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Introduction

The main tasks of ecotoxicology are monitoring and 
assessing the fate and effects of contaminants introduced 
in the environment; soil ecotoxicology is particularly dif-
ficult due to the problems related to the extreme com-
plexity of soil ecosystems and enormous diversity of soil 
organisms [1]. Ecotoxicity tests, creating a tool for ful-

filling those objectives [2], are applied for two main pur-
poses: legal control of chemicals and soil quality evalua-
tions (including ecological risk assessment – ERa) [2-4]. 
additionally, ecotoxicological test methods are also sug-
gested as a good instrument for obtaining indirect infor-
mation about potential bioavailability of pollutants for 
specific organisms [5]. In all cases the problem of ap-
propriate soil reference materials is extremely important, 
since there is a strong association between ecotoxicity of 
contaminants in terrestrial environment and soil charac-
teristics [4, 6].*e-mail: bkord@iung.pulawy.pl
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soils with properties corresponding to SIm-EuRO-Soils. One tenth of the studied soils was classified as 
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EuRO-Soil-4), with half of them corresponding to low-organic, slightly acidic EuRO-Soil-1 identified 
originally in Sicily. analysis of the results indicates the necessity for further works aimed at identifying 
new EuRO-soil groups typical for Central and East European countries such as Poland. There is also a 
need of specification of SIm-EuRO-Soils criteria, mainly regarding the level of its contamination and 
methods of analysis.

Keywords: EuRO-Soils, ecotoxicity testing, ecotoxicology, soil reference materials, Polish soil proper-
ties



Maliszewska-Kordybach B. et al.258

although some standards aiming at the unification of 
ecotoxicity procedures in soils have already been developed 
by international (e.g. OECd, ISO TC 190) and national 
(e.g, uS EPa, Environment Canada) bodies, the problem 
of “soil standards” has not yet been overcome. OECd sug-
gested [7] application of the artificial test substrate imitat-
ing soil material (so-called “OECd soil”), which has turned 
out to be very popular with ecotoxicologists and is applied 
in many ecotoxicity tests [8]. The substrate, introduced for 
testing acute effects on earthworms (OECd, 1984), con-
sists of a mixture of sand (70%), kaolinite clay (20%) and 
ground peat (10%) with the addition of CaCO3 to maintain 
ph of 6±0.5. Organic matter corresponds to 6.17% and total 
nitrogen to 0.11% (giving C:n of 32.6) with the water hold-
ing capacity (whC) of about 56% [7, 8]. actually, depend-
ing on the properties of peat the whC of OECd artificial 
soil can vary considerably. however, many soil scientists 
have criticized this substrate as having properties not simi-
lar to natural soils. The high content of organic substances 
in OECd substrate affecting bioavailability of many con-
taminants and thus changing the results of the biotests was 
of special concern. In most of the ISO standards for evalu-
ation of the ecotoxic properties of contaminated soils three 
options for control soil are given: – artificial “OECd soil”, 
– uncontaminated soil of the same textural class as tested 
soil and “as similar as practicable in all respects”, – natural 
soil with characteristic specified in ISO 11269-2 [9] i.e. fine 
particles (φ <0.02mm) below 20%, organic matter (Om) < 
3.0% (Corg <1.5%), ph in the limits of 5 to 7.5. The excep-
tion is ISO 22030 [10] standard on chronic toxicity towards 
high plants, where a recommendation for standard natural 
soil includes Om content < 5.0%. The OECd guideline for 
terrestrial plants testing [11] confines the content of organic 
carbon to < 1.5% and texture to sandy loam, loamy sand 
and clay loam groups. nevertheless, the recommended 

conditions are not unequivocal and, as a result, various field 
soils are applied often as reference soils. however, testing 
chemicals introduced to soils or testing contaminated soils 
for regulatory purposes demands standardized conditions. 
hence, if the field soils are going to be accepted as refer-
ence soils, their characteristics have to be identified. after 
preliminary attempts to apply some selected natural soils 
as reference material in ecotoxicity testing (e.g. so called 
“luFa soil 2.2” of phCaCl2 6.1 and Corg of 2.70%) the idea 
of using European reference soils (so called EuRO-Soils) 
was developed [8, 12, 13]. The standard operating proce-
dures were intended to be set up for the selection of sam-
pling sites, allowing us to choose soils representative for 
Europe, to unify treatment and characterization of soil sam-
ples. The EuRO-Soils concept was introduced initially for 
adsorption/desorption testing in the framework of OECd 
Test guideline 106 [14]. however, soon after its success-
ful implementation in 1990, the soils found broader range 
of application in soil-related measurements [13]. This led 
to the preparation of a second generation of EuRO-Soils 
(re-sampling at the same points) and their comprehensive 
characterization with respect to their pedological proper-
ties, sorption behaviour, matrix constituents and content of 
inorganic (heavy metals) as well as organic (polycyclic aro-
matic hydrocarbons, pesticides) contaminants [12, 15-17]. 
Certification procedure in accordance with the severe qual-
ity requirements enabled distribution of the second set of 
six EuRO-Soils under the label IRmm-443-EuRO-Soils 
[13, 17]. The broad information on EuRO-Soils concept 
and its application was given by gawlik et al. [12, 15-17] 
and by Römbke and amorim [8]. The basic properties of 
six selected EuRO-Soils (average from duplicate sam-
pling) representing specific regions of the “old Eu” (Italy, 
France, greece, germany, austria, and the uk) are given 
in Table 1.

