure 52. Atmospheric CO (ppbv) concentrations collected from the TCEQ CAMS 12 (UTEP) 
site (June 22-24, 2019) and reported as 5 min averages. 

 

 

Figure 53. Atmospheric NOx concentrations (ppbv) collected from the TCEQ CAMS 12 
(UTEP) site (June 22-24, 2019) and reported as 5 min averages. 
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Figure 54. Atmospheric PM2.5 and PM10 concentrations (top and bottom, respectively, µg m-3) 
collected from the TCEQ CAMS 12 (UTEP) site (June 22-24, 2019) and reported as 5 min 
averages. 

 

4.7 TAP evaluation 

An in-depth evaluation of the TAP, suggest the TAP is capable of providing continuous 

and long-term aerosol absorption measurements (i.e. months) for the characterization of BC and 

BrC from biomass burning. The TAP provided the necessary sensitivity to identify the influence 

of a biomass-burning event, even within the confines of a large urban landscape and close 

proximity to a major interstate (i.e. I-10). Specifically, the AAE normalization improved the 

overall sensitivity of the observation (over absorption coefficients). This was not possible using 

other types of instrumentation including atmospheric concentrations of CO, NOx, PM2.5, or 

PM10.  

The TAP’s relatively small footprint (space, power, and flowrate) would allow a TAP 

instrument to be housed within the confines of most air-monitoring site with limited site 

modification. The TAP is also equipped to handle a computer interface, which allows for offsite 

data storage and virtual or offsite monitoring. Depending on the ambient aerosol concentrations, 

the TAP would require a filter change every three days. This can be increased to six days with 

modified observations or the use of multiple TAP instruments. The two TAP instruments 

provided a strong agreement with each other (see section 6) and overall provided a high level of 

reproducibility. During the campaign (March 21st through June 30), the two TAP instrument 

required 2 hours or less of downtime due to maintenance that was not associated with filter 

changes.  
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A comparison of the TAP data with the AE42 data reveals a distinct improvement in 

instrument noise: the TAPs have a smooth data stream for the campaign, while the AE42 has 

much greater noise for the same period (see Figure 55 below).  

 

Figure 55.  Comparison between the aerosol absorption coefficient (Mm-1) measured using 
TAP (Top) and AE42 (Bottom) (5 min averages). 

  A comparison of the calculated AAE between the TAP and the AE42 required averaging 

the AE42 aethalometer data for 1 hour to minimize errors due to noise.  At the hourly 

resolution, the two instruments had good correlation for the calculated AAE for June 17 -20, 

which had higher biomass burning influence.  The TAP had a higher AAE than the AE42 for 

this period (Figure 56). 
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Figure 56.  Correlations between the AAE measured using the TAPs and AE42 (5 min 
averages; June 17th through 20th). 

 

4.7.1 Time and effort associated with the TAP 

Time and effort associated with operating the TAPs and nephelometer during the campaign 

was assessed including training, daily checks, weekly onsite checks, consumables, and monthly 

checks (Table 1).  Daily checks utilized TeamViewer to monitor instrumentation status and data 

acquisition. During the daily checks, real-time aerosol optical properties were plotted in daily 

plots. Furthermore, optical data was continuously uploaded to an external server, which served 

as a backup for site computer. Daily checks also included using internal cameras to visually 

inspect the trailer, instrumentation, and cylinder gases.  Support personnel from the UTEP 

campus helped inspect the trailer and instrumentation weekly and performed routine 
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maintenance such as TAP filter changes.  At least once a month, project personnel inspected the 

trailer and instrumentation during an on-site visit. The AE42 was not online and requires data to 

be downloaded manually every week.  Table 1 also includes the average down time and 

frequency associated with filter changes, filter advancements, and calibrations.  Table 1 does 

not include fraction of data omitted due to instrument noise on the AE42. 

Table 1. Time and effort associated with the training and operation of the (BC)2 El Paso trailer. 

