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Absirast

1. Nameand family name:

Lueyna Samek

2. Acquired honours, awards and academic degrees - including their name and
the places and years they were achieved as well as the title of the doctoral
dissariation:

Education

1. 1877+1881: High School, Liceum Ogolnoksziaicace, Myzlenice, Major in Mathermatics
-and Physics:

2. 1881+1986; university studies, Facully of Mstenal Engineering and Ceramics, AGH
Unvarsity of Sgience and Technoiogy, Krakow, Deparment - Chemistry, Specialization
— Caramic.

3. 1987+1881; doctoral studies; Faculty of Materal Engineering and Ceramics, AGH
University of Sclence and Technology.

Degrees and titles

1 1888 MSc In Chemistry, specialization: Ceramics; Facuity of Material Enginsering and
Ceramics, AGH University of Science and Technalogy, Krakow,

2. 1921 PhD in Technical Sclences. Faculty of Material Enginesring and Ceramics. AGH
University of Science and Technology, Krakow. Tilie of dogtoral dissariation: "Synthesis,
structure and properties of fluoro - zirconate glasses™ Supervisor Professar J. Wasylak

3. Information regarding up to date academic appointments:

1. Febreary 2002+presant; assistan! professor, Faculty of Physics and Applled Computer
Science. AGH University of Stience and Technology, Krakow,
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. October 2000+January 2002: post - docieral studies, Laboratory of Micro and Trace

Analyzis, University of Antwem, Belgium:

3. Septembar 1885+September 2000; assistant professor, Faculty of Nuclear Physics and
Technology, AGH University of Science and Technalogy, Krakow.

4. Golober 1982+5eptember 1995 assistant professor, Faculty of Material Engineering and
Caramics, AGH University of Science and Technology, Krakaw

5. November 1987«Sepiamber 1891 doctoral studles, Faoulty of Materlal Enginsenng and
Ceramics, AGH University of Science and Technology, Krakow,

4. Indicated accomplishments® resulting from arficle 16 act 2 from March 14th
2003 concemning academic degrees and fitles as well as degrees and litles
abtained in the arts (Dz. U. 2016 r. poz. 8682 ze zm. w Dz U, z 2016 r. poz. 1314.):

a)] the tifle of the academiciarts achisvement,
Studies of Particulate Matter and the Receptor Modelling of thelr Emission Sources

b) {author/authors. ttietitles of publications, year of publication, publisher),

1

SAMEK L., Chemical characterization of selected metals by X-ray fluorescance
method i parficulate matter collected in the area of Krakow, Poland,
Microchemicat  Journal, 2008 'wvol 682 Jas 2 5 140-144
hittpcriwwink sciencedirect comiscienced/article/pliyS0026 265X 08000228/ pdfft Pmd5=
920ddfffa5a862e322e4194 20804000 35pid=1-22. 0-S0026265X00000228-
ﬂ‘saln.pdf

IF=2.578 {ltata A cZasopism MMNISW, 2008} 20.000
My confrifiution o the creation of his work (100%) consistad in the orgamzalion
of a measurement stalion, -selechon of parameters for sampling, seasonal
colfecting of air particufate. maltar separated Into fthree grain fractions,
aptimiization  of imgasurements on an X-ray fluorescence  spectromsfer,
determination  of cofcenfralions of elements In esch fraction by X-ray
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fiuorescance. My contriiution also consisied in prepanng a review of the Iiteratiure:
and carmying cut the inferpratation of the results obtsined, wnting the article

SAMEK L., Lankosz M., Seasonal variation of the slemental composition of
particuiate matter collected in a small town near Warszawa, Poland, Nukleonika:
the Intemational Journal of Nuslear Ressarch/institute of Nuclear Chemistry and
Tachnology, Polizh Nuciear Society, National Afomic Energy Agency. 2011 vol
56 no, % 8. 5T-54,
IF=0.389 (Hsla. A CZBSOMISM MMISW, 2012y 15.000.
My contiibufion to thie work consisted of planning sampiing, perfarming elemenial
compesition analyzes by X-ray fuorescence and conducting lests: | also carmed
out interpratations of the results obtained. | prepared the text of the pubiication
and conducted a discussion with the reviewers. | estimale my. panicigation at
a0%,

SAMEK L., Source apporignment of the PM10 fraction of particulate matfer
collected in ¥rakow, Poland, Nukizonika: the Intemational Jourmal of Nuclear
Research/|nstitute of Nuclear Chemistry and Teshnology, Polish Nuclear Socisty,
National Atornic Enargy Agenacy, 2012 vol. 57 no; 4, s, 801-806. NUTECH-2011:
Propeedings of the International Conferance on Development and Applications of
Nuclear Technologies: 11-14 ‘September 2011, Krakow, Poland.
IF=0.507 (listz A Czasopism MMNISW, 2012 15.000.
My contribution ta the creation of this work (100%) consisted in the svafuation of
the usefuiness of quartz fifters for the purpose of fluoescent enalysis of air
pollutants, performing elemental analyzes of PM10 frachons collected on quartz
filtars. using statistical methods (PCA-Frincipal Compenent Anslysis and MLRA-
Multilinear Regression Analysis) to deferming the sources of air dust poliution ant
thelr percentage share mn the mass of the PM10 fraction | prepared the
manuscript of the publication and camied # throughout the enfire publishing
Orocess

SAMEK L., Fuman L, Kawik T, Welnogorska K. Application of X-ray

filigrescence method for slemental analysis of PM2.5 fraction. Nukieonika: the
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International Journal of Nuclear Researchiinstitute of Nuclear Chemistry and
Technology, Pollsk Nuclear Society, National Atomic Energy Agency, 2015 vol
80 iss. % 5. B21-826,
IF=0.546 (lista A czasoplsm MMNISW, 2015): 15.000.
My coninbution fo this wark consisted of planning sampling and slemental
composgition - anelyzesz. | made gravimelnc and elsmental analysis by X-ray
fluorescence, | interprefed (he resufls and’ prepared the manuscnpl of the
publicaiion and carried it through the enffre publishing process. | estimate my
pariicipation af WO af 0%

SAMEK L., Gdowik G.. Ogarek J., Furman L., Elemental composition and rough
source apporfionment of fine particulate matter in air In Cracow, Paoland,
Environment Protection Englneering, 2018 wol 42 no. 1, s 7183
IF=0.514 (lista A czasopism MNISW, 2016)! 15.000.
My caninbution fo this work consisted in planning sampling, performing elemental
composifion analvzes using X-ray fiuorescence and statistical analysis, | partially
did gravimetic and slemental analysis as well 38 statistical analyzes | also
conducted intarpretations of the results abiained and prepared the manuscript. |
conducted & discussion of the resulls and sent for publication | estimate my
parmccaticn al wark at 7%,

SAMEK L., Cwerall human mortality and morbldity due fo exposiure to air
pollution, International Journa! of Ocoupational Medicine and Envircnmental
Heaith, 2016 vol. 28 no, 3, 5. [1-10]. W bazie Web of Science zakres stron: 417-
‘428,

IF=0.230 (lisia A CZASOpiEm MNISW, 20186); 15.000
My ecntthution to the creation of this work (100%) consisted in planiing e
resgarch, preparation of the given coneentrations from WIOS, getting acqizainted
with the AirQ prograrn snd meking caloulations. | prepared & iifersiure review on
the impact of alr pollution on hurman heatth. | conducted & discussion of the
resuits  obfained  and wole &  maruscrpt  of  the  publfication.



7 SAMEK L. Stegowski Z., Furman L., Praliminary PM2.5 and PMI0 fracitions
source apportionment complemented by statistical accuracy determination,
Nukieonika: the intemational Joumal of Nuclear Research, Institute of Nuclear
Chemistry and Technalogy, Polilsh Nuclear Society, National Alomic Energy
Agency, 2018 val. B1 no. 1, 5. 75-83. Warsaw medical physies mesting 2014
16-17. May 2014, Warsaw, Paland.
|F=0.760 (lista A CTEEOPISM MMISW, 2018); 15.000
My contnbution fo the planning, preparaion of the gats from WIOS condibioning
program Afrd meking calculations. | prepsred s literature review on the Impact of
air poltution on human health | conductsd 8 discussion of the results cblaned
and wiote 4 manuschpt of the pubiication.

