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I. Introduction 
Traffic-related air pollution (TRAP) is a major source of pollutant exposure in urban areas.1 TRAP has 

direct links to a wide range of adverse human health effects2 including exacerbation of asthma symptoms,3 
diminished lung function,2,3 an increased risk of heart disease,4 adverse birth outcomes involving preterm births 

and low birth rates which give rise to long-term neurological problems,5 and childhood cancer.4,5 Ultrafine 

particles (UFPs; < 0.1 µm ) have several more malignant health implications due to the ability of smaller 

particles to penetrate deeper into the lungs and potentially enter the bloodstream.6 UFPs have been proven to 

affect animal life.7 These particles have also harmed marine life by causing severe brain damage in fish, thereby 

resulting in ripple effects on the larger ecosystem.7 Reactive nitrogen species (RNS), while a contributor to 

particle concentrations and having significant influence over both ozone and UFP budgets, cause additional 

damaging environmental effects including severe algae blooms and mass fish kills.8 RNS have led to the 

formation of a “global nitrogen cascade,” multiplying effects that link several ecosystems to cause terrestrial 

and coastal eutrophication, freshwater pollution, and biodiversity loss.9 The chemical reactivity of RNS is 

strongly influenced by the inversion of the surface layer and photochemical factors, indicating that dominant 

day and night chemistry will greatly influence the concentration and composition of these pollutants in any 

given area.10 Ozone and NOx are also directly related to each other (Figure 1). RNS and ozone are major 

reactants contributing to photochemical smog generation and degradation of air quality.11 Ground level ozone is 
also widely recognized as the most damaging air pollutant to vegetation due to its phytotoxicity and prevalence 

at high concentrations over rural/agricultural regions.12 With population growth and increased traffic in urban 

areas like Los Angeles, California,13 these pollutants and their subsequent health effects on humans, in addition 
to impacting economic growth, economic welfare,14 clean air,15 crop yield,16 are likely to become more 

pervasive, resulting in severe environmental and economic costs of up to hundreds of billions of dollars.17 

Additionally, with rising manufacturing rates, the release of particulate emissions in the atmosphere has been 

predicted to increase by around 20% by 2022,18 raising concerns regarding the emissions of vehicles as the 

transport and size distribution of UFPs based on engine type in urban areas at present is not well understood.19,20 

 

 
 

Figure 1. Ozone production from NOx pollutants: Oxygen atoms freed from nitrogen dioxide by the action of 

sunlight attack oxygen molecules to make ozone. Nitrogen oxide can combine with ozone to reform nitrogen 

dioxide, and the cycle repeats. (Image courtesy: National Institute of Environmental Health Sciences)21 
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High in-use passenger vehicles have been shown to produce significant amounts of NOx (NOx = NO2• 

+ NO•).22 The Clean Air Acts (1990) have regulated the amount of NOx produced by vehicles, prompting the 

use of catalytic converters to reduce NOx to N2.23 However, the converters often over-reduce to NH3 which has 

contributed to a high rise in the nitrogen budget, instead of a decline.24,25 Ammonia formation through this 

method also increases particle nucleation by several orders of magnitude.26 Reduction of NOx emissions from 

both two- and three-way catalytic converters in vehicles have been shown to increase NHx (= NH3 + NH4+ ) 

emissions by approximately 15% in the atmosphere.27,28 

 

Using Stable isotopes of Nitrogen (15N,14N) as a tool to trace original sources of nitrogen pollutants 

through ratios 15N/14N sample compared directly to the international isotopic standard for nitrogen (atmospheric 

air) gives a number in a unit of per mil (‰) (δ15N: ‰ versus atmospheric N  = ((
15

N/
14

N         ÷ (
15

N/
14

N  ) - 1) × 

1000 and δ18O: 

‰ versus Vienna Standard Mean Ocean Water = ((
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O/
16

