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PM10 concentration and microbiological assessment of air in relation to the
number of acute cases of type 1 diabetes mellitus in the Lubelskie Voivodeship.

Preliminary report
Stezenie pytu PM10 oraz ocena mikrobiologiczna powietrza atmosferycznego a liczba swiezych
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Abstract

Introduction. The aim of our study was to evaluate the relation between the concentration of particulate matter of less than 10 um
in diameter (PM10) in air and the effect of psychrophilic bacteria, mesophilic bacteria and mould fungi on the number of new cases
of type 1 diabetes mellitus in children and adolescents in the Lubelskie Voivodeship in the years 2015-2016. Patients and methods.
Epidemiological data on the number of new cases of TIDM was obtained from the Department of Paediatric Endocrinology and
Diabetology of the Medical University in Lublin. The number of births for the year 2015 and 2016 in the Lublin Voivodeship was
acquired from the statistical yearbook by the Polish Central Statistical Office (GUS). Data on PM10 concentration in the Lubelskie
Voivodeship was obtained from the report and annual evaluations of air quality prepared by the Voivodeship Inspectorate of
Environmental Protection (WIOS) in Lublin. The analysis of psychrophilic bacteria, mesophilic bacteria and mould fungi in air was
performed with use of the impact method and an air sampler. Results. In the years 2015-2016 in the Lubelskie Voivodeship the
number of births was 39 381 and 152 new cases of type 1 diabetes mellitus were recorded. The annual and 24-hour concentration
of PM10 in air in 2015 was higher compared to 2016; however, the difference was not statistically significant. Moreover, we detected
a higher number of psychrophilic bacteria 2739 vs 1000 CFU/m? and a significantly higher number of mesophilic bacteria 92493
vs 1000 CFU/m? than the norm specified in the Polish standard PN-89/Z-04111/02. A further analysis of air samples collected in
the Lubelskie Voivodeship revealed lower a concentration of mould fungi compared to the Polish standard PN-89/Z-04111/02
(3840 vs 5000 CFU/m?, respectively). We isolated 9 types of mould fungi and 1 type of yeast-like fungus that are thought to have a
negative effect on people’s health. The statistical analysis revealed a relation between the number of new cases of T1DM and the
number of psychrophilic bacteria (3= 2.86; p<0.05), mesophilic bacteria (B = 2.824; p<0.05) and the number of mould fungi
(3=2.923; p<0.001). The analysis of linear regression revealed a relation between the number of new T1DM cases and mean annual
concentration of PM10 for the year 2016 (p<0.001). However, there was no relation observed between the number of new cases
of TIDM and the mean annual concentration of PM10 in air in the Lubelskie Voivodeship in 2015. Conclusions. Our preliminary
results confirm the not yet fully explored relation between air pollution and the risk of type 1 DM in children and adolescents.
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Streszczenie

