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Abstract—The goals of this study were to determine the concentrations of Cu in the soil of olive orchards
grown on the Terra rossa and to examine how close the Cu concentration is to contamination limits defined
by different soil quality standards. A total of 40 composite topsoil (0–25 cm) samples were collected in the
traditional dry farming and highly fragmented olive orchards that covered an area of 3200 ha and located in
the Middle Dalmatia, Croatia. The aqua regia Cu concentration was determined by ICP-OES; and basic soil
properties (pH, carbonates, SOC, and particle size distribution), by standard analytical procedures. The
mean value of Cu concentration of 68.4 mg kg–1 was more than twice as high as the mean values of the nat-
urally occurring concentration of Cu in the Terra rossa soil. High mean value and a wide range of copper in
the soil (33.8–250 mg kg–1) are due to the long-lasting application of Cu-based fungicides related to the fact
that the olive growing area and vines overlap. The Cu contamination risk assessment in olive orchards was
calculated by comparing the detected concentrations of Cu with the soil quality standards prescribed by the
Finnish Decree and Croatian Ordinance and using the threshold value of the regional background data on
Cu concentration in Terra rossa soil. According to the Finnish Decree, in 7.5% of cases, Cu concentration in
soils exceeded the threshold limit of 100 mg kg–1, which indicates the need for further assessment of the
potential contamination of the area. In 7.5% of cases, Cu exceeded the critical limit of 150 mg kg–1 that pres-
ents an ecological risk. By applying the Croatian Ordinance, in 10% of cases, the concentration of Cu
exceeded the maximum admissible concentration of 120 mg kg–1, so that the soil can be considered contam-
inated and unsuitable for agriculture. The regional threshold value for the background concentration of Cu
in the Terra rossa soil amounted to 55 mg kg–1, and its use in 47.5% of cases indicates the need for further
assessment of the potential contamination in the area. The presented results showed significant differences
between national soil guideline values (SGVs) and the regional threshold value for Cu and confirmed the fact
that there is no general and accurate reference method for soil contamination assessment that can be applied
at all sites. The use of threshold values derived for a particular soil type that dominates in a given area would
be more reliable than the national soil quality standards. Research has pointed to the problem of soil contam-
ination with Cu under olive orchards and has highlighted the need for studying the given issue in the areas,
where olives share space with vines, and in particular, where mixed or consociate cropping system is present.
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INTRODUCTION
Copper is an essential trace element for plants, all

organisms, and humans that can be toxic at extremely
high concentrations. The origin of Cu in the soil is
both natural or geogenic and anthropogenic. Anthro-
pogenic sources include emissions from the industrial
areas, mining, smelting, and motor vehicle, applica-
tion of fertilizers and fungicides, sewage sludge, and
atmospheric deposition. Accumulation of copper in
agricultural soils is mainly due to long-term and fre-
quent use of Cu based fungicides, such as the Bordeaux
mixture, CuSO4 + Ca(OH)2 for protection from differ-
ent fungal diseases. Elevated levels of Cu are the most
commonly observed in the agricultural land under per-
manent crops, especially, in the vineyard and olive

orchard soils. The problem of Cu accumulation in vine-
yard soils is particularly pronounced and widely docu-
mented. Extensive reviews on the use of Cu as fungi-
cides in vineyard soils around the world were given by
Komarek [31]. Measured Cu concentrations in vineyard
soils range from 77 up to 3200 mg Cu kg−1 [31]. Average
Cu levels in natural (uncontaminated) worldwide soil
vary from 13 to 24 mg kg–1 [29]. The impact of land use
on the Cu concentrations on the continental scale is
illustrated by Ballabio [4] based on LUCAS (Land Use
Cover Area Survey) database [21]. They have reported a
mean value of 49.3 mg kg–1 for European vineyard soils,
followed by 33.5 mg kg–1 in olive groves, while the mean
value for all cropland types amounts 18.9 mg kg–1 and
for all land use 17.0 mg kg–1. High variability of Cu
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concentrations in the soils among Mediterranean
countries, as well as regional differences regarding
land use, highlighted Panagos [45]. Numerous studies
[35, 49, 59] have pointed to a large local/regional vari-
ation in the concentration of Cu in soils that are
closely associated with frequent treatments of copper-
based fungicides. So, currently, the European Com-
mission [20] restricts the annual dose of applied Cu to
6 kg Cu ha–1.

