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This paper presents the importance of soil remediation technology in large process systems. Various types of
technology have been compared and presented with all their advantages and shortcomings. Some solutions for
specific examples when the soil remediation is required are suggested. The examples are used to present all the

problems and their solutions when a contaminated soil requires remediation.

There are many developed and applied remediation (decontamination) technologies in the world. They are used
for decontamination of the polluted objects and new ones are frequently developed whilst the old ones are
upgraded. They differ relative to the medium on which they could be applied, to the contaminating substances
they remove, to their efficiency and expenses per polluted medium unit and to the duration of the remediation.
They are most commonly divided to those that could be applied to the solid mediums (soil, sediments, silt and
solid waste) and those that could be applied to water (groundwater, surface water, filtered water and waste
water).

The remediation technology could be in situ, which is implemented on the polluted area and ex situ, which
requires removal of the polluted material to be processed away from the polluted area. Many scientists can
separate the technology options according to the medium to which they are applied, or according to the types of
the contaminating substances, because different substances have different characteristics and different reactions
hence they need to be treated differently in order to be removed.
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U ovom radu je predstavljen znacaj tehnologije sanacije zemljista u velikim procesnim sistemima. Uporedene su

i prikazane razlicite vrsta tehnologija sa svim svojim prednostima i nedostacima. Predlozena su neka resenja za

konkretne primere kada je sanacija zemljista bila neophodna. Koriséeni su primeri kako bi se prikazali problemi
i njihova resenja kada kontaminirano zemljiste zahteva sanaciju.

Postoji veliki broj razvijenih i koris¢enih tehnologija za sanaciju (dekontaminaciju) u svetu. One se koriste za
dekontaminaciju zagadenih objekata i Cesto se razvijaju nove, dok se stare metode unapreduju. One se razlikuju
po medijumu na kojem se mogu primeniti, po zagadujucim supstancama koje se tim metodama uklanjaju, po
njihovoj efikasnosti, po troskovima po zagadenoj jedinici medijuma, kao i po trajanju same sanacije. Najcesce se
dele na one koje se mogu primeniti na ¢vrste medijume (zemljiste, sedimente, glib (mulj) i évrsti otpad) i one koje
se mogu primeniti na vodu (podzemnu vodu, povrsinsku vodu, filtriranu vodu i otpadnu vodu,).

Tehnologija sanacije moze biti in situ, koja se sprovodi na samoj zagadenoj povrsini, i ex situ, koja zahteva da se
zagadeni materijal obradi van zagadene povrsine. Mnogi naucnici mogu da razdvoje opcije tehnologije prema
medijumu na kojem se tehnologija primenjuje ili prema vrsti zagadujuce supstance, zbog toga Sto razlicite
supstance imaju razlicite karakteristike i razlicite reakcije, te se moraju tretirati na razlicit nacin kako bi bile
uklonjene.

Kljuéne reci: sanacija, zemljiste, tehnologija

|. Introduction

There was not a single legal regulation to deal fully with the issues of groundwater
pollution and soil pollution; therefore, such issues required the implementationof some
internationally accepted approaches to the matter. The regulations are binding and they
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demand for the polluters to control all the emissions of contaminating substances, which are
emitted into the air and all of the wastewaters, which are released into the waterways, soil and
groundwater. They are also required to act environmental friendly. Recently, a regulation
called ' The Regulation on the Program of Systematic Monitoring of Soil Quality, Soil
Degradation Risk Assessment Indicatorsand the Methodology for the Remediation Projects
88/2010 " has been passed, and it has proved to be a domestic regulation in accordance with
the international environment protecting demands. Since this country until recently had no
regulations on protecting groundwater and soil, it also lacked the criterion which would be the
basis for determining the obligation for soil and groundwater remediation hence international
standards were commonly applied. The internationally accepted approach, especially
appreciated in Europe, is presented in the national standard of Holland (DB0O/1999226863/
The Nederlands Ministry of Housing, Spatial Planningand Environment Circular on target
values and intervention values for soil remediation, February4th, 2000). According to this
standard the contents of mineral oil in unsaturated soil is up to 50mg/kg, and the soil with the
contents of mineral oil over 5000mg/kg should be considered polluted so some of the
remediation technology should be used on it.

Only after excavation of the polluted soil could the excavated soil be considered a
waste, and the Regulation on Waste Categories, Examination and Classification ("Public
Herald RS, no. 56/2010) is applied. Prior to the remediation the waste is classified according
to the Waste Catalogue in 17 05 and after the remediation in 19 13, according to the List of
Waste Categories in Q15, according to the Y list in Y23 and finally according to the disposal
method in D1.

In the Waste Catalogue, each waste marked with an asterisk is considered a dangerous
waste. In Appendix 7 of the Regulation (following the Border values of the concentration of
hazardous components of the waste which are used as the basis for determining the waste
characteristics), is stipulated that for the waste such as oil contaminated soil, soil with other
types of contamination, waste soil, waste excavated soil and other, a border value of
concentration of overall carbon hydrates 50mg/kg of dry mass, is used.