Wstep. Celem naszych badan byto okreslenie zaleznosci pomiedzy stezeniem zawieszonego pytu o Srednicy do 10 um (PM10)
w powietrzu atmosferycznym oraz wplywu obecnosci bakterii psychrofilnych, mezofilnych, grzyb6éw plesniowych na liczbe $wiezych
zachorowan na cukrzyce typu 1 u dzieci i mtodziezy w wojewddztwie lubelskim w latach 2015-2016. Pacjenci i metody. Dane
epidemiologiczne dotyczace liczby nowych zachorowar na cukrzyce TIDM otrzymano z Kliniki Endokrynologii i Diabetologii
Dzieciecej UM w Lublinie. Liczbe urodzen w latach 2015 i 2016 w wojewddztwie lubelskim odczytano z rocznikdw statystycznych
GUS. Dane dotyczace stezenia pytu PM10 w wojewddztwie lubelskim uzyskano z raportu i rocznych ocen jakosci powietrza,
opracowanych przez WIOS w Lublinie. Badanie bakterii psychrofilnych, mezofilnych oraz grzybéw plesniowych w powietrzu
atmosferycznym wykonano metoda szczelinowo-zderzeniowa za pomoca prébnika do poboru powietrza. Wyniki. W latach 2015-
2016 w wojewddztwie lubelskim liczba urodzen dzieci wynosita 39 381, a odnotowano 221 nowych przypadkéw zachorowan na
cukrzyce typu 1. W powietrzu atmosferycznym wykazano wyzsze w 2015 roku, lecz nie nieistotnie statystycznie roczne jak tez 24h
stezenie pylow PM10 w poréwnaniu do roku 2016. Ponadto wykryto wyzsza liczbe bakterii psychrofilnych 2739 vs 1000 CFU/
m? oraz istotnie wyzsza liczbe bakterii mezofilnych 2493 vs 1000 CFU /m*® w odniesieniu do normy PN-89/Z-04111/02. W dalszej
analizie z pobranych probek powietrza w wojewddztwie lubelskim wykryto nizsze w poréwnaniu z norma PN-89/Z-04111/02
stezenie grzybow plesniowych odpowiednio 3840 vs 5000 CFU/m?. Jednakze wyizolowano dziewie¢ gatunkéw grzybdw plesniowych
oraz jeden gatunek drozdzaka o potencjalnym negatywnym wptywie na zdrowie cztowieka. W analizie statystycznej wykazano
zalezno$¢ pomiedzy liczba nowych zachorowar na T1DM a liczba bakterii psychrofilnych (3= 2,86; p<0,05), mezofilnych (B =
2,824; p<0,05) oraz liczba grzybéw plesniowych (3=2,923; p<0,001). Analiza regresji liniowej wykazata zaleznos¢ pomiedzy
liczba nowych zachorowari na T1DM a $rednim rocznym stezeniem pytu PM10 w roku 2016 (p<0,001). Natomiast nie wykazano
zaleznosci pomiedzy liczba nowych zachorowan na TIDM a Srednim rocznym stezeniem PM10 w powietrzu atmosferycznym
w wojewddztwie lubelskim w roku 2015. Wnioski. Nasze wstepne wyniki badan wspieraja stabo poznany zwiazek zanieczyszczenia
powietrza a ryzyka rozwoju cukrzycy typu 1 u dzieci i mtodziezy.

Stowa kluczowe

zachorowalnos¢ na cukrzyce typul, dzieci i mtodziez, woj. lubelskie, bakterie psychrofilne mezofilne, grzyby plesniowe, pyt PM10,

powietrze atmosferyczne

Introduction

According to the World Health Organization (WHO) the
number of people with diabetes rose from 108 million in 1980
to 422 million in 2014, while the global prevalence of diabetes
(standardized according to age) among adults over 18 years of
age increased from 4.7% in 1980 to 8.5% in 2014 [1]. In Poland
there are approximately 205 000 T1DM patients, out of whom
18 000 are children. Within last 25 years the incidence of T1DM
in Poland increased by four times. The highest increase in the
T1DM incidence rate is observed among the youngest children
aged 0-9 years [2,3]. The rising trend in T1DM incidence both
in Poland and in other countries results from environmental
factors that lead to the clinical manifestation of this disease in
people genetically predisposed to it [2-4]. Studies conducted
so far indicate that chemical factors, dyes, preservatives and
improvers added to food and stored in plastic containers with
bisphenol A (BPA) are the key factors in the etiopathogenesis
of diabetes [2,5]. The authors of the most recent study car-
ried out on a diabetic mouse model (C57BL/6 mice) showed
a potential diabetogenic relation between bisphenol A and
the development of diabetes [6]. Within the last several dozen
years, there have been several attempts in the world and Pol-
ish literature to assess the general effect of viral infections on
the development of type 1 diabetes mellitus [4,5]. It is known
from the current studies that even though susceptibility to type
1 diabetes mellitus can be innate, it is the environmental fac-
tors, including air pollution, that can trigger the autoagression
process and cause the development of the disease [7-10].

