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REPORT

E-cigarette nicotine deposition and persistence on glass and cotton surfaces

Cheryl L. Marchama, Evan L. Floydb, Beverly L. Wooda, Susan Arnoldc, and David L. Johnsonb

aEmbry-Riddle Aeronautical University, Daytona Beach, Florida; bUniversity of Oklahoma Health Sciences Center, Oklahoma City,
Oklahoma; cUniversity of Minnesota, Minneapolis, Minnesota

ABSTRACT
Nicotine from electronic cigarette aerosol will deposit on surfaces immediately after vaping,
but how long deposited nicotine will persist on various surfaces is unknown. This work
exposed glass and terrycloth (cotton) materials to electronic cigarette aerosols for 1 hr,
assessed the initial nicotine sorption, and characterized surface persistence over a 72-hr period.
Exponential decay of surface concentration was observed for both materials. Terrycloth had
higher initial nicotine deposition and retained nicotine substantially longer than glass.
Residual nicotine concentrations persisted on both surface types for 72 hr. Statistical modeling
predicted surface concentrations to reach background levels after 4 and 16 days for glass and
terrycloth, respectively. Nicotine persistence was long enough to pose a potential thirdhand
nicotine exposure risk, and reactions to produce tobacco-specific nitrosamines may be pos-
sible from nicotine deposition from electronic cigarette aerosols, but further study is needed.
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Introduction

Nicotine and other contaminants from tobacco cigar-
ette smoke have been shown to deposit on room sur-
faces[1–3] and contribute to thirdhand exposure.[4,5]

Over time, this residual nicotine from tobacco smoke
on indoor surfaces can also react with ambient ozone
and nitrous acid to form carcinogenic tobacco-specific
nitrosamines (TSNAs).[3,6–9] Sleiman et al. showed
that TSNAs can form in as little as 3 hr with trad-
itional cigarette smoke in a controlled environment
with known concentrations of HONO or other nitro-
gen oxides.[6] Nicotine and TSNAs have also been
shown to remain on fabrics for many months after
exposure to cigarette smoke.[10] Electronic cigarette
(EC) “vapor,” which is actually comprised primarily of
fine droplets, typically contains nicotine[11,12] as well
as acrolein, formaldehyde, and acetaldehyde.[13–15] EC
nicotine residues have been measured on surfaces in
an exposure chamber immediately after EC aerosols
were introduced[16] and in homes where occupants
were puffing ECs 50–500 times daily.[17] Floyd[18] also
showed that EC aerosols can spread through HVAC
systems. If deposited nicotine or other hazardous EC
aerosol components persist on surfaces, then third-
hand exposure is possible. However, this surface per-
sistence has not been well characterized.

Some of these studies suggest, however that nico-
tine from EC aerosols may dissipate much faster than
nicotine deposition from traditional cigarette smoke.
Goniewicz and Lee[16] reported that in a chamber
study, only three of four EC tested showed elevated
concentrations of surface nicotine immediately after a
puff test. Bush and Goniewicz[17] found that measur-
able levels of surface nicotine was found in only half
of EC user’s homes studied, whereas nicotine was
found in all of the tobacco cigarette smokers’ homes.
It is possible that nicotine deposited from EC aerosol
may dissipate faster than nicotine from secondhand
tobacco smoke, since there is no persistent (smoke)
particle providing a sorption surface for the nicotine
as there is with traditional tobacco smoke. Nicotine is
a semi-volatile compound and can be present in both
the gas and particulate phases at normal indoor tem-
peratures. When concentrated, as in mainstream and
sidestream tobacco cigarette smoke, nicotine is pri-
marily in the particle phase.[19] When dilute, as in
environmental tobacco smoke, 95% is in the gas
phase.[19,20] This concentration-dependent nicotine
partitioning appears to be true for concentrated EC
aerosol as well, with 76–100% of the nicotine in the
droplets.[21] These droplets will deposit on surfaces.
However, it is unclear how long the nicotine will
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persist on the surface. Surface concentration might be
expected to decline over time, as determined by proc-
esses such as adsorption, desorption, evaporation,
solvation and chemical reaction.[10]

The existing literature indicates nicotine accumu-
lates on different materials to differing degrees[4,10]

but no studies have been conducted to determine dif-
ferences in persistence by material type. The objective
of this study was to characterize the persistence of
surface-deposited EC nicotine over a short aging
period of 72 hr on two common surface materials:
terrycloth (cotton) and glass.

