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SUMMARY

Background: Socio-economic development causes the pollution of environment with many harmful chemicals.
A number of contaminants are characterised by high toxicity, persistence in the environment, and the ability to
cumulate in organisms and, moreover, by biomagnification in the food chain. The perfluorinated aliphatic com-
pounds (PFAS), present in each part of the environment, in food and used in production of many everyday objects,
are an example of such substances. People are exposed to PFAS by ingestion and inhalation, as well as through the
dermal route. These compounds constitute significant health risk factors for the society.

Aim of the study: The aim of this study was to evaluate the awareness of the perfluorinated aliphatic compounds
(PFAS) in the population of youth from Swietokrzyskie province.

Materials and methods: The research was conducted in Swietokrzyskie province. The study population consti-
tuted of 366 students from secondary schools, aged between 16 and 20 years old. The research was performed us-
ing a questionnaire containing eight multiple-choice questions. The awareness of respondents was analysed based
on the answers to questions on the properties of perfluorinated aliphatic compounds, sources of exposure to these
substances, possible routes of exposure, health effects resulting from the exposure to these xenobiotics and pos-
sible methods of minimising the exposure.

Results: The results of the study indicate low awareness young people have of the perfluorinated aliphatic com-
pounds. The young people in Swietokrzyskie province (74.7%; N = 274) do not know if they had ever been exposed
to PFAS. 86.4% (317) of respondents are not able to name the basic features of these compounds, and 83.1% (305)
are not aware of their use. Most of the students (80.6%; N = 296) do not know the health effects resulting from
exposure to PFAS.

Conclusions: The awareness of perfluorinated aliphatic compounds (PFAS) in the population of students from
secondary schools in Swietokrzyskie province is very poor. Therefore, there is a need to conduct information cam-
paigns addressed to all social groups, especially children and young people of school age.
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STRESZCZENIE

Wstep: Rozwdj spoteczno-gospodarczy jest powodem zanieczyszczenia sSrodowiska wieloma szkodliwymi zwiazka-
mi chemicznymi. Szereg zanieczyszczen charakteryzuje sie silng toksycznoscia, trwatoscia w srodowisku, zdolno-
$cig kumulacji w organizmach roslin i zwierzat, ponadto ulegaja one biomagnifikacji w fanicuchach pokarmowych.
Przykladem takich substancji sa perfluorowane zwiazki alifatyczne (PFAS), ktére sa obecne w kazdym elemencie
srodowiska, w zywnosci, a takze stanowia sktadnik wielu przedmiotéw codziennego uzytku. Narazenie na PFAS
jest powszechne, zachodzi zar6wno pokarmowa, oddechows, jak i dermalnga droga narazenia. Zwiazki te stanowia
istotny czynnik ryzyka zdrowotnego wspoétczesnego spoteczenstwa.

Cel pracy: Celem pracy byta ocena stanu wiedzy mlodziezy wojewddztwa Swietokrzyskiego w zakresie ryzyka
zdrowotnego, wynikajacego z narazenia na perfluorowane zwiazki alifatyczne.

Materiat i metody: Do badania zakwalifikowano 366 oséb w wieku 16-20 lat uczeszczajacych do szkét ponad-
gimnazjalnych w wojewédztwie $wietokrzyskim. Narzedzie badawcze stanowil autorski kwestionariusz ankiety,
ktéry zawierat 8 pytan wielokrotnego wyboru. Stan wiedzy ankietowanych oceniono na podstawie pytan dotycza-
cych wtasciwosci perfluorowanych zwigzkéw alifatycznych, Zrédet narazenia na PFAS, mozliwych drég przenika-
nia do organizmu, efektéw zdrowotnych wynikajacych z narazenia na te zwiazki oraz sposobéw umozliwiajacych
ograniczanie narazenia na PFAS.

