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Abstract. This paper presents seasonal variations in the occurrence of 
chromium in urban particulate matter (PM). Radom is an interesting area 
for this type of research due to its typical antiquated heating infrastructure. 
PM samples of two particulate fractions PM2.5 (particulates ≤ 2.5 μm) and 
PM10 (particulates ≤ 10 μm) were collected using a Copley cascade 
impactor Hi-Flow MOUDI Model 130. Chromium was determined in the 
samples using the GF-AAS technique. The concentration of chromium in 
PM2.5 was in the range of 0.38 to 3.2 ng/m3, whereas in PM10 it ranged 
from 0.43 to 4.1 ng/m3.

1 Introduction
Atmospheric particulates are a dominant form of urban air pollution. They originate 

from both natural and anthropogenic sources. It is assumed that the coarse fraction (2.5 - 10
μm) is of natural origin whereas anthropogenic processes are the source of the fine fraction 
(≤ 2.5 μm). The distribution of particle sizes and chemical compositions determine the 
impact of the atmospheric aerosol on the environment. The composition of particulate 
matter is complex and heterogeneous [1, 2]. Particulate matter with particle diameters of 
below 2.5 μm is very dangerous for living organisms. It penetrates deep into the alveoli 
from where it can enter the circulatory system [2, 3]. Various toxic compounds are 
transported with the particles. Heavy metals are the group of pollutants to which particular 
attention is paid [2-4].

Heavy metals can be found primarily in the fine fraction [3-5]. They are generally 
regarded as toxic for living organisms. Several of them, e.g. Cr, Cd and Ni, are 
carcinogenic. Therefore, they are permanently monitored in the environment [3, 4]. The 
characteristic feature of heavy metals is their stability – they do not undergo 
biodegradation. They usually remain in the environment in the form in which they were 
emitted. Their bioaccumulation increases their danger to living organisms [6, 7].
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Chromium is one of the heavy metals whose presence in excessive amounts is a threat 
to the biotic component of the environment. Anthropogenic sources are responsible for 60% 
to 70% of chromium emission to the atmosphere while natural sources emit 30% to 40% 
[8]. With a share of about 42%, non-industrial combustion processes play a dominant role 
in the chromium emission in Poland. Combustion processes in industry, manufacturing 
processes and combustion processes in the energy production and transformation, 19%, 
17% and 13% respectively, are considerably less important. The share of road transport has 
been increasing steadily in recent years with about 9% in 2015 [9].

There are many publications on the occurrence and speciation of heavy metals, 
including chromium [2-7]. There has been an increasing interest in seasonal variations in 
the concentration of heavy metals in atmospheric aerosol and its probable effect on the 
estimation of inhalation hazard for city dwellers [11-18, 21, 24]. There is little interest in 
chromium in this respect, particularly in domestic literature [19-20, 22-23]. 

This work presents the results of the study of seasonal fluctuations in the occurrence of 
chromium in urban atmospheric aerosol in the city of Radom. The aim of the study was to 
diagnose main chromium emission sources and to create a basis for prediction of air 
pollution in Radom.

2 Materials and methods

2.1 Study area and sampling collection 

Radom is a medium-sized city (pop. 217,000) located in the southern part of the 
Mazowsze province. It covers an area of 111.8 km2. The city is an interesting site for this 
type of study due to its outdated heating system which is typical of Poland.

The aerosol sampling site was located on the grounds of the Faculty of Materials 
Science and Design of the University of Technology and Humanities in Radom (Fig. 1). 
Aerosol samples were collected in four successive seasons (2015/2016) using a Hi-Flow 
MOUDI Model 130 cascade impactor (Copley Scientific). Using the device it is possible to 
separate particle fractions PM10 and PM2.5. 

The particulates were deposited on cellulose filters produced by POCh. Before and after 
collection of aerosol samples the filters were weighed three times using a Mettler Toledo 
MX5 microbalance and a mean mass of the filter was determined on this basis. The rate of 
air flow through the impactor was 100 ± 2.5 L/min. Each sample was collected during 
seven days, the sampler operated for 12 hours per day – each working hour was followed 
by a one-hour break for cooling of the pump which sucked in the air. 