8. SAMEK L., Stegowsk Z., Furman L, Fiedor J,, Chamical content and estimatad
apurces of fine fraction of particulate matter collected In Krakow, Air Quality,
Atmosphere and Health, 2017 wol 10 iss, 1, s. 47-52. Publikacia dostepna
onfine ol 2018-05-10 tefest hitps:/igoo.gliorgJM
IF=2.862 (lista A czasopism MNISW, 2007, 25.000.
My contnbution was fo plan my research. | camied out an analysis of the
elemental compesition of the PM2.5 fraction by X-ray fluorescence. | made
calcidadions of BC voncentration in the PMZ5 fraction. | prepared the dafa for
PMF analysis. | partially did a stafisiical anslysie of the PMF | conducted a
discussion of the results oblained, prepared a manuscript of the publication and
camied it through the entire publishing process. | estimale my paricigation st
%

8, SAMEK L. Stegowski Z, Furman L., Styszke K., Szramowiat K., Fledor J,
Quantitative assessment of PM2.5 sources and their seascnal variation in
Krakow, Water, Air and Soil Poliution, 2017 vol. 228 iss. 8 art. no. 280, s-T1-11].
Publikacja dostepna online od: 2017-07-21. tekst hitpsiiigoo.gl/mWLGVG.
IF=1.7639 (lista A czasopism MNESVY, 207} 25.000.
My contribution was to plan my research, | camed out an elemental compostion
analysis by X-ray fluorescance. | made calculations of BC conceniration in BM. |

preparsd the data for statislical analysis and partially did it | prepared & revigw of
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literature. |infarpreted the obfained resulls of both alemental, lonjc and statisiizal
analysiz. | wafe an aticle | estmate my participation &t 60%

10, SAMEK L., Stegowskl 2. Styszko K., Furman L., Fiedor J.. Seasonal contribution
of -assessed sources fo submicron and fine parficulate matter In a Central
European whan ares, Envitonmentsl Poliution 241 (2018} 406-411
IF=4.358 ilista e C2ASOPEM MNIEW, 2017y 40,000,
My contnbution consisted in planning the tests (sampling, gravimeinc analysis,
slamental and fonic composiion arslysis and stslistical ressarch) | made
gravimelno analysis and efemants! composition analysis by X-ray fiuvorescence. |
madg calculaticns of 8C concentration in partioulgte matter | partislly did &
stafistical analysis of the PME- | interprefed the obfainad resulls of boff
aiemental, lonic and stalistical analysis. | wrote an aricle. ! eslimate my
participation st 60%

¢) deserbing scientific’ant sim the above mentioned papers and obtained results
togethar with desenbing their applications,

The seres of 10 publications presented above Include the works written by me. In
order to create them by myself, | planned the course of the research, made the
gravimetnc analyzes, elementsl composition analyzes by X-ray flucrescence method
and statistical analyzes Participation of Ihe oo-authors was limited fo the
implementation of specific tasks Intisted by my ideas. Siatements about the scope of
work carried out within the framework of a specific pubiication have been obtained from
all co-authors and can be found in Annex No, 6

Introduction

Air particulate matter (APM) is a mixture of solid and liquid particles suspented In the
air [1, 21 This definition of APM s used by the World Health Organization and the
European Environment Agency. The size of particulate matter grains ranges from'a few
nanometers to about 100 micrometres, Consldering the size of the particulate matier
greins, we can divide them into fine (fine) and coarse (coarse) The fing fraciion
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coniains grains with a diameter of nol more than 2.5 pm, while the coarse fraction
contains grains with a diameter of more than 2.5 pm and not more than 10 ym. These
fractions differ in ¢chemical composition, physical properliez and emission sources. The
current division of air particulate matter includes TSP (Total Suspended Particulata) and
PM10, PM2.5 PM1 and PMD.1 fractions These are granulometric: fractions of PM
{Particulate Matter) containing parficles with aerodynamic diameter (255 than or equal to
10 wm, 2.5 pm, 1 pmeand 01 pm, respectively. TSP is the total air pariculate matter
Divisian into grain fractions depends on their Impact on human health. Larger particles
are retained in the nasopharyngeal cavity and excrsted. The PM10 fraction enters the
trachea and bronchl {(upper respiratory tractl, the PMZ.5 fraction tavels t©o the
pulmonary alveoli (lower respiratory tracts). whereas the PM1 fraction reaches the
alvaoli and the blood. Emission sources are also linkad lo the size of the grains. Natural
and anthropogenic sources of air particulate matter can be distinguished. Both natural
and anthropogenic sources can be primary and secondary. From primary sources, the
pollution is emitted directly into the stmosphere, white secondary pollutants are created
in chemical reactions taking place In the atmosphere, The natura! primary scurces of air
poliution include valzanic eruptions, forest fires, sea salt and mineral dust {from the soil}
Primary anthropogenic sources molude Industrial dust (including energy, mining and
canstruction). Natural secondary contaminants inciude sulphates from blogenic pases,
sulphates  from volcanic 50 organic volalile compounds. nitrates from NO.
Anthropoganic. secondary sources nclude SOy sulphates, blomass buming, nitrates
fram NG, and anthropogenic organic volatiie compounds.

The chemica! composition of air parlleulate matter 5 also very important The air
parficulate matter is composed of elemental and organic carbon, sulphate, nitrate,
ammaonlum, phosphate; chionde, potassium, calcium, magnesium and various organic
compounds. Among the elements present in the environment there are main, miner and
race elements [3] Concenirations of main elements in the envirenment rangs from
several o several dozen percent These Include elements such as: carbon (T
hydrogen (H), nitrogen (N} and oxygen (Q), The concentration of sub-slements n the
environmen! does nol exceed several percent Sub-slements include: caleium (Ca},
chlorine (G1), petassium (K), magnesium (Mg}, sodium (Na), phosphorue {(F)- and suffur
(8} Trace elements pccur in-the environment in concentrations balow 0.1%. About 40

trace elements are present in the atmospheric air: silver (Ag). aluminum {(Al), arsenic
A "
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(As), gold {(Au), bar (Ba), bromine (Br}, cadmium (Cd), carum (Ce) . coball (Ca),
chromium (Cr), cesiwm (Cs). copper (Cu), europium (Eu), iron (Fel, gallium (Ga),
hafnlum  (Hf), mercury (Hg), indium (In} . lanthanum (La), manganese (Mn),
mtybdanum (Mo}, nickel (Ni), lead (Pb), palladium (Pd), platinum (P1), rubidium {Rb},
rhodium (Rh), -antimony (Sb) |, scandium (Sc), selenium (Se2), silicen {(Si), samarium
{Sm). tin {&n), strontium (Sr), fantaium (Ta), therium (Th), fitanlum {T7), tal [T} , uranium
(U}, vanadium (V), tungsten (W), ytimum (Y). zing (Zn), zirconlur (Zr}. Silicon 5 ramly
treated as a trace element Elements such as NI, Cd, As and aspecially Pb have =
negafive effect on human health Peammissible concentralions of thess slements are
included in EU directives and national regulations {4, 5, 8], The concentrations of these
elements in the PM10 fraction are delermined by the Voldvedship Inspectorates for
Emvironmental Protection. The analysis of the composition of other elements is not
routinely carried out. Groups: of mTﬂﬁh'sia in the world (including Poland) conduct such
research [7-14, 1B1-I1B10]. The resuits of these analyres are used, |nter alla;, for the
receptor medeaiing of pollutant emission sources [15-20, |1B3-1B5, 1B7-1B10) and for th&
characterization of parfioulate matter for further research aimed at human heafth [21-
23]

The dentification of scurces of air pollution-and the estimation of their contribution in
the mass of PM can be conducied using various recepior methods based on Immissian
measufements [18, 28-31]. Chemical components in these methods are identiliers of
particular saurces of pallution. The PCA (Principal Companent Analysis) method was
first used by Thurson and Spengler to estimate sources of pollution in Boston [32, 33]
Interasting examples of PCA applications In environmental sciences can be found in the
following fiterature [34, 35] These analyzes Include the application of Factor Analysis,
which 1= used fo study the correlation belween the concenirations of slemeants at the
sampling point (st the receptur) [18, 381 In the PCA method, the slements are listed
and, 8s a consequencs, probable sources are identified. The main disadvantage of PCA
I the fact that it can lead {o negative values of the contribution of factars., Howavar,
PCA remaine widely used in studies idantifying sources of pollution [17, 37, a8, 349]
Another receptor method used to determine the sources iz PMF (Positive Matrix
Faciorization) [40, 411 In this method, the contnbution of factors can only take zero or
posiive valtes In my case, | use EPA PMF which uses the method developed by
Faatero and Tapper and modified by Paatero and Hopke [42, 431 in this program. the
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concentration of chemical components and the uncedainty of thelr detarmination are
used to determine the contribution of factore [44, 45]. The receptor methods are based
on the chemical composition of the collected APM st the site of immission. Individual
chamical companents are the idenfifiers of pollution sources. In Paland, these methods
are not widely dissemmnated, According to my findings, the PMF analyzes made by me
ara among the first or even the first such studies in Poland

The aim of my research was:

Determination of concentrations of elemetits by X-ray fluorescence method in fine
and cearse fractions and fraction with grain diameter of over 10 um of air particulate
matter with an attampt to indicate their arigin in the urbanized (Krakow) and suburban
[Swierk) areas.

Determination of element concentrations by X-ray fluorescence method and jon
concantrations in the PM10, PM2.5 and PM1 fractions collected in the urbanized area
{Krakow)

Modeling with PCA, MLRA and PMF receptor methods, which allowsd to determine
probabie sourcas of alr pollutlon and their contribution to the PM10, PM2.5 and PM1
fractions coliectad In the urbanized area (Krakow),

Achieving the above-mentioned goais is a significant contnbulion to research into air
pollution and identification of the emisszion sources. This is imporant in works aimed al
reducing the level of pollution.

Fublications [IB3-810] were created during the implementafion of regional projects
TC (Technical Cooperation] of the International Atomic Energy Agency located in
Vienna. | was the initiator of the above-mentioned projects. In 2009, | started the
implementation of & project in which 9 sclenfific Institufions and universities together
with the Envirenmenta! Protection Agencias frem 9 Eurdpean counfries degided to
participate. | organized a working meeting in Krakow and became the feader of this
intarnationai project. More and more in the awarensss of ajr quality Institutions, the view
is emerging thal these |ssues should be considered a= global phenomena, not local
ones, As | mentioned, in the first eyele of projects refated to air pollution paricipated
8 couniries - (sgieniific institutions, environmental protection apencies. universities).

