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SUMMARY 

Managing industrial hazardous waste (IHW) is a 
complex issue. This study summarizes the main industries 
in Greece that produce IHW, the major types of IHW and 
the corresponding quantities. Main sources of IHW in 
Greece are industrial plants such as chemical, refinery, 
cement, and fertilizer industries and the major types are 
sludge from wastewater treatment, slug and dust from 
dust filters. Greece, at the time, does not have proper 
disposal sites or facilities and the present methods of 
disposal are temporary storage and export. A catalogue 
containing Greek laws that govern IHW management is 
being presented and the main laws are analyzed. Proven 
IHW treatment and processing technologies and methods 
are described in this paper and finally a proposal concern-
ing management of IHW projects in Greece is being made 
in order IHW and all related projects to be managed in an 
environmentally sound way. 
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INTRODUCTION 

Every year in Greece more than 300.000 t of indus-
trial hazardous waste are generated. Main sources of IHW 
are a small number of large and major industrial plants 
such as metal, chemical, refinery, cement and fertilizer 
industries. Those industries generate about 90% of IHW 
at the country. About 600 small and medium size indus-
tries such as tanneries, textile dyeing plants, galvanizing 
and agricultural industries are considered to be minor 
sources of IHW. Shipyards, petroleum, transportation and 
storage activities also produce IHW [1-3]. However, there 
is a complete lack of disposal facilities. 

 
The above facts emphasize the importance of the prob-

lem. In Greece there has been an adaptation of most E.U. 
laws and regulations concerning IHW. However the problem 

 

lies in the application of these laws and the monitoring of 
the special waste streams. Another important problem is 
the fact that in Greece there is extreme difficulty in posi-
tioning, constructing and operating new disposal sites and 
facilities due to the negative reactions of citizens and non-
governmental organisations (NGOs). 

 
 
CURRENT SITUATION AND LEGISLATION 

Sanitary provision number E1β/301/64 provided the 
first regulations for the disposal of Hazardous Wastes 
(HW). Since Greece became member of the European 
community its legislation for the IHW management com-
prises an adaptation to the European legal framework. 
Today mainly two Ministerial Decisions (MD) govern 
IHW management: Ministerial Decision 72751/3054/85 
on disposal (collection, sorting, carriage and treatment) of 
toxic and dangerous wastes and destruction of PCBs and 
PCTs, and MD 19396/1547/1997 on measures and terms 
for the management of hazardous waste.  

 
MD 72751/3054/85 lays down the general rules on 

the management of toxic and hazardous wastes. Accord-
ing to it, waste generators must ensure that the waste they 
produce is properly transported and disposed off in a site 
or facility approved by a competent governmental author-
ity. Storage, treatment and disposal of hazardous waste 
can be made only by companies that have been granted a 
relevant permit and it makes sure that holders of this 
waste assign storage, treatment and disposal of hazardous 
waste only to those companies [4]. The Ministerial Deci-
sion also specifies that, in this case, the competent author-
ity is the Prefecture of the geographical area, in which the 
requested disposal site or facility is located. Authorities 
should grant an operating permit for approved sites or 
facilities only if: “An assesment at the request of the 
competent authority is undertaken, which makes sure that 
as a result of such storage, treatment, or disposal, no sig-
nificant adverse effects on health or the environment are 
to be expected” [4]. 
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Directive 91/689/EC, which became Ministerial De-
cision 19396/1546/1997, refers to the rules that deal with 
ways on getting better control of disposal and utilization 
of hazardous waste. Greek government should take ap-
propriate measures to encourage: firstly, the prevention or 
reduction of hazardous and toxic waste production and its 
harmfulness and, secondly, the recovery of waste by 
means of recycling, reuse or reclamation or by any other 
process targeting extraction of secondary raw materials or 
the use of the waste as a source of energy [5]. 

That MD provides a catalogue that defines what con-
stitutes a HW. It also anticipates the application of na-
tional planning and technical specifications in order for 
hazardous wastes to be properly managed. In addition to 
that, it anticipates a deposit for the aftercare of disposal 
locations and a deposit that regulates the granting of per-
mits for managing hazardous waste. 

More specifically, national planning consists of the 
development of a specifications’ framework during the 
various stages of hazardous and toxic wastes management 
as well as the institution of national target and measures. 
Within this planning procedure, the selection of methods 
for the collection, transport, temporary disposal, utilization, 

treatment and final disposal should be made as well as 
targets for the reduction and reuse/ recycle/ reclamation 
should be set. 

