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The NEW ENGLAND JOURNAL of MEDICINE

interpretation by Boron and Vaughan-Jones that
“changes in the strong ion difference are a con-
sequence of adding acid and base as strong-ion
salts; they do not cause pH to change.” The de-
bate about cause and effect and fact and opinion
is really a debate about interpretation, given that
causation is notoriously difficult to prove.*

Julian L. Seifter, M.D.

Brigham and Women'’s Hospital
Boston, MA

Hidden Formaldehyde

TO THE EDITOR: E-cigarette liquids are typically
solutions of propylene glycol, glycerol, or both,
plus nicotine and flavorant chemicals. We have
observed that formaldehyde-containing hemiac-
etals, shown by others to be entities that are de-
tectable by means of nuclear magnetic resonance
(NMR) spectroscopy,® can be formed during the
e-cigarette “vaping” process. Formaldehyde is a
known degradation product of propylene glycol
that reacts with propylene glycol and glycerol dur-
ing vaporization to produce hemiacetals (Fig. 1).
These molecules are known formaldehyde-releas-
ing agents that are used as industrial biocides.>
In many samples of the particulate matter (i.e.,
the aerosol) in “vaped” e-cigarettes, more than
2% of the total solvent molecules have converted
to formaldehyde-releasing agents, reaching con-
centrations higher than concentrations of nico-
tine. This happens when propylene glycol and
glycerol are heated in the presence of oxygen to
temperatures reached by commercially available
e-cigarettes operating at high voltage. How
formaldehyde-releasing agents behave in the re-
spiratory tract is unknown, but formaldehyde is
an International Agency for Research on Cancer
group 1 carcinogen.*

Here we present results of an analysis of com-
mercial e-liquid vaporized with the use of a
“tank system” e-cigarette featuring a variable-
voltage battery. The aerosolized liquid was col-
lected in an NMR spectroscopy tube (10 50-ml
puffs over 5 minutes; 3 to 4 seconds per puff).
With each puff, 5 to 11 mg of e-liquid was con-
sumed, and 2 to 6 mg of liquid was collected. At
low voltage (3.3 V), we did not detect the forma-
tion of any formaldehyde-releasing agents (esti-
mated limit of detection, approximately 0.1 ug
per 10 puffs). At high voltage (5.0 V), a mean

Since publication of his article, the author reports no further
potential conflict of interest.
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(£SE) of 380+90 wg per sample (10 puffs) of
formaldehyde was detected as formaldehyde-
releasing agents. Extrapolating from the results
at high voltage, an e-cigarette user vaping at a
rate of 3 ml per day would inhale 14.4+3.3 mg of
formaldehyde per day in formaldehyde-releasing
agents. This estimate is conservative because we
did not collect all of the aerosolized liquid, nor
did we collect any gas-phase formaldehyde. One
estimate of the average delivery of formaldehyde
from conventional cigarettes is approximately
150 ug per cigarette,® or 3 mg per pack of 20
cigarettes. Daily exposures of formaldehyde as-
sociated with cigarettes, e-cigarettes from the
formaldehyde gas phase, and e-cigarettes from
aerosol particles containing formaldehyde-re-
leasing agents are shown in Figure 1.

Inhaled formaldehyde has a reported slope
factor of 0.021 kg of body weight per milligram
of formaldehyde per day for cancer (http://oehha.
ca.gov/risk/pdf/TCDBcas061809.pdf). Among per-
sons with a body weight of 70 kg, the incremen-
tal lifetime cancer risk associated with long-term
cigarette smoking at 1 pack per day may then be
estimated at 9x10~*. If we assume that inhaling
formaldehyde-releasing agents carries the same
risk per unit of formaldehyde as the risk associ-
ated with inhaling gaseous formaldehyde, then
long-term vaping is associated with an incremen-
tal lifetime cancer risk of 4.2x1073. This risk is
5 times as high (as compared with the risk based
on the calculation of Miyake and Shibamoto shown
in Fig. 1), or even 15 times as high (as compared
with the risk based on the calculation of Counts
et al. shown in Fig. 1) as the risk associated with
long-term smoking. In addition, formaldehyde-
releasing agents may deposit more efficiently in
the respiratory tract than gaseous formaldehyde,
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Figure 1. Daily Exposures to Formaldehyde Associated with Cigarettes and E-Cigarettes.

Data on the daily exposure from cigarettes (the average [+SD] of all values [milligrams of formaldehyde per cigarette])
were derived from Miyake and Shibamoto® and Counts et al.> These values were multiplied by 20 cigarettes per pack.
Thus, they are an average of the values used in the protocols from the International Organization for Standardization,
the Massachusetts Department of Public Health, and Health Canada. Data on the daily exposure from e-cigarettes
from the formaldehyde gas phase were calculated from the data in Kosmider et al.* We estimated daily exposure by
applying our measured e-liquid consumption rates of 0.13 mg per milliliter (at 3.3 V) and 0.18 mg per milliliter (at 5 V)
of vapor produced to the measured gas-phase formaldehyde values described by Kosmider et al.#: 0.13 pg per 1050 ml
of vapor (at 3.2 V) and 27 pyg per 1050 ml vapor at (4.8 V) for mixed glycerol and propylene glycol samples. Data on
the daily exposure from liquid-phase aerosol particulate matter in e-cigarettes were calculated as the value of formalde-
hyde (as a formaldehyde-releasing agent [FRA]) exposure per day for commercial e-liquid (Halo “café mocha” flavor,
6 mg per milliliter of nicotine), measured from 10 successive aerosolized samples analyzed at 3 concentrations each.
FRAs were identified by means of nuclear magnetic resonance spectroscopy (see the Supplementary Appendix, avail-
able with the full text of this letter at NEJM.org) and quantified by relative integration against an internal standard. The

two I bars on the left indicate standard deviations, and the I bar on the right indicates the standard error.