O        ) ÷ (
18

O/
16

O ) – 1) × 

1000).
24,29,30,31,32,33,34,35

 The partitioning of NHx between the gas, solid, and aqueous phases is driven by 

thermodynamic equilibrium that depends on the relative humidity, temperature, and particle chemical 
composition, making the separation of each phase(speciation) difficult.36 Isotopic analysis for source tracing has 

shown great promise in terms of requisite time resolution, quantitative collections of concentration and no 

fractionation upon collection for collection of NHx(g) and pNH4
+  with a reproducibility of ≤1.5‰ for application 

in multiple field environments.29 Specifically, high efficiency 
makes isotope analysis a suitable method for this study and allows for both spatial and temporal differences in 

isotopic ratios to be investigated using a single field-verified method that can capture NOx in solution.
24

 
Organizations like the EPA in the United States have previously enacted regulations (Clean Air Acts 

1990) in place to address pollutants such as NOx PM2.5, PM10, and more but more focus is needed towards 

regulating anthropogenic UFP emissions.11 Of the regulations in place, few have been shown to have a 

discernible effect on UFP concentrations in Los Angeles,37,38,39 and none of them put any sort of limit on 

anthropogenic UFP emissions.40 Moreover, while the Clean Air Acts (1990) have reduced anthropogenic 

emissions of SO2 and NOx from fossil-fuel combustion sources, NH3 is yet to be regulated and has shown to be 

underestimated in many regions.31,41,42 With reports of NH3 emissions increasing as much as 6x in precipitation, 

this is a cause for concern. 42
 

Various studies have attempted to qualitatively characterize both the chemical and physical particulate 

profiles of vehicular emissions in urban environments as well as monitoring NOx (NOx = NO2• + NO•) and 

NHx (NH4+ + NH3).43,44,45,46,47 However, such studies have failed to quantitatively explain concentrations and 

size distributions of these atmospheric UFP emissions by vehicle type and by their surrounding environments, 
specifically with regards to building architecture and morphology. UFP concentrations are higher in areas that 

have valleys, as pollutants trapped by geological topography,43 but few studies have attempted to test whether a 

similar relationship holds true with urban topography (e.g. tall, clustered buildings (>250 m)) in urban areas. A 

building height of 300 m classifies as a ‘supertall’ building which makes the height of a tall building ~250 m,48 

which is the definition that will be used in this proposal. UFP concentrations have been hypothesized to change 

with the time of day at which they are sampled, as the dispersion of these pollutants is related to the transport and 

mixing of air masses that are conditioned by the dynamic behavior of the surface layer with asymmetric 

forcing.49 Studying UFPs will improve the understanding of chemical reactivity and transportation in varied 

surrounding environments, which will be crucial for implementing specific policies for specific roads and local 

areas. Collecting UFPs on the ground will provide a direct comparison to study roadway emissions on short time 
scales. For appropriate analysis, this study aims to account for traffic in these sites through monitoring vehicle 

type. To account for air transportation, this study aims to use HYSPLIT modelling and keep track of forest fire 

locations to see any impact on the sampled particles in an urban environment.50 Furthermore, it aims to 

quantitatively depict the relationships between UFP concentrations, vehicle type, surrounding environment, and 

time of day. The hypothesis of this proposal is that UFP concentrations during the day will be lower for most 

sampling sites than concentrations sampled at sunset due to limited dispersion capacity combined with a smaller 

inversion layer as there is warmth near the surface versus the upper atmosphere, which is warmed by sunlight. 

The surrounding environment is also likely to play a role in surface-level micrometeorology by affecting 

temperature and wind speed and that highly condensed areas are likely to have higher UFP concentrations due 
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to this inversion layer and their unique topography.43 This means that areas with higher, taller buildings are 

likely to exhibit different levels of particulate counts. This research will have a great influence on 

environmental urban policies regarding UFP regulations as well as indicating whether urban topography has 

significant impact on major pollutants. 

This study aims to further research in atmospheric and environmental sciences and influence decisions 

made regarding urban climate policy by furthering the understanding of UFP size and concentrations. It will lead 

to a better understanding of dangerous particles and act as a basis for future studies that aim to further 
understand or mitigate anthropogenic ultrafine particle emissions. This can help policymakers design and 

implement better, more effective policies that aim to reduce traffic-related air pollution exposure in urban areas. 

