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Abstract 
 

Automobiles are major contributors to the release of nitrogen oxides into the air. These 

nitrogen oxides lead to smog production and can cause respiratory illness in humans. They can 

also negatively affect the environment by increasing the amount of nitrogen deposited on the 

soil. The deposited nitrogen can undergo transformations, including changes in chemical form, 

exchanges with plant and microbial communities, and potential losses to the atmosphere or 

deeper soil. Increased nitrogen deposition is associated with increased soil acidity, which can 

alter plant and microbial communities, and further influence nitrogen transformations. These 

ranging effects make us question, how does freeway pollution affect soil nitrogen deposition? 

We hypothesize that nitrogen oxides emitted by cars increase soil nitrogen deposition. If our 

hypothesis is supported, we expect higher levels of nitrate, NO3- and ammonium, NH4+, in 

samples near the freeway. However, preliminary data suggested the opposite pattern with lower 

soil nitrogen availability closer to the freeway. The preliminary data from August 2019 was 

compared to data from October 2019 - November 2020. Soil nitrate, NO3-,, and ammonium, 

NH4+, content resulted to increase from October to November and then decreased the following 

months. These results suggest that there are changing factors or processes that affect nitrogen 

deposition at different time points. 
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Introduction and Background 

 Nitrogen deposition is the input of reactive atmospheric nitrogen on the earth’s surface. 

This can occur via dry or wet deposition, carried through wind and rain, respectively. 

Atmospheric nitrogen originates from a wide range of sources that can be naturally occurring, 

like animal feces or natural soil processes, or man-made pollution. This man-made pollution is 

also known as anthropogenic pollution and can originate from automobiles, factories, or from the 

use of fertilizers. The focus of this research is on the dry nitrogen deposition of anthropogenic 

pollution from automobiles on the surrounding desert ecosystem. Approximately 67% of the 

anthropogenic NOX emissions are produced from automobiles (Fenn et al., 2003). These emitted 

nitrogen oxides can lead to an increase in smog production, can cause respiratory illness, and 

lead to early death due to cardiopulmonary diseases (Pope et al., 1995).  

As nitrogen is deposited onto the soil, it undergoes chemical transformation and results in 

the production of ammonium, NH4+, and nitrate, NO3-. These compounds can then be absorbed 

by plants as nutrients, be further transformed by soil microbes, or be released into the 

atmosphere as a gas. Although, these nitrogen oxides can also have a wide range of negative 

effects on the surrounding ecosystems. For example, they can result in an increase in the amount 

of nitrogen that is available in the soil. This increase can in turn lead to drastic alterations in an 

ecosystem's vegetation by causing soil acidification, disruption of nitrogen transformation that 

occurs in the soil, and the growth of invasive plant species (Fenn et al., 1998).  

The growth of invasive plant species has been ranked the second most common cause for 

plant species endangerment with habitat destruction being the first (Brooks 2002). By increasing 

the growth of invasive plant species it caused the decrease in survival of the native plants (Fenn 

et al., 2010). This can occur in every ecosystem but has been more commonly observed to affect 
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desert ecosystems. The reason being that the plants have adapted to the limited amount of 

nutrients and water resulting in a slower maximal growth rate than other plants grown in 

nutrient-rich soils (Brooks 2002). Due to this, the desert native plant species are less responsive 

to the increase in nitrogen availability which is the opposite from the fast-growing invasive plant 

species, like wild grasses (Brooks 2002). In addition, the growth of invasive plant species has 

been linked to the increased susceptibility of wildfires from occurring in desert ecosystems 

leading to even more damaging effects (Brook 2004). 

Throughout the years the information behind the science of dry nitrogen deposition has 

been relatively limited. The reason for this is due to the desert being an ecosystem with low 

precipitation and extended dry periods. This has then made obtaining accurate measurements of 

dry nitrogen deposition highly challenging (Fenn et al., 2009). Therefore, resulting in this lack of 

research on the mechanism and the effects that nitrogen deposition can have in desert soils. 