Interesting results led to the continuation of research, which resultad In the second
ia Fin
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adifion of projects concerning air quaiity research. The number of parlicipanis increased
o 16. We implemented the next fwo-year cycle of the program and In the current oycle
{2018-2018) periicipate already 20 European and Asian countries. in this project | fulfil
the roie of coordinalor and project |eader, The implementation of projecls involves
cooperation of the participating units. Each research canter performs works related to
the implementation of the preject al home, and then werkshops are arganized at which
the oblained ressarch results are presenied and discussed. Initially, we organized
summer and winter PM 10 sampling campaigns, we analyzed the elemental compaosition
of these samples by analytical methods available lo the research unit These wers
primarily nuclear and X-ray fluorescence methods. The PM10 fracton was collected in
rural and urban areas (for comparison). Meteoralogical pamamelers were also
moniiorad, The resuits of eleméanial composition analysis, together with meteorological
data formed the basis for the use of recepter modeling methods o idenlify sources and
estimate thair contribution, Accerding to my findings, the PMF analyzes made by me are
emong the first or 2ven the first such studies in Poland. Research conducted as pan of
cur reglonal projects was also umigue for Central Europa, Southem Europe and selected
Asian countries. The research siraiegy consisted in developing activities aimed at
optimal use of the workshop and research focle as well as the development of a
methadology understandable and accepted by (ndividual units. The high quality of the
research results oblained by us was Influenced by the comparative tests organized as
part of the projects. They were camied out in the Tield of sampling. elemental
compasition snaiysis and finally estimation of pollution sourcas by PMF receptor
modeling. From 2014, dally PM2.5 samples are collecied throughout the year (evary
third day) by research units in 16 countries, The alemental composition of the PM2.5
{fraction |5 determined by analytical methods available by participants. The next stags of
projects involves the use of the PMF receptor method to identify sources of pollution.
During the implementation of projects, frainings in the fiald of chemical analyzes and
receptor modeling as well a5 air mass. transport are organized: Experts are Invited to
cooperate with the Join Research Center (JRC-European Commission), A manuscripl
has now basn written covering research conductad by all project participants (16
European and Astan couniries) and was sent for publication in the journal Environment
Internafional. During the implementafion of projects at the Faoulty of Physics and
Applied Computer Science, AGH Univarsity of Science and Technology, many mastar's
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and engineering theses were created. | was the supervisor of the above-mantioned
works The resaarch was caplured and noticed by the medical community.

The general description of own research

The presented cycle of publications Implements the objectives listed before. A detailed
desaription of my own research s provided in the next part of abstract, Below |s a general
desoription of the research.

The concentrations of elements depend on the place of sampling and on the day of
collection related {o tha season of the calendar year. For samples collacted In Krakow &t the
AGH, | observed higher concentrations of K, Ca, Mn, Fe, Cr, Cu, Zn, Br and Pb in
comparison to samples taken in Swierk near Warsaw. Samples were collected Using the
same equipment It should be noted that the samples came from similar pesods (20072008
Krakow, 200B-2008 Swierk)

For both locafiona Ga, Mn; Fe appearad in higher concentrations in fractions with grain
sizes above 10 pm. For Swierk samples, high corzlation coefficients betwaen
concentrations of these siements were observed, which wauld Indicate 3 common origin.
The source of these elaements may be dust carried away from the soll. For Krakow, the
origin.of dugt can also be associated with the stee| Industry. Mowever, in the fine fraction, Br
and Pb accurred with high correlation coefficlents. These elements may indicate the arigin
of road transport and / ar municipal emissions.

The following  obssrvations were made for  the  PMID fraction
In the winter period conoentrations of PM10 fractions collected &t the AGH University of
Scignca and Techrology in Krakow were more than twice as high as in summer (2010,
2011,-2012)

The copcentrations of alemeants in the PM10 fraction: collected in Krakow {at the AGH., in
Krowodrza, in Nowa Huta) are below the limit values given by the Ministry of the
Environmenlt 8]

For sampias:of the PM10 fraction collected at the AGH in Krakow, concentrations of the
following elements K, Ti, Mn, Fe, Cu, Zn were jower in winter in 2012 compared to the
wantey af 2011.

For samples of PM10 fractions collecied at the AGH in Krakow, concentrations of the
following elements: Ci, Ca, Zn, Br, Sr, Pb wara higher in winter 2012 than in the summer of
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2010. Cancentrations K, TI, Mn, Fe, Cu wera highet in summer comparad to winter for the
same sampies

The following cheervations were made for the PMZ2.5 fraction.

PM25 fraction concentrafions collegiad at the AGH Unlvarsity of Science and
Technology in Krakow did not change significantly in 2091, 2013 and 2018, both for summer
and winter. In winter more than fwice as high concentrations of PM2.S fraction were
ohsanied than In summer.

Higher concentrations of the following slements in the PM2.5 fraction were obaerved In
the above mentioned sampies C|, K, Zn, Br, Pb in winier compared io the summer.
Goncentrations of Ca and Mn were comparable in stmmer and winter. However, Cu and Fe
concentrations in the PM2 .5 fraction were higher in the summer

The following observations were made far the PM1 fraction.

PM1 fraction concentrations collected at the AGH University of Science and Technoiogy
in Krakow were higher in winter than in the summer of 20168-2017. Highar concantrations of
the following elements Cl, K, Fe. Cu, Zn, Br, Ph were ochsenved in winter comparsd 1o
summer. The Ca concenlration for these samplas was higher in the summer.

The concantrations of the majorty of the elements studied are higher in the PM10
fraction compared to their concentrations in the PM2.5 fraction.

The concantrations of the majonty of slements n the PM2.5 fraction are higher than in
the PM1 fraction. Thiz indicates the pressnce of mest elements in larger grains.

The PCA and MLRA receptor method used o identify PM1D fraction sources of air
pollution indicated two factors (Krowodrza, Nowa Huta) and three factors (AGH, Krakow)
respectively, Each factor was assigned two or more probable sources of pollution, assisted
by slemants as |dentifiers of individual pollution sources

The PCA and MLRA methods were usad for samples of PM10 fractions collected at
AGH, Tha calculations wena performed both in STATISTICA and MATLAB. The MATLAB
program additionally Uses procedures (o determine the uncertainty of factor contribution. For
both of the above calculations, simliar categories of sources were obtalned. in MATLAB, the
categones for the first factor were poorly separated (three likely sources were assigned io
them),

For the PM2.5 fraction collected at the AGH In'2011-2012, 2012-2013, PCA and MLRA
analyzes were performed, and the PMF analyzes for samples collected in 2018-2017. In the

Initial period, fhree factors were separated, and In Z016-2017 four. Several sources have
" i
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been assigned o one factor. The research resulis complement each other. On the basis of
statistical analyzes of PCA MLRA and PMF, similar categorias of sources and simitar values
of thelr contribution to the PM2.5 fraction were obtained. |tis worth noting that in 2018-2017,
in addition to the elemants the concentrations of [ons in the samples weara determined; This
helped in the separation of another factor associated with secondary aerosols.

Farallgl o the PM2.5 fraction, resulls for the ramely measured PM1 fraction were
obtalned The oonoentrations of elements, wns along with the PMF modeling were
performed. The same number of factors as for the PM2.5 fraction was obtained. The shares
of sources are now different. The largest share in the PM1 fraction are secondary aerosols
{sulphates and nitrates), less transport and the smallest combustion processes - compared
to the PM2.5 fraction.

For the PM2.5 fraclion oollected at the urban background stalion in the years 2014-2015,
8 factors were oblained by the PMF madeling method on the basis of elemental composition
analyzes, Complementing the snalysis with ion composition, the best parameiers were
obtained for six tastors: Each factor was assipned one source category: In this way, the.
confnbution of the following sources was determined: combustion processes. secondary
aerosols (sulphates, nilrates), biemass combustion, industry, traffic and unidentified.

