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Abstract. This work is aimed at addressing attention to the situation of contaminated sites and 
emphasizing importance and need for their rehabilitation. The study presents the experience gained 
by european countries evaluating contaminated sites and rehabilitation framework. a model of 
assessing contaminated sites in lithuania consisting of two main stages – preliminary and detailed 
investigation has been developed. The first one is used for collecting preliminary information on 
the contaminated site and for evaluating the need for detailed analysis. The second is subjected to 
a comprehensive risk assessment of the site shifting focus on the environment and human health. 
The model for evaluating contaminated sites involves organic chemical materials and metals. risk 
assessment depends on the sensitivity of a site to contamination. equations for establishing the level 
of contamination involve the content of soil organic matter and clay. Correction coefficients used 
for calculating the level of contamination have been based on statistical analysis and experience 
gained by the eu countries.
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Introduction. Importance of cleaning sites 

Cleaning contaminated sites is a process of several stages focused on removing a negative 
impact of contaminants. if an environmental status is suspected to be or was proven to be 
worsened and possible danger to the health of people, water pools, soil, food products, 
biological diversity must be reduced, the management of the territory starts with evaluation 
and analysis and then turns into cleaning (rehabilitation) works. Following rehabilitation – 
management and recultivation means are used (Prokop et al. 2000; nimirciag 2012).

The european environmental Protection agency publishing European Environment: 
Status in 2005 and Perspectives states that europe still has several types of economic activity 
conditioning soil pollution (d’aprile et al. 2007). it is mainly related to the insufficient elim-
ination of waste and detriments created during industrial processes. There is a hope that the 
implementation of preventive means stated in new regulations will help in establishing limits 
to the pollution of soil (Fortuna et al. 2011). The largest part of works on territorial man-
agement will consist of cleaning historically contaminated sites and require high investment 
from the public sector, which currently funds approximately 25% of all costs of contaminant 
elimination. it has been determined that the main contaminants polluting soil in industrial 
and commercial sites are metals (e.g. Zn, Cu and Pb in soil in the area of the former tV 
manufacturing company in Panevėžys (Pundytė et al. 2011)) and oil products (PaH, chlor-
inated and aromatic hydrocarbons). 90% of identified contaminated sites worldwide are 
polluted with the above named pollutants, although their relative input varies depending on 
the country (danCee 2000; Bradulienė, Vasarevičius 2010; rivero-Huguet, Marshall 2011).

The implementation of regulations and regulatory systems (e.g. directives on integrated 
pollution prevention and control and on landfill site management)  should reduce the 
number of new cases of polluted soil and groundwater (Garrigues et al. 2012; ungureanu 
et al. 2012). However, the elimination of contaminated historical sites requires time and 
financial resources from a private and public sector (Kaklauskas, Zavadskas 2009). This is a 
process of several stages where the last stage (elimination of contaminants) requires much 
more resources than the first one (check of the site/recognition). in a number of countries, 
the identification and inventory of polluted sites is usually an advanced process; however, 
an explicit analysis of the sites and cleaning them is usually slow (Fig. 1) (Hengl et al. 2007; 
Zaharia, Suteu 2011; Bone et al. 2010). 

On the other hand, the management of such sites can differ among the countries (agostini 
et al. 2012). advances in different states (i.e. the number of managed sites at every stage of 
management) cannot be directly compared because of different legal requirements, different 
levels of industry, local conditions and methods. For example, a larger part of fully cleaned 
sites as compared to evaluated remaining needs for cleaning in several countries can be 
explained by the advanced process of management. nevertheless, usually, analysis in such 
countries is not finished, and therefore the extent of other problems can hardly be assessed 
(Kavaliauskas 2010; akbar et al. 2012). 

although the major part of european states has accepted legal regulations allowing the 
application of principle “polluter pays” for cleaning polluted sites, the indispensable actions 
of eliminating pollutants require financing them by the state, which usually makes 25% of 
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all input (Sakalauskas 2010). This tendency is common to all european states. For the period 
from 1999 to 2002, annual expenses of the whole cleaning process of the countries fluctuated 
from less than 2 eur to 35 eur per one resident annually (lemming et al. 2010). although 
decent state funds have already been devoted to eliminate contaminants, they still make only 
a small part (up to 8%) of all generally anticipated expenses (Kadunas 2007).