Although, there have been some observations that have given us some insight into trends of 

deposition. For example, nitrogen soil concentration has been shown to vary during different 

seasons or months. During the months of September/October nitrogen soil concentration reaches 

a peak, and decreases during the months of December when it is plant growing season 

(Egerton-Warburton et al., 200, Fenn et al., 1996). This similar trend was then observed in 1999 

by Ignatovaa and Dambrine when they determined both ammonium, NH4+, and nitrate, NO3-, 

were highest in the months of March-April and September. 

In addition to the differences in nitrogen soil availability during different seasons, the 

preexisting plants can also affect these levels. In specific, we focused our research on the 

interspace which refers to the spots in between the plants and underneath the plants or canopy 

shrubs. The reason why this should also be taken into account is due to the possible influences 
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that these locations can have on the amount of nitrogen that is deposited.  For example, canopy 

shrubs can actively collect air pollutants like nitrogen oxides via dry deposition that falls on their 

leaves. Once deposited the pollutants are absorbed by the stomata and diffuse into the 

intercellular spaces of the leaf (Nowak et. al., 2006). Although, pollutants also have the 

possibility of remaining on the leaf surfaces and not be absorbed by the leaf (Nowak et. al., 

2006).  Either destination of the pollutant leads to the prevention of the nitrogen being deposited 

onto the floor. Previous studies have also shown that underneath canopy shrubs contain higher 

levels of nitrogen when they are compared to the interspaces that have lower levels (Brooks 

2003). Therefore in order to determine if this is the case and the canopy shrubs could be a factor 

affecting nitrogen deposition levels it is important to have two different areas of measurements. 

These two distinct sites would help in determining if the same trend that has been observed by 

previous researchers can be applied to a desert ecosystem with close proximity to a pollutant 

source. 

 The specific aim of this research is to determine and understand how freeways, a large 

source of pollution, can affect the amount of nitrogen that is available in the solid of the 

surrounding desert ecosystem. Therefore we are asking the following question: 1) how does 

freeway pollution affect nitrogen deposition in desert soils and 2) what are the consequences for 

soil and plant nitrogen availability.  In order to observe the soil nitrogen patterns both, 

ammonium, NH4+, and nitrate, NO3-, were measured every month for a year.  The data set used 

for analysis ranged from October  2019 to November 2020 and was compared to the pilot data 

collected from August 2019.  By performing this experiment, we will be able to gain a better 

understanding of dry nitrogen deposition, how or if freeway pollution affects nitrogen deposition, 

and determine the different possible factors like shrub canopies can have on the amount of 
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nitrogen that is available in the soil. In addition, this information would also help in the 

development of new strategies to decrease the extent of the effects that high nitrogen deposition 

can have on the surrounding ecosystems and also on humans. 

  

Methods 

Pilot data for this experiment were collected in August 2019. This experiment involved 

30 soil sample sites that extended 1-kilometer from the freeway into the desert. Every 100 meters 

3 different soil samples were collected. The soil samples were collected in the interspaces at 

distance from each other, but no precise measurement was taken. The soil samples collected 

were washed with a potassium chloride solution to extract the nitrate, NO3-. The extract was then 

sent to a laboratory for analysis to determine the total nitrate concentration. Due to there being 

no measurement of ammonium soil concentration it was intended to re-perform the experiment. 

In addition to adding the analysis of nitrogen leaf concentration, branch washing, and soil pH. 

This was not able to be done due to COVID-19 and the restriction placed on undergraduates 

entering the laboratories.  

In order to proceed with the experiment, I decided that the pilot data would be compared 

to previously collected data. The second set of data then came from previously collected soil 

samples that ranged from October 2019 to November 2020 for nitrate concentration and for 

ammonium measurements they ranged from October 2019 to July 2020. Instead of only 

analyzing the data for nitrate, it was decided that ammonium, NH4+, the concentration would also 

be analyzed to see if there were any differences in their trends. Lastly, since the previously 

collected data also contained concentration measurements for the interspaces and under the 

8 



 

canopy shrubs it was also used. Both previously collected data and graphs were provided by 

Stephanie Piper, who helped me accomplish this research. 

