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Abstract A novel approach was developed for rapid assess-
ment of bioavailability and potential mobility of contaminants
in soil. The response of the same test organism to the organic
extract, water extract and solid phase of soil was recorded and
compared. This approach was designed to give an initial esti-
mate of the total organic toxicity (response to organic extract-
able fraction), as well as the mobile (response to water extract)
and bioavailable fraction (response to solid phase) of soil sam-
ples. Eighteen soil samples with different levels of pollution
and content of organic carbon were selected to validate the
novel three-step ecotoxicological evaluation approach. All
samples were chemically analysed for priority contaminants,
including aromatic hydrocarbons (PAHs), polychlorinated bi-
phenyls (PCBs), hexachlorocyclohexane (HCH) and
dichlordiphenyltrichloroethane (DDT). The ecotoxicological
evaluation involved determination of toxicity of the organic,
mobile and bioavailable fractions of soil to the test organism,
bacterium Bacillus cereus. We found a good correlation be-
tween the chemical analysis and the toxicity of organic ex-
tract. The low toxicity of water extracts indicated low water
solubility, and thus, low potential mobility of toxic contami-
nants present in the soil samples. The toxicity of the bioavail-
able fraction was significantly greater than the toxicity of
water-soluble (mobile) fraction of the contaminants as de-
duced from comparing untreated samples and water extracts.

The bioavailability of the contaminants decreased with in-
creasing concentrations of organic carbon in evaluated soil
samples. In conclusion, the three-step ecotoxicological evalu-
ation utilised in this study can give a quick insight into soil
contamination in context with bioavailability and mobility of
the contaminants present. This information can be useful for
hazard identification and risk assessment of soil-associated
contaminants.
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Introduction

One of the major current challenges in context with ecological
risk assessment of contaminants in soil is the assessment of
their bioavailability. There are two approaches of environmen-
tal risk assessment, the biological and chemical, which com-
plement each other (Kwan and Dutka 1995). The overview of
existing studies comparing ecotoxicological assays with
chemical analysis is presented in Cachada et al. (2014). Chem-
ical analysis are focused on selected ‘priority’ pollutants such
as polycyclic aromatic hydrocarbons (PAHs), polychlorinated
biphenyls (PCBs), hexachlorocyclohexane (HCH) and
dichlordiphenyltrichloroethane (DDT) and ignore other po-
tential pollutants. The concentration determined from the
chemical analysis is often significantly different from the
amount of a chemical actually available to organisms in the
environment.

Bioavailability is a function of the interaction between an
organism and the environment as well as the physico-chemical
interactions between the chemical and the matrix. The applica-
tion of ecotoxicity tests, based on the exposure of test organisms
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to all bioavailable forms of a chemical, is being widely used for
evaluating the toxicity of soils (Kwan and Dutka 1992). For the
majority of toxicity tests involving bioassays, either aqueous or
organic extracts of soil samples are used (Chen et al. 2005;
Heinlaan et al. 2007; Pohren et al. 2012; Roig et al. 2011).
These procedures estimate the amount of water-soluble or ex-
tractable organic toxicants. Solid-phase tests (also indicated as
solid-contact test, contact bioassay, contact test, solid-phase
test, solid-phase toxicity test, solid-phase microbial assay,
solid-phase contact toxicity test) allow the test organisms to
come in direct contact with the entire untreated/undisturbed soil
sample. The response of the test organism to the solid-phase test
can reflect the actual amount of bioavailable chemicals present-
ed in the sample (Ahlf 2006; Brouwer et al. 1990; Day et al.
1995; Feiler et al. 2013; Kwan 1993; Kwan and Dutka 1995,
1992; Rönnpagel et al. 1995; Weber et al. 2006).

Nowadays, batteries of solid-phase tests are used for the
ecotoxicological evaluation of the behaviour or interactions of
the substances contained in the soils and sediments (Feiler et al.
2013; Höss et al. 2010; Shaw et al. 2000). Solid-phase tests
have been performed using bacteria (Arthrobacter globiformis
(Neumann-Hensel and Melbye 2006), Bacillus cereus
(Rönnpagel et al. 1995) and Vibrio proteolyticus (Heise and
Ahlf 2005)), yeasts (Saccharomyces cerevisiae (Weber et al.
2006)), nematodes (Caenorhabditis elegans (Traunspurger
et al. 1997)), oligochaetes (Lumbriculus variegatus (Phipps
et al. 1993)), zebrafish (Danio rerio) embryos (Hollert et al.
2003; Zielke et al. 2011) and plants (Myriophyllum aquaticum
or Lemna Minor (Feiler et al. 2004)). It is recommended to
conduct bioassays in combination with chemical analysis for
a comprehensive evaluation of hazards, as toxicity results will
include considerations of chemical exposure and mixture tox-
icity (chemical interactions) (Ma et al. 2014). Many of the tests
that compare effects of water or organic extract tests with solid-
phase tests use different organisms to evaluate the toxicity of
contaminants in soil (Ivask et al. 2004; Kołtowski and
Oleszczuk 2015; Mouchet et al. 2006; Olajire et al. 2005).

