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Abstract: Arsenic (As) contamination was investigated in urban soil agglomerates in the Czech 
Republic. The aim of studying surface urban soil layers was to assess the degree of health 
risk resulting from the exposure to toxic substances through unintended consumption 
of soil and soil dust. Given that the greatest risk of increased exposure is for the 
population of preschool-aged children, the project focused on kindergarten playgrounds. 
Measurements were carried out in a total of 413 kindergartens in 38 towns between 2002 
and 2007. Selected metals and polycyclic aromatic hydrocarbons were monitored in the 
surface soil layer samples of the playgrounds. This study presents the results of the soil 
As contamination and evaluates the health risks faced by children through exposure to 
these soils. Based on the results of the soil analysis and on the use of residential exposure 
scenarios for preschool-aged children, the oral and dermal exposures to As in children 
within the 1 to 6 year age group were estimated. At all monitored sites the risk was found 
to be higher than 1x10-6. When the overall risk of cumulative exposure to As during 
childhood and adulthood was evaluated, the risk of 1x10-6 was exceeded in about 99 % of 
the cases and the risk of 1x10-5 was exceeded in about 54 % of the cases. 
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Introduction
According to previous investigation (Beneš et 

Fabiánová, 1986), the average concentration of 
As in Czech agricultural soils ranges from 1.8 to 
18.4 mg.kg-1. Apart from mining and industrial 
activities, a very important source of As are dust and 
ash that are produced from the burning of brown coal 
in thermal power stations and local furnaces which 
may subsequently increase As levels to hundreds of 
mg.kg-1 (Bencko et al., 1995). Contaminated soil 
may be an important source of human exposure to 
As, especially with unintentional ingestion of soil 
and soil dust. 

Concentrations of As were monitored from 2002 
to 2007 in samples of surface soil at kindergarten 
playgrounds in selected towns in the Czech Republic. 
Monitoring the soil in urban agglomerations is a part 
of the Czech system of monitoring population health 
as it relates to the environment. The monitoring 

focused on the assessment of health risks for oral and 
dermal exposure to As from urban soils (Zimová et 
al., 2007; Zimová et al., 2008). An increased exposure 
to harmful elements from contaminated soil as well 
as potential health risk for young preschool-aged 
children aged 1 to 6 years have been demonstrated 
(Calabrese et Stanek, 1994; Calabrese et al., 1997; 
Paustenbach, 2000; Weaver et al., 1998). The authors 
noted a higher exposure to metals in small children 
as a result of unintended ingestion of soil particles 
when a) playing on outdoor playgrounds, b) licking 
their fi ngers, hands and various objects such as 
toys, and c) eating soil. According to some authors 
(Armstrong et al., 2000), exposure of children to 
toxic elements from the soil is many times higher 
than similar exposure for adults.
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Materials and methods 
Evaluation of the health risks from As exposure 

in kindergarten playground soil included the 
following steps: sampling and chemically analyzing 
the soil samples, selecting the exposure model, and 
calculating the exposure and characterizing the 
health risk.

Sampling and Chemical analysis 

During the 2002 - 2007 period soil sampling was 
carried out at the playgrounds of 413 kindergartens 
in 38 towns in the Czech Republic. Surface soil 
samples were collected and processed according 
to Standard Operating Procedures that had been 
developed within the framework of the study. The 
soil samples were collected down to a depth of 
10 cm from fi ve sampling sites at each outdoor 
playground. The sampling sites were selected 
taking into account the most frequent locations of 
the children’s stay on the playground. After removal 
of extraneous material (e.g. stones, glass fragments, 
roots, etc.), all fi ve samples were homogenized in 
a plastic container of adequate size. Contents of the 
container were emptied onto a PE sheet and then 
a circle (pie) was created with a thickness of 1 - 2 cm, 
which was subsequently divided into four quadrants. 
Two opposite quadrants were amalgamated (the 
other two were removed) in a clean PE container 
and re-homogenized. By additional quartering the 
sample mass was reduced to 1 kg. The resulting 
sample was taken to an accredited laboratory for 
analysis. Determination of As in the soil sample 
was performed by a hybrid technique using X-ray 
spectrometry with secondary emission and an energy 
dispersive semiconductor detector.

