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A B S T R A C T

Smoking is considered an important source for inorganic elements, most of them toxic for human health. During
the last years, there has been a significant increase in the use of e-cigarettes, although the role of them as source
of inorganic elements has not been well established. A cross-sectional study including a total of 150 subjects from
Brasov (Romania), divided into three groups (non-smokers, cigarette smokers and electronic cigarettes smokers)
were recruited to disclose the role of smoking on the human exposure to inorganic elements. Concentration of 42
elements, including trace elements, elements in the ATSDR's priority pollutant list and rare earth elements (REE)
were measured by ICP-MS in the blood serum of participants. Cigarette smokers showed the highest levels of
copper, molybdenum, zinc, antimony, and strontium. Electronic cigarette (e-cigarette) users presented the
highest concentrations of selenium, silver, and vanadium. Beryllium, europium and lanthanides were detected
more frequently among e-cigarette users (20.6%, 23.5%, and 14.7%) than in cigarette smokers (1.7%, 19.0%,
and 12.1%, respectively); and the number of detected REE was also higher among e-cigarette users (11.8% of
them showed more than 10 different elements). Serum levels of cerium and erbium increased as the duration of
the use of e-cigarettes was longer. We have found that smoking is mainly a source of heavy metals while the use
of e-cigarettes is a potential source of REE. However, these elements were detected at low concentrations.

1. Introduction

Contamination by heavy metals and, more recently, by rare earth
elements (REE) and other minor elements (ME), has increased during
the last decades due in part to their high use in technological and
electronic devices (Hussain and Mumtaz, 2014). Although some heavy
metals are necessary for life, most are considered non-essential and
some have adverse health effects to humans—and other vertebrate-
s—even at very low concentrations (Tchounwou et al., 2012). More-
over, some essential elements are included in the ATSDR's (Agency for
Toxic Substances and Disease Registry) priority pollutant list for being
toxic to living organisms at high concentrations (ATSDR, 2018;
Tchounwou et al., 2012). Thus, a total of 23 elements are included in
the ATSDR's priority pollutants list: silver (Ag), aluminum (Al), arsenic

(As), barium (Ba), beryllium (Be), cadmium (Cd), cobalt (Co), chro-
mium (Cr), copper (Cu), lead (Pb), manganese (Mn), mercury (Hg),
nickel (Ni), palladium (Pd), plutonium (Pu), antimony (Sb), selenium
(Se), strontium (Sr), thallium (Tl), thorium (Th), uranium (U), vana-
dium (V), and zinc (Zn) (ATSDR, 2018).

REE and ME have been classified as evidently or potential occupa-
tional and environmental health risk factors by several international
organizations (Pagano et al., 2015b). These elements have been in-
creasingly and widely used in industry, agriculture, as well as in our
daily life since they are very useful—or almost indispensable—for the
manufacturing of all kinds of today's technological devices (Tansel,
2017). Thus, REE and ME are being mobilized from the few sites where
they are abundant to be employed at an industrial scale, and therefore
distributed all over the planet (Bozlaker et al., 2013). Thus, a number of
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"emerging pollutants" have appeared and are currently detected in
living beings, including humans (Henriquez-Hernandez et al., 2017a,
2017b; Pagano et al., 2015a, 2015b).

