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Abstract  
 
As regards the research methodology, this paper used the comparative method between the current legislation in force 
in the Member States of the European Union on the regulated standards for the content of heavy metals in soil. As we 
can see, the legislative regulations vary from country to country, and in Romania, the legislation is the most stringent in 
terms of one heavy metal, in special, Pb content in soil, compared to the other EU Member States. Finland imposes 
even higher restrictions for heavy metals such as Cd and Zn content. Dutch legislation is more permissive for essential 
metals than other EU Member States. 
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INTRODUCTION  
 
All soil types contain heavy metals in their 
structure, but their natural concentrations are 
very low. As a result, in Romania, Order 
756/1997 nominates them as "trace elements". 
Their analytical detection can only be done 
with high-finesse spectrometric instruments 
(Căpățână & Gămăneci, 2011; Alloway, 2013; 
Musteață et al., 2019). 
As pollutants, heavy metals persist in soil 
horizons for a long time, on the order of 
decades, as chemically stable compounds. In 
terms of their ability to be involved in 
biodegradation processes, it is proven that they 
are not biodegradable but can bioaccumulate in 
various plant tissues (Mizutani et al., 2016; 
Miclăușu et al., 2019; Mitra, 2019; Moldovan 
et al., 2022). 
In the environment, currently the sources of 
heavy metal pollution are very varied, having 
both natural and anthropogenic origins.  
Natural sources are represented by magmatic 
and sedimentary rocks through intense erosion 
processes, clogging, fires, etc. and 
anthropogenic sources are represented by 
various industrial activities, transport, and 
intensive agricultural works. In all these 

processes, heavy metals can be emitted to the 
atmosphere as aerosols, aqueous particulate 
pollutants, or solid wastes, being diffuse or 
point, stationary or mobile sources (Bradl, 
2005; Căpățână & Gămăneci, 2011; Gautam et 
al., 2017; Bora & Bunea, 2019). 
 
MATERIALS AND METHODS 
 
From the wealth of data presented in the 
literature, we have made a rigorous selection, 
using primarily the criterion of "negative 
effects of heavy metals on the human body". 
A group of 4 heavy metals (Pb, Cd, Cu, Zn) 
was thus identified for which detailed research 
was carried out. The following criteria were 
considered: 
a. Regarding effects on the health status of the 
human body. 
b. Regarding the methods used for the 
determination of heavy metals in soil. 
c. Regarding current European legislative 
regulations. 
Next, using specialized software, namely 
Microsoft Excel var.16.77.1, a modern method 
of intuitively comparative graphical 
representation of the maximum limits allowed 
for this pollutant in different EU member 
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countries has been developed. The working 
method aims at current applicability in studies 
of evaluation of the level of heavy metal soil 
pollution and, in perspective, at the possibility 
of extrapolation to other categories of 
pollutants. 
Finally, for each selected pollutant (Pb, Cd, Cu, 
Zn), a set of "radiographic graphs" and maps 
showing the maximum permitted limits in the 
different EU Member States was validated, 
Romania being considered, in this case, as the 
main subject. 
 
RESULTS AND DISCUSSIONS  
 
a. Regarding effects on the health status of 
the human body 

Heavy metals are economically necessary, but 
heavy metal pollution has been shown to have 
significant negative effects on the human 
nervous, respiratory, circulatory, and digestive 
systems. For example, Pb, Cd and Hg are toxic 
without having any role in the metabolism of 
the human body. On the other hand, Cu and Zn, 
for example, are toxic only at concentrations 
and doses exceeding the maximum regulatory 
limits (Ardelean & Maior, 2000; Doroftei et al., 
2008; Băbuț et al., 2011; Micu et al., 2016; 
Țulugea et al., 2019).  
Table 1 summarizes the heavy metal pollutants 
selected for this work, in terms of their source 
and effects (role-excess-deficiencies) on the 
health status of the human body. 

Table 1. Summary of the effects of some heavy metals on the human body 

Critical 
metal Source Role Excess Deficiencies Citation 

Pb Pesticides, paint, 
smoking, car 
emissions, extraction 
of useful minerals 

Lack of conclusive 
data 

Developmental delays in 
children, encephalopathy, 
congenital paralysis, 
epilepsy, gastrointestinal 
disorders 

Low IQ 
Emotional and 
behavioral problems. 