Table 1. Basic properties of EuRO-Soils and the suggested acceptance range for SIm-EuRO-Soils [in brackets] (modified after Römb-
ke and amorim, [8] and gawlik et al. [13]).

Soil – Origin
Texture (%)

Om (%)
ph

C:n
Sand – Silt – Clay h2O CaCl2

ES 1 – Italy
(Sicily) 

3 – 22 – 75
[Clay]

2.65
[2.0 – 4.0] 6.0 5.0

[5.0 – 6.5]
7.6

[ < 10 ]
ES 2 – greece 
(Peloponnesus)

3 – 64 – 23
[ Silt]

6.40
[4.0 – 8.0] 8.0 7.4

[6.5 – 7.5]
18.5

[ > 20 ]
ES 3 – uk

(wales)
46 – 37 – 17

[loam]
6.45

[4.0 – 8.0] 6.0 5.0
[5.0 – 6.5]

13.3
[10 -20]

ES 4 – France (nor-
mandy)

4 – 76 – 20
[Silt]

2.85
[2.0 – 4.0] 7.0 6.5

[6.5 – 7.5]
9.7

[10 -20]
ES 5 – germany 
(Schleswig-hol-

stein) 

81 – 12 – 6
[Sand]

15.90
[ > 8.0 ] 4.6 3.2

[3.0 – 4.0]
30.7

[ > 20 ]

ES 7 – austria
(lungau)

46 – 35 – 19
[loam]

11.7
[ > 8.0 ] 5.2 4.4

[3.5 – 4.5]
14.3

[10 -20]

There was an ES 6 soil identified as well. however, since it derives from the BC horizon of soil ES 4 and its application is very restricted 
– it was not included in the evaluations.
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The first attempts to utilize the EuRO-Soils as a refer-
ence material for ecotoxicity tests was not very successful, 
mainly due to the limited amount of the homogenous soil 
material and the lack of experience in the behaviour of 
some test species in those soils. as a result, Römbke and 
amorim [8] introduced the concept of application of soils 
with properties similar to the original EuRO-Soils (sug-
gesting the name of “SIm-EuRO-Soils”). The selected 
main properties (texture, ph, organic matter content and 
C:n ratio), critical for SIm-EuRO-Soils identification, 
aimed to reflect ecological condition for soil organisms 
and to control environmental availability of contaminants 
in soils. Simultaneously, the acceptance ranges for a soil 
to be similar to the existing EuRO-Soil were proposed 
[8] – Table 1. Following their conception, the authors [8] 
undertook an effort to select ten SIm-Soils derived from 
germany and Portugal and to apply them in ecotoxicity 
tests [18]. It has to be stressed that the EuRO-Soils and 
SIm-EuRO-Soils identified till now are representative 
for the west Europe and there is lack of information if the 
idea can be applied for the greates part of the soils from 
Central and Eastern European countries.

The aim of our studies was to investigate the opportu-
nity of the extension of the concept of SIm-EuRO-Soils to 
soils from Poland. Our approach included an assessment of 
the possibility of identification of soils similar to the origi-
nal EuRO-SOIlS in a wide set of soil data covering vari-
ous regions of the country and differing in their character-
istic. Two hundred sixty seven different soils representative 
of arable lands in Poland were included in the studies.

Experimental Procedures

Sampling area Selection

The sampling procedure was focussed on identifica-
tion of soils fulfilling SIm-EuRO-Soils classification in 
the wide set of soil samples representing properties typi-
cal for Poland. The selection of the sampling areas was 
aimed to reflect typical Polish soils, taking into consider-
ation regional environmental conditions and levels of in-
dustrialization. Two series of samples (Series I and Series 
II) were included in the studies.