2.2 Analytical procedures  

A Milestone MLS 1200 Mega microwave digestion unit was used to extract chromium 
from the collected samples of atmospheric particulates. One fourth of the filter was placed 
in a Teflon vessel containing 5 mL 65% HNO3 and 1 mL 30% H2O2. The samples were 
digested under standard conditions. After digestion the solutions were filtered into 25 mL 
volumetric flasks which were then made up to the mark with deionized water. 
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Fig. 1. The location of the sampling site in the Radom city.

The determination of the chromium concentration in the digests from individual particle 
fractions of the particulates was carried out by means of a Perkin-Elmer AAS 3100 
spectrometer equipped with a graphite furnace HGF 600. Standard solution of chromium (J. 
T. Baker Inc.) with concentration of 1000 μg/mL was used to calibrate the device. LOD 
(instrumental) was found to be 0.2 µg/L of Cr or 0.3 ng/m3 as the concentration of Cr in air. 

3 Results and discussion
The concentrations of PM10, PM2.5 and chromium are given in Table 1.

Table 1. Concentrations of PM10, PM2.5 and chromium.

Sample 
number

Sampling 
time

PM10 PM2.5
PM

[μg/m3]
Cr

[ng/m3]
PM

[μg/m3]
Cr

[ng/m3]
P.1

Spring
18 1.1 14 1.0

P.2 21 1.5 17 1.4
P.3 9.7 0.78 6.3 0.66
P.4

Summer

32 0.82 25 0.64
P.5 27 2.3 22 2.2
P.6 24 1.3 17 1.1
P.7 43 2.2 33 1.8
P.8 23 1.8 19 1.4
P.9 22 1.1 17 0.75

Table 1. Concentrations of PM10, PM2.5 and chromium (continued).

Sample Sampling PM10 PM2.5
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number time PM
[μg/m3]

Cr
[ng/m3]

PM
[μg/m3]

Cr
[ng/m3]

P.10

Autumn

31 0.88 24 0.65
P.11 50 4.1 38 3.2
P.12 51 1.7 41 1.2
P.13 57 0.75 47 0.72
P.14 68 0.56 59 0.41
P.15 49 0.43 40 0.38
P.16 54 1.5 47 0.88
P.17 61 1.5 54 1.3
P.18 59 1.2 49 0.92
P.19

Winter

56 2.4 52 2.0
P.20 46 1.6 42 1.4
P.21 41 1.7 34 1.4
P.22 39 2.3 32 1.7
P.23 60 2.0 50 1.5
P.24 61 2.2 52 1.6
P.25 34 2.3 30 2.1

The concentration of PM10 ranged from 9.7 to 68 μg/m3. Its highest value was observed 
in autumn whereas the lowest one was found in spring. Distinct seasonal variations can be 
observed in the occurrence of PM10. Mean concentrations of this fraction decreased in the 
order: autumn (53.3 μg/m3) > winter (48.1 μg/m3) > summer (28.5 μg/m3) > spring (16.2 
μg/m3) (Fig. 2). The concentration of PM2.5 ranged from 6.3 to 59 μg/m3. The highest 
concentration of this fraction was found in autumn and the lowest one was observed in 
spring. The concentrations of PM2.5 also underwent seasonal changes. Its mean  
concentrations decreased in the order: autumn (44.3 μg/m3) > winter (41.7 μg/m3) > 
summer (22.2 μg/m3) > spring (12.4 μg/m3). PM2.5 concentrations were lower than the 
corresponding PM10 concentrations but the differences were not statistically valid. 

Fig. 2. Concentrations of PM2.5 and PM10 in urban air in Radom.
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Seasonality also had an effect on the content of PM2.5 in PM10. In the spring-summer 
period the ratio of PM2.5/PM10 was 76% and 78%, respectively. In the autumn-winter 
period the ratio was higher: 83% and 87%, respectively.

The determined PM10 and PM2.5 concentrations are typical of urban areas in various 
parts of the world [19-24]. Table 2 shows a comparison of the mean values obtained in this 
study with the data from other publications.