Training 

(hr)

Time on site 

(hr)

Frenquence of 

Filter Changes / 

Advancements / 

Calibration

Time Gaps 

in Data       

(hr)

Weekly 

Remote 

Operation 

(hr)

TAP 2 1/wk 7±1 days 1/wk 2‐3

Nepthelometer 2 0.5/2wk 15±1 days 0.5/2wk 2‐3

Aethalometer 2 0.75/wk 3±1 days 0.75/wk ‐   

 

4.7.2 Co-located instrumentation requirements 

Within the scope of this project, the PIs investigated what instrumentation would be 

needed for BrC and AAE monitoring.  The TAP and nephelometer combination provided the 

most useful data for identification of biomass burning plume influence. However, in this 

campaign El Paso was on the edge of plumes, so it is not clear whether the CO and NOx were as 

affected by the plume. Co-location with PM2.5 and PM10 was helpful in identifying the impact of 

dust plumes in the April 10 event. 

 

5.0 Data Audits and Quality Assurance  

5.1 Aerosol absorption – TAP A and TAP B 

5.1.1 Data Audit 

As part of the project’s design to provide a 10% data quality audit, key instruments were 

deployed in duplication or co-location with instruments associated with the TCEQ CAMS 12 

(UTEP) site. TAP A and TAP B were operated simultaneously for over 12 days (greater than 

10%) throughout the campaign (Figure 57-59).  This allowed for the direct comparison of 

aerosol absorption between the two TAPs instrumentation (i.e. TAP A and TAP B) for a wide 



 

56 
 

range of absorption coefficients. Modeling the relationship using a simple linear regression 

analysis allows for a quick and accurate assessment of the data (greater than 10% for each 

wavelength). The regression analysis shows strong correlations between the two instruments 

(for all three wavelengths), with r2 greater than 0.98 and a slope of 0.96 (i.e. nearly 1).  The 

derived AAE data from TAP A and TAP B was also examined using a linear regression model 

and show a strong agreement between the two instruments (r2 greater than 0.93 and a slope of 

0.98; Figure 60). 

5.1.2 Completeness, precision, and accuracy. 

Using the two TAP instruments, the completeness of the aerosol absorption 

measurements for the campaign was greater than 99.9 percent.  Correlation plots (Figure 57-60) 

also suggest a high level of precision and accuracy between the two instruments. With the co-

located data, it can be seen that there is a high degree of comparison, however, there are time 

series with an offset in slope between the two instruments.  With the co-located data collected in 

this campaign, it is not clear what conditions result in this small change.  There are very small 

differences between the flow rates for each instrument that do fluctuate independently over time 

(< 1% difference in flow rate).  This may be contributing to the small difference in slope (figure 

inset for Figure 58 ), but more work is needed to understand why this small difference occurs.  

This difference is not sufficiently large to bias the ambient results. 
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Figure 57. Correlations between the aerosol absorption coefficient (Mm-1) measured at 365 nm 
using TAP A and TAP B (5 min averages).    

 

Figure 58. Correlations between the aerosol absorption coefficient (Mm-1) measured at 520 nm 
using TAP A and TAP B (5 min averages).  The % difference in flow rate between the two taps 
is the color scheme used for the data points.   
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Figure 59. Correlations between the aerosol absorption coefficient (Mm-1) measured at 640 nm 
using TAP A and TAP B (5 min averages).    

Figure 60, reports the relationship between AAE between the two TAPs.  AAE were 

calculated using aerosol absorption coefficient (Mm-1) for 365, 520, and 640 nm in equation 7 

and. The slope and r2 were near 1.  
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Figure 60.  Correlations between the absorption Ångström exponent calculated for TAP A and 
TAP B (5 min averages).    

 

5.2 Aerosol Scattering – Nephelometer 

5.2.1 Data Audit  

To fulfill the 10% required data audit, nephelometer total scattering data measured 

during the entire campaign was corrected for angular truncation using Anderson and Ogren 

(2007) method for all three wavelengths (Figure 61-63). The coefficient of determination (r2) 

between the true total scattering coefficient and uncorrected scattering coefficients is 0.99 for 

700 nm and 0.98 for both 450 and 550 nm wavelengths.  However, the slope of the linear 

regression shows that the uncorrected total scattering is around 25%, 25% and 23% lower than 

the corrected total scattering in 700, 550 and 450 nm respectively. The observed bias in present 

measurement is in the range as reported by Moosmuller and Arnott (2003). 