Series I (216 sampling points distributed rather uni-
formly over the country) comprised the samples taken in 
the year 2000 during the realization of the programme 
“Monitoring of the chemistry of arable soils in Poland” 
[19, 20]. Series II (51 samples taken in the year 2004) 
included soils deriving from two parts of the country: 
the eastern part (rural regions) and the southwestern part 
(more urbanized and industrialized areas). gPS (geo-
graphic position system) technique was applied for de-
termining the geographic position of each sampling point 
of Series II.

all soil samples were taken from the surface layer  
(0 – 30 cm) of agricultural land (mostly arable fields). Soil 
materials were transported to laboratory, air dried at about 

20°C, well mixed, sieved to pass a 2 mm sieve-mesh and 
stored in the dark at 12–16°C for a period not exceeding 6 
months before further characterization.

determination of Soil Properties

Soil characteristics included the determination of par-
ticle size distribution, soil organic matter content, ph, to-
tal nitrogen content and content of contaminants (Pahs, 
Zn, Pb, Cd and Cu).

Soil particle size distribution was established by an 
aerometric method [21]. Organic carbon (Corg) content 
was determined by sulfochromic oxidation of organic 
carbon [22], followed by titration of the excess k2Cr2O7 
with FeSO4(nh4)2SO4·6 h2O as it was described by Tiu-
rin [23]. Organic matter content (Om) was calculated on 
the basis of the relationship Om=1.724* Corg. ph was de-
termined potentiometrically in 1:2.5 (m/v) suspension of 
soil in 1 mol·l-1 kCl solution and in water [24]. Total 
nitrogen content (nt) was establish by modified (TiO2 as 
Se substitution) kjedahl method [25].

Sixteen Pah (Σ16Pah) compounds (uS EPa list) 
were determined by extraction with dichloromethane in 
Soxtec apparatus (Bûchi Extraction System B-811) for at 
least 5 hours (35 cycles). The extracts were concentrated 
under vacuum on a rotary evaporator and cleaned up on 
glass mini-columns filled with silica gel (1 g) suspended 
in dichloromethane. Pahs were eluted with a mixture 
of Ch2Cl2/n-hexane (2:3 v/v). The eluat was concentrat-
ed and analyzed on agilent 6890n gas chromatograph 
equipped with agilent 5973 network mass spectrom-
eter (70 ev) and 7683 B series autosampler and dB-5 
mS fused-silica capillary column 30 m x 0.25 mm I.d. x 
0.25μm film and with 10 m guarded column (J&w Scien-
tific, uSa). helium was used as a carrier gas and gC oven 
was programmed within the range of 60–290°C. Resolu-
tion of Pah compounds has been achieved according to 
ISO 18287 standard [26]. The precision of the method 
expressed as the mean relative standard deviation (RSd) 
was in the range of 2–24% for individual Pahs, and 8% 
for the sum of 16 Pah compounds. The mean recovery of 
16 Pahs from the reference soil was 71%, the recovery 
for individual compounds was in the range of 53–112%. 
analysis details are given elsewhere [27].

Total Zn, Cd, Pb and Cu levels were determined by 
the aqua regia digestion [28] procedure (2 h hot digestion 
in 1:3 v/v mixture of concentrated nitric and hydrochloric 
acids, followed by refluxing in 3 m hydrochloric acid). 
The filtrates were analyzed using atomic absorption spec-
troscopy (aaS) apparatus (Perkin Elmer 450). The pre-
treatment and determination procedures from ISO 11466 
[28] and ISO 11047 [29] were applied. Quality control 
included duplication of every 10th sample and analysis 
of soil reference materials (nIST 2709 and nIST 2710) 
every 20 samples. Precision of the method defined as per-
centage relative standard deviation (RSd) was <2.5% for 
all analyzed metals.
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Statistic

The precision of the results was expressed by the stan-
dard deviation values. The standardized skewness and 
standardized kurtosis parameters were used to determine 
whether the sample comes from a normal distribution. 
One-way analysis of variance (anOva) was applied, af-
ter variance check (Bartlett’s test), for the evaluation of 
the effect of tested factors on soil characteristics (Tukey 
hSd method at α≤0.05 level).

Results and Discussion

Soil Characterization

The statistical evaluation of the main properties of the 
soils from Series I and Series II is given in Table 2. Since 

significant departures from normality were noted for most 
data, all soil properties were log transformed prior to fur-
ther evaluations.

Soils included in Series I were mostly light (median con-
tent of the fraction ø<0.02 mm 21%), low organic (median 
Om content 1.8%) and slightly acidic (median phkCl 5.4) 
with rather uniform distribution of those parameters (coef-
ficient of variability – Cov – within the limits of 15–62%). 
although the general level of contamination of the soils with 
organic and inorganic pollutants (median content of Pah, 
Zn and Pb of 0.34, 35 and 12.8 mg·kg-1, respectively) was 
rather low, the variability of the results was high (Cov of 
135–792%) due to some extremely high values noted in the 
selected sampling points in a highly industrialized region 
(e.g. Silesia voievodeship) [19]. nevertheless, the content of 
those contaminants in 75% of soil samples (upper quartile 
values) was much below the limit values set by Polish regu-
lations for the top layer of agricultural soils [30].