Methods

Glass and cotton were selected as sampling materials
in this study for continuity with similar studies. Glass
and cotton deposition surfaces were exposed to EC
aerosol in an acrylic containment chamber for 1 h,
then aged under active aerosol-free ventilation for
72 hr. Randomly selected samples of each material
were periodically removed for analysis to determine
nicotine persistence by material type.

Forty-two pairs of glass plate (GP) and 100% cot-
ton terrycloth (TC) surfaces, in pairs, were placed on

the floor of a 1 m3 volume glove box exposure cham-
ber as shown in Figure 1. GP samples were 90-mm
glass petri dishes with an internal surface area of
58.1 cm2. GPs were washed in a laboratory dish wash-
ing machine using Cascade liquid dish detergent
(Walmart, Edmond, OK), then triple sonicated in
deionized water for 30min. TC patches were cut from
a new, freshly washed towel to match the nominal
surface area of the GPs, i.e., 3 x 3 inches or 7.6 x
7.6 cm. To ensure the cleanest, nicotine-free cotton
material possible, a new terrycloth towel was washed
in a residential washing machine two full cycles using
laundry detergent (Gain original powdered laundry
detergent, unscented; Walmart, Edmond, OK), then
one full cycle without detergent. Afterward, the towel
was soaked in 0.5 M HCl (ACS grade, Fisher
Scientific, Waltham, MA) for 2 hr, wrung dry, then
triple rinsed in deionized water with pH checked for
neutral on final rinse. After air drying, the towel was
cut into squares with clean shears.

After sealing the chamber, three material pairs
were collected from randomly selected chamber loca-
tions to establish the pre-exposure nicotine back-
ground in the materials. EC aerosol was manually
generated using a 500-mL syringe connected to a

Figure 1. Representative diagram of exposure chamber showing approximate location of access ports and exhaust system, with
an aerial view of the sampling grid.
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Smok VCT Pro sub-ohm atomizer powered by a
Smok R200TC battery unit (Smoktech, Shenzhen,
China). The atomizer was loaded with a laboratory-
prepared solution of 70%v vegetable glycerin, 30%v
propylene glycol, and 12mg/mL nicotine, and oper-
ated at 40 watts. Each puff was approximately 3 (±0.1)
sec long and 500 (±20) mL in volume. Alternating
sets of five puffs were introduced into the chamber
air, upward through the left and then right access
ports (Figure 1), to distribute the aerosol evenly and
avoid bias due to loading. A total of 49 puffs, totaling
2.569 g (2.20mL) of aerosolized solution, were added
to the chamber via the access ports over 15min, and
the chamber air then briefly mixed by vigorously puff-
ing the syringe within the chamber until no swirling
could be seen in the aerosol. The aerosol was allowed
to deposit for an additional 45min without ventila-
tion, followed by rapid chamber clearing at a ventila-
tion rate of approximately 28 cfm (0.79 m3/min) for
15min (�12 air changes). During clearing, another
three randomly selected sample pairs were collected to
establish the initial post-exposure nicotine concentra-
tion. The ventilation rate was reduced to approxi-
mately 6.8 cfm (0.19 m3/min) for the duration of the
experiment. Three randomly selected material pairs
were also collected at 1, 2, 4, 8, 18, 24, 36, 48, and
72 hr post-exposure. A second set of three pairs was
collected at 1 and 36hr to provide additional measure-
ment variability information. Temperature and relative
humidity were maintained at 23 �C þ/� 1.5 �C and
60% RH þ/�5% RH throughout the experiment.

TC samples were placed into a pre-weighed 40-mL
Volatile Organic Analysis (VOA) vial with PTFE-lined
lid, while GP samples were covered with the petri
dish lid to minimize evaporation. Samples were
extracted for nicotine immediately after collection and
stored at �20 �C. TC samples were spiked with 50 mg
of internal standard (25 mL of 2000 mg/mL quinolone,
reagent grade, Sigma-Aldrich, St. Louis, MO) while in
the VOA vial and extracted with 20mL dichlorome-
thane (DCM) (VWR, Radnor, PA, U.S.A.) for 20min
while tumbling. After extraction, TC samples were
drained of DCM and packed into a 10-mL all-poly-
propylene disposable syringe and squeezed back into
the same VOA vial. Recovery volumes (approximately
15mL) were precisely determined by weight gain of
the VOA vialþ solvent, and density of DCM. DCM
extracts were then evaporated by nitrogen blow-down
to approximately 1mL and post-weighed to determine
the final volume.