Exposure model 

To assess the health risks in children exposed to 
As in playground soil, a residential exposure scenario 
for ingestion of soil and soil dust, and for the dermal 
contact with the soil were selected in accordance 
with previously established methodologies (EPA, 
1997; EPA, 1999; EPA, 2001; EPA, 2004; EPA, 
2005). Deterministic and probabilistic methods 
were used for the health risk assessment. Due to 
a relatively regular distribution of the kindergartens 
across the areas of the monitored towns, it was 
assumed that the level of contamination of surface 
soils in the urban agglomerates was homogeneous 
and corresponded to a set of identifi ed values. In 
assessing the risk of cancer, it was also assumed that 
the concentration of As in the soil for the duration of 
exposure was constant.

Parameter values and calculation of the 
exposure 

Oral exposure - the average daily non-carcinogenic 
oral dose of As (CDIn) for ingestion of soil and soil dust 
was calculated according to as follows: CDIn [mg.kg-1.
day-1] = (CS x CF x EF x B x IR x ED)/(BW x AT) 
The average daily carcinogenic oral dose of As (CDIn) 
for ingestion of soil and soil dust was calculated as 
follows: CDIc [mg.kg-1.day-1] = (CS x EF)/AT x [(EDc 
x IRc)/BWc) + (EDa x IRa)/BWa)]. The values of 
the parameters used for the calculation of the daily 
oral non-carcinogenic and carcinogenic doses of As 
from the contaminated soil were determined from 
a literary background (Ministry of the Environment, 
2005; EPA, 1991; EPA, 1997; EPA, 2004).

Dermal exposure - the average daily dermal 
non-carcinogenic doses of As and the daily dermal 
carcinogenic doses of As for the dermal contact 
with the soil were determined as follows: CDId 
[mg.kg-1.day-1] = (CS x FI x AF. ABS x SA x ED x 
EF)/(BW x AT). The values of the parameters used 
for the calculation of the dermal non-carcinogenic 
and carcinogenic doses of As from the contaminated 
soil were determined from a literary background 
(EPA, 2004). 

Characterization of the risk - the deterministic 
method of evaluation of the health risk 

The level of non-carcinogenic risk is expressed 
as a coeffi cient of hazard (hazard index - HI). It 
is calculated as: HI = CDIn/RfD where RfD is the 
reference dose measured in mg.kg-1.day-1. The 
threshold value equals 1. To calculate the oral 
exposure to As, an RfD of 0.0003 mg.kg-1.day-1 was 
used and for the dermal exposure, an RfD value of 
0.000123 mg.kg-1.day-1 was used. An overall risk 
of toxicity was expressed by the sum of the values 
of the risk of oral and dermal exposures (EPA, 
2005). The rate of individual lifelong cancer risk 
is expressed by: ILCR = CDIc·CSF, where ILCR is 
an individual lifetime cancer risk. CDIc, measured 
in mg.kg-1.day-1, is the average daily carcinogenic 
dose and CSF, measured in mg.kg-1.day-1, is a risk of 
cancer indication (cancer slope factor). The value of 
CSF for oral exposure to As is 1.5 mg.kg-1.day-1 and 
for the dermal exposure to As is 3.66 mg.kg-1.day-1. 
An overall risk of cancer from exposure to As from 
soil is determined by the sum of the values of risks 
arising from oral and dermal exposures (EPA, 2005). 
The threshold value of ILCR ranged from 1x10-4 to 
1x10-6 depending on the size of the study subjects.
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Results 

Concentration of As in soils 

The chemical analyses of the soil samples from 
the monitored kindergarten playgrounds showed 
the lowest concentration of As in the soil in České 
Budějovice at 0.3 mg.kg-1. The concentration of As 
in the soil of the city ranged from 0.3 to 27.3 mg.kg-1. 
The highest concentration was measured in the town 
of Ostrov in the Karlovy Vary Region with a value 
of 414 mg.kg-1. The concentration of As in the soil 
here ranged from 6.63 mg.kg-1 to 414 mg.kg-1. The 
value of 10 mg.kg-1 of As in the soil, which is the 
limit recommended by the Ministry of Health, was 
exceeded in a total of 175 cases, representing 49 % 
of the total number of monitored kindergartens.