The european Commission directive regarding the Soil Framework is related to contamin-
ated sites. The project of the directive determines a certain need for identifying contaminated 
sites in every country and creation of a national strategy for eliminating and cleaning con-
taminants. The identification of contaminated sites must be performed at several stages: first, 
preliminary research is made, then, the sites are analysed in a more detailed way to determine 
if they are contaminated or not. The inventory of contaminated sites and preliminary research 
must be performed in a five year period from the transfer of the Soil Framework directive. 
Theoretical research must be made to evaluate the danger of pollution to the health of people 
or environment (Mikalajune, Jakucionyte 2011; Jankiewicz, adamczyk 2010).

Fig. 1. Management of contaminated sites in european countries (Hengl et al. 2007)
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1. The status of contaminated sites in accordance  
with European Union regulations 

The management of contaminated sites in most of european states started in the 80s–90s of 
the last century (Stanislawska-Glubiak et al. 2012). The direct management of contaminated 
sites was determined by the regulations of only several eu member states. Western european 
countries accept 6 major indicators for the management of contaminated sites (Prokop et al. 
2000):

1) number of potentially contaminated sites; 
2) number of sites where eco-geological analysis was performed; 
3) number of sites where means for environmental protection must be applied; 
4) capital investments required for applying means for environmental protection; 
5) number of sites where means for environmental protection were applied; 
6) quantity of financial measures used for applying means for environmental protection. 
These indicators determine the policy of every country and their orientation towards the 

management of contaminated sites during which all countries without any exception observe 
the methodologies determining the order of the inventory of a potential contamination centre 
and selection of further actions. Prioritization or the order is performed according to the 
principle presented in Fig. 2. 

The management of a potential sources of contamination in many european states re-
quires not only information on the status of an object, surrounding territories and geological 
structure, but also the results of pollution analysis (Smaranda et al. 2010). The principles used 
for evaluating contaminated sites are generally provided in Fig. 3 showing the management 
of contaminated sites covering several stages.

Fig. 2. Conceptual model for the level of danger in contaminated sites: source ↔ pathway ↔ receptor 
(ireland ePa 2007)
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The management of the sites involves several stages (Fig. 3). When works are performed 
following the above introduced order (Fig. 3), a plan for the management of polluted sites 
can be made (ireland ePa 2007).

a management strategy for polluted sites in Austria dates back to the end of 1980s. at 
that time, a national strategy programme for contamination management was prepared 
together with a Federal Clean-up act (Prokop et al. 2000) dedicated to regulate mechanism 
for financing a cleaning process. The contamination of deep soil layers and groundwater is 
regulated by the austrian Water act.

as long as austrian groundwater resources are the major source of drinking water, strict 
conditions for protecting groundwater are determined in the country. Preventive means are 
applied on potentially contaminated sites, and the evaluation of contamination risk is based 
on the principle of “caution”. eco-geological researches are required for determining the 
category of pollution risk in the site. The territory is considered to be contaminated and is 
included into the registry of contaminated sites only after a detailed analysis and evaluation 
of risk to human health (d’aprile et al. 2007).
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Fig. 3. Scheme for the model of managing contaminated sites (ireland ePa 2007)
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In Denmark, contaminated sites are managed in accordance with Contaminated Sites 
Act, Loss of Value Act and Environmental Protection Act. Contaminated Sites act regulates 
the management of contaminated sites endangering the health of human and environment. 
The sites may include those (a) contaminated with oil and its waste before 1972, (b) contam-
inated with chemical substances or their waste until 1976 or (c) former landfill sites until 
1974 and closed not later than by 1990. a principle “polluter pays” is used in denmark for 
the management of sites. However, if a site is considered to be “arising extreme danger”, mu-
nicipalities can finance their rehabilitation. in this country, the prioritization of potentially 
contaminated sites in accordance with the application of environmental protection means is 
performed only after a preliminary evaluation of contamination risk. if a territory is attributed 
to the first level, preliminary eco-geological analysis is performed. When a site is determined 
to be hazardous for human health, rehabilitation works are performed only when pollution 
exceeds the maximum allowable concentration (MaC) ten times. in denmark, the MaC of 
contaminated sites is based on the protection of groundwater as a resource of drinking water 
and the limit values correspond to those applied for drinking water. if, following a detailed 
evaluation of contamination risk, a site is acknowledged to be risky to the current usage of soil 
or the resources of drinking water, the site receives a higher rank of contamination risk and 
detailed eco-geological analysis must be performed in that particular place (danCee 2000). 

