
 DOI: 10.1515/eces-2015-0020 ECOL CHEM ENG S. 2015;22(3):379-388 

Agnieszka DOŁHAŃCZUK-ŚRÓDKA1 

THE USE OF Pb-210 ISOTOPE AS AN INDICATOR  
OF POLLUTANTS’ MIGRATION IN THE ENVIRONMENT  

WYKORZYSTANIE IZOTOPU Pb-210 JAKO WSKA ŹNIKA  
PRZEMIESZCZANIA SI Ę ZANIECZYSZCZE Ń W ŚRODOWISKU 

Abstract:  Radioactive isotopes, both natural and artificial, present in the environment, may be convenient 
indicators that can be used to study many physical and chemical processes as well as the transport of pollutants in 
the ecosystem. The studies have shown that in identification of particulate matter emission sources a radioactive 
lead isotope (Pb-210) can be used. The Pb-210 increased activity concentration in the top soil layers suggests its 
current atmospheric deposition. This conclusion is confirmed by the results of the Principal Components 
Analysis, conducted using the measured radionuclide content in 0-30 cm deep soil layer samples. 
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Introduction 

Radioactivity is not only a source of human exposure, but it also has many practical 
applications. Using the properties of radioactive isotopes, it is possible, for example, to 
generate electricity, test materials, diagnose and treat people. Radioisotopes are also used in 
environmental studies [1]. 

Radioactive isotopes are used, inter alia, to study the mechanisms and dynamics of the 
processes in soil and plants (eg K-40, P-32, Fe-59 and O-15), to determine the age of rocks, 
minerals, sediments and soil (eg C-14, U-238, U-235 and Th-232), to study the circulation 
of elements and their radioactive isotopes in the food chain (eg K-40, Cs-137, Sr-90, I-131, 
Ca-45 and P-32) and in the monitoring studies (natural isotopes, eg K-40, U-238, Pb-210, 
Po-210 and Ra-226, or artificial isotopes, eg P-32, Fe-59, Co-60, I-131, Cs-137, Sr-90 and 
Te-99) [1]. 

The examples of monitoring studies include the assessment of the activity of caesium 
isotopes in surface soil in spatial terms [2-5]. 

Radioactive isotopes are also used in laboratory testing of processes under controlled 
conditions, which makes it possible to describe them and to assess the behavior in the 
environment. The use of these methods is presented, inter alia, in sample Australian studies 
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[6]. The use of Cs-134, Sr-85 and Zn-65 made it possible to determine the penetration of 
radioactive fallout into tropical soil. Cd-109, Co-60, Cr-51, Fe-59, Mn-54 and Zn-65 were 
used to identify the mechanism and dynamics of trace metal bonding in port sediments. 

Radioactive isotopes present in the environment, such as Th-234, Be-7, Pb-210, 
Cs-137, Si-32 and C-14, were used to study present-day sedimentation in seas and oceans. 
Th-234 and Be-7 isotopes are used, inter alia, in bioturbation and sedimentation studies in 
the high material supply conditions [7, 8]. 

Pb-210 isotope is most commonly used to determine the rate of marine [9] and 
lacustrine [10-14] sediment increase, but also to identify the rate of snow cover increase. 
The lead method was also used in Alpine glacier studies [15, 16]. 

Cs-137 is used, as a time marker, very often together with Pb-210, to determine the age 
of lacustrine sediments. The literature review shows that Cs-137 may be used to determine 
the rate of deposition of overbank [17, 18], lacustrine and delta [19, 20] sediments. Cs-137 
isotope is also used to assess soil erosion [21-28]. 

Ra-226 isotope is used to determine underground water zones, which contain more 
quantities of this isotope than surface water. Using this isotope, it is also possible to 
estimate the amount of outflowing underground water and its change in time and thus to 
estimate the extent of carrying pollutants, in particular nitrates, to coastal water by 
underground water. Taking into account Ra-226/Ra-228/Ra-224/Ra-223 isotope ratios, it is 
possible to determine the time underground water stays in reservoir rocks before it reaches 
sea water. The same isotopes may be used to determine the inflow of underground water 
from various reservoirs to surface water as well as to identify the zone where these 
components mix together [29]. 