Wyniki: Wyniki przeprowadzonego badania wskazuja na niska swiadomosé mtodziezy dotyczaca perfluorowanych
zwigzkoéw alifatycznych. Badana mtodziez wojewddztwa swietokrzyskiego (74,7%; N = 274) nie wie, czy kiedykol-
wiek byla narazona na PFAS. Ponadto 86,4% (317) respondentéw nie potrafi wskaza¢ podstawowych Zrédet na-
razenia, a 83,1% (305) nie jest Swiadoma zakresu zastosowania tych zwigzkéw. Zdecydowana wiekszos$¢ uczniéw
(80,6%; N = 296) nie zna nastepstw zdrowotnych wynikajacych z narazenia na PEAS.

Whnioski: Wiedza mlodziezy wojewdédztwa $wietokrzyskiego na temat perfluorowanych zwiazkéw alifatycznych
jest znikoma. Wysoce uzasadniona jest potrzeba prowadzenia kampanii informacyjnych skierowanych do wszyst-
kich grup spotecznych, a zwlaszcza do dzieci i mtodziezy w wieku szkolnym, w zakresie zagrozen zdrowotnych

zwigzanych z PFAS.

SEOWA KLUCZOWE: perfluorowane zwiazki alifatyczne, swiadomos¢, ryzyko zdrowotne

BACKGROUND

Socio-economic development causes the pollu-
tion of environment with many harmful chemicals.
A number of contaminants are characterised by high
toxicity, persistence in the environment, and the abil-
ity to cumulate in living organisms and, moreover, by
biomagnification in the food chain. The perfluorinated
aliphatic compounds (PFAS), present in each part of
the environment, in food and used in production of
many everyday objects, are an example of such sub-
stances [1].

Perfluorinated compounds are derivatives of
aliphatic, cyclic, polycyclic hydrocarbons, in which
most or all of the hydrogen atoms have been replaced
with fluorine atoms. An example of perfluorinated
compounds, which are considered the most common
in the environment are: perfluorooctanesulfonic acid
(PFOS), perfluorooctanesulfonamide (PFOSA) and
perlouorooctanoic acid (PFOA) [1-2]. Strong covalent
carbon-fluoride bonds are formed in the perfluorinat-
ed aliphatic hydrocarbon particles. The compounds are
not biologically inert, and their toxicity is very high.
Moreover, these compounds are persistent and re-
sistant to biodegradation, high temperatures, chemi-
cal and biological agents. PFAS are at the same time
both hydrophobic and hydrophilic. They cumulate and

biomagnify in living organisms, which is negative in
terms of exposure. The PFAS cumulate in tissue of
fish, birds and mammals connected with the aquatic
food chain. Studies have shown that these xenobiotics
are present in surface water in lakes, rivers, seas and
oceans [3-6].

The danger caused by exposure to these com-
pounds depends on their ability to permeate to the
body through each route of exposure: inhalation, in-
gestion and dermal. A person can be exposed to PFAS
by eating animal products and drinking water. They
can also enter the body via lungs and skin from many
everyday products, such as: furniture, floors, clothes,
etc. One of the sources of PFAS exposure are the in-
haled particles of dust [3-4, 7].

Perfluorinated compounds have been synthesised
for over 50 years. Their properties allowed them to
find broad application in objects of everyday use, in-
ter alia impregnations for floor coverings, leather and
leather-like materials, carpets, furniture, natural and
synthetic (e.g. Goretex) fabrics, upholstery, paper,
cardboard, and food packaging. The usable area of
a product enriched with perfluorinated compounds is
resistant to water solutions, oils, fats and grease. This
prevents the surface from soiling, as it is not adhe-
sive for hydro- or lipophilic water, fat and dust parti-
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cles. PEAS are also the elements of medical equipment,
reagents used in photography, conditioning agents
for floors and furniture, fire retardant additives, some
kitchen utensils (component of Teflon). In transform-
ers they are used as substitutes for polychlorinated bi-
phenyls. Moreover, they are added to paints, air fresh-
eners, and even cosmetics [7-10]. They are also used
in the production of grease-resistant food packaging
materials. Storing food in such packaging constitutes
a risk of contamination with PFAS particles permeat-
ing food.

