
ABSTRACT

Each year smoking leads to the premature death of over
5 million people around the world. However, the tobacco
industry took actions like introducing cigarettes which
contain less nicotine and tar aimed at not only main-
taining the old clientele, but also attracting a new one.
The knowledge of the adverse health effects of smoking
became widespread in the second half of the 20th century
and changed attitudes towards smoking. In recent years,
in many markets in the world a new device representing
an alternative to tobacco products was introduced. Elec-
tronic cigarettes are designed to deliver nicotine into the
respiratory system in the form of an aerosol. They have
been gaining more and more popularity, as evidenced by
the increase in the percentage of users as well as in the
numbers of publications about them. Currently, opinions
are divided and the e-cigarette has almost as many sup-
porters as opponents. All this resembles the situation
concerning conventional cigarettes in the 20th century.

The aim of the study is to gather the most significant in-
formation concerning, on the one hand, the spreading
popularity of tobacco smoking and, on the other, the re-
search topics undertaken by contemporary scientists, as
well as the government actions meant to protect from
dangers of nicotine addiction in the 20th and 21st century.
New developments of products containing this highly ad-
dictive substance call for systematic research in the interest
of public health.

Key words: cigarettes, smoking, tobacco, electronic
cigarettes

STRESZCZENIE

Palenie tytoniu jest przyczyną śmierci około 5 milio-
nów ludzi rocznie na całym świecie. Wiedza na temat
szkodliwego wpływu palenia na zdrowie stała się po-
wszechna w drugiej połowie XX wieku. Jednak na prze-
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strzeni lat przemysł tytoniowy podejmował działania
mające na celu utrzymanie starych i pozyskanie nowych
konsumentów. Jednym z nich było wprowadzenie na ry-
nek papierosów o obniżonej zawartości nikotyny i sub-
stancji smolistych. W ostatnich latach na wielu świato-
wych rynkach pojawiły się urządzenia zwane elektronicz-
nymi papierosami. Zostały one zaprojektowane, jako pro-
dukt alternatywny do konwencjonalnych papierosów do-
starczając nikotynę w formie aerozolu do organizmu
użytkownika. Cieszą się one coraz większą popularno-
ścią, na co wskazuje wysoki odsetek ich użytkowników
oraz ilość ukazujących się na ich temat publikacji. Obec-
nie zdania są podzielone i elektroniczne papierosy mają

wielu zwolenników jak i przeciwników. Przypomina to
sytuację dotyczącą konwencjonalnych papierosów
z XX wieku. W pracy zebrano najistotniejsze informacje
na temat rozpowszechnienia palenia, jak i informacje
na temat działań podejmowanych przez rządy oraz nau-
kowców w celu ochrony zdrowia publicznego. Wiedza
ta może być przydatna w nadchodzących latach ze wzglę-
du na pojawiającą się szeroką gamę produktów takich
jak elektroniczne papierosy, zawierających substancję uza-
leżniającą, jaką stanowi nikotyna. 

Słowa kluczowe: papierosy, palenie, tytoń, elektronicz-
ne papierosy

INTRoduCTIoN

Nicotiana tabacum is indigenous plant for Amer-
ica and Australia [1]. That plant grew in America
initially in the wild form of Nicotiana rustica and
later in the cultivated form Nicotiana tabacum [2].
The plant and its properties were widely known by
pre-Columbian civilizations. When the Spanish
conquistadors arrived in the 15th century, they
found among the Maya people in Yucatan rich tra-
ditional medicine [3]. According to Francisco Javier
Clavijero, the Jesuit historian, the smoking habit
was well known in pre-Columbian time and the
Aztecs smoked tobacco after meals [4]. However,
tobacco as such was introduced to Europe by
Christopher Columbus. In the manuscripts of
Columbus issued by Father Bartolomeo de Las
Casas in 1514, we read that the native American
people smoked leaves of the plant that Columbus
received from them as a gift. This plant was Nico-
tiana rustica. The name tobacco comes from the
fact that the Spaniards twisted the original name
“tabacco”, which meant a tube or pipe for burning
leaves of the plant [3]. In Europe tobacco smoking
was also used primarily to treat illnesses such as
headaches or stomach problems [5]. Similar prop-
erties of the plant were used by French ambassador
in Lisbon Jean Nicot. The name of the plant and
its main alkaloid came from his name [6]. The Eu-
ropeans were responsible for the spread of the
American habit of smoking to the rest of the world.
During the 1600s, tobacco spread throughout Eu-
rope, and some Asian countries as well as the west
coast of Africa. For example, in accordance with
Japanese sources smoking pipes had been brought
to Japan in 1600 with the English adventurer
William Adams [7].