The lack of regulations addressing UFP and NHx concentrations in the environment requires an understanding of 
the factors that affect it and introduces a gap in knowledge that has yet to be resolved. By monitoring 

concentrations and size distributions of UFPs, the effects of vehicular traffic composition and urban topography 

on UFP concentrations and reactive nitrogen species will become clearer. 

 

II. Method 
2.1- Field Sampling in the Greater Los Angeles Area 

Los Angeles, in particular, has shown increases in population, land redevelopment, traffic congestion, 

and urban infrastructure in recent years, all of which are factors that have been the topic of interest for greater 
UFP depositions and increased ozone concentrations.8, 9 Seven sampling site of  approximately the same 

distance have been  chosen in Los Angeles, California. These sites have been carefully chosen to have varying 

geographical features (from urban green space to rural valleys), vehicular traffic composition (this considers 

>60% of each vehicle type (diesel or commercial engine) to be vehicle heavy roads), and building architecture 

(340-100 m) (Figure 2), which will allow for studying the effect of the surrounding environment on UFP 

concentrations and size distributions. A site will be sampled for a total of 12 h every day with two sampling time 

periods. The first time period will sample for a total of 6 h divided into 3 h before and after sunrise. The second 

time period will follow the same pattern but for sunset. The timings for sunrise and sunset will vary daily and 

Google Weather will be used to find out this time, after which samples will be taken accordingly. These 

measurements will be taken over a span of three summer months (June- August). Since traveling along seven 

different locations everyday will not allow for efficient sampling of concentrations and size distributions for an 
appropriate amount of time, a single site will be sampled every day at the time periods aforementioned. The site 

to be sampled once a week will be chosen based on a random number generator daily. This method is suitable 

because it minimizes the possibility of a certain site being sampled on the same day every week, which can lead 

to inaccurate measurements as vehicular traffic varies with the day of the week.51 

 

 
Figure 2. Map of Sampling Sites in wGreater Los Angeles Area. (A) Low-rise buildings, Low Total and Car 

Traffic, Valley Area; (B) Medium-rise buildings, High Car Traffic, Valley Area; (C) Low-rise buildings, High 

Truck Traffic, Valley Area; (D) High-rise buildings, High Car Traffic, Open Area; (E) High-rise buildings, High 

Truck Traffic, Open Area; (F) Low-rise buildings; Mix of both car and truck traffic; Open Area; (G) Low-rise 

buildings, Low Total and Truck Traffic; Valley Area 52 
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2.2- Pollutant Measurements and Collection 

A DiSCmini will be used to monitor size distributions and particle counts of particulate matter (20–700 

nm) and the mean size of UFPs collected per second of analysis using a Pittsburgh™ Automotive 2.5 CFM 

Vacuum Pump. This pump will be used for the Chemcomb™ Speciation Cartridge (CCSC) mentioned below. 

Simultaneously, it also aims to monitor concentrations of ozone using an online analyzer. This study will report 

on δ15N-NHx precision using the denuder−filter pack combination comprising a filter configuration of a nylon 

filter and a downstream acid- impregnated cellulose filter which will collect volatilized NH4+ from particulate 

species in ambient air samples.31 The method aforementioned characterizes δ15N-NH3 spatiotemporal 

variabilities from vehicle emissions using a glass honeycomb denuder-filter pack sampling system.31 This 
involves a commercially available CCSC explained by Blum et al.(2020 under review).32 The filter pack is 

located at the end of this cartridge to collect the remaining particulate species.50 The denuder−filter combination 

is a well-established sampling technique that can effectively collect and speciate NHx and pNH4+.53 For 

isotopic ratio analysis, this study will use the azide method to convert NH4+ to nitrous oxide (N2O) to be run on 

an isotope ratio mass spectrometer (IRMS).35,31,54 These methods have been particularly useful where 
concentrations of samples have varied over a large range, because of increased sample volumes in a shorter time 

resolution.30 

 

