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Abstract

Arsenic content in the cultivated soils of an area affected by long-range atmospheric transport from the
Upper Silesian Industrial Region (southern Poland) and point emission sources (coal mine) was 8.7 mg/kg
on average. The calculated index of geoaccumulation pointed to moderate arsenic contamination of the soil.
The enrichment factor calculated as a ratio between arsenic content in the soil and arsenic content in the
carth crust applying the logarithmic values of reference elements (i.e. chromium and calcium) also classi-

fied the soil as moderately contaminated with arsenic.
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Introduction

Arsenic is one of the most common elements occur-
ring in the environment. It is estimated that about 60% of
arsenic present in the environment is of anthropogenic or-
igin [1]. The main industrial sources of its contamination
are mining activities, copper production and use of low
quality coal, cattle dips, smelters and pesticides [2-7].

Arsenic occurs in all soils of the world. Its average
content in non-contaminated soils is approx. 5 mg/kg
[8-10]. In the contaminated soils, its content may reach
14000 mg/kg [5], or even 27000 mg/kg [11]. Other au-
thors suggest 2500 mg/kg as a value which indicates the
existence of contamination [12-15].

Arsenic present in soils is easily taken in by plants but
despite their high tolerance to its elevated concentrations,
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an excess of arsenic can hinder their growth. The pres-
ence of arsenic in soil may also be harmful to people, both
through plant consumption from contaminated areas as
well as inhalation and absorption through skin [11]. Thus,
the assessment of arsenic enrichment of soil in farming
areas, notably the ones affected by industrial contamina-
tion, is of great importance.

The assessment of soil enrichment with elements can
be carried out in many ways. The most common ones are
the index of geoccumulation and enrichment factors.

The index of geoaccumulation (Igeo) has been used as
a measure of bottom sediment contamination since the
1970s [16], and numerous research has employed it to
assess the contamination of soils [17-18]. It determines
contamination by comparing current metal contents
with pre-industrial levels [19]. The content accepted as
background is multiplied each time by the constant 1.5 in
order to take into account natural fluctuations of a given
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substance in the environment as well as very small an-
thropogenic influences. The value of the geoaccumulation
index is described by the following equation:

C
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n

where:

C, - arsenic content in tested soil,

B_ - background content; here the average arsenic content
in the earth crust of 1.5 mg/kg [20].

The interpretation of the obtained results is as fol-
lows: L. < 0 practically uncontaminated, 0 < L. < 1
uncontaminated to moderately contaminated, 1 < L, < 2
moderately contaminated, 2 < I, <3 moderately to
heavily contaminated, 3 < I.,<4 heavily contaminated,
4< I, <5 heavily to very heavily contaminated and
I.,=>5very heavily contaminated.

The use of the enrichment factor (EF) for the assess-
ment of bottom sediment contamination with metals has
been suggested by Buat-Menard [21]. Its version adapted
to assess the contamination of various environmental me-
dia is as follows:

Cref Bref

where:

C, - content of the examined element in the examined
environment,

C,; - content of the examined element in the reference
environment,

B_ - content of the reference element in the examined
environment,

B - content of the reference element in the reference
environment.

An element is regarded as a reference element if it is
of low occurrence variability and is present in the envi-
ronment in trace amounts. It is also possible to apply an
element of geochemical nature whose substantial amounts
occur in the environment but has no characteristic effects
i.e. synergism or antagonism towards an examined ele-
ment. The most common reference elements are Sc, Mn,
Al and Fe [22].

Five contamination categories are recognized on the
basis of the enrichment factor:

EF <2 — depletion to minimal enrichment,

EF = 2-5 — moderate enrichment,

EF = 5-20 — significant enrichment,

EF =20-40 — very high enrichment,

EF > 40 — extremely high enrichment [23].

Despite certain shortcomings [24], the enrichment
factor, due to its universal formula, is a relatively
simple and easy tool for assessing enrichment degree
and comparing the contamination of different environ-
mental media.

In this work, the index of geoaccumulation and en-
richment factor have been applied to assess arsenic con-
tamination of farming soils located in the southern part of
Silesian Voivodeship (a province in southern Poland).

Experimental Procedures
Location of the Research

Suszec commune is located in the southern part of
Silesian Voivodeship, Pszczyna county (Fig.1). The
dominant formations in the area are Carboniferous depos-
its with layers from the Tertiary and Quaternary periods.
According to soil-agricultural maps the area of the com-
mune is dominated by podsolic soils which occur in flat
areas where the flow of surface water is very slow, and
brown soils formed in the areas with good conditions for
the flow of surface water. Lowmoor peat formed in the
hollows of the land.