France does not have the law regulating the management of contaminated sites. The 
national policy on managing such sites is formed in the directive of the Minister of envir-
onment for the heads of the departments of France (no 1993–12–3). The major principles 
of managing contaminated sites present a practical (realistic) policy on soil cleaning; means 
for realizing the policy and the classification of contaminated sites according to the priority 
of means to be used for environment protection. Simplified risk assessment (Sra) is used 
in France. Just like in other countries, this is a method allowing the evaluation of potential 
risk to human health using a small quantity of data about a particular territory. Based on 
the obtained results, the sites are divided into those requiring a preliminary and detailed 
evaluation of pollution risk, environmental monitoring or the sites that can be used without 
limitations and eco-geological analysis (Ferguson et al. 1998).

From 1999, the environmental Code – law on environmental Protection has been legal-
ized in Sweden. The code determines the necessity to publicly announce the contamination 
of soil and waters, a possibility of applying limitations on economic activity in contaminated 
sites, rules on responsibility for performing analysis and rehabilitation of the site. responsib-
ility for contamination is first given to the pollutant-contaminant, and then – to the person 
managing the contaminated site. 

in Sweden, a priority list of contaminated sites is made according to the method described 
in SEPA Introduction to a Method for Inventories and Risk Classification of Contaminated 
Sites. Besides general criteria used in other countries, this method requires knowledge of 
toxic and migratory features of contaminants. Potentially contaminated sites are classified 
according to the risk class from extremely (1st risk class of pollution) to slightly dangerous 
to the environment (4th risk class of pollution). The sites belonging to the 4th class do not 
require any additional eco-geological analysis (Prokop et al. 2000). 
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In Belgium, except from Flandria, the rest of regions have valid regulations controlling 
the management of contaminated sites, i.e. Soil Remediation Decree, 1995 and Flemish 
Regulation on Soil Remediation, VLAREBO, 1996. The decree differently considers “new” 
and “historical” regarding soil rehabilitation. lower criteria for soil cleaning are applied for 
evaluating historical contamination. Other fields regulated by the decrees are the registry 
of contaminated sites and requirements for identifying contamination, the protection of 
customers buying potentially contaminated sites, compulsory eco-geological research on the 
site if the territory is planned to be sold (transferred), a possibility of limiting economical 
activities in the contaminated site, funding the cleaning process of contaminated sites and 
the recovery of costs (Prokop et al. 2000).

Some eu member states assess contaminated sites with reference to the experience gained 
by the uSa and Canada that used certain programming equipment, for example, Hazard 
Risk Assessment (HRA) and Qicscore in the uSa. Some methodologies require more detailed 
information on the contaminated site, climatic conditions, physical and chemical features 
of contaminating substances. a deep knowledge of a contaminated territory is necessary for 
determining priorities of cleaning contaminated sites in the uSa and Canada. Priority sites 
are rated according to the following methodologies: FCSaaP Contaminated Site Classification 
Guidance document (2003) and ecological risk evaluation (ere) framework for federal 
contaminated sites (2006) (CCMe 2008).

2. The status of cleaning contaminated sites in Lithuania

during the last decade, an intensive redistribution of industrial activities has been taking 
place in the country. Many former contamination sources have changed the type of activity 
and become more environmentally friendly, whereas in other cases – manufacturing has 
been terminated, and therefore the evaluation of their contamination levels and effect on 
the environment have fallen out of the limits imposed to normative regulations. However, 
on these grounds, neither eco-geological research nor groundwater monitoring has been 
performed. Thus, the analysis of these sites shows that deeper soil layers are especially con-
taminated. This also indicates that additional works are needed for determining the sources 
of concentrated contamination (Vasarevicius 2011).

according to the lithuanian Geological Survey (lGS), 349 sources of concentrated con-
tamination have been already registered in the sanitary protection zones of water bodies, 
though it represents only a small part of the truth. Therefore, a more detailed inspection of 
the sources of concentrated pollution is needed to establish danger to groundwater, and the 
means of prevention can be used for minimizing it (Kadunas et al. 2006).

