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Abstract
The samples of particulate matter (PM10) were collected at five sampling sites of various character situated in the Moravian-Si-
lesian Region (Czech Republic). Concentrations of heavy metals bound to particulate matter were determined by the method of 
ICP – optical emission spectroscopy. The contamination of heavy metals was expressed as the pollution load index – PLI. Human 
health risk assessment was performed by U.S. EPA method – using the hazard quotient – HQ, hazard index – HI, and excess 
lifetime cancer risk – ELCR. The pollution and resulting carcinogenic risks increase during the winter season. The potential non-
-carcinogenic risks are not significant.
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Introduction
Particulate matter (PM) represents a significant 

factor of the human environment from many points of 
view. One of these aspects is that these particles contain 
many harmful substances in their structure. These com-
ponents of PM can be associated with many negative 
effects on human health. Noxious substances bound 
on PM very often include heavy metals (Blažek et al., 
2012; Borm and Donaldson, 2012).

The toxic effects of this group of noxious chemi-
cals can be divided into two main categories – i. e. car-
cinogenic impacts and non-carcinogenic results. These 
two types of heavy metal toxic effects were studied in 
a case of heavy metals contained in PM10 collected in 
the Moravian-Silesian Region. The main reason of this 
investigation is a high degree of inhalation exposure of 
the Moravian-Silesian population to the heavy metals 
present in the structure of PM10 and its potential ad-
verse impacts on morbidity and mortality within the 
Moravian-Silesian Region (Čupr et al. 2013).

The Moravian-Silesian Region belongs among the 
zones with the highest rate of atmospheric dusty pol-
lution in the European Union. In this region, the air 
pollution is a result of a combination of many factors. 
The major part of ambient air PM10 in the Moravi-
an-Silesian Region originates from metallurgy, thermal 
power plants, heat stations using fossil fuels and from 
chemical industry. The significant part of PM10 is also 
released from the surfaces of the dumps and piles, gen-
erally from the surface of burning dumps. Another very 
significant source of total suspended particles is road 
traffic. Car transport release the primary particles and 
at the same time, it is a rich source of resuspended dust. 

Other important source of PM are local boilers. Besides 
the facts discussed above, it is necessary to mention 
also a contribution of cigarette smoke. All earlier men-
tioned sources of PM are simultaneously principal con-
tributors of heavy metal atmospheric contamination or 
pollution and this is the reason why suspended parti-
cles sampled in the Moravian-Silesian Region usually 
contain high amount of heavy metals in their structure. 
On the top of it, the dusty pollution can be aggravat-
ed due to bad meteorological conditions like windless 
weather, lack of rainfall or snowfall and western or 
south-western winds. The geographical position influ-
ences, together with atmospheric contamination, influ-
ences a predisposition to smog formation in the winter 
period with deteriorated dispersion of contaminants 
and pollutants including PM10 (Blažek et al., 2008). For 
these reasons, it is necessary to monitor and study air 
contamination and its potential health effects.

Materials and methods
The estimation of contamination and human health 

risk assessment of heavy metals bound on PM10 had 
three parts: 1. work in field – i.e. sampling procedure; 
2. laboratory work – i.e. chemical analysis; 3. assess-
ment of laboratory data – i.e. the calculation of the pol-
lution load index and health risks.

Sampling sites, ambient air particle sampling and 
sample preparation

The area of investigation – i.e. Moravian-Silesian 
Region – is situated in the east part of the Czech Re-
public. It is surrounded by mountains in the west, in the 
east and in the south. The Moravian-Silesian Region 
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has a moderate climate with predisposition to form in-
versions in the winter period of the year. As discussed 
above, the Moravian-Silesian Region is a typical in-
dustrial area with predominance of metallurgy. In the 
concerned region, one tenth of population of Czech 
Republic lives. In the area of the Moravian-Silesian 
Region, five sampling sites of different nature were 
chosen (Fig.1).

