
 

Summary: The study used data from the project "Fertilization control and content determination of harmful and 
dangerous substances in the soil of the Republic of Serbia" (1993-2007). The soil samples were obtained from the 
surface horizon for content determination of heavy metals pseudo-total forms (HNO3 and H2O2). Based on 5,022 soil 
samples, the variations and limits of the background values for As, Cr, Cu, Ni, Pb and Zn were determined by the 
following methods: [Mean ± 2Sd], [Median ± 2MAD], and boxplot - Tukey upper threshold (TIF). The obtained 
values were the lowest with the employment of Median + 2MAD method, for most elements between 87 and 90%, 
which means that there was a significant number of locations with unusual values which needs special attention. The 
other two methods gave more approximate values, generally between 95-98%. Inside research it is considered the 
most appropriate method and relationship with the limit values inside Serbian regulations. Due to the significant 
difference in Ni and Cr by geological units in the Republic of Serbia, it is necessary to determine two background 
limits for these elements - for soils on serpentine rock (and on the material originating from them) and for other soils. 
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Background and threshold values of potentially 

toxic elements in environmental geochemistry are often 
defined as the difference between the natural and 
anthropogenic concentration of the element, or as 
action level values inside environmental regulations - 
the concentration beyond which further research is 
needed or where the area clearance is required 
(Reinmann, 2017). The term threshold (Garett, 1991) 
represents the top limit of the background variation. In 
addition to these, there are a number of other 
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definitions for these terms in various scientific fields 
(Reinmann & Garrett, 2005). 

The problem of determining natural concentrations 
occurs because it is difficult to find the location that is 
without any human influence. Therefore, different 
statistical methods are used, which determining possible 
limits of geochemical content. The basic assumption is 
that contamination leads to unusual high concentrations 
of the elements inside soil samples, which can be 
separated from the basic data by using statistical 
methods (Matschullat et al., 2000). Additional, high 
geogenic contents of the elements acquire special 
attention inside research. 

According to Reinmann et al. (2018) the calculated 
limits of geochemical content make it possible to 
identify locations with unusually high concentrations of 
harmful elements. They can be conditioned by 
anthropogenic impact, but also with specific geological 
composition (rocks with high content of elements, 
mineral accumulation, etc). By dividing these values, 
attention is drawn to the locations which need detail 
exploration. The assessment of cause for the high 
element content in the soil requires significant 
knowledge of the locations that are possible sources of 
pollution (cities, metallurgical complexes, power plants, 



 

and industry), climatic and vegetation zones, geology, 
the processes of elements dispersion, and mineral 
accumulations. 

There are a large number of researches of the 
background values limits (which refer to continents, 
countries, or narrower areas) that used different 
statistical methods. 

Reimann and Caritat (2017) and Reinmann et al. 
(2018) examined the background borders with different 
methods in the Europe (2018) and Australia (2017) 
territories. They considers that the most important 
results for determining the threshold geochemical values 
are obtained by the following methods: identification of 
interruptions on CDF graphics (cumulative distribution 
function), Tukey (upper) inner fence (TIF) and 98%. 

Reinmann et al. (2018) reported that Jarva et al. 
(2010) used a Tukey (upper) inner fence (TIF) method 
or the upper whisker in the box plot to identify areas in 
Finland with high values (outliers) of harmful elements. 
This method was proposed by the International 
Organization for Standardization (ISO, 2005, Annex B). 

In the UK, CDF diagrams and percentages 
(typically 95%) were used to identify patterns that 
deviate from “normal variation of natural 
concentrations” (Ander et al., 2013). 

Santos-Francés et al. (2017) included geometric 
mean, in addition to the median, in determining the 
geochemical limits at Anda's area in Peru. 

In the Republic of Serbia, the background values 
are determined by different calculation and graphic 
methods for smaller areas (Mrvić et al., 2011; 2014), but 
not for wider territory. 

The subject of this research is to predict the limits 
of the soil background values (threshold values) for the 
most important potential toxic elements in Central part 
of the Republic of Serbia based on results from the 
project „Fertilization control and content determination 
of harmful and dangerous substances in the soil of the 
Republic of Serbia“ (1993-2007). This would allow the 
separation of areas that have increased values, which 
should determine whether the concentrations are 
harmful or toxic, and also whether some repair 
measures are required.  