Table 2. Statistical evaluation of Polish soil properties.

Parameter Median Sd e
Quartile

Range CoV f (%)
lower upper 

I Series (n = 216)

Fr f<002 mm (%)a 6 7 3 9 1 – 48 89

Fr f<02 mm (%)b 21 15 14 36 1 – 84 62

Om (%)c 1.8 0.8 1.5 2.2 0.8 – 5.7 41

phkCl 5.4 0.8 4.8 6.0 3.7 – 7.4 15

C/n 11.0 2.3 9.5 12.8 7.1 – 19.5 21

Σ16Pah (µg·kg-1) d 341 666 188 535 54 – 6,680 135

Cd (mg·kg-1) 0.24 6.2 0.18 0.35 0.07 – 90.87 792

Zn (mg·kg-1) 35.0 344.5 23.5 51.7 7.7 – 5,012.0 483

Pb (mg·kg-1) 12.8 79.2 9.9 19.5 4.3 – 1,073.3 335

II Series (n = 51)

Fr f<002 mm (%) a 4 4 3 7 1 – 18 80

Fr f<02 mm (%) b 22 11 16 30 7 – 53 46

Om (%) c 2.0 1.2 1.6 2.6 0.9 – 8.5 56

phkCl 5.3 1.1 4.4 6.2 3.7 – 7.4 21

phh2O 6.2 1.0 5.4 7.1 4.5 – 8.2 17

C:n 9.3 2.9 8.1 11.6 1.0 –18.6 29

Σ16wwa (µg·kg-1)d 253 356 120 488 73 – 1,800 97

Cd (mg·kg-1) 0.62 1.2 0.56 1.17 0.01 – 7.85 112

Zn (mg·kg-1) 42.7 136.9 19.1 91.4 9.1 – 667.3 158

Pb (mg·kg-1) 26.8 121.1 9.67 85.9 6.1 – 720.2 177

Cu (mg·kg-1) 6.2 11.5 3.8 10.0 1.0 – 64.7 124

a fraction f<0.002 mm content, b fraction f<0.02 mm content, c organic matter content, d sum of the content of 16 Pah compounds ac-
cording to uSEPa list, e standard deviation, f coefficient of variation.
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Basic properties of the soils from Series II had also 
rather uniform distribution; coefficients of variations 
for fraction ø<0.02 mm, Om, phkCl and C:n were in the 
range of 20–55%. median values for fraction ø<0.02 mm 
was 22% with upper quartile of 30.0%. For Om median 
was 2.0%, while with upper quartile was equal to 2.64%. 
medians for phkCl and C:n corresponded to 5.3 and 10.0, 
while their upper quartiles were 6.3 and 12.0, respectively. 
Soils from both parts distinguished in Series II (East ru-
ral part and industrial/urbanized South-west part) did not 
differ significantly (one way anOva, at α≤0.05 level) in 
respect to their basic properties. however, a statistically 
significantly higher level of contamination was noted in 
the South-west part in regard to the content of Pah (me-
dian: 528 µg·kg-1 versus 132 µ·kg-1 in the East part) and 
the content of Cu (median: 8.9 mg·kg-1 versus 4.0 mg·kg-1 

in the East part).
generally, the properties of soils from both series were 

very similar (Table 2), which indicates that the analyzed 
data set represents rather well Polish soils from agricul-
tural areas.

Table 3 shows the example of the division of tested 
soils (Series II) according to the classes as proposed for 
the SIm-EuRO-Soils [8]. half of the soils had organic 
matter content < 2.0%, while the other 49% of samples 
were characterized by the Om in the limits of 2.0–4.0%. 
C:n ratio <10 was found in the greatest part of the sam-
ples (61%), while the other part of soils represented C:n 
ratio within the limits of 10–20. distribution of soils ac-
cording to their ph values was more regular and covered 
all relevant classes.

Identification of EuRO-Soils

Identification of the similar to EuRO-Soils (SIm-
EuRO-Soils) was based on the approach of Römbke and 
amorim [8] applied in the selections of SIm-EuRO-Soils 
from germany and Portugal. according to their sugges-
tion, the investigated soil can be described as “similar” 
if three out of four selected properties (Om, ph, C:n and 
texture) fall into the “accepted range” defined for each of 
six original EuRO-Soil (Table 1). however, in the case 

of Polish soils characterized according to the national 
standards, the texture was a parameter which had to be 
excluded a priori from the “fitting” procedure of studied 
soils. The Polish classification system of soil texture [31] 
is not fully compatible with the FaO system [32], since 
it is based on different particle-size classes and textural 
classes. Information on the content of the fractions ø<0.02 
mm and ø<0.002 mm given in Table 3 reflects national 
textural classes, as determined in most Polish laborato-
ries. Thus, the “similarity” of studied soils to EuRO-Soils 
was evaluated in all cases on the basis of three param-
eters: Om, ph and C:n.