The earliest expression of opposition to smoking
was the decree of King James I in 1604 year ban-

ning smoking [3]. James I of England was opposed
to tobacco use and wrote the first major anti-to-
bacco treatise “Counterblast to Tobacco”, which
also mentions the problem of passive smoking in
1604. The most famous paragraph says: “a custome
loathsome to the eye, hatefull to the Nose, harmfull
to the braine, dangerous to the lungs, and in the
blacke stinking fume thereof, neerest resembling the
horrible Stygian smoke of the pit that is bottome-
lesse”. In spite of that paper, tobacco use increased.
The king softened his position on tobacco use in
order to collect the income from its taxation [8].
In 1634 in Russia Tsar Mikhail Fyodorovich banned
tobacco smoking. This was attributed to the fire
accident in Moscow caused by the cigarette. Simi-
larly, in 1642, Pope Urban VII included in his bull
the opposition to the habit of smoking. In the same
year the Chinese emperor Chongzhen issued a de-
cree banning smoking. A violation of this prohibi-
tion was supposed to be punished as severely as
conspiring with the barbarians [3]. Despite the
votes in favor of banning smoking and the harmful
effects of tobacco, it was becoming more wide-
spread. The greatest increase in its availability oc-
curred in the 18th and 19th, when two innovations
helped cigarette companies to popularize their
products. Although the first tobacco advertisement
in the United States ran in 1789 in New York news-
paper [9], the advertising and packaging intensified
in the late 1870s with the color lithography [10].
The second, introduced in the 1880s, was a ciga-
rette-making machine that dramatically increased
their production. A company could produce up to
million cigarettes per day, instead of producing only
thousands of hand-rolled cigarettes [11]. The ex-
pansion and increase of tobacco dependence
among the public was also exacerbated the First
and Second World War during which cigarettes
were distributed to the soldiers with food rations
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[12, 13]. Supposedly, sporadic reports on lung car-
cinoma were caused by the fact, that smoking was
a rare habit to the 1920s [5]. Early toxicology stud-
ies on smoking should be traced back to the 19th

century. One of the first papers pointing out to-
bacco and tobacco smoke contain certain chemicals
occurred in 1828 [14], when Poselt et al. isolated
the nicotine from tobacco – the substance respon-
sible for addiction. Nonetheless, before the end of
the 19th century the link between lung carcinoma
and smoking was not suspected. This issue began
to be taken into consideration in the early 1920s,
when scientists started to investigate cigarette smok-
ing as one of the explanations for more lung carci-
noma cases [15]. The first studies on this phenom-
enon, failed to find evidence for health conse-
quences of cigarette smoking. There were numerous
theories implicating correlation between diseases
and the exposure to tobacco smoke. Although they
were focused on the effect of tobacco smoking on
patients, the risk was difficult to confirm [16, 17].
The large-scale studies documenting the correlation
between cigarette smoking and carcinoma appeared
in the 1950s [18]. 

Subsequently, number of studies have demonstrat-
ed that cigarette smoking accounts for 30 percent
of some carcinomas, including lung, mouth, throat,
esophagus, bladder, kidney carcinoma and some
leukemia. It was also shown that it could cause
some heart and vascular diseases, chronic obstruc-
tive lung disease and other health problems [19].
In 1964 the U.S. Surgeon General, reported that cig-
arette smoking was most probably responsible for
carcinoma of the lung and other health problems.
These reports mark the beginning of modern pub-
lic-health efforts to control tobacco use [5].

IMpoRTANT fACTS ANd SCIENTIfIC pApERS
ABouT ToxICology of ToBACCo

20th century
In the 1930s and 1940s smoking had become

common in the United States among many physi-
cians. The same happened in Europe, where for ex-
ample in 1948 the percentage of smokers reached
45% [20]. The public and scientific anxiety about
risk to health connected with smoking created con-
cern among the tobacco industry. The companies
began to include physicians as an iconic and reas-
suring figure in advertisements [21]. First works sug-
gesting the relationship between smoking and car-
cinoma appeared in the late 1920s and 1930s. In
1928 Lombard and Doering [22] did not focus es-

pecially on smoking in relation to cancer, but on
the general habits of people with cancer. They con-
cluded that there is relation between “heavy smok-
ing” and carcinoma. Two works that are engraved
in the history of research on the toxicology of to-
bacco are papers by Roffo [23, 24] published in Ger-
man. First from 1931 “Durch Tabak beim Kan-
inchen entwickeltes Carcinoma”, from the Journal
Zeitschrift fur Krebsforschung was one of the major
works revealing a correlation between smoking and
cancer risk [25]. The second work, “Krebs und
Sarkom durch Ultraviolett- und Sonnenstrahlen”,
from 1935, implicates that the tar from tobacco
smoke causes the development of carcinoma after
application on the rabbits’ skin [26]. However, this
work received little popularity in the international
scientific community, because of the allegation of
cigarettes combustion in unrealistically high tem-
peratures [27, 28]. 