Data on the health risks caused by exposure to PFAS
are currently limited. The few epidemiological studies
do not allow to unambiguously show statistically sig-
nificant correlation between exposure and health prob-
lems. However, it is suspected that these compounds
can increase the risk of bladder cancer. Animal studies
show that PFAS have, inter alia, hepatotoxic and tera-
togenic effects. It is believed that even small doses of
these substances can interfere with reproductive func-
tions and have negative effects on the development of
the foetus. Furthermore, they interfere with thyroid
functions and fatty acid metabolism. They can also
negatively affect the immune system and neurohor-
mone functions [4, 9, 11].

Currently perfluorinated aliphatic compounds are
the subject of extensive toxicological and epidemio-
logical studies. The existing studies conducted on ani-
mals and employees exposed at work unambiguously
show that these compounds are not inert to the human
body and their particular characteristics, such as: per-
sistence, the ability to cumulate, resistance to biodeg-
radation, cause them to constitute serious health risks
[1, 10-11]. Therefore, it is essential to expand the
knowledge on health risks arising from PFAS exposure,
as it will allow the development of effective prophylax-
is and the limiting of the exposure. Thus, the aim of
this paper was to assess the awareness of youth of the
health risks arising from exposure to perfluorinated
aliphatic compounds (PFAS).

AIM OF THE STUDY

The aim of this study was to evaluate the aware-
ness of the perfluorinated aliphatic compounds (PFAS)
in the population of youth from Swietokrzyskie prov-
ince.

MATERIAL AND METHODS

Selection of the Study Group

The study population constituted of 366 students,
210 (57.2%) boys and 156 (42.8%) girls, from seconda-
ry schools, aged between 16 and 20 years old. Most of
the respondents (71.9%) were residents of rural areas
and 27.8% were residents of cities. The highest num-
ber of the respondents (56.7%) were students of high
schools. Students of technical schools and vocational
schools constituted 22.3% and 20.7%, respectively.

Research Tool

The research tool was an own questionnaire, con-
sisting of 8 multiple-choice questions on the proper-
ties of perfluorinated aliphatic compounds, sources of
exposure to these substances, possible routes of ex-
posure, health effects resulting from the exposure to
these xenobiotics and possible methods of minimising
the exposure. The questionnaire was anonymous, con-
ducted in the presence of a teacher or a researcher.

The collected data were entered into an Excel spread-
sheet and then exported to STATISTICA 10.0, StatSoft
Poland. The results were presented in graphs.

RESULTS

The results of the study indicate low awareness
young people have of the perfluorinated aliphatic
compounds. The students from Swietokrzyskie prov-
ince (74.7%; N = 274 of the study population) have no
knowledge of the presence of PFAS in their everyday
life. Only 9.81% (36) know that they have ever been
exposed to perfluorinated aliphatic compounds [Figure
1]. The fact that the vast majority of the respondents
(86.4%; N = 317) do not know the basic sources of ex-
posure to these compounds is disconcerting. Young
people are not aware that these compounds are present
in food, dust and clothes [Figure 2]. The respondents
(83.1%; N = 305) declared a lack of knowledge on the
applications of PFAS [Figure 3]. The vast majority of
the respondents (83.6%; N = 307) could not name
asingle characteristic of the compounds and only 10.6%
(39) believed them to be toxic [Figure 4]. Most of the
respondents (73.6%; N = 270) did not know the routes
of exposure to PFAS. Only 19% (73) of the respondents
believed the route to be inhalation, and the ingestion
and dermal routes were indicated by 8.2% (30) and
8.9% (33), respectively [Figure 5]. The respondents
(80.6%; N = 296) were not aware of the health risks
associated with PFAS exposure. Only 11.4% (42) indi-
cated PFAS as a possible cause of cancer, and as little as
3.3% (12) indicated PFAS can interfere with reproductive
functions [Figure 6]. The respondents (81.7%; N = 300)
were not aware of any measures limiting exposure to
PFAS [Figure 7].

