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SUMMARY

There is no safe level of radon exposure. A 16% increase in lifetime lung cancer
risk is estimated for every 100 Bg m=3 increase in airborne radioactivity [1]. The
EPA estimates 21,100 lung cancer deaths per year in the US due to radon inhala-
tion [2]. Oil and gas production brings to the surface significant amounts of radon,
an odorless radioactive gas produced from the radioactive decay of U-238 and Th-
232 in the fuel-bearing shale formations. Downwind of hydraulic fracturing (frac-
king) wells, airborne radioactivity has previously been found to be seven times
higher than for conventional oil and gas wells [3]. Here, we report year-long, 10-
min resolution monitoring results of radon gas and radon progeny attached to
particulates in a disproportionally impacted environmental justice community
northeast of the Suncor oil refinery in Commerce City, Colorado, USA. Elevated
airborne radioactivity tracked closely with the natural gas tracer ethane. Total
radioactivity levels of 30-40 Bg m=3 were 2-3 times higher than background le-
vels (~10-15 Bg m3) when winds were light and southwesterly, suggesting the
refinery as the origin. To date, U.S. regulatory agencies do not require assessment
for oil and gas industry radioactivity emissions, even though radon is regarded as
a hazardous air pollutant and is enforceable under the Clean Air Act. Our findings
suggest a need for characterizing radon emissions from oil and gas well sites and
related infrastructure and operations such as natural gas processing plants,
compressor stations, petrochemical plants, and oil refineries, in particular those
that process petroleum hydrocarbons from unconventional oil and gas extraction.

Footprint of

; Shelter
Suncor Refinery

Location

Monitoring & &

— 11.6

10.0

6.0

— 4.9

3.2

1.5

Figure 2. (a) Location of the Commerce City Fixed (CCF) monitoring site (yellow star), =0.7 km north
of the boundary of the footprint of the Suncor Refinery (red circle). (b, c) Bivariate polar plots of
the dependency of gas-phase (b), 30 Aug 2022 — 2 Aug 2023, and particle-associated (c), 2 Oct
2022 — 2 Aug 2023, airborne radioactivity as a function of wind speed (m s) and wind direction;
color scale indicates the observed median radioactivity for a given wind speed and direction. The
wind analysis is overlaid on a map centered at CCF. Note the different scales of the color bars.
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Figure 4. Probability distribution of the gas-phase radioactivity on wind speed (m s*) and
direction separated by 10-percent percentile bins (as labeled). The prevalence of transport
from the direction of the Suncor Refinery becomes progressively more pronounced for the
higher values of the monitoring data distribution.
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Figure 1. (a) Radioactive decay and progenies
of radon-222. Radon-222 itself is the decay
product of thorium-234 and uranium-238
and the most abundant radon isotope in
the atmosphere. It has a lifetime of 3.8 days
and can be transported with natural gas
from geologic formations to the surface

d and remain in natural gas or the

atmosphere for several days. Its decay

products are non-volatile and will attach to
particles. (b) Decay of radon-220 (also

named thoron). Its lifetime is much shorter,
on the order of a minute. Similar to radon-

222, decay products are also non-volatile

and adhere to particulates. (c) Bertin

Technologies AlphaGuard DF-2000 radon

e -« P o e e O gas alpha radioactivity monitor. (d)

hco2 AlphaPM monitor for detection of particle-
a1 ’ '}‘\ .‘l, associated alpha-radiation of radon
it / \

AT A [T progenies. (e) Results from running two
32 \ a "1 | \\ AlphaGuard monitors side-by-side in a
‘)‘ 1 | Longmont residential home basement
/ "\ showing good agreement between the two

eedp A\l N measurements.
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Figure 3. (a) Diurnal cycle of total (gas + particle
associated radioactivity. (b) Dependency of
total airborne radioactivity on wind speed. (c)
Correlation between 1-hr particle and gas-
phase radioactivity. (d) Frequency distribution
of the fraction of 1-hr particle radioactivity as a
fraction of total radioactivity. (e) Frequency
distribution of 1-hr gas and particle-phase
radioactivity. Gas and particle radioactivity
both contribute significantly to the total, but at

a variable ratio.
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Figure 5. (a) Side-by-side comparison of the
dependency of propane, methane, hydrogen
sulfide, ethane, benzene, and total radioactivity
on wind speed (m s?) and direction. (b) Residual
variances for orthogonal distance regression
(ODR) correlations between total radioactivity
and indicated species, ranked by correlation
strength (1 minus residual variance). Highest
correlation is seen with carbon dioxide, carbon
monoxide, and the natural gas tracer ethane,
suggesting a possible association of radioactivity
emissions with a natural gas and/or natural gas
flaring source.

1] Darby, S., et al. (2005) Radon in homes and risk of lung cancer: collaborative analysis of individual data from 13 European case-control studies, BMJ 330, 223; [2] US-EPA (2003) EPA Assessment of Risks from Radon in Homes, www.epa.gov/sites/default/files/2015-05/documents/402-r-03-003.pdf; [3] Li, L. et al. (2020) Unconventional oil and gas development and ambient particle radioactivity, Nature Communications 11, 5002.




	Slide Number 1