 
Unfortunately, the article concerning national plan-

ning is not fully put into effect yet and as far as technical 
specifications are concerned they haven’t been published 
yet, although this has been expected for a long time [5].  

 
The full legal framework concerning IHW manage-

ment is presented in Table 1. Apart from the two previ-
ously mentioned MDs, there are, (as it can be seen from 
Table 1) a number of laws and MDs concerning the man-
agement of IHW. There is a law and a regulation provid-
ing for the transboundary shipments of HW, MDs regulat-
ing the management of used oils and batteries, and pro-
viding measures for the prevention and elimination of 
pollution from the incineration of HW e.t.c. 

 
One can conclude that Greece has in general a com-

plete legal framework concerning management of IHW. 
What is needed to be done is to put the current legislation 
into effect, create an environmental inspection service and 
issue the necessary technical specifications. 

 
 

TABLE 1 - Greek legal framework concerning H.W. management. 

 GREEK LAWS ON 
HAZARDOUS WASTES TITLE 

1 Sanitary Provision 
E1b/301/64 Collection, carriage and disposal of municipal and industrial hazardous wastes. 

2 Presidential Act 1180/81 
F.E.K. 223/A/81 

It concerns the submission of the environmental impact assessment plan that an 
industry or a warehouse has to create and submit in order to operate. 

4 M.D. 72751/3054/85 
FEK 665/B/85 

Disposal (collection, sorting, carriage and treatment) of toxic and dangerous 
wastes and collection and destruction of PCBs and PCTs. 

5 M.D.71560/3052/85 Disposal of waste oils 

6 1650/86 
FEK 160/A/86 For the protection of the environment 

7 M.D. 69269/90 Classification of public and private sector works in categories 

8 M.D. 75308/90 On informing the public and other interested parties for the content of environ-
mental impact assessment studies 

9 L. 2203/1994 Basel convection, for the audit of transboundary shipments of HW and their dis-
posal. 

10 MD. 98012/2001/96 On the collection transport, treatment, regeneration, storage, energy reclamation 
and final disposal of used oils 

11 M.D 19396/1547/1997 
FEK 604/B/97 

Measures and terms for the management of HW. It contains a catalogue that de-
fines what constitutes a H.W. 

12 MD 75537/1438/95 
FEK 781/B/95 

On the management of batteries and accumulators, that contain hazardous sub-
stances. 

13 

MD.2487/55/99 
FEK 196/B/99 
In combination with  
M.D. 19396/1546/97 
FEK 604/B/97 
Annex I 

Provides measures and procedures to prevent or to reduce negative effects on the 
environment and the resulting risks for human health from the incineration of 
hazardous waste and to that end to set up and maintain appropriate operating 
conditions and emission limit values for HW plants 

14 Directive 1999/31/E.U 
(to be adapted). 

For the sanitary land filling of waste. Article 5 is concerned with the waste and 
treatment methods that are not being accepted in sanitary landfill sites 
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Utilization  
22,73

Export 0,12%
Stabilization-Treatment 

Temporary disposal 
76,14

 
FIGURE 1 - Percentage distribution of IHW management practices in Greece. 
Adapted from [3]. 

 
 
 
 
Inventories for IHW are based on special departmen-

tal studies for the assessment of their quantities and man-
agement practices as well as studies that recorded the 
activities that produce IHW. Until now inventories have 
been made for 1988 and 1998 (see Table 3). Unfortu-
nately in Greece an automated monitoring system for 
H.W does not exist yet.  

 
Generation of IHW in Greece is characterized by the 

production of small quantities and reduction of those 
quantities during the last decade [1 - 3]. 

 

The reduction in quantity of IHW during the last dec-
ade is due to the fact that a number of industries generat-
ing them are no longer in operation. Large industries 
producing steel, fertilizer, as well as tanneries and textile 
dyeing plants have been closed. Additionally, changes in 
production technology and the implementation of envi-
ronmentally friendly technologies has helped the reduc-
tion of IHW. In particular, changes in the production 
procedure of sulfuric acid, that have been adopted by two 
fertilizer industries have helped total IHW reduction. 
Those fertilizer industries are avoiding now the creation 
of pyrite cider and arsenic sludge [1, 3].  

 
Currently in Greece there are no disposal or treatment 

facilities for IHW [3, 6]. In the recent past, studies have 
been undertaken in order for a proper site to be selected 
for the disposal of IHW. These sites were never con-
structed because of strong negative reactions of the local 
inhabitants [6, 7]. 