DISCUSSION

PFAS are components of almost all objects of eve-
ryday use, which means that it is close to impossible to
eliminate exposure. However, it is possible to try and
limit the volume of the compounds entering the body
[8, 11-12]. Thus, we attempted to assess the aware-
ness the youth from Swietokrzyskie province has of
perfluorinated aliphatic compounds. The result of the
present study show that the youth from Swietokrzyskie
province has no knowledge of ever being exposed to
PFAS, cannot name the basic sources of exposure and
is not aware of the applications of these compounds.
In a similar study conducted on a population of adult
residents of Slaskie province, 69.3% (291) of the re-
spondents could not name a single source of exposure
to PFAS [13].
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Being aware of the sources of PFAS exposure is es-
sential, as it will allow the society to consciously mini-
mise exposure to these xenobiotics.

The present study conducted in Swietokrzyskie
province showed that young people have no knowledge
on the characteristics of perfluorinated aliphatic com-
pounds. The vast majority of the respondents could not
characterise these substances correctly. The results of
the Slaskie study are slightly better, with 31% of the re-
spondents declaring PFAS as dangerous to the human
body. However, similarly as with the present study,
over half of the population (61.4%; N = 258) could not
name the basic PFAS characteristics [13].

Even though these compounds were still consi-
dered safe and not posing any risks to humans and the
environment in 1990, the most recent publications
show that PFAS are not biologically inert, but rather
toxic and resistant to biodegradation. The results from
a WWF (World Wildlife Fund) study conducted in
Poland confirmed that the human body, as one of the
elements of the environment, accumulates the same
pollution which can be detected in water, food, air, and
everyday objects [3, 14-15].

In the present study, the majority of the students
(73.6%; N = 270) did not know the routes of exposure
to PFAS. This percentage is significantly higher than in
the population of adults from Slaskie province (56.4%;
N =237) [13].

The risk perfluorinated aliphatic compounds pose
to the human body arises from multiple routes of expo-
sure: ingestion, inhalation, and dermal [1, 15-17].

The results of the present study show that the vast
majority of students (80.6%; N = 296) were not aware
of the health risks posed by exposure to PFAS, while in
the Slaskie study every third respondent could name
a negative effect to the health caused by these com-
pounds [13].

The number of studies on the negative effect of
PFAS on the human body is insufficient. However, we
have to remember that unambiguously proving that
negative effect is a difficult and complex process [3,
18-19]. In the future, the number of scientific proofs
will be larger, because the effects of long term expo-
sure to perfluorinated compounds will be known. It is
important to attempt to limit the exposure to PFAS
within a society. Such actions will only be successful, if
the people will be aware of the risks posed by PFAS and
aware of the means to limit exposure.

Sadly, theawarenessofstudentsfrom Swietokrzyskie
province on ways to limit exposure to PFAS is virtu-
ally non-existent, seeing as 81.7% (300) cannot name
a single action that can be undertaken in that respect.
A slightly higher awareness was shown by adults from
Slaskie province, where 65.2% (274) of the respon-
dents declared they did not know how to avoid exces-
sive exposure to these dangerous compounds [13].

The results of the present study show the insuf-
ficient amount of awareness of the perfluorinated
aliphatic compounds in the society. The present study,

conducted in Swietokrzyskie province, showed virtually
non-existent awareness young people have of perfluor-
inated aliphatic compounds. Therefore, it is necessary
to disseminate information on sources of exposure,
their use, mechanisms of the toxic effect, and the pos-
sible routes of exposure. Such actions can undoubtedly
pertain to increasing awareness in this field. Therefore,
it is crucial to include health risks posed by PFAS to
educational programs on environmental health risk
factors aimed at all social groups, and especially chil-
dren and youth in school age. Children and youth are
more open to learning proper pro-health behaviours,
including those connected with environmental health
risks. Childhood is a stage in human development
when health-related habits and behaviours, which later
affect a person’s lifestyle, are formed. Anti-health be-
haviours, which are frequently exhibited by teenagers
can increase the risk of disease and pre-mature death,
therefore pro-health education should be introduced at
the earliest age possible.