Smoking is considered an important source for inorganic elements
intake, mainly for some trace elements and other biochemically im-
portant elements (Chiba and Masironi, 1992). Thus, while cadmium or
cupper are highly concentrated in cigarettes, for other elements—i.e.
selenium—this association is inverted or even irrelevant (that is the
case of mercury) (Bernhard et al., 2005). Anyhow, cigarette smoking
interferes with the carefully controlled metal homeostasis of the human
body and has to be considered as harmful to health. On the other hand,
electronic cigarettes (e-cigarettes) are products that deliver a nicotine-
containing aerosol—commonly called vapour—to users by heating a
solution made up of propylene glycol or glycerol, nicotine and fla-
vouring agents invented in their current form by Chinese pharmacist
Hon Lik in the early 2000s (Grana et al., 2013). According to a report
published by the Center for Tobacco Control Research and Education
University of California, although young people are rapidly adopting e-
cigarettes, there is a high level of dual use of e-cigarettes and conven-
tional cigarettes among adults, mainly due to the belief that electronic
cigarettes help to stop smoking. In that sense, all population-based
studies of adult use show the highest rate of e-cigarette use among
current smokers, followed by former smokers, with little use among
non-smokers (Dockrell et al., 2013; King et al., 2013). However, e-ci-
garettes have not been proven to help people quit smoking (Grana et al.,
2013). E-cigarettes pollute the air less than conventional cigarettes, but
they do not emit "harmless water vapour" (Grana et al., 2013). Vapours’
toxicant intake varies depending of which different e-liquids are used,
the type of vaporizers, battery power settings and vaping regimes
(Gillman et al., 2016; Sleiman et al., 2016). In that sense, for-
maldehyde, acetaldehyde, acrolein, diacetyl, acetol, glycidol, nicotine,
nicotyrine, acenaphthene, isovaleraldehyde, formaldehyde, benzalde-
hyde and benzene have been detected in the vapour of e-cigarettes
(Auer et al., 2017; Sleiman et al., 2016). However, other chemicals are
not directly present in the e-liquids, but are either released from
hardware components of the e-cigarette such as metal and silicate
particles (Williams et al., 2013). It has been demonstrated that in-
creasing battery outputs generates also increasing levels of some re-
sidues such as carbonyls (Kosmider et al., 2014). Moreover, the surface
of the heating coil can reach temperatures as high as 110 °C using
batteries> 10 watts, which conditions the level of volatile substances
emitted by the e-cigarettes (Geiss et al., 2016). The effect that e-ci-
garettes may have in the uptake of inorganic elements—contained in e-
liquids or as part of the electronic device—to the organism is unknown.

We have designed this study with the objective of measuring the
blood concentrations of a total of 42 elements, including trace elements,
elements in the ATSDR's priority pollutant list and REE—lanthanides
and other ME—in a group of 150 subjects from Brasov (Romania). The
series was divided into three groups (non-smokers, cigarette smokers
and e-cigarettes users) and the results among groups were compared
with the aim of disclosing the role of cigarette smoking and e-cigarette
use as a source of inorganic pollutants.

2. Material and methods

2.1. Study design and participants

We conducted a cross-sectional study that included 150 Romanian
subjects. All the subjects responded to a call made to participate in the
present investigation. It was done in the context of the Faculty of
Medicine of the Transilvania University of Brasov (Romania).
Recruitment was done between December 2017 and February 2018.
The series was formed by 58 non-smokers, 58 conventional cigarette
smokers, and 34 e-cigarette users. All users of e-cigarette were ex-
smokers. However, dual users—defined as persons who smoke cigar-
ettes and use e-cigarette at the same time—were excluded from the

study. The classification was based in self-reports of the participants.
Demographical data were obtained and a face-to-face interview aimed
to know details about the smoking status was also done. The ques-
tionnaire was designed exclusively for this purpose and data were re-
corded on paper and subsequently digitalized. Participation in the study
was totally free and no one received any compensation.

All participants signed an informed consent before taking the
sample. The study design was approved by the Ethical Committee of the
Faculty of Medicine, Transilvania University of Brasov, Romania. Blood
samples were obtained from all of the participants. All samples were
obtained in the morning and the participants were informed not to
smoke or use e-cigarette prior to the blood collection. Samples of blood
were collected in 4mL heparinized tubes (BD Vacutainer, LH 68 I.U.
Lithium Heparin, BD-Plymouth, PL6 7BP, UK), maintained at 4 °C, and
centrifuged at 1000 g for 15min to separate the serum. The obtained
serum was kept at− 20 °C until chemical analysis. Samples were sent to
the University of Las Palmas de Gran Canaria for subsequent analysis.

2.2. Standards, samples and elements

We determined the serum concentration levels of 43 elements, in-
cluding the trace elements and other REE and ME considered “emerging
pollutants” (ATSDR, 2018; Tansel, 2017). Since, chromium was not
considered for reasons of analytical confidence, the total number of
elements finally included in this study was 42 (Additional file 1).