The novel approach presented in this study involves com-
plementary testing of tree different fractions of solid sample
contamination which provides a complex toxicological as-
sessment using the same test organism (B. cereus CCM
2010). Because of using the same organism, there are not
any interspecies uncertainties and also matrix effects and in-
fluences of the organism are eliminated. B. cereus was ex-
posed to three different phases (organic extract, water extract
and solid phase) that represent the total toxicity and mobile
and bioavailable fractions, respectively. Our three-step eco-
toxicological evaluation is a useful tool to provide a fast eval-
uation of mobility and bioavailability of toxic compounds in
complex matrices such as soils. The results of our three-step
ecotoxicological evaluation and chemical analysis of selected
soil samples were compared and interpreted in the context of
bioavailability and mobility of present contaminants.

Materials and methods

Sample collection and handling

Eighteen soil samples were collected from different sampling
sites in Southern Moravia, Czech Republic. The sample collec-
tion and handling was performed according to ISO 10 381-6
(1993). Detailed sampling and analytical procedures have been
published previously (Holoubek et al. 2009; Cupr et al. 2010).
Sampling sites, in the locality near a cement factory, South
Moravia, CZ, were selected according to different level of POPs
contamination and physico-chemical characteristic, from vari-
ous geographical regions, soil qualities and land uses. Sampling
sites included three arable soils, seven grasslands and eight
forest soils (Table 1). Total nitrogen (Ntot), total organic (Corg)
and pH was measured in each of the soil samples according to
ISO 11 261 (1995); ISO 14 235 (1998) and ISO 10 390 (1994),
respectively. Information on the soil profile and basic soil pa-
rameters were recorded for all sites at the beginning of each
sampling event. Each site was represented by ten sub-samples
collected from an area of 25×25m (approximately 1.5 kg). The
mixed plough layer (0–25 cm) was sampled for arable soil,
while the top 10 cm of soil was collected on grassland and
forest soils. In the forest, the litter (OL horizon) was carefully
removed before sampling, so the sample was a mixture of the
overlaying organic horizons OF+OH. At the sampling sites with
the organic horizon layers thinner than 10 cm, this mixture also
contained a fraction of mineral horizonAH. This sampling strat-
egy results in high variability of the physicochemical properties
of the soil samples.

All soil samples were transported to the laboratory in poly-
ethylene bags, air-dried at laboratory temperature sieved
through 2-mm mesh and stored at 4 °C until use (Seiler et al.
2008).

Chemical analysis

The soil samples were analysed for PAHs (naphthalene, ace-
naphthylene, acenaphthene, fluorene, phenanthrene, anthra-
cene, fluoranthene, pyrene, benz(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene,
i n d e n o ( 1 2 3 c d ) p y r e n e , d i b e n z ( a h ) a n t h r a c e n e ,
benzo(ghi)perylene), PCBs (PCB 28, 52, 101, 118, 153,
138, 180) and organochlorine pesticides ((OCPs) α-, β-, γ-,
δ-HCH, p,p′-DDE, p,p′-DDD, p,p′-DDT) according to the
method (Holoubek et al. 2009). Five grams of dry soil sample
was extracted using 120 ml dichloromethane (DCM) in an
automatic extraction system (40 min warm extraction,
20 min washing; Büchi B-811, Flawil, Switzerland). Concen-
trated extracts for PAHs analysis were fractionated on activat-
ed silica (activation 250 °C, 3 h). The unused aliphatic fraction
was eluted with hexane and then dichloromethane to obtain
PAHs. Quantitative analysis was carried out on gas
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chromatograph mass spectrometer (GC-MS). The GC was a
HP 6890 equipped with mass selective detector HP 5972
(Hewlett Packard, Les Ulis, France) supplied with fused silica
columnDB-5MS (J&WScientific, Folsom, CA, USA) 60m×
0.25 mm with 0.25 μm film of stationary phase with 5 %
phenyl in 95 % methyl polysiloxane. The second extract of
5 g dry soil was cleaned-up for determination of PCBs and
OCPs on column content acid-modified silica (44 wt.% of
concentrated sulphuric acid). PCBs and OCPs were eluted
with 5 % dichloromethane in hexane. Samples were analysed
on GC-ECD instrument HP 5890 (Hewlett Packard, Palo Al-
to, CA) equipped with capillary column Quadrex 007-5,
40 m×0.18 mm×0.25 μm film thickness.