 

Results and Discussion 

The initial hypothesis stated that the nitrogen oxides emitted by automobiles would lead 

to an increase in soil nitrogen availability. Therefore we predicted that the soil samples located 

nearest to the freeway would show the highest nitrogen concentration and would decrease further 

into the desert. The collected pilot data then revealed that there was higher nitrate concentration 

in the sample sites furthest from the freeway, and thus did not support the hypothesis.  The 

sample sites further into the desert contained higher nitrogen concentration than the sample sites 

nearest to the freeway, Sample A (Figure 1).  One possible explanation for this could be due to 

the reactions that the emitted nitrogen oxides undergo after their emission which could 

negatively or positively affect their travel distance (Cape et al., 2004). Other factors that come 

into play during distance traveling are the intensity of sunlight and reactive species available in 

the atmosphere (Cape et al., 2004). Also, atmospheric nitrogen could have been deposited on the 

leaves of the canopies which would affect our data since only interspace nitrogen soil levels were 

collected. As stated previously,  plant leaves can actively collect and absorb pollutants from the 

air. Thus preventing the pollutants, in this case, the nitrogen oxides, from being deposited on to 

the floor. Due to the pilot data not measuring the nitrogen soil underneath the canopy shrubs, or 

nitrogen leaf content we cannot be certain if there was a significant difference in the 

concentration between the interspace and underneath the canopy tree or if there were high levels 

of nitrogen on the canopy leaves. Finally, another explanation for these results could be due to 

the vegetation difference in the sample site’s location. In the sample sites nearest to the freeway, 
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the vegetation was rich and healthy with minimal grass growing between the canopies. This was 

opposite further into the desert since the vegetation became less diverse with grass being the 

dominant species. The present canopy shrubs were the size of small bushes and were close to the 

floor which was not seen in the canopy shrubs near the freeway that had a greater distance 

between the branches and soil. In addition in some sample sites, there were plant dead zones 

where no plant species invasive or native were present. This was seen in the samples site E 

through H with the exception of G that was not a natural dead-zone. Sample G was located on an 

old dirt road, we are not sure the road is still used therefore we are excluding this data site. These 

differences could then be a possible indication that the plants nearest to the freeway could be 

absorbing higher levels of nitrogen from the soils and thus resulting in lower levels of soil 

nitrogen availability in the specific area. Based on these results we decided to focus further 

analysis on the simple sites nearest to the freeway in order to determine if there are any changes 

in nitrogen levels during different seasons. In addition to taking into account the nitrogen 

concentration of the interspace and underneath the canopy trees to determine if the canopy 

shrubs could be a possible explanation for the trend that was observed. 
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Figure 1: Average nitrate concentration (ug N/g) 

 

The collected pilot data was compared to data that was obtained from the following 

months in the sample sites nearest to the freeway. This data contained both nitrate and 

ammonium concentration levels, plus data for interspace and under canopy shrubs nitrogen soil 

concentrations. In both data sets, ammonium and nitrate soil content concentration reached a 

peak in November of both 2019 and 2020 (Figure 2, Figure 3).  This observation then coincides 

with the previous results that other researchers obtained (Egerton-Warburton et al., 200, Fenn et 

al., 1996, Ignatovaa and Dambrine 1999). Both peaks for ammonium and nitrate soil content 

occurred during the beginning of the plant growing season. From the month of October 2019 to 

November 2019, it can be assumed that the plants were not absorbing significantly high levels of 

nitrogen because it was not growing season. Therefore it would be predicted to see higher 

nitrogen soil availability during these months. Meanwhile, the gradual decrease we see after 

November 2019 for both nitrate and ammonium could be associated with the beginning of the 
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plant growing season. As it was stated by Fenn et al.,, from the end of November to December 

plants are actively growing and thus constantly absorbing both nitrate and ammonium that is 

available in the soil as a source of nutrients to support their growth.  