Similarly, radon isotopes, including mainly Rn-222, are used to determine the inflow of 
underground water to surface water reservoirs, especially bay water. Rn-222 is also used to 
identify underground water inflow zones. This isotope is useful as a marker of the inflow of 
surface water into karst systems and the zones of the inflow of underground karst water into 
surface water. It is also used to measure the flow rate of underground water in fault zones 
and to determine the inflow of underground water from aquifers into a hydrogeological 
borehole. 

Similarly, radon isotopes, including mainly Rn-222, are used to determine the inflow of 
underground water to surface water reservoirs, especially bay water. Rn-222 is also used to 
identify underground water inflow zones. This isotope is useful as a marker of the inflow of 
surface water into karst systems and the zones of the inflow of underground karst water into 
surface water. It is also used to measure the flow rate of underground water in fault zones 
and to determine the inflow of underground water from aquifers into a hydrogeological 
borehole. 

The phenomenon of radioactivity of natural isotopes present in the Earth’s crust was 
also used to determine the absolute (calendar) age of events occurring in nature, ie for the 
purpose of the so-called radiocarbon dating [30-32]. C-14 is commonly used as a marker in 
geology and archaeology. It makes it possible to determine the age of objects dating back to 
more than 40,000 years [33-36]. 

The content of radiocarbon (C-14) in soluble carbonates is used in water origin and age 
studies. Additionally, the C-13/C-12 ratio is also measured. Other radioactive markers used 
to determine the age of water include Kr-85, Ar-39, Cl-36 and Kr-81 as well as the  
U-234/U-238 ratio [1]. 
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For dating the environment elements, the ratios of the activity of long-lived 
radionuclides, ie U-238/Pb-208, U-235/Pb-207 and K-40/Ar-40, are also used. Thanks to 
them, it was possible, inter alia, to determine the age of the solar system and the Earth’s 
crust. Using the Ar-39/Ar-40 and K-40/Ar-40 isotope ratios, it is possible to determine the 
age of rocks containing potassium minerals [37]. 

Be-7 cosmogenic isotope [38-42] and Pb-210 isotope [43-45] are used to study the 
transport of aerosols in the atmosphere. 

The lifetime of aerosols was estimated based on the Po-210/Pb-210 ratio [44-46]. 
The main objective of the studies was to assess the possibility of using lead isotope 

(Pb-210) as an indicator of pollutants’ migration in the environment. 

Experimental 

In studies the soil samples were collected in 3 locations characterized by different 
properties. Samples of agricultural soil from Opole (south-western Poland), taken in 
allotments from the depth ranges 0-30 cm, and crop field located in vicinity of lime stone 
works situated close to Tarnow Opolski town (south-west Poland, opolskie voivodeship), 
taken from the depth ranges 0-15 cm and 15-30 cm, were used in the studies.  

Additionally, samples of forest soil were taken from the 10 cm layer at 13 places in 
forests around Opole (south-western Poland) in an area of Bory Stobrawskie limited 
approximately by a 40 km × 20 km rectangle. 

The material for measurements was prepared in the following steps: 
1. collection of subsamples from the area of approx. 100 m2, 
2. impurities removal, 
3. air drying, storage in paper bags, 
4. drying at 105ºC to constant mass, 
5. mixing of subsamples, separation of subsample for measurement, 
6. gamma spectrum measurement, subsample in Marinelli container 450 cm3. 

The measurement of radionuclide activity in soils samples was carried out by means of 
a gamma-spectrometer with a germanium detector HPGe (Canberra) of high resolution: 
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 solutions type MBSS 2 (Czech Metrological Institute, Praha), which covers  
an energy range from 59.54 to 1836.06 keV. The geometry of the calibration source was  
a Marinelli container (447.7 ± 4.5 cm3), with density 0.99 ± 0.01 g/cm3, containing  
Am-241, Cd-109, Ce-139, Co-57, Co-60, Cs-137, Sn-113, Sr-85, Y-88 and Hg-203. The 
geometry of sample container was a similar Marinelli of 450 cm3. Time of measurement 
was 24 h for all of moss samples. Measuring process and analysis of spectra were computer 
controlled with the use of software GENIE 2000. 

