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Abdract

The objective of the study wasto use different approachesfor assessing potential ecological risk for agricultural soilsaffected by intensiveflood. The
agricultural territory of 7000 hasituated in themiddle course of the Vistulariver and waterlogged for over one month during flood episodein the year
2010 was chosen as a pilot area. Soil samples (n = 17) were collected from the upper soil layer of 0-30 cm. To answer the question whether the
contaminants present in the flooded soils pose a risk to ecological receptors, the ecological risk assessment (ERA) procedure (screening stage)

consisting of two linesof evidence (chemical LoE and ecotoxicological LoE) was used. The chemical LoE included combined risk resulting from the
presence of contaminants such as zinc and polycyclic aromatic hydrocarbons (PAHS). Therisk values cal cul ated for the ecotoxicol ogical LoE (based
on the Microtox test results) were higher than the chemical LoE risk values. For majority (88%) of samplesthe calculated integrated risk (IR) factor
valueswere below the acceptablerisk limit (IR of 0.50) recommended for agricultural land-use. However, statistical evaluationsindicatelow precision
of the IR parameter and the necessity of the careful treatment of the data. Application of the first screening stage of the ERA methodol ogy enabled
to delineatetheterritories of possible high ecological risk and specify of theareathat needsfurther investigations. Theresults of ERA were compared
with the evaluations based on EC_ or TU parameters, which allowed to classify all samplesfrom flooded areaas nontoxic. Thiswasin linewith the
results of contaminant determinations: the concentrations of Zn and PAHsin soilswere below the threshold limitsfor agricultural soils as specified
in Polish regulations. Theresults of toxicity determinationswere related to physicochemical properties of soils (texture and organic matter content),

but were not directly linked to the total content of pollutants.
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Introduction

Intensive flooding may have significant effect on soil properties.
Cultivated soilscan be directly affected by adestruction of crops
and trees, but flooding can lead also to disadvantageous changes
in soil ecotoxicological propertiesdueto the presence of different
pollutants, such as metals, polychlorinated biphenyls (PCBs),
organochlorine pesticides (OCPs) or polycyclic aromatic
hydrocarbons (PAHs) 3. Chemica measurementsare not sufficient
for evaluation of the real risk related to the presence of
contaminantsand they have to be complemented with biological
and toxicological assays*.

Theresults of ecotoxicological evaluationscan be expressedin
different ways: as 50% Effect Concentration (EC, ), No Observable
Effect Concentration (NOEC) or Toxic Units(TU). However, the
best way to answer the question whether the contaminants present
intheflooded soilsposearisk to ecological receptorsisapplication
of the multistage ecological risk assessment (ERA) procedureS.
This methodology, based on weight of evidence approach,
integratesinformation from different linesof evidence (LoE). ERA
procedure, originally developed to evaluate sediment quality 6,
may |lead to amore precise answer than an approach based only
on the concentrations of pollutants at the site .

The aim of the study was to apply the ERA procedure for the
assessment of potential ecological risk of agricultural soils; the
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rural territory of about 7000 haaffected by floodin2010in Lublin
region in Poland was chosen as a case study area. Whole
ecological risk assessment is a complex and laborious process
and consisted of different stages. Tofacilitate practical application
of ERA the assessmentswere based on the screening stage of the
procedure. The evaluations embraced two LoEs (chemical and
ecotoxicological). Chemical lineincluded determinations of the
content of two groups of pollutants: metals (represented by highly
mobile Zn) and persistent organic contaminants (represented by
polycyclic aromatic hydrocarbons—PAHS). Ecotoxicological line
was covered by the results of the solid phase Microtox test.

Materialsand Methods
Area under study and soil sampling: The soil samples (n=17)
werecollected from theareaof agricultural useinthewestern part
of the Lublin voievodeship, situated in the middle course of the
longest Polishriver, the Vistula. Therewereno significant industrial
and urban pollution sources situated in the close distance
upstream theriver and in the areaunder study.

Theareawas flooded in the spring 2010 and was covered with
water for over onemonth with awater table reaching 2.0 m height.
The soil samples (~5 kg) weretaken from the surfacelayer (0-30
cm) of agricultural soils 2 weeks after flood. The geographical

675



locations of sampling points were identified by GPS (global
positioning system). The density of the sampling pointswashigher
inthewestern part of the area, which stayed under water for over
four weeksand lower in the eastern, not flooded territory. A more
detailed description of thestudy areaisin Maliszewska-K ordybach
etal.”.