Quality assurance and quality control were ensured by spik-
ing surrogate standards (recovery and internal standards). The
appropriate standards were quantified for all samples. Analyses
of four blanks (two solvent and two using empty extraction
cartridges) were performed for every week of extraction, so that
the total number of blanks was 20. Blank levels were below the
detection limit for all compounds and in all cases. Standard
recoveries varied between 75 and 105 % for deuterated PAHs
(D10-phenanthrene, D12-perylene) and 85 and 105 % for PCB
30 and PCB 185 congeners.

Ecotoxicological tests

Toxicity of (i) water extract, (ii) organic extract and (iii) un-
treated soil sample (solid-phase test) was evaluated using
B. cereus toxicity assays. Every sample was tested in three-
step dilution, and two true replicates per treatment group were

applied. In the water extract test (i), the presence of toxicity in
the mobile phase was assessed. Toxicants can leach from the
soil during wet conditions (mobile contamination); hence,
bacterial inhibition by the water extract exposure would indi-
cate mobility of toxic compounds. The organic extract test (ii)
was used to demonstrate the potential maximum organic tox-
icity potential of soil samples. The contact toxicity test (iii)
was used to provide information on bioavailable portion of
contaminants in the soil.

The water extracts were extracted from soils by Milli-Q
water at ratio 1:1 (dw/v) following standardised procedures
(Dutka et al. 1993, 1994; Prokop et al. 2003). The suspension
was shaken (200 rpm) for 1 h at 20 °C, and then filtered and
applied for toxicity testing. In case of the organic extract test,
the collected soil samples were extracted with DCM using a
Soxtec extraction system (Büchi B-811, Flawil, Switzerland;
aliquot of DCM extraction for chemical analysis was applied).
The solvent was evaporated under a nitrogen stream, and then
reconditioned with 1 ml dimethyl sulfoxide (DMSO) for tox-
icity testing.

Dehydrogenase activity

Dehydrogenases are directly involved in many of the vital
anabolic and catabolic processes of living organisms, and their
activity is subjected to inhibition by chemical toxicants. Mi-
crobial dehydrogenase activity was determined using the
oxidation-reduction dye resazurin. Resazurin (λmax=
601.2 nm) is reduced by the microbial electron transport sys-
tems to resorufin (λmax=571.4 nm), and the reaction is

Table 1 Description of the soil
samples, characterisation of the
soil and other properties

Sample Soil texture Soil type pH (H2O) Ntot (%) Corg (%) Clay (%) Sand (%)

Soil 1 Sandy Forest soil 5.90 0.32 4.48 22.50 27.20

Soil 2 Sandy loam Grasslands 4.50 0.14 1.10 37.20 16.10

Soil 3 Loamy sand Forest soil 4.50 0.26 4.10 19.30 33.60

Soil 4 Sandy Forest soil 6.40 0.32 4.38 26.70 31.60

Soil 5 Sandy Grasslands 5.40 0.34 2.76 22.70 35.20

Soil 6 Sandy loam Arable soil 6.48 0.18 1.21 32.00 16.30

Soil 7 Loamy sand Forest soils 4.90 0.21 4.00 22.60 30.40

Soil 8 Sandy Grasslands 6.50 0.23 1.79 20.60 41.70

Soil 9 Sandy Grasslands 6.70 0.34 3.59 14.80 45.30

Soil 10 Sandy Forest soil 5.50 0.43 5.00 8.70 57.00

Soil 11 Sandy loam Grasslands 4.90 0.11 1.17 29.40 22.00

Soil 12 Sandy Grasslands 7.12 0.28 2.60 6.60 69.50

Soil 13 Loamy sand Arable soils 6.95 0.17 1.11 10.80 52.30

Soil 14 Loamy sand Forest soil 5.80 0.48 7.06 10.70 48.10

Soil 15 Sandy Forest soil 6.47 0.34 3.91 6.10 68.40

Soil 16 Sandy loam Arable soils 6.70 0.15 1.05 21.30 37.40

Soil 17 Loamy sand Forest soil 5.30 0.55 5.85 11.60 47.60

Soil 18 Sandy Grasslands 6.56 0.48 3.39 8.30 75.60
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irreversible in biological systems, thus increasing the accuracy
of the assay. Microbial dehydrogenase activity is proportional
to the amount of resazurin reduced, which can be quantitative-
ly measured at 601 nm using a spectrophotometer or
colorimeter.