It has to be mentioned that Om content was below 2% 
(i.e. the lowest limit for SIm-EuRO-Soils – Table 1) in 
66% of the soils from Series I and in 51% of the soils from 
Series II (Table 3). This means that, taking into consider-
ation only Om parameter, 171 of the 267 soils under study 
did not fit any of the SIm-EuRO-Soils classes. Thus, fur-
ther recognition of SIm-EuRO-Soils was restricted to 96 
soil samples.

Twenty nine soils from both series were categorized as 
having their properties in the ranges corresponding to three 
SIm-EuRO-Soil classes – Table 4. The codename applied 
for those soils included the prefix “Pol” followed by the 
number of the SIm-EuRO-Soil (e.g. Pol-SIm-ESx).

Fifteen soils from Series I and three soils from Series 
II were classified as Pol-SIm-ES1. The original ES1 was 
described (FaO classification) as a clay texture group 
[32], whereas according to Polish classification system 
[31] the selected soils represent mostly loams (11 soils), 
silts (3 soils), clays (2 soils) and sand (1 soil) – Table 4. 
Soils from this group derived from Series I originated 
from all regions of the country (different geographical po-
sitions – Table 4), while soils from Series II were located 
in the western part of Poland and concentrated in small 
area close to the town of Tarnowskie gory in a Silesia. 
Om content in Pol-SIm-ES1 class was within the limits 
of 2.01–3.04% with median value of 2.48% (original ES1 
– 2.65%), phkCl was within the limits of 5.2–6.4 with me-
dian of 6.0 (ES1 – 5.0), while C:n ratio varied from 7 to 
10 with median value of 9 (ES1 – 7.6) – Table 5. while 
the physicochemical soils properties were uniform (from 
class definition), the selected soils represented various 

Table 3. Percentage of the soil samples (Series II) in groups of soils distinguished according to their properties specific for SIm-EuRO-
Soils groups (n = 51).

OMa phkCl C:n 

Range (%) Percentage Range Percentage Range Percentage

< 2.0 51 3.0 – 4.5 25 < 10 61

2.0 – 4.0 43 4.5 – 5.0 20 10 – 20 39

4.0 – 8.0 6 5.0 – 6.5 35 > 20 0

> 8.0 0 6.5 – 7.5 20

a organic matter
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Table 4. Basics physicochemical properties of Pol-SIm-EuRO-Soils and their locations.

Soil
Code Texturea

Position
OMb phkCl C:n ∑16

Pahc Zn d Pb e

latitude-n longitude-E

Series I

1-Pol-SIm-ES1 sandy loam 52°43′47′′ 18°15′50′′ 2.1 5.9 7.3 531 26.8 9.6

2-Pol-SIm-ES1 heavy loam 49°33′55′′ 21°41′10′′ 2.14 6.4 8.3 313 95.3 20.1

3-Pol-SIm-ES1 medium loam 49°51′40′′ 20°48′30′′ 2.15 5.4 8.4 728 81.7 44.2

4-Pol-SIm-ES1 medium loam 50°19′15′′ 21°05′05′′ 2.2 5.2 8.7 333 78.3 24.0

5-Pol-SIm-ES1 silty light loam 54°13′38′′ 18°52′15′′ 2.01 5.8 8.8 483 43 8.3

6-Pol-SIm-ES1 medium loam 51°42′35′′ 16°03′20′′ 2.73 5.3 8.9 175 73.3 26.5

7-Pol-SIm-ES1 silty medium 
loam 49°57′25′′ 20°21′40′′ 2.51 6.3 9.1 269 60.0 21.9

8-Pol-SIm-ES1 clayey silt 50°10′25′′ 20°13′15′′ 2.56 6.2 9.2 128 56.7 18.7

9-Pol-SIm-ES1 loamy silt 50°04′08′′ 20°06′25′′ 2.82 6.2 9.3 6 680 168.3 40.7

10-Pol-SIm-ES1 loamy silt 50°04′60′′ 19°33′30′′ 2.22 5.2 9.5 232 113.3 36.7

11-Pol-SIm-ES1 silty medium 
loam 49°37′15′′ 19°09′10′′ 2.96 5.9 9.5 663 98.3 20.1