The ground-breaking moment came in the year
1950, when several publications based on epidemi-
ological studies conducted in the United Kingdom,
the United States and Germany appeared. These
were the first that kind of publications in English
printed in reputable medical magazines [29–31]. In
the Journal of the American Medical Association,
Graham and Wynder [18] published their work
showing the correlation between smoking and lung
carcinoma. The study involved 684 patients with
and 780 from control group without cancer and
noted a statistically significant association between
smoking and the occurrence of lung carcinoma.
Within the study group as much as 91,2% were ac-
tive cigarette smokers, 4% were waterpipe smokers,
3,5% were cigar smokers and 1,3% were non-smok-
ers. Those results confirm that cigarette smoking is
an important risk factor for lung carcinoma. In the
same magazine a work showing the relationship be-
tween tobacco smoking and various types of carci-
noma (lung, mouth, esophagus, trachea and colon)
occurrence was published. The article of Levin et
al. [32] “Cancer and Tobacco Smoking – A Prelim-
inary Report” was based on a study involving 1045
men suffering from cancer and 605 men in the con-
trol group. The publication demonstrated that
among smoking patients lung carcinoma occurs
twice as often as among non-smoking patients. That
study demonstrated the association between ciga-
rettes smoking and the risk of mouth cancer. The
publication of Norr “Cancer by the Carton” [33]
appeared 1952 in publicly accessible Reader’s Digest
to increase public awareness about the possible dan-
gers of cigarette smoking. He highlighted the large
rise in cigarette consumption in the United States
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up to 2500 cigarettes per year for the average citizen
of the United States. He quoted statistics of a 10 –
fold increase in the number of deaths due to lung
carcinoma in the U.S. between the years 1920–1948.
Furthermore, from 1938 until 1948 that rate growth
was about 144%. Norr referred to many scientific
studies, including the previously described work of
Wynder and Graham [18]. He noted the need of
public awareness of the existing association between
smoking and the risk of carcinoma. World discovery
turned out to be another Graham’s and Wynder’s
work [34]. Both scientists are considered to be pio-
neers of the research on the toxicity of tobacco.
Their work was published in 1953 and clearly
demonstrated that tar from tobacco smoke is re-
sponsible for cancer development. The study was
carried out on mice. The scientists applied the ex-
tract from tobacco smoke to the skin of animals.
The skin was examined twenty four month after
application. It was shown that 60% of the animals
had skin papilloma at the site of application. Simul-
taneously in the UK, the British Medical Journal
published work in which it was shown that 100%
of male and 68% of female patients with lung car-
cinoma were active smokers [31]. 

On 15th December 1953 the directors of the
largest tobacco companies met with their lawyers
and public relations specialists. The aim of that
meeting was to develop strategies to minimize the
losses associated with increasing scientific evidence
concerning the risk connected with smoking. The
result of this was the establishment of an “indepen-
dent” research committee of the tobacco industry,
designed to provide consumers with the impression
that the tobacco industry took care of the health of
smokers. The target was to show that independent
investigation revealed no influence of smoking on
health and that there was no evidence to show neg-
ative results from smoking as currently being pub-
lished in the press. The most significant of these
was the declaration sponsored by tobacco manu-
facturers and published in 1954 – “A Frank State-
ment to Cigarette Smokers”. The declaration ap-
peared in 448 newspapers in the United States and
was published in the form of advertising. It under-
mined the results of any studies proving that smok-
ing causes cancer and by implication reassured con-
sumers of its harmlessness [35, 36]. 

In the statement, we read:
“We accept an interest in people’s health as a basic

responsibility, paramount to every other consideration
in our business.”

“We believe the products we make are not injurious
to health.”

“We always have and always will cooperate with
those whose task it is to Safeguard the public health.”

As a matter of fact, the agency did not achieve
any significant results that could improve the health
of smokers and today their actions seems to be fo-
cused on covering up the truth about the addictive
and harmful effects of the cigarettes smoking. At
this point the exchange of arguments began be-
tween the tobacco industry and those responsible
for the protection of public health supported by sci-
entists, who were active enemies of smoking. This
was primarily concerned with changes in U.S. legis-
lation and answers to these changes. 