An extensive accumulation and elevated level of Cu
in soils can cause environmental problems in terms of
adverse effects on soil biota. Comprehensive literature
findings indicate that elevated levels of copper in soil
reduces microbial growth/biomass [19]. High Cu con-
centration in the soil can reduce the growth of roots [2]
and shoots of plants [61]. Considering the mentioned,
control of Cu concentrations in the soil is necessary,
especially in areas where the elevated level is predict-
able. The necessity of protecting soil from contamina-
tion is widely recognized at both the national and
international levels. Legislation relating to soil con-
tamination prescribed different soil guideline values
(SGVs) or limit values of soil quality standards. The
SGVs, also known as trigger values, reference values,
target values, soil screening values (levels), back-
ground value, and many others, are generic quality
standards and screening tool for the evaluation of soil
contamination that may be used to identify areas
needing further investigation. Approaches to setting
soil guideline values differ in the numeric values for
the same heavy metal, methods of calculation, and
prescribing actions if concentrations of contaminants
exceeded them. Many countries eg. Finland [41],
Netherland [62], United Kingdom [15, 16] used two
or more generic risk-based SGVs for different risk lev-
els and prescribe a different kind of actions for each if
concentrations of contaminant exceed. Some other
countries eg. Croatia [43], Italy [14], and Poland [44]
have not set a threshold value. A single value for unac-
ceptable risk named “limit value” in Italy and “maxi-
mum acceptable (permissible) concentrations” in
Croatia and Poland is legally set up. The SGVs for the
Cu set in European national regulations range from 40
to 1000 mg Cu kg–1 as reported by Reimann [51]. A
detailed analysis of commonalities and differences
among European national approaches was given by
Carlon [8].

This study has been performed in olive groves
located in the Middle Dalmatia, Croatia. In this typi-
cal Mediterranean karst region of the Croatia, Terra
rossa soil, and terraced soils on the limestones are
dominant soil types. A high density of terraces and the
characteristic dry-walls enclosures with a regular pat-
tern known as “vlačice” are distinctive features. This
area is characterized by a longstanding history of
anthropogenic influence that resulted in a typical
Mediterranean landscape recognized in a very high
fragmentation of the land and olive orchards. The
olive-orchards in the area of context are characterized
by traditional dry farming cultivation and share space
with the wine-growing area for centuries.

The objectives of this study were to determine the
concentrations of Cu in olive-orchard grown on Terra
rossa soil from Dalmatia (Croatia) and to examine
how close the Cu concentration is to a contamination
limits defined by different soil quality standards. The
contamination risk assessment for Cu in the soil of
olive orchards was performed by comparing detected
concentrations of Cu in area of context with the
generic soil quality values prescribed in the Finnish
Decree [41], the Croatian Ordinance [43], and the
threshold value of the background data of Cu concen-
tration in Terra rossa soil. We expect that this study
could contribute to the understanding of the problems
of Cu accumulation in soils under olive groves and that
the application of the regional threshold value can
provide a more reliable assessment of the soil contam-
ination and remediation needs.

MATERIAL AND METHODS
Study area. The study covers an area of 24411 ha,

belonging to three municipalities (Primosten, Rogo-
znica, and Marina) located in Middle Dalmatia, Cro-
atia. Within this territory is located one of the largest
olive growing areas in the Republic of Croatia, charac-
terized by a very high fragmentation of the land and
olive orchards (Fig. 1). According to the CORINE
Land Cover, 2018 database [13] Agricultural areas
cover 10 489 ha (43%). It includes Olive groves 3201 ha
(13.1%), Vineyards 102 ha (0.4%), Pastures 45 ha
(0.2%), and Heterogeneous agricultural areas that
include: Complex cultivation patterns 3410 ha (14%)
and Land principally occupied by agriculture, with
significant areas of natural vegetation 3732 ha (15.3%).
Forest and semi-natural areas occupy about 13077 ha
(53.6%). It includes Forests: Broad-leaved forest
549 ha (2.3%) and Coniferous forest 116 ha (0.5%);
Natural grassland 5189 ha (21.3%), Sclerophyllous
vegetation 4204 ha (17.2%) and Transitional wood-
land/shrub 3018 ha (12.4%). Urban fabric covers
845 ha (3.4%), Fig. 1.