Due to the combustion of solid fuels in low power domestic
installations not equipped with the flue gas cleaning system,
gas emission significantly contributes to the occurrence of epi-
sodes of excessive concentrations of PM10 and PM2.5 in air.
High prices of solid fuels for individual consumers contribute
to the fact that at very low temperatures of air outside, peo-
ple at their households use waste, including plastic. Conse-
quently, large quantities of organic pollutants of carcinogenic
and mutagenic properties are emitted to air. The mutagenic
effect of dust pollutants of air is mainly associated with the fact
that they contain polycyclic aromatic hydrocarbons, which was
confirmed in studies carried out in Wroctaw, Krakow and Gorny
Slask [11, 12].

Population studies on the health effects of air pollution are
complex. The health effects depend not only on the content of
toxic substances in air or the intensity and time of exposure to
them, but also on many other individual factors such as place
of birth, age, individual resistance, lifestyle and climatic condi-
tions. It is also extremely important to select appropriate statis-
tical models that will allow one to estimate individual exposition
to air pollution. New measurement methodologies that allow
for the calculation of concentrations and the chemical com-
position of small dust fractions, and numerous epidemiologi-
cal studies indicate that the effect of air pollution on people’s
health is much more severe than it was believed in the 20th
century.

In recent years, both in Poland and other countries, environ-
mental pollution has been continuously increasing [7,11,12].
According to the data by the Polish Central Statistical Office
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(GUS) for the year 2015, the emission of industrial air pollutants
by particularly environmentally unfriendly industrial plants sig-
nificantly contributed to the fact that the Lubelskie Voivodeship
is currently on 10" place on the Polish list of dust emission and
12" place in respect of gas emission. Due to the acceptable
24-hour levels of PM10 concentrations in years 2015 and 2016
having been exceeded, the area of the Lubelskie Voivodeship
(Lublin and the area around the city) was classified as class C
as regards the level of air pollution [13-15].

Aim of the study

The aim of our study was to evaluate the relation between
the concentration of particulate matter of less than 10 um in
diameter (PM10) in air and the effect of psychrophilic bacteria,
mesophilic bacteria and mould fungi on the number of acute
cases of type 1 diabetes mellitus in children and adolescents in
the Lubelskie Voivodeship in the years 2015-2016.

Materials and methods

Samples of air in the Lubelskie Voivodeship were collected
in the years 2015-2016. A total number of 27 samples of air
was collected. Air samples were collected with use of the im-
pact method with a SAS Super ISO 100 (ltaly) sampler which
automatically collected 50 or 100 litres of air, depending on
the predicted level of pollution. The sucked air was then trans-
ported through small holes to a head with a Petri dish con-
taining agar medium appropriate for each type of microorgan-
isms. Samples were collected 1.5 m above the ground. The
nozzle of the sampler was positioned perpendicularly to the
wind all the time. The mesophilic bacteria were counted after a
24-48-hour incubation at 37°C on TSA by Merck (Germany). In
order to culture psychrophilic bacteria we used tryptone soya
agar (TSA). Incubation was carried out at 22°C for 72 hours. To
culture mould fungi we used the YGC medium by Merck. The
plates with growth medium were incubated at 28°C for 5 days.

The numbers of colonies of bacteria and fungi were ex-
pressed as a colony-forming unit (CFU) per 1 m? of air. When
applying the impact method we used the Feller table attached
to the manual of the air sampler. Moreover, mould fungi were
identified based on macro-and microscopic features, with use
of a Nikon Eclipse E2000 microscope and a key for identifica-
tion of fungi [16]. During sample collection we measured the
air temperature humidity and wind direction with a thermo hy-
grometer by Beurer (Germany).

Epidemiological data

Epidemiological data on the number of new cases of T1IDM
were obtained from the Department of Paediatric Endocrino-
logy and Diabetology of the Medical University in Lublin. The
number of births for the year 2015 and 2016 in the Lublin Voivo-
deship was acquired from the statistical yearbook by the Polish
Central Statistical Office (GUS). Data on the concentration of
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PM10 ug/m? in the Lubelskie Voivodeship was obtained from
the report and annual evaluations of air quality prepared by the
Voivodeship Inspectorate of Environmental Protection (WIOS)
in Lublin [13-15].

Assessment of the level of microbiological pollution of air

The assessment of the level of microbiological pollution
of air in the Lubelskie Voivodeship was performed based on
the norms in the following Polish standards: PN-89/2-04111/02
and PN-89/7-04111/02 [17,18].