12-Pol-SIm-ES1 silty clay 53°43’ 29” 18°55’ 38” 2.38 6.3 9.5 749 80.3 16.3

13-Pol-SIm-ES1 silty clay 49°45′42′′ 22°35′25′′ 2.45 5.4 9.6 155 50.1 19.1

14-Pol-SIm-ES1 heavy loam 54°09′11′′ 21°16′00′′ 2.19 5.6 9.9 630 51.7 14.0

15-Pol-SIm-ES1 silty light loam 52°16′04′′ 19°22′58′′ 3.04 6.1 9.9 210 25.7 16.3

1-Pol-SIm-ES3 silty medium 
loam 54°11′38′′ 19°12′50′′ 5.68 6.5 11.0 574 61.7 32.4

2-Pol-SIm-ES3 clay 49°43′10′′ 20°19′20′′ 5.49 5.7 11.1 452 73.3 14.1

3-Pol-SIm-ES3 heavy loam 53°52′20′′ 18°48′45′′ 4.31 5.1 12.0 4 577 101.3 49.0

4-Pol-SIm-ES3 loamy silt 51°07′25′′ 23°33′20′′ 4.39 5.3 13.6 295 121.7 32.7

5-Pol-SIm-ES3 silty medium 
loam 49°48′55′′ 19°01′30′′ 4.15 6.0 14.4 1 209 208.7 45.7

1-Pol-SIm-ES4 silty light loam 50°53′10′′ 19°15′25′′ 2.18 7.0 10.8 459 38.3 16.9

2-Pol-SIm-ES4 sandy loam 49°40′25′′ 19°11′30′′ 3.82 7.0 13.0 2 559 128.3 20.3

Series II

16-Pol-SIm-ES1 silty light loam 50°25′38′′ 18°50′48′′ 2.73 6.4 8.3 704 174.3 188.4

17-Pol-SIm-ES1 heavy loamy sand 50°27′45′′ 18°48′10′′ 2.52 6.3 7.0 592 87.1 66.5

18-Pol-SIm-ES1 light loam 50°25′29′′ 18°50′04′′ 3 6.4 8.7 1136 667.3 720.2

3-Pol-SIm-ES4 light loam 51°16′01′′ 21°55′22′′ 2 7.3 11.6 113 26.22 18.29

4-Pol-SIm-ES4 silty heavy loamy 
sand 51°15′30′′ 21°55′38′′ 2.64 7.2 10.9 91 17.39 9.14

5-Pol-SIm-ES4 loamy silt 51°14′12′′ 21°57′02′′ 3.16 7.3 12.2 181 28.36 15.24

6-Pol-SIm-ES4 heavy loamy sand 51°26′18′′ 22°02′38′′ 2.51 7.1 11.23 121 37.18 12.19

a texture according Polish standard Bn-78/9180-11 (1978), b organic matter content (%); c content of 16 Pahs according to uS EPa list 
(µg· kg-1), d content of Zn (mg· kg-1), e content of Pb (mg· kg-1).
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levels of contamination with Pah (128 – 6680 μg·kg-1 
corresponding to Cov of 182%) and heavy metals: Zn (26 
– 667 mg·kg-1 with Cov of 127%), Cd (0.2–7.9 mg·kg-1 
with Cov of 163%) and Pb (8–720 mg·kg-1 with CoV of 
228%).

The next group included five soils representing Pol-
SIm-ES3 class. all Pol-SIm-ES3 soils derived from Se-
ries I and were collected in various parts of the country 
(Table 4). Soils from this group included three loams, one 
clay and one silt according to Polish classification system. 
Original ES3 had a loam texture according to FaO system 

[12]. median values for Om, ph and C:n in Pol-SIm-
ES3 were of 4.39%, 5.7 and 12.0, respectively (Table 5). 
The same values in original ES3 corresponded to 6.45%, 
5.0 and 13.3. variability of physicochemical properties of 
Pol-SIm-ES3 was very low (Cov of 10–15%), whereas 
soil contamination level differed significantly, particular-
ly for Pahs (range 295 – 4282 μg·kg-1, Cov of 126%) and 
Cd (range 0.3 – 2.7 mg·kg-1, Cov of 95%).

Six other soils were classified as Pol-SIm-ES4; three 
of them were described as loams, two as sands and one 
as silt (Polish system), whereas original ES4 represented 

Table 5. Statistical evaluation of the properties of the selected groups of Pol-SIm-ESx soils.