Oros et al., 2011 
NIH, 2014 
Gati et al., 2016 
Bora et al., 2017 
Fisher & Gupta, 2022  

Cd Galvanizing, welding, 
fertilizers, pesticides, 
battery production, 
smoking 

Lack of conclusive 
data 

Kidney dysfunction, 
osteoporosis, increased 
blood pressure, bronchitis 

Cardiovascular diseases 
ATSDR, 2013 
Balali-Mood et al., 2021 
Abdel-Rahman, 2022 

Cu mining, pesticide 
production, chemical 
industry 

Helps fundamental 
biological processes 

Anaemia, digestive 
system disorders 

Hypochromic anemia Iancu & Buzgar, 2008 
Romaña et al., 2011 
Gad, 2014  

Zn Rubber industry, 
paints, dyes, 
detergents  

Helps the immune 
system and human 
metabolism.  

Cramps, stomach pain, 
loss of appetite, 
headaches 

Occurrence of various 
eczemas Hussain et al., 2022 

Maxfield et al., 2023  

 
From the data presented in Table 1 we can 
conclude that pollution caused by heavy metals 
deserves more attention because most of them 
are not found in soluble form, or if they exist, 
they are complexed with organic or inorganic 
ligands, which increases their toxicity (Coman 
et al., 2010a; Țulugea et al., 2019; Briffa et al., 
2020; Timothy et al., 2019). 
 
b. Regarding the methods used for the 
determination of heavy metals in soil 
Based on the research carried out, instrumental 
analysis methods have evolved from single-
element spectroscopic techniques such as flame 
atomic absorption spectrometry (AAS) to 
multi-element techniques such as inductively 
coupled plasma mass spectrometry (ICP-MS), 
inductively coupled atomic emission 
spectrometry (ICP-AES) and inductively 

coupled plasma optical emission spectrometry 
(ICP-OES).  
From the above, AAS and ICP-MS are 
standardized methods for the determination of 
heavy metal samples in soil at EU level. AAS 
is an analytical method that is standardized in 
several countries, not only in EU Member 
States, due to its high sensitivity, which gives 
precision and accuracy. 
Different methods of analysis, and therefore 
different standards, are used in EU Member 
States to assess the impact of these pollutants. 
For example, for Romania - the standard 
method is flame atomic absorption 
spectrometry (FAAS), for Germany - the 
standard method is Aqua regia (AR) and X-ray 
Fluorescence (XRF), for Finland – the standard 
method is Aqua regia (AR) (Dobra et al., 2006; 
Damian et al., 2008; Berar et al., 2010; Oros et 
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al., 2011; Voica et al., 2012; Damian et al., 2013; 
Lăcătușu et al., 2014; Mizutani et al., 2016) 
 
c. Regarding current European legislative 
regulations 
Table 2 gives an overview of EU regulations 
and transposition into legislation in some 
Member States, with Romania being the central 
element in this overview. Official regulations 
have been used as bibliographical resources, 
i.e., European Council Directive 86/278/EEC 
1986, MEF, 2007. Government Decree on the 
Assessment of Soil Contamination and 
remediation needs - Ministry of Environment, 
Finland, Order no. 756/1997. 
 
Table 2. Maximum limits of heavy metals in soil in some 

European countries (mg/kg) 

C. 
E. 

R 
O 
M 

E
U 

N 
E 
T 
H 

A 
U 
S 
T 

P 
O 
L 

G 
E 
R 

F 
I 
N 

Pb 50 300 150 100 100 500 60 
Cd 3 3 5 5 3 2 1 
Cu 100 140 250 100 100 50 100 
Zn 300 300 500 300 300 300 200 
Cita 
tions 

Orde
r no. 
756/ 
1997 

E.C.D.
C. 
86/278/
CEE 
1986 

Dehe
lean 
et al., 
2019 

Dehe
lean 
et al., 
2019 

Dehe
lean 
et al., 
2019 

Dehe
lean 
et al., 
2019 

ME
F, 
200
7 

*C.E.-chemical element; ROM-Romania, NL-Netherlands, AUST-
Austria, POL- Polonia GER-Germany; FIN-Finland 
 