and so they could carry a higher slope factor for
cancer.
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Formaldehyde-releasers: relationship to formaldehyde contact
allergy — part 2: metalworking fluids and remainder. Contact
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CORRECTION

A Randomized Trial of Intraarterial Treatment for Acute Ische-
mic Stroke (January 1, 2015;372:11-20). In the stub column of
Table 1 (page 15), under “Prestroke modified Rankin scale
score,” the final subcategory should have been >2, rather than <2.
The article is correct at NEJM.org.

NOTICES

Notices submitted for publication should contain a mailing
address and telephone number of a contact person or depart-
ment. We regret that we are unable to publish all notices
received. Notices also appear on the Journal’s website
(NEJM.org/medical-conference). The listings can be viewed
in their entirety or filtered by specialty, location, or month.

MAYO CLINIC SCOTTSDALE

The following courses will be offered in Scottsdale, AZ:
“Mayo Clinic 3rd Annual Collaborative Symposium: Update in
Minimally Invasive Gynecologic Surgery” (Feb. 5-7); “11th An-
nual Mayo Clinic Women’s Health Update” (March 5-7); and
“Clinical Reviews 2015: 26th Annual Family Medicine and In-
ternal Medicine Update” (March 26-29).

Contact Mayo School of Continuous Professional Develop-
ment, Mayo Clinic, 13400 E. Shea Blvd., Scottsdale, AZ 85259; or
call (480) 301-4580; or fax (480) 301-8323; or e-mail mca.cme@
mayo.edu; or see http://www.mayo.edu/cme.

8TH INTERNATIONAL DIP SYMPOSIUM ON DIABETES,
HYPERTENSION, METABOLIC SYNDROME
& PREGNANCY

The symposium will be held in Berlin, April 15-18.

Contact Comtec Med, 53 Rothschild Blvd., P.O. Box 68, Tel
Aviv, 6100001, Israel; or call (972) 3-5666166; or fax (972)
3-5666177; or e-mail dip@comtecmed.com; or see http://www
.comtecmed.com/dip/2015.

EUROPEAN MOLECULAR BIOLOGY LABORATORY

The following meetings will be held in Heidelberg, Germany:
“Mechanisms of Neurodegeneration” (June 14-17) and “Cancer
Genomics” (Nov. 1-4).

Contact European Molecular Biology Laboratory, Course
and Conference Office, Meyerhofstr. 1, D-69117 Heidelberg,
Germany; or call (49) 6221 387 8359; or fax (49) 6221 387 8158;
or see http://[www.embl.de/training/events or http://www
.embo-embl-symposia.org/symposia.

MINDFUL PRACTICE ADVANCED WORKSHOP

The workshop, entitled “Enhancing Quality of Care, Quality
of Caring, and Resilience,” will be held in Batavia, NY, April
27-May 1.

Contact Diane Frank, Center for Experiential Learning, Uni-
versity of Rochester School of Medicine and Dentistry, 601 Elm-
wood Ave., Box 709, Rochester, NY 14642; or call (585) 275-7666;
or fax (585) 256-2682; or see http://www.cvent.com/d/64qrfs.

10TH ANNUAL PERIOPERATIVE MEDICINE SUMMIT

The summit will be held in Scottsdale, AZ, Feb. 26-28. It is
presented by Rush University and cosponsored by the Cleve-
land Clinic in collaboration with the Society for Perioperative
Assessment and Quality Improvement (SPAQI).

Contact Elizabeth Wilkerson, Horizon CME, 9123 SE St.
Helens St., Suite 280, Clackamas, OR 97015; or call (503) 659-
5558; or e-mail elizabeth.wilkerson@horizoncme.com; or see
http://[www.periopmedicine.org.

ADVANCED EUROPEAN BIOETHICS COURSE

The course, entitled “Suffering, Death, and Palliative Care,”
will be offered in Nijmegen, the Netherlands, Feb. 10-13. It is
organized by the section of Medical Ethics, IQ healthcare, Rad-
boud University Nijmegen Medical Centre.

Contact Simone Naber, Medical Ethics, P.O. Box 9101, 114 IQ
health care, 6500 HB Nijmegen, the Netherlands; or e-mail simone
.naber@radboudumec.nl; or see http://www.masterbioethics.org.

THE JOURNAL'S WEB AND E-MAIL ADDRESSES
To submit a letter to the Editor: authors.NEJM.org

For information about the status of a submitted manuscript:
authors.NEJM.org

To submit a meeting notice: meetingnotices@NEJM.org

The Journal’s web pages: NEJM.org
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