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Abstract
§ In early 2020, Farmington, New Mexico experienced a perfect storm of high sulfur dioxide emissions and 

atmospheric temperature inversions that trapped those emissions in the pre-dawn air.  This all-time high 
SO2 concentration for Farmington, NM was documented on January 13, 2020 at 6:48am via The Weather 
Channel app on an iPhone: 329 μg/m3.  This 329 μg/m3 easily exceeded the EPA standard of 212 μg/m3.  
This SO2 concentration, and many others, was deemed as unhealthy for sensitive groups of people.

§ This and other high concentrations of sulfur dioxide quickly diminished after sunrise, when the arrival of 
sunlight would break up the temperature inversion and allow the escape of sulfur dioxide.  Thus, this 
serious problem was transitory, created overnight and disappearing during the day.

§ The goal of this study is to show that regions of the United States, including the Navajo Nation, should not 
expose sensitive tribal members to these high levels of toxic emissions when temperature inversions 
exist. 

2

Introduction
Over time, the Navajo Nation has experienced a litany of environmental disasters.  Our reservation has 
523 abandoned uranium mines (AUM) that are both remnants of the cold-war era and currently EPA 
Superfund Cleanup sites [ref.1].  From 1944 to 1986, nearly 30 million tons of Uranium Ore had been 
mined. The Church Rock Uranium Mill Spill occurred in New Mexico on July 16, 1979, when United 
Nuclear Corporation’s uranium tailings disposal pond at its uranium mill in Church Rock breached its rock 
dam [ref.2].  The “accident” remains the largest release of radioactive material in U.S. history, having 
released more radioactivity than the Three Mile Island accident four months earlier.  Also, there was the 
recent 2015 Gold King Mine waste water spill, which poisoned the Animas River flowing through 
Farmington, New Mexico [ref.3].
Now we have experienced a torrent of sulfur dioxide gas building up in the air we breath, during winter 
temperature inversions.  When sulfur dioxide (SO2) combines with water (H2O) vapor, such as in our 
eyes, nose, or mouth, sulfurous acid H2SO3 is formed.   Clearly, accommodation needs to be made for 
the health and safety of the residents of the Navajo Nation.



Hypothesis
§ The levels of atmospheric sulfur dioxide in the Farmington, NM area can exceed the EPA 1-hour daily 

maximum standard, due to overnight thermal inversions, and this is deleterious to plant, animal, and 
human life on the Navajo Nation.
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Variables
The variables in my experiment are:
Concentration of sulfur dioxide, in μg/m3

EPA standard for sulfur dioxide, in μg/m3

Time of day

Research Question
Can sulfur dioxide levels in the Farmington, NM region during winter temperature 
inversions present a health hazard to members of the Navajo Nation?

Materials
The following are the materials and equipment and experimental 
procedures used.
The Weather Channel application
iPhone

Procedure
A. Download The Weather Channel “app” to my smart 
phone.
B. Document sulfur dioxide concentrations along with 
the time of day of the peak concentrations.



Figure 3.  PNM San Juan Generating 
Station and APS Four Corners Power 
Plant [ref.5]
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http://aqicn.org/city/usa/new-
mexico/san-juan-substation/
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https://aqicn.org/city/usa/new-
mexico/san-juan-substation/

http://aqicn.org/scale/

The photo on the left shows the Real-
time Air Quality Index (AQI) as 
December 3, 2020, and sulfur dioxide 
was reaching hazardous levels even 
data was first being gathered for this 
research report.

Figure 5.  Real-time AQI, San Juan Substation, 
NM, Daily Average AQI [refs. 5 and 8]
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https://www.epa.gov/criteria-air-
pollutants/naaqs-table 

The discovery of high concentrations 
of sulfur dioxide in the air of 
Farmington, NM was by accident.  
Reviews of the weather in 
Farmington, NM, via The Weather 
Channel app was documented via 
screenshots from an Apple iPhone.  
This lead to the identification of high 
levels of sulfur dioxide, the all-time 
high of which is shown in the photo on 
the right. The all-time high SO2 Level, 
January 13, 2020, Farmington, NM 
was 329 μg/m3.  This exceeded the 
EPA Standard of 212 μg/m3. 

