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Radiomonitoring of the Opole industrial district
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Abstract: The metallurgic industry is one of the main sources of environmental pollution. It emits dust, which
contains manganese oxides, iron oxides, zinc and lead oxides that could be deposited in soil. The aim of this
study was to determine the influence of the local metallurgical industry on soil contamination with metals re-
leased during processing using Pb-210 as a contamination tracer. Soil samples were collected from 19 sites located
around the Opole industrial zone, in which, for example, welding and galvanizing companies operate. In the
studies, various types of sampling sites were taken into account, such as the forests, meadows, fields and allot-
ment gardens. The activity measurements of Bi-214, Pb-214, Cs-137 and Pb-210 were performed, using a gamma
spectrometer. Applying the properties of the latter isotope, the local level of soil contamination was estimated.
The results indicated that the metallurgical industry is not a source of environmental pollution in the immediate
vicinity. The excessive lead concentrations ranged from 1 Bq/kg d.m. to 100 Bq/kg d.m. and were not strongly
correlated with the distances from the presumed source of contamination.
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INTRODUCTION

At the turn of the 1980s and 90s, in the Opole-
-Metalchem district, a great metallurgical indus-
trial center was located. Its main aim was the pro-
duction of armaments, creating jobs for several
thousand people. Nowadays, in this area, many
welding, galvanizing and tinning works take place.

Waste produced in the welding process, such
as lead, copper, zinc or nickel can enter the human
body through the food chain (Balkhyour et al.
2010, Dartey et al. 2010, Herranz et al. 2013,
Murphy 2013). As such, the waste can cause a num-
ber of health changes, such as kidney disease,
osteoporosis and cataracts (Campbell et al. 2004,
Brown et al. 2008, Yang et al. 2010). Therefore, pe-
riodic analyses of water, soil and air in this region
are necessary.

Lead, especially its isotope Pb-210, is very use-
ful in the analysis of soil contamination. This is

due to the fact that its activity in the environ-
ment consists of allogeneic (anthropogenic ori-
gin) and autogenous (natural origin) contents.
The contamination of the environment is indi-
cated by increased activity of allogenic lead (Bem
et al. 1998).

In this study the influence of the local met-
allurgical industry on soil contamination, with
metals released during processing, using Pb-210
as a contamination tracer was investigated.

MATERIALS AND METHODS

In the study, soil samples collected from 19 sites,
located in the Opole-Metalchem district were an-
alyzed. This work was an extension of research
conducted in 2013 (Godyn et al. 2013). In Figure 1
locations of the sampling sites are shown. These
sites were mostly farmland (1-4, 6, 7, 15-18), but
samples were also collected in woodlands (10),
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meadows (9, 11) and the public use areas (Fig. 1).
All places were located a short distance from the
metallurgical industry buildings. The exception is
the 19" point, located in the center of the zone.
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Fig. 1. Location of sampling points

The samples were collected from the surface
layer to a depth of up to 15 cm and a deeper layer
depth of 15-30 cm. At each point, subsamples were
collected to get total sample mass of 1 kg. The ma-
terial was dried at 105°C to constant mass, sieved
through a 2 mm diameter mesh and subjected to
gamma-spectrometry analysis.

Measurements of the activity concentrations
of Pb-210, Bi-214, Pb-213 and Cs-137 were per-
formed by means of a gamma spectrometer, with
ahigh-resolution HPGe germanium detector (Can-
berra) (1.29 keV [FWHM] at 662 keV and 1.70 keV
[FWHM] at 1332 keV; relative efficiency: 21.7%).
Energy and efficiency calibration of the gamma
spectrometer was performed with the standard
MBSS 2 type solution (Czech Metrological Insti-
tute, Prague, CZ), which covers an energy range
from 59.54 keV to 1836.06 keV. The geometry of
the calibration source was the Marinelli beaker
(447.7 £4.5 cm®), with a density 0£0.99 £ 0.01 g/cm’,
containing Am-241, Cd-109, Ce-139, Co-57, Co-60,

Cs-137, Sn-113, Sr-85, Y-88 and Hg-203. The geo-
metry of the sample container was Marinelli,
450 cm’. The measuring process and analysis of
spectra were both computer controlled by software
GENIE 2000. MDA values for analyzed isotopes,
in range of 43.5-79.0 for Pb-210, 0.38-5.47 for Cs-
137, 1.26-8.78 for Pb-214 and 1.14-8.41 for Bi-214.
Measurement uncertainty ranged from 0.17-3.84
for Cs-137, 8.4-181.0 for Pb-210, 0.17-27.8 for Bi-
214 and 0.67-14.6 for Pb-214.