Parameter Mean Median Sd e upper Quartile Range CoV f (%)

Pol-SIm-ES 1 (n=18)

Fr f<02 mm (%)a 39 39 13 46 16 – 63 34

Om (%)b 2.48 2.48 0.33 2.73 2.01 – 3.04 13

phkCl 5.9 6.0 0.4 6.3 5.2 – 6.4 8

C:n 9 9 1 10 7 – 10 9

Σ 16Pah (µg·kg-1)c 817 507 1487 703 128 – 6680 182

Cd (mg·kg-1) 1.1 0.5 1.8 0.8 0.2 – 7.9 163

Zn (mg·kg-1) 112 79 144 98 26 – 667 127

Pb (mg·kg-1) 72 21 166 41 8 – 720 228

Pol-SIm-ES 3 (n=5)

Fr f<02 mm (%)a 53 50 20 67 34 -80 37

Om (%)b 4.80 4.39 0.72 5.49 4.15 – 5.68 15

phkCl 5.7 5.7 0.6 6.0 5.1 – 6.5 10

C:n 12 12 1.5 14 11 – 14 12

Σ 16Pah (µg·kg-1)c 1421 574 1797 1209 295 – 4282 126

Cd (mg·kg-1) 1.0 0.8 0.9 0.9 0.3 – 2.7 95

Zn (mg·kg-1) 113 101 58 122 62 – 209 51

Pb (mg·kg-1) 35 32 14 46 14 – 49 39

Pol-SIm-ES 4 (n=6)

Fr f<02 mm (%)a 24 26 7 31 16 – 32 27

Om (%)b 2.72 2.58 0.67 3.16 2.00 – 3.82 25

phkCl 7.2 7.2 0.1 7.3 7.0 – 7.3 2

C:n 12 12 1 12 11 -13 7

Σ 16Pah (µg·kg-1)c 587 151 975 459 91 -2559 166

Cd (mg·kg-1) 0.8 0.7 0.5 1.0 0.3 – 1.7 58

Zn (mg·kg-1) 46 33 41 38 17 – 128 89

Pb (mg·kg-1) 15 16 4 18 9 -20 26

a fraction f<0.02 mm content, b organic matter content, c sum of the content of 16 Pah compounds according to uS EPa list, e standard 
deviation, f coefficient of variation.
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silt (FaO classification) [12]. Two Pol-SIm-ES4 were 
identified in samples from Series I and four in Series II 
(Table 4). The soils from the second series were collected 
in the eastern part of Poland and originated from small 
Pulawy area in lublin region. The basic properties of Pol-
SIm-ES4 were uniform (Cov of 2-27%) with median val-
ues for Om of 2.72% (ES4 – 2.85%), for ph of 7.2 (ES4 
– 6.7) and for C:n of 12 (ES4 – 9.7). Similarly as in the 
case of the previous classes, diverse levels of contamina-
tion of Pol-SIm-ES4 soils were observed; this was par-
ticularly visible for Pahs (Cov of 166% corresponding 
to the range 91–2559 μg·kg-1) and Zn (Cov of 89% with 
the range 17–128 mg·kg-1) – Table 5.

Problems Related to Pol-SIm-EuRO-Soils 
Identification

The presented data indicates that it is possible to find 
soils similar to EuRO-Soils in Poland, i.e. in a Euro-
pean country different from those where the six original 
EuRO-Soils were identified: Italy, greece, uk, France, 
germany and austria and, additionally, in Portugal [8]. 
The majority of soils identified in Poland was in Pol-
SIm-ES1 group corresponding to slightly acidic vertic 
Cambisoil from Sicily characterized by low Om content 
and low C:n ratio (Table 1). Two other identified class-
es, i.e. Pol-SIm-ES3 (similar to distric Cambisoil from 
wales in the uk) and Pol-SIm-ES4 (similar to Ortic 
luvisoil from normady in France) were less numerous. 
Soils with organic matter content > 8% or with C:n ratio 
>15 (similar to ES2, ES5 and ES6) were not found in the 
analyzed data set.

The process of identification of Polish soils corre-
sponding to SIm-EuRO-Soils indicates some problems.

methodologies of determination of Soils Properties.

Original EuRO-soils were characterized in respect to 
their pedological properties (grain size distribution, ph, 
total and organic carbon, cation exchange capacity) ac-
cording to german standard methods of vdluFa, while 
their texture and soil units were classified along with 
FaO procedures [12]. For the second edition of EuRO-
Soils applied procedures followed respective ISO stan-
dards [17]. Römbke and amorim [8] did not recommend 
methods of determination of SIm-EuRO-Soil properties 
(texture, Om, ph and C:n); however, it can be assumed 
that the authors followed current methodologies used for 
EuRO-Soils description. In these studies soils were char-
acterized with methods used in most of Polish laborato-
ries, which are not always compatible with the method-
ologies applied in other countries. as has been mentioned, 
the national texture classification system [31] is different 
than the FaO system [32]. EuRO-Soils were character-
ized by phCaCl2, while for Polish soils ph was measured in 
kCl solution. nevertheless, both methods are comparable 
[24], thus, soil phkCl information was considered suitable. 