Three years after this event an official statement
on smoking and health, saying that “Public Health
Services feel the weight of evidence, which increas-
ingly tend in one direction, which is that excessive
cigarette smoking is one of the factors that cause
lung cancer” was published [37, 38]. In 1957 Auer-
bach et al. [39] compared tissue sections from the
bronchi of smokers in comparison to non-smokers.
He found that basal cell hyperplasia and the micro-
scopic changes were progressively more severe in the
moderate and heavy smokers. In 1958 Hammond
and Horn [40] analyzed the mortality rate of men
in the USA and concluded that the death rate of
regular cigarette smokers was 68% higher than that
of a comparable group of men who had never
smoked. In response to research the Federal Trade
Commission proposed rules to regulate trade on cig-
arette labeling. It was made by control over the con-
tent and images in advertisements of cigarettes and
by a ban on explicit or implicit health claims. To-
bacco companies avoid these regulations by the es-
tablishment of a voluntary advertisement code
about promotion of cigarettes in radio and televi-
sion. After that the Public Health Service began
transmitting the information to the public and
claiming that there is no safe form of smoking [41].
Despite this fact, cigarettes still existed on television.
They become inseparable attribute of celebrities,
ranging from the history of Hollywood – Marilyn
Monroe – ending with the stars of action movies.
Sylvester Stallone for example, was paid half a mil-
lion dollars to smoke Lucky Strikes in five of his
“Rocky” and “Rambo” movies [18, 21].

In 1965 the increasing number of reports con-
cerning the dangers of smoking led United States
Congress to legislate the Federal Law about labeling
and advertising tobacco products that replaced the
federal, state and local regulations. As a result of
that introduction there appeared warnings on ciga-
rette packs: “Caution: Cigarette smoking may be
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hazardous to health” [42]. In 1966 the Public
Health Service submitted to Congress the “Technical
Report on Tar and Nicotine”. Based on scientific
evidence, it required hazardous ingredients such as
tar and nicotine levels on labels and advertisements
[41, 43]. Four years later United States Congress leg-
islate a law banning cigarette advertising in radio
and television, as well as requiring every cigarettes
pack to carry a warning that cigarette smoking is
harmful to health [44]. In 1971 the President of the
United States Richard Nixon signed the National
Cancer Act, providing donation on the research of
cigarette smoking negative results on health [45].
In 1972 the United States Public Health Service clas-
sified several of identified chemical cigarette smoke
components into various risk categories. The con-
stituents categorized as the most hazardous were:
tar, nicotine and carbon monoxide. It was suggested
that lower level of those toxic substances in ciga-
rettes smoke would reduce the negative results of
smoking [46]. The report of the United Stated Public
Health Service states that passive smokers are ex-
posed to the harmful effects of tobacco smoke. The
report quotes studies on animals, which proved
detrimental effects of carbon monoxide on the
structure and function of the heart and lungs. Thus
the report suggested that carbon monoxide could
cause a similar effect on humans [47]. In the middle
1970s, tobacco companies introduced cigarettes
containing less nicotine and tar to the market [48].
In the 1970s Gori [49] performed research proving
there were no negative results from smoking 1–2
cigarettes per day on smokers health compared to
non-smokers. In 1978 Gori and Lynch [50] claimed
that smoking 23 of one label cigarettes have no in-
fluence on the death rate. In the early 1980s, surveys
of Kozlowski [51] and Benowitz [52] contested their
hypothesis. Kozlowski claimed that smokers com-
pensate for the lower nicotine content through
deeper and more frequent puffs and clogging pores
in the filters [51]. Benowitz et al. [52] published in
New England Journal of Medicine results providing
that “light” cigarette smokers do not receive lower
doses of nicotine in comparison to smokers of
“strong” cigarettes. Moreover the Surgeon General
of the United States in the report entitled “The
health consequences of involuntary smoking” em-
phasized that secondhand smoke leads to carcinoma
of the lung in non-smoking adults, increases the
risk of respiratory track diseases and impairs lung
function in passive smokers [53]. The next report
stated that the problem of smoking cessation is due
to the addictive properties of nicotine [54]. Simul-
taneously with the study on smoking effects on

smokers’ health, the research started to focus on
the impact of smoke on the people in the smokers’
environment. German scientist Lickint was the first
who use the term “passive smoking” and pointed
to the possibility of a relationship between exposure
to tobacco smoke and the incidence of lung carci-
noma [55]. The first publications about lung carci-
noma among adult passive smokers were published
in the early 80s. The first work pointing to the link
between the risk of the incidence of lung carcinoma
and exposure to tobacco smoke appeared in 1981.
This has been shown on the basis of tests carried
out on 91.000 women. The results of that survey
shows that the risk of death due to lung carcinoma
among non-smoking wives of smokers is twice in
non-smoking women whose husbands also do not
smoke [56]. In the same year appeared the other
work confirming the findings of Hirayama [57]. In
1991 Glantz and Parmley [58] published in Circu-
lation “Passive smoking and heart disease: Epidemi-
ology, physiology and biochemistry” which con-
firmed that passive smoking also causes heart dis-
ease. 