Soil is considered a dangerous waste if the content of mineral oils exceeds 20g/kg
according to the Basel Convention (UNEP/CHW.7/11/Add. 3, 22.07.2004.-Interin guidelines
on hazardcharacteristic H13 of Annex Ill to the Basel Convention). According to the
European Directive (EC Council Decision of 19 December 2002 establishing criteria and
procedures for the acceptance of waste at landfills pursuant to Article 16 of and Annex Il to
Directive 1999/31/EC), the materials cannot be disposed at landfills should the content of
mineral oils exceed the border value relevant to the disposal of the inert waste at the landfills
(500 mg/kg).

I1. Soil remediation technology

There are many developed and applied remediation (decontamination) technologies in
the world. They are used for decontamination of the polluted objects and new ones are
frequently developed whilst the old ones are upgraded. They differ relative to the medium on
which they could be applied, to the contaminating substances they remove, to their efficiency
and expenses per polluted medium unit and to the duration of the remediation. They are most
commonly divided to those that could be applied to the solid mediums (soil, sediments, silt
and solid waste) and those that could be applied to water (groundwater, surface water, filtered
water and waste water).
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Table 1. Soil, Sediments and Silt Remediation Technology
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Legend:®- completely developed technology, o- pilot facility level of developed technology, ¢ - there is
no data, t - unsatisfactory, +1 - average, 11+ - satisfactory, *- self-applied technology, ¢ - technology is applied
in combination with other subsequent technologies, o - inadequate data, voc - evaporative organic compounds,
svoc, semi-evaporative organic compounds.

The remediation technology, itself, could be the source of further pollution spreading or
of polluting other mediums. All preventive steps should be taken in order to prevent such
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events. The presence of contaminating substances in the polluted area, the nature and the
location of the polluted area dictate the use of several technological options.

The remediation technology could be in situ, which is implemented on the polluted area
and ex situ, which requires removal of the polluted material to be processed away from the
polluted area. Many scientists can separate the technology options according to the medium to
which they are applied, or according to the types of the contaminatingsubstances,because
different substances have different characteristics and different reactions hence they need to
be treated differently in order to be removed.

The types of remediation technology which remediate soil, silt, sediments and solid
waste polluted with evaporative and semi-evaporative organic compounds, oil and oil
productsas well as with inorganic substances are all presented in the Table 1. The table
presents the status of technology, availability, implementation, remediation time and overall
expenses. Data presented regarding the status, availability and the expenses are relevant to the
USA situation in 1995.

The interpretation of the table items:

-the status of technology relates to the level of technology development (is it develo-
ped to be commercially applied or is it in pilot project phase),

-availability implies the number of the specialized companies that are able to perform
the necessary planning and do the remediation (+ unsatisfactory - only 2 companies at the
most can perform the job, ++ average- 2-4 companies can perform the job, +++ satisfactory-
there are more than 4 companies specialized to use the technology in question),

-implementationrefers to the matter whether the technology is self-applied*or it has to
be combined with other types of technology in order to obtain satisfactory results (0),

-contaminating substances present the evaluation of the applicability of certain tec-
hnology types when dealing with specific contaminating substances (+ unsatisfactory, ++ ave-
rage, +++ satisfactory),

-remediation time is the time required to achieve certain standards for soil via remedia-
tion (+ unsatisfactory- over 3 years for the soil using in situ remediation, over a year for the
soil using ex situ remediation, over 10 years for water; ++ average-1-3 years for the soil using
remediation in situ, 0.5-1 year for the soil using remediation ex situ, 3-10 years for water, +++
satisfactory- less than a year for the soil using remediation in situ, less than half of a year for
soil using remediation ex situ, less than 3 years for water),

-overall expenses include the expenses for designing and development of the
technology required as well as the expenses for the implementation of remediation esteemed
separately for each technology type used (+ unsatisfactory- over 330 $/t of soil, over 2,64
$/m? of groundwater or over 11,33 $/kg of gaseous contaminating substances; ++ average-
110-330 $/t of soil, 0,75-2,64 $/m?> of groundwater and 3,17-11,33 $/kg of gaseous
contaminating substances; +++ satisfactory-less than 110 $/t of soil, less than 0,79 $/m? of
groundwater and less than 3,17 $/kg of gaseous contaminating substances).

[11. Technology types for remediation of soil ex situ

Some twenty years ago, excavation of the polluted soil, its illegal deposition on a public
landfill with other waste and covering the hole that remains after excavation with clean mate-
rial was the commonest way of performing the remediation of the polluted soil. The limitati-
ons of such procedure were:
= An emission of gaseous contaminating substances

= The distance of the polluted area from the landfill
= The necessity of transport through populated areas
= The depth and contents of the polluted soil.
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The development of the environment protection turned the procedure, described above,
into the first phase in implementation of technology for processing polluted soil ex situ.