RESULTS AND DISCUSSION

In the studied soil layers, activity concentrations
of selected gamma radionuclides were deter-
mined. Distribution of Cs-137 activity concentra-
tion showed the highest variability, with values
ranged from a few hundred becquerels per kilo-
gram of dry mass (Bq/kg d.m.), in forest samples,
to several becquerels per kilogram of dry mass,
in samples from farmland. Also, the maximum
activity concentration of this radionuclide in the
surface soil layer was significantly higher than in
the deeper one. Similar behavior was observed
for Pb-210, with mean activity concentration of
80 Bq/kg d.m.

For Bi-214 and Pb-214, the lowest difference in
activity was observed, where the activity concen-
trations in the both layers were in the range from
6 Bq/kg d.m. to 30 Bq/kg d.m.

In Table 1 the basic statistical parameters, i.e.
the maximum (Max), minimum (Min), median
(Median), lower quartile (Q1) and the upper quar-
tile (Q3), mean and standard deviation (SD) are
shown.

In Figures 2 and 3 relationships between activi-
ty concentrations of the radionuclides determined
in the upper and lower soil layers are shown. The
straight line in the graphs show the same radio-
nuclide activity concentrations in both soil layers.
Cs-137 activity concentration in the Opole region
comes mainly from air pollution, occurring af-
ter the explosion at the Chernobyl nuclear power
plant in 1986 (Biernacka et al. 2002, Woltkowicz et
al. 2002, Dothanczuk-Srédka et al. 2007, Korobova
etal. 2009). Analysis of the results showed, that the
content of Cs-137 in the surface soil layers is much
higher than the activity concentration in deeper
layers, which confirms the atmospheric nature of
its origin (Fig. 2A).
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Table 1
Basic statistical values of the determined radionuclides
Max Min Median Q1 Q3 Mean SD
Layer Radionuclide
[Bq/kg d.m.]
Cs-137 524 7 82 72 101 114 115
Pb-210 104 <MDA 36 19 44 36 23
0-15
Bi-214 35 7 11 10 27 17 10
Pb-214 38 7 12 10 28 18 11
Cs-137 119 7 69 40 87 64 33
Pb-210 61 <MDA 20 13 35 24 18
15-30
Bi-214 38 7 14 10 29 18 11
Pb-214 40 7 14 10 31 20 12

The Pb-210 radioisotope showed a higher activ-
ity concentration in the surface layers (Fig. 2B), but
this effect was not as evident as in the case of Cs-137.
This phenomenon is associated with two sources of
the determined lead. The first of them is human ac-
tivity, leading to atmospheric pollution which is lat-
er deposited on the surface. As a result, the surface
soil layers are enriched with the Pb-210 isotope. The
second source of Pb-210 is radioactive decay of its
parent radionuclides, derived from Ra-226, through
Bi-214 and Pb-214. These radionuclides are natu-
rally present in the soil and constitute a geological
source of lead Pb-210 in the environment.

As shown in Figure 3A and 3B, the activity
concentrations of the above-mentioned Bi-214 and
Pb-214, in contrast to Cs-137 and Pb-210, are dis-
tributed equally in the two layers of soil.
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Further analysis was based on the determina-
tion of excess lead (Pb,,) content of anthropogenic
origin. Calculations are based on the two afore-
mentioned components of Pb-210 in the environ-
ment. The allogenic component was calculated
from formulas (1) and (2):

_ Oppo14 T Aginig 1
ARa-226 = —2 (1)
Pb., = @py210 = dra-226 ()

where a — the activity concentration of analyzed
radionuclide [Bq/kg d.m.].

Activity concentration of calculated excess lead
was significantly higher in the surface soil layer
(Fig. 4).
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Fig. 2. Relationship between the activity concentrations of Cs-137 (A) and Pb-210 (B) in upper and lower soil layers
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Fig. 3. Relationship between the activity concentrations of Bi-214
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Fig. 4. Relationship between the activity concentrations of
Pbex in upper and lower soil layers

Only in the case of three sampling sites, was the
activity concentration value higher in the deeper
soil layer than that in the 0-15 cm layer. These
disorders were probably caused by agrotechnical
treatments, conducted before collecting the sam-
ples. The obtained results confirm the higher ac-
tivity concentration of Pb-210 and the atmospheric
origin of the Pb,, component.