Chemical analyses. After transport to thelaboratory, soil material
for chemical and physicochemical andyseswasair dried at 20+2°C,
sieved to pass a 2 mm sieve-mesh and stored in darkness at a
temperature of 16-18°C beforefurther use.

Soil characteristicsincluded the determination of particle size
distribution, soil organic matter content, pH, PAHsand Zn content.
Soil particle size distribution was established by an aerometric
method 8. Soil organic matter content (OM) was determined by
loss of ignition (550°C, 7 h). The pH was measured
potentiometrically in 1:2.5 (m/V) suspension of soil in1 M KCI
solution®.

The analysis of PAHs comprised of 16 compounds according
to USEPA list 1° fromwhich two different sub-groupswere sel ected
for further evauations. Thefirst sub-group included 9 compounds
(naphthalene, phenanthrene, anthracene, fluoranthene,
benzo(a)anthracene, chrysene, benzo(b)fluoranthene,
benzo(a)pyrene and benzo(g,h,i)perylene) specified in Polish
regulations 1 and the second comprised low molecular weight
PAHSs (naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene and anthracene). The ground and sieved (<0.1 mm)
soil sampleswere spiked with asolution of five deuterated PAH
compounds (d,-naphthalene, d, -acenaphthene, d, -
phenanthrene, d ,-chrysene and d,-perylene) and extracted with
dichloromethane (CH,Cl.)) inAccelerated Sol vent Extractor ASE200
Dionex. The concentration of single standards per samplewasin
therange of 0.5-2 ug. One cycleextraction included: preheating 5
min and static 5 min, at the pressure of 1500 psi (103.4 bar),
temperature of 100°C and 60% of cell filling followed by 1 min
flushing. Diatomaceous earth was applied for water absorption.
Water-free extracts were concentrated to about 1 ml with vacuum
rotary evaporator (vacuum Brand PC2001 Vario) and cleaned up
on glassmini-columnsfilled with activated silicagel. Extractswere
eluted with n-hexanefollowed by amixtureof n-hexane/CH,CI, (3/
2vIv). After evaporation the eluates were analysed using Agilent
6890N gas chromatograph equipped with anAgilent 5973 Network
mass spectrometer and an Agilent 7683 B series autosampler.
Resolution of PAH compoundswas achieved according to | SO 12
standard using DB-5 M S+DG fused-silicacapillary column. The
quality control included an analysisof certified reference material
(CRM 131), laboratory control sample and solvent blank sample
procedure for every 20 samples. The recovery for individua
compounds from CRM 131 was within 62-84% and precision
expressed asarelative standard deviation (RSD) wasintherange
of 5-12%. Limit of detection (LoD) for individual PAH compounds
waswithin 0.5-2.3 g kg? and limit of quantification (LoQ) 1.6-7.1
ngkg™.

For zinc determination the aguaregiadigestion procedure (2 h
hotplate digestionin 1:3 v/v mixture of 70% HNO, and 37% HCl
followed by refluxingin 3M hydrochloric acid) was applied. After
digestion the suspension wasfiltered through the Munkted filters
Grade 390 and diluted to 50 ml in volumetric flasks. The extracts
were analyzed by the inductively coupled plasma mass
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spectrometry (ICP-MS) technique. The instrument used wasthe
Agilent quadrupol e 7500CE | CP-mass spectrometer equipped with
atorch, the micro mist nebulizer, nickel sampler and skimmer cones,
and doubl e pass spray chamber. Argon was used asacarrier gas,
and hydrogen and helium asreaction gases for the elimination of
interferences. To minimize the matrix effect and ensurelong-term
stability all determinationswere madein the presence of internal
standard consisting of 1 mg L of %Sc, Y and **°Th. A blank
sample and the certified reference material (CRM028-050) were
included in analyses for quality control. The recovery for zinc
was 92% and precision of the method defined asarelative standard
deviation (RSD) was<3%.

Ecotoxicological analyses. For ecotoxicity tests fresh soil
samples were homogenized, their coarsest fraction was handy
removed and soilswere stored at the temperature of 5+2°C before
toxicity assays®.