All three tests were based on determination of microbial
dehydrogenase activity inhibition. Test bacteria (B. cereus)
dehydrogenase activity is proportional to the amount of re-
duced resazurin (oxido-reduction indicator) (Rönnpagel
et al. 1995; Ahlf 2006; Liu 1989). The test procedure was
performed according to Prokop et al. (2003).

In the solid-phase test, 2 g of each sample was transferred
into a centrifuge screw-cap tube and resuspended in 2 ml of
buffer medium. Incubation was performed for 4 h, at 30 °C
and 70 rpm. The inoculum was prepared from actively grow-
ing biomass by adjusting the cell concentration to OD610=1.0
(optical density at 601 nm). After the incubation, 2 ml of a
resazurin solution (with a concentration of 0.2 mg ml−1 of
phosphate buffer) was added to indicate the activity of bacte-
rial dehydrogenases. The mixture was shaken for 1 h and
centrifuged (3500×g, 5 min). The reaction was stopped by
membrane filtration (pore size, 0.2 pm). The concentration
of unreduced resazurin was measured in the filtrate by spec-
trophotometry at 601 nm.

Data analysis

The toxic effect was expressed as the effective sample con-
centration causing a 50 % inhibition of the dehydrogenase
activities (EC50) compared with a negative control in these
three tests (Ahlf 2006). Linear models were fitted to the linear
parts of dose–response relationships. EC50 values were

calculated by inverse prediction from these linear models
(Meddings et al. 1989). All statistical calculations were per-
formed in Statistica for Windows 11.0 (StatSoft Inc., Tulsa,
USA). Toxic units (TU) were calculated according to New-
man (1995) as the ratio 100/EC50 (Anderson et al. 2003;
Blaise and Férard 2005; Hunt et al. 2003; Junghans et al.
2006; Thomas et al. 2001). The bioavailable fraction (FBio)
and mobile (FMob) of the soil contaminants was expressed as
follows:

FBio ¼ TUSolid

TUOrganic
� 100 ð1Þ

FMob ¼ TUWater

TUOrganic
� 100 ð2Þ

where, TUSolid is the bioavailable toxicity of the soil (toxicity
of the solid phase), TUWater is the toxicity of mobile fraction of
the soil (toxicity of the water extract) and TUOrganic represents
the total organic toxicity of the soil (toxicity of organic extract)
in toxic units TU.

Canonical analysis was carried out to assess the correlation
between chemical analysis ecotoxicological tests.

Spearman’s correlation test was carried out to assess corre-
lation between individual toxicological analyses (correlation
FBio and C organic, correlation FMob and C organic, correla-
tion FBio and pH of water extract).

Results and discussion

It is important to highlight that the main aim of our study was
to present the new approach verification of a three-step eco-
toxicological evaluation and not the pollution sources

0
100
200
300
400
500
600
700
800

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

n
g

.g-
-1

a

0
2
4
6
8

10
12
14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

b

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

n
g

.g-
-1

c

0
20
40
60
80

100
120
140

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

d

Fig. 1 The results of chemical analysis of PAHs (a), PCBs (b), HCHs (c) andDDTs (d) present in the soil samples; y-axis: concentration of the chemicals
(ng g−1), x-axis: the soil sample number
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identification of each samples. Our intention was to choose
the most diverse samples with different contamination and
physico-chemical properties; these differences were con-
firmed by the chemical analysis (Fig. 1). One of the highest
PAHs and HCHs contamination was found by soil sample 8,
where the extremely high levels of DDTs were also deter-
mined. The highest contamination was found by soil sample
17, which showed the highest levels of PAHs, PCBs and
HCHs contamination. High contamination was found also
by samples 7 and 14 due to the relative high levels of PAHs,
PCBs and HCHs. In comparison, the lowest contamination
was found by samples 13 and 16. These samples showed
relative low levels of PAHs, PCBs and HCHs, and only DDTs
levels were slightly elevated. This diverse set of samples was

used for the demonstration of suitability of the proposedmeth-
odology providing essential information about mobility and
availability of contaminants presented in solid-phase matrices.