Samples consisted of 130 μL of serum, 1120 μL of ammonia solution
(0.05% of EDTA, 0.05% of Triton X-100, and 1% of NH4OH), and 50 μL
of internal standards (ISTD) until a total final volume of 1.3mL. ISTD
solution was composed by Sc (scandium), Ge (germanium), Rh (rho-
dium), and Ir (iridium) at a stock concentration of 20mg/mL each. Pure
standards of elements in acid solution (5% HNO3, 100mg/L) were
purchased from CPA Chem (Stara Zagora, Bulgary). Two standard
curves (ten points, 0.005–20 ng/mL) were made to avoid interferences
between elements: a) one using a commercial multi-element mixture
(CPA Chem Catalog number E5B8·K1.5N.L1, 21 elements, 100mg/L,
5% HNO3) containing all the essential elements and main heavy metals;
and b) other multi-element mixture tailor-made in our laboratory from
individual elements (CPA Chem), which contained the REE and ME, as
previously reported (Henriquez-Hernandez et al., 2017a).

2.3. Analytical methods

An Agilent 7900 ICP-MS (Agilent Technologies, Tokyo, Japan) with
standard nickel cones, MicroMist glass concentric nebulizer, and Ultra
High Matrix Introduction (UHMI) system was used for all measure-
ments. The Integrated Sample Introduction System (ISIS) was config-
ured for discrete sampling. The UHMI system was operated in robust
mode. The 4th generation Octopole Reaction System (ORS4) was op-
erated in helium (He) mode to reduce polyatomic interferences. A
tuning solution consisting in a mix of Cs (cesium), Co (cobalt), Li (li-
thium), Mg (magnesium), Tl (thallium), and Y (yttrium) was used be-
fore the analysis for optimization of instrumentation. Quantification of
the elements was made in the MassHunter v.4.2. ICP-MS Data Analysis
software (Agilent Technologies).

The analytical method was optimized and validated, as previously
reported (González-Antuña et al., 2017; Henriquez-Hernandez et al.,
2017a). Recoveries obtained ranged from 89% to 128% for REE and
ME, and from 87% to 118% for ATSDR's toxic heavy elements and es-
sential elements. Linear calibration curves were found for all elements
(regression coefficients> 0.998). The method limit of quantification
(LOQ) was calculated by quantifying fifteen replicates of blanks, using
0.130 μL of alkaline solution. The LOQs were calculated as the con-
centration of the element that produced a signal that is three times
higher than that of the averaged blanks. The accuracy and precision of
this method was assessed using fortified alkaline solution (0.05, 0.5,
and 5 ng/mL) in substitution of sample. In general, the calculated
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relative standard deviations (RSD) were lower than 8%, except for some
few elements (Ti, Cr, Cu, Ni, Se, Fe, Ba, Zn, Sm), as the RSD raised to
15–16% at the lowest level of fortification. The precision improved at
the highest level of concentration, as it was lower than 5% for all ele-
ments.

2.4. Statistical analysis

Descriptive analyses were conducted for all variables. Arithmetic
means, standard deviation (SD), medians, ranges and percentiles 25th
and 75th of the distribution were calculated for continuous variables.
Proportions were calculated for categorical variables. Values below the
LOQ but above LOD (Supplementary Table 1) were considered as ½
LOQ; and the values below the LOD were considered as null or non-
detected for the calculation of frequencies of detection, and ½ LOD for
the statistical analyses. Probability levels of less than 0.05 (two tailed)
were considered statistically significant.

The normality of the data was tested using both, the Kolmogorov-
Smirnov test (with Dallal-Wilkinson-Lillie for P value), and the
D′Agostino-Pearson omnibus test. As expected, most of the data (i.e.
concentrations of elements) did not follow a normal distribution. As a
consequence we chose not assuming a normal distribution in any case,
and comparisons between groups were performed using a non-para-
metric test (Kruskal-Wallis or Mann-Whitney U test). Differences in the
categorical variables were tested by the chi-squared test. The correla-
tion of inorganic elements with continuous variables was analysed by
the Spearman's correlation test. We used PASW Statistics v 19.0 (SPSS
Inc., Chicago, IL, USA) to manage the database of the study and to
perform statistical analyses. Probability levels of< 0.05 (two tailed)
were considered statistically significant.