GP samples were spiked with 50 mg of internal
standard (ISTD) then extracted by quadruplicate

rinsing of each plate with 4mL DCM on a hotplate at
35–40 �C. Each rinse volume was transferred to a pre-
weighed VOA vial. The hotplate was necessary to pre-
vent water condensation from forming on the GP vial
during transfer of each rinse due to evaporative cool-
ing of the DCM. Collected rinsate (approximately
16mL) was evaporated to approximately 1mL and
post-weighed to determine final volume, as above. All
completed samples were stored at �20 �C until ready
for gas chromatography–mass spectrometry
(GC–MS) analysis.

TC calibration standards were prepared by spiking
clean TC samples with 0.2–124 ug nicotine in a spike
volume of 10–100 uL, then allowed to evaporate for
10min. GP calibration standards were prepared by
spiking clean GPs with 0.1–217 ug nicotine in 100 or
300 uL of a nicotine/DCM solution, then allowing the
DCM to evaporate completely (while on the warm
hotplate). Calibration standards were extracted in the
same manner as samples, as previously described.
Method limit of quantification (LOQ) for TC samples
was determined as nine times the standard deviation
of nine replicates prepared at low end of the cali-
brated range. LOQ for TC samples was 1.56 ug/sam-
ple (0.027 ug/cm2). The LOQ for GP samples was
determined to be 1.41 ug/sample (0.024 ug/cm2).

Nicotine GC–MS analyses were performed using an
Agilent 6890 gas chromatograph with 5973N mass
selective detector (Agilent Corp., Alpharetta, GA)
operated in scan mode from 20–330 m/z. Sample
results were ISTD-corrected and final concentration
estimates were adjusted for sample-specific extraction
volumes and evaporation final volumes. Nicotine con-
centrations in the extract (mg/mL) were converted to
surface concentrations (mg/cm2) by multiplying by
final volume and dividing by sample surface
area (58.1 cm2).

Nicotine surface concentration decay was modeled
using the SAS 9.4 GLM procedure (SAS Institute,
Cary, NC). Log-transformed surface concentration
was modeled on hours post-exposure, material type,
and their interaction. The resulting model allowed an
estimate of the length of time required, by material
type, for nicotine concentration to return to back-
ground levels found in samples unexposed to
EC aerosol.

Results

Laboratory method blanks analyzed prior to conduct-
ing the experiment averaged 0.27 mg per sample
(0.004 mg/cm2), which was below the method limit of
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quantitation (LOQ) for both materials. Pre-exposure
samples collected immediately before EC aerosol
exposure, which served as field blank samples, were
also< LOQ; therefore, no background correction was
applied to the sample results.

Nicotine on GP samples ranged from 0.290 to
0.030 mg/cm2 and decreased over time, with a rapid
decline observed in the first hour followed by a slower
decline for the duration of the trial (Figure 2).
Nicotine on TC samples ranged from 0.949 to 0.323
mg/cm2, also decreasing over time but without the ini-
tial rapid decline seen for GP. Nicotine concentration
was substantially greater on TC than GP at all time
points, which was unexpected. Variability within each
time point ranged from 7 to 31% relative standard
deviation (RSD) for GP and 3 to 24% RSD for TC.
Analysis of the 1- and 36-hr double-sampling events
(n¼ 6 each) confirmed lower variability in TC sam-
ples at both time points (RSD: TC ¼ 11.6 and 4.8%,
GP ¼ 22.6 and 14.6%, at 1 and 36 hr, respectively).

Statistical modeling showed the main effects (time
and material type) and their interaction to be statistic-
ally significant (a< 0.05), indicating differences by
material in nicotine initially sorbed to the surfaces as
well as in the rate of surface concentration decay over
time. From the model, the time that would be
required for nicotine levels to return to background

levels were estimated to be 95.5 hr (4 days) for GP
and 385 hr (16 days) for TC.