The organic extract is intended to monitor the maximum
amount of organic contaminants in the sample. The efficiency
of organic extraction procedure used in this study was >95 %
(Skarek et al. 2007). The toxicity of the organic extracts was
observed to be high relative to the mobile and bioavailable
factions for almost all of the soil samples.

The water extracts showed low toxicity for all soil samples
(Table 2; Fig. 2), which indicates that only low fraction of
overall contamination is readily water soluble and mobile (F-

Mob) (Table 2; Fig. 3). This observation suggests that the or-
ganic contaminants present in the samples can be strongly

Table 2 Toxicity of the soil sample contaminants

TUWater S.D. TUSolid S.D. TUOrganic S.D. FBio S.D. F S.D.

Soil 1 0,66 0,08 5,47 1,09 29,24 7,46 18,71 0,85 2,26 0,24

Soil 2 1,30 0,35 5,71 0,76 26,51 1,37 21,52 1,67 4,89 1,03

Soil 3 0,69 0,25 5,32 0,45 28,23 3,13 18,86 0,44 2,44 0,56

Soil 4 -1.12
a

0,16 3,90 0,01 14,70 1,75 26,52 2,75 0,00 0,00

Soil 5 2,90 0,16 5,16 0,10 28,14 0,53 18,35 0,02 10,30 0,38

Soil 6 0,81 0,20 12,50 1,27 31,28 2,75 39,96 0,49 2,58 0,37

Soil 7 0,77 0,45 6,38 0,53 67,15 4,38 9,51 0,15 1,14 0,56

Soil 8 2,18 0,29 20,42 1,68 25,31 2,49 80,67 1,17 8,62 0,26

Soil 9 0,32 0,09 3,90 1,19 32,22 3,76 12,12 2,04 1,00 0,16

Soil 10 -0.42
a

0,07 5,51 0,45 21,35 5,77 25,80 3,82 0,00 0,00

Soil 11 -1.43
a

0,23 6,31 0,13 26,72 4,83 23,62 3,19 0,00 0,00

Soil 12 0,19 0,07 5,31 1,43 9,80 0,55 54,20 10,89 1,92 0,57

Soil 13 -1.28
a

0,09 3,70 0,07 5,02 0,08 73,66 0,33 0,00 0,00

Soil 14 -0.04
a

0,07 5,90 0,84 61,26 4,64 9,64 0,60 0,00 0,00

Soil 15 -0.17
a

0,11 1,54 0,79 21,39 1,05 7,20 3,17 0,00 0,00

Soil 16 -2.17
a

0,32 3,91 0,05 3,31 0,72 100,00 1,85 0,00 0,00

Soil 17 0,49 0,08 6,47 0,39 33,97 9,97 19,04 3,42 1,43 0,15

Soil 18 0,35 0,16 8,38 0,96 14,27 3,29 58,74 5,53 2,43 0,47

Water Extract 

Toxicity

Solid Phase 

Toxicity

Organic Extrakt 

ToxicitySample

Bacillus cereus

Bioavailable 

Fraction [%]

Mobile 

Fraction [%]

The biological responses of the bacteria Bacillus cereus to the presence of toxic compounds in untreated solid samples (solid-phase) and in their water
and organic extracts (in toxic units (TU))
a Growth stimulation effect

Fig. 2 Toxicity of the soil sample
contaminants assessed using
three-step ecotoxicological
evaluation. Organic extract (red),
solid-phase (green) and water
extract (blue). Bars, average of
extracts toxicity in toxic units
(TU). Whiskers, standard
deviation (SD)
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bound to solids and were not available for water extraction.
This effect can be clearly seen for sample 14, which showed a
weak response on the water extract; however, the organic ex-
tract showed one of the highest toxicity and also levels of PAHs
and PCBs, measured by chemical analysis, were high. This
indicates the strong binding of organic toxicants to the solid
particles, i.e., these compounds are unlikely to be very mobile.

he solid-phase test indicates the fraction of the contamina-
tion which is available for biota (FBio). The overall level of
toxicity of solid phase was higher in comparison with water
extract toxicity but still significantly lower than overall con-
tamination evaluated by organic extract toxicity (Table 2;
Fig. 2). This indicates that the contaminants available for or-
ganisms living in solid environment do not need to be well
soluble in water and mobile. This effect can be explained by
the effect of ‘driven’ desorption. The microorganisms bind on
solid-phase surfaces and interact with both the aqueous and
the particle-bound factions of potential toxicants (Feiler et al.
2013; Shaw et al. 2000). Still, large fraction of contamination
is bound to solid particles strong enough not to be biologically
available. This scenario could be seen in sample 7, which had
high organic extract toxicity and high level of contamination,
while the bioavailable fraction of presented toxicants (FBio)
was very low. Interestingly, samples 13 and 16 with very low
level of contamination showed stimulation in the water extract
and the organic extract showed the lowest toxicity of all the
organic extracts. Overall, the canonical analysis showed good
correlation between the chemical and toxicological analyses
(R2=0.84, p=0.0005).