Furthermore, when comparing the lowest concentrations of nitrate and ammonium they 

seem to occur during similar time points. From the months of April to October, months where 

plants are actively growing, we see the lowest nitrate concentration (Figure 2). Meanwhile, for 

ammonium concentration, we see the lowest point in January 2020 followed by a gradual 

increase beginning in April 2020 with the peak being reached in November 2020 (Figure 3). 

Since this same trend was not only observed in both nitrogen species analyzed, but they also 

seem to be repeating during different years, it supports the assumption that plant growing season 

seems to have some significant effect on the nitrogen soil availability. Although, there could be 

other factors that could be contributing to these observed trends. For example, the rain pattern at 

the research site.  

Southern California is well known to be susceptible to long drought periods because of 

the lack of rain. During the months of May to September/October of 2020, there was little to no 

rain in the research area. This lack of rain then lowers the amount of nitrogen being deposited on 

to the soil via wet deposition. This wet deposition even if not the focus of this experiment can 

alter the results due to the inability to separate the two types of deposition from the data. To 

minimize the effect of wet deposition on our dry deposition data, the data was collected after a 

significant amount of time had passed since the rain. In addition, it should also be taken into 

account the amount of wind that each month is experiencing. Both these natural factors could be 

playing a critical role in the trends that are observed in the collected data. Also, another factor 

that could explain the sudden decrease that both nitrate and ammonium experienced during the 
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month of April 2020 could be traffic flow on the freeway that was being used as our pollutant 

source.  

As seen in Figure 3 the months that obtained the lowest concentration levels were in 

during April 2020. Two separate measurements were taken, one at the beginning and one at the 

end of the month. Both measurements show almost similar levels of concentration with only a 

slight increase at the end of the month. These low concentration levels could be due to the fact 

that around March 2020 the statewide lockdown was put in place due to the increasing spread of 

COVID-19. The lockdown could have then resulted in the reduction of traffic flow near the 

experimental site and could have caused a major reduction in NOx emissions. This reduction in 

emission could be a possible reason for the observed decrease in nitrogen concentration in the 

soils besides the plant growing season, rain patterns, and wind.  

 

Figure 2: Nitrate, NO3-, soil concentration measured in mg N/L. 
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Figure 3: Ammonium concentration measured in mg N/L. 

 

In addition to nitrogen soil content measurements, the average of nitrate and ammonium 

content within the interspace and underneath canopy shrubs were also collected. For this data, 

interspace refers to the soil sites located between the canopy shrubs where no leaves are able to 

prevent deposition and there is a limited amount of other plant species present. Meanwhile, 

underneath the canopy section refers to the soil samples collected from underneath the canopy 

shrub near the trunk of the shrub.  The canopy tree that was worked with for this experiment was 

a Creosote shrub (Larrea tridentata). The reason for the analysis of these measurements was to 

determine if there are any significant differences in nitrogen soil content between these two 

locations, in addition to determining if the canopy shrubs were possibly preventing the nitrogen 
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from being deposited onto the floor. What was observed was that there was higher nitrate soil 

content underneath the canopy. (Figure 4). Meanwhile, there was no significant difference in 

ammonium concentration in both sites (Figure 5). 

 

Figure 4: Nitrate, NO3-, concentration levels in interspace vs canopy. Measured in mg N/L. 

 

To begin with, the higher nitrate concentration underneath the canopy shrub could be 

attributed to the microbial communities that can be found underneath the canopy shrubs. The 

microbial communities play an important role in the soil transformation of deposited nitrogen. 

This function has then been seen to be negatively affected by high nitrogen deposition in which 

the microbes halt their nitrogen processing (Cookson et. al., 2007). This halt was then seen to 

favor the transformation of ammonium to nitrate (Cookson et. al., 2007).  These results could 
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then explain why we saw higher levels of nitrate in the soil underneath the canopy meanwhile 

there was no significant change in the ammonium concentration.  