 
Soil data were used from the project "Fertilization 

control and content determination of harmful and 
dangerous substances in the soil of the Republic of 
Serbia" which the Institute for Soil Science realized in 
the period from 1993-2007 funded by the Ministry of 
Agriculture, Forestry and Water management of the 
Republic of Serbia, in cooperation with the Faculty of 
Agriculture - University of Belgrade. The Institute of 
Field and Vegetable Crops - Novi Sad participated in 
the third phase. 

 

Field research 
Soil samples were taken in the central part of the 

Republic of Serbia by grid system 3.3 × 3.3 km on 
agricultural  land  and  forests.  At  each  location,  a 
composite soil sample was taken from a 0-30 cm depth 
(Figure 1).  

Laboratory research 
The  concentration  of  potential  pollutants  was 

determined from air dry soil samples, which were shaken 
in 2 mm sieve. Pseudo-total forms of chromium, copper, 
nickel, lead and zinc were determined by HNO3 and H2O2 
digestion and by reading on AAS (GBC SensAA Dual, 
HG 260-060, Australia). 

Arsenic  was  determined  by  HNO3  and  H2O2 

digestion, and by reading on AAS, using a hydride system. 
 
Statistical data processing 
The software SPSS.10.0 was used for statistical analysis. 
The natural content limits were determined using the 

calculation methods described by Reimann et al. (2005): 
classical [Mean ± 2Sd], [Median ± 2MAD], boxplot - 
Tukey upper inner fence (TIF). The values based on 
percentages were also obtained: 90, 95, and 98% of the 

Figure 1. Locations of the soil samples in central Serbia  



 

data set, which according to Ander et al. (2013) can also 
define threshold values. 

The [Mean ± 2Sd], (Sd represents standard deviation) 
is a classic method in which extreme values have a strong 
influence, so high limit values are obtained. Since 
geochemical data are asymmetrical, non-independent and 
do not have identical distribution, this method is less 
suitable, and the advantage is given to statistical methods 
related to the median and box-plot (Reinmann et al., 
2005). These are methods that do not strongly build on 
statistical assumptions.     

Inside the [Median ± 2MAD] method, the Median is 
defined for sample x1, … …, xn as median (xi), and the 
MAD (Median Absolute Deviations) represents the 
median absolute deviations from the median: MAD = 
Median i (|Xi – Median ј (Xj)|). These estimators are 
much more powerful against extreme values, so the limit 
value calculated by this method is lower.  

Inside the boxplot method, TIF (Tukey Inner 
Fence) the upper inner fence is calculated, that 
represents the limit above which individual isolated 
points (outliners) appear, according to the formula:  

 
TIF = third quarter (x) +1,5 * HB (x)  

 
where HB represents the box length, i.e. the difference 
between the third and the first quarter (75th to 25th 
percentiles). According to Reiman and Caritat (2017): 
„the method has many advantages, including the fact 
that it is based on the boxplot and depends solely on the 
data distribution, and that it allows the definition of a 
threshold for outliers even if none are present in the 
dataset, as it extrapolates from the robust inner core 
(25th to 75th percentiles) of the data's structure“.  

Since geochemical data usually have right-skewed 
distribution, logarithmic data transformation was 
performed to translate into symmetric distribution, in 
order to determine the statistical parameters (and then 
calculates antilogarithm limit values). 

According to Reimann et al. (2005), if the 
coefficient of variation CV> 100% the logarithmic 
transformation of the data is necessary, and if the CV 
value is between 70 and 100% the logarithmic scale will 
be informative. 

In this research, 5022 soil samples were statistical 
processed for all elements (2 samples with very high 
concentrations were  omitted,  since  they  are  located 
next  to  landfills,  where  anthropogenic  pollution  is 
evident).  

 
Contents and distribution of potentially toxic 
elements 
Basic statistical analysis (Tab. 1) displays the 

concentrations range of elements, the data distribution, 
and the frequency by interquartile values. 