Organic carbon content in Polish soils was determined by 
titration with mohr salt after sulfochromic oxidation. This 
practice [23] is not very popular in west-European coun-
tries, where Corg values are often calculated on the basis 
of “losses at ignition” procedure. For total nitrogen deter-
minations in Pol-SIm-ES soils the kjedahl method was 
used, but with some modifications in relation to relevant 
ISO standard. differences in Corg and ntotal values may af-
fect C:n ratio and, consequently, influence identification 
of SIm-EuRO-Soils.

This indicates that, if the concept of SIm-EuRO-Soils 
is going to be extended to other countries, methodologies 
for the determination of key parameters applied for its 
identification have to be clearly specified. Employment 
of relevant ISO TC190 (International Standardization 
Organisation, Technical Committee 190 “Soil Quality”) 
methods can be recommended.

Contamination of Soil Samples

The main purpose of identification of SIm-EuRO-
Soils is their application for ecotoxicity tests as refer-
ence materials. hence, it is assumed a priori that their 
level of contamination is low. The original EuRO-Soils 
were analyzed extensively in respect to the content of 
broad range of inorganic and organic pollutants [12, 
13] and it was concluded that “no unusual contamina-
tion could be observed” [12], although in some cases 
higher contents for some chlorinated hydrocarbons 
was observed [16]. The authors of SIm-EuRO-Soils 
concept did not refer to this problem [8]. This study 
shows (Tables 4 and 5) that it is possible to identify 
Pol-SIm-EuRO-Soils fulfilling the key selection cri-
teria but having high content of Pahs and heavy met-
als. Six soils did not fulfill Polish soil quality standards 
[30]: 9-Pol-SIm-ES1 (Pahs), 16-Pol-SIm-ES1 (Pb), 
18-Pol-SIm-ES1 (Pahs, Zn and Pb), 3-Pol-SIm-ES3 
(Pahs), 5-Pol-SIm-ES3 (Pahs and Zn). neverthe-
less, it has to be pointed out that the median content 
of Zn and Pb in Pol-SIm-ES1, Pol-SIm-ES3 and Pol-
SIm-ES4 (Table 5) was lower than in original EuRO-
Soils. Zn content in two series of ES1 was 132.9 and 
121.0 mg·kg-1, respectively [12], while the median val-
ue for Pol-SIm-ES1 was 79 mg·kg-1 (Table 5). Slightly 
higher values were noted for Pahs: their median con-
tent in soils Pol-SIm-ES1 and Pol-SIm-ES3 was 507 
and 574 µg·kg-1, respectively (after exclusion of highly 
contaminated samples the corresponding values were: 
333 and 452 µg·kg-1). all the same, they were still on 
the same level as those considered “not unusual” for 
original EuRO-Soils (e.g. 530 µg·kg-1 in ES3) [12]. 
generally, the presented data confirm low levels of con-
tamination of Polish agricultural soils. however, they 
indicate also the necessity of setting up “contamination 
limits” in SIm-ES identification. This can be a difficult 
task since the problem “how clean is the clean” is a 
matter of different approaches (regulations, risk assess-
ment, etc.) on global and national levels.
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Specification of new SIm-ES Classes

Practical aspects of ecotoxicity studies (legal control of 
chemicals and risk assessment) demand realistic approach-
es to different soil environment conditions. Polish soils are 
characterized by low organic matter content: 64% of soils 
under study had Om content < 2.0%, i.e. they are beyond 
any of the existing SIm-ES criteria. If the concept of us-
ing SIm-EuRO-Soils as reference materials in ecotoxicity 
studies will find a wider application, then selected soils 
have to be representative for the regional environmental 
conditions. This implies the need for the selection of new 
groups of EuRO-Soils (and relevant SIm-EuRO-Soils) 
characterizing soils typical for this part of Europe.

Conclusions

The first attempt of application of the concept of SIm-
EuRO-Soils to Polish soils, undertaken in these studies, 
shows that it is possible to select soils with properties 
corresponding to EuRO-Soils. Ten percent of all data set 
(267 soil samples) were classified as equivalent to three 
groups of SIm-EuRO-Soils. Over half of those selected 
soils exhibited properties comparable to low-organic, 
slightly acidic soil ES1 identified originally in Sicily. 
however, the analysis of the results indicates the neces-
sity of further specify SIm-EuRO-Soil criteria, mainly 
regarding the level of contamination as well unification 
of analytical methods. Further efforts should aim at iden-
tifying new EuRO-Soil groups reflecting in a better way 
properties of soils from Poland and other Central/East Eu-
ropean countries.
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