Please note that the values in Table 2 refer to 
the total pollutant content in the soil and not to 
the mobile fraction. 
As regards the maximum permissible limits for 
Pb - as a soil pollutant, the following extreme 
values can be found in the legislative reference 
package: 
Minimum value - 50 mg/kg in Romania 
Maximum value - 500 mg/kg in Germany 
*Maximum permitted limit in Romania - 50 
mg/kg dry substance 

 
Figure 1. Maximum permissible soil limits for Pb 

Figure 1 shows that most European countries 
have values below 150 mg/kg dry matter, 

which are lower than those required by the EU 
Directive.  
An average value would not be relevant in such 
an approach, but it would be about 180 mg/kg, 
more than 3 times higher than the Romanian 
legislation and well below the provisions of the 
EU Directive. A final verdict cannot be 
expressed, but it is possible, in conjunction 
with the other heavy metals, to reach a 
reasonably economically and ecologically 
human justified conclusion. 
Regarding the maximum permissible limits for 
Cd- as a soil pollutant, the following extreme 
values are recorded: 
Minimum value - 1 mg/kg in Finland 
Maximum value - 5 mg/kg in Austria and the 
Netherlands 
*Maximum permitted limit in Romania -           
3 mg/kg dry substance. 
 

 
Figure 2. Maximum permissible soil limits for Cd 

 
Figure 2. shows a Romania-Poland tandem, but 
also, at a maximum level, the Netherlands-
Austria. An average value could be estimated at 
3.14 mg/kg dry matter, the reference level for 
Romania. 
As regards the maximum permissible limits for 
Cu- as a soil pollutant, the following values 
were recorded: 
Minimum value - 50 mg/kg in Germany 
Maximum value - 250 mg/kg in the Netherlands 
*Maximum permitted limit in Romania - 100 
mg/kg dry substance 
Figure 3 shows that most of the EU Member 
States, i.e., Romania, Austria, Poland, and 
Finland have the same regulated value, while at 
EU level values 1.4 times higher are allowed. 
An average value would be approx. 120 mg/kg 
dry matter, close to that of most EU Member 
States. 
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Figure 3. Maximum permissible soil limits for Cu 

 
As regards the maximum permissible limits for 
Zn- as a soil pollutant, the following values 
were recorded: 
Minimum value - 200 mg/kg in Finland 
Maximum value - 500 mg/kg in the 
Netherlands 
*Maximum permitted limit in Romania - 300 
mg/kg dry substance 
 

 
Figure 4. Maximum permissible soil limits for Zn 

 
Figure 4. shows roughly similar benchmarks, 
with 5 out of 7 countries having the same 
benchmarks, while the Netherlands is more 
permissive, and Finland is more restrictive. An 
average value would be ca. 314 mg/kg dry 
matter, the most widely accepted value, but 
data on how to determine it are lacking. 
 
CONCLUSIONS  
 
From an economic point of view, heavy metals 
are necessary, but it is unanimously accepted 
that exceeding certain doses and concentrations 
in environmental factors have significant 
negative effects on the human body (Iancu & 
Buzgar, 2008; Coman et al., 2010a; Oros et al., 
2011; Romaña et al., 2011; Gad et al., 2014; 
Bora et al., 2017; Fisher & Gupta, 2022; 
Hussain et al., 2022; Maxfield et al., 2023). 

The detection capability of measuring devices 
is becoming increasingly accurate, and methods 
of analysis and reporting for these pollutants 
are also evolving in parallel. 
Data processing for land cover has a 
pronounced regional specificity.  
From the point of view of environmental 
protection, and hence human health, legislative 
regulation is necessary. In this context, it is 
noted that for Europe, Dutch legislation is 
much more permissive regarding the presence 
of heavy metals in total form in soil than the 
rest of the EU Member States. Romanian 
legislation is the most stringent in the EU 
regarding Pb content in soil while Finnish 
legislation is more stringent for Cd, Ni and Zn.  
Obviously, knowledge of legislative 
particularities does not solve the problem of 
heavy metal pollution in soils, but a 
comparative representation can contribute to 
the formulation of more effective public 
policies of a summative and preventive nature. 
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