Figure 2.  All-Time High SO2 Level, 
January 13, 2020, Farmington, NM



The photo on the top left shows how the EPA 
standard of 75 ppb of SO2 was converted into 
212 μg/m3. 212 μg/m3 is considerably smaller 
than the concentration of SO2 of 329 μg/m3
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Source: 
https://www.lenntech.com/calculators/ppm/
converter-parts-per-million.htm

The photos on the bottom right show that not only 
that sulfur dioxide is a problem for the Navajo Nation 
in Farmington, NM, but that it is THE problem.  A 
concentration of SO2 of 329 μg/m3 (unhealthy for 
sensitive groups) was measured on December 3, 
2019, versus PM10 (39.66 μg/m3, good), Ozone 
(28.21 μg/m3, good), Carbon Monoxide (231.7 
μg/m3, good), and Nitrogen Dioxide (44.64 μg/m3, 
good).  Thus, the toxic gas to be focused on in the 
Farmington, NM area is sulfur dioxide as emitted 
from the nearby power generating plants 

Figure 6.  EPA: 75 ppb of SO2 = 212 μg/m3

versus 329 μg/m3 from Figure 1 [ref.9]

Figure 7.  Additional Data showing that Sulfur 
Dioxide is THE Problem



Atmospheric Sulfur Dioxide: Farmington, NM
December 14, 2019 to March 9, 2020
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Figure 8.  20 Data Points – December 14, 2019 to March 9, 2020 – Farmington, NM



SO2 from Farmington Gas Plant 

Source: https://www.daily-times.com/story/news/local/2019/10/18/nmed-data-details-industry-reported-excess-emissions-
san-juan-county/4023117002/

NMED data details industry-reported excess emissions, including why they occurred
Hannah Grover, Farmington Daily Times Published 12:31 p.m. MT Oct. 18, 2019

San Juan River Gas Plant’s excess emissions reported over several years
In most of the reported incidents, the problem was quickly identified and remedied within a day or two. 
However, CCI San Juan reported several years of excess emissions from the San Juan River Gas 
Plant.
The plant began emitting excess emissions in October 2016. Between then and Nov. 30, 2018, the 
San Juan Gas Plant emitted more than 17,000 excess pounds of carbon monoxide, nearly 350 
pounds of nitrogen dioxide, almost 1.6 million pounds of sulfur dioxide and more than 11,000 pounds 
of sulfur dioxide.
These excess emissions occurred because of changes in the plant’s inlet gas concentrations as well 
as unusual wear of compression valves and other parts. This resulted in the flaring from the gas plant 
exceeding the hourly emissions limits the company’s permits allow, according to information CCI San 
Juan provided NMED.  

SO2 from San Juan Generating Station and Four Corners Power 
Plant 

The San Juan Generating Station is nearby, in Farmington, New Mexico. The 1800 megawatt 
plant emits approximately 100 million pounds of sulfur dioxide, 100 million pounds of nitrogen 
oxides, 6 million pounds of soot, and at least 1000 pounds of mercury per year.

Coal combustion waste from the mines supporting the Four Corners and San Juan plants has 
contaminated local groundwater with sulfates, leading to the death of livestock. According to one 
source, 70 million tons of coal waste (containing cadmium, selenium, arsenic, and lead) has 
been dumped in the Navajo Mine, and combined with the San Juan mine, amounts to a total of 
150 million tons.

Source: https://www.sourcewatch.org/index.php/Four_Corners_Steam_Plant



Conclusions

§ Sulfurous acid can affect you when breathed in 
and by passing through your skin.  Sulfurous 
acid is a corrosive chemical and contact can 
severely irritate and burn the skin and eyes with 
possible eye damage. Breathing sulfurous acid 
can irritate the nose and throat. Breathing 
sulfurous acid can irritate the lungs causing 
coughing and/or shortness of breath. Higher 
exposures can cause a build-up of fluid in the 
lungs (pulmonary edema), a medical 
emergency, with severe shortness of breath.   

§ I have documented that sulfur dioxide levels 
during winter temperature inversions exceeded 
EPA standards.  Also, when exposed to water 
vapor, sulfur dioxide (SO2) and water (H2O) 
combine to form sulfurous acid (H2SO3).

§ Thus, my hypothesis that “Sulfur Dioxide levels 
in the Farmington, NM region during winter 
temperature inversions can present a health 
hazard to members of the Navajo Nation” was 
accepted.

§ In the future, I could attempt to have two plant 
terrariums, one a control and one in which I inject 
sulfur dioxide.  I could monitor any effects that sulfur 
dioxide had on the ecology.  Right now, Navajo 
Preparatory School has been totally remote since the 
autumn of 2020. Since the Navajo Nation is mostly 
rural with many people living in traditional Hogans, 
students of Navajo Preparatory School are definitely 
on the other side of the “digital divide." The 
connectivity we take for granted is minimal to 
nonexistent within the Navajo Nation, causing a 
disruption of our educational effort.  However, should 
Navajo Preparatory School reopen in January, I 
could do my terrarium experiments at that time.

§ I also believe that converting the power generation in 
the Farmington, NM area to solar and wind would 
greatly reduce the production of toxic sulfur dioxide.  
This could be another future science fair project topic 
for me.
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Future Directions
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