The Microtox solid phase test (SPT), utilizing lyophilised
luminescent bacteriaMVibrio fischeri (Beijerinck) was applied for
soilsecotoxicity determinations. The Microtox test iswidely used
asascreening toxicity test dueto itssimplicity, rapidity, sensitivity
and cost-effectiveness. In SPT bioassay bacteriacan have contact
with toxicants both on the particle surfaces or dissolved in the
water, thus, SPT can be considered more ecologically relevant
than elutriates or porewater testsfor soil toxicity evaluation 425,

Bacteria, reconstitution solution, cuvettes, filters and tubes,
produced by SDI (USA), were purchased from Tigret (Poland).
Bacteriawere stored at -20°C before thetest. The soil samples (7
g) were suspended in 35 ml of 3.5% NaCl solution with magnetic
stirring for 20 min. The stirring speed (400 rpm) was such that a
vortex depth of approximately 50% of theliquid level at thewall
was obtai ned. Subsamples of this suspension were used for serial
dilution (1.5 ml, dilution factor 2, two replicates). Dilutionswere
equilibrated for 10 min in an incubation block at 15+2°C, after
which 20 pl revitalised bacteriawere added to each tube, gently
mixed with a pipette and left in an incubation block at the same
temperaturefor 20 min. The bacteriawere then separated fromthe
soil by filtration and a0.5 ml of the liquid phase wastransferred
into glasscuvettesinthe Microtox Model 500 analyzer and allowed
to equilibratefor 5 min beforereading. Light emissionwasrecorded
and the output data analysed using MicrotoxOmni software
version 1.18 %6, All testswere performed with two controlsand six
to seven dilutionsin two replicates.

The endpoint measured by Microtox isareductionin thelight
intensity produced by the luminescent bacteria ** 7; the results
wereexpressed asEC_ val ue, defined asthe sample concentration
that would produce a50% reduction in luminescence. Before EC, |
calculations all data (concentrations and intensity of
bioluminescence) were transformed to log form and described by
the linear regression. EC_; value and its 95% confidence range
were calculated from the intercept. The test result was accepted
whenR%>0.95.

The EC,, valueswere converted to Toxic Units (TU) according
totheformula

TU=100/EC, *.

A basic test using zinc sulphate as a reference chemical was
conducted to ensure vaidity of al the measurements. The EC,,
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vauefor zinc sulphatewas4.51 mg L-* and within therecommended
EC,, valuerangeof 3to 10 mg L-*for the toxicant *°.

Ecological risk assessment procedure and calculations: The
screening stage of ecological risk assessment (ERA) procedure
consisting of different lines of evidence (LoE) wasincludedinthe
evaluation. Thismethod of ERA isbased on aweight of evidence
approach and usually applied within atiered system; information
from each LoE iscollected at each tier following a step-wise cost-
effective process. Our study included thefirst screening phase of
ERA, aiming to determine whether a site can be excluded from
higher tiers of testing. For quantitative evaluation of risk inflooded
soils the risk factors for each sampling point were calculated
according to the method described by Jensen and Mesman 5. Risk
values were expressed in an effect scale ranging from zero (no
effect) to one (maximum effect) with samplesvaluerelated to the
reference soil (zero value). For each sampling point the cal culation
of therisk factorsincluded two steps: 1) scaling of results of test
withinindividual LoE, 2) integrating theinformation from LoE and
caculationtheintegratedrisk (IR).

In the first step, the results within each line of evidence were
scaled from 0 to 1. For the chemical LoE the total determined
contents of 9PAHs and Zn were compared to the limit values
specifiedin Polish regulations !, and then the scaled information
for each parameter wasintegrated to give one chemical LoE risk
value. For the ecotoxicological LoE, the scaling of Microtox test
data was done based on the percentage of bioluminescence
inhibition. Finaly, theintegrated risk values (IR) were calcul ated
for each tested soil. To evaluate whether the chemical and
ecotoxicological lines of evidence contributed differently to the
total risk, the standard deviation associated to each IR value was
calculated. More detailed description of IR calculations is in
Jensen and Mesman S.

Table1. Propertiesof soil materials(n=17).

Satistical evaluation of the data: Normality of al data was
checked using standardized skewness and standardized kurtosis
parameters; not normal datawerelog transformed prior to further
evaluation. Pearson product moment correlations were used for
the evaluation of the relationship between pairs of variableswith
significance level of 0<0.05. Statistical evaluations were done
using Statgraphics Centurion version XV program.