Data distinction differs from normal. The 
Skewness coefficient is positive for all elements, which 
means that data has right-skewed distribution compared 
to normal, which is characteristic of geochemical data. 
The Kurtosis coefficient indicates that the distribution 
of the elements is elongated relative to the normal 
distribution. The coefficient of variation (CV) is for all 
elements (except Cd and Zn) above 100%, which 
indicates high data dispersion. 

The spatial distribution of elements and the 
concentrations ratio according to MDK values has already 
considered in previous research (Mrvić et al., 2009). 

 
Limit background concentration 
The following calculation methods were used: 

classical [Mean ± 2Sd], [Median ± 2MAD], boxplot - 
upper inner fence (TIF). 

According to the results (Tab.1), the coefficient of 
variation is for all elements (except Zn) above 100%, so 
logarithmic transformation is applied for them. 

 
 

Table 1. Statistical parameters of the potentially toxic elements concentration 

 As Cr Cu Ni Pb Zn 

Average 10.15 47.97 26.92 57.80 39.67 47.67 

Mediana 6.80 27.00 19.00 24.00 31.00 41.90 

Standard deviation 15.90 85.41 41.42 143.34 40.40 33.65 

Skewness 9.35 5.81 13.94 6.30 9.92 6.30 

Kurtosis 136.93 45.06 304.82 49.05 183.81 89.89 

Minimum 0.10 0.10 0.10 0.10 0.10 0.10 

Maximum 382.00 1218.80 1285.80 1900.00 1031.30 740.00 

CV% 156.55 178.04 153.86 247.98 101.84 70.58 

Percentage 25 4.70 16.37 13.80 11.72 21.00 30.51 

Percentage 50 6.80 27.00 19.00 24.00 31.00 41.90 

Percentage 75 10.00 44.00 28.00 41.97 47.45 58.00 



 

  Transf As Cr Cu Ni Pb Zn 

Mean 
Natural 10.15 47.97 26.92 57.80 39.67 47.67 

Log10 0.85 1.42 1.30 1.38 1.49 1.60 

Sdev 
Natural 15.90 85.41 41.42 143.34 40.40 33.65 

Log10 0.32 0.48 0.31 0.52 0.31 0.29 

Median 
Natural 6.80 27.00 19.00 24.00 31.00 41.90 

Log10 0.83 1.43 1.28 1.38 1.49 1.62 

MAD 
Natural 2.50 12.70 6.40 14.00 11.96 13.12 

Log10 0.167 0.214 0.152 0.274 0.175 0.140 

Mean+2Sdev 
Natural 41.94 218.79 109.77 344.49 120.46 114.96 

Antilog 31.26 235.50 82.41 261.22 127.35 154.17 

Median+2MAD 
Natural 11.80 52.40 31.80 52.00 54.92 68.14 

Antilog 14.69 72.28 38.37 84.72 69.34 79.43 

TIF 
Natural 17.95 85.45 49.30 87.35 87.13 99.24 

Antilog 30.90 193.64 82.22 284.45 161.16 151.36 

90%   16.30 80.92 45.60 95.47 71.10 78.88 

95%   25.00 151.47 65.25 167.50 88.51 96.17 

98%   53.05 364.22 100.64 567.08 122.35 124.78 

MDK   25 100 100 50 100 300 

RV   55 380 190 210 530 720 

MDK - maximum allowed concentrations (Regulation, SG RS 23/1994) 
RV - remediation value (Regulation SG 88/2010)  

Table 2. Boundary background concentration of elements calculated by different methods and boundary values in the Republic of 
Serbia regulations  

The results indicate that the values calculated with 
the [Median + 2MAD] method are significantly lower 
than by the other two methods. In this method, the 
extreme effects are minor, so lower values are obtained 
(Galan et al., 2008; Reinmann & Caritat, 2017; Mrvić et 
al., 2011). The percentage of samples that have less or 
the same content compared to the calculated limits 
according to this method, for most elements is from 87 
to 90%, and for Zn 84%. This means that there were a 
considerable number of locations for detailed 
observation, 10.9-16.0% (Tabs. 2 and 4). According to 
Reinmann et al. (2018) at the agricultural soils of 
European countries, the geochemical limits determined 
by this method are between 90-95%. 