According to the Census of Agriculture of the
Republic of Croatia [9] in the mentioned area, the
total number of olive trees was 149948 and the most
frequent area of the olive orchard ranged between 0.5
and 1 ha. The olive growing characterizes dry farming
traditional low-input or extensive, and intensified grow-
ing system with density plantation of 70–200 trees/ha.
Broadly spaced (scattered) old trees designed in the
low-input growing system are rarely fertilized or
treated with fungicides. In intensified traditional plan-
tations the use of fungicides is common and higher
than in low-input traditional plantations. Different
types of olive growing have been identified in this area.
Some olives were grown all the time as monoculture
orchards on soils that were never used for other pur-
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021
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Fig. 1. Geographic localization of study area in Croatia and land cover types (level III for all Corine LC [13]. The meaning of the
marks in the legend of the map: 112 Discontinuous urban fabric, 221 Vineyards, 223 Olive groves, 231 Pastures, 242 Complex cul-
tivation patterns, 243 Land principally occupied by agriculture, with significant areas of natural vegetation, 311 Broad-leaved for-
ests, 313 Mixed forests, 321 Natural grasslands, 323 Sclerophyllous vegetation, and 324 Transitional woodland/shrub. 
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poses. Olive trees have been planted in and around
vineyards throughout ancient times. Some olives were
grown in mixed or a consociate planting with grapes
and other traditional crops such as figs, almonds, and
vegetables, known as “culture promiscua”. The vine-
yards long ago ceased to be cultivated so that the old
olive trees remained as monoculture plantations. In
some cases, olives were planted on the terrain of for-
mer vineyards that no longer exist. Olive orchards
using local cultivar Oblica that is the most common
cultivar in Dalmatian olive growing areas.

According to the Ordinance on geographical areas
for the cultivation of wines [42], this is also a wine-
growing area of an indigenous famous grape variety
Babić. The olive orchards share a growing area with
the vineyards throughout ancient times for centuries
and the history of that relations cannot be reliably
reconstructed. Over the past few decades, areas under
vineyards have been reduced from 695 ha in 1976 as
reported by Maleš [32] to 102 ha in 2018 according to
the Croatian Environment Agency [13]. In contrast,
olive groves were increased from 1646 to 3201 ha
between 2000–2018 [13] mainly by regenerating the
abandoned old olive trees. The olive growing area is
wider than the vineyard area so, some olives were
grown all the time as monocultural plantations on the
soils that have never been used for any other purpose,
some olives in consociation with vines have been
retained and the vines stopped cultivating long ago,
while some other were planted on the former vineyards
that no longer exist.

According to Köppen [30] climatic classification,
the study area has a Csa type climate referred to as
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021
“Mediterranean climate with hot summer”, which the
World Meteorological Organization calls the olive cli-
mate. This climate is characterized by mild, and wet
winters and dry, hot summers. The mean annual air
temperature is 16.1°C and the mean annual precipita-
tion amounts 782.8 mm [63]. From a geological per-
spective, this area is built of Cretaceous thin and
thickly layered (platy) limestones and dolomitic lime-
stones [33, 34]. According to a Basic Soil Map of Cro-
atia (BSMC) at scale 1 : 50000 sections Šibenik 3 [11]
and Šibenik 4 [12], and Vis 2 [36] Terra rossa soil and
terraced soils are dominant soil types. Terra Rossa or
red Mediterranean soil is a common name used to
indicate soils formed on karst areas in a Mediterra-
nean type of climate, characterized by a reddish color,
ranging from 5YR to 10R Munsell hues, clayey or silty
clayey texture, high internal drainage, and depth that
ranges from a few centimeters to several meters in
thickness. In the Mediterranean karst region of the
Croatia Terra rossa is the most represented soil type.
When it is not limited by depth and abundant stoniness
or rockiness Terra Rossa is a very fertile soil on which
are grown typical Mediterranean plants (olive groves,
vineyards, and orchards). The term “Terra rossa” is
used as a name for a type of soil in Croatian [55] and
some other soil classification systems, ie. in the Italian
and Israeli. The correlation analogs of the above soil
types according to the World Reference Base for Soil
Resources [27] are Leptic Chromic and Rhodic CAM-
BISOLS (Clayic), Leptic Chromic Rhodic LUVISOLS
(Clayic, Colluvic), and Terric ANTHROSOLS
(Clayic, Endoleptic, Escalic). According to the Amer-
ican Soil Taxonomy [53], Terra rossa soils are classi-
fied as Alfisol, suborder Xeralfs. A total of 40 topsoil
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Table 1. Descriptive statistics (Mean, Median, minimum: Min, maximum: Max, Range, Standard deviation: SD and
Skewness: Skew) for soil properties: pH KCl, CaCO3, soil organic carbon (SOC), and particle size distribution: sand, silt,
and clay