The Alrd program (Issued by the WHO) was effectively used to estimate the health
effects of exposure of peeple Tiving in Krakow on-air poflution

The detailed description of own ressarch
The elemental analysis of particulate matfsr

| carried oul research work on airbome paricilate matter mainly in Krakow, The work
[1B1] comtains the results of research camed out in Krakow in 2007-2008. Samples were
coliected seasonally every day for a week in each season. Alr dust samples were separalad
into grain fractiona. with grain sizes below 2.5 pm (fine fraction), between 2.5 = 10 ym
(coarse) and the third fraction with grain sizes above 10 um. Ressaroh carried out with
a division info grain fractions was one of the first in Poland. In air pollutants, the separation
into-grain fractions is important. Small dusts most often attack the human respiratory system
(they reach the lower paris of the respiratory system and blood) and can cause many
disgases (80 asthma, respiratory fract cancer)-and can also affect the condition of historic
bulidings. The coarse fraction enters the upper respiratory tracl (trachea) and |s removed
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from it. The elemental composition of air particuiste matter in each grain fraction was
determined by ¥-ray fluorescence. Al the same time. | delermined the concentrations of the
following elements found in APM: K, Ca, Ti, Ni, Cr. Mn, Fe. Cu, Br, Pb and As. European
regulations: and natlonal regulations adapted to them give limit values of the concantrations
of elements in particulate matter with particle sizes up to 10 pm due to human health, The
¥-ray fliorescence method allows simultanecus detarminafion of concentrations of many
elements. Determining the correlation dependence between concentrations of slements in
dust pollution and metecrolegical paremeters allows for a8 broader interpretation of the
results obtained, related fo the possiblliies of their transporl and origin. The applied
analytical method allows o determine the concentrations of elements in individual grain
fractions. During the winter of 2007, high levels of elements In air particufale matier
appeared (low wind speed at the time meant that the dust persisted in the air for a long
time). In May 2007 the wind speed was high. the city was clearly air-conditioned and low
concentrations of elemenis were observed. There was a slrong comelation betwesn
concentrations of Ca, Mn, Fe, which would indicate that they could have come from the
same source: There were also cormelations between Pb and Br concantrations, which weuld

also indicate a commaon source.
| alao conducted similar studies in the towns of Swierk and Ctwock as part of the AGH
project with the |nstitute of Nuclear Chamiistry and Technology and published the results in
[IB2]. In the years 2008-2009 in Swierk, | collected samples of air pollitants seasonally
They included three grain fractions: fine (with a grain diameter of not more than 2.5 pm)
‘coarse (with a grain diameter between 2.5 and 10 pm) and the third fraction with a grain size
above 10 pm. Samples were colliected dally for one week in four seasons of the calendar
year, High concentrations of fine fractions were observed in February 2008 and April 2008.
Ca, Fe and Mn concentrations showed the same trend and ocourred mainly in the large
arain size fraction. High concentrations of ihese elements occurred mainly during the days
when the wind was blowing from the souih-east al a speed of 2m / = The calculated
correlations between the concentrations of these elements- indicated 2 high correlation
coefficient in the range of 0.8-09. High comslation coefficlents may Indicate 3 comman
source of angin. These elements are parl of the mineral part (soil) of air pollutants and can
also be part of soll and / or altbome dust The other analyzed elements did not show any
porrslation, High potassium leveis were observed in the winter In the three fractions
oollected. Patassium is an Indicator of blomass buming, which would indicate the fact that
15 ;
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biomass is burned in furnaces used to heat homes during the winter season. High
concentration of copper was observed in February 2003 in the coarse fraction, whils in the
remaining seascns copper was evenly distributed |In all fractions. Zinc showsd similar
concantrations In all fractions during all seasens. Highear concantrations of lead and bromine
were abservaed In fine and ooarse fraction,

The identification of emission sources of particulate matter by PCA (Principal
Component Analysis) and MLRA ([Muitllinear Regression Analysis); and
determination of their contribution to PM mass

Subsequent works [IB3, |B4, IBS, 1B7] Included. sampling of PM 10 and PM2.5 fractions
using the reference method at the AGH University of Science and Technology in Krakow,
determination of air parficulate maller conceniration and analysis of thelr elemental
composition by X-ray fluorescence. In [IB3]. the samples originated fram the districts. of
Krakow Krowodrza and Nowa Huta. Statistical methods of PCA and MLRA [FCA-Principal
Component Analysis and MLRA-Multilinear Regression Analysis) were used 10 identify
pollution sources and estimate their contribution to-air pollution, In [1B3] | presented the
results of research carried out in Krakow in the winler of 2010, Samples of air pollutants:
of the PM10 fraction were collected every day for a month in Nowa Hula and Krowodrza
simultansously, by the Voivodship Inspeciorate of Environmental Protection (WIOS)
in Krakow. By X-ray fuorescence method | marked slemental compesition of PM10
samples. Mexl to the resuits of the eiemental composition analysis. | used statistical
methads 10 idenfify pollution sources and estimate their contribution. The elemenis wera
indicatars of individual sources of air poliution. The concentrations of the analyzed elements
were particulary high in Nowa Huta, but thelr values did not exceed the limit values given by
the Minisiry of the Epvirenment [6], The concentrations of Ti, Cu, Br and Pb for both
Iocations had comparable values. The concentratlons of K, Ca and Zn weare twice as mgh
for Mowa Huta, Ur concentrations. Mn three times. and for Fe up o four times hrghéf
concentration values were observed for Nowa Huta. On the basis of statistical analysis,
| recelved two factors dentifying sources for hoth locations. One characterized by the
slamants: Pb, Br, Zn, Cu, As identifies the source relaled to combustion processes (coal,
fuels) and road transporl. The indleators of the second faclor werse the elements: Ca. K, Fe.

This factor e probably related to the Industry and woed burning. Using the MLRA method,
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I determined the contribution of Individua! sources In eir poliution. For Mowa Huta,
the average monthly share of the factor related to industry and wood bumning was 28.5%:
combustion of coal and fuels, and transport of 53.1%, while the coniribution of the
unidentified factor was 18:3% (secondary serosols). For Krowodrza, the avarage monthly
contribulion of the factor related to Industry and wood burning was 48:1%; combustion of
coal and fuels, and transport 50.1%, whersas the share of the unidentified factor was only
3.5% (secondary aercsols). In the days when the outdoor temperature decreased, the
contribution of the factor associated with the coal combustion processes Incressed,
reaching even the value of 85%.

Fapers [IB4, IBS] contain the: resulls of slemental composition analysis of the PM2.5
fraction collected at the AGH University of Stience and Technology in Krakow (n 2011, 2012
and 2013 Additionally, the paper [IBS] presenis a stalistical method for the analysis
of pollution sources. Samples were coliected in two summer and winter seasons. Average
concentrations of PM25 fractions during winter are 3-4 times higher than during
the summer (50-75a / m? in winter-and 18pg / m* in summer). Average K concentrations
were much higher in winter than In summer (733 ng / m® and 171 ng /' m® In 2017 and 2012
angd 1666 ng / m In winter and 123 ng / m?* in summer 2013). The probable K source can be
-associated with wood and biomass bumning processes. Br and Pb concantrations are about
3 times- higher i winter than in summer (30-38 ng / m?® in winter and 1315 ng [ mp
insummer for Pb and 8 - 21 ng / m? in winter and 4-8 ng / m? in summer for Br). These
alamenis may come from the combustion of fuels. In'2011 and 2012 and 2013, the average
concentrations of all analyzed elements are miuch higher in winter than In summer,
The exception s Fe and Cu in 2013, when | observed higher concentrations of thess
elements In the summer of 2013, Inleresting was one of the observations namely, during
the inflow of air masses from the north-west direction on February 10, 2011 high
concentrations of Zn, Br and Pb were observed. About 50 km north-west of Krakow a lead-
zinc-lead indusiry is located. Based on the obiained concentrations of elements in two
seasons, winter 2011 and summer 2012, | used the statistical methods of PCA and MLRA to
Identify the sources of pollution and determine thelr shares in Ihe mass of the PM2.5
fraction. These were preliminary studies invoiving a small amount of data and therefore
the obtained results of the receptor method used are an estimation rather than a tharough
analysis. | recelved two factors In both seasons |n Winter, the following efements wers
indicators: for one factor: K, Ca; Fe, Cu, Zn and Sr, to which | assigned the following
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sources. municipal emission a8 well a8 steel and cament industry. For the second factar,
the dentifiers were: Br and Pb. For this factor, the transport (communication source) can
be assigned as the emission source. In confrast, in the summer the indicators of the first
factor were the following elemenis: Zn, 8r and Pb and | attributed to it transpor
as the source of smission (communication source), The sacond factor in the summer was
refated to the slements Ca, Mn, Fe and Sr, which talk about the cament and steel industry,
| determined, by the MLRA mesthod, the average contribution of sources In the tofat PM2.5
mass In winter and summer. The contribution of the communication soures in the winter
period was 37 8%, and in the summer - 53%, in the PM2.5 fraction, Municigal emissions
and winter industry accounted for 48.2%, and municipal emissions in the summer were not
identified while the ndustry share was 18%. In tha second half of February, air lemperatures
were well below 0°C, the contribution of municipal emissions and industry was significant
from 88 lo B4%. During the days with higher afr temperature, the share of these sources
was significantly lower (from 2 to 44%) In winter, the share of unidentified sources was
13%. and in summer - 28%, These sources may include, but are not limited to, secondary
aerosnls (sulphates, nitrates. organic carbon)

In [IB7T] | usad statistical methods of PCA, FA ang MLR 1o identify and estimate the
contribution of souices In the PM10 and PM2.5 fractions. The samples of PM10 and PM2.5
fractions were coliected at the AGH University of Science and Technology in Krakow
seasonally in the years 2010 to 2013. |- carried out an elemeantal composition analysis using
the X-ray fluorescence method. | observed the chiorine In winter, In the summer the
concentration of this element was below the limit of detection Chlorine can come from
sprinkling roads and pavements with salt and | or municipal emissions. For potassium, the
winter / siimmer concentration ratic was 0.76-1,5 for the PM10 fraction, ©n the ather hand,
for the PMZ.5 fraction it changed in the range of 9.2-13.5. Potential sources of potassium
could be: municipal emission, sombustion processes and bhiomass buming. Calowm
concentrations for the PM10 fraction were comparable in winter and summer. During winter
the calcium corcentration was twice as high as in summer 2010 and winter 2011, For
PM2.5 fractions, Ca concenirations were comparable In winter and summaer, while in 2013
winter | summer velues were 3.0. Titanium | obiserved only in the PM10 fraction. The
concentration of Mn was higher In PM13 than PM2.5. The concentration of Iron tn PM10
inthe summer of 2010 was comparable with the winter of 2011, In conirasl In the winter

af 2012 the concentraticn of Fe was twice as low as in previous years. The coneentration of
15