5.2.2 Completeness, precision, and accuracy. 

The completeness of the atmospheric scattering measurements for the campaign was 

greater than 99.9 percent.  The deviation of the slope from 1 (Figure 61-63) suggest a 

reasonable level of precision and accuracy in the observed (ranges reported by Moosmuller and 

Arnott (2003).   
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Figure 61. Total scattering vs scattering corrected for angular truncation using Anderson and 
Ogren (2007) method for 450 nm. 

 

Figure 62. Total scattering vs scattering corrected for angular truncation using Anderson and 
Ogren (2007) method for 550 nm. 
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Figure 63. Total scattering vs scattering corrected for angular truncation using Anderson and 
Ogren (2007) method for 700 nm. 

 

5.3 Trace Gases – CO and NOx 

5.3.1 Data Audit 

The CO and NOx instrumentation were co-located with instrumentation associated with 

the TCEQ CAMS 12 (UTEP) site and as such represent an opportunity to fulfill the quality 

assurance requirements of a 10% data quality audit. The 5 minute averaged CO (Figure 64) and 

NOx (Figure 65) data from TCEQ CAMS12 site and our measurements were compared and the 

correlation is plotted in the figure below. NOx was calculated as the sum of the NO and NO2 

measurements. As a part of QAQC, the data from our measurements during span calibration, 

zeroing and whenever the instrument had fault were removed prior to comaprison. We used 

orthogonal linear regression to comapre the two sets of measurements. Unlike standard 

regression which assumes only the dependent variable has error, the orthogonal regression 

assumes possibility of errors in both variables x and y variable (Leng et al., 2007). In our case, 

as we are not certain that one of the two measurements is free of error, we chose to use the 

orthogonal linear regression. The orthogonal regression, however, doesn’t calculate the r2 value. 

Since the datapoints are close to the regression line for both CO and NOx indicates that’s the the 

two sets of measurements are comparable.    
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5.3.2 Completeness, precision, and accuracy. 

The completeness of the atmospheric CO and NOx measurements for the campaign was 

greater than 99.9 percent. Correlation plots (Figure 64-65) also suggest a high level of precision 

and accuracy between trace gas instrumentation at the (BC)2 El Paso site and the TCEQ CAMS 

12 (UTEP) site.  

 

 

 

Figure 64.  Correlation plots comparing CO measurements from (BC)2 El Paso with CO data 
measured at the TCEQ CAMS 12 UTEP. 
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Figure 65.  Correlation plots comparing NOx measurements from (BC)2 El Paso with NOx data 
measured at the TCEQ CAMS 12 UTEP. 

 

 

6.0 Conclusions  

The PIs successfully conducted a long-term field campaign, where a suite of small 

footprint, low power, low maintenance, optical instruments was deployed in El Paso, TX from 

March to June 2019. Project PIs constructed a portable air monitoring trailer capable of 

remotely assessing BB event in urban centers across Texas. Instrumentation deployed included 

two, three wavelength TAPs, a three wavelength nephelometer, and a seven channel 

aethalometer.  Absorption and scattering measurements were conducted on PM2.5. Variability in 

absorption and scattering coefficients highlighted the complexity of optical measurements in an 

urban atmosphere, where the urban signal is dominated by high temperature combustion (e.g., 

motor vehicle exhaust). Variability with in these optical measurements was dramatically 

reduced by calculating AAE and SAE from the absorption and scattering coefficients, 

respectively.  

AAE was relatively stable for most of the campaign with values near 1. An AAE of 1 

was used as the baseline values and represented the El Paso urban atmosphere. Baseline AAE 

and SAE values were used to identified period of influence from dust and biomass burning.  

AAE values greater than 1.2 with durations of 2 hrs or more were used to identified potential 

biomass-burning events. The 1.2 threshold was determined using one standard deviation greater 



 

64 
 

than the Mar-Jun (BC)2 El Paso campaign mean. During this campaign, June was the most 

impacted month of the campaign with over five potential biomass-burning events identified.  It 

is important to note, that during this period of elevated AAE values, the SAE also increased 

which indicates smaller particle sizes.   