Variable Mean Median Min Max Range SD Skew.

pH KCl 6.67 6.76 5.09 7.34 2.25 0.46 –1.32

CaCO3, g kg–1 27.32 21.34 0.00 193.00 193 32.54 4.08

SOC 44.09 41.50 25.23 74.24 49.01 12.21 0.81
Sand (0.05–2.0 mm) 4.09 3.20 1.60 14.60 13 2.70 2.10
Silt (0.002–0.05 mm) 59.75 60.30 49.00 69.30 20.3 5.22 –0.11
Clay (<0.002 mm) 36.16 35.00 27.00 46.70 19.7 5.29 0.40
samples (0–25 cm) were collected as composite sam-
ples in old olive orchards.

Laboratory analysis. A total of 40 soil samples were
analyzed for basic soil properties and Cu concentra-
tion. Disturbed soil samples were air-dried, sieved
(2 mm), and homogenized [25]. Soil pH was mea-
sured using a combined glass electrode in a 1 : 5 (v/v)
suspension of soil in water and soil in KCl solution
(c = 1 M) [24]. Carbonate content was determined by
the modified volumetric method [22]. Humus content
was analyzed by acid potassium-dichromate (K2Cr2O7,
c = 0.4 M) digestion, following the method of Tjurin
[28]. Soil Corg content was calculated by dividing the
content of humus with the Van Bemmelen factor
(1.724). Soil particle size distribution was analyzed by
pipette-method, with wet sieving and sedimentation
after dispersion with sodium-pyrophosphate
(Na4P2O7, c = 0.4 M) [26]. For the determination of
Cu concentration, samples were sieved through
0.50 mm and digested in aqua regia [23] by microwave
technique. The concentration of Cu was determined
by the inductively coupled plasma—optical emission
spectrometry (ICP OES). Accuracy was controlled by
participating in the ISE Wepal (Wageningen Univer-
sity) proficiency testing scheme, as well as using
CRMs for internal quality control and it was within
range of ±15% of the certified values. Analytical pre-
cision was controlled by repeating the analysis of indi-
vidual samples three times and it was satisfactory (rel-
ative standard deviation <5%).

The statistical analysis. A descriptive statistic of the
basic soil properties (pH KCl, CaCO3, soil organic
carbon, and particle size distribution: sand, silt, and
clay) included the mean, median, standard deviation,
maximum values, and skewness. To analyze relation-
ships between Cu concentrations and soil properties
the Pearson’s correlation coefficient was applied. The
visual representation of the Cu descriptive statistics is
a given in a box and whisker diagram, [58]. Analysis of
the Cu data set was performed using a nonparametric or
distribution-free method: the kernel density estimates
(KDE), one way Kolmogorov–Smirnov (K–S) test,
and the cumulative distribution functions (CDFs). The
kernel density estimation (KDE) is a technique to esti-
mate the probability distribution (PDF) using the
sample data. The KDE plots are essentially smooth
histograms and this technique we used for visualizing
the data distribution. For an extensive overview of
KDE, we refer to Bowman [6]. The cumulative distri-
bution function (CDF) calculates the cumulative
probability that a random variable taken from the pop-
ulation will be less than or equal to a certain value. The
empirical CDF (ECDF) and the theoretical CDF of
the Cu data set were calculated. Plot the empirical
CDF and the theoretical CDF on the same figure is
used for visual comparing and examining the distribu-
tion of the Cu data set.