The other two methods obtained more approximate 
values. Using the TIF method slightly lower values were 
obtained relative to [Mean + 2Sdev] method, except for 
Ni and Pb. The percentage of samples that have less or 
the same content in relation to the calculated limits 
according to these methods is between 95-98%. The 
number of points with unusual values is significantly 
lower than the [Median + 2MAD] method, 1.2-4.7%. 
Reinmann et al. (2018) obtained similar values for the 
European soils.  

By comparing boundary background values 
obtained in this research with Reinmann et al. (2018) for 
European agricultural soils, the limits values inside 
Republic of Serbia are lower for As, Cu and Zn, and for 
Ni and Cr only those that are calculated using the 
[Median + 2MAD] method, while are higher for Pb, and 

for Ni and Cr calculated using the method [Mean + 
2Sdev] and TIF (Tab.3).  

This indicates the great variability of geochemical 
limits. Reinmann et al. (2018) states that the 
geochemical limits in the southern part of Europe are 
higher in relation to the north part of Europe, so their 
determination at the local level is required.  

The ratio of calculated geochemical limits and 
boundary values of hazardous and harmful elements in 
Republic of Serbia legislations - remediation value (RV, 
Regulation SG 88/2010) was observed, as well as 
maximum allowed concentrations in agricultural soils 
(MDC, Regulation, SG RS 23/1994). 

Compared to RV, the calculated background limits 
are significantly lower. The exception is Ni whose 
geochemical limits are determined by two methods 
([Mean + 2Sdev] and TIF) greater than the RV. 

In relation to MDK, the background limits for Ni 
determined with all three methods are greater, whereas 
while for Cr, As and Pb higher limits are determined by 
two methods ([Mean + 2Sdev] and TIF).  

  As Cr Cu Ni Pb Zn 

Median+2MAD 36 92 69 105 58 161 

TIF 71 157 118 216 87 239 

Table 3. Geochemical threshold values for the Europe lands, 
Ap soil horizon (Reinmann et al., 2018) 



 

High values of the background limits for Ni and Cr 
are due to the significant presence of soil on the 
serpentine rocks in Republic of Serbia (around 300,000 
ha). These rocks are naturally rich with Ni and Cr (as 
well as Mg, Fe, Co), so the soils have high 
concentrations as well, often above 1000 mg/kg 
(Kadović et al., 2002, Jakovljević & Stevanović, 2004; 
Đorđević et al., 2005). 

Samples with concentrations of Ni and Cr above 
the calculated background values and the legal 
regulations (Tab. 4) are mainly on serpentine rocks, and 
can be seen on maps that displays potentially toxic 
elements (Mrvić et al., 2009). Due to the great difference 
in Ni and Cr by geological units, in Republic of Serbia it 
is necessary to define two background limits for these 
elements - for soils on serpentine rocks (and on the 
originals of them) and for other soils. According to 
Reinmann and Caritat (2017), there are different 
biological communities that create healthy ecosystems 
on soils that are naturally rich with toxic elements. 
When determining the corrective measures, we have to 
take into account that sites with a specific lithological 
and mineralogical composition cannot be “cleaned”, and 
also economic justification of actions. 

In the case of As and Cu, a significant number of 
samples with concentrations above the calculated 
background values and the legal regulations are located 
around the Mining-Smelter Basin “Bor”, which is 
strongly influenced by anthropogenic activity. For other 
samples and elements, especially Pb, it remains to 
determine the source of pollution by further detailed 
research, the suitability of the calculated background 
limits, as well as ecological risks. 

Since geochemical limits calculated by different 
methods are dissimilar, the question is which method is 
most appropriate. As with other studies, the lowest 
values were obtained by [Median + 2MAD] method, 
and higher by the TIF method, and in particular [Mean 
+ 2Sdev] method (Reinmann & Garett, 2005; Ander et 
al., 2013; Reinmann & Caritat, 2017). Differences occur, 
due to the specificity of the statistical methods, in which 
the influence of extreme values on the calculated limits 
is different. 