 
Industries mainly do not have operating permits for 

the disposal of wastes they generate on an approved site. 
Permits granted in the past, were under a status of tempo-
rary disposal and applied only for up to three months. 

From the 5000 industrial and domestic sites operating in 
Greece none of them complies with the disposal methods 
for HW [6]. 

 
As it can be seen from Fig. 1 the currently applied 

IHW management methods in Greece include (used oil is 
not included in these statistics): 

• Temporary storage. 

• Transportation and treatment abroad. 

• Reuse, recycle, regeneration. (in Fig. 1 this is men-

tioned as utilisation) 

• Solidification-treatment. 
 
A lot of industries face operational problems caused 

by the absence of approved disposal sites [6]. 

Many industries dispose a large amount of the gener-
ated HW in their own backyards taking unknown precau-
tions to prevent soil and water pollution. Under the previ-
ously described situation, it is possible, small amounts of 
IHW to be disposed off illegally and uncontrolled. The 
possibility of something like that happening is increasing 
as the size of the industry decreases [8]. 

Prefectures, on the other hand, do not efficiently react 
to current applications of industries for the approvement 
of a proper disposal site. They are understaffed to issue 
licenses and permits and to inspect that rules and regula-
tions are complied with and enforced.   

From the foregoing it is concluded that the present 
way of disposing of HW is highly inadequete and poses a 
threat to human health and environmental quality and that 
the state cannot monitor IHW generated in Greece and 
inspect their management.  
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TREATMENT AND DISPOSAL  
OF HAZARDOUS WASTE 

Hazardous waste can be handled by various treatment 
and disposal techniques. Handling HW is a complex 
process that involves soil, air and water pollution protec-
tion. An important role on the selection of the best han-
dling method play: the quantities and the composition of 
hazardous wastes as well as the investment and opera-
tional costs of the relevant plants [1].  

Treatment technologies include processes developed 
to reduce the nature of the waste, so that it is less hazard-
ous and includes physical, chemical and thermal methods, 
whereas disposal techniques include land-filling, land-
farming, and export [9]. As far as the physical and chemi-
cal treatment techniques are concerned, according to the 
production activity, samples are taken and analyzed in 
order for the exact treatment activities and their sequence 
to be specified. 

 
Physical treatment 

Physical treatment is used to separate phases and 
components in a liquid waste stream. It includes sedimen-
tation, filtratration, flocculation and adsorption [9, 10]. 

Sedimentation. This is a phase separation process, 
where suspended particles settle under the influence of 
gravitational forces.  

Filtration. This process can be used to separate sus-
pended solids from a liquid, purify the liquid and  remove 
the liquid from the sludge in sludge dewatering.  

Flocculation. This is a phase separation process by 
which small, unsettleable particles suspended in a liquid 
are made to agglomerate into larger, more settleable parti-
cles, using chemicals. 

Adsorption. This process involves contacting the 
waste stream with a medium (e.g. activated carbon) when 
the latter removes soluble organics and certain inorganics 
present in the wastewater. Organic pollutants, chlorinated 
aliphatics and chlorinated pesticides have been effectively 
removed from wastewater using this method. 

 
Chemical treatment 

Chemical treatment includes neutrilization, precipita-
tion, and solidification—stabilization [10]. 

Neutrilization. In this process an acid or base is added 
to a hazardous waste to achieve pH of 7 resulting in less 
hazardous and more suitable waste for additional treatment. 

Precipitation. In this process all the substances of a 
solution are tranformed into a solid phase [11]. 

Solidification- stabilization. Solidification of hazard-
ous waste is commonly practiced before waste is disposed 
off in landfills. It is a process in which various materials 
are added to a liquid or semi-liquid waste to produce a 
solid, monolithic mass as end product [12].   

Physical stabilization is a process where waste in 
sludge or semi-solid form is mixed with a bulking agent 
such as pulverized ash, to produce solids, so that it be-
comes easy to transport in a final disposal method. 
Chemical stabilization is a process in which hazardous 
waste reacts chemically to form insoluble compounds in a 
stable crystal lattice [10]. 

Five different types of solidification-stabilization 
processes have been developed. These are [10]: 

Cement based solidification. This process is used for 
sludge contaminated with heavy metals and radioactive 
waste. The main advantages of this technique are: cheap 
additive materials, a well-developed technique and simple 
operation of processing equipment. Disadvantages of the 
above technique are: Additives add considerably to the 
weight and bulk of the sludge, some of the mixtures are 
vulnerable to leaching of contaminants. 