Discussion

Both the amount of nicotine sorbed and the nicotine
decay rates were significantly different for TC and
GP, with higher sorption and more rapid average
decay with TC than GP. Initial deposition results were
consistent with those of Schick et al.,[3] who found
that nicotine deposition was 14% greater for TC than
paper or stainless steel. Sorption by diffusion is sur-
face-area mediated, and it is possible that the complex
loop structure of TC simply provided a greater surface
area than the smooth glass plates. It is also possible
the hydrophilic surface of the cotton (cellulose) acted
as a diffusion sink for nicotine vapor.

The persistence of nicotine on TC of 16 days is
four times longer than the persistence on GP, which
confirms that type of material has a great effect on
nicotine retention. Cellulose is known to have a water
monolayer at low relative humidity (RH) and poly-
layer at moderate RH,[22] which can solvate nicotine
as long as minimal humidity is present in the ambient
environment and thereby inhibit its subsequent evap-
oration. Furthermore, Bahl et al.[10] noted that TC has
a hydrophilic cellulose backbone that can participate

Figure 2. Change in surface concentration over time for glass plates and terrycloth compared to baseline.
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in direct hydrogen bonding with nicotine. Both char-
acteristics may have contributed to the greater TC
persistence.

The GP and TC persistence times of 4 and 6 days,
respectively, may be long enough for TSNAs to form
by environmental nitrosation, but further study is
needed. Thus, nicotine sorption on clothing and furni-
ture upholstered with natural fibers might result in
not only thirdhand nicotine exposures, but also poten-
tially TSNA exposures. However, this should be veri-
fied with long-term studies.

Limitations

The EC liquid used in this experiment was prepared
from laboratory chemicals of high quality and con-
tained no flavorings. The impact of flavoring com-
pounds on deposition and retention of the EC aerosol
was not explored or evaluated in this study. Also, the
nicotine concentration used in the EC liquid is higher
than most users of sub-ohm ECs, which was done to
ensure sufficient deposition on the samples within the
1-hr deposition period.

It should be noted that the level of EC aerosol in
the test chamber was quite high compared to what is
likely to be produced in residences by casual vapers.
Based on estimates from St. Helen et al.,[23] the con-
centration of EC nicotine and aerosol components
exhaled by a vaper are expected to be approximately
6–16% of what was introduced into the study cham-
ber, but their work did not evaluate vaping with high-
powered ECs such as that used in this study. It is
therefore unknown what exhaled fraction should be
expected, and how it might compare to the conditions
used in this study.

Finally, this pilot laboratory study was limited to
nicotine sorption and persistence on only two material
types after a single 1-hr aerosol exposure. Nicotine,
and other contaminant, sorption and persistence on
other surfaces and under other conditions was not
determined due to the project’s limited scope.

Conclusions

The objective of this study was to characterize nico-
tine sorption and persistence on two common surface
materials following exposure to EC aerosol. This study
shows that nicotine from e-cigarettes can sorb to and
persist upon indoor surfaces. There were significant
differences in initial sorption, with terrycloth (cotton)
sorbing much more than glass. There were also sig-
nificant differences in persistence, with terrycloth

retaining nicotine longer than glass. Decay rates
observed in this study indicate EC nicotine persistence
are potentially long enough to pose a risk for third-
hand exposures to nicotine, especially if continued
deposition from continued use is present. Given the
absence of any evidence that the constituents of e-cig-
arette aerosols prevent nitrosation reactions on indoor
surfaces, it is appropriate to assume that reactions to
produce tobacco-specific nitrosamines are possible in
sorbed e-cigarette aerosols containing nicotine, but
further study is needed.

Recommendations

Additional research is needed to assess the risk of
exposure to nicotine and its reactive products, as well
as other EC aerosol contaminants. If nicotine persists
on a surface or is continually replenished, it may res-
ide long enough to react with ambient ozone and
nitrous acid to form TSNAs and other carcinogenic
byproducts.[3,6–9] Therefore, further research is needed
to study long-term deposition of nicotine from ECs to
determine whether TSNAs form over time. Following
the precautionary principle, use of ECs should be
avoided in confined spaces such as vehicles and
homes where children are present or likely to occupy.
Use of EC should be consistent with smoking policies.
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