Results and discussions 

In soil samples the following radionuclides were determined: K-40, Cs-137, Pb-210, 
Bi-212, Pb-212, Bi-214, Pb-214, Ac-228, Bi-211, Th-231 and U-235. The isotopes Pb-210, 
Bi-214 and Pb-214 are members of radium decay series. The Bi-212, Pb-212 and Ac-228 
isotopes belong to thorium series, and actinium decay chain contains Bi-211, Th-231 and  
U-235. The K-40 radionuclide is constituent in natural potassium, with constant abundance 
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of 0.017%. This isotope is the main radioactivity source for organisms. The Cs-137 is  
an artificial radioisotope. It was introduced into environment with the global fallout, 
resulting from nuclear tests, particularly intensified in 1963-1964, as well as the nuclear 
power plants fallouts, for example Chernobyl 1986 [47] and Fukushima Daiichi 2011 [48]. 
Half-life times of these radioisotopes are shown in Table 1 [49]. 

 
Table 1 

Half-life times of the radionuclides determined in soil samples 

Isotope K-40 Cs-137 
Pb-210 

* 
Bi-212 

** 
Pb-212 

** 
Bi-214 

* 
Pb-214 

* 
Ac-228 

** 
Bi-211 

*** 
Th-231 

*** 
U-235 
*** 

t1/2  
1.248·109  

a 
30.08 

a 
22.2 

a 
25  

min 
10.64 

h 
19.9 
min 

26.8 
min 

6.15 
h 

2.14 
min 

25.52 
h 

7.04·108 
a 

* - radium series, ** - thorium series, *** - actinium series  

 

 
Fig. 1. Relationship between the activity concentrations of radionuclides in upper and lower soil layer: 

a) for Ac-228; b) for Bi-214; c) for Pb-214; d) for Pb-212 and e) for Pb-210 
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Soil samples were collected from the crop field located in vicinity of lime stone works 
situated close to Tarnow Opolski. During seasonal agricultural operations (for example, 
ploughing or harrowing) and crop collection the soil surface is disturbed. The most upper 
layers and the ones located somewhat deeper are mixed together and their actual 
composition is expected to become similar. This expectation was verified by comparison of 
radionuclides activity concentration in 0-15 cm layer and the deeper, 15-30 cm layer. The 
relationship are shown in the graphs (Fig. 1). In these figures the straight line shows equal 
values of the radionuclide activity concentrations in both layers. 

The obtained measurement results showed that the activity concentrations of majority 
of natural radioactive isotopes, in lower and upper soil layers, were close to 1. The situation 
is different in the case of Pb-210 whose increased activity is observed in the surface soil 
layers.  

Given that the studies were conducted on arable soil, the presented data suggest current 
atmospheric deposition of this radionuclide. 

 

 
Fig. 2. Variables factor map of principal components calculated from clr transformed isotope 

concentrations 
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Relationships between mass concentrations of radioisotopes in 0-30 cm soil layer 
samples, collected in allotments, were studied. For this purpose, the compositional data 
analysis methods were utilized [50, 51]. The principal components analysis (PCA) [52, 53], 
confirmed different behavior of Pb-210 as compared to other radioactive isotopes 
determined (Fig. 2).  

The Figure 2 shows the share of the activity of the main components and the position of 
points in a coordinate system, created by PC1 and PC2. The calculations were made based 
on the complex variable components transformed by transformation of centered logratio, clr 
[50]. 

The analysis of the biplot shows that interrelations occur between isotopes from the 
same radioactive series. Absence of radioactive equilibrium among isotopes from  
uranium-actinium series (U-235, Th-231 and Bi-211) was observed. This observation might 
be due to significant measurement uncertainty, estimated for these radioisotopes activity 
concentrations, in comparison to the results obtained for other radioisotopes. 