Chronic daily intake and lifetime average 
daily intake 

The oral exposure pathway represents an 
important exposure to As. Intake via the oral 
exposure pathway is about ten times greater than 
via the dermal exposure pathway. With a chronic 
daily oral intake of 3x10-4 mg.kg-1.day-1 an increased 
health risk can be noted. This value was exceeded at 
four localities (median estimate): Teplice, Benešov, 
Příbram and the Karlovy Vary region. In the 
Karlovy Vary region it was exceeded twofold. For 
the upper estimate of exposure, the reference dose 
(1.23x10-4 mg.kg-1.day-1) was exceeded six times 
altogether (in Plzeň, Liberec, Teplice, Benešov, 
Příbram and the Karlovy Vary region). The elevated 
levels of daily doses are directly related to the 
measured As concentrations in the soil of the listed 
towns. 

After adding up the values for both 
exposure pathways, the highest chronic daily 
intake occurred in the Karlovy Vary region: 
5.84x10-4 mg.kg-1.day-1 (median estimate) and 
1.61x10-4 mg.kg-1.day-1 (upper estimate). The lowest 
chronic daily intake was measured in Šumperk: 
9.05x10-5 mg.kg-1.day-1 (median estimate) or 
1.40x10-4 mg.kg-1.day-1 (upper estimate) and in 
Olomouc: 9.14x10-5 mg.kg-1.day-1 (median estimate) 
or 1.36x10-4 mg.kg-1.day-1 (upper estimate). The 
values for the dermal exposure are about 10 times 
lower than for the oral exposure. The lowest overall 
exposure was 7.76x10-6 mg.kg-1.day-1 (median 
estimate) or 1.19x10-5 mg.kg-1.day-1 (upper estimate) 
in Šumperk and the highest overall exposure 
was 5.01x10-5 mg.kg-1.day-1 (median estimate) or 
1.36x10-4 mg.kg-1.day-1 (upper estimate) in the 
Karlovy Vary region. 

Fig. 1 shows the values of central and upper 
estimates of the lifetime average daily intake of 
As (LADD, or more precisely CDIc) calculated for 
oral exposure pathway of the children in individual 
towns. Fig. 2 shows the values of central and 
upper estimates of the lifetime average daily intake 
(LADD) of As calculated for dermal exposure 
pathway of the children in individual towns. 

Fig. 1 Oral exposure to arsenic in children 
expressed as an average lifetime daily intake 

LADDo [mg.kg-1.day-1]

Fig. 2 Dermal exposure to arsenic in children 
expressed as an average lifetime daily intake 

LADDd [mg.kg-1.day-1]

Hazard index (HI)

The results of the evaluation of the toxic 
(non-carcinogenic) health risks have confi rmed the 
ingestion of soil as the more important exposure 
pathway. The level of the toxicity risk expressed 
by means of HI is limited by the value of 1. This 
value was exceeded for the oral exposure in Teplice, 
Benešov, Příbram and the Karlovy Vary region 
with respect to the median estimates, and in Plzeň, 
Liberec, as well as the four afore-mentioned towns, 
with respect to the upper estimates.

Oral exposure to arsenic in children 
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Dermal exposure to arsenic in children
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Risk of cancer occurrence (Individual 
Lifetime Cancer Risk)

For oral exposure to As, the median estimate of 
Individual Lifetime Cancer Risk (ILCR) exceeds 
1x10-5, the commonly accepted level of cancer risk 
used for the evaluation of carcinogenesis incidence 
at the local level. For dermal exposure to As, the 
level of acceptable risk has been exceeded in three 
towns (median estimate) or four towns (upper 
estimate). In the Karlovy Vary region, the total 
exposure exceeded the level of acceptable risk more 
than eight-fold and in the case of the upper estimate 
as much as twenty-fold. 