For the period from the beginning of 2000 to 2007, the lGS made the inventory of con-
tamination sources of a geological environment of more than ten administrative regions in 
lithuania, including the inventory of the current and former pesticide warehouses. during 
field works, a preliminary risk assessment of the geological environment (including the 
surface, groundwater and soil) was performed. Within the introduced period, the inventory 
was produced in the districts of Biržai, ignalina, Joniškis, Kupiškis, Pakruojas, Pasvalys, 
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Zarasai and alytus. taking into account the influence of land use on contamination level 
(Baltrenas et al. 2011) during the inventory, potential objects of environmental contamination 
were attributed to a certain type of contamination:

 – objects of industry, energy, transport and services (e.g. technical fields, oil bases, 
boiler-houses); 

 – objects to compiling contaminated materials and their regeneration (e.g. untidy or 
destroyed former warehouses for pesticides); 

 – objects to cattle-breeding (e.g. large quantities of construction remains). 
The experience of the inventory made applying the lGS shows that more than 30% of 

potential objects of contamination are cattle-breeding objects, 39% – objects to compiling 
and regenerating contaminating materials and around 31% – objects of industry, energy, 
transport and services. 5763 pieces of inventory data are put into the database taking into 
account possible sources of contamination (without an owner or a user) as well as disclosing 
information on 5190 potential sources (for example, gasoline stations etc.) of contamination 
(Fig. 4). The above mentioned number makes only about 1/5 of the existing potential objects 
of contamination. an information system of contamination sources does not register the 
dependency of inventory objects – it is not known whether they are in the state or private 
land. in 1999, after designing a legal and methodological basis, a systemic preparation and 
performance of monitoring programs for economic subjects and potential groundwater 
contaminants was started in lithuania. The lGS assesses and confirms monitoring programs 

Fig. 4. localization scheme for inventoried contamination sources (lGS 2008)
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for groundwater economic subjects and accumulates data on monitoring performance in 
the databases of the information system. until the beginning of 2006, monitoring programs 
for groundwater were prepared and confirmed for 781 objects – potential contaminants. 
Monitoring is usually performed for groundwater in all liquid fuel stations (Kadunas 2007).

More than 500 oil fuel stations have monitoring programs, which makes 70% of all ob-
served objects. With an addition of objects where potential materials of contamination are oil 
products (storage for oil products, boiler-houses and electric-power stations, oil extraction 
sites, demounting sites for old automobiles), this share grows to 81%. Monitoring programs 
are prepared for 38 oil product storage sites, 22 boiler-houses and electric-power stations, 
18 oil extraction sites, 65 landfill sites for daily waste and sites for hazardous waste, 20 sites 
of refinement equipment. The compiled mass of supported hydro-chemical data used for the 
analysis of monitoring results of economic subjects consisted of over 8000 hydro-chemical 
analysis of groundwater from 602 separate objects – fuel stations, oil product storages, boil-
er-houses, railway objects, sites for demounting used automobiles and oil extraction, industry 
companies, terminals and landfill sites (lGS 2008). 

There is only a small number of clean objects where the values of chemical components 
do not exceed the allowed ones - ~15%. Moreover, the economic activity of ~22% objects 
is expressed by an increase in the concentration of general organic material rates. This situ-
ation is a feature of new objects usually found in small urbanization sites and exploited in 
accordance with environmental regulations (lGS 2008). 

Contamination with hazardous materials (oil products, metals, other toxic chemicals) is 
observed in almost a half of the objects (46%). Oil hydrocarbons have polluted the ground-
water of ~33% objects: ~15% of objects have a small and average level of contamination 
and ~18% - a high level of contamination. These are mainly objects with the heritage of 
“historical” contamination where the sources of oil products have penetrated into the soil. 
although the general concentration of oil product compounds (usually benzene) observed 
in the largest share of such objects has a decreasing tendency, their concentration remains 
much higher than limits. The highest level of contamination with oil products and metals is 
featured in the railway objects and reservoirs of oil products while the lowest – in automobile 
demounting and oil extraction sites. in most cases, boiler-houses and liquid fuel stations can 
be attributed to the objects of average contamination. no contamination with oil products 
in new fuel stations exists or such contamination is slight; however, high concentrations of 
chlorides, sometimes even sulphates in groundwater show a negative influence of economic 
activities (Vaisis, Suksta 2010).

