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Abstract: One of the most important air contaminants in Krakow is particulate matter (PM), especially during
winter months. Deposited PM was sampled between November 2014 and January 2015 and November 2015 and
January 2016. The PM deposition amounted to 0.0646 g/m” per day in the centre of Krakow and 0.0328 g/m” in the
northern district of the city. The allowed value of annual dust deposits (0.547 g/m” per day) was not exceeded. The
XRD and SEM-EDS analysis showed that quartz, calcite, potassium feldspar, plagioclase, kaolinite, and gypsum
were the main mineralogical components of the deposited PM. Only in a few samples were illite, dolomite, and
apatite observed. Significant concentrations were measured (ICP-MS) for Ca, Fe, Mg, Al, K, Si, Na, and Mn, and
high concentrations for Ti, Cu, Zn, As, Pb, Cr, Ti, V, Li, Sr and Ni. The highest estimated daily intakes (EDI) for
resuspended PM, were stated for ingestion exposure pathway than for dermal contact, and finally for inhalation,
both for children and adults, as well as, for carcinogenic and non-carcinogenic elements. The mean hazard quo-
tient (HQ) values for all three exposure pathways decreased in the following order: Fe > Al > Zn > Mn > Sr > Cu
>Ba>Cr>Pb>V>Ni>Li>As>Sn>Zr>Co > Cd > Be, for children and adults. The hazard index values for
all elements in each exposure pathway (HI,,,,) and for single elements in all exposure pathways (HI,,,,) were <1,
both for children and adults. The risk values from all three exposure pathways were unacceptable in the case of
Cr, both for children and adults, and in the case of As for children. The total non-carcinogenic risk (HI ) values
in all three exposure pathways for all elements were <1, however in case of children the risk value pointed to a low
risk level. The total carcinogenic risk (R,,) values in all three exposure pathways for As and Cr exceeded the ac-
ceptable level, both for children and adults.
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INTRODUCTION

Particulate matter (PM) is identified as one of the
most hazardous air pollutants nowadays in terms
of its impact on human health (WHO 2013, EEA
2014). Epidemiological studies have shown that
air contamination with PM is responsible for the
significant increase in the incidence of allergies
(Baldacci et al. 2015), respiratory (Brunekreef &
Holgate 2002, Gotschi 2008, Guarnieri & Balmes
2014, Sarrigannis et al. 2015) and cardiovascular

(Peters et al. 2001, Pope et al. 2002, Brook et al.
2004) system diseases, and increased mortality
in populations (Samet et al. 2000, Polichetti et al.
2009, Lipmann et al. 2013, Wang et al. 2014, Lee
et al. 2015, Li et al. 2015). Crucial factors are the
physical and chemical properties of PM i.e. par-
ticle size, size distribution, density, shape, hy-
drophilic or hydrophobic character (Patra et al.
2016). Dust health effects are caused not only by
the penetration of respiratory tract by PM, but
they also depend on PM concentration, as well
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as their chemical and mineralogical composi-
tion that may augment the related health prob-
lems. The size of the PM affects their penetration
and deposition (Megido et al. 2016), while chemi-
cal composition affects the clearance (Nag et al.
2005, Aleksandropoulou & Lazaridis 2013) of the
human respiratory system. Also important are
physiological factors as breathing pattern (Patra
et al. 2016). The chemical composition of PM var-
ies widely depending on emission sources, emit-
ted compounds, and chemical reactions taking
place in the atmosphere (Rashki et al. 2013, Sa-
mara et al. 2016). The presence of exceeded PM
levels in the ambient air also has a harmful im-
pact on the environment causing reduced biodi-
versity, disorders of biological integrity from the
level of individuals to ecosystems (Grantz et al.
2003), and may affect climate changes (IPCC
2007, Fuzzi et al. 2015).

Air contamination with PM is a serious envi-
ronmental and health problem for many coun-
tries i.e. China (Shao et al. 2006, Jiming et al. 2007,
Kan et al. 2012, Zhou et al. 2015), India (Beig et al.
2013, Pant et al. 2016), Saudi Arabia (Munir et al.
2016), as well as Europe (WHO 2016). According
to the most recent WHO report, Krakow occupied
no. 11 position on the list of the 50 most polluted
cities in EU (WHO 2016).