Resultsand Discussion

Physicochemical properties of soils and content of
contaminants. Soils fromthe study areawere characterized by
a high content of the fraction <0.02 mm (median of 42%) and
relatively low acidity (median pH 6.6). The organic matter content
varied moderately within 16.1-57.5 g kg with the median of 32.2
gkg?!(Table1). Therelatively high content of the fraction <0.02
mm and organic matter accompanied by low acidity may enhance
the sorption of pollutants (e.g. metals and PAHS), reduce their
transport to the deeper soil layersand diminish their bioavailability
and toxicity 819,

The total concentrations of contaminants under study (zinc
and PAHs) were not high (Table 1). The distribution of Zn was
uniform (CoV 27%) and the median Zn concentration (10.9 mg
kg?) was 30 times lower than the threshold value for unpolluted
soilsof agricultural use as specifiedin Polish regulationst. This
correspondswith Eulenstein et al. 8, who demonstrated low levels
of heavy metals in sediment from agricultural areawithin Odra
catchment after flood in 1997; the observed concentrationswere
below legal limitsvalid in Germany and did not createtherisk for
food production. The 9PAHSs content in soils under study ranged
from 0.08810 0.587 mg kg* (Table 1) and was much below thelimit
value set by Polish regulations*for unpolluted agricultural soils
(2 mgkg?). Themedian content of 9 PAHswas0.207 mgkg* and

Physicochemical properties

Ecotoxicological properties

Soil r<0.02 {r<0.002 oM pHka /n 9PAHs LMW TU Chem- Ecotox-
(%) (%) (gkgh (mgkg") (mgkg") (mgkg" LoE LoE
K1 59 18 37.2 6.6 10.6 0.205 0.091 6.7 0.02 0.72
K2 27 5 33.2 7.3 7.8 0.088 0.043 5.0 0.01 0.29
K3 22 7 20.1 7.1 14.6 0.348 0.080 2.3 0.13 0.47
K6 42 15 32.0 6.9 18.3 0.229 0.078 2.1 0.06 0.37
K9 47 12 28.5 4.9 12.3 0.167 0.069 2.9 0.01 0.64
K12 35 7 26.8 6.2 15.6 0.171 0.051 3.9 0.02 0.66
K13 47 13 32.2 6.7 10.9 0.159 0.051 3.1 0.01 0.60
K15 29 6 34.8 7.1 11.6 0.214 0.159 1.6 0.03 0.32
K16 40 10 234 53 11.7 0.250 0.152 3.0 0.05 0.75
K17 56 17 57.5 6.8 13.1 0.410 0.152 22 0.17 0.45
K20 16 4 16.1 7.0 9.3 0.188 0.150 0.6 0.00 0.00
K22 43 12 29.8 6.9 15.2 0.587 0.192 1.4 0.26 0.36
K25 57 20 37.4 52 8.1 0.130 0.090 4.6 0.01 0.71
K26 36 8 34.4 6.0 10.7 0.207 0.109 1.4 0.02 0.25
K27 26 7 229 52 7.5 0.113 0.086 1.7 0.01 0.40
K29 71 33 52.7 52 7.7 0.293 0.096 4.3 0.07 0.80
K36 55 16 36.1 5.9 9.9 0.446 0.163 4.3 0.18 0.65
Mean 42 12 32.6 6.2 11.5 0.247 0.106 3.0
Median 42 12 322 6.6 10.9 0.207 0.091 2.9
SD 15 7 10.5 0.8 3.1 0.132 0.046 1.6
Min 16 4 16.1 4.9 7.5 0.088 0.043 0.6
Max 71 33 57.5 73 18.3 0.587 0.192 6.7
CoV(%) 36 58 32 13 27 53 43 53

fr<0.02 — content of the fraction <0.02 mm, fr<0.002 — content of the fraction <0.002 mm, OM organic matter content, Zn zinc content, 9PAHs 9 PAHs content, LMW
low molecular weight PAHs (2+3 rings) content, TU Toxic Units*, SD standard deviation, Min minimum value, Max maximum value, CoV coefficient of variation, Chem-
LoE chemical line of evidence (based on Zn and 9PAHs content), Ecotox-LoE ecotoxicological line of evidence (based on SPT Microtox test results)