On the other hand, since there was no significant difference in the interspace and canopy 

ammonium levels, this could mean there may be other processes besides microbial communities 

affecting the nitrogen soil levels. In a previous research conducted by Boudsocq et. al.(2012), it 

was observed that some plant species could stimulate or inhibit the transformations of 

ammonium, NH4+ to nitrate, NO3-. This inhibitory activity done by plants could be why we see 

little to no change in the ammonium levels between the two sites. These results could also be due 

to the ammonium compound itself. The positive charge on the ammonium ion has been observed 

to facilitate the retention of ammonium in the soil (Boudsocq et al., 2012) 

  

Figure 5: Ammonium, NH4+, concentration in interspace vs canopy. Measured in mg N/L. 
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Conclusion 

In conclusion, this experiment consisted of the comparison of two different sets of data 

for ammonium and nitrate soil concentration in order to observe any differences in trends. In 

addition to the analysis of interspace and canopy nitrogen measurements. In the pilot data, the 

hypothesis was not supported. There was higher nitrogen soil content in sample sites further 

from the freeway rather than near the freeway. A possible explanation for these results could be 

due to the change of vegetation going towards the desert. There were taller, healthier canopy 

shrubs near the freeway which could be absorbing higher levels of nitrogen and overall causing a 

decrease in the amount of nitrogen available in the soil. Due to these results, we decide to focus 

on the sample sites nearest to the freeway and analyze the nitrate and ammonium concentration 

across different months to determine if there were changes.  

 Both the nitrate and ammonium concentrations peaked in the months of September 

which coincided with previous results that other scientists obtained. These peaks could be 

attributed to the fact that during the months of October and November plants are not actively 

growing. Therefore, they are not absorbing high amounts of nitrogen from the soil for growth but 

only as nutrients to sustain their survival. This trend then changed during the months of 

November to October when the plant growing season begins. During this time frame, the nitrate 

and ammonium levels were seen to be relatively low, which could be an indication that the plants 

were uptaking higher levels of nitrogen from the soil. Another observation that was made was 

that during the month of April 2020 the level of both nitrogen species were at their lowest. 

Besides the growing season starting, the other factor that could have caused this decrease was the 

possible reduction of traffic flow due to the statewide lockdown that was placed in March 2020 
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due to COVID-19. In addition to the low amount of precipitation experienced at the research site 

and wind flow could have also led to this decrease. 

Lastly, the level of ammonium and nitrate concentration in the interspace and underneath 

the canopy shrubs were analyzed. Nitrate concentration was seen to be the highest underneath 

the canopy. This increased concentration levels could be due to the microbial communities 

responsible for the nitrogen transformation from ammonium to nitrate. As for ammonium, there 

were no significant changes in the concentration level between the two sites. Possible 

explanations for this could be due to the ability of plants to inhibit or stimulate ammonium 

transformation, or the positive charge that enables the ammonium ion to be retained in the soil 

for an extended amount of time. 

For future experiments leaf nitrogen content should be analyzed in order to determine the 

amount of atmospheric nitrogen that is being deposited on the canopy shrub leaves. In order to 

determine the total amount, from both the inside and outside, of nitrogen content leaf 

dehydration and grinding should be performed. In addition, branch washing should also be 

performed to will measure the amount of nitrogen found solely on the surface of the leaves. 

Furthermore, if possible the original set gradient for the pilot data should be used to measure soil 

pH to determine if the sites with higher nitrogen soil concentration are also characterized as 

being more acidic. The interspaces and underneath the canopy should soil pH should also be 

measured. Lastly, performing this experiment across the set gradient at different time points, 

specifically during the months of November and April to observe any changes in the overall 

concentrations would also yield interesting results. If the results match the pilot data plus show 

higher nitrogen leaf content, and lower pH at the sample sites furthest from the freeway this 
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could be an indication that there may be other factors playing a critical role in the deposition of 

nitrogen and the amount of nitrogen that is available in the soil.  

Overall, this experiment allowed us to obtain more information on the different trends 

that nitrogen deposition has in the desert ecosystem. Further research will be needed to 

completely understand the level of impact that increased nitrogen deposition can have on the 

ecosystems as a whole. The knowledge obtained from this experiment will allow us to further 

understand dry nitrogen deposition and will aid in the development of strategies to combat issues 

of increasing anthropogenic pollution towards both humans and ecosystems. 
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