3. Results and discussion

A total of 150 subjects were included in the present study, dis-
tributed in three different groups as follows: non-smokers (n=58),
cigarette smokers (n=58), and e-cigarette users (n= 34). The series
was mainly formed by females (76.7%), but gender distribution was not
statistically different between groups (Table 1). We observed that mean
age was statistically higher among e-cigarette users (35.2 ± 9.4 years
old) compared with non-smokers and cigarette smokers (P < 0.0001;
Table 1). This trend agrees with data published in the literature. In
general terms, e-cigarette is used to quit smoking—although the success
is quite limited—and therefore the use is initiated in older people who
have been smoking previously, often during long periods of time
(Adkison et al., 2013). This finding is supported by the fact that the
mean of years smoking cigarettes was significantly higher among e-ci-
garette users (16.9 vs. 10.5 years in e-cigarette users and cigarette
smokers, respectively, P=0.002; Table 1). Moreover, population-based
studies indicate that e-cigarettes are most commonly being used con-
currently with conventional tobacco cigarettes (dual use) (Etter and
Bullen, 2011). We observed that the median time of consumption of e-
cigarettes was 12 months, a value higher than those reported in other
studies which shows median values of 3 months in a group of 3587 e-
cigarette users (Etter and Bullen, 2011). Shorter periods of use of e-
cigarettes have also been reported (Goniewicz et al., 2013). No differ-
ences were observed regarding the age of onset to smoke. The highest
proportion of e-cigarette users was shown among people from urban
areas (Table 1), a finding which agrees with previous published data in
other studies (Goniewicz et al., 2013).

3.1. Trace element status

The levels of 7 trace elements were measured in serum of the par-
ticipants in the present study (Table 2). Since blood was collected in
tubes containing anticoagulant, and anticoagulant suppose a bias for
chromium determination (Mayo_Clinic), this element was deleted from

the analysis. All trace elements were in the normal range in the group of
non-smokers. As expected, the frequency of detection was 100% for all
elements except for manganese. Copper (Cu), molybdenum (Mo), and
zinc (Zn) were significantly higher among cigarette smokers
(P < 0.0001 for all cases; Table 2). These results agree with the lit-
erature. Thus, higher serum levels of Cu have been reported among
smokers (Chiba and Masironi, 1992) and it is known that Zn is present
in cigarettes (about 70% is transferred to the smoke) (Chiba and
Masironi, 1992). Although Zn serum concentrations in the average
population have not been found to be affected by the smoking status
(Galan et al., 2005), Zn concentration was higher in kidney cortex of
smokers (Chiba and Masironi, 1992). Regarding to Mo, the available
literature is brief and mainly report no differences of Mo between
smokers and non-smokers (Kim et al., 2010). In the present study, while
Mo concentration among non-smokers and e-cigarette users was quite
similar (0.57 and 0.59 ng/mL, respectively), this concentration was
higher among cigarette smokers (0.79 ng/mL). Mo requirement of
plants varies with species, but its routine control is highly re-
commended for normal growth and development (Liu et al., 2000).
Thus tobacco could be a source of Mo intake, whose origin could be in
the supplements used for the best growth of the tobacco plant. To our
knowledge, it is the first time reporting serum levels of Mo in a study
like the present one.

We observed that e-cigarette users showed the highest level of se-
lenium (Se), and this difference was significant even between cigarette
smokers and e-cigarette users (P=0.022; data not shown). Smoking
has been shown to reduce blood Se levels through a not clear me-
chanism (Kafai and Ganji, 2003), although discrepancies has been re-
ported in the literature (Lloyd et al., 1983). Selenium is a trace element
also included in the ATSDR's priority pollutant list—together with Cu
and Zn—, commonly employed in electronic devices (Tansel, 2017).
Thus, a potential intake of this element through electronic cigarettes is
plausible. However, serum level of selenium is affected by different
factors including alcohol intake or diet (Lloyd et al., 1983), factors not

Table 1
Characteristics of the study population. Data presented as mean ± SD.