The pollution with PM under the framework
of the State Environmental Monitoring System by
the Regional Environmental Protection Inspec-
torate (WIOS) is currently measured in Krakow at
eight air-quality monitoring stations (Fig. 1). Frac-
tion PM10 is measured at all monitoring stations,
while PM2.5 fraction is measured only at follow-
ing three stations: Krasinskiego Av., Kurdwanéw
Housing Estate and Nowa Huta district. Regard-
ing inorganic compounds, chemical analysis of
PM include concentrations of arsenic (As), lead
(Pb), and cadmium (Cd), in the PM10 fraction,
measured at three air-quality monitoring stations
(Kurdwanéw Housing Estate, Wadéw Housing
Estate, and Nowa Huta district), as well as, nick-
el (Ni) in the PM10 fraction that is measured at
two air-quality monitoring stations (Kurdwanow
Housing Estate and Nowa Huta district) at the
moment (WIOS 2017).

In the current study the mineralogical and
chemical properties of the deposited particulate

matter in Krakow were presented for PM sam-
ples collected during winter months (2014-2016),
when air contamination with PM in Krakow is
highest (WIOS 2017). Based on this information
the health risk arising from resuspension of the
PM for children and adults in Krakow was esti-
mated.

MATERIALS AND METHODS

Sample collection

The deposited PM samples were collected simulta-
neously at ten locations between November 2014
and January 2015 and between November 2015
and January 2016. Eight sampling points were lo-
cated in the city of Krakow (Fig. 1), and two out-
side of the city: in Mogilany (point 9) and Wtosan
(point 10 on the map). Dust containers, with the
surface area of 0.3 m” each, were placed at the
height of ca. 2 m above the ground to avoid sec-
ondary emission from the ground. Collected de-
posited PM samples were tested for their mineral-
ogical and chemical composition.

Mineralogical analysis

Analysis was conducted in the Faculty Laborato-
ry in the Faculty of Geology, Geophysics and En-
vironmental Protection of the AGH University of
Science and Technology in Krakow, Poland. Qual-
itative mineralogical analysis of the mineral com-
position of the dust samples was conducted by the
X-ray Diffraction (XRD) and the Debye-Sherrer
powder methods. XRD patterns of all the sam-
ples were recorded with a Rigaku MiniFlex 600
X-ray diffractometer, using the following param-
eters: CuKo radiation, reflexive graphite mono-
chromator, 40 kV lamp voltage, lamp of 20 mA,
0.05 °20 step, and 1 s/step pulse counting rate.
The interplanar distance values obtained from the
X-ray diffractograms were used for the purpose of
mineral identification of the tested samples, based
on the data contained in the ICDD (Internation-
al Centre for Diffraction Data) catalogue and the
XRAYAN software.

Morphological forms and the chemical com-
position of the deposited PM were obtained, using
a Scanning Electron Microscope (SEM) with en-
ergy dispersive X-ray spectrometry SEM-EDS FEI
Quanta 250 FEG.
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Fig. 1. Deposited particulate matter (PM) at sample-collection locations: 1-10 - deposited PM sample-collection points. Sam-
pling point 1 coordinates: 50°05'50.6"N 19°57'18.9"E; Sampling point 7 coordinates: 50°03'19.2"N 19°55'10.1"E; I-X VIII - Kra-
kow district numbers; A-H - air-quality monitoring stations of the Regional Environmental Protection Inspectorate in Krakow
(WIOS) (A - Ztoty Rdg Str., B - Piastow Housing Estate, C - Nowa Huta district, D - Krasiriskiego Av., E - Dietla Str., F - Kurd-
wanow Housing Estate, G - Wadéw Housing Estate, H - Telimeny Str.)

Chemical analysis

Analysis was conducted in the Environmental
Analysis Laboratory in the Department of Envi-
ronmental Protection, Faculty of Geology, Geo-
physics and Environmental Protection of the AGH
University of Science and Technology in Krakow,
Poland. Samples of deposited PM (points 1 and
7) were mineralized (DigiPREP - SCP Science
Utilities, version 3.0) with aqua regia for 2 h in
the temperature 130°C, according to the US EPA
3050B extraction method (US EPA 1996a). Con-
centrations of the elements in extracts were deter-
mined by Inductively Coupled Plasma Mass Spec-
troscopy (ICP-MS), using a Perkin Elmer ELAN

6100 apparatus, according to the US EPA method
6020B (US EPA 1998).

