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We appreciate the opportunity to respond
to the letter to the editor from Pierce et al.
Nowhere do Pierce et al. identify any factual
errors in our work; our key findings stand.
We will, however, take this opportunity to
address several of the points they raised.

In their analysis comparing diacetyl in
e-cigs to occupational exposure limits (OELs),
Pierce et al. selectively chose to evaluate only
the median (6.0 pg/e-cigarette for diacetyl and
1.6 pg/e-cigarette for 2,3-pentanedione) from
our data to reinforce their point that exposures
are below the OEL they derived (176 pg/day
for diacetyl). In choosing only the median,
Pierce et al. ignored that our study found, in
a sample of only 51 of over 7,000 flavors, a
flavored e-cigarette with a diacetyl concentra-
tion of 238 pg/e-cigarette, which exceeds the
176 pg/day OEL they calculated. There is
additional support in the literature showing
the potential to exceed their derived OEL, as
well, including a paper cited by Pierce et al.
Farsalinos et al. (2015) measured diacetyl
directly in the liquid of e-cigarettes and then
used this to estimate a daily dose (median =
6 pg/day; interquartile range: 26-278 pg/day).
The 75th percentile concentration in Farsalinos
et al. (2015) exceeds the daily dose limit of
176 pg/day that Pierce et al. used. Therefore,
at least 25% of flavored e-cigarettes samples in
the Farsalinos et al. (2015) paper would exceed
the 176 pg/day limit derived by Pierce et al.

We also want to reiterate our position,
stated clearly in the discussion section of our
paper along with our rationale, that the use
of OELs for this population is inappropriate.
Our position is in agreement with NIOSH,
which published a response to the paper by
Farsalinos et al. (2015) in which they stated
that OELS are “...not intended to establish
“safe” exposure concentrations for consumers
or the general public” (Hubbs et al., 2015).

Pierce et al. also misrepresent the findings
of their own earlier work (Gaffney et al.
2015; Pierce et al. 2014; Pierce et al. 2015)
in which diacetyl and 2,3-pentanedione levels
were measured. In their letter they stated that
“Over the past five years, we have published
the results of several studies in which diacetyl
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and 2,3-pentanedione levels were measured
in various consumer products.” As evident
by the dates in the in-line citation, all 3 of
their papers cited were published within
1.5 years; they do not have a 5-year record of
publishing on this topic. Further, the ‘various
consumer products’ include only 2 products:
cigarettes and coffee. Additionally, in their
letter they directly contradict the conclu-
sions in their earlier work. In this letter they
state “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.”
This is inaccurate and inconsistent with their
own paper published in 2015. For workers
brewing coffee, they actually state the exact
opposite in the Pierce et al. (2015) paper:
“None of the individual short-term (15 min)
barista samples (maximum of 0.01 ppm)
exceeded the proposed NIOSH or ACGIH
STELs (0.025 ppm and 0.02 ppm, respec-
tively).” And for customers consuming unfla-
vored coffee, the maximum 8-hour exposure
reported in their simulation (0.005 ppm;
Table 2) was below the ACGIH 8-hour
limit (0.010 ppm), and it was at the NIOSH
recommended exposure limit (0.005 ppm),
not above it, and certainly not “several times
higher” than either limit (Pierce et al. 2015).

We further note that Pierce et al. (2015)
and Gaffney et al. (2014) appear not to
have been peer reviewed, based on the short
time between submission and publication
(received, revised and accepted all in 3 and
1 days, respectively). Also, the 2 papers are
on the same topic, were received by the same
journal within 2 days of each other, and
contain 6 identical and 12 nearly identical
sentences, although only 1 discloses the
funding source as being from two companies
involved in diacetyl litigation. Furthermore,
the exposure data reported in Pierce et al.
(2015) were collected not in a coffee shop
but in a small kitchen with a very low
ventilation rate that we calculate to be well
below the ASHRAE minimum ventila-
tion rates for cafeterias/fast food dining of
19 f’/min/person (ASHRAE 2013).

Pierce et al. attempt to minimize risks by
comparing flavored e-cigarettes and coffee
beans, commenting, “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
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and ACGIH OELs are not necessarily indica-
tive of respiratory risk.” They do not seem
to be aware that, in fact, several workers at a
coffee processing workplace were recently diag-
nosed with bronchiolitis obliterans (“popcorn
lung”), and NIOSH’s investigation found a
2.7-fold elevated standard mortality ratio for
obstruction for workers at this site (Bailey et al.
2015). The NIOSH investigation concluded
that, “The exposure group working in both
coffee flavoring and grinding/packaging of
unflavored coffee areas had significantly lower
mean ratio of forced expiratory volume in 1s
to forced vital capacity and percent predicted
mid-expiratory flow than workers without
such exposure,” and “Current workers have
occupational lung morbidity associated with
high diacetyl and 2,3-pentanedione exposures,
which were not limited to flavoring areas.”

Finally, Pierce et al.’s comparison of
diketone exposures from e-cigarettes and
cigarettes, and their assertion of an increase
in diketone exposure by not switching to
e-cigarettes, misses a major point. Nearly
2 million children have tried e-cigarettes,
160,000 of whom reported that they had
not used cigarettes (CDC 2013). Pierce et al.
stated, “Tronically, suggesting that diketone
levels in e-cigarettes are potentially dangerous
could actually lead to higher diketone expo-
sures in the smoking population if smokers
decide not to switch to e-cigarettes due to as
yet unfounded health concerns.” What about
the 160,000 children who tried e-cigarettes
who had not used cigarettes? We see no irony.

In conclusion, we stand by our work and
the facts presented in our paper: diacetyl and
other flavoring chemicals are in many flavored
e-cigarettes, including flavors, like cupcake
and cotton candy, that we deem are particu-
larly appealing to kids. Considering the
history of severe and irreversible lung disease
associated with some workers who inhaled
diacetyl, and the similar exposure pathways
for consumers of flavored e-cigarettes, it is
prudent to evaluate this potential hazard
further, restrict access by youth, and provide
consumers with information and warnings
similar to those given to workers.
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