Remote sensing data was acquired from federal databases and was used to assess the 

feasibility of smoke from known fires on El Paso.  Remote sensing data included data from 

NASA MODIS Active Fire Data, NOAA Hazard Mapping Smoke Product, and NOAA 

HYPLIT 72-hr back trajectory. Remote sensing data was layered onto a regional map using 

Google Earth. Smoke plumes and back trajectories from known fires with the region to El Paso, 

supported the identification of biomass-burning events using the TAPs. The elevated AAE 

values with accompanying remote sensing data, suggest that the TAP is well suited at 

identifying biomass-burning events in an urban atmosphere. In addition, it is also important to 

note that events identified using the TAP were a result of long-range atmospheric transport. 

These events were not detected using instrumentation located at the adjacent TCEQ CAMS 12 

site.   

In order to better distinguish dust and biomass burning events, a three-wavelength 

Nephelometer was co-located with the two TAP instruments. The utility of the co-located 

instrumentation (specifically the nephelometer) was assessed as part of this project.  In this 

study, the SAE values calculated from the scattering coefficients, helped reduced the likelihood 

of a false positivity, specifically due to dust events.  Evidence of this was during a known dust 

event (April 10th, 2019), where the SAE values decreased well below baseline (approaching 0), 

while the AAE increased to values similar to values associated with biomass-burning events.  

Data from this campaign suggests that the TAP in combination with a three-wavelength 

nephelometer is well-suited at identifying biomass-burning events in an urban landscape that is 

impacted by dust.  El Paso, along with other major urban areas across Texas, has well 

documented history of dust events.  Most notable, Houston has experienced periods of dust 

associated both with local roadways and long-range atmospheric transport of Saharan dust. It is 

also important to note, that other co-located instrumentation (such as CO) did not spike or peak 

during these events.  This may be due to the magnitude of the biomass burning events identified 
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during the campaign as well as the relative background concentrations of CO and other trace 

gases in El Paso (i.e. an urban area with strong fossil fuel combustion sources).  

The two TAP instruments had good comparability over the course of the campaign, 

which was achieved through optimization prior to deployment. The TAP has a small footprint 

(space, power, and volume) that could potentially be included at additional TCEQ monitoring 

sites. The TAPs and nephelometer were able to continuously measure aerosol optical properties 

during the campaign (>99%).  The TAP is also being used by other groups including the 

National Oceanic and Atmospheric Administration, which developed the previous system called 

the continuous light absorption photometer.   

7.0 Recommendations  

This project investigated the ability of the TAP and nephelometer to identify influence 

biomass-burning events on El Paso air quality.  Biomass-burning events identified were 

supported using remote sensing data, specifically satellite smoke and fire products and back 

trajectories.  Since the NOAA hazard mapping for smoke does not indicate whether the plumes 

reach ground level, the TAP plus nephelometer combination does provide valuable information 

on whether smoke plumes impact the urban air quality or whether the smoke plumes have 

remained aloft.  Based on the success of this project and the needs to identify influence of 

biomass-burning events in other cities, we recommend similar field campaigns and analysis to 

be conducted Houston, El Paso (as a continuation), and other cities in the State of Texas.  In 

Houston, we also recommend the development of an optical network to examine the spatial 

extent and transport across the metropolitan area.  

We also recommend using these systems as a real-time indicator of biomass-burning 

influence.  Used in this way there is an opportunity to add additional measurements to bolster 

the optical measurements (e.g., filter-based potassium ion and radiocarbon) and improve 

quantification of the plume impacts.  Combining results of biomass burning and dust 

identification through AAE and SAE with additional characterization could be used to 

potentially help understand the magnitude of event.  Optical measurement can also be combined 

with real-time particle speciation (e.g. High-Resolution Time-of-Flight Aerosol Mass 

Spectrometer), aerosol optical depth measurements, and chemical transport modeling (e.g. 

GEOS-Chem) to fully characterize biomass burning events.  With additional gas measurements 
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and modeling, it will be possible to improve understanding of the impact of biomass-burning 

events with ozone production. 
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