Non smokers
(n= 58)

Cigarette
smokers
(n=58)

E-cigarette
users (n= 34)

P

Gender (n, %) 0.307
Male 10 (17.2) 17 (29.3) 8 (23.5)
Female 48 (82.8) 41 (70.7) 26 (76.5)

Age (years) 24.5 ± 6.7 28.4 ± 10.8 35.2 ± 9.4 < 0.001b

BMI (n, %)a 0.078
< 18.5 8 (14.0) 3 (5.3) 1 (2.9)
18.5–24.99 39 (68.4) 35 (61.4) 19 (55.9)
25–29.99 8 (14.0) 14 (24.6) 8 (23.5)
> 30 2 (3.5) 5 (8.8) 6 (17.6)

Habitat (n, %) 0.012c

Rural 19 (32.8) 13 (22.4) 2 (5.9)
Urban 39 (67.2) 45 (77.6) 32 (94.1)

Age start
smoking
(years)

— 17.3 ± 3.9 18.4 ± 6.1 0.259

Time smoking
cigarettes
(years)

— 10.5 ± 8.7 16.9 ± 9.1 0.002d

Cigarettes/day — 11.0 ± 5.9 — n.a.
Time using e-

cigarettes
(months)

— — 16.2 ± 15.5 n.a.

Abbreviations: SD, standard deviation; BMI, body mass index (kg/m2); n.a., not
applicable.

a 2 missed values.
b Kruskal-Wallis test.
c Chi square test.
d Mann-Whitney U test.
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taken into account in the present study. It has been reported that BMI
and age (Kimmons et al., 2006; Letsiou et al., 2014) influence the level
of micronutrients including selenium. We observed a positive correla-
tion of Se with age and BMI was observed, but only in the group of non-
smokers (Fig. 1); thus, the presence of confounding factors—i.e. alcohol
intake, diet or use of food supplements—has to be taken into account
when interpreting this association.

3.2. Toxic elements in the ATSDR's priority contaminant list

A total of 20 toxic elements included in the ATSDR´s priority pol-
lutant list were measured in the present study (Table 3). A number of 9
out of 20 elements were differentially distributed according to the
smoking status.

We observed that antimony (Sb) and strontium (Sr) showed the
highest concentrations among cigarette smokers (1.94 and 25.15 ng/
mL, respectively). Both elements were detected in 100% of the parti-
cipants. Those results absolutely agree with the literature (Bernhard
et al., 2006; Huang et al., 2015). In the other hand, silver (Ag) and
vanadium (V) were detected at the highest concentrations among e-
cigarette users (Table 3), although the percentage was higher among
smokers (48.3% vs. 20.6% for Ag and 93.1% vs. 35.3% for V, respec-
tively). High concentrations of different elements—including Ag, Cr, Ni,
Zn and V—were detected in the fluid and the aerosol of e-cigarettes
(Aherrera et al., 2017; Saffari et al., 2014; Williams et al., 2017). Ac-
cording to a recent paper, the elements appeared to come from the fi-
lament (nickel, chromium), thick wire (copper coated with silver), brass
clamp (copper, zinc), solder joints (tin, lead), and wick and sheath
(silicon, oxygen, calcium, magnesium, aluminum) (Williams et al.,
2017). With the exception of tin our results fit with the literature and
support the theory that electronic cigarettes are a source of toxic

elements intake. As stated, the device can reach temperatures as high as
110 °C, facilitating the incorporation of these elements through the
vaping (Geiss et al., 2016). In relation to tin (Sn)—and also beryllium
(Be)—, the result has to be taken with caution. Although both elements
were detected at highest concentration among non-smokers, the fre-
quency of detection was around 10%; while the highest frequencies of
detection were observed among e-cigarette users and smokers (20.6%
and 47.1% for Be and Sn, respectively; Table 3), and these differences
were significant (Χ2 test, P=0.003 and P < 0.0001, respectively; data
not shown).