The median estimate for the exposure in children 
in both the oral and dermal exposure pathways 
exceeded 1x10-6, the acceptable level of cancer risk 
used for the evaluation of carcinogenesis incidence at 
the regional level. In children, it was shown that the 
cancer risk level for the oral exposure pathway was 
about fi ve times higher than for the dermal exposure 
pathway. The total direct exposure of children to As 
from urban soil indicates a possible cancer risk at 
1.87x10-5 (median estimate) and 6.31x10-5 (upper 
estimate). In the adult population, this risk is about 
three times lower when exceeding the acceptable 
level of 1x10-6. When evaluating the cumulative risk 
from soil As exposure in childhood and in adulthood, 
the ILCR value equals 2.40x10-5 (median estimate) 
and 8.09x10-5 (upper estimate).

Analysis of sensitivity

Fig. 3 illustrates the results of the sensitivity 
analysis for the calculation of the toxicity risk and the 
risk of tumor diseases from total exposure to As in 
urban soils in children and adults. The most important 
variables from the view of the risk calculation are 
ranked according to the size of relative contributions 
to the variance of the fi nal value of the risk. In terms 
of the calculation of the toxicity risk and the risk of 
carcinogenicity, the individual contributions do not 
differ from each other signifi cantly.

Fig. 3 Analysis of sensitivity for the risk estimate of 
the total As exposure in urban soils to children and 

adults [%]

It is clear that the key variables for the calculations 
of toxicity and carcinogenicity in children and adults 
are the As concentrations in the soil and the duration 
of exposure. The signifi cance of the effect of As 
concentration in the soil for children is associated with 
a higher intensity in the contact with the soil (a higher 
intake by means of ingestion and dermal contact). The 
exposure in adults can be explained by a much longer 
duration of exposure which is four times longer than in 
children. According to the probabilistic assignment the 
quantity of ingested earth in children ranges from 5 to 
500 mg.day-1 and in adults from 0.1 to 50 mg.day-1, 
which is a tenfold difference between the children 
and adults, respectively. The other, considerably less 
signifi cant variables, do not exceed the limit of a 3 % 
relative contribution.

Discussion
Given that As is a proven human carcinogen 

it is not possible, due to its thresholdless action, to 
determine a safe exposure concentration or exposure 
limit. It is only possible to provide a socially acceptable 
threshold level of health risk (Provazník et al., 2000). 
Children’s playgrounds in the Czech Republic have 
a prescribed hygienic limit for soil As levels of 
10 mg.kg-1 in dry matter (Ministry of the Environment, 
2005). That limit has been exceeded in many parts 
of the Czech Republic, mostly in the Karlovy Vary 
region, Teplice, Příbram and Benešov. The higher 
concentrations identifi ed may have been caused by 
residues of mining activities. In the Czech Republic 
there are many brown coal seams that can contain up 
to 1.5 g of As per 1 kg of coal. In the Karlovy Vary 
region, and also around Teplice, there are, according 
to (Integrated Pollution Register, 2009), brown coal 
thermal power stations, the emissions of which 
contain As in the form of condensed As2O3 that forms 
a coating of fi ne light ash particles on chimneys. 
Another source of As in the Czech Republic is home 
heating that requires the burning of As-containing 
brown coal which is an example of small local 
pollution sources. Contamination of the soil is then 
caused by a high number of small local sources 
in a given region. Past mining of rare metals in the 
neighborhoods of the towns of Příbram and Benešov 
are now also affected by the so-called “old ballast.” 
Arsenic used to escape into the environment even 
during mining operations and following weathering of 
mineral material and was thus able to contaminate soil, 
water and the biosphere (Skřivan, 1996). However, 
our results indicate that the As-contaminated soil is 
a greater health risk compared to the risk of eating 
As-contaminated seafood. The risk observed in 
children and adults was signifi cantly below the value 
of 104 (Chen et al., 2010).
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Data from studies involving trace elements support 
the preliminary estimate of the average ingestion of 
dirt by children most frequently as being within the 
range of 100 - 200 mg.day-1. The maximum upper 
values for children eating dirt are estimated at around 
800 mg.day-1 or even more. At this point it should 
be noted that these studies had worked with limited 
samples of persons, and that none of them was focused 
specifi cally on children with geophagy. Unintended 
ingestion of soil occurs in both children and adults. 
Since the actual measurements of the soil ingestion 
by adults have not yet been implemented (Hawley, 
1985), estimates of 61 mg.day-1 seem appropriate. 
This is based on unverifi ed assumptions regarding 
the patterns of activities and related quantities of 
ingested dirt (Skřivan, 1996). The authors (Calabrese 
at Stanek, 1994) propose the range of 1 - 100 mg.day-1. 
The greatest problem in the selection and assignment 
of exposure parameters is the non-existence of the 
database of key parameters for the Czech population. 
Most of the data used for the creation of parameters 
come from abroad. If there were such a database, the 
selected parameters could have been adapted to the 
conditions of the Czech Republic and the results would 
have had greater accuracy and informative value.

