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We read with interest the article by Allen 
et al. in which the authors reported the 
presence of diacetyl and 2,3-pentanedione in 
e-cigarette vapors and concluded that “[d]ue 
to the associations between diacetyl, bron-
chiolitis obliterans and other severe respira-
tory diseases observed in workers, urgent 
action is recommended to further evaluate 
this potentially widespread exposure.” As 
part of their analysis, it was suggested that 
the occupational exposure limits (OELs) that 
have been proposed for these compounds 
may not be health protective for most 
e-cigarette users.

We support efforts to characterize the 
composition of e-cigarette vapors and believe 
that such research is necessary to fully assess 
the potential health risks, if any, associated 
with use of these products. Over the past 
five years, we have published the results 
of several studies in which diacetyl and 
2,3-pentanedione levels were measured in 
various consumer products (Gaffney et al. 
2015; Pierce et al. 2014; Pierce et al. 2015). 
As described briefly below, we believe our 
findings are directly relevant to many of the 
issues raised by Allen et al. 

First, it is important to understand that 
hundreds of consumer products (e.g., tea, 
coffee, citrus juices, butter) contain natu-
rally occurring diacetyl and 2,3-pentane-
dione (Bartowsky and Henschke 2004; 
NTP 2007; Ganeko et al. 2008), and 
several studies have shown that airborne 
diketones associated with these products are 
easily detectable (Grosch and Mayer 2000; 
Mayer and Grosch 2001; Ott et al. 1999; 
Xanthopoulos et al. 1994). Hence, the mere 
presence of these compounds in a particular 
product is not indicative of a risk of lung 
disease, and we therefore agree with Allen 
et al. that estimates of potential consumer 
exposures are critical in evaluating the safety 
of a product.

Second, our work has shown that the 
naturally occurring diketone concentra-
tions emitted from common consumer 
products can be far higher than the OELs 
that have been proposed by the National 
Institute for Occupational Safety and Health 

(NIOSH) or recommended by the American 
Conference of Governmental Industrial 
Hygienists (ACGIH). For example, Gaffney 
et al. (2015) and Pierce et al. (2015) found 
that grinding, brewing, and consuming 
unflavored coffee was associated with 
airborne diacetyl concentrations that were 
several times higher than the NIOSH and 
ACGIH short-term (0.025 and 0.020 ppm, 
respectively) and 8-hour (0.005 and 
0.010 ppm, respectively) OELs for diacetyl. 
Unless one assumes that unflavored coffee 
beans pose a serious risk of “popcorn lung,” 
a rare and oftentimes lethal disease, then 
one should agree that exposures to airborne 
diketone levels above the NIOSH and 
ACGIH OELs are not necessarily  indicative 
of respiratory risk. 

Similarly, we measured concentra-
tions of naturally occurring diacetyl and 
2,3-pentanedione in mainstream ciga-
rette smoke at levels (200–400 ppm and 
30–50 ppm, respectively) that are hundreds 
of thousands of times higher than the 
NIOSH and ACGIH OELs, yet cigarette 
smoking is not associated with “popcorn 
lung” (Pierce et al. 2014). Also, as others 
have noted, diketone exposures from tradi-
tional cigarettes are higher than those asso-
ciated with e-cigarette use (Farsalinos et al. 
2015), hence switching from tobacco to 
e-cigarettes may result in reduced diketone 
exposure. This is a critical issue that was not 
mentioned by Allen et al. Indeed, based on 
the diketone levels measured in the vapors 
of the e-cigarette liquids evaluated by Allen 
et al. (median = 6.0 µg/e-cigarette for diacetyl 
and 1.6 µg/e-cigarette for 2,3-pentanedione), 
e-cigarette users likely experience inhaled 
diketone doses that are far below those 
associated with the NIOSH draft OELs 
(176 µg/day for diacetyl and 381 µg/day 
for 2,3-pentanedione, which correspond to 
the OELs of 0.005 ppm and 0.0093 ppm, 
respectively, assuming a breathing volume of 
10 m3/workday) (EPA 2009). 

We suggest that future research on this 
topic should include a re-evaluation of the 
proposed NIOSH OELs, in part because 
these values suggest that natural aromas from 
common foods pose a severe respiratory 
hazard. Elsewhere we have described what 
we believe to be shortcomings associated 
with these OEL values (Pierce et al. 2015). 
Regarding e-cigarettes specifically, we believe 
the following areas need to be addressed: 
1) the effects of vaping topography and 
device parameters on e-cigarette emissions, 
and 2) the consumption patterns of users 
of e-cigarettes, such that true exposure to 

diketones and the other constituents 
of e-cigarette vapors can be evaluated. 
Ironically, suggesting that diketone levels in 
e-cigarettes are potentially dangerous could 
actually lead to higher diketone exposures in 
the smoking population if smokers decide 
not to switch to e-cigarettes due to as yet 
unfounded health concerns. 

Finally, the question of whether the 
weight of evidence truly supports an 
increased risk of diketone-related “popcorn 
lung” or any other serious respiratory disease 
in flavorings-exposed workers is still open 
to debate (e.g., Clark and Winter 2015). As 
OSHA’s website currently states, “the causal 
relationship between diacetyl exposure and 
development of bronchiolitis obliterans has 
not been firmly established” (OSHA 2016).
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B.L.F.) have served as experts in diacetyl litigation. 
However, no external funding was received for the 
time needed to prepare this communication.