Statistical analysis

The statistical analysis of the results was performed with
use of the R software: (A language and environment for stati-
stical computing) version of 2015 [19]. The degree of intercor-
relation between two investigated parameters was assessed
with use of the model of linear regression (Poisson distribu-
tion). Statistical significance of differences between the groups
was set at p<0.05.

Results

Number of new cases of T1DM in the Lubelskie Voivodeship

in the years 2015-2016

In the years 2015-2016, in Lubelskie Voivodeship, the num-
ber of births amounted to 39 381 and there were 152 new cas-
es of T1DM recorded. In the Lubelskie Voivodeship the high-
est number of new cases of T1DM was recorded in the Lublin
County (46 cases) and the lowest number in the Parczew and
Jandéw [prawdopodobnie chodzi o Jandw Lubelski — przyp.
kor.] County (2 cases). The number of new cases of T1DM per
100 births was the highest in the Hrubieszéow County (0.70) and
the lowest in the Biata Podlaska County (0.13).

Microbiological assessment of air in the Lubelskie Voivode-

ship in the years 2015-2016

The microbiological analysis of air in the Lubelskie Voivode-
ship in the years 2015-2016 showed a higher number of psy-
chrophilic bacteria (2739 vs 1000) CFU /m® compared to the
norm in the Polish standard PN-89/Z-04111/02 and a significant-
ly higher number of mesophilic bacteria (2493 vs 1000) CFU/m?
compared to the norm. Moreover, we also observed a lower con-
centration of mould fungi (3840 vs 5000) CFU /m?® in the Lubel-
skie Voivodeship in years 2015-2016, compared to the norm in
the Polish standard PN-89/7-04111/02 [tables I-II].

Qualitative assessment of mould fungi in air in the Lubelskie

Voivodeship in years 2015-2016

From the air samples collected in the Lubelskie Voivode-
ship we isolate 9 types of mould fungi and 1 yeast-like fungus
(Rhodotorula mucilaginosa) (14.8%). The most commonly iso-
lated types of mould fungi included Penicillium chrysogenum
(81.7%), Aspergillus niger (20.7%) and Penicillium viridicatum
(7.7%). Less common were Alternaria alternata (6.3%), Paecilo-
myces sp. (6.3%), Aspergillus flavus (6.0%), Chrysosporium sp.
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Table I. Number of psychrophilic bacteria in air in the Lubelskie Voivodeship
Tabela I. Liczba bakterii psychrofilnych w powietrzu atmosferycznym w wojewddztwie lubelskim

Lubelskie Voivodeship  Number of psychrophilic Polish standard PN-89/Z-04111/02 statistical significance
Wojewddztwo lubelskie  bacteria (CFU/1m?®) (CFU /1m3)
znamiennosc
Liczba bakterii psychrofilnych  Polska norma PN-89/Z-04111/02 statystyczna
(jtk/1m3) (jtk/1m?3)
2739 1000 p<0.005

Table 1l. Number of mesophilic bacteria in air in the Lubelskie Voivodeship
Tabela ll. Liczba bakterii mezofilnych w powietrzu atmosferycznym w wojewddztwie lubelskim

Lubelskie Voivodeship ~ Number of mesophilic Polish standard PN-89/7-04111/02 statistical significance
Wojewoddztwo lubelskie  bacteria (CFU /1m?) (CFU /1m3) znamiennosé

Liczba bakterii mezofilnych Polska norma PN-89/7-04111/02 statystyczna

(jtk/1m?3) (jtk/1m?3)

2493 1000 p<0.05

Table Ill. Liczba grzybow plesniowych w powietrzu atmosferycznym w wojewddztwie lubelskim
Tabela Ill. Number of mould fungi in air in the Lubelskie Voivodeship

Lubelskie Voivodeship ~ Number of mould fungi Polish standard PN-89/7-04111/02 statistical significance
Wojewoddztwo lubelskie  (CFU /1m?) (CFU /1m3)
Liczba grzybéw plesniowych  Polska norma PN-89/2-04111/02 znamienno$c¢
(jtk/1m3) (jtk/Tm3) statystyczna
3840 5000 p<0.05

B Alternaria alternata

W Aspergillus flavus

| Aspergillus niger

B Chrysosporium sp

B Mucor mucedo

H Paecilomycessp.