As shown in Fig. 1, age of onset of smoking, years smoking and the
number of cigarettes per day—in addiction to demographic varia-
bles—correlate with serum levels of some elements. It is of standing out
the strong positive correlation between Cu and years of smoking as well
as the strong positive association of cigarettes per day with Sn and
uranium (which showed a frequency of detection ≈ 90% among ci-
garette smokers).

The number of detected elements was statistically different between
groups (Fig. 2). Thus, 52 out of 58 (89.7%) cigarette smokers showed ˃
10 elements included in the ATSDR's priority pollutant list, compared
with the 20.7% and 38.2% observed in non-smokers and e-cigarette
users, respectively (P < 0.0001). These finding agree with the litera-
ture and places tobacco as an important source of toxic elements with
potential adverse effects on people's health (Dai et al., 2015).

3.3. Rare earth elements and other minor elements

A total of 14 lanthanides and 5 minor elements (ME) were measured
in the present study, and 5 of them (erbium, europium, gadolinium,
holmium, and thulium) were differentially distributed between groups
(Table 4). In any case, median values were very low. REE are present in

Table 2
Quantitative levels of trace elements in serum of non-smokers, cigarette smokers and e-cigarette users. The results were presented in ng/mL.

Non-smokers (n=58) Cigarette smokers (n=58) E-cigarette users (n= 34)

Elementa % of detection Median (p25th–p75th) % of detection Median (p25th–p75th) % of detection Median (p25th–p75th) Pb

Cu (copper)c 100.0 611.35 (554.8–686.1) 100.0 961.28 (875.4–1089.9) 100.0 891.45 (798.6–958.2) 0.0001
Fe (iron) 100.0 1182.70 (771.8–1633.9) 100.0 970.74 (710.0–1221.0) 100.0 1150.62 (887.5–1514.8) 0.029
Mn (manganese) 86.2 0.67 (0.60–0.87) 91.4 0.79 (0.65–1.09) 94.1 0.78 (0.58–1.05) 0.145
Mo (molybdenum) 100.0 0.59 (0.47–0.75) 100.0 0.79 (0.65–0.95) 100.0 0.57 (0.40–0.93) 0.0001
Se (selenium)c 100.0 65.09 (58.3–76.9) 100.0 81.09 (70.2–92.4) 100.0 87.97 (79.6–95.0) 0.0001
Zn (zinc)c 100.0 645.67 (580.4–710.5) 100.0 1048.41 (934.5–1129.6) 100.0 870.75 (780.7–1008.3) 0.0001

Abbreviations: p25th–p75th, percentiles 25 and 75 of the distribution.
a Chromium was excluded from the analyses.
b Kruskal-Wallis test.
c Elements included in the ATSDR's priority pollutant list.

Fig. 1. Correlation between characteristics of the participants with trace elements included in the ATSDR's priority pollutants list—left panels— and with lanthanides
and other rare earth elements—right panels—, in serum of non-smokers (upper panels), cigarette smokers (middle panels), and electronic cigarette smokers (lower
panels). The correlations were analysed by the Spearman's rank correlation test. The higher the correlation coefficient, the deeper the coloring of the grating (blue for
direct correlations and red for inverse correlations). *, P < 0.05; **, P < 0.01.
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computers and electronic devices (Tansel, 2017) and human exposure
to elements such lanthanides (La), cerium (Ce), gadolinium (Gd) and
lutetium (Lu) increases especially due to an occupational exposure
(Pagano et al., 2015a). Little is known about the role of smoking as a
source for REE, although some ME such as hafnium (Hf) and actinides
like protactinium (Pa) and neptunium (Np) have been detected in to-
bacco, rolling paper and ash from different cigarette types (Nada et al.,
1999). However, none of these elements was measured in the present
study. It has been reported high concentrations of cerium (Ce) and
lanthanum (La) in indoor air due to environmental tobacco smoke
(Bohlandt et al., 2012), a findings supporting the fact that the fre-
quencies of detection of erbium (Er) and gadolinium (Gd) were highest
among cigarette smokers (39.7% vs. 17.6% and 48.3% vs. 35.3%; Χ2

test, P=0.017 and P < 0.0001, respectively; data not shown). These
results are of interest since REE have been employed in the agricultural
sector to improve tobacco growth (Boyko et al., 2011), a practice that
can result in a higher level of exposure to these elements through
smoked tobacco.