Fe in the PM235 fraction in the summer was twice B85 high az In the winler, The
concentraficn of Cu in the PM2:5 frachon in winter was five times lower than in the summaer:
In-addition, the Cu concentration was higher in the PM10 fraclion cormpared to the PM2.5
fraction. The concentration of zinc in both fractions was higher in winter than in summer.
In PM10, the winter f summer value was 5.2 and 7.8 ot Br_ In the PM2.5 fraction, bromine
concentrationa ware comparable in winter and summer. A similar frend' was observed for
b, After applying statistical methods: | received thres factors for both factions. The
variance for the first factor wes 8E6% for the second 29.7% and the third faclor had
wvanances of 1:2% Tor the PM10 fraction. Characterisiic elements for the first factor wem- K,
Mn, Fe, Cu and Pb. These elements showed high comelation coefficients, Basad on these
slements. | identified threa sources, combustion processes (municipal emission, biomass.
combuston (K. Fe)), stesl industry (Fe, Mn), Cu presence may indicate a source related lo.
the wWear of brake psds. Potassium can be assigned to municipal emissions and biomass:
burning. The contribution of factor one was In the range of 60-B0%. For the sscond factar,
the indicators were Ca, Crand Sr. They can be assigned to the cement and metallurgical
industry as well as soll dust. The share of the second factor was 3% al the beginning of the
research, and then 15% in 2012, The third factor was Zn and Ph. | have assigned it to zinc-
lead plants located near Krakow, These glements can also be assigned fo transport, The
share of this factor was 3-20%. The trajectorias have shown that on the days when we have
a large share of this factor. the masses of air wers flowing from the north-west, where the
lead zinc piants are located. Good separation of sources of polliticin was not obtained (in
one factor there are three sources), bul the positive result of the siatistical analyzes was
determination of uncartainties. The zero factor is responsible for secondary aerasols and s
share is4-18% In ihe PM10 fraction. Statistical analyzes for the PM2.5 fraction were alsa
mdicated by three factors. The first factor characterized by Ca, Fe, Cu and Sr can be
altributed 1o hio sources - industry (steel, cement) and transport The second factar
identified the following slements K. Rb Zn and Pb; it may be associated with combustion
and road transport, The third factor (Mn, Fe, Br, Zn and Pb) can identify the soufce
associated with road dust, The zero factor indicates unidentified sources. The cantribution of
this source 8 1-4% In winter and 2-8% in summer. The share of the first indlcator factor for
Industry and transport was 70-80%. (75.1% - winter, 80% summer). The contribution of the
second factor was 10-30% in winter and 5-20% In summer (on average 20.5% winter,
12.1% summer). The share of the third factor was 2-7% In summer and 1-5% in winter, My
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other PMZ.5 fraciion studies presentad in [IB5] show resuits from wintar 2011 and sUmmer
2012 In winter, the factor responsible for municipal emisslons and industry was
characterized by slaments K, Ca, Fe, Zn, Sr and fis average contribltion was 48.1% . The
contribution of the second factor responsible for fransport (Br, Ph) was 37.8% and the
unigentified source was 13%. In the: summer, tranzsport (Gu, Br, Ph) indicated a share of
33%, Industry (Ca, Mn, Fa, Sr) - 18%, and Unidentified sources at 29%.

The Identification of emission sources of particulate matter by PMF (Positive Matrix
Factorization) and determination of their contribution to PM mass

in subsequant papers [IB8] and [IBY], | present the results of research Including a more
‘advanced receptor method PMF-{Positive Matrix Factorization) for detemmination of sources.
Reszarch covers a much longer sampling peried. Daily PM2.5 dust samples were collected
throughout the year 2014-2015, every third day at the Krakow wban background station, A
total of 184 sampies of the PMZ:5 fraction were collected and analyzed. In work [1B8]
slemenial composition analyzes (Cl, K, Ca, Ti, ¥, Cr. Ma, Fe, NI, Cu, Zn, Br, Rb. 5r. Pb) and
coal (Black Carbon) were made, and on this basis probable sources of pollution Using the
PMF method were estimated However. In [IB9] the analyzes of PM2.5 fractions were
extended lo lon analyzes (Na *, K *, Ca =, NH: * cations and NOy, S0, POy —, CF
aniong]. This study also used the PMF method for analyzing sources of pollution. The
concentration of FM2.5 fraction Is more than four times higher in winter than In summer and
twice in-autumn and spring. Only in summer, the concentraion of PM2.5 fraction is below
the limit value of 25 pg /| m®. Concentrations of such elements as: CI, K, Br. Pb, Cu and Zn
showed high seasonal varlabilty. High concentrations of €l and K were ohserved in the
winter. These alements can come from the combustion of coal and biomass. Depending an
the season, the Tu/ Zn concentration ratio was in the range of 0.009-0.16. The value of 0.3
shows that Cu and Zn are a transport (communication) indicators [461 The Cu/ Pb ratio
was (143 In spring and §.46-in autumn. In summer, 089 and vety low in winter, 0.28. The
ratio of these elements’ concenirations to transport (communication) is 2.3-3.0 48] Such
resulls indicate that thete is also another source of lead, especially in winter. The Ph / Br
value was 1.64-1.85 and remained stabie throughout all seazons. Ca and Ti indicated fiah
opncentrations in the spring. probably due fo the significant amount of sonstruction work
emiiing dust The indicators of the steal Industry are Fe, Mn, while the transport - Cu, Zn
angd Pb [48], Kabata Pendias reports that the indicator of non-stesl metallurgical industry
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may be Cu, Zn, Pb, As Cr, Ni, Co [3]. Oil bumn indicators aceording to Kabaty Pandias are
Ba; o, NI V, Crand Mn [3]. Yu and co-authors give K as an indicator of biomass burning
[11]. The confirmation of this information s the work of Viana and co-authors [18]. The
resuits of receptor modaling of pollution sources together with their contribution fo the
PMZ5 fraction are shown in Figure 1. The PMF method yielded B factors and one source
was assignad to each faclor. Table 1 glves factors with assigned sourcez and their
mntrlbuﬂnﬁ to the PMZ. 5 fraction, in the previous work [IB7]. the resulls obtained in the
years 2012-2013 of PCA and MLRA analyzes for the PM2.5 fraction. showsed that in the
winter the share of municipal amisslons and industry is 49.2%. and road transport is 37.8%.
In this work [IB8] covernng the years 2014-2015, the contnbution of road transport for the
PM2.5 fraction in winter is similar and amounts o 35.5%, while the municipal emission |s
25% and the steel Industry 3 4%, the metallurgical industry - not steel 18% (total municipal
emissitns and Industry - 45.4%). In the summer penod, in the previous work [IB7), the share
of road transport for the PM2.5 fraction was 53% (40-80%) while in this work for the PM2.5
fraction this share is 62.9%. The share of the Industry was 18% for the PM2.5 fraction in the
work [IB7], and in IB8] 20.3%. The results indicate 3 jarge convergence of results abtained
using both receptor mathods {(PCA and MLRA: PMF}. It s worth noting that the PMF mathod
I§ & mare somprehensive method and contains resulte covering the whale year, while [IB7]
containg resuits covaring monthly periods of PM2 5 sampling (@ month in summer, 8 month
in winter). High seasonality was observed for the factor 6 associated with the combustion
processes of ooal and biomass, Indicating & large contribution in winter. The contribution of
road transport has remained stable throughout the year.
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Tabie 1. The factors with assessed sources and indicatars together with contribution 1o
PM2.5 fraction in Krakow in 2014-2045,