H Penicillium chrysogenum

M Penicillium viridicatum

1 Rhizopus nigricans

H Rhodotorula mucilaginosa

Fig. 1. Percentage of mould and yeast-like fungi isolated from air samples collected in the Lubelskie Voivodeship
Ryc. 1. Udziat procentowy grzybow plesniowych oraz drozdzakdw wyizolowanych z probek powietrza w wojewddztwie lubelskim
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(4.9%) and Mucor mucedo (1.5%). The least commonly oc-
curring fungus was Rhizopus nigricans (0.2%). The results are
presented in fig. 1.

Concentration of PM10 in air in the Lubelskie Voivodeship in

years 2015-2016

In 2015, in the Lubelskie Voivodeship, we observed higher
annual and 24-hour concentration of PM10 in air compared to
year 2016; however, the difference was statistically insignificant
(tab. IV).

Linear regression
There was a relation observed in the Pomeranian Voivo-
deship between the number of new cases of TIDM and the

number of psychrophilic bacteria (B= 2.86; p<0.05), mesophi-
lic bacteria (B = 2.824; p<0.05) and mould fungi (=2.923;
p<0.001). Moreover, the analysis of linear regression revealed
a relation between the number of new T1DM cases and mean
annual concentration of PM10 for the year 2016 (p<0.001).
However, there was no relation observed between the number
of new cases of T1IDM and the mean annual concentration of
PM10 in air in the Lubelskie Voivodeship in 2015 (tab. V).

Discussion

In the face of the increasing number of new cases of type 1
diabetes mellitus in younger and younger children, researchers

Table IV. Mean annual and 24-hour concentration of PM10 in air in the Lubelskie Voivodeship in the years 2015-2016
Tabela IV. Srednie roczne oraz 24h stezenie pyfow PM 10 w powietrzu atmosferycznym w wojewodztwie lubelskim w latach 2015-

2016

Concentration of PM 10 ug/m3 in air in the Lubelskie Voivodeship
Stezenie pytow PM 10 ug/m?® w powietrzu atmosferycznym w woj. lubelskim

Year 2015 Annual concentration 24-hour concentration

Rok 2015 Roczne stezenie 24 godzinne stezenie
32.6 152.0

Year 2016 28.5 124.4

Rok 2016

Statistical significance ns ns

Znamienno$¢ statystyczna

Table V. Relation between the number of new T1DM cases and the number of microorganisms and mean annual PM10 concen-

tration in air — Lubelskie Voivodeship, years 2015-2016

Tabela V. Zaleznos¢ pomiedzy liczbg nowych zachorowar na T1DM a liczbg mikroorganizmdw oraz Srednim rocznym Stezeniem
pytu PM10 w badanym powietrzu w wojewdodziwie lubelskim w latach 2015-2016

Parameter B Statistical
significance

Mean annual PM10 concentration vs the number of new T1DM cases in 2015 6.083 ns

Srednie roczne stezenie pytu PM 10 a ilo$¢ nowych zachorowan na T1IDM w 2015

Mean annual PM10 concentration vs the number of new T1DM cases in 2016 11.181 <0.001