Suszec is an agricultural and mining commune where
Krupinski coal mine founded in the 1980s and small
vegetable processing plants are located. It is surrounded
by the forest shelter belt of the Upper Silesian Industrial
Region. The farming land covers 4,344 ha in total, which
is 57% of the commune’s area. The commune consists of
6 villages: Suszec, Rudziczka, Kryry, Mizeroéw, Kobielice
and Radostowice.

Fig. 1. Location of soil sample collection stations in the vicinity
of Suszec commune.
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Sample Collection and Analytical Procedure

Samples of the soil were taken in October 2001.
In total, our research covered the area of 2461 ha of
farming land from Suszec commune. Sample collec-
tion sites covered the area of 2 ha of farmland each and
were scattered in a regular pattern (Fig. 1). Samples of
0-20 cm surface layer of the soil were taken with an
Egner’s Soil Sampler. Approximately 30-40 single
samples which constituted a 1kg cumulative sample
were collected from an area of 2 ha and then transferred
to the laboratory. A total of 1221 cumulative samples
were collected.

After being air dried, the samples were sieved through
a 2 mm polyethylene sieve and dried to constant mass in a
drier at 75°C. Afterwards they averaged applying the con-
ing and quartering method, and ground in an S-1000 Retsch
centrifugal mill to a diameter of < 0.01 mm.

250 mg +20% samples of the soil were mineralized
by means of the microwave method applying a micro-
wave mineralization system MLS-1200 MEGA equipped
with a MDR-300/S rotor and a microwave system for
concentration and evaporation of acids FAM-40 equipped
with a MCR-6/E rotor manufactured by Milestone. The
mineralization was carried out with a mixture of 3 cm?
of nitric acid, 2 cm?® of hydrofluoric acid and 1 cm?
of hydrogen peroxide solution. After the acids had been
minerlized and evaporated, 0.5 cm® of HNO, and 10 cm’
of water was added, transferred into 50 cm® measuring
flasks and filled to volume.

The determination of total arsenic content was carried
out applying hydride generation, sodium borohydryde be-
ing used as a reducing agent after preliminary reduction
with potassium iodide. The correctness of the methods
was checked on the basis of reference material IAEA-
SOIL-7 (measured value 12.8+0.9 mg/kg, certified value
13.4 mg/kg).

Statistical analysis was carried out using the program
Statistica for Windows ver. 5.5. The normality of the
data set distribution was analyzed applying the test by
Kotgomorow-Smirnow. The significance of the differ-
ences between the groups was examined by means of
ANOVA variance.

Table 1. Arsenic content in the soil from Suszec commune [mg/kg].

Results

Statistical characteristics of arsenic content in the soil of
particular villages of Suszec commune are given in Table 1.
The distribution of arsenic content in particular villages was
similar to the normal one. Arsenic contents in the surface
layer of the soil in particular villages differed significantly
(ANOVA variance analysis, p < 0.05). Mean content of arse-
nic was the highest in Mizerow, which is located in the south
of the commune. Its maximum content was found in Suszec,
the biggest agglomeration of industrial plants in the area (e.g.
coal mine). The minimum content and the lowest mean arse-
nic content in soil were found in Radostowice.

Fig. 2 illustrates the values of geoaccumulation index.
Applying the classification by Miiller [18], the tested
soils may be described as moderately polluted due to
mean arsenic contents (excepting Mizeréow - moderately
to strongly polluted).

When calculating the enrichment factor, chromium and
calcium were used as reference elements. The contents of
reference elements assayed in the soil of the villages from
Suszec commune were collated in Table 2. Arsenic content
in the earth’s crust of 1.5 mg/kg [20] was accepted as a refer-
ence value in the tested environment. The mean contents of
Cr and Ca in the earth crust of 185 mg/kg and 30,000 mg/kg
respectively [20] were accepted as reference values.

The factors of soil enrichment with arsenic are shown
in Figs. 3 and 4. When calcium was used as a reference
element, the obtained values were extremely high. In the
case of chromium as a reference element, the mean values
of enrichment factor lay within the range of < 20, indicat-
ing a significant enrichment of soil.

Discussion of Results

A comparison of the results of assessment of soil enrich-
ment with arsenic obtained by all the methods demonstrates
that indexes of geoaccumulation indicate much lower soil
contamination (moderate) than the enrichment factors (sig-
nificant - Cr and extremely high contamination - Ca).