Close attention is paid to the former fuel stations and oil product storages – although 
they have been currently observed, the conducted research indicates that groundwater in the 
environment is usually polluted with oil products and metals. in the major part of landfill sites, 
the values of general hardness, permanganate and concentrations of sulphates, ammonium, 
lead and nickel exceed the allowed levels several times. 82% of landfill sites show contamina-
tion with ammonium concentration that can reach several hundreds of mg/l. Contamination 
with metals is also observed. The exceeding concentrations with lead are observed in 24% of 
landfill sites, higher concentrations of nickel in 49% and higher concentrations of cadmium 
in 20% of landfill sites. The largest areas of contamination have formed in the landfill sites 
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and fields of the largest industrial companies, railway objects, fuel bases, asbestos polluted 
sites, etc. Groundwater influenced by the industry makes potential danger to the supplies of 
upper and lower groundwater (Kochanek, tynan 2010). 

The geochemical composition of lithuanian soil is analysed in detail and announced in 
the lithuanian geochemical atlas. The distribution of 28 chemical elements in lithuanian 
soil (on different types of soil), administrative districts and separate urban sites have been 
also researched (Kadunas et al. 1999).

The set of hydro-chemical data dedicated to statistical analysis allowing the evaluation 
of groundwater background contamination level was made out of 644 cases of state monit-
oring and more than 9000 economic subjects, potential water pollutants as well as data on a 
hydro-chemical analysis of lithuanian underground hydrosphere monitored in 2006. usual 
statistical methods were applied to single out the background and reject abnormal values. The 
values of every index were standardized - for nitrites and nitrates, logarithms for the values 
were calculated before standardization. a consecutive rejection of larger abnormalities (out-
side interval m ± 3s where m is the average value and s is a standard deviation) was realized 
more than 4–6 times. The values of background and other parameters are selected according 
to the variant corresponding the minimum average square deviation of a cumulative curve 
on the probability paper from the approximating line drawn employing the least squares 
method (Bradulienė, Vasarevičius 2010).

The lGS has prepared several methods for prioritizing potentially contaminated sites. 
These include a Methodology for Evaluating the Danger of Pesticide Storages and Division of 
Priority Sites and a Methodology for a Preliminary Evaluation of the Contamination of a Geo-
logical Environment During the Inventory. Methodologies were prepared partially considering 
the method of assessing the level of the danger of contamination sources in the above men-
tioned countries, because the inventory stage in lithuania is not accompanied by sampling 
and testing contamination. The application of such methodologies enables to solve only 
the problems at an inventory stage, i.e. perform the evaluation of the danger of potentially 
contaminated sites and objects as well as make a preliminary eco-geological research list of 
the most hazardous objects (Kavaliauskas 2010).

as other stages of maintaining contaminated sites (stages ii and iii, Fig. 3) are meant for 
investigating the contamination of soil and groundwater as well as for testing their influence 
on the environment and human being, other methodologies are also required, as applying 
them should allow the institutions and bodies of environmental protection taking control of 
making a decision which means should be taken in an investigation object (ireland ePa 2007).

requirements for the investigation and rehabilitation of potentially contaminated sites 
in lithuania are regulated by law on ecological investigations prepared to protect human 
health from a negative influence of contaminated sites, to protect soil and groundwater from 
potential contamination during activities when hazardous materials are used and for reducing 
a negative influence on soil, groundwater as well as the status of ecosystems related to such 
environmental components. These regulations are obligatory for legal entities and groups 
of entities operating according to the contracts of joint-venture, performing eco-geological 
investigation as well as for entities preparing monitoring programs for potential economic 
subjects - groundwater contaminants. regulations specify requirements for evaluating the 
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sequence of potentially contaminated sites, establish minimum requirements for preliminary 
eco-geological investigation (number of samples, borings, excavations, a minimum quant-
ity of investigatory indexes of contamination, etc.) and impose requirements for detailed 
eco-geological research, the rehabilitation structure of the site and the order of information 
provision. regulations determine the role of the lGS assessing the results of eco-geological 
research. The lGS also prepares an evaluation report on the quality and sufficiency of works 
made, thus transferring a copy of the document to the regional department of environmental 
protection. decision-making regarding environmental protection means in the contamin-
ated site indicates that the major role is given to the regional department of environmental 
protection (Kadunas et al. 2006). 