The application of [Median+2MAD] method 
obtained the lowest value and identified a large number 
of extremes, 10-16% (Tab. 4). It is a rigorous method 

that takes into account the highest level of precaution 
in terms of environmental protection and human 
health, and it also requires large material resources for 
risk estimation in many cases, unlike the other two 
methods. According to Lemming et al. (2010) and 
Cappuyns & Passen (2014) the risk analysis and 
decision-making for further actions should take into 
account the social, ecological and economic aspects.  

The other two methods are less rigorous and 
identify a lower number of extremes (1.2-4.7%). 
Particularly significant are limits obtained by the TIF 
method, which according to Reimann and Caritat 
(2017) can be considered as one of the most reliable 
and powerful tools to calculate meaningful threshold 
values for any given set of data.  

The locations on agricultural soil with element 
concentrations that are higher than geochemical limit 
values, obtained by ([Mean + 2Sdev], and especially by 
TIF method, should have priority in environmental risk 
assessment. Their levels are more approximate to those 
in the legal regulation, compared to the limits calculated 
using the method [Median + 2MAD].  

 

 

The background limits (for As, Cr, Cu, Ni, Pb and 
Zn) calculated by the method [Median + 2MAD] have 
the lowest values. They are generally between 87 and 
90%, which means that there are a significant number 
of locations with unusual values that need detailed 
research. The other two methods, TIF and [Mean + 
2Sdev], obtained more approximate values, generally 
between 95-98%. 

Determination of the top limits which require 
further action requires consideration of the ecological 
and economic aspects. In any case, locations with 
element concentrations above geochemical boundary 
values, obtained by ([Mean + 2Sdev], and especially by 
TIF method, that are located on agricultural land 
should have priority. Their levels are closer to those in 
the legal regulations. 
  Due to a large Ni and Cr difference by geological units 
in Republic of Serbia, it is necessary to determine two 
background limits for these elements - for soils on 
serpentine rocks (and on the materials originating from 
them) and for other soils. 

  As Cr Cu Ni Pb Zn 

MDK 5.0 7.6 2.0 20.4 3.4 0.2 

RV 1.9 1.8 0.8 4.2 0.1 0.02 

Mean+2Sdev 3.9 3.3 2.9 3.9 1.8 2.7 

Median+2MAD 11.8 11.4 13.5 11.4 10.9 16.0 

TIF 3.9 4.0 2.9 3.8 1.2 4.7 

Table 4. Percentage of samples with elements concentrations above the limit values in the Republic of Serbia legislations (MDK, 
RV) and calculated limits of background concentrations  



 

Sažetak: U radu su korišćeni rezultati projekta „Kontrola plodnosti i utvrđivanje sadržaja štetnih i opasnih materija u 
zemljištima Republike Srbije“ (1993-2007). U uzorcima iz površinskog horizonta na teritoriji centralne Srbije određen 
je sadržaj pseudo-ukupnih formi teških metala (HNO3 i H2O2). Na osnovu 5022 podataka, metodama [Mean ± 2Sd], 
[Median ± 2MAD] i boxplot – Tukey gornji prag (TIF) određeno je variranje i granice background vrednosti 
(threshold vrednosti) za As, Cr, Cu, Ni, Pb i Zn. Rezultati pokazuju da su izračunate vrednosti metodom 
[Median+2MAD] najniže, za većinu elemenata između 87 i 90%, što znači da postoji znatan broj lokacija sa 
neuobičajenim vrednostima na koje treba obratiti pažnju. Drugim dvema metodama dobijene su približnije vrednosti, 
uglavnom između 95-98%. Razmatrana je najpogodnija metoda i odnos sa graničnim vrednostima u našoj pravnoj 
regulativi. Zbog velike razlike u Ni i Cr po geološkim celinama u našoj zemlji,  potrebno je odrediti dve background 
granice za ove elemente – za zemljišta na serpentinskim stenama (i na materijalu poreklom od njih) i za ostala 
zemljišta.  
Ključne reči: centralna Srbija, granične vrednosti, toksični elementi, zemljište  
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