* limit value for non-toxic soils TU <10 %
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corresponded to the datareported by Maliszewska-K ordybach et
al. ?for thetop layer of soilsfromrural areasin Poland. Additional
information on the level of contamination of flooded soils with
trace metals and PAHs are given in the previous publication”.
Ecotoxicological evaluations: The EC_, values calculated on
the basis of the Microtox determinationswere within the range of
14.851t0166.07 g L* (Fig. 1). Onthebasis of the EC, valuesthe
toxicity of soilswas evaluated using the classification proposed
by Kwan and Dutka 2! for sediments. According to this
methodology, the samples are categorized as very toxic if the
Microtox EC is<5g L, moderately toxicat 5<EC_<10g L™, and
nontoxic at EC,,>10g L™ Thus, all analysed soil samplescan be
qualified as nontoxic (Fig. 1). This corresponds with the studies
of Al-Mutairi et al. *, who reported Microtox EC_ values for
agricultural soilswith propertiessimilar to our samples (pH from
6.7t07.0andC 439 kg?') tobeintherangeof 10-15gL%,i.e.
inthe nontoxic group.

240 ~
— — — the limit value of EC50 for non-toxic soils

200

160

ECs (gL™)
]
S

80

o

E%ﬂﬂmgﬁﬂﬂm gL m@@

Kl K2 K3 K6 K9 KI2 K13 KI5 K16 K17 K20 K22 K25 K26 K27 K29 K36
Sampling point
Figure 1. Microtox EC, values for soils under study; error bars —the
95% confidenceintervals (calculated form theintercept).

For further evaluationsthe EC, | parameters were converted to
Toxic Units(TU). The TU approach was proposed by Sawicki et
al. 2for evaluation of thetoxicity of soil samples. Similarly tothe
scale suggested by Kwan and Dutka # the TU value of 10
(corresponding to EC_ = 10) was considered to be the upper limit
for nontoxic soils. The TU values calculated for the soilsin this
study ranged from 0.6 to 6.7 (Table 1), which indicates that all
samples from the investigated flooded area can be classified as
nontoxic.

Our studies confirmed that the solid phase (SPT) Microtox test
seems to be a good tool for soil ecotoxicity assessment but the
observed effect of soil properties suggests cautious data
treatment. Toxic effects on V. fischeri were negatively related to
soil fraction <0.002 mm and fraction <0.02 mm contents (r of -0.53
and -0.63, both significant at «<0.05) and to OM content (r =-0.48
at 0<0.05) with sail acidity being not significant factor (r =0.28).
These observations are in line with the previous studies of
Acheson et al. Zand Davoren et al. 24, who pointed out that the
EC,, valuesfrom SPT Microtox test should be considered carefully,
since soil composition may affect the toxicity values. High silt-
clay content, due to the adsorption of bacteria to fine-grained
sediments, may result in the reduction of theintensity of signals
recorded by aluminometer and suggest fal seincrease of toxicity
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1523 Davoren et al. #reported that a high rate of false positive
resultswas obtai ned following exposure of V. fischeri bacteriato
estuarine sediments characterised by high silt-clay content. In
the same study the sediments with the low percentage of fine
grained fractionswere classified as nontoxic.

No significant correlations were found between soil toxicity
and soil pollutants (Zn and 9PAHSs) concentrations (r of 0.18 for
both contaminants). Theonly weakly significant (r =0.47 at 0<0.10)
link corresponded to EC_/LMW PAHSs relationship. The lower
molecular weight PAHSs are generally more water-soluble and
characterised by higher bioavailability *°. This suggests that the
response of V. fischeri test ismorerelated to water-soluble PAHs
fractionthan total content insoil. Similar resultswere obtained by
Manzo et al. *, who investigated relationship between PAH
concentrations and toxicity in different soils. The authors
expressed an opinion that PAHs represent only a portion of the
soil contaminants and by themselves could not explain a more
general status of soil contamination and health. It was concluded
that Microtox test usually represents the worse case identifying
the toxic effects due to the chemical interaction and/or to the
undetectabl e contaminantsin the whole soil 4.

As the contrary to our study, while investigating
ecotoxicological effectsin the Elbe river sediments after flood
event, Oetken et al.  found an overall increase of environmental
contamination compared to the levels noted before the flood.
Nevertheless, the toxicity of the sediments— as evaluated on the
basis of the tests with midge Chironomusriparius (Meigen) and
the mundsnail Potamopyrgus antipodarum (Gray) — decreased
very quickly after flooding presumably asaresult of adilution of
contaminants.