The big difference between the indexes of geoaccu-
mulation and enrichment factors raises a question as to the
real soil enrichment with arsenic in the tested area.

vibge | x| wme | A [ il Goneic I T et | o
Kryry 299 6.44 - 13.20 8.55 1.10 8.48 7.63 8.54 9.22
Mizeréw 213 7.56 - 14.11 10.22 1.31 10.13 9.20 9.97 11.24
Suszec 311 5.27-16.45 9.10 1.80 8.93 7.74 8.73 10.39
Rudziczka 125 6.46 - 11.85 8.52 1.16 8.44 7.70 8.35 9.11
Kobielice 176 5.86 - 14.01 8.24 1.23 8.16 7.40 8.00 8.80
Radostawice 97 4.98-11.20 7.11 1.00 7.04 6.37 6.94 7.78
Total 1221 498 -16.45 8.82 1.59 8.68 7.63 8.63 9.71
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Fig. 2. Index of geoccumulation of arsenic in soil.

AP

: W average
Kryry Suszec Kobielice T =sp
Mizerow Rudziczka Radostawice

Fig. 3. Enrichment factor As/Cr.
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Fig. 4. Enrichment factor As/Ca.
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Table 2. Calcium and chromium contents in the soil from Suszec
commune [mg/kg].

Village N Range AverigseDmean
Ca
Kryry 299 701 -10343 | 2311 +1032
Mizerow 213 1024 -4112 | 2437 +559
Suszec 311 532 -5581 1716 £ 677
Rudziczka 125 565-9726 | 1871 +1003
Kobielice 176 468 - 4304 1698 + 581
Radostawice 97 446 - 5937 1694 + 736
Cr
Kryry 299 17.38 - 81.84 | 36.49 £ 10.21
Mizerow 213 28.44-77.87 | 51.71+9.72
Suszec 311 13.95-68.93 | 30.04 +9.48
Rudziczka 125 13.91-62.07 | 26.94 + 8.62
Kobielice 176 13.63-59.46 | 26.07 +7.24
Radostawice 97 18.96 - 69.60 | 28.29 + 6.80

The index of geoaccumulation seems to be a more
objective tool for assessing contamination. The values
of enrichment factor in this particular case did not
reveal the real arsenic content in soil (e.g. the soil in
Mizer6w where mean arsenic content was the highest
displayed) lower enrichment factors than the soil in Ra-
dostowice, where the lowest arsenic content was found
(Figs. 3 and 4).

A discussion about enrichment factors should start
with an analysis of the selection of proper reference
elements. Chromium has already been used as a refer-
ence element in other works [25]. Also, calcium seems
to fulfil the conditions required of a reference element
- its content in the soil was high but it resulted mainly
from the geochemistry of the area and not anthropo-
genic influence. An analysis of the obtained data sets
concerning chromium and calcium content in soil
showed their wide scatter - variability coefficient for
calcium reached 40%, for chromium 30%, whereas
for arsenic it was 12%. In all the villages tested, the
distributions of the obtained sets of reference elements
differed markedly from normal.

Finding the logarithm of the initial data sets on chro-
mium and calcium contents in soil enabled us to obtain
a normal distribution of results in all the villages tested.
Figs. 5 and 6 show the enrichment factors calculated for
Suszec village applying chromium as a reference element
(initial data) and logCr (logarithmized data), as well as
calcium (initial data) and logCa (logarithmized data). It
is clearly seen that the application of logarithmized data
set caused a decrease in the calculated enrichment factors
and much smaller scatter of the obtained values compared
to the initial data.

The enrichment factor calculated by means of logCr
and logCa was compared to the index of geoaccumula-
tion (Fig. 7). It can be easily noticed that the application
of logarithmized initial data on the contents of reference
elements diminished the differences in the values of
the parameters used to assess soil contamination. The
application of logarithmized data to the calculation of
enrichment factors gives more realistic evaluation of soil
contamination with arsenic in particular villages - the en-
richment factor was the highest in Mizerow and Suszec,
which displayed the highest mean arsenic content in soil;
Radostowice had the lowest value.

Conclusions

Our investigations revealed a moderate to strong
arsenic contamination of the soil in Suszec commune.
The level of contamination is affected by close proxim-
ity of the Upper Silesian Industrial Region, long-range
atmospheric transport from the Czech Republic and point
emission sources (coal mine). The best results illustrat-
ing the degree of soil contamination with arsenic are
achieved applying the index of geoaccumulation and en-
richment factors calculated using logarithmized contents
of reference elements - chromium and calcium. The lack
of normality of the initial data set concerning the contents
of reference elements imposes serious limitations to their
use in calculations.
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