The elevated level of bioavailability and mobility was ob-
served for sample 8. This sample belongs to the highest con-
taminated samples, where high levels of PAHs and PCBs and
extremely high levels of DDTs were determined. The high
level of bioavailable (FBio) and mobile (FMob) fraction is like-
ly due to limited adsorption capacity of sample 8. The corre-
lation analysis indicates that the bioavailability of contami-
nants in tested samples was affected by the amount of organic
carbon content of the soil (Fig. 4). The negative relationship
between bioavailability and amount of organic carbon in the

soil samples (r=−0.60, p<0.05) suggests that bioavailability
of organic contaminants in the tested samples decreased with
increasing amount of organic matter.

Organic matter has a high affinity to bind organic com-
pounds, reducing their bioavailability. The greater the hydro-
phobicity or lipophilicity of an organic contaminant, the great-
er the potential for its sorption to organic matter (Christman
and Pfaender 2006). Another indirect effect of soil organic
matter is its role on limiting contaminant mass transfer. The
rate of mass transfer of an organic contaminant from soil par-
ticles to the surrounding pore water is inversely proportional
to the contaminant’s soil-water distribution coefficient
(Pignatello 1999). Therefore, with increasing organic matter
content, retention of an organic contaminant increases and
rates of release decrease, thereby, decreasing overall contam-
inant bioavailability (Stokes et al. 2006; Hayat et al. 2010).
Another correlation analysis indicates dependence of bioavail-
ability on pH (Fig. 5). In this case, the bioavailability increases
with increasing value of pH (r=0.52, p<0.05); pH is one of
the most important parameters, which can strongly influence
the bioavailability of organic contaminants (Loibner et al.
2006). It was found that bioavailability of soil contaminants
should be increased at low pH, due to the reduced competing
influence of protons at high pH, which facilitates uptake of
free ions of contaminants in the test organism (Ardestani and
van Gestel 2013).

Fig. 3 Bioavailability (FBio;
green) is the ratio of toxicity of
solid fraction (TUSolid) and
toxicity of organic extract
(TUOrganic) in percentage (%);
mobility (FMob; blue) is the ratio
of water extract toxicity (TUWater)
and organic extract toxicity
(TUOrganic) in percentage (%).
Whiskers, standard deviation
(SD)

y = -9.0897x + 63.906
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Fig. 4 Relationship between bioavailability FBio of contaminants and
amount of organic carbon in tested soils (r=−0.60, p<0.05)

Environ Sci Pollut Res



Conclusions

A novel approach was used for the fast assessment of bioavail-
ability and potential mobility of contaminants in soil. The pro-
cedure used the same test organism and was designed to give an
early estimate of the total organic toxicity (organic extractable
fraction), mobile (water extract) and bioavailable (solid phase)
fraction of contaminants in soil samples. The selected soil sam-
ples with different levels of contamination (PAHs, PCBs, HCH
and DDT) and different amounts of organic carbon were used
for demonstration of efficiency of proposedmethod for analysis
of fractionation of contaminants in solid samples. The results
showed a low potential mobility of organic toxicants in tested
soils. The bioavailable fraction was significantly greater than
the mobile fraction. Still, the large fraction of overall contami-
nation was strongly bound to the solid samples showing signif-
icant dependence on the amount of organic carbon. The fraction
bioavailable to the test microorganism was likely elevated by
the effect of driven desorption.

The presented new tool of ‘multi-component three-phase
exposure’ utilise the exposure of the same test organism and is
useful for evaluation of total toxicity, water solubility and
biologically available fraction of the solid sample contamina-
tion. The three-step ecotoxicological evaluation provides early
information about behaviour of contaminants in soils in the
context of mobility and bioavailability. The knowledge of
mobility and bioavailability of chemical compound in a soil
is useful for the hazard identification (provides useful toxicity
and exposure information) and environmental risk assessment
for organic contaminants in soils.
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