Srednie roczne stezenie pytu PM 10 a ilo$¢ nowych zachorowan na T1IDM w 2016

Psychrophilic bacteria vs the number of new cases of T1DM 2.863 <0.001

Bakterie psychrofilne a ilo$¢ nowych zachorowan na T1DM

Mesophilic bacteria vs the number of new cases of T1DM 2.824 <0.001

Bakterie mezofilne a ilos¢ nowych zachorowan na T1DM

Mould fungi vs the number of new cases of T1DM 2.923 <0.001

Grzyby plesniowe a ilo$¢ nowych zachorowan na T1DM
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are constantly looking for factors that damage the pancreatic
B-cells. In the 20" century environmental factors have been in-
vestigated also by other authors from various countries [2,7,8].
According to the literature, the problem of air pollution is most
severe in big-city areas [20-22]. Spores of mould fungi or bac-
teria suspended in air can not only be a direct cause of allergic
alveolitis and asthma, but also an etiological factor of many
other diseases, including pneumonia, bronchitis and neopla-
stic diseases [23-25]. In the current microbiological study of air
in the Lubelskie Voivodeship in the years 2015-2016 we recor-
ded a higher number of psychrophilic and mesophilic bacteria,
compared to the norm. Also, we recorded a lower concentra-
tion of yeast-like fungi compared to the Polish standard. Howe-
ver, during further analysis from air samples collected in the Lu-
belskie Voivodeship we isolated 9 types of mould fungi out of
which the most commonly isolated were Penicillium chrysoge-
num (31.7%), Aspergillus niger (20.7%), Penicillium viridicatum
(7.7%), Alternaria alternata (6.3%) and Aspergillus flavus (6.0%).
Moreover, a statistical analysis revealed a relation between the
number of mould fungi, psychrophilic and mesophilic bacteria,
and the number of new cases of T1DM in the Lubelskie Voivo-
deship in the years 2015-2016. Studies conducted so far indi-
cate that mould fungi, including Asperqillus flavus, Aspergillus
niger and Alternaria alternata, have a negative effect not only
on immunocompromised people but also hematological pa-
tients and patients diagnosed with diabetes [24-26]. Tashiro et
al. described four cases of patients who fulfilled the criteria of
chronic necrotizing pulmonary aspergillosis (CNPA) caused by
Aspergillus niger and Aspergillus fumigatus. One of the patients
with diagnosed pulmonary aspergillosis also suffered from dia-
betes. During the hospitalization the patient was not respon-
ding to the mycological treatment and died after two weeks
[26]. In other studies authors discussed the effect of PM10 on
type 1 diabetes mellitus in children [7, 8, 27]. Di Ciula et al. ana-
lysed data from the years 1990-2010 from 16 European coun-
tries and collated them with the prevalence of T1DM in children
in these countries. The researchers observed that T1DM inci-
dence increased in children with increasing air pollution with
PM10 [7]. Hathout et al. studied cases of T1DM children and
observed a relation between T1DM and the concentration of
PM, in particular in those below the age of 5 years [8]. A similar
conclusion was made by Beyerlein et al. in a study conducted
in Bavaria on 671 children with a diagnosis of type 1 diabetes.
According to the researchers, small particles of PM10, nitrogen
dioxide and most probably also PM2.5, generated by road traf-
fic can be a specific factor contributing to the development of
T1DM in children below the age of five years [27].

In the area of the Lubelskie Voivodeship the most signi-
ficant sources of emission of air pollutants include road traf-

fic, agriculture and individual heating of buildings (superficial
emission) [13]. Due to the combustion of solid fuels in low
power domestic installations not equipped with the flue gas
cleaning system, gas emission significantly contributes to the
occurrence of episodes of excessive concentrations of PM10
in air. Moreover, both in Poland and other countries, the com-
bustion of domestic waste is a major source of dioxins and
furans being released into the air [11,12,28].

In our study we showed a higher annual and 24-hour con-
centration of PM10 in air in Lubelskie Voivodeship in 2015 com-
pared to 2016. The analysis of linear regression revealed a rela-
tion between the number of new T1DM cases and mean annual
concentration of PM10 in the year 2016 but not in 2015. It is
known that the process of autoimmunization is slow and this
is why the time break between the exposure to the risk factor
and the onset of the symptoms of diabetes is so long. Despite
the fact that many studies have already been conducted in this
area, the mechanism that leads to the damage of pancreatic
islets B has not yet been fully elucidated [10,29-31]. The iden-
tification of the environmental factors that increase the risk of
type 1 diabetes mellitus will allow for better understanding of
the etiopathogenesis of this disease and a more effective pre-
vention.