The activity concentration of excess lead in
the surface soil layer was well correlated with the
activity concentration of Cs-137. A high Pearson
correlation coefficient (0.86) indicates the crucial
influence of local weather conditions on deposi-
tion of pollutants from the air (Fig. 5).
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Fig. 5. Relationship between the activity concentrations of
Cs-137 and Pb,, in sampling sites

Analysis of Pb-210 soil contamination in the
metallurgical industry zone surrounding Opole
was based on the relationship between the activity
concentration of excess lead reduced by the activ-
ity concentration determined in the middle of the
zone and the distance from the center of the zone.
The obtained relationship is shown in Figure 6.

The obtained correlation coefficient indicates
a lack of association between the distance from
the zone of metallurgical industry and the activity
concentration of excess of lead in the soil. It can be
supposed that the metallurgical industry in Opole
is not the source of local soil contamination with
lead compounds.
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Fig. 6. Relationship between the activity concentrations of
Pb,, and distance from center of industrial zone

CONCLUSIONS

The methodology used in soil analysis enabled us
to determine the two Pb-210 components in the
environment. Therefore, Pb-210 can be a good
tracer of deposition of atmospheric pollutants.
High correlation of excess lead with Cs-137 indi-
cates a link between soil contamination and local
weather events. In locations with elevated Pb.,
activity concentration in the surface soil layer, an
increase in the deposition of other pollutants of
atmospheric origin can be expected.

Analysis of the results led us to conclude, that
the local metallurgical industry is not a significant
source of contamination containing compounds
Pb-210.

REFERENCES

Balkhyour M.A. & Goknil M.K., 2010. Total fume and metal
concentrations during welding in selected factoried in
Jeddah, Saudi Arabia. International Journal of Environ-
mental Research and Public Health, 7, 2978-2987.

Bem E.M., Bem H. & Wieczorkowski P., 1998. Studies of ra-
dionuclide concentrations in surface soils in and around
fly ash disposal sites. Science of the Total Environment,
220, 215-222.

Biernacka M., Isajenko K. & Lipinski P., 2005. Monito-
ring stezenia "Cs w glebie w latach 2004-2006. [in:]
Informacje o wynikach dziatalnosci statutowej w 2005
roku, Centralne Laboratorium Ochrony Radiologicz-
nej, 18-19.

Brown R., Gonzales C., Hooper M., Bayat A., Fornette A,
Mcbride T., Longoria T. & Mielke H., 2008. Soil lead(Pb)
in residential transects through Lubbock, Texas: a pre-
liminary assessment. Environmental Geochemistry and
Health, 30, 541-547.

Campbell J.R., Rosier R.N., Novotny L. & Puzas J.E., 2004.
The association between environmental lead exposure
and bone density in children. Environmental Health Per-
spectives, 112, 1200-1203.

Dartey E., Adimado A.A. & Agyarko K., 2010. Evaluation
of airborne lead levels in storage battery workshops
and some welding environments in Kumasi metropolis
in Ghana. Environmental Monitoring Assessment, 164,
1-8.

Dothanczuk-Srédka A., Ziembik Z., Wactawek M. & Hys-
plerova L., 2007. Badanie aktywno$ci radiocezu na ob-
szarze transgranicznym polsko-czeskim. Proceedings of
ECOpole, 1, 1, 113-118.

Godyn P., Zielinska M., Dothaniczuk-Srodka A. & Ziembik Z.,
2013. Study of the excessive Pb-210 content in soil. Ecolog-
ical Chemistry and Engineering A, 20, 11, 1317-1325.

Herranz M., Roza S., Pérez C., Idoeta R., Nunez-Lagos R.
& Legarda F., 2010. Effective dose in the manufacturing
process of rutile covered welding electrodes. Journal of
Radiological Protection, 33, 213-226.

Korobova E.M. & Romanov S.L., 2009. A Chernobyl '¥Cs
contamination study as an example for the spatial struc-
ture of geochemical fields and modeling of the geoche-
mical field structure. Chemometrics and Intelligent La-
boratory systems, 99, 1, 1-8.

Murphy A.B., 2010. The effects of metal vapour in arc welding.
Journal of Physics D: Applied Physics, 43, doi: 10.1088/
0022-3727/43/43/434001.

Wotkowicz S. & Strzelecki R., 2002. Geochemia poczarno-
bylskiego cezu w glebach i rodlinach anomalii opolskiej.
Przeglgd Geologiczny, 50, 941-944.

Yang Y., Li S, Bi X.,, Wu P, Liu T., Li F. & Liu C., 2010. Lead,
Zn and Cd in slags, stream sediments and soils in an
abandoned Zn smelting region, southwest of China, and
Pb and S isotopes as source tracers. Journal of Soils and
Sediments, 10, 1527-1539.

Geology, Geophysics and Environment, 2015, 41 (2): 257-261