Health risk assessment

Potential exposure pathways arising from resus-
pended PM episodes are: inhalation, digestion
and dermal contact. For all of the analysed ele-
ments, the non-carcenogenic risk was calculated,
together with carcinogenic risk for As and Cr. The
estimated daily intakes (EDI) in three exposure
pathways: PM inhalation (EDI,,), PM ingestion
(EDI,.) and dermal contact with PM (EDI,;,,) were
calculated using formulas (1)-(3), respectively (US
EPA 1996b, 2001, ATSDR 2005).

Geology, Geophysics and Environment, 2016, 42 (4): 429-441
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EDI, , = C x (InhR x EF x ED)/

(PEF x BW x AT) (1)
EDI;,,=Cx (IngR x EF x ED x CF)/ 2
(BW x AT)

EDI,,. = C x (SA x SL x ABS x EF x ED x CF)/ 3)

(BW x AT)

where: C - exposure point concentration (concen-
tration of the element in deposited PM, this study)
(mg/kg); InhR - inhalation rate, in this study
7.6 m’/day for children and 20 m’/day for adults
(Liu et al. 2014 vide Van den Berg 1995); IngR -
ingestion rate, in this study 200 mg/day for chil-
dren and 100 mg/day for adults (US EPA 2001); EF
- exposure frequency, in this study 180 days/year
(Fereira-Baptista & De Miguel 2005); ED - expo-
sure duration; in this study 6 years for children and
70 years for adults; PEF - particle emission factor,
in this study 1.36E+09 m’/kg (US EPA 2001); CF
- conversion factor, in this study 10™° kg/mg (US
EPA 2001); BW - body weight, 15 kg for children
and 70 kg for adults (Trojanowska & Swietlik 2016);
AT - averaging time, ED x 365 days; SA - exposed
skin area, in this study 2800 cm” for children and
5700 cm? for adults (US EPA 2001); SL — skin adher-
ence factor, in this study 0.2 mg/cm® for children
and 0.07 mg/cm” for adults (US EPA 2001); ABS -
dermal absorption factor (unitless) (US EPA 2001).

The carcinogenic risk (R) was calculated using
the formula (4) (US EPA 1989):

R = EDI x SF )

where: EDI - Estimated Daily Intake (mg/kg body
weight per day); SF - slope factor ((mg/kg body
weight per day)™).

The non-carcinogenic risk was determined us-
ing hazard quotient (HQ), calculated using the
formula (5) (US EPA 1989):

HQ = EDI/RfD (5)

where: EDI - Estimated Daily Intake (mg/kg body
weight per day); RfD - Reference Dose (mg/kg
body weight per day).

To estimate the total non-carcinogenic risk of
many pollutants at the same time, the hazard in-
dex (HI) parameter was estimated, in accordance
to equitation (6) (US EPA 1989):

HI=HQIl + HQ2 + ... + HQn (6)

where 1 — n are specified elements in the depos-
ited PM.

There is no significant risk, if the HI val-
ue is <1 for non-carcinogenic, and if the R value
is <1.00E-05 for carcinogenic exposure factors
(US EPA 2001, Rozporzgdzenie... 2016).

RESULTS AND DISCUSSION

Particulate matter deposition

Based on the performed experiments, it was calcu-
lated that PM deposition amounted to 0.0646 g/m”
per day at point 7 (the centre of Krakow) and
0.0328 g/m’ per day at point 1 (the northern dis-
trict). The allowed value of annual dust deposit
(200 g/m’ per year and 0.547g/m’ per day in Po-
land; Tomaszewska & Olszowski 2012) was not ex-
ceeded in the winter months of 2015-2016. How-
ever, it should be mentioned that the winters when
the deposited PM samples were collected were
quite mild, thus during more severe winters this
deposition should be higher. This could be caused
mainly by the higher quantities of burned coal
and other fuels, including illegal municipal waste,
for heating purposes.

Mineralogical analysis of deposited PM

Based on XRD analysis, the following mineral
phases were identified in all dust samples: quartz,
calcite, potassium feldspar, plagioclase, kaolinite,
and gypsum (Fig. 2). The presence of illite was no-
ticed in the samples collected at points 5, 8, and
10; dolomite at points 1, 4, and 10; apatite at points
2, 5, and 9; and portlandite and gismondine at
point 2. Also, hematite was observed in the sam-
ple collected at point 5.