The one-sample Kolmogorov–Smirnov test was
used to test whether a sample of the Cu data set comes
from a population that is normally distributed. The K–S
test computes the maximum difference (D-value)
between the sample cumulative distribution and the
hypothesized normal cumulative distribution. In gen-
eral, the CDF and K–S test is a useful tool for a sys-
tematic way to estimate how similar the two distribu-
tions are.

RESULTS AND DISCUSSION
Description of soil properties. Descriptive statistics

for the basic soil properties are shown in Table 1. Ana-
lyzed soil samples are acid to alkaline, in average neu-
tral. The CaCO3 content varied in a wide range (0.0–
193.0 g kg–1) with a highly positively skewed distribu-
tion (Skewness = 4.08). The soil organic carbon
(SOC) content is medium to high, in average medium
(44.1 g kg–1). The predominant soil fraction is silt fol-
lowed by clay fraction (mean values of 59.8 and 36.2%
respectively). Analyzed soils are silty clay and silty clay
loam, according to the USDA textural triangle [54].

The basic soil properties (pH and texture) estab-
lished in this study are characteristic for this soil type
and in agreement with literature data for Terra rossa
soils [17, 40, 47, 56]. The SOC content is in line with
those reported by Škorić [56] and Miloš [39]. How-
ever, the mean value of SOC is lower in comparison to
the SOC content in natural Terra rossa soil from Dal-
matia [40].
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021
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Fig. 2. Kernel density plot and box plot for the Cu concentration. 
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Statistical analysis of the Cu concentration. Results
of a descriptive statistic that included the five-number
summary (minimum, first quartile, median, third
quartile, and maximum), interquartile range, range,
mean, standard deviation, and skewness for Cu data
set are given in Table 2. The Pearson’s correlation
coefficients between copper concentration and soil
properties pH KCl, CaCO3, SOC, sand, silt, and clay
were: –0.04, 0.07, 0.21, –0.08, and –0.07, respec-
tively. These results indicate that there is no significant
correlation (at p < 0.05) between Cu and soil proper-
ties that can be approximated by a linear relationship.
A visually displaying the Cu distribution is given in the
Kernel density plot (KDE) and box and whisker dia-
gram or box plot (Fig. 2).

The mean value of Cu was 68.38 mg kg–1 and varied
in a very wide range between 38.1 and 250.0 mg kg–1
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021

Table 2. A descriptive statistic of Cu concentrations (mg kg–

Q1, median, third quartile: Q3, and maximum: max), interqua
ness: Skew., Kolmogorov–Smirnov test: K–S, absolute differ

* Asymptotic significance (p-value) < 0.021, The significance level i

Min First
Q1

Median
Q2

Third
Q3 Max I

33.81 38.10 52.60 74.60 259.0 36
(Table 2). Compared to the above, numerous studies
have shown that the mean value of the naturally occur-
ring concentration of Cu in the Terra rossa soil is more
than twice as high. For example, in Italy 30.4 [60], in
Turkey 32.9 [57], in Croatia, (Istria) 30.7 [47] and
37.3 mg kg–1 in Croatia (Dalmatia) [37].

Graphic visualization of Cu data (Fig. 2), as well as
a skewness value of 2.57, demonstrates a typical right-
skewed distribution. This is also confirmed by a large
difference between the mean and the median value of
the Cu concentration (68.38 and 52.60 mg kg–1,
respectively). The kernel density plot shows that the
length of the horizontal lines changes very quickly at
the start, then more slowly in the middle range, whilst
in the upper end with large Cu values at the long tail,
changes slightly becoming almost parallel with the
abscissa. The maximum value of the Kolmogorov-
1). The five-number summary (minimum: min, first quartile;
rtile range: IRQ, range, mean, standard deviation: SD, skew-
ence: (D), and asymptotic significance (p-value) of K–S test

s 0.05.