In 1995 the heads of the seven largest tobacco
companies lodged a deposition in front of the U.S.
Congress claiming that nicotine is not addictive. In
subsequent processes, it turned out that they were
aware of the nicotine addictive properties and in
fact they undertook actions in order to spread to-
bacco smoking due to these properties [38]. They
never stopped fighting to acquire new and retain
old smokers. In 1998, tobacco companies signed
an agreement named the Master Settlement Agree-
ment, which defined the authorized advertising of
tobacco products and required the payment of 206
billion dollars. That amount was compensation cov-
ering the medical expenses of active and passive
smokers [59]. In the second half of the twentieth
century, the percentage of smokers began to fall in
some highly developed countries. In the UK, for ex-
ample, the highest percentage of smokers in 1948
was 82 and 41%, respectively, for men and women
[60]. The decrease in the percentage of smokers oc-
curred in the years 1974 to 1994 and remained con-
stant at 20% [61].

21st century
That trend certainly depended on generally

spreading knowledge of the adverse health effects
of smoking. Moreover, from 1997 to 2007 there has
been a noticeable decrease in the percentage of
smokers in developed countries including Japan,
Germany and Norway, even though in many coun-
tries such as Greece it remains at the same level. In
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Asia (including China) the percentage of smokers
increased [62]. In recent years, a new device repre-
senting an alternative to tobacco products has been
introduced in many markets in the world. The elec-
tronic devices called electronic cigarettes (e-ciga-
rettes) or electronic nicotine delivery system (ENDS)
are designed to deliver nicotine into the respiratory
in the form of an aerosol. They were designed in
China by pharmacist Hon Lik in 2003. Lik worked
for Golden Dragon Holdings, which after the start
of production of the device, changed its name to
Ruyan (“like smoke”). It became the first brand of
e-cigarettes, electronic device constructed of a sys-
tem allowing the evaporation of a nicotine solution,
battery, charger and interchangeable cartridges con-
taining nicotine and other chemicals. E-cigarette
with its appearance reminiscent of a conventional
cigarette is designed to provide the body with nico-
tine at a dose similar to that contained in conven-
tional cigarettes. Initially the area of sales included
China, but later expanded into the United States,
the United Kingdom and Australia [63].

The e-cigarette is a relatively new product and
short time had passed since its entry into the mar-
ket. In recent years specialized shops offering a wide
range of these products have sprung up. Since 2005,
in many highly developed and developing countries
strong growth in the interest of e-cigarettes has
been recorded. In the first years they were advertised
and available primarily on Internet. Internet seems
to play a very important role in promoting the
product [64]. In the online survey of 1.347 partici-
pating in e-cigarettes from 33 countries, 41% of re-
spondents said that they learned about e-cigarettes
from Internet. Internet is the most important source
of information about this product. Grana and Ling
[65] during 2011–2012 examined trends in describ-
ing e-cigarettes on their brand websites. The claims
with 95% percentage of popularity on e-cigarette
websites were presenting e-cigarettes as healthier,
cheaper and cleaner. Another widely made claim
(88%) was the ability to use them anywhere and
without creating secondhand smoke and so harm-
less to people around (76%). Information about its
use and effectiveness in smoking cessation (64%)
was also very common. Other research results were
published in 2013 by Rooke and Amos [66]. Sci-
entists analysed twelve newspapers in UK and Scot-
land and three popular news websites during
2007–2012. They got similar results to those ob-
tained by the above mentioned authors. The biggest
claim was that they are healthier than conventional
cigarettes (71%) and that they can be used in smoke
free areas (44%). Very common were also claims

about use by celebrities (41%). As much as 35 %
first heard about this product from a friend and
only 8 % saw another person use an e-cigarette
[67]. The e-cigarettes presence in media and their
promotion by celebrities are also significant. Many
websites refer to famous people who use these de-
vices. Some of them attach celebrities’ photos. Also
television is cited as a source of e-cigarettes images.
They seem also to lessen the image of the unpleas-
antness to non-smokers. This makes vaping some-
thing modern and stylish. For example they are
used during the shows like interview of David Lath-
erman with Katherine Heighl using e-cigarette [68].
The use of e-cigarette is also showed in movies for
instance by Johnny Deep in the movie “The
Tourist” [69]. 

Currently e-cigarettes are used widely. In the US
in 2011 as much as 21% of smoking adults used e-
cigarettes, which is double the percentage noted in
2010 [70]. With the increasing interest of potential
consumers, e-cigarettes began to be a subject for re-
search scientists. This is also due to the fact that
there are still very few studies concerning its danger
or safety. Currently, opinions are divided and the
e-cigarette has almost as many supporters as well
as opponents. On the basis of current knowledge,
electronic cigarettes cannot be considered totally
safe [71]. Studies published so far relate to the effects
of using electronic cigarettes and their safety. How-
ever, because it is a new product still, there are no
studies on their use in the long term. Electronic cig-
arettes are often advertised as potential substitutes
for nicotine replacement therapy. The safety and
effectiveness of these devices are difficult to estimate,
due to their short time on the market. There is still
relatively little research on their potential harmful-
ness or efficacy as NRT.