Jennifer S. Pierce,1 Anders Abelmann,1 
and Brent L. Finley 2

1Cardno ChemRisk, Chicago, Illinois, USA; 2Cardno 
ChemRisk, Brooklyn, New York, USA

Address correspondence to J.S. Pierce, 30 North 
LaSalle St., Ste. 3910, Chicago, IL 60602 USA. 
E-mail: jennifer.pierce@cardno.com

RefeRences

Bartowsky EJ, Henschke PA. 2004. The ‘buttery’ attribute 
of wine—diacetyl—desirability, spoilage and beyond. 
Int J Food Microbiol 96(3):235–252, doi:10.1016/j.
ijfoodmicro.2004.05.013.

Clark S, Winter CK. 2015. Diacetyl in foods: a review of safety 
and sensory characteristics. Compr Rev Food Sci Food 
Saf 14(5):634–643, doi:10.1111/1541-4337.12150.

Farsalinos KE, Kistler KA, Gillman G, Voudris V. 2015. 
Evaluation of electronic cigarette liquids and aerosol for 
the presence of selected inhalation toxins. Nicotine Tob 
Res 17(2):168–174, doi:10.1093/ntr/ntu176.

Gaffney SH, Abelmann A, Pierce JS, Glynn MH, Henshaw 
JL, McCarthy L, et al. 2015. Naturally occurring diacetyl 
and 2,3-pentanedione concentrations associated 
with roasting and grinding unflavored coffee beans 
in a commercial setting. Toxicol Rep 2:1171–1181, 
doi:10.1016/j.toxrep.2015.08.003.

Ganeko N, Shoda M, Hirohara I, Bhadra A, Ishida T, 
Matsuda  H, et  al. 2008. Analysis of volatile flavor 
compounds of sardine (Sardinops melanostica) by solid 
phase microextraction. J Food Sci 73(1): S83–S88, doi: 
10.1111/j.1750-3841.2007.00608.x.

Grosch W, Mayer F. 2000. Release of odorants from roasted 
coffee. In: Flavor Release (Roberts D, Taylor AJ, eds.). 
Washington, DC:American Chemical Society, 430–438.

Mayer F, Grosch W. 2001. Aroma simulation on the basis of 
the odourant composition of roasted coffee headspace. 
Flavour Fragr J 16(3):180–190, doi:10.1002/ffj.975.

The Correspondence section is not peer-reviewed. Personal opinions expressed herein are the sole responsibility 
of the authors.  EHP neither endorses nor disputes the content of the letters it publishes.

A Section 508–conformant HTML version of this article  
is available at http://dx.doi.org/10.1289/ehp.1611350. 



Environmental Health Perspectives • volume 124 | number 6 | June 2016 A 101

Correspondence

NTP. 2007. Chemical Information Review Document for 
Artificial Butter Flavoring and Constituents Diacetyl 
[CAS No. 431-03-8] and Acetoin [CAS No. 513-86-0]. 
Supporting Nomination for Toxicological Evaluation by 
the National Toxicology Program. Research Triangle 
Park, NC:National Toxicology Program (NTP), National 
Institute of Environmental Health Sciences, National 
Institutes of Health, U.S. Department of Health and 
Human Services. Available: http://ntp.niehs.nih.gov/ntp/
htdocs/chem_background/exsumpdf/artificial_butter_
flavoring_508be.pdf [accessed 29 March 2016].

OSHA. Flavorings-Related Lung Disease: Diacetyl [website]. 
Washington, DC:Occupational Safety and Health 
Administration, U.S. Department of Labor. Available: 

http://www.osha.gov/SLTC/flavoringlung/diacetyl.html 
[accessed 17 March 2016].

Ott A, Germond JE, Baumgartner M, Chaintreau A. 1999. Aroma 
comparisons of traditional and mild yogurts: headspace 
gas chromatography quantification of volatiles and origin 
of alpha-diketones. J Agric Food Chem 47(6):2379–2385, 
PMID:10794640.

Pierce JS, Abelmann A, Lotter J, Comerford C, Keeton K, Finley 
BL. 2015. Characterization of naturally occurring airborne 
diacetyl concentrations associated with the prepara-
tion and consumption of unflavored coffee. Toxicol Rep 
2:1200–1208, doi:10.1016/j.toxrep.2015.08.006.

Pierce JS, Abelmann A, Spicer LJ, Adams RE, Finley BL. 2014. 
Diacetyl and 2, 3-pentanedione exposures associated 

with cigarette smoking: implications for risk assess-
ment of food and flavoring workers. Crit Rev Toxicol 
44(5):420–435, doi:10.3109/10408444.2014.882292.

U.S. EPA. 2009. Risk Assessment Guidance for Superfund Volume 
I: Human Health Evaluation Manual (Part F, Supplemental 
Guidance for Inhalation Risk Assessment). Washington, 
DC:Office of Superfund Remediation and Technology 
Innovation, U.S. Environmental Protection Agency. 
Available: https://www.epa.gov/risk/risk-assessment-
guidance-superfund-rags-part-f [accessed 26 March 2016].

Xanthopoulos V, Picque D, Bassit N, Boquien C, Corrieu G. 
1994. Methods for the determination of aroma compounds 
in dairy products: a comparative study. J  Dairy Res 
61(2):289–297, doi:10.1017/S0022029900028302.

http://ntp.niehs.nih.gov/ntp/htdocs/chem_background/exsumpdf/artificial_butter_flavoring_508be.pdf
http://ntp.niehs.nih.gov/ntp/htdocs/chem_background/exsumpdf/artificial_butter_flavoring_508be.pdf
http://ntp.niehs.nih.gov/ntp/htdocs/chem_background/exsumpdf/artificial_butter_flavoring_508be.pdf
http://www.osha.gov/SLTC/flavoringlung/diacetyl.html
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part-f
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part-f