QR Range Mean S.D. Skew K–S*
(D)

.50 225.19 68.38 48.07 2.57 0.23
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Smirnov test for normality (D-value) for Cu data of
0.233 (Table 2) is greater than the corresponding
asymptotic significance p-value of <0.021. The above
results show that the hypothesis that the empirical dis-
tribution and theoretical cumulative distribution of
the Cu concentration have the same distributions
should be rejected based on the available data. These
results provide good evidence that Cu data is not nor-
mally distributed.

A visualization of five summary statistics in the box
plot gives an insight into how the Cu values are “dis-
persed”. The quartiles break all of the data into sections
of 25%. From the minimum value of 33.81 mg kg–1 to
the first quartile Q1 (38.10 mg kg–1) is a noticeably nar-
row range of only 4.29 mg kg–1. This demonstrates that
a large portion of a data set is located in the box plot
below the value of the first quartile (Q1). The interquar-
tile range (IRQ) also called middle 50% as the differ-
ence between the Q1 and Q3 represents the central por-
tion of distribution and it amounts 36.50 mg kg–1. Out-
liers are defined as mild above Q3 + 1.5 IQR and
extreme above Q3 + 3 IQR, as proposed by Tukey [58].
A non-outlier range defined using the Tukey’s test var-
ied between 33.81 and 111 mg kg–1. The whiskers are
drawn to the nearest value, but within each fence that
is not plotted on the graph. Any samples beyond a
fence are plotted with a symbol. The box plot shows
the presence of the one mild outlier and two extreme
outliers (soil samples with high Cu values).

The mean value of 68.4 mg kg–1 in the current
study is significantly higher in comparison to the mean
value of the Cu concentration in olive orchard soils
established in Mediterranean EU countries. So, based
on the LUCAS project [21] the highest content of Cu
in EU olive orchard soil has been established in Italy
(41.2 mg kg–1) then in Greece (31.5 mg kg–1) while in
Portugal a much lower content was established
(17.8 mg kg–1), [45]. These differences in the Cu con-
centration become even more pronounced on a
regional and local level. For example, regional differ-
ences in Spain are clearly illustrated by mean values for
Castilla, Andalusia, and Catalonia of 9.5, 35.6, and
65.3 mg kg–1, respectively [45]. The mean values of Cu
concentrations in olive orchard soils in regional/local
scale studies conducted in Greece ranged from 41.1 [59]
to 286.2 mg kg–1 [3]. The presented differences in Cu
concentrations in olive orchard soils reflect different
natural conditions (eg. geology, soil type) and anthro-
pogenic activities, in particular, the use of Cu as a fun-
gicide. The frequency of the Cu fungicide treatments
and its duration intensely influences its concentration
in soil due to a strong tendency of the Cu to accumulate
and retaining in soil. Many authors have noticed higher
Cu concentrations in soils of humid areas and attributed
it to the more frequent use of Cu based fungicides due
to the higher risk of the downy mildew [19, 31]. Most
authors attributed a high accumulation of Cu in topsoil
to its complexation with organic matter [46, 48]. Some
studies highlighted the impact of other soil colloids
(clay and oxides of Fe, Mn, and Al) on Cu adsorption
[7, 10]. Provenzano [49] established Cu accumulation
for three years in the top-soil of olive groves in southern
Italy ranging from 4.0 to 15.3 mg kg–1, with an average
annual input of 6.8–13.4 mg kg–1 Cu via fungicides.

The cumulative distribution function of Cu. The
cumulative distribution plot provides a visual compar-
ison of an empirical cumulative distribution (ECDF)
of the Cu sample data and the theoretical CDF of the
same data set. Based on a visual inspection, it can be
noted that these two cumulative distributions do not
match well across the entire function range. Figure 3
plot shows that empirical distribution function
(ECDF) intersects its theoretical distribution line
(CDF) twice, once around the 25th percentile, and
the second time around the 90th percentile. The sam-
ple points at the lower end of ECDF are located below
than expected at the theoretical cumulative distribu-
tion, and at the start show a very steep increase from
minimum (33.81 mg kg–1) to the first quartile centered
at the 38.01 mg kg–1. This point can be identified as an
inflection point or break of slope on the cumulative dis-
tribution diagram. After a break of the slope, an empir-
ical probability distribution of Cu follows a straight line
up to about 90 percentile (about 110 mg kg–1) and then
falls. This plot demonstrates that the three points with
the high values of the Cu concentration are also
located below the line representing the theoretical
CDF. The second intersection of the theoretical CDF
at 111 mg kg–1 followed by a decrease in function indi-
cates a presence of the soil samples with very high Cu
values (outliers). In summary, high values of Cu con-
centration distorts the high-concentration end of the
distribution function. In contrast, the low impact of
contamination by application Cu based fungicides can
best be recognized at the lower end of the data distri-
bution. The above points to the conclusion that the
main process of controlling the shape of the empirical
cumulative distribution function of Cu in its lower part
has little effect. This suggests that in the locations rep-
resented by these samples, the use of Cu fungicides
was very small or absent. So, we can expect that the
low values of Cu content established in this study
should be close to those in natural and unpolluted
Terra rossa soil.