The first one – i.e. Ostrava-Radvanice – is an in-
dustrial area with very significant load of metallurgy 
as a result of its proximity to the metallurgical plant 
ArcelorMittal Ostrava, a.s. The second site – i.e. Ostra-
va-Poruba – represents a zone with a high intensity of 
traffic load; this sampling site is situated close to a road 
with traffic density of approximately 5,000 vehicles per 
day. The third sampling site – that is Hradec nad Mora-
vicí – was chosen with regard to predominance of in-
fluence of many local boilers on the ambient air quality. 
The last but one locality of interest Frýdek-Místek was 
selected because of its ambiguous character. In Frýdek-
Místek, it is necessary to count with combination  influ-
ence of transport, local burning processes and industry, 
but at the same time, none of them is dominant. The 
last sampling area – Čeladná - represents a site without 
all influences discussed earlier. This sampling point is 
situated in the vicinity of the Mountain Hotel Čelad-
enka. At each sampling site, the sampling process was 
realized during the summer and winter period of the 
year 2014 in order to distinguish the contributions of 
industry and local heating processes to negative envi-
ronmental impacts and human health risks.

For the purpose of collecting size-segregated PM – 
i.e. PM10 – in all the sampling sites mentioned above, 
the High-Volume Cascade Sampler (Diggital MD 05) 
was used. The chosen size fraction of PM was sampled 
at nitrocellulose filters. Before initial and final weigh-
ing, all sampling mediums were stabilized in a chamber 
with constant temperature and humidity. During trans-
port, the filters were wrapped in alumina foil. 

Chemical analysis
Before chemical analysis, each of the samples was 

weighed. The used nitrocellulose filters with collected 
samples were cut into fragments. The filter fragments 
were decomposed in the mixture of HCl, HNO3, HF 
and H2O2. The concentration of the selected heavy met-
als (As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sb, V, Zn) was 
measured using the method of ICP optical emission 
spectrometry.

Environmental contamination assessment
The heavy metal contamination of ambient air in 

the Moravian-Silesian Region was estimated using 
a modification of the method according to Cai at al., 
2015 and Liu at al., 2015. This method is based on cal-
culating the pollution load index (PLI). This technique 
is dependent on ambient air volume concentrations of 
heavy metals. The following system of equations was 
applied to obtain the values of PLI in the atmosphere.

CFi = ci / c0i    (1)
PLI = (CF1 x CF2 x …x CFn)

1/n  (2)

Fig. 1.  Geographical location of sampling sites in the Moravian-Silesian Region (1. Ostrava-Radvanice, Nad Obcí 2859/1; 4. Ostrava-Poruba, Opavská 
60/121; 24. Frýdek-Místek, Street K. H. Máchy; 31. Čeladná, Mountain Hotel Čeladenka; 36. Hradec nad Moravicí, Street Opavská)

Rys. 1. Lokalizacja geograficzna miejsc pobierania próbek w Regionie Morawsko-Śląskim (1. Ostrava-Radvanice, Nad Obcí 2859/1; 4. Ostrava-Poruba, 
Opavská 60/121; 24. Frýdek-Místek, Street K. H. Máchy; 31. Čeladná, Mountain Hotel Čeladenka; 36. Hradec nad Moravicí, Street Opavská)
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where CFi is a contamination factor for metal i, ci and 
c0i represent the heavy metal concentration in the am-
bient air of observed locality and in the atmosphere of 
background site. In the case of this study, the sampling 
site Čeladná was a reference background. The results 
were compared to the benchmark levels. The values of 
PLI bellow 1.0 are considered as contamination or no 
pollution, while PLI exceeding 1.0 is seen as pollution 
with three levels of intensity (PLI from 1.0 to 2.0 is 
considered as slight pollution, PLI between 2.0 and 3.0 
is scored as moderate pollution, and PLI above three 
represents a heavy pollution) (Cai et al., 2015; Liu et 
al., 2015).

Exposure assessment (respiratory pathway)
The U.S. EPA evaluation method (U.S. EPA, 2000) 

was applied to estimate the rate of human heavy met-
al exposure through the main exposure pathway – i.e. 
inhalation. The exposure assessment takes the miscel-
laneous exposure scenarios into account. In this case, 
four following scenarios of exposure to heavy metals 
were evaluated – i.e. adult resident, adult tourist, child 
resident and child tourist.