Table 2. Comparison of mean concentrations of PM10, PM2.5 and Cr in various cities in the world. 

City
(Country)

Sampling 
time

PM10 PM2.5
ReferencesPM

[μg/m3]
Cr

[ng/m3]
PM

[μg/m3]
Cr

[ng/m3]

Radom 
(Poland)

Spring 16.2 1.13 12.4 1.02

This studySummer 28.5 1.59 22.2 1.32
Autumn 53.3 1.40 44.3 1.07
Winter 48.1 2.07 41.7 1.67

Zabrze 
(Poland) Winter 42 4.98 - - [19]

Kraków 
(Poland)

Winter - - 50 7.1 [20]Summer - - 16 <LOD
Kraków
(Poland) - - 22 2.5 [22]

Zabrze 
(Poland) Winter - - 228 12-54 [23]

Vienna 
(Austria) 30.4 0.8 21.5 0.4 [24]

Oporto
(Portugal) 53.2 6.08 38.8 3.05 [21]

Lecce 
(Italy)

Warm 
season 24.8 - 15.2 -

[12]Cold 
season 34.7 - 22.5 -

Wuhan 
(China)

Winter - - 142.9 8.97

[11]Spring - - 132.7 9.04
Autumn - - 101.8 8.20
Summer - - 48.6 5.41

Changsha 
(China) Winter 170 26.5 - - [15]

Hong Kong 
(China)

Winter - - - 4.1
[18]Summer - - - 6.8

Summer 16 <LOD

The concentration of chromium in PM10 ranged from 0.43 to 4.1 ng/m3 (Table 1). Its 
highest value was found in winter while its lowest value was observed in spring. Seasonal 
changes can also be observed in the occurrence of chromium in this fraction. Its average 
concentrations decreased in the order: winter – 2.07 ng/m3, summer – 1.59 ng/m3, autumn 
1.40 ng/m3 and spring - 1.13 ng/m3 (Fig. 3).
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Fig. 3. Concentration of chromium in PM2.5 and PM10 fractions.

The concentration of chromium in PM2.5 varied in the narrow range of 0.38 to 3.2
ng/m3 (Table 1). Its highest concentration occurred in winter and the lowest in spring. In the 
case of chromium present in PM2.5 it is also possible to observe the effect of seasonality on 
its average concentration: winter – 1.67 ng/m3 > summer  – 1.32 ng/m3 > autumn – 1.07 
ng/m3 > spring – 1.02 ng/m3. It is, however, worth noting that statistically important 
differences refer only to mean chromium concentrations in the winter-spring period. The 
characteristic feature of the presence of chromium in the urban air in Radom is also a 
dominant share of the respirable fraction (76% - 90%) (Fig. 4). This is a very unfavourable 
situation for Radom inhabitants, as it increases health risk connected with inhalation 
hazard.

Fig. 4. Interdependence of concentrations of Cr-PM2.5 and Cr-PM10 fractions in urban air in Radom 
in a one-year period.  
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The concentrations of chromium in PM10 and PM2.5 are comparable to those quoted 
by other authors for urban areas [19-22, 24]. 

The obtained results of PM2.5 and PM10 concentrations confirm the opinion of 
Regional Inspectorate for Environmental Protection that the combustion processes in the 
communal and living sector are the main source of PM in Radom. 

It is probable that the observed increase in the concentration of chromium in the winter 
period results from the same cause. However, without additional analyses,  it is difficult to 
unequivocally conclude whether the main source is combustion in heating plants or burning 
of fuels in household stoves. The fact that the numbers of samples collected in each of the 
seasons varied does not facilitate drawing unequivocal conclusions. 

4 Conclusion

• The results obtained confirmed seasonal changes in chromium concentration in Radom 
urban air.

• The highest values of chromium concentrations were observed in aerosol samples 
collected in winter.

• Chromium occurring in PM2.5 equals 76% to 90% of chromium present in PM10. 

We gratefully acknowledge the financial support from the National Science Center (Poland) grant 
No. 2011/01/B/ST10/06757, which allowed us to carry out this study.
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