The medical community is worried that wide
availability of e-cigarettes could increase worldwide
nicotine dependence, especially among young peo-
ple tempted by various flavor options offered in e-
cigarettes. Vaping produce mist similar to smoke
from burning tobacco. Because of that, the oppo-
nents of e-cigarettes are afraid of the situation that
traditional smokers will substitute vaping for smok-
ing without the intention of stopping smoking con-
ventional cigarettes [71]. People currently smoking
use e-cigarettes as a form of nicotine replacement
therapy (NRT) to reduce the number of cigarettes
smoked per day. And people who are ex-smokers
used them in order to quit smoking habit [64, 72].
E-cigarettes were used by them as a potentially safer
alternative to conventional smoking [73]. Polosa R.
et al. [74] in 2011 published the results of the re-
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search on the potential effectiveness of the use of
e-cigarettes by smokers in order to support attempts
to quit smoking. Participants in the study were test-
ed 5 times: at baseline 4, 8, 12 and 24 weeks after
the start. During each study, volunteers were asked
about the product they use and how many ciga-
rettes they smoke per day. They also measured the
amount of carbon monoxide in exhaled air. The
researchers obtained results showing that in 13 out
of 40 participants after 24 weeks the use of e-ciga-
rette the amount of cigarettes smoked per day de-
creased 50%. The average number of cigarettes
smoked per day fell from 25 to 6 cigarettes per day
(p<0.001). And in 12.5 % of patients it decreased
from 30 to 3 cigarettes per day (p=0.043). The re-
maining 22.5% of patients stopped smoking, still
using e-cigarettes. 

Caponnetto et al. [75] reported similar reduction
in cigarette smoking or abstinence after one year of
using e-cigarettes by cigarette smokers and in schiz-
ophrenic smokers [76]. Pepper et al. [77] conducted
a national online research among 228 male adoles-
cents (ages 11–19) and indicated that <1% of those
who tried e-cigarettes and 18% of those who never
tried e-cigarettes, were willing to experiment with
using them. And they have no preference whether
the liquid is flavored or unflavored. Furthermore,
the majority of the volunteers (67%) were aware of
e-cigarettes. Choi et al. [78] demonstrated that
smokers were more willing to experiment with e-
cigarettes than non-smokers. However, another re-
search on 11 groups involving 66 young adults (ages
18–26) showed that they favored e-cigarettes and
other new tobacco products because of their various
flavors. Goniewicz et al. [79] conducted a research
among Polish students from 176 high schools
(among students aged 15–19) and universities
(among students aged 20–24) and indicated that
23.5% of high school students and of similar per-
centage of university students (19%) had tried e-
cigarettes. But minority of all respondents (3.2%)
who admitted trying e-cigarettes were non-smokers.
The currently available evidence suggests that e-cig-
arettes vaping can be considered as a safer alterna-
tive to traditional smoking [80]. Manufacturers of
these products, however, do not reveal the full com-
position of the substances contained in cartridges
for these devices [81].

The Food and Drug Administration (FDA) in-
formed the President of the Electronic Cigarette As-
sociation that the agency sent letters with warnings
to five e-cigarettes’ distributors for “violations of
good manufacturing practices, making unsubstan-
tiated drug claims, and using the devices as delivery

mechanisms for active pharmaceutical ingredients”
[82]. In response to FDA concerns regarding e-ciga-
rette use, Health New Zealand Ltd. (HNZ), private
enterprise analyzed the safety of the Ruyan® e-cig-
arette. This research was supported financially by
Ruyan®. In the research report it is recommended
that smokers use the e-cigarettes as an alternative
to conventional smoking [64]. Cahn and Siegel [83]
published a paper supporting HNZ’s recommenda-
tion. Scientists concluded that “electronic cigarettes
show tremendous promise in the fight against to-
bacco-related morbidity and mortality.”

The main ingredients found in e-cigarette car-
tridges and solutions include nicotine, propylene
glycol, glycerin, and tobacco flavoring [84, 85]. De-
tailed toxicological characterization of the aerosol
generated by e-cigarette by gas chromatography with
mass detector (GC-MS) showed that the primary
ingredients are water, propylene glycol (PG), glyc-
erol, and nicotine [86]. PG, a solvent as approved
by the FDA for use in foods is also the major ingre-
dient of e-cigarette fluids which compose 90% of
all solution [64]. PG is the main compound of e-
cigarettes used to produce an aerosol. In the Euro-
pean Union, PG is an approved food additive. It is
also often used as a humectant in cosmetics and
medicinal products. So far, only a few studies on
the potential health risks associated with inhaling
glycol, happens in the case of e-cigarettes’ use. Ac-
cording to these studies, propylene glycol inhalation
may affect the respiratory system. Short-term expo-
sure to propylene glycol in indoor air (309 mg/m³
per minute) causes irritation of the upper respiratory
tract and eyes [87]. It was also proven that people
in the theatre, who are often exposed to aerosol
containing propylene glycol, are more susceptible
to respiratory tract irritation [88]. 