Facior nﬁssesaad Indicators | The source contribution (%)
numbar EOUIcE
Spring | Summer | Autumn | Winter
1 Steel Mn, Fe. |13 1,7 7 33
industry Zn. B,
Ph
2 Traffic Ni. BC, |82 249 3.5 15.7
(diesel) BS
E) Tratfic cr, Cu 337 35 38 17.8
(gasoling) 8r, BC,
B85
4 Dust Cu 4 32 2.2 2.3
resuspension
) Construction Ca, TI.|108 13 8.5 10
wark, soll Cr.  Mn,
Fe, Mi
# Combustlon | CI, K 5 03, D.g 248
of coal,
-blomass
7 Metallurgical | Zn,  Br, | 157 11 18 18
Industry (Mo | Pb
steed)
] Nai 11,2 5 88 2.4
identified
-BOUFCESs
|
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In [IB8], | published the resulls of extended 1asts on the analysis of jon cancentrations
and re-applied the PMF method to madeling pollution sources. The average annual resufts
of concantrations of elemenls and |ons were gompared with data from other European
and Asian cities. The mest simllar concantrations of elements and jons In Krakow are those
obtainad for Mitan. The exception |s chlorine, whose concentration in Krakow Is-5 times
higher than in Milan and half as much as in Beijing. Ammanium jons have comparable
concentratione in Krakow and Midan. However. nitrate (ons have higher concentrations in
Mitan, and sulphate long In Milan. In werk [188], the. most optimal solution from PMF analysis
showed & factors. For the first factor, the Indicators were: CF, NOx, Zn, Br, Pb, Cu,
The following sources have been assigned to i combustion of coal (CF) {32, 42), waste (Cu.
Mn, Pb, Zn, Cl, Bry 17, 47] as well as emissions from cars (NOs, Cu, Zn, Pb) [10]. The
second factor was assigned o the secondary source of nifrates (NH. =, K *, Na *, NG+
Jeang together with co-authers gave NHq *, NOx. CI as the identifiers-of secondary nitrate
aerosols [27]. Ammaonium nitrate 1s formed from NGO, emitted from trarsport, biomass
burning and industry (28] Nitrates combine with ammonia, potassium and sodium. The third
facior (S04, NH« 7} was identified as seconpdary sulfates. It Is created from the agricultural
engin of NHs * and S0z derived from the combustion of coal, blomass and natural gas used
for indusinial and domestic purposes. Secondary aseosels can be considered as regional
pollution, compounds fransported over long distances or anthropogenic origin. The fourth
factor identified by K =, Cu, Ph, Fe is related to the combustion of biomass. Manousakas
together with co-authors gives blomass identifiers as K, BC [30] and Almeida together with
eo-authars enly i as an index of biomass burning [37]. The fifth factor {Cr, Fe, POy -, Caz,
Na 7} was identified as industry / soll dust Viana together with co-authors give indicators Al /
St/ Ca/l Fe, Ti, Sr, Mg as soll dust (urban dust, stree! dust) [18]. Cr and Fe come from
industry, especially steel or non-steel metallurgy present in Krakow. Road transport |s the
sixth source identified. The main indicators are: BC, T, Sr, Cu, Zn, Mn. Viana topether with
co-authors gives C, Fe. Ba, Zn, Cu. Cr, M as markers of road transport [18} Cr, Cu, Zn are
mecognized as toad transport indicators [30) Figure 2 presents a comparison of fhe
deiermined and modelsd concentration valuss of PM2.5 fraction. In contrasi, Figure 3
shows the contribution of individual sources in the PM2.6 fraction for each month in 2014-
201550 Krakow. The results Indlcate that In the winter months the dominant sources are
combusbon processes and secondary aerosals. In January, combustion processes of 27.2

pg / m* have a largs contribution; secondary nitrates-11.4 pg / m® and secondary sulphates
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=105 pg / m7. In the summer, secondary aerosols aiso contribute to the presence of gases
produced by car-engines. In August, the share of secondary sulphates was 2.7 pg / m?
(iLe. 27% of PM2.5) and secondary nitrates were 1.4 ug ( m? (that i 14% of PM2.5). The
high proportion of sulphates in the winter indicates the increasing consumption of solid fueis
used to heal homes during the stagnant winter condltions. Similar results were received by
Jeong and co-authors in Edmonton [27] Biomass combustion is used to heat homes and in
combined heat and power plants Tha share of this source in August is 1.4 pg / m® and In
January 10 pug / m?. The source assoclated with road transport remains stable and amounts
to 1.6-4 g / m?. However, dust from the sqil and industry come to 0.5-1.2 ug 7 m?. Similar
agbservations were mate by the authcrs of the works [11. 28 27). I we compare the
contribution of individual sources in different clties, we can see the similarity of results for
Krakow and Milan. Both cities are located in the lowlands with emerging misfs, surrounded
by mountains thal crazie a natural bamer that protects against the main air clrewlations,
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Fig. 2 The average monthiy measured and modeled by PMF concantration of PMZ 5
fraction in Krakow in 2014-2016.
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Flg 3 The contribution of the sources modeled by PMF in PN2.5 fraction in Krakow
2014-2015.

The highest seasonal varafion was demonstrated by combustion processes (from 0.17
o 27 pg ! m7). In winter, the contribufion of this spurce o the PM2.5 fraction in Krakow was
4(0, Biomass combustion and secandary serosais also showed high seasonal variability {in
summaer, 10 fimes smaller share than in winter), In the winter season, the contribution of
these four sources lo the PM2.5 fraction was in the B8-96% range, and in the summer 60%
Soll dust, industry and road traneport did not show any significant seasonal variation

In the next paper [IB10] | presented the ssasonal varabllity of concentrations of PM1
and PM2.5 as well as thar chemical composition along with estimaled sources of alr
pollution. Samples PM1 and PM2 5 were collstted from July 2016 1o February 2017 at the
AGH In Rrakow. | deterrmined concenirations of 16 slements, & jons and BC for sach
sample. Using concentrations. | used PMF receptor modeling to determine the sources of
pollutant emissions. The concentrations of PM1 and PM2Z.5 wera the highest in the winter
and wers respectively 17.3 pg / m? and 80 pg (-m® for the PM1 and PM2.5 fractions. For the
PM2.5 fraction a similar value was abtainsd in the previous work [IB8] of 57 pg f m? in 2014
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for the urban background stabion, In summer, concentrations of PM1 and PMZ2.5 fractions:
amounted to 5.9 ug [/ m” and 12 pg { m?: In the work [IB9] for the PM2.5 fraction in summer,
a concantration of 12,7 ug / m* was oblained. For Zabrze, Rogula-Koziowska together with
co-authors [13] recelved for PM2.5 18.44 pg | m? In'summer and 66 85 pg /' m? in wintar in
2008. Rogule-Kozlowska and Kisjnowsk| [14] published for the PM1 fraction in Zahrze the
value of 1666 pg / m? in summer and 8017 ug / m? in the winter of 2009, in this study,
much lower concentrations.of the PM1 fraction were observed, The fraction of PM1 fraction:
In the PM2.5 fraction was B0% In summer and 30% in wintar. In my subsequant studies, this
share was 80-70% In spring 2015 and 2018 [11AZ5]. The concentration of PM1 fraction
ingreased stightly n the winter whersas the concentration of PMZ 5 fraction increased
significantly in the winter. High sessonal variability of PM &= characterisiic for Poland and
other Central European countries where energy production is based on bumming fossii fusis,
mainly coal. Flg. 4 shows the concentrations of selected elements and lons in the two
fractions FM1 and PM2.5.
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Fig4. The average seasonal concentrations of some elements and ions in PM1 and
FMZ.5 In 2016-2017

The pota=sium content in the PM1 / PM2.5 fractions s about 38-48%. This indicates
that potassium s present in 8 larger amount in the PMZ.5 fraction. This element I8 an
indicator of blormass burning. The Gl in winter concentration was 0.81 pg / m* and 3.28 pg/
m+ in the PM1 and PM2 5 fractions, respectively. In summer, the conceniration of chiorine
lons is very low. The value of PM1 / PM2.5 for CF in winter is 30%. which indicates that this
lon sccumulates mainly in the PMZ.5 fraction. Chloride can come from domestic fumaces
({buming coals and rubbish) and [ or sprinkiing sidewslks and streeis fn winter. The NOy
eoncentration In winter was 1.32' pg / m® and 4 5 pg / m? for the PM1 and PM2.5 fractions,
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respectively. In the summer the concentrations wers much lower .19 ug / m?® and 0.44 ug /
m? for the PM1 and PM2.5 fractions, respectively. The PM1 | PMZ.5 value for NG was
similar to that for chlorine, Similar rends were observed for $0s and NH4 * ions, The
ooncentrations of sulphate ions were In winter 2.0 ug | m*and 5.8 pg / m® for the PM1 and
P25 fractions, respectively. In summer, 0.87 pg /! m® and 212 pg ! m? in the PM1 and
PM2.5 fractions, respectivaly. The share of SO PM1 / PM2.5 was 40%. However, the
share of ammonium tons was 3% in winter and 40% In summer (PM1 / PMZ2.5). The Fe
concentration was |n winter 0.05 pg / m¥and 0.22 pg / m? for the PM1 and PM2.5 fractionz,
raspeciively. In the summer, 0.02 pg/ m*and 0,12 pg / m” in the respective PM1 and PM2.5
fractions. The PM1 content in PM2.5 for Fe was 20%, which provas that iron is mainly
present In the PMZ2.5 fraction. Another trend was obsepved for Ca: The summer
concentration was highar than In the winter. The concentration was: in the summer of
0.05 pg / m* and 0.14 pg / m* and in winter 0.03 ug { m? and 0.08 pig / m? for the PM1 and
PM2.5 fractions, respectively. The proportion of PM1 in PM2.5 for Ca was 34% In summer
and 51% in winter, Caleium fs an element originating mainly from the soil. The concentration
of BC in the summer was 1.15 pg / m# 1.29 pg / m? for the PM1 and PM2.5 fractions; in
winter, 1.85 pg / m*and 3.25 pg / m? for the same fractions. The share of PM1 in. PM2.5 for
8C was 90% |n the summer and §0% In winter, This would indicate that BC is mainly in the
sub-micron fraction.

PMF receptor modeling was used ta obtain comman sources of both fractions. Table 2
shows the contributions of individual saurces,



Tabla 2. The contributions of particuiar sources to PM1 and PM2.5 fracfions in Krakow
in 2016-2017.