Copper risk assessment. The contamination risk
assessment of the Cu in soil from olive orchards is cal-
culated by comparing the detected concentrations of
Cu with the soil quality standards prescribed by the
Finnish Decree [41], Croatian Ordinance [43], and
the threshold value of regional background data of Cu
concentration in Terra rossa soil. Throughout this
paper, the term ‘background’ will refer to indicate the
concentration of a substance reflecting natural pro-
cesses uninfluenced by human activities as suggested
by Reimann [50]. The threshold value is used to dis-
criminate between clean (natural) soil and soil
EURASIAN SOIL SCIENCE  Vol. 54  No. 6  2021
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Fig. 3. Cumulative probability plot of the Cu data set for an empirical cumulative distribution function (ECDF)—the samples are
marked with black dots and a theoretical CDF—marked with a solid line. The Cu data plotted on a logarithmic scale. The regional
threshold for the background Cu in Terra rossa soil is shown by the vertical full line. The threshold value and ecological risk given
in Finnish Decree [41] are shown by the vertical dashed line. 
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affected by human activities. It is used as a trigger
value, which if exceeded creates the need for soil con-
tamination assessment.

The results of these comparisons are given in Table 3
and Fig. 3. The Finnish Decree [41], sets three cate-
gories of soil values—the threshold value, the lower
and the upper guideline value. The threshold value of
100 mg kg–1 is defined as the upper limit of back-
ground variation and indicates the concentration
below which is not expected an adverse effect, but if it
is exceeded indicate the need for further assessment of
the area. The “guideline value” is the second concen-
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Table 3. Soil screening values for the Cu concentration presc
of Soil Contamination and Remediation Needs [41], Maximu
and a regional threshold for the background Cu concentratio
are estimated by using the stated standards

* Ecological contamination risk.
** MAC: Maximum admissible concentration, and corrections resp

Property

Finnish decree [41]

threshold guideline
value* p

mg kg–1 <100 100–150 >150

n 34 3 3
% 85 7.5 7.5
tration level. If the concentration exceeded the lower
guideline value of 150 mg kg–1, sets for agriculture and
all other land uses except an industrial, storage, or
transport area, that area has a contamination level that
presents an ecological risk. A higher guideline value of
200 mg kg–1 is set for industrial, storage, and transport
areas.

According to the Finnish Decree [41], in 34 or 85%
of soil samples, the Cu concentration does not exceed
the threshold value of 100 mg kg–1 and no adverse
effects are expected; in 3 samples or 7.5% cases the con-
centration of Cu ranges between the threshold value
ribed in the Finnish Government Decree on the Assessment
m admissible concentration set by Croatian Regulation [43],

n in Terra rossa soil. The number and percent of soil samples

ecting soil pH.

Croatian ordinance [43]

Regional thresholdMAC**

H < 5 5–6 >6

60 90 120 <55

– 1 3 19
– 2.5 7.5 47.5



872 MILOŠ, BENSA
and lower guideline value (>100 and <150 mg kg–1)
indicating the need for further assessment of the poten-
tial contamination of the area and in 7.5% cases Cu
concentration exceeds the critical limit of 150 mg kg–1

that presents an ecological risk. The Croatian Ordi-
nance on the protection of agricultural land from pol-
lution [43] prescribes three maximum admissible con-
centration (MAC) of the Cu in agricultural soils: 60, 90,
and 120 mg kg–1, taking into account pH values: <5,
5–6, and >6, respectively. If Cu concentrations exceed
MAC value the soil is considered contaminated, but
no further measures are prescribed. The results in
Table 3. show that in 4 samples or 10% of cases a con-
centration of Cu exceeds the maximum admissible
values (MACv) so these soils can be considered con-
taminated and not suitable for agriculture.