We observed a strong positive association between Ce and Er with
the duration of the use of electronic cigarettes (Fig. 1), despite the fact
that mean duration in the present study was 16.2 months. E-cigarettes
have been suggested as a potential source for REE intake. This is the

case of lanthanum, which has been detected in this type of devices
(Williams et al., 2017). In the same line, we have observed an increased
number of these elements encountered among e-cigarette users (Fig. 2).
While 22 out of 58 cigarette smokers (37.9%) showed 5–10 different
REE in the serum, 6 out of 58 (10.3%) of them showed> 10 different
elements. In the other hand, these percentages were 11.8% and 11.8%
among e-cigarette users (4 out of 34 in both cases), respectively (Χ2

test, P=0.002). A possible explanation to such scenarios is—as stated
previously—the volatilization of this technology-related substances due
to the high temperatures reached by the devices, a phenomenon pre-
viously reported for other chemicals (Sleiman et al., 2016).

To our knowledge, this is the first time that the level of such a large
number of REE has been determined in a study like this, designed to
understand the role of smoking cigarettes or using e-cigarettes as an
additional source of exposure to this type of substance, especially taken
into account that some of them (i.e. Ce or La) are associated with ad-
verse health effects (Bohlandt et al., 2012).

3.4. Strengths and limitations of the study

One of the major limitations of this study is referred to the grouping
of the participants. Due to the design of the study, based in self-reports

Table 3
Quantitative levels of elements included in the ATSDR's priority pollutant list in serum of non-smokers, cigarette smokers and e-cigarette users. The results were
presented in ng/mL.

Non-smokers (n= 58) Cigarette smokers (n= 58) E-cigarette users (n= 34)

Elementa % of detection Median (p25th–p75th) % of detection Median (p25th–p75th) % of detection Median (p25th–p75th) Pb

Ag (silver) 12.1 0.12 (0.1–0.2) 48.3 0.08 (0.1–0.1) 20.6 0.16 (0.1–0.5) 0.004
As (arsenic) 70.7 0.08 (0.0–0.2) 94.8 0.10 (0.1–0.2) 91.2 0.16 (0.1–0.3) 0.059
Ba (barium) 37.9 2.38 (1.7–3.7) 41.4 2.94 (2.2–5.6) 38.2 2.53 (1.9–3.1) 0.276
Be (beryllium) 5.2 0.75 (0.4–0.8) 1.7 0.26 (0.3–0.3) 20.6 0.30 (0.3–0.3) 0.026
Cd (cadmium) 13.8 0.04 (0.0–0.0) 74.1 0.04 (0.0–0.1) 23.5 0.03 (0.0–0.0) 0.579
Co (cobalt) 100.0 0.31 (0.3–0.4) 100.0 0.35 (0.3–0.5) 100.0 0.29 (0.2–0.4) 0.263
Hg (mercury) 1.7 0.47 (0.5–0.5) 13.8 0.55 (0.5–0.6) 2.9 0.49 (0.5–0.5) 0.564
Ni (nickel) 8.6 3.68 (3.5–4.6) 36.2 3.94 (3.5–4.6) 11.8 7.04 (3.9–10.0) 0.420
Pb (lead) 3.4 1.19 (0.9–1.5) 10.3 2.51 (1.1–4.6) 5.9 2.24 (1.0–3.5) 0.425
Pd (palladium) 15.5 0.01 (0.0–0.0) 0.0 — 2.9 0.01 (0.0–0.0) 0.375
Sb (antimony) 100.0 1.21 (1.1–1.4) 100.0 1.94 (1.6–2.2) 100.0 1.23 (1.1–1.6) 0.0001
Sn (tin) 10.3 8.95 (5.2–16.9) 48.3 3.35 (3.2–3.9) 47.1 5.38 (4.9–6.6) 0.0001
Sr (strontium) 100.0 20.52 (17.1–23.5) 100.0 25.15 (23.2–32.8) 100.0 23.18 (20.0–29.1) 0.0001
Th (thorium) 25.9 0.01 (0.0–0.0) 89.7 0.01 (0.0–0.0) 26.5 0.01 (0.0–0.1) 0.529
Tl (thallium) 65.5 0.03 (0.0–0.0) 0.0 — 8.8 0.03 (0.0–0.0) 0.482
U (uranium) 48.3 0.01 (0.0–0.0) 89.7 0.01 (0.0–0.0) 52.9 0.01 (0.0–0.0) 0.355
V (vanadium) 29.3 0.19 (0.2–0.2) 93.1 0.23 (0.2–0.3) 35.3 0.25 (0.2–0.3) 0.036

