SUPPLEMENTAL INFORMATION

Natural gas odorants: A scoping review of health effects
Current Environmental Health Reports

Drew R. Michanowicz*, Olivia M. Leventhal, Jeremy K. Domen, Samuel R. Williams, Eric D.
Lebel, Lee Ann L. Hill, Jonathan J. Buonocore, Curtis L. Nordgaard, Aaron S. Bernstein, Seth
B.C. Shonkoff

“Corresponding author

Corresponding author contact information:
Dr. Drew Michanowicz

PSE Healthy Energy
drew@psehealthyenergy.org

1440 Broadway, Suite 750

Oakland, California 94612

Methods - Scoping Review Search Terms and Screening Results

The following search terms were used to search the PubMed and Web of Science databases:
(Mercaptan* OR "natural gas odorants” OR "tertiary butyl mercaptan” OR "tert-Butyl mercaptan”
OR "2-Methyl-2-propanethiol” OR "2-Methylpropane-2-thiol" OR "tert-Butylthiol" OR "t-BuSH"
OR "lIsopropyl Mercaptan™ OR "2-Propanethiol” OR "Propane-2-thiol" OR "lsopropanethiol” OR
"2-propyl mercaptan™ OR "Normal Propyl Mercaptan” OR "1-Propanethiol” OR "Propane-1-thiol"
OR "Propyl mercaptan” OR "n-Propyl mercaptan® OR "Dimethyl Sulfide" OR
"Tetrahydrothiophene™) AND (expos* OR "inhalation exposure™ OR inhal* OR "health” OR "side
effects” OR symptom™* OR toxic* OR "toxicological screening™" OR fatal* OR coma* OR "death”
OR pathogen* OR hazard* OR "risk" OR epidemiolog* OR "safety" OR carcin* OR "endocrine"
OR dose*).

The results of the database search and article screening steps are shown in Figure S1. The list of
all 22 articles that met inclusion criteria for full review are provided in Table S1.

Discussion - Olfactory dysfunction

Olfactory dysfunction due to aging, medical treatments, or medical conditions—such as the
coronavirus disease 2019 (COVID-19)—may also be an important determinant of exposure to
odorants due to an inability to detect or identify odors. An estimated 1.4% of Americans suffer
from some form of impaired olfaction that worsens with age [1]. Notably, older populations have
reduced ability to detect and identify natural gas odorants [2-9], with 31% of adults aged >70 years
misidentifying natural gas odors in the 2012 United States National Health and Nutrition
Examination Survey [9]. Human odorant detection thresholds also vary based on the odorant

1


mailto:drew@psehealthyenergy.org

compound itself, volume of inhalation, odorant dilution, experimental protocol, familiarity with
surroundings, and mental distractions [2—4,10-12]. Misidentification of odorants may cause
natural gas leaks to go unaddressed, increasing the risk of a leak-related explosion hazard.
Although few studies have specifically examined the effects of COVID-19 associated loss of
olfaction on natural gas detection, multiple studies cite the inability to detect natural gas leaks as
a potential risk [13-16] and early study results indicate a decrease in ability to detect natural gas
odorants in patients who have recovered from COVID-19 [17]. Other factors that may result in
olfactory dysfunction include active chemotherapy, head trauma, and chronic sinusitis or persistent
asthma with nasal polyps [18-22].

Large variances in human odor detection thresholds for many odorants (see Table 1), along with
the odor recognition thresholds being 2-10 times higher than odor detection thresholds, also
confound research of health outcomes related to exposure, along with setting appropriate odorant
concentrations limits [23]. Furthermore, odor masking from competing odors or conditions such
as olfactory adaptation (i.e., olfactory fatigue) may interfere with the ability to detect odorants.
Olfactory adaptation occurs when continuous or repeated exposure to an odorant decreases
olfactory sensitivity to the odorant [24]. Olfactory adaptation to organosulfur compounds has been
demonstrated [12,25,26], and may occur with low-level chronic indoor leaks and occupational
exposure, where a gradual build-up and continuous exposure to odorants is more likely. Given the
wide range in odorant sensitivities in the general population, more research is needed related to
odor detection thresholds for certain subgroups that may exhibit some forms of either anosmia or
hypersensitivity.



Table S1. List of articles that met inclusion criteria for full review

Reference Odorant(s) |Study type Exposure Pathway |Location
Ljunggren and DMS, MM, |Animal - rats |Inhalation N/A
Norberg, 1943 DMDS
[27]°
Almeida et al. DMS Animal - rats |Intraperitoneal N/A
2008 [28]
Zieve etal. 1974 |DMS, MM, |Animal - rats |Inhalation N/A
[29] EM
Butterworth et al. |DMS Animal - rats |Inhalation N/A
1975 [30]
Vahlkamp etal.,, |DMS, MM, |Animal —rats |In-vitro N/A
1979 [31] EM
Guan etal., 2017 |DMS Animal — In-vivo N/A
[32] C.elegans,

Drosophila
Georgieff and DMS, MM, |Human - Inhalation Bulgaria
Turnovska, 1999 [H2S, etc. community
[33] exposure
Jaakkola et al. DMS, etc. Human - Inhalation Finland
1990 [34] community

exposure
Terazawaetal. |DMS Human - Inhalation Japan
1991 [35] occupational;

animal - rats
Kangas et al. 1984 |DMS, H2S, [Human - Inhalation Finland
[36] MM occupational
Tansy etal. 1981 |DMS, MM, |Animal - rats |Inhalation N/A
[37] DMDS
Jeffery et al. 1988 [DMS, Animal - mice |In-vitro N/A
[38] dimethyl & rats

sulfoxide
Kocsis et al. 1975 |DMS, Animal - rats |Intraperitoneal N/A
[39] dimethyl
sulfoxide

Vernie et al. 1983 |IPM Cell culture In-vitro N/A
[40]
Ames and NPM Human - Inhalation Dorris, CA
Stratton, 1991 community
[41] exposure
U.S. Department |NPM Human - Inhalation Fairburn,
of Health and community GA
Human Services, exposure
2008 [42]°
Fairchild and NPM, TBM |Animal - rats |Oral and N/A
Stokinger, 1958 & mice intraperitoneal
[43]
Maciejewski et al. NPM Animal - cats |Inhalation Fairburn,
2008 [44] & dogs GA




Los Angeles TBM, THT |Human - Inhalation Aliso

County community Canyon,

Department of exposure CA

Public Health,

2016 [45]°

Behbod et al. TBM Human - Inhalation Eight Mile,

2014 [46] community AL
exposure

Baur and Bittner, [THT Human - Inhalation and N/A

2009 [47] occupational |dermal

Chanetal. 2017 |THT Human - Inhalation Hong

[48] community Kong
exposure

a. Included from citations in other papers

b. Study mentioned, but not cited in Maciejewski et al. 2008
c. Notincluded in literature search or citations
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Figure S1. Flow chart of the review process with the number of articles included and rejected at
each stage.

a. Does not include citations and studies that were inaccessible and could not be fully evaluated.
b. Government document not included in literature review related to Aliso Canyon, CA.
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