CONCLUSIONS

1. The awareness of perfluorinated aliphatic com-
pounds (PFAS) in the population of students from
secondary schools in Swietokrzyskie province is very
poor.

2. To limit the exposure to perfluorinated aliphatic
compounds, it is necessary to increase public aware-
ness, especially on sources and health risks posed by
exposure to PFAS and on efficient methods limiting
exposure.

3. Educational programs on health risks associated
with PFAS aimed at all social groups, especially chil-
dren and youths in school age, should be introduced.
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Figure 1. Have you ever been exposed to PFAS?
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Figure 2. What PFAS sources do you know?

www.higherschoolspulse.com



Awareness of perfluorinated aliphatic compounds (PFAS) in the youth population of Swietokrzyskie province

Cosmetics
Paint
Floor polish
Transformators
Kitchen utensils (component of Teflon)
Reagents used in photography
Fire retardant additives
Conditioning agents for furniture, floor, etc.
Elements of medical equipment
Food packaging
Furniture
Fabrics (e.g.Gortex)
Impregnations for carpets, floor. 1
I don't know |

T= 33%

T ale%
T 20%
= 3.8%
T 27%
= 3.5%
Je= 5lan
T 33%
= 48%
= 35%
.5%
.8%

0% 10% 20%

30%

40% 50% 60% 70% 80%

Source: Own study.
Figure 3. Where are PFAS used?
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Figure 4. What characteristics of perfluorinated
aliphatic conpunds (PFAS) do you know?
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Figure 5. How do PFAS enter the body?
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Figure 6. What are the health risks associated with
exposure to perfluorinated aliphatic compounds?
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Figure 7. How can you limit exposure to PFAS?

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

KucharskaA, GéralczykK, CzajaK, StrucinskiP, Hernik A, Korcz W,
et al. Wszechobecne zwiazki perfluorowane. Rocz PZH 2011; 62
(2): 137-144.

Skrzypinska-Gawrysiak M. Wybrane zwiazki alifatyczne. W:
Piotrowski JK, red. Podstawy toksykologii: kompendium dla
studentow szkét wyzszych. Wyd. 2. Warszawa: Wydawnictwo
Naukowo-Techniczne; 2008.

Strucinski P, Géralczyk K, Ludwicki JK, Czaja K, Hernik A, Korcz
W. Poziomy wybranych insektycydéw chloroorganicznych, po-
lichlorowanych bifenyli, ftalanéw i perfluorowanych zwiazkéw
alifatycznych we krwi — badanie WWF Polska. Rocz PZH 2006;
57 (2): 99-112.

Falandysz J, Taniyasu S, Yamashita N, Jecek L, Rostkowski P,
Gulkowska A, et al. Zwiazki perfluorowane w srodowisku przy-
rodniczym, zywnosci i organizmie czlowieka. Rocz PZH 2006;
57 (2): 113-124.

Rostkowski P, Taniyasu S, Yamashita N, Falandysz J. Zwiazki per-
fluorowane w wodzie pitnej. Rocz PZH 2008; 59 (3): 283-292.
Niemirycz E, Kwieciriska A. Wtasciwosci mutagenne srodowiska
wodnego Polski P6inocnej. Rocz PZH 2006; 57 (2): 143-153.
Wojciechowska-Mazurek M, Starska K, Bruliiska-Ostrowska E,
Plewa M, Biernat U, Kartowski K. Monitoring zanieczyszczen
zywnosci pierwiastkami szkodliwymi dla zdrowia. Cz. 1. Rocz
PZH 2008; 59 (3): 251-266.