SEM observations indicated that the analysed
PM samples contained grains of different sizes
representing various morphologies, from spheri-
cal to spherical-porous and sharp-edged (Fig. 3).
The SEM-EDS analyses identified the presence of
mainly amorphous and spherical aluminosilicate
glass (fly ash), silica (quartz), iron oxide, mica,
feldspars, and chlorides. Besides, fragments of or-
ganic matter were observed (pieces of plants, fun-
gi, and algae) (Fig. 3).
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Fig. 2. XRD patterns of the deposited particulate matter (PM): 1-10 - deposited PM sample-collection points

Chemical analysis of deposited PM

The concentration of selected elements in the de-
posited particulate matter, investigated using
ICP-MS, showed very high concentrations of Ca,
Fe, Mg, Al, K, Si, Na, and Mn (Tab. 1). Chemi-
cal results are in agreement with mineralogical
analysis indicating that the mineralogical com-
position of dust was dominated by feldspars and
aluminosilicates of K, Na, Ca, Mg, Fe, and Mn.
High Fe concentration resulted from the presence
of iron oxides and micas. The high concentrations
of Ti, Cu, and Zn, as well as As, could indicate
the dust having originated from the burning of
coal (Hulett et al. 1980, Hansen et al. 1981), while
high concentrations of Pb, Cr, Ti, and V could
indicate the source as being traffic. Also, Ti, Li,
and Sr were observed in large quantities (Tab. 1).
A similar mineralogical composition results were
obtained by Wilczynska-Michalik et al. (2015)
and Wilczynska-Michalik & Michalik (2015). The
presence of the above mentioned elements indi-
cates that the emission sources of the deposited
PM in Krakow could be: diesel engine emissions
(presence of Al, Ca, Cu, Fe, Mg, Mn, V, Zn in
the PM), gasoline emissions (Sr, Cu, Mn), brakes
(Fe, Cu, Sn, Zn), tyres (Cd, Co, Cr, Cu, Fe, Mn,
Pb), road dust (Zn, Al, K, Fe, Na, Mn), industri-
al sources including metalworking (Fe, K, Na, Pb,
7Zn) (Sanderson et al. 2014 and references herein).

The concentration of Ti in the air as claimed by
Wilczynska-Michalik et al. (2014), was not noted
in the past and current Ti sources are new building
materials and paints. Mineralogical and chemical
investigations proved that the composition of at-
mospheric dust was quite diverse. This would sug-
gest that the PM originated from various sources
of emissions (Wilczynska-Michalik & Michalik
2015). A similar chemical composition of street
dust in Polish cities was stated in the research of
Krajewska & Niesiobedzka 2009, Kiebala et al.
2015, and Trojanowska & Swietlik 2016.

Health risk assessment

It can be stated that the risk deriving from air pol-
lution with PM can pose risks for human health.
The exposure pathways, chemical and mineralogi-
cal composition of PM mentioned above, together
with its amount in the air (Patra et al. 2016) and
deposition on the ground (Fereira-Baptista & De
Miguel 2005, Liu et al. 2014, Mohmand et al. 2015),
and suspension time in the air (Raes et al. 2000,
Williams et al. 2002) undoubtedly affect the risk
value. The studies of Fuzzi et al. 2015 and Patra
etal. 2016 have shown that the inhalation of elevat-
ed concentrations of crystalline silica, mica, beryl-
lium, copper, iron, as well as, heavy metals, affects
the development of respiratory and cardiovascular
diseases, including cancer and premature death.

Geology, Geophysics and Environment, 2016, 42 (4): 429-441
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Fig. 3. SEM microphotographs of the deposited particulate matter (PM ): A) PM sample 1: 1 and 4 - organic fragments, 2 - gyp-
sum, 3 - iron oxide, 5 - pieces of iron; B) PM sample 2: 1 - pieces of aluminosilicate glass, 2 - hydrophilite, 3 - organic pieces,
4 - quartz, 5 - feldspar, 6 and 7 — weathered plagioclase; C) PM sample 2: 1 and 2 - aluminosilicate glass; D) PM sample 5:
1 and 2 - fly ash, 3 - iron oxide, 4 - plagioclase, 5 - silicate glass; E) PM sample 6: 1 - iron oxide, 2 - feldspar; F) PM sample 7:
1 - spherical carbonate form, 2 - iron oxide, 3 - fly ash, 4 and 6 - a piece of aluminosilicate glass, 5 and 7 - quartz, 8 and
9 - plagioclase
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Table 1

Concentrations of selected elements in the deposited particulate matter (PM)