PM1 (Ui’
The source indicatars Surmmar Autumn ‘Wintar
Coslandbiomass | Cl. S0« NOs, 048 | 14 a8
ST BC, Br. P Cu, Zn (3% (174 (2T
Secondary B0 NHA", 34 a1 11
mamEle NOv 8. Cu, (15%) (A7) (B3%)
Fa, 81
i Traffic, soll Cu, Zn, Br, Pb, 14 17 1S
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PME.5 g
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Fe Cu
Traffic, 501, Cu, Zn, BC, Ph, 47 7.0 7.6
ey NG+, Ca. Fe. & (3755 (7% (12%)
Nokideniified | - 41 43
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The first factor was assigned o the emizsion source associaied with the combustion
pracessas. The indices were Gl NOs. 80« Br, Pb, Cu, Zn, BC for the PM2.5 fraction. For
the PM1 fraction. 504~ was not pressnt as an identifier. Similar identifiers were found in the
pravious work [IBS] for the PM2.5 fraction. In the PAM1 fraction CI correlates with Zn, Br;
Pbi In the PM2.5 fracfion, S04~ strongly correlates with Br, CI- NOs and Cl comelates with
Zn, Br, Fb. The sscond factor was ldentified as secondary aerosois (sulphates and nitrates).
The main identifiers were: S04~ NHa *, NOs--and BC, Ca, Fe, Br. In this work, sulphaies
and nitrates appeared as a comman source {one factor), in the previous work [IB2], for the
PMZ.5 fraction, were separated It is worth noting that in [IB9) resulis from the urban
background- station were included. NHe * comelates with CF, NCsy, S04~ Br for both
mvesiigated fractions. The third factor includes fhree likely sources of emissions. road dust
for which lhe dentifiers were NOy, BC, 8r, Pb, Cu. Zn; Industry for which the identifisrs
were, Fe, Ca, Zn, Pb and soll dust with |dentifiers such ag Ca and Fe. Pb corelates with
BC, K. Cu, Br, Rb for both factions. Zn correlates with Fe, Cl- for both fractions. BC
correiates with G, Zn, NO3-. Cu for toth fractions:
The seasonal contribution of the identified sources o the mass of the PM1 fraction was
different from the PMZ.5 fraction due to the diverse ongin and time of lifting of both fractions.
In the summer, combustion processes had a very small contribution. in the autumn they
were growing and in winter they reach the highest value of 4.8 pg / m’ for the PM1 fraction,
which was 27% of itz mass and 31 pg [ m* for the PMZ2.5 fraction, which accountad for
53% of fls mass, This source is assoclated with the combustion of low-guality coals (5001,
suffur compounds; chiorine, sificon, trace slements), waste (municipal, rebber, plastics} In
poorly sfficlent old domestic kilns and the combustion of blomass. The concentration of
secondary aerosals in the PM1 fraction was 3.4 pg / m? In summer, 3.1 yg / m? in sutumn
and 11 pg / m? in winter. Their contribution to PM1 fraction in winter was the largest 63%
fater in summer 48% and In aulumn 37%. For the PM2.5 fractions, the concentration of
secondary aerosols was 7.1 ug / m? In summer, 8.5 pg / m? in-autumn-and 17 ga | m# in
winter; The contribution of secondary aercsals In the PMZ5 fraction was 58% In the
summer, 28% in autumn and 27% In winter. Higher contribution values of secondary
aerosols in PMZ5 fraction in the summer indicate more Intensive changes of gaseous:
precursers insummer than in winter. For the PM1 fraction, the same trend was observed for
Zabrze and Biminghan. In the summer, for the PMZ2.5 fraction, the contribution of
‘sacondary seroscls amounted to 23.3% for Zabrze [13, 14], 39.3% for Halsinki, and 41.4%
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for Athens [48] Simllariy, in winter in Zabrze 15.9% [13.14], Duisburg 39.5%, Frague 34%,
Amsterdam 39% [48]. The annual average for Zurich was 45% [48] and Barcelona 30% [50],
The obtained results indicats a smaller contribution of secondary aerosols in Krakow than in
other European cities. These asrosols are denved from the processing of S0y and NO, S04
I oxidized to 505 or liquid 504 jons, and then neulmlized to (NH) 2504 or NHaHSO. In
contrast, NO, [e photochemically oxidized to HNG; followed by NH:NOs. The valus of the
ratic of the equivatent concentration (NH4 / 504~ + NOy) Is equal to 1.08 in summer and
1.74 in winter for the PM1 fraction. This means that the amount of NHs is sufficient to
neutralize H:504 and HNOs. For the PM2:5 fracfion, the ratio is 081 in summer and 1.48 in
winter. This means that suiphates and niirates are fully neutralized in winter by ammaonia:
Howevar, in summer the conditions are not canducive fo the formation of NHsNO; In the alr.
Other compounds in summer may be Tormed such as NaNGs or Ca (NO4a) 2. In the summer
for the PM2.5 fraction the valus of NHs /' S04 - was 0.71 and in winter - 2,45, Insummer, the
suiphates are only partially neutralized in the PM2.5 fraction. Al low NH: concentrations, the
neutralization of sulfuric acd by ammaonia e favored over the formation of ammonium
nifrate, There is a reaclion of ammonia with nitric acid. Another factor describing the three
sources showed a similar concentration in all seasons. The concentration in the PM1
fraction was 1.4 pg { m? In the summer, 1.7 pg /m? in the autumn and 1.8 pg / m3 in the
winter. On the ofher hand. in the PM2.5 fraction the concentration was 4,7 pg / m® in the
summer, 7.8 pa / m? in the autumn and 7.0 ug / m? in the winter, The percentages are 37%
in the summer, 27% in autumn and 12% in winter in the PM2.5 fraction. The PM1 [ PM2.5
ratio for the source associated with the combustion processes was 18% in all the seascns
lested. For the third factor, this value was 20-20%. In contrast, for secondary aerosols PM1 /
FM2.5 in winter was 65%, in summer 48% and In autumn 35%. In summary, by maans of
PMF maodeling. three factors were cbtained. which wera assigned appropriate sources of
polluticn. In winter, the share of combustion processes and sEchndary asrusols was 90% in
the PM1 fractlan and 81% In the PM2.5 fraction. In the summer, combusfion processes are
3-5% In both fractions. In the summer, the proportion of secondary serosals was 50% for
both fractions. Transport, industry and soil dust did not tend to change their seasonal
contribution,



The health effects of air particuiate matter

In [IE6]. | delermined through the. AirQ program (Air Quality) developed by the WHO,
the impact on human health in Krakow exposed to given poliution (based on PM10, PMZ2.5,
NG, and 50: dusi concenirafions alone). Pollution copcentrations were collecled fram
WIOS In Krakow, The studies covared the years from 2005 to 2013. The total morality dus
to the PM10 exposure n 2005 was 41 premature desths per 100,000 inhabitants and
decreased in 2013 10 30,1 premature deaths per 100,000 inhabitants. Figure 5 presenis
comparative resulls of the calculated effects of the health impact of Krakow residents
axposed to PM1D fractions.
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Fig. 5. comparative results of the calculated effects of the haalth impact of Krakow
residents exposed to PM10 fractions (additional number of cases per 100 000 inhabitants)

Most cases ware recorded in 2008 and the lowest figures in 2013, The number of cases in
2013 was twica lower than in 2008. Mortality dus to cardiovascular diseases reschad 50%
of the total monality in 2006 and 2013 However, morality due 1o respiratory diseases
reachsed the value of 10% of total mortality. Estimated morality due to cardiovascular
diseases was comparable to The number of vislls to the hospital due lo cardiovascular
dizeases, While the number of visits due to respiratory diseases was 13 limes greater than
the number of deaths due lo this. Similar caloulations have besn made for several cifies in
ltaly, where lower total mortality rates wers obtained for most cilies than for Krakow. Only
for Milan the total mortaiity rate exceeded those for Krakow [51].
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Summary

The following elements were found I air pulverized pollutants: Cl, K. Ca, Ti Cr. Mn, Fs,
Ni. Cu, Zn, Br, Bb, 5r, Az, and Pb. The concentrations of these elements were determined
by X-ray fluorescence

Companson of concentrations of elements in the FM10 fraction of pariiculate pollutants
eollected at the industrial station and residential area Indicsted differences in congentrations
of many elements. The T1, Br, Pb and Cu concentrations wera similar for both locations. The
cancentrations of K, Ca and Zn wera twice as high for Mowa Huta, Cr concentration, Mn
threa times, and for Fe up to four imes higher concentration values wers obsarved for
Nowa Huts compared to Krowodrza. The concenfrations of elements in-PM10 are high, but
dio not exceed the limits given by the Minislry of the Environment. The applied statistical
methods of PCA and MLRA suggest that the main sources of PM10 fraction of air pollutants
In IKrakow ave coal combustion processes, traffic, industry and secondary aerasols (mainly
in Nowa Hutal.

Seasonal comparison of -glemenl concentrations in the PMI10 and PM2Z.5 fractions
indicated high concenirations of Cl and K, Brand Ph in wintar.

Based on the PCA and MLRA studies in 2011 and 2012 (For PM2.5 samples from the
AGH =site) it was found that in winter the factor responsibla for municipal emissions and
industry was characterized by slements K. Ca, Fe, Zn, 5r and ite average share was 481
% The contribution of the second factar responzsible for transport (Br, Pb) was 37.8% and
the unideniified source was 13%. In the summer, transport (Cu, Br, Pb) indicated a
contribution of 53%, industry (Ca, Mn, Fe, Sr) - 18%. and unidentified sources-at 28%,

I the work including surveys carried out in 2014-2015 (for FMZ.5 samples taken at the
Urban background station) and PMF modeling. the contribuiion of road transport for the
PM2.5 fraction in winter is similar and amounts to 36.5%, while the municipal emissian is:
-25% and 3.4% for stee| industry and metallurgical industry, not steel - 18% (Total municipal
and indusirial emissions - 468 4%). In the summar for the PM2 5 fraction the conlribution of
traffic is B2.8%. The indusiry contribution was 20.3% for the FMZ2.5 fraction. The resulls
Indicate .a large convergence of resulls obtained using both receplor methods (PCA and
MLEA: PMF). It i= worih noting that the PMF method is 8 more comprehehsive method and
containg results covenng the whole yaar, while [IB7] contains. resulls covering monthly
periods of PMZ2.5 sampling {one manth in au_n‘imhr_ one month in winter). A high seasonality
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was observed for the factor & assdciated with the combustion processes of coal and
blomass. indlcating a large contribution in wintar. The contribution of road transport has
remained stable throughoul the year.