Conclusions

Our preliminary results indicate that there is a relation be-
tween the number of new cases of TIDM and the number of
psychrophilic bacteria, mesophilic bacteria and mould fungi.
Moreover, the analysis of linear regression revealed a relation
between the number of new cases of TIDM and mean annual
concentration of PM10 in the Lubelskie Voivodeship in 2016,
but not in 2015. Our preliminary results confirm the not yet fully
explored relation between air pollution and the risk of type 1
DM in children and adolescents. It is necessary to carry out
further studies in other voivodeships, analysing the effect of
environmental pollution on the development of TIDM in chil-
dren and adolescents.

Acknowledgments
The study was financed by the Medical University of Gdansk, ST-02-
0108/07/780.

Conflict of interest
The author has not provided any conflict of interest.

© Copyright by PTEIDD 2017 75



Pediatr Endocrinol Diabetes Metab 2017;23,2:70-76

Michalska M., Bartoszewicz M., Waz P, Kozaczuk S., BeA-Skowronek .,
Zorena K.

10.

11.

12.

13.

14.

15.

16.

References

. World Health Organization Raport http://www.mz.gov.pl/wp-conten-

tuploads/2016/04/pl (access on 21.06.2017).

. Mysliwiec M, Balcerska A, Zorena K et al. Increasing Incidence of

Diabetes Mellitus Type 1 in Children — the role of environmental fac-
tors. Polish J of Environ Stud. 2007;16:109-112.

. Jarosz-Chobot P, Polanska J, Szadkowska A et al. Rapid increase

in the incidence of type 1 diabetes in Polish children from 1989 to
2004, and predictions for 2010 to 2025. Diabetologia. 2011;54:508-
515.

. Krischer JB Lynch KF, Lernmark A et al. Genetic and Environmental

Interactions Modlify the Risk of Diabetes-Related Autoimmunity by 6
Years of Age: The TEDDY Study. Diabetes Care. 2017;40(9):1194-
1202.

. Zhao G, Vatanen T, Droit L et al. Intestinal virome changes precede

autoimmunity in type | diabetes-susceptible children. Proc Natl
Acad Sci USA. 2017;114(30): E6166-E6175.

. Cetkovic-Cvrlje M, Thinamany S, Bruner KA. Bisphenol A (BPA) ag-

gravates multiple low-dose streptozotocin-induced Type 1 diabetes
in C57BL/6 mice. J Immunotoxicol. 2017;14(1):160-168.

. Di Ciaula A. Association between air pollutant emissions and type 1

diabetes incidence in European Countries. AIR. 2014;2(7):409-425.

. Hathout EH, Beeson WL, Nahab F et al. Role of exposure to air pol-

lutants in the development of type 1 diabetes before and after 5 yr
of age. Pediatr Diabetes. 2002;3:184-188.

. Kowalewska B, Zorena K, Szmigiero-Kawko M at al. Higher diversity

in fungal species discriminates children with type 1 diabetes mel-
litus from healthy control. Patient Prefer Adherence. 2016;10:591-
599.

Malmaqvist E, Larsson H E, Jansson | et al. Maternal exposure to air
pollution and typ 1 diabetes-accounting for genetic factors. Environ
Res. 2015;140:268-274.

Cao L, Zeng J, Liu K et al. Characterization and Cytotoxicity of
PM<0.2, PMO0.2-2.5 and PM2.5-10 around MSWI in Shanghai, Chi-
na. Int J Environ Res Public Health. 2015;12:5076-5089.
Koztowska A, Olewinska E, Kowalska-Pawlak A et al. Obecnosc¢
zanieczyszczeri mutagennych i cytotoksycznych we frakcjach PM
10i PM2,5 aerozolu atmosferycznego na terenie miasta Sosnowca.
Environmental Medicine. 2011:14:21-33.

Raport o stanie srodowiska wojewddztwa lubelskiego w roku 2015
http://www.wios.lublin.pl/srodowisko/raporty-o-stanie-srodowi-
ska/raport-o-stanie-srodowiska-woj-lubelskiego-w-2015-r/  (stan
722.06.2017).

Wojewddzki Inspektorat Ochrony Srodowiska http://www.wios.lublin.
pl/wp-content/uploads/2016/04/Wyniki-oceny-jako%C5%9Bci-
powietrza-wojew%C3%B3dztwa-lubelskiego-za-2015 (stanz 19.06.
2017).