All ex situ technology types commence with the excavation of polluted soil, which may
last from several hours to several months depending on the issues that may occur in the exca-
vation process and on the quantity of the polluted soil. The excavation could be accompanied
with uncontrolled emissions of contaminating gaseous substances and air pollution. When
excavation is performed in close vicinity of residential buildings, electric lines, water supply
pipes or sewerage system, then the process demands additional caution and conditions that
may significantly slow the technology down and the expenses of the process may rise. Pollu-
ted soil couldbe a dangerous waste, which would demand special conditions for processing on
a specific location according to the legal regulation. Some special work conditions are also
required for the workers on the excavation site and in transport of the polluted materials for
there is a possibility of polluting 'the transport route'. The excavated soil should be replaced
with clean materials, whichcorresponds the excavated material or purified material excavated
from the same location. That process may prolong the time of remediation.

Once excavated, the polluted material-soil, undergoes the ex situ remediation process,
biological, physical, chemical and thermal processes. The ex situ techniques may be faster,
easier to control, usable for multitude of contents and various contaminating substances and
adequate for various types of soil.

Many limitations, side effects and large expenses of soil remediation have stimulated
the development of the unconventional, alternative methods, especially regarding the carbon
hydrates when microorganisms are used to degrade them.

The ex situ processes have some advantages over the in situ processes and they are as
follows:
= Simplified control over the reactions of reactants - contaminating substances and remedia-

tion by- products

= Modification of the excavated soil adding the alimentary substances and substances which
increase the permeability of the polluted soil

= The improvement of control may comprehend the gaseous products which are collected by
placing the coverings i.e. leachate water and by placing a collecting pipe system

= |t requires less samples and analyses in order tomonitor the process and to verify its effi-
ciency.

The remediation can be improved as follows:
= Using aeration of the polluted materials with injecting the air or extracting the vapor after

treating the polluted materials by adding the materials that increase permeability
= Maintaining the humidity at the optimal level of 50-85% of material capacity
Using balanced distribution of alimentary substances in the pile and the reactor and
Modifying the texture of polluted soil and mixing it with the unpolluted soil

1. Biologic processes for soil processing
= Biologic processing of the polluted soil (land treatment/land farming)

= Composting
= Controlled biologic processing of the polluted soil (biopiles)
= Biologic processing of the polluted soil in slurry state (slurry-phase bioremediation)

2. Physical and chemical processes for soil processing
= Chemical reduction/oxidation
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= Halogen removal

= Soil washing

= Soil vapor extraction ex situ
= Solidification/stabilization
= Solvent extraction

= Supercritical fluid oxidation
= Supercritical fluid extraction

3. Thermal processes for soil processing
= High temperature thermal desorption

= Low temperature thermal desorption
= Incineration

= Pyrolisis

= Vitrification ex situ

IV. Technology types for remediation of soil in situ

In situ technology for soil remediation and removal of the contaminating substances is
performing the processing on site without removing polluted soil or water. Microorganisms
and various chemicals could be introduced into the system, but polluted material, during the
processing, remains at the location where it was found when pollution was detected. The
technology may be biologic, physical, chemical, thermal and some others.

1. Biologic processes for soil processing (in situ) - bioremediation
= In situ biodegradation
= In situ bioventing
= Natural attenuation

= Phytoremediation

2. Physical and chemical processes for soil processing in situ
= Creating cracks in the layers (Fracturing)

= Soil flushing

= Soil Vapor Extraction - SVE (Vacuum extraction)
= |n situ solidification/stabilization

= |n situ chemical reduction/oxidation

3. Thermal processes for soil processing in situ
= Vitrification
= Enhanced vacuum vapor extraction

An example

The recovery of soil polluted due to the spilling of oiled liquid from the oil pit using
bioremediation

A certain amount of oiled liquid was spilled probably due to the strong impact of the
high groundwater on that location, which was particularly high at the time. Measures were
taken to prevent spreading of the oiled liquid and to remediate the consequences of the
spilling. The samples of the water from the oil pit and the bordering channel were taken and
analyzed as well as the samples of the soil in close vicinity of the pit and of the contaminated
soil, and the same procedure was practiced for the samples of the liquid in the channel. The
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soil close to the TS was also sampled. It was visually determined that there had previously
been a spilling of oil substances at the location.

The common procedure for solving problem such as this is a closed system, which
means that there is no gas emission, no emissions in wastewater or in the soil. The treatment
of contaminated soil by method of remediation is to be performed on the location using 'ex
situ’ method in the following way: the basis for bioremediation of the oiled soil is to be
prepared, contaminated soil, which is mixed with the nutrient, is to be excavated and
transported, the soil is to be transferred to the prepared basis, contaminated soil is to be
sampled, the entire excavated soil is to be covered with foils, temperature and humidity levels
are to be constantly monitored. The process lasts until the satisfactory result is acquired from
the sample and after the bioremediation, the sampling is performed by the certified laboratory.

V. Conclusion

This paper has presented modern types of technology for remediation of soil, silt,
sediments and solid waste polluted with evaporative and semi-evaporative organic
compounds, oil and oil products and with inorganic substances. The technology status,
availability, implementation, remediation time and overall expenses have been analyzed in
great detail. The types of technology that could be used relevant to the situation have been
suggested. The example of implementation of bioremediation technology for recovery of
polluted soil next to the power substation was presented.
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