Austin ME, Kasturi BS, Barber M, Kannan K, MohanKumar
PS, MohanKumar SM. Neuroendocrine effects of perfluorooc
tane sulfonate in rats. Environ Health Perspect 2003; 111 (12):
1485-1489.

Hu W, Jones PD, Upham BL, Trosko JE, Lau C, Giesy JP.
Inhibition of gap junctional intercellular communication by per-
fluorinated compounds in rat liver and dolphin kidney epithe-
lial cell lines in vitro and Sprague-Dawley rats in vivo. Toxic Sci
2002; 68 (2): 429-436.

Pilarek M, Szewczyk KW. Zastosowania perfluorozwiazkéw jako
cieklych nosnikéw gazéw oddechowych w medycynie i biotech-
nologii. Biotechnologia 2005; 69 (2): 125-150.

Olsen GW, Huang HY, Helzlsouer KJ, Hansen KJ, Butenhoff JL,
Mandel JH. Historical comparison of perfluorooctanesulfonate,
perfluorooctanoate, and other fluorochemicals in human blood.
Environ Health Perspect 2005; 113 (5): 539-545.

Gawlikowski T. Weglowodory. W: Pach J, red. Zarys toksykologii
klinicznej. Krakéw: Wydawnictwo Uniwersytetu Jagiellonskiego;
2009.

Wolny A, Krupa K. Narazenie populacji na perfluorowane zwiaz-
ki alifatyczne — swiadomos$¢ zagrozen. Journal of Ecology and
Health 2012; 1: 10-15.

Matyszewska D, Tappura K, Orrad G, Bilewicz R. Influence of
perfluorinated compounds on the properties of model lipid
membranes. J Phys Chem B 2007; 111: 9908-9918.

Rusiecka I, Sktadanowski AC. Induction of the multixenobiotic/
/multidrug resistance system in various cell lines in response to
perfluorinated carboxylic acids, Acta Biochim Pol 2008; 55 (2):
329-337.

Gel ZJ, Jiang GJ, Zhao YP, Wang GX, Tan YE. Systemic perflu-
orohexane attenuates lung injury induced by lipopolysaccharide
in rats: the role of heme oxygenase-1. Pharmacol Rep 2010; 62
(1): 170-177.

Giesy JP, Kannan K. Perfluorochemical surfactants in the envi-
ronment. Environ Sci Technol 2002; 36 (7): 146A-152A.
Alexander BH, Olsen GW, Burris JM, Mandel JH, Mandel JS.
Mortality of employees of a perfluorooctanesulphonyl fluori-
de manufacturing facility. Occup Environ Med 2003; 60 (10):
722-729.

Olsen GW, Gilliland FD, Burlew MM, Burris JM, Mandel JS,
Mandel JH. An epidemiologic investigation of reproductive hor-
mones in men with occupational exposure to perfluorooctanoic
acid. J Occup Environ Med 1988; 40 (7): 614-622.

Puls Uczelni 2016 (10) 2: 21-26



26

KATARZYNA TOMCZYK, GRZEGORZ DZIUBANEK

Word count: 3278 « Tables: - - Figures: 7 * References: 19

The sources of funding
The review was funded by the authors.

The conflict of interests
The authors do not report any conflicts of interests.

Cite this article as: Tomczyk K, Dziubanek G. Awareness of perfluorinated aliphatic compounds (PFAS)
in the youth population of Swietokrzyskie province.
PU-HSP 2016; 10, 2: 21-26.

Correspondence address:

Katarzyna Tomczyk

Piekarska str. 18

41-902 Bytom

phone: +48 32 397 6529

e-mail: katarzyna.tomczyk@med.sum.edu.pl

Received: 19.01.2016

Reviewed: 24.05.2016
Accepted: 26.06.2016

www.higherschoolspulse.com