Furthermore, inhalation of the PG increases the
risk of acquiring asthma [89]. However, Laugesen
et al. [90] in his report did not indicate any harmful
effect of the e-cigarette aerosol in humans. Two re-
search show nonconformity between the labeled
nicotine content and the actual nicotine concen-
tration in few brands of the e-cigarettes [91, 92].
Similarly, Hadwiger et al. [93] using high-perfor-
mance liquid chromatography indicated nicotine
content on products labeled as non-nicotine.

Investigations have shown that apart from the
above-mentioned substances, some of hazardous
compounds are also compounds in e-cigarette car-
tridges. Research conducted on 13 brands of e-ciga-
rettes indicates the existence of carbonyl com-
pounds in their aerosol. Only 4 out of 13 brands
generated no carbonyl compounds, but the others
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generated different types of them. The maximum
concentrations of formaldehyde, acetaldehyde,
acrolein, propanal, glyoxal and methylglyoxal were
260, 210, 73, 83, 42 and 38 mg/m3 respectively.
Most notably were very high concentrations of
formaldehyde, which in comparison for a typical
cigarette smoking was 140 µg of formaldehyde/cig-
arette [94]. In addition the metabolite of acrolein
was determined in the urine of e-cigarette users [95].
Laugesen [90] in the research supported by Ruyan®

shows that tobacco-specific nitrosamines (TSNAs)
are present, but their levels are much lower than in
conventional cigarettes and too small to be carcino-
genic. Williams at al. [96] found detectable levels of
metals such as lead, chromium, and nickel in e-cig-
arette aerosol. They also found that these levels are
equivalent to or higher than those reported in ciga-
rette smoke. They indicated that the source of de-
tected metals came from the filaments from the e-
cigarette’s cartomizer. They detected heavy metals
and silicate particles in e-cigarette aerosol using tech-
niques such as smoking machine, light and electron
microscopy, article counter, x-ray microanalysis as
well as cytotoxicity testing. Most of the abovemen-
tioned substances have been classified by the Inter-
national Agency for Research on Cancer (IARC) as
carcinogenic [97]. Because these substances are pres-
ent in both aerosol and urine of users, it should be
considered that the use of e-cigarettes increases the
risk of carcinoma. In recent years research also fo-
cused on the potential impact of the substances
contained in e-cigarette on a living organism.

Bahl et al. [98] conducted research concerning
the effects of a different of e-cigarette refill fluids
on human pulmonary fibroblasts (hPFs) and human
embryonic stem cells (hESCs). He found that the
nicotine content of e-cigarette refill fluids had no
cytotoxic effect on both at any concentration. How-
ever, he found a positive correlation between the
concentration and number of chemicals used as a
flavor in e-cigarettes fluids and hESC cytotoxicity.
Results published by Romagna et al. [99] indicated
that an extract from e-cigarette vapour was less cy-
totoxic to cultured fibroblasts than an extract from
conventional cigarette smoke. Flouris et al. [100]
conducted determinations of white blood cell, lym-
phocyte and granulocyte count among active con-
ventional cigarettes smokers but not among active
e-cigarette smokers. 

E-cigarettes seem to be safer than conventional
cigarettes, but the available data seem to be insuffi-
cient to conclude that they are absolutely safe. Fur-
ther studies are required for this assessment. An e-
cigarette presents a topic for a global debate about