Ancther approach in the PMF method was 1o include the results of the ionic composition
analysls, The results, taking into account the lons. Indicate that in the winter months the
dominant sources are combusfion processes and secondary aercsols. In January,
combustion processes of 27.2 yg / m? have & large contribution: secondary nitrates-
11.4 g/ m* and secondary sulphates -10.5 pg / m* In the summer, secondary aeroscls
also coniribute lo Ihe presence of gases produced by car engines. In August the
contribution of secondary sulphates was 2.7 pg / m® (e, 27% of PM2.5) and sscondary
nitrates were 14 pg / m? (that is 14% of PM2.5), The high proportion of sulphates in the
winter indicates the Ingreasing consumption of solid fuels used to heat homes during the
stagnant wintsr conditions. The highest seasonal variation was demonstrated by
combuslion processes (from 0.17 to 27 pg / m¥). In winter, the contribution of this seurce in
the PM2.5 fraction In Krakow was 40%. Biomass combustion and secondary asrosols also
showed high seasonal variability (in summar, 10 times smaller shars than In wintat), in the
wintgr seasan, the share of these four sources in the PM2.5 fraction was in the 88-55%
range, and in the summer 80%. Soil dust, industry and road trensport did not show any
significant seazanal variation

Summarizing the resulis of the two PM2 5 and PM1 fractlons. in 2018-2017, thres
faciors were assigned by means of PMF modeling, which assigned |n turn the appropriate
sources of pollution. In winter, the confribution of combustion processes and secondary
aerosols was 30% In the PM1 fraction and B81% in the PMZ5 fraction. In the summer,
combustion processes are 3-8% In both fractions, In the summer, the proportion of
‘szcondary aerosols was 50% for both fractions. Transport, industry and soll dust did not
1and to change their seasonal contribution.

The categones and contnbulion of sources designated for samples coliected in 2014-
2015 and 2016-2017 are convergent. The sources of measurement uncertainties have not
been assignad to the confribution, bul they constitute 'Th_E spread of results n the
measurement period and depend on many factors, They depend, among others, on
meteoroiogical conditions: wind speed, wind diraction, humidity, ambient temperature and
gmission levels of individua! sources on a given measurement day,
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Research plans:

14,

11

Physico-chemical characteristics and receptor modeling of the PM10 fraction for twa
selected monitering stations in Krakow (traffic stafion and residential development

area).

Extending analyzes of all fractions with analysis of organic. Inorganic carbon and G-
14 isciope. Consideration of fhe listed componenis in receptor PMF modeling..
Application of mass balance modeling (Chemical Mass Balancs),
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5. Review of additional research accomplishments:

Atter eblaining the PhD fitle in 1999 | realized 3 research project run by Scientific
Research Committse, | played the role of the organizer and main participant of the project.
The research subjecl was connected with my previous activity and was called "Halide
glasses for optoslectronic and electronie”. It focused on the technology of production
of fluom - zirconate glasses maodified with nitregen, the evaluation of the influstoe of N an
the structure of fluoro - zirconale glasses and their chemical, physical and optical properiss.
The research findings which resulted from the project 'were presented in numerous
publications [ILAZ, 1A3, IIE4, 1IES, |IEB]. These research studies were innovative. It was
the first composition of halogen and nitrogen modified halogen glasses prepared in Paland.
At that tims | was a co-author of one patent [IIG1], In September 1995 | staried working at
fhe Faculty of Nuclear Physics and Technology, AGH  University of Science
and Technology. Krakow. which Influence the change of my research focus. | concentrated
on enaronmental analysis - the main research Instrument was and stll is an Ensray
Disparsive X-ray Fluorescance analyzer. | dealt with environmantal sampling preparatlan
(peat, zoil and sediments) for the purpese of elemental analysis with the use of X-ray
fiusrescence method. | performed elemental concentration analveis of environmental
materials together with optimization of working conditions for the spectrometer. This
research work was presented In publicafions [IIAS, A8, 1148, IET, IES, J[=<3]

A bilatersl Polish - Austrian coliaboration project was realized under the supervision
of Professor Barbara Holynska. The Polish and Austrian parties were represanted by AGH
Unlversity of Sclence and Technology and Vienna University respectively, Peat samples
wers collected near a highway both in Poland and in Austria and analyzed for the presence
of Pb-and Br [IIAS], Chemical speclation of heavy metals in peat was petformed. The TXRF
method was used for elemental analysis. Tha collected peat samples were divided into
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layers. For each layer elemental concantration analysis was performed with the use of X-ray
fiuoreseence method, Correlations between particular layers and time were observed.
Sections from different fayers served as indicators of deposition of various melals, both
of mineral and anthropogenic origin. This was followad by 21%Pp dating.

Later, my research concemed the dus! pollution of the air, Cluring my stay at the postdoc
Intemship at the Micro- and Traces Research Center at the University of Antwerp, Belglum,
five sclentific papers were created [I1AS, 11A10, IA11 and reports [IIF1, IIF2}. The first work
invoived the testing of the MiniPal spectrometer for the analysis of altborne dust poliutants.
Subsequent works included the resulls of the slemental analysis of air poliutants, togathar
with their wider sharacteristics collected in Antwerp in the years 2000-2002. The next stage
of my work concerned research camied out within the framework of bilateral cooparation
between Poland and Belgium in 2004-2008. AGH University of Soience and Techn ology and
the Institute of Catalysis and Surface Chemistry PAS in Krakow participated from the Polish
side and University of Antwerp from Belgium. As par of ihis cooperation, we conducted a
comprenensive study of air pollution in two selected churches: one wooden In Szalowa, the
second bricked Saint Catherine In Krakow. These churches were equipped with the same
modern system for heating the church in the winter. Namely, Infrared radiators. The woad
reactions to turning on the heating system |n the wooden church in Szalows were alsg
checked. in addition. analysis of air transport inside and oulside the churches was done.
During the. Implementation of these tasks, the following works. sppeared: [HAT2, |EA13,
I1AT4, IIA15, 1IA18, IET1]. One of the most interesting studies was the wark camied aut at
the Wawsel Royal Castle Museum In Krakow in 2008 and 2010 Winter and summer
campaigns for collecting ajr pollution samples in 2008 ware carrled out They were
subjected (o elemental analysis. With the Barner's impactor, samples were also taken to
analyze the composillon of individuat grains on an XRF transmission microscope; The arigin
of air pollutants was esfimated using statistical methods. The work was carried out In
cooperation with the -ant conservator who. based on the report prepared by us, made
recommendations for the mussum. After the medifications, the museum management asked
us to repeal the research: The summer and winter 2010 sampling campaigns wers agaln
carfled out, this time with PM10, PM25 SM1 and Bamer's Impactor. The analyzes
canfirmed that ihe modifications made to the museum contributed to the improvament of the
exhibiie’ storage conditions. The following works have been published in this regard [IIA17,

NATE, 1A18, |1A271, |IE16, HE1S, |IF3; IIF5]. Published studies in the fleid of Wawel rEgearch
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were taken into account by the Faoully of Physics and Applied Complter Sclance, AGH in
orger to apply forthe A + category with a positive resuit

During the implemantation of the project conducted by the Institute of Nuclear Chemistry
and Technigque in Warsaw within which | had to carry out research on air pollation in Oiwock
and Swider in the Mazowleckie Volvodship, the waorks [IIE13, IIE17, IIE18, IF4] were
published

The implementation of regional IAEA projects with its headquarters in Vienna resulted In
warks incitded in the habllitation achievements [IB3- |B10] and other articles [1A22, 1|A24,
HE20, NEZ21, IE24],

In addition, | use the flusrescence method o study the slemental compesition of other
matenals such as archasological glass, hematites, | have carred out and continue fo carry
out these weorks In cooperation with the Department of Archeclagy, Unlversity of Rzeszow.
Cooperation resulted |n works [IIE12, IIE14]. In the fleld of air pollution, | cooperate with the
Wroctaw University of Technology [I1A22, 11424, [IE20, [IE21) and the Department of Fuels
and Epergy, AGH University of Science and Technology [HA232, A28, IIE22, IIE23], as well
as the Jagislionian University and the Pedagogical University in Krakow | IIE25].

To sum up, during the period after oblaining PhD degree In 1921 | have complated
the following achievements: | am a co-author of one patent and an suthor or co-author of 60
reviewed publications Including 42 positions which can be found In Journal Cltation Reports
(JCR). Total impact factor is 63,367( all publications) with the number of citatlons Including
auto-citations  reaching 305, Number of citations without autc:citations 285 | have
participated in @ research projects 7 of which were lead or coordinated by me. On severs
oceasions | have bean awarded the AGH Chancellor prize for outstanding sciantific and

didacfic achievament.
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