The regional threshold value is calculated as the
95th percentile of natural (background) concentration
of the Cu in 60 topsoil horizons of Terra rossa from
Dalmatia, Croatia [38]. The determined threshold
value of 55 mg kg–1 is significantly lower and conse-
quently, less stringent than the mentioned Finnish and
Croatian soil quality standards (Table 3). Therefore, in
47.5% cases, a concentration of Cu exceeds the
regional threshold of 55 mg kg–1 which implies the
need for further assessment of potential contamina-
tion and eventual remedial action in the three times
larger area than that estimated by national standards.

The cumulative probability plot informs about the
probability that the concentration of Cu is below or
equal to a specified value on the abscissa. It is apparent
from this graph that the selected legislative limits
(treshold) for Cu of 100 mg kg–1 set by the Finnish
Decree [41] and a regional threshold for the back-
ground concentration of Cu in the Terra rossa soil of
55 mg kg–1 have the probability of the 85th and
50th percentile, respectively. Additionally, identifica-
tion and comparison of distortions of the observed
CDF concerning a reference CDF provide better
insight into the contamination processes. The above
suggests that CDF analysis is a useful tool in soil con-
tamination risk analysis. The effectiveness of the CDF
analyses in estimating the dominant natural and
anthropogenic sources of Cu and Zn at the continental
scale has been exemplified in a report by Reimann [52].

All approaches to set soil guideline values rely on
assumptions threshold values for natural (back-
ground) content and an assessment of contamination
is based on a comparison of detected concentrations of
some elements with the threshold value. The problem
with this approach is that the local/regional back-
ground concentrations of heavy metals in soil can vary
widely within a relatively small area. Therefore, Rei-
mann [50] highlighted that no global background level
can be defined, at best regional or local operational
estimation can be made. The high variability of heavy
metals is due to the differences in the geological struc-
ture and soil type [1, 5]. The presented results show
significant differences between national soil quality
standards and a regional threshold value for Cu and
confirmed the fact that there is no general and accu-
rate reference method for soil contamination assess-
ment that can be applied at all sites. From the present
study, it is clear that the use of threshold values derived
for a particular soil type that dominates on an area
would be more reliable. Research has pointed to the
problem of contamination Cu in the soil of olive
orchards and highlight the need for studying the given
issue in the areas where olives sharing space with
vines, and in particular, where mixed or consociate
cropping system is present. Such systems are frequent
in the wide Mediterranean area.

CONCLUSIONS

A mean value of Cu concentration in the soils of
olive orchard grown on the Terra rossa located in the
Middle Dalmatia, Croatia, was 68.4 mg kg–1 that is
more than twice as high as the mean values of the
naturally occurring concentration of Cu in the Terra
rossa soil. So high mean value and a wide range
(33.8–250 mg kg–1) are due to the long-lasting appli-
cation of Cu-based fungicides, and in particular, it is
connected to the fact that the growing area of olives
and vines overlap. The research has also shown that
the concentrations of Cu in the studied soils exceeded
the legislative limits of 100 and 120 mg kg–1 as set by
the Finnish Decree [41] and Croatian Ordinance [43]
in 15 and 10% cases, respectively. The regional thresh-
old value for the background concentration of Cu in
the Terra rossa soil of 55 mg kg–1 was significantly
lower, and consequently, less stringent than the limits
in the mentioned national soil quality standards.
Therefore, its application in 47.5% or even thrice as
many cases indicates the need for further assessment
of the potential contamination and eventual remedial
action in the area. These findings suggest that the use
of threshold value derived for a particular soil type that
dominates in an area would be more reliable than the
national legislation standards. The practical implica-
tion is that in the preliminary soil contamination
assessment the rough delineation based on the soil
maps will be useful. Further research on that matter of
soil in olive orchards, in particular, where olives share
space with vines is highly recommended.
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