PM sample - point 1 PM sample - point 7
Element concentration SD concentration SD
mg/kg d.m. mg/kg d.m.
Al 6300 199 6400 248.4
As 8.3 0.76 21 7.48
Ba 134 2.35 89 1.55
Be 0.63 0.02 0.45 0.05
Ca 19400 248 64400 596.1
Cd 1.1 0.11 1.2 0.25
Co 2.6 0.34 2.1 0.578
Cr 68 0.25 112 0.29
Cu 64 1.20 185 8.24
Fe 44700 520 36200 228
Ga 4.8 0.45 3.7 0.99
K 3620 37.5 4080 18.6
Li 19.5 0.20 22.7 0.31
Mg 8000 88.4 9070 57.0
Mn 603 9.19 644 4.79
Na 1050 11.4 1010 11.8
Ni 25.8 0.72 23.1 0.90
Pb 83 1.06 88 1.86
Rb 6.8 0.12 6.4 0.87
Si 600 4.20 1438 5.73
Sn 11 1.61 14 2.08
Sr 169 2.34 112 0.95
Ti 194 7.05 252 3.84
\% 24 0.35 36 0.22
Y 2.23 0.04 1.8 0.10
Zn 1010 10.3 10630 36.7
Zr 44 0.65 4.7 0.20

SD - standard deviation; d.m. - dry mass.

Daily intakes (EDI) estimated for resuspended
PM have shown that the highest values were ob-
served for ingestion exposure pathway than for
dermal contact, and finally for inhalation, both
for children and adults, as well as, for carcinogenic
and non-carcinogenic elements (Tab. 2). The haz-
ard quotient (HQ) values calculated for all three ex-
posure pathways were <1, which indicated the lack
of essential non-carcinogenic risk levels for partic-
ular elements (Tab. 3). The non-carcinogenic risk
decreased for children and adults, in each exposure
pathway, in the following order: Fe > Al > Zn > Mn
>Sr>Cu>Ba>Cr>Pb>V>Ni>Li>As>Sn>
Zr > Co > Cd > Be. The hazard index values calcu-
lated in each pathway for all elements (HI,, ) were
also <1 (Tab. 3), which indicated the lack of essential

health risk levels as well. The mean hazard index
values (as arithmetic mean from points 1 and 7) for
all elements in each pathway (HI, ) were as fol-
lows: in ingestion for children 3.55E-01, for adults
3.80E-02; in dermal contact for children 9.90E-04,
for adults 1.52E-04; in inhalation of resuspend-
ed PM for children 9.89E-06, for adults 5.59E-06.
Also, the hazard index values for every single ele-
ment in all three pathways (HI ) were <1, both for
children and adults (Tab. 4).

The estimated R values for As and Cr, which
were considered as carcinogenic elements, in sin-
gle exposure pathways were below the level of
1.00E-05, which indicated the lack of essential
carcinogenic risk (Tab. 3), as well as, the R values
for both carcinogenic elements.

Geology, Geophysics and Environment, 2016, 42 (4): 429-441
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Table 4

Total health risk from exposure to resuspended PM in Krakow

HI,,, (R,,,)* for three exposure pathways
Element child adult
point 1 point 7 point 1 point 7
Al 4.15E-02 4.22E-02 4.46E-03 4.53E-03
As 5.47E-05 1.38E-04 5.87E-06 1.49E-05
As,,* 8.21E-05 2.08E-04 8.81E-06 2.23E-05
Ba 8.84E-04 5.87E-04 9.48E-05 6.30E-05
Be 4.15E-06 2.97E-06 4.46E-07 3.18E-07
Cd 7.25E-06 7.91E-06 7.78E-07 8.49E-07
Co 1.71E-05 1.38E-05 1.84E-06 1.49E-06
Cr 4.48E-04 7.39E-04 4.81E-05 7.92E-05
Cr,* 2.24E-04 3.69E-04 2.41E-05 3.96E-05
Cu 4.22E-04 1.22E-03 4.53E-05 1.31E-04
Fe 2.95E-01 2.39E-01 3.16E-02 2.56E-02
Li 1.29E-04 1.50E-04 1.38E-05 1.61E-05
Mn 3.98E-03 4.25E-03 4.27E-04 4.56E-04
Ni 1.70E-04 1.52E-04 1.83E-05 1.63E-05
Pb 5.47E-04 5.80E-04 5.87E-05 6.23E-05
Sn 7.25E-05 9.23E-05 7.78E-06 9.90E-06
Sr 1.11E-03 7.39E-04 1.20E-04 7.92E-05
\% 1.58E-04 2.37E-04 1.70E-05 2.55E-05
Zn 6.66E-03 7.01E-02 7.14E-04 7.52E-03
Zr 2.90E-05 3.10E-05 3.11E-06 3.32E-06
HI, 3.51E-01 3.60E-01 3.77E-02 3.86E-02
R,.* 3.06E-04 5.77E-04 3.29E-05 6.19E-05
path - pathway; *carcinogenic risk for As_ _and Cr_,; HI_, - total risk for non-carcinogenic elements in deposited PM;

R, - total risk for carcinogenic risk in deposited PM.