According to this method, the chronic daily intake 
of heavy metals in PM10 via the respiratory tract (CDIinh, 
[mg/kg/day]) is defined through the following equation:

CDIinh = (CA x IR x EF x ED x ET) / (BW x AT) (3)

where CA [mg/m3] is an air concentration of heavy 
metal i in locality i, IR [m3/day] is a rate of inhalation, 
EF [day/year] is an exposure frequency, ED is an ex-
posure duration [years], ET [hours/day] is an exposure 
time, BW is a body weight [kg] and AT [days] is an 
averaging time (U. S. EPA, 2014).

In the case of non-carcinogens, the chronic daily 
intake through the inhalation (CDIinh) is called the av-
erage daily exposure dose (ADDinh). For carcinogens, a 
term the lifetime average daily dose (LADDinh) is used. 
The same units as for CDIinh are used for LADDinh and 
ADDinh (Chen et al., 2016; Hu et al., 2012).

Human health risk assessment
The human health risk assessment through inhala-

tion is based on exposure estimation at all sampling 
sites. For the estimation of non-cancer risk of heavy 
metals bound in PM10, the hazard quotient (HQinh) and 
hazard index (HIinh) were used. The hazard quotient 
(HQinh) can be applied only for risk evaluation of respi-
ratory exposure to one heavy metal, while the hazard 
index (HIinh) as a sum of risks of multiple heavy metals 
reflects the negative health impacts of all heavy metals 
bound in the structure of PM10 for one sampling site 
(U.S. EPA, 1986; U.S. EPA, 2000; U.S. EPA, 1992; 
U.S. EPA, 2007; U.S. EPA, 2006; U.S. EPA, 2014).

The possibility of carcinogenesis was identified 
by means of the excess lifetime cancer risk (ELCRinh). 
The equivalent of hazard index (HI) for carcinogens is 
called the total excess lifetime cancer risk (ELCRinh,tot).
The hazard quotient (HQinh), hazard index (HIinh) and 
excess lifetime cancer risk (ELCRinh) were quantified 
by the following group of equations.

HQinh = ADDinh / RfDinh (4)

HIinh = HQ1 + HQ2 + … + HQi (5)

ELCRinh = LADDinh x CSFinh (6)

ELCRinh, tot = ELCR1 + ELCR2 + … + ELCRi (7)

where ADDinh is an average daily dose for inhalation for 
heavy metal i, RfDinh is a reference dose for heavy metal 
i through respiratory pathway, HQi is the hazard quo-
tient for heavy metal i, LADDinh is the lifetime cancer 
risk for inhalation and for heavy metal i, CSFinh is the 
cancer slope factor for heavy metal i through inhalation 
and ELCRi is the excess lifetime cancer risk for heavy 
metal i (U. S. EPA, 2014).

Results and discussion
Environmental contamination estimation

The values of pollution load index (PLI) ranged from 
6.42 to 24.80 in the winter season, and from 0.84 to 2.74 
in the summer period. After comparison with bench-
mark levels (Li et al., 2015; Tomlinson et al., 1980), it 
was found that in the Moravian–Silesian Region there 
is a heavy ambient air pollution during winter. In the 
summer period, the situation is better – i.e. no pollu-
tion (locality Hradec nad Moravicí), slight air pollution 
(Ostrava-Poruba) and moderate atmospheric pollution 
(localities Frýdek-Místek and Ostrava-Radvanice) was 
determined. The high values of the pollution load in-
dex (PLI) are probably connected with the beginning of 
the heating season and with the bad dispersion of air 
contaminants and pollutants. The highest values of PLI 
were determined in the industrial locality Ostrava-Rad-
vanice in the winter season (PLI = 24.79). The values 
of PLI detected for the locality with high density of 
traffic (Ostrava-Poruba) and for the sampling site with 
ambiguous character (Frýdek-Místek) were very similar 
during winter season (PLI = 7.18 and PLI = 7.49), while 
in summer, there was a higher variation between their 
values of PLI (PLI = 2.74 versus PLI = 1.03). High PLI 
values were also calculated in the case of Hradec nad 
Moravicí (PLI = 6.41 for the winter period).