Evaluation of theecological risk in flooded soils. To have better
insight into soilstoxicity therisk factors(inrelation to thereference
soil) were cal culated ®. The soil from the sampling point not affected
by flood was chosen asareference soil (K20). The propertiesof a
reference soil (low level of Znand 9PAHS, high pH valueand low
fraction <0.02 mm content — Table 1) did not indicate the possible
interference with the response of bacteria in the solid phase
Microtox test 1415, Thetoxicity of thereference soil wasrelatively
low withthehighest EC, valueof 166g L (Fig. 1).

Theintegrated risk factors(IR) presentedin Fig. 2werecaculated
on the base of two LoEs (chemical and ecotoxicological). The
chemical LoE included risk resulting from the presence of two
contaminants (Zn and 9PAHS). The concentration of each of those
substancesin each sampling point wasrelated to thelimit values
specified in Polish regulations 1; 1 mg kg* and 300 mg kg for
9PAHs and Zn, respectively. The calculated chemical LoE risk
vaueswereintherangeof 0.01-0.26 (Table 1). Theecotoxicological
LoE involved therisk expressed asthe percentage of inhibition of
bioluminescencein the Microtox test. Therisk values cal culated
for the ecotoxicological LoE (0.25-0.80) were mostly higher than
thechemical LoE risk factors(Table 1).

In 88% of the samplesintegrated risk values were lower than
the acceptable val ues recommended by Jensen and Mesman *for
soilsof agricultura use (IR of 0.50) (Fig. 2). Intwo sampling points
(K16 and K29) the IR values corresponded to moderate risk
(0.50<IR<0.75) (Fig. 2). The high IR in these soils was related
mainly to ecotoxicological LoE (Microtox results) since both
sampling points did not exhibit elevated Zn or PAHs
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Figure2. Integrated Risk values (+ standard deviation) for each sampling
point; 0.50—thelimit of acceptablerisk for agricultural land-useaccording
to Jensen and Mesman 5.

concentrations. The observed effect can be related to alow pH

value or to the presence of contaminants not analyzed in this
study. Besides, the soils characterized by the highest risk were
waterlogged for along period of time. Changing in aeration may
create conditions to produce toxic metabolites which are not

detected by chemical analysis 8. However, each calculated IR
value had specified margin of error; the IR standard deviations
(SD) in the assessments indicated that only 5 sampling points
were characterised by the IR+SD val ues bel ow the acceptablerisk
limit value of 0.50 (Fig. 2). Going further, on the base of the SD
values given in Fig. 2 and the known statistical statement that

95% predictive limit correspondsto 1.96xSD, the calculated IR
parametersgive only 5% confidencethat the soilsfrom all sampling
points pose an illegiblerisk. Last calculations do not denote the
real high risk associated with investigated soils, but rather indicate
on the necessity of careful interpretation of ecotoxicity dataand
use of statistical evaluations.

The applied procedure correspondsto the first screening stage
in the full ERA methodology ®, which simultaneously enables
delineation the territories of possible high ecological risk and
specification of the areathat needs further investigations.

Conclusions
The methodology based on the results of the Microtox test (using
EC,, or TU parameters) did not indicate on the ecotoxic properties
of the soils under study towards V. fischeri bacteria. The results
of the solid phase (SPT) Microtox test were strongly related to the
physicochemical properties of soils, but were not directly linked
tothetotal contentsof pollutants (Znand 9 PAHS) in soil samples.
The weak negative rel ationship between Microtox derived EC,
vauesand thefraction of PAHscomprising lower molecular weight
compounds of higher water solubility implied that SPT Microtox
results are controlled more by the bioavailablefraction of organic
pollutants than by their total concentration in the soils.
Application of the screening stage of the ERA procedure

comprising two lines of evidence (chemical and ecotoxicological)
confirmed the weak effect of flooding on the ecological status of
agricultura soils. Only 12% of the studied soils (2 sampling points)
exhibited direct potential ecological risk (IR parameter exceeding
theacceptablerisk limit of 0.50). However, more detailed Statistical
assessments suggested necessity of careful data treatment and
indicated very low level of confidence (5%) that studied soilsdo
not pose any ecological risk. This can be ascribed rather to the
methodological problems related to integration of the risk
parameters based on different lines of evidence than to any real
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risk resulting from theflooding of theinvestigated area. To avoid
overestimation of the risk the next stages of ERA process —
including more bioassays and assuring more precise evaluation
of potential risk - haveto be applied.
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