3. Model for evaluating contaminated sites in Lithuania

according to the law of Minister of environment Regarding the Confirmation of Environment 
Protection Requirements for the Management of Chemically Contaminated Sites passed on 30 
april 2008, the model for managing contaminated sites in lithuania consists of two major 
stages – preliminary and detailed eco-geological investigation. Preliminary research is per-
formed when the land use of a site is to be changed, activity is planned to be or is changed or 
the lGS has issued the order considering the results of observation. This research must be 
made in two years. next step is the necessity for detailed eco-geological investigation. extensive 
investigation is conducted when preliminary research on soil or (and) groundwater shows the 
exceeding limit value (lV) of chemical substances. The detailed research should determine 
whether contamination is dangerous to human health considering the type of using the site. 
Following such investigation, the concentration of contaminants in soil is compared with a 
more precise limit value of contaminants (equations below). 

an equation used for organic chemical materials (except for polycyclic aromatic hydro-
carbons) is 

 (%) .
3

OMRVp RV= ×  (1)

an equation applied for polycyclic aromatic hydrocarbons (PaH) is 

 ( )( )( )% .RVp RV A B OM= × + ×  (2)

an equation for metals is

 ( (%)) ( (%)) ,
( 10) ( 3)

A B M C OMRVp RV
A B C

+ × + ×
= ×

+ × + ×
 (3)

where RVp – a more exact limit value of chemical materials (mg/kg); RV – a limit value of 
chemical materials (mg/kg); M (%) – the quantity (%) of clay particles in soil (smaller than 
0.002 mm). in cases when soil clay content is more than 50% or less than 10%, the values added 
to the equation are 50% or 10% accordingly; OM (%) – soil organic matter content (%). in 
cases when soil organic matter content is more than 10% or less than 3%, the values added to 
the equation are 10% or 3% accordingly. Soil clean-up values have to be corrected according 
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to guidelines for assessing contaminated sites in 
Belgium, netherlands and other countries. This is 
why additional coefficients A, B, C are used. They 
depend on the chemical material. The values of a, 
B and C for metals are given in table 1. 

The initial limit values used for calculating 
specified limit values differ depending on the land 
use of the site. Supplements to the law distinguish 
and present 4 types of land use, e.g. protected 
sites belong to the first type, forests belong to the 
second, residential territories belong to the third 
and industrial sites belong to the fourth type. The 
types of land use are distinguished due to invest-
igations where the level indicating the sensitivity 
and contamination of sites is related between 
each other. 

Conclusions

1. Metals and oil products are the main contaminants of soil in the Member States of the 
european union. They potentially pose threat to the environment and human health. 
around 90% of potentially contaminated sites of the world are polluted with such chem-
ical materials. 

2. Out of potential objects of contamination in lithuania, 39% are the objects accumulating 
and regenerating pollution materials, around 30% – cattle-breeding objects and around 
31% – industrial, energy, transport and service objects. 

3. The evaluation model for contaminated sites covers two main stages – preliminary and 
detailed eco-geological research. The first one is dedicated to accumulate the initial in-
formation on the pollution of the site and evaluate the necessity for detailed evaluation, 
whereas the second one is more focused on analysing the risk of the site on environment 
and human health. 

4. according to the evaluation model for contaminated sites as confirmed by the Minister 
of environment, the evaluation of the danger of organic chemical materials and metals 
depends on the sensitivity of the sites to such contaminants, and the level of danger is 
influenced by the content of organic material and particles of clay in the soil of the site. 
The selection of factors depends on the long-term experience of researchers and statistical 
parameter analysis of foreign countries. 
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table 1. Coefficients for metals 

Metal a B C

arsenic 15 0.4 0.4

Barium 30 5.0 0.0

Chrome 50 2.0 0.0

Zinc 50 3.0 1.5

Mercury 0.2 0.0034 0.0017

Cadmium 0.4 0.007 0.021

Cobalt 2.0 0.28 0.0

nickel 10 1.1 0.0

lead 50 1.0 1.0

Vanadium 12 1.2 0.0

Copper 15 0.6 0.6
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