not only their safety, but also the legal regulations
concerning them. There were no legal regulations
concerning the quality of e-cigarettes throughout
the European Union until 2014. The activities of
numerous governmental and nongovernmental agen-
cies were limited so far to the warnings about lack
of sufficient research about their safety. Despite this
type of statements, sales of e-cigarettes have in-
creased notably in recent years. According to a sur-
vey commissioned by the European Commission in
2012, almost two-thirds (69%) of Europeans have
heard of electronic cigarettes. As many as 46 % re-
spondents also have quite wide knowledge about
them [101]. Users of e-cigarettes are mainly young
people, mostly men, who recently quit the smoking
habit [64]. According to a study commissioned by
Action on Smoking and Health (ASH), in 2010 only
3% of smokers used e-cigarettes. This number in-
creased in 2012 to 7% and in 2013 it reached 11%.
The percentage of people who have ever attempted
to use the e-cigarette amounted to 9% in 2010 and
increase up to 22% in 2012 and 35% in 2013 [102].
This leads to the newest regulations on e-cigarettes
contained in Directive 2014/40/EU of the European
Parliament and of the Council. In this paper for the
first time the e-cigarette issue will be regulated, spec-
ifying exactly their status as tobacco products and
the regulations concerning them. The European reg-
ulations on these fast developing devices come from
the fact, that they differ in each Member State. The
European Union imposes an obligation to report
these products to the competent authorities in the
Member State, giving detailed information of the
manufacturer and importer. A detailed list of all
substances in a product with particular reference to
the effect of their inhalation on users’ health will
be required. Furthermore, there are strict regulations
on nicotine-containing fluids used in electronic cig-
arettes. It must be marketed exclusively to the e-cig-
arettes with volume up to 10 ml. In the case of dis-
posable cartridges the volume must be up to 2 ml
and the concentration of nicotine in the liquid
could not exceed 20 mg/ml. In addition, the direc-
tive prohibits the addition of the substances such
as vitamins or others, which give impression that
this tobacco product is beneficial to health and as-
sociated with the reduction of health risks. Further-
more, e-cigarettes and spare containers will have to
be adequately protected against accidental opening
by children. Individual package of e-cigarettes and
spare containers will have to include a leaflet with
instructions for products’ use and storage. In addi-
tion, it will be required to include the information
that the product is not intended for young people
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and non-smokers. Other important information re-
quired on labels will be a list of all ingredients of
the product sorted by decreasing weight and the ex-
act concentration of nicotine in the liquid as well
as in a single dose. Very important requirements
concern health warnings on packages. This infor-
mation must be placed on two major surfaces of
package and occupy 30% of the surface. The regu-
lations also apply to promotion of e-cigarettes. There
will be total ban on the promotion and advertising
of electronic cigarettes and their components. The
new regulations come into force on 20 May 2016
[103].

CoNCluSIoNS

The 19th and 20th century and the development
of tobacco industry, wars and advertisement cam-
paigns led to increase in number of smokers world-
wide. Accumulated information indicates that with
the higher proportion of smokers resulted in occur-
rence of more cases of certain diseases, especially
lung carcinoma. These led the scientists to begin
research on the existence of a correlation between
smoking and the risk of lung carcinoma. In the
1950s this began to appear in the first study on this
issue. More works demonstrating the harmful effects
of smoking were published in the following years
with the development of science. However, the to-
bacco industry undertook actions aimed at the pop-
ularization of tobacco products and retaining exist-
ing smokers. Today cigarette smoking is the cause
of 80–90% of all lung carcinoma deaths and also
increases the risk of other cancers, cardiovascular
disease, lung disease and infectious diseases [104].

The number of deaths caused by the tobacco smok-
ing is estimated to be 5 million each year and still
increasing. Despite extensive preventive actions or-
ganized and strengthening anti-smoking law it is
still a major problem in societies all over the world,
[105] which should not be neglected. 

At the beginning of the 21st century, as an alter-
native to tobacco products, the new device called
electronic cigarettes were introduced They were de-
signed to deliver nicotine into the respiratory tract
and imitate the conventional cigarette. They have
gained more and more popularity since the first
years of their sale. This fact is evidenced by the in-
crease in the percentage of users. In the United King-
dom in 2010 there were 3% of e-cigarette users and
in 2012 the amount rose to 11%. With the increas-
ing interest of potential consumers, e-cigarettes be-
came the subject of scientific research. This is due
to the fact that there are still very few studies indi-
cating unequivocally their harmfulness or otherwise.
Currently, the voices are divided, and the e-cigarettes
have almost as many supporters as opponents. All
this resembles the situation concerning cigarettes
in the mid-twentieth century and this requires fur-
ther research on the use of e-cigarettes and their ef-
fect on their users’ health. The industry connected
with e-cigarettes has undertaken actions, especially
advertisements of the product, which resemble the
tobacco industry strategy of the 1960s. However,
there are conclusions drawn from previous experi-
ences related to the tobacco industry. Recent regu-
lations for e-cigarettes appeared in the new Tobacco
Product Directive from April 2014. These provisions
appeared very quickly in response to their growing
popularity, considering the fact that they appeared
on the market only recently and started to be avail-
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able worldwide only since 2007. It seems to be an
even faster response if we take into consideration
the time of introducing identical legal provisions in
the case of conventional cigarettes. They appeared
in the 1960s, while the largest increase in their pop-
ularity was in the 1930s. 

On the basis of current knowledge, electronic
cigarettes cannot be considered as completely safe.
There is still insufficient number of studies related
to the effects of using electronic cigarettes and their
safety published. There are no studies on their use
in the long term, because they are a relatively new
product. However the scientific community believes
that e-cigarettes would be a health benefit if the
population of conventional cigarettes smokers
switched to this device. However, there is also a pos-
sibility that the promotion of safer alternatives to
cigarette could inhibit smoking cessation among
smokers, or that this product could be attractive to
non-smokers. The other concern is about possible
usage of this product by young people [106]. At this
point we have to ask if the negative experiences of
the last 50 years of the fight with tobacco industry
could overshadow the health benefits for users who
switch to e-cigarettes?
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