Abbreviations: p25th–p75th, percentiles 25 and 75 of the distribution.
a Results of elements included in ATSDR's priority list but also considered trace elements (Cu, Se and Zn) have been presented in Table 2.
b Kruskal-Wallis test.

Fig. 2. Stacked bar graph showing the number of elements included in the ATSDR's priority pollutants list (A) and the number of lanthanides and rare earth elements
(B)—expressed as absolute percentage—in the group of non-smokers, cigarette smokers and electronic cigarette smokers.
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of the subjects about smoking, misclassification of smokers and e-ci-
garette users must be considered as a possible bias. In the sense, it is
possible that e-cigarette users have not declared that they are actually
smoking (even a small number of cigarettes per day or even occasion-
ally) or viceversa. Although subjects who smoke and use e-cigarette
were excluded, dual users suppose a bias that has to be taken into ac-
count, especially when the number of subjects is reduced. Potential bias
due to cigarette smoking or e-cigarette users by self-declared non-
smokers is also possible. Possible biases of this study have to be taken
into account: i) difference in age distribution (that can influence the
levels of certain elements) or ii) majority of women (whose serum levels
of certain elements may be affected by gender). In addition, a potential
selection bias can derive from the voluntary nature of the participants,
especially if the wish to participate would be linked to the conditions
and hypothesis under investigation, something that could condition the
inclusion, for example, of heavy smokers or heavy e-cigarette users.
Other variables associated to the intake of inorganic elements have to
be taken into account, especially those related with diet, food supple-
ments, alcohol intake or even the cigarette brand or the e-cigarette
model (containing information about voltage and battery power).
Finally, all the measurements were made in serum, and it is known that
analysis in urine would be useful to differentiate acute vs. toxic ex-
posure, especially for some elements such metals (Jain, 2018).

Notwithstanding these limitations, we consider that this work has
important strengths. First, this population is rarely assessed at all, and
most of these elements have been rarely, if at all, determined in a study
like that. For many of these elements, the provenance from smoking has
never been linked to concentrations of several of these metals in serum
before. Although populations were limited, for many elements a sta-
tistical difference was found between non-smokers, smokers of cigar-
ettes or users of e-cigarettes. Given the cross-sectional nature of the
study design there is no possibility of establishing causality. Even so,
these results, despite their limitations, are highly interesting and en-
courage further research.

4. Conclusions

In this research, a total of 42 inorganic elements (including trace

elements, elements belonging to the ATSDR's priority pollutant list and
REE) were measured in a series of Romanian people grouped according
to the smoking status (non-smokers, cigarette smokers and e-cigarette
users). We have found that tobacco smoke is a source for toxic elements
such as copper, zinc, antimony, strontium or vanadium. On the other
hand, e-cigarettes seem to be a new source for intake of silver, tin and
REE as cerium, erbium or gadolinium. Although most of these elements
were detected at lower concentrations, additional research is required
aimed to explore the health effects produced by the continuous intake
of the inorganic elements.
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