The exception is also Pb-210, which content was not related to content of other 
isotopes from the uranium-radium series. 

Different behavior of Pb-210 suggests the presence of two, autogenic and allogenic, 
components of this isotope in the environment. The autogenic component is closely 
associated with Ra-226 isotope and the allogenic component with excess Pb. 

The presence of two lead components makes it possible to calculate excess lead 
(formula (1)) which was used to determine emission sources in Bory Stobrawskie area: 

 226210 −− −= RaPbPbex ααα  (1) 

where a - the activity of a given isotope in soil [Bq/kg d.m.]. 
The activity of Ra-226 was calculated based on the known activities of Pb-214 and  

Bi-214: 

 2
214214

226
−−

−
+= BiPb

Ra

ααα  

The results of Pbex activity concentrations in soil samples in the Bory Stobrawskie area 
are given in Table 2. In this table Min is the lowest value in data, Ql is lower quartile, 
Median is median, Mean is arithmetic mean, Q3 is upper quartile, Max is the highest value, 
CV is variability of coefficient. 

 
Table 2 

Characteristics of Pbex activity concentrations in dry mass of the soils samples collected  
in the Bory Stobrawskie area 

Pbex radioactivity concentration 
Min Q1 Median Mean Q3 Max CV  

[Bq/kg d.m.] [%] 
Soil 12.1 24.9 44.3 69.5 109 164 0.8 

 
The obtained Pbex results characterised by the highest Pbex activity levels (above  

100 Bq/kg d.m.) are shown on Bory Stobrawskie map (Fig. 3). 
The data shown on the map is consistent with the results presented in the paper [54], in 

which passive biomonitoring with Pb-210 was used to assess the deposition of pollutants. 
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Fig. 3. The map showing Pbex deposition sites in the study area 

The presented data demonstrate that allogenic Pb-210 may be used as a marker of 
environmental pollution and in places where its activity is increased one may expect 
pollutants associated, inter alia, with the local industry. 

Conclusions 

• In the arable soil, in the layers close to its surface, the activities of radioactive isotopes, 
not deposited additionally in the environment, are similar to each other. The situation is 
different in the case of Pb-210 whose increased activity is observed in the surface soil 
layers. It suggests current atmospheric deposition of this radionuclide. This conclusion 
is confirmed by the results of PCA, conducted using the measured radionuclide content 
in 0-30 cm deep soil layer samples. 

• The studies have shown that it is possible to identify particular matter emission sources 
using a radioactive lead isotope (Pb-210). 

• Allogenic Pb-210 may be used as a marker of environmental pollution and in places 
where its activity is increased one may expect pollutants associated, inter alia, with the 
local industry. 
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WYKORZYSTANIE IZOTOPU Pb-210 JAKO WSKA ŹNIKA  
PRZEMIESZCZANIA SI Ę ZANIECZYSZCZE Ń W ŚRODOWISKU 

Samodzielna Katedra Biotechnologii i Biologii Molekularnej, Uniwersytet Opolski 

Abstrakt: Izotopy promieniotwórcze, zarówno naturalne, jak i sztuczne, obecne w środowisku mogą być 
wygodnymi wskaźniki, które mogą być wykorzystane do badania wielu procesów fizykochemicznych oraz 
transportu zanieczyszczeń w ekosystemie. Podczas badań stwierdzono, że możliwa jest identyfikacja źródeł emisji 
pyłu przy wykorzystaniu radioaktywnego izotopu ołowiu - Pb-210, którego zwiększone aktywności obserwuje się 
w wierzchnich warstwach gleby. Wskazuje to na bieżącą, atmosferyczną depozycję tego radionuklidu. Wniosek 
ten potwierdzają wyniki analizy głównych składowych, wykonanej z wykorzystaniem zmierzonych zawartości 
radionuklidów w próbkach gleby w warstwie 0-30 cm. 

Słowa kluczowe: Pb-210, wskaźnik emisji zanieczyszczeń 