Human health risk assessment
Substantial differences were found between the 

values of hazard index for respiratory pathway (HIinh) 
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Fig. 2. Hazard index for all sampling sites during the winter season

Rys. 2. Indeks zagrożenia dla wszystkich próbek w sezonie zimowym 

Fig. 3. Hazard index for all sampling sites during the summer season

Rys. 3. Indeks zagrożenia dla wszystkich próbek w sezonie letnim

depending on various exposure scenarios and the time 
of sampling. In the case of scenario adult, resident, the 
numbers of HIinh ranged in an interval from 4.12E-03 
(Ostrava-Radvanice, winter season) to 8.80E-05 (Če-
ladná, summer season). Approximately ten times lower 
values of HIinh were detected for exposure model adult, 
tourist. In comparison with exposure scenarios for 
adults, slightly higher numbers of HIinh were calculated 
for both exposure scenarios concerning children as a 
population category with higher sensitivity to external 
environmental noxes (Figures 2 and 3). It is also clear 
from both mentioned figures that the health risks tend 
to deteriorate during the winter period.

In comparison with the study realized in Changsha, 
China (Liu et al., 2015), the numbers of the hazard in-
dex for all sampling sites of the Moravian-Silesian Re-
gion are lower (exposure scenario adult, resident) or 
comparable (exposure scenario child, resident); higher 
HI value (2.01) was calculated only for exposure sce-
nario child, resident in locality Ostrava-Radvanice in 
the winter season. On the contrary, ultrafine size frac-
tion PM1 collected in Kanpur, India (Singh and Gupta, 
2016) were enriched in heavy metals. As it was to be 
expected, the identified HI numbers were higher than 
HI values found out for indoor dust obtained in Istanbul 
(Kurt-Karakus, 2012). More information is shown in 
Table 1.

With respect to the tested heavy metals, the highest 
risk (HQinh = 5.97E-03) was identified for lead (locality 
Ostrava-Radvanice, winter season, exposure scenar-
io child, resident). On the contrary, the lowest health 
risk (HQinh = 1.26E-07) was found for vanadium in the 
summer season, at sampling site Ostrava-Poruba, for 
exposure scenario adult, tourist.

Concerning the health risks of evaluated carcino-
genic heavy metals (As, Cd, Co, hexavalent Cr, Ni, Pb), 
some differences depending on time period and expo-
sure scenarios were also determined. These variations 
of ELCRtot,inh values were very similar as in the case 
of HI. The highest rate of potential carcinogenic risk 
(ELCRtot, inh = 3.43E-05) was calculated for the in-
dustrial area Ostrava-Radvanice (winter period, expo-
sure scenario adult, resident); the lowest danger of the 
potential carcinogenesis (ELCRtot, inh = 9.3E-08) was 
identified – a little unexpectedly – at the sampling site 
with high traffic load – i.e. in Ostrava-Poruba. From the 
point of view of monitoring heavy metals, the worst sit-
uation (ELCRinh = 1.66E-05) was identified for hexava-
lent chromium (site Ostrava-Radvanice, winter season, 
exposure scenario adult, resident); the lowest risk (EL-
CRinh = 4.8E-10) was determined for cobalt (sampling 
site Hradec nad Moravicí, summer time, exposure sce-
nario child, tourist).
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Tab. 1. Non-cancer risk characterization of various size fractions of PM
Tab. 1. Ryzyko nie rakotwórcze dla różnych frakcji PM (pyłu zawieszonego)

Conclusions
The environmental contamination estimation and 

human health risk assessment were performed for 
heavy metals present in the structure of particulate 
matter PM10. The samples of PM10 were collected by 
the High-Volume Cascade Sampler (DiggitalMD05) 
during two time periods at five sampling sites with 
various characteristics in the Moravian-Silesian Re-
gion. In all obtained samples, the heavy metal contents 
were determined by the method of ICP optical emission 
spectroscopy.

The environmental heavy metal contamination was 
assessed by the pollution load index (PLI); the human 
health risks connected with the inhalation exposure to 
heavy metals contained in PM10 were derived from cal-
culating the hazard quotient (HQinh), the hazard index 
(HIinh) and the excess lifetime cancer risk (ELCRinh). 
In the comparison with background area, the level of 

environmental contamination was enormous especially 
during winter months. The potential non-cancer risks 
are not significant. The values of ELCR were consid-
ered to be tolerable or acceptable.

The limitations of this study lie in a small number of 
samples. Moreover, it is inevitable to get a more overall 
research with a view to the other PM10 noxious compo-
nents because of their potential synergic effects onto 
human health (Reddy et al., 2012).
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