2.3- Mobile Monitoring Station 

A van will serve as a mobile monitoring platform. This platform will have an array of online 

instruments to measure various air pollutants including bulk UFP size distribution (DiSCmini),43 NOx 

concentrations(online NOx analyzer),29 and ozone concentrations (online analysis devices).55 Offline analysis on 

denuder-filter packs will be used to determine concentration of speciated NHx.31 An APEMAN™ dash camera 

and a mounted rear camera will be used to later count and differentiate between surrounding vehicles to further 

understand the effect of engine type and urban architecture in high traveled traffic areas have on particle NOx, 

ozone, and NHx concentrations as well as particle size, as demonstrated by Choi et al (2016).18 In all cases, the 

instruments used will be located on the passenger side of the vehicle near the roofline to get the best possible 

measurements and secured using a strap method as described in Ott et al (2008).56 This study will also employ 

the use of other calculations such as the aerial aspect ratio (Ararea ) (Eq.1) which estimate building morphology. 
This indicator specifically includes the area-weighted building height, the amount of open space, and the 

building footprint (total area surrounded by the exterior wall of a building or portion of a building, measured at 

the foundation). Utilizing Eq. 1 in conjunction with pollution data (particle counts, particle size, concentrations 

of ozone, NOx, and NHx) will allow for correlations to be drawn between urban topography and the 

aforementioned pollutants. 

 

 
 

2.4- Possible Implications 

August enters peak biomass burning season for California, meaning there may be implications of 

source changes in pollutants and increased pollutant concentrations during this time that can be captured and 

monitored by this study. Wind directions, acreage, and locations of biomass burnings will be monitored and 

assessed using the Hybrid Single-Particle Lagrangian Integrated Trajectory model (HYSPLIT), which uses 
wind trajectory analysis to determine the origin of air masses and establish source-receptor relationships.50 In 

conjunction with monitoring, wind directions, and knowledge of biomass burning sizes and locations, effects of 

biomass burnings on concentrations of NOx, NH4, and UFPs can be correlated. 
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III. Conclusion 
This proposal is unique in that it aims to study the role of surrounding geography and traffic type on 

several harmful pollutants. These factors have either been unaddressed or mentioned briefly in previous studies 

indicating a gap in knowledge that needs to be closed.46,57,58,59 Crucially, this proposal will delineate the 
concentrations of these pollutants, where they come from (RNS), and how they can be regulated in the near 

future. The use of a variety of sampling locations will allow for appropriate controls and analysis of relations 

between these pollutants and urban topography. Additionally, this will provide useful information in 

determining specific factors that affect their concentrations. Broadly, this proposal will further the fields of the 

environmental and atmospheric sciences by analyzing UFP and reactive nitrogen chemistry with respect to their 

sources and surroundings, both of which are crucial factors for obtaining a more complete understanding of 

these pollutants. This proposal has implications for urban planning, architecture, traffic management policies, 

and air pollution exposure of both pedestrians and vehicle occupants in urban and rural centers. More generally, 

this proposal will provide critical insights into how the surrounding environment and traffic type influence 

concentrations of UFPs and reactive nitrogen species, which will provide useful data for urban planners and 

traffic managers developing strategies to reduce street level pollutant concentrations. Additionally, this proposal 

will bring to attention the pervasive nature and perilous impacts of UFPs, issues that require immediate and 
unprecedented attention. 

This proposal can pave the path for deepening our understanding of UFPs, reactive nitrogen species, 

and ozone by detailing the effects of traffic and urban topography. Particularly, the use of isotopic analysis for 

reactive nitrogen compounds can facilitate the collection of data with large spatial and temporal coverage. The 

analysis of pollutant concentrations by engine type will be an important step in reducing their detrimental impacts. 

This proposal’s aim to study the effect of the surrounding environment on vehicular emissions will provide 

crucial insights into the role of topography and building morphology. In the context of rising anthropogenic 

emission levels and rapid population growth, this proposal can provide necessary, nuanced, and valuable 

analysis of a major source of urban pollutant exposure which has proven to show adverse impacts on both 

humans and the wider climate. 
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