The mean risk values (as arithmetic mean from
points 1 and 7) for both elements in each expo-
sure pathway (R, ) were as follows: in inges-
tion for children 4.40E-04, for adults 4.72E-05; in
dermal contact for children 1.23E-06, for adults
1.88E-07; in inhalation for children 1.23E-08, for
adults 6.49E-09. The carcinogenic risk values in all
three exposure pathways (R ), both for As and
Cr, were higher than acceptable level of 1.00E-05,
both for children and adults in case of Cr, and for
children in case of As (Tab. 4).

The total non-carcinogenic risk values in all
three exposure pathways for all elements (HI )
were <1, however in case of children the total HI
value between 1.00E-01 and 1.00E+00 (Tab. 4)
pointed the low risk level (Lemly 1996). The to-
tal carcinogenic risk values in all three exposure

pathways (R,,) for both carcinogenic elements
exceeded the acceptable level of 1.00E-05, both for
children and adults.

The health risk assessed in the study includes
only exposure to resuspended PM. We have to
bear in mind that concerning such risks, the in-
haled air exposure pathway is the first to be as-
sessed (Gruszecka-Kosowska 2016). As for the car-
cinogenic elements, only As and Cr were analysed
because there were available SF values in toxico-
logical databases. Also, not all of analysed non-car-
cinogenic elements had RfD values in toxicological
databases. Thus, the entire risk value, both carci-
nogenic and non-carcinogenic, will be higher than
those estimated in our calculation. There is a prob-
ability that these real risk values will significantly
exceed the acceptable human health risk levels.
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CONCLUSIONS

From the study the following conclusions were de-

rived:

1. Calculated in winter months 2015-2016, the
level of PM deposition amounted to 0.0646 g/m’
per day in the sampling point located in the cen-
tre of Krakow and 0.0328 g/m’ in the sampling
point located in the northern district of the
city. PM deposition did not exceed the allowed
daily dust deposit level, equal to 0.547 g/m*
per day.

2. The mineralogical analysis showed that quartz,
calcite, potassium feldspar, plagioclase, kaolin-
ite, and gypsum were the main mineralogical
components of the deposited PM. Only in few
samples illite, dolomite, and apatite were ob-
served. In case of two sampling points, port-
landite and gismondine as well as chlorite and
hematite were found.

3. Considering trace elements in the deposited
PM, very high concentrations were stated for
Ca, Fe, Mg, Al, K, Si, Na, and Mn, and high
concentrations for Ti, Cu, Zn, As, Pb, Cr, Ti, V,
Li, Sr, and Ni.

4. The highest estimated daily intakes (EDI) for
resuspended PM, were stated for the ingestion
exposure pathway than for dermal contact,
and finally for inhalation, both for children
and adults as well as for carcinogenic and non-
carcinogenic elements.

5. The mean hazard quotient (HQ) values for all
of the three exposure pathways decreased in
the following order: Fe > Al > Zn > Mn > Sr >
Cu>Ba>Cr>Pb>V>Ni>Li>As>Sn>Zr
> Co > Cd > Be, both for children and adults.

6. The hazard index values for all elements in
each exposure pathway (HI,,,) and for single
elements in all exposure pathways (HI ) were
<1, both for children and adults.

7. The carcinogenic risk values in each exposure

pathway (R, ) did not exceed the acceptable
level of 1.00E-05 for As and Cr. However, the
risk values from all three exposure pathways
(R,,i,) were unacceptable in case of Cr both for
children and adults, and in the case of As for
children.

8. The total non-carcinogenic risk (HI, ) values
in all three exposure pathways for all elements

were <1, however in case of children the risk
value pointed the low risk level.

9. The total carcinogenic risk (R,,) values in all
three exposure pathways for As and Cr exceed-
ed the acceptable level, both for children and
adults.

10. The research indicated that the mineral and
chemical composition of PM can be harmful
for Krakow’s inhabitants.
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