Wojewddzki Inspektorat Ochrony Srodowiska http://www.wios.lublin.
pl/2017/04/27/roczna-ocena-powietrza-za-2016-r/ (stan z 20.06.
2017).

Kaarik A, Keller J, Kiffer E et al. Atlas of airborne fungal spores in
Europe, ed. by Siwert Nilsson Springer-Verlag, Berlin 1983.

76

© Copyright by PTEIDD 2017

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

PN-Z-041111-02:1989 Ochrona czystosci powietrza — Badania mi-
krobiologiczne liczby bakterii w powietrzu atmosferycznym (imisja)
przy pobieraniu probek metoda aspiracyjng i sedymentacyjng. War-
szawa PKN.

PN-Z-04111-03:1989 Ochrona czystosci powietrza — Badania mi-
krobiologiczne-Oznaczanie liczby grzybdw mikroskopowych w po-
wietrzu atmosferycznym (imisja) przy pobieraniu probek metoda
aspiracyjng i sedymentacyjng. Warszawa PKN.

Team RDC. R:A language and environment for statistical compu-
ting. R Foundation for Statistical Computing, Vienna, Austria 2015.
http://www.R-project.org/.

Medrela-Kuder E. Wystepowanie zarodnikow grzybow w powietrzu
atmosferycznym na terenie Krakowa z uwzglednieniem zanieczysz-
czenia pylowego. Archiwum Ochrony Srodowiska, 1999;1:63-70.
Chmiel M J, Tantryk A, Barabasz W. Stan aerosanitarny miejsco-
wosci wypoczynkowych nad Zalewem Solinskim. W: Kotarba MJ
(red.) Przemiany Srodowiska naturalnego a rozwoj zrownowazony.
TBPS Geosfera Krakow. 2008:151-161.

Michalska M, Bartoszewicz M, Cieszynska M et al. Bioaerozol jako
potencjalny czynnik zanieczyszczenie Srodowiska w rejonie troj-
migjskich plaz. Ochr Srod i Zasob Natur. 2009;41:183-188.
Wijesuriya TM, Kottahachchi J, Gunasekara TD et al. Aspergillus
species: An emerging pathogen in onychomycosis among diabe-
tics. Indian J Endocrinol Metab. 2015;19:811-816.

Kim K H, Jahan S A, Kabire E. A review on human health perspec-
tive of air pollution with respect to allergies and asthma. Environ-
ment International. 2013;59:41-52.

Lin R, Aziz M, Yoo-Bowne H. Maxillary sinus mycetoma associated
with hypersensitivity to Mucor racemosus. The Internet Journal of
Asthma, Allergy and Immunology. 2005;5:1-4.

Tashiro T, Izumikawa K, Tashiro M et al. A case series of chronic ne-
crotizing pulmonary aspergillosis and a new proposal. Jpn J Infect
Dis. 2013;66:312-316.

BeyerleinA, Krasmann M, Thiering E et al. Ambient air pollution and
early manifestation of type 1 diabetes. Epidemiology. 2015;26:31-
32.

Colombo A, Benfenati E, Mariani G et al. PCDD/Fs in ambient air in
north-east ltaly: the role of a MSWI inside an industrial area. Chemo-
sphere. 2009;77:1224-1229.

Ciccuto L, Matteucci E. Urban air pollution and type 1 diabetes : There
is still a long way to go. Austin Pancreat Disord. 2017;1(2):1006.
Krzewska A, Ben-Skowronek |. Effect of Associated Autoimmune
Diseases on Type 1 Diabetes Mellitus Incidence and Metabolic Con-
trol in Children and Adolescents. Biomed Res Int. 2016:6219730.
doi: 10.1155/2016/6219730.

Lamb MM, Miller M, Seifert JA et al. The effect of childhood cow’s
milk intake and HLA-DR genotype on risk of islet autoimmunity and
Type 1 Diabetes: The Diabetes Autoimmunity Study in the Young
(DAISY). Pediatric Diabetes. 2015;16:31-38.