We include the bioavailability of the As bound 
to soil particles in the digestive tract amongst the 
important parameters which have not been assigned 
probabilistic functions. According to some (Ng et al., 
2009) the bioavailability of As in the gastrointestinal 
tract ranges from 28 % to 92 %. The U.S. EPA (1996) 
indicates the values of 42 % -78 %. Apart from the 
physico-chemical properties of the contaminant and 
the characteristics of the appropriate matrix, the 
bioavailability of As in the dermal contact is also 
affected by the size of exposed areas of skin, skin 
diffusivity, the length of contact and the adhesivity 
of the matrix to the skin (EPA, 2004). The dermal 
bioavailability factor for As is given a value of 0.03.

Important are the parameters that are specifi c to 
the dermal exposure, indices of carcinogenic risk 
and the reference doses. Disregard for the parameters 
of dermal exposure has most likely resulted in an 
increase in the results of estimating the exposure 
through dermal contact in adults.

In terms of acceptable risk, the target range of 
risk from 1x10-6 to 1x10-4 is usually used due to 
uncertainties associated with estimating the risks 
from exposure to carcinogens in the environment. 
It should also be pointed out that the acquired risk 
estimates contain certain conservatism, which 
is mainly due to assuming a 100 % biological 
effectiveness of the As absorption in the digestive 
tract and assuming a constant concentration of As 
in the soil for the entire length of the reference 

period of exposure (European Commision, 2009). 
The results of the completed sensitivity analysis 
confi rm the importance of regular monitoring of the 
polluted urban environment and obtaining accurate 
and timely information about the soil contamination 
such as origin and age. Obtaining more information 
on the bioavailability of As bound to soil particles in 
the human gastrointestinal tract would also reduce 
the uncertainty in the fi nal risk estimate. A lack of 
data on the spread of geophagy and the pica behavior 
in the Czech Republic (Šmerhovský et al., 2006) is 
also a major defi ciency in the exposure assessment 
of the soil contamination of small children. 

Conclusion
The results of the study have confi rmed the 

relevance of the health risks from exposure to As 
in Czech urban soil agglomerates. The calculations 
have confi rmed that the level of the As exposure 
with carcinogenic properties has been exceeded, 
particularly in the population of children. 

The obtained results also show signifi cant 
differences in the extent of exposure in children 
and adults. Although the children are, within the 
framework of the selected residential scenarios, 
subjected to As exposure from contaminated soil 
for a considerably shorter time, their health risk of 
tumor diseases was six times higher compared to the 
adult population. This confi rms the higher sensitivity 
of the population of children and the importance 
of preventive measures that would lead towards 
a decreased exposure for this group.

The calculations have not determined increased 
health risks in terms of non-carcinogenic effects 
(HI) of As for children in any of the studied 
exposure pathways at any of the monitored sites. 
In the evaluation of the cancer risks (ILCR) of the 
total exposure to carcinogenic As, a risk greater 
than 1x10-5 was found at 8 monitored sites at which 
even the As limit concentration in the soil had been 
exceeded.   

A risk higher than 1x10-6 was found at all sites. 
When the risk of the total exposure to the carcinogenic 
As within the framework of the whole country is 
evaluated, the acceptable level of risk at 1x10-6 is 
exceeded in 99 % of the population of children and 
in 64 % of the adult population. A risk exceeding 
1x10-5 was found in 47 % of the population of 
children and in 4 % of the adult population. When 
the risk of cumulative As exposure during childhood 
and adulthood is evaluated, the risk of 1x10-6 is 
exceeded in approximately 99 % of the monitored 
population and the risk of 1x10-5 is exceeded in 
approximately 54 % of the monitored population. 
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