Lime based solidification, which has been used to treat 
inorganic hazardous compound sludge. The advantages of 
this technique are: inexpensive and widely available addi-
tives and simple operation of processing equipment. The 
disadvantages are: heavy and bulky product and the mix-
tures are vulnerable to leaching of contaminants.  

Organic polymer technique. This process can be used 
to treat either wet or dry sludge and produces a low-
density waste-polymer mixture during the polymerization 
process of escaping metals. 

Thermoplastic encapsulation techniques. Thermo-
plastic materials are used to create a coating or jacket over 
the waste. The main advantage of this technique is that no 
release to the environment of leachate contaminants oc-
curs. The disadvantages are: additives are expensive and 
need special care by specialized equipment and the proc-
ess is very energy intensive. 

Classification-vitrification. This is a very energy inten-
sive process and its application is mainly limited only to 
high level radioactive or other extremely hazardous waste.     

 
Incineration 

Incineration is a controlled chemical process involv-
ing the oxidation of principal elements present in waste to 
carbon and nitrogen oxides and water. It is a final disposal 
method. HW can be incinerated individually or in existing 
industrial facilities, a process known as co-incineration. 

In USA a large number of chemical industries burn 
HW as fuel in their furnaces. Other industries that burn 
significant amount of their hazardous waste include, pa-
per, petroleum, glass, primary metal industries etc. 

In Greece there is a controversy if cement industry 
could incinerate safely hazardous wastes in their rotary 
kilns. Advocates of that practice, support that it is a safe 
disposal method, which can result in financial gain for the 
national economy, the cement industry as well as remove 
pollution sources from the environment [13]. 
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TABLE 2 - Hazardous emissions from a hazardous waste incinerator [11]. 

Hazardous emissions 
Particles (primarily silicate  compounds and oxides containing 
Heavy metals (e.g. Pb, Cd, Zn, Hg) 
Sulfur dioxide 
Hydrogen chloride (HCl) and Hydrogen fluoride (HF) 
Oxides of nitrogen (NOx) 
Carbone monoxyde (CO) 
Hydrocarbons (HCs) 
Dioxins and furans  

 
 

 
 
Air pollution from incinerators. Hazardous emissions 

from a hazardous waste incinerator are presented in Table 2. 

Air pollution from hazardous waste incineration can 
be efficiently controlled by various methods such as elec-
trostatic filters, wet scrubbers, two stage combustion 
processes etc. 

Although incineration can be used in order to dispose 
off a variety of waste, from both an economical and tech-
nical point of view, only hazardous wastes of organic 
nature are most suitable for incineration.  

 
Disposal techniques 

Disposal techniques include landfilling, landfarming, 
ocean dumping and export. 

Landfilling. That method  involves the placement and 
storage of waste in the soil in the form of sludge or solids. 
Most of the HW need pretreatment before being land-
filled. This practice stabilizes wastes and decrease the 
amount of gas and leachate produced from landfill. An 
allowed hazardous waste landfill must be lined with an 
appropriate material and must have a leachate collection 
system to prevent groundwater contamination. 

Export. Although the main basis for exporting haz-
ardous wastes is either economical or technical, in prac-
tice the transport of highly toxic wastes from developed 
countries, (where industries face very stringest laws and 
regulations regarding disposal and treatment) to Third 
World countries is observed. (where often less attention is 
paid for the safe disposal of the same toxic wastes) 

In Table 3 HW production activities, types, quantities 
in Greece and proposed treatment and disposal methods 
are presented. 

 
Suggestions for strategic planning and management of IHW 
in Greece 

In the following a list of measures that should be 
taken into account in the planning and management of 
IHW (and related projects) is suggested. Most of them 
comply with the National Planning. However, we differ-
entiate and put different emphasis on some key points. 
The proposed points are as follows: 

• Continuous and updated information for the types 
and quantities of the produced IHW must be pro-
vided. This can be accomplished by the development 
and implementation of an information and monitor-
ing system by the Greek ministry of Environment 
and Public Works. That system must be based on the 
development of a database, that will be continuously 
fed by the prefecture archives, the environmental 
impact assessment plans and studies and by the up-
dated inventories of the industry. 

• Reduction of the total produced IHW volume. That 
can be achieved by financing producers to imple-
ment clean technologies and thus avoid the produc-
tion of IHW at source.   

• Increasing IHW quantities that are being reused and 
recycled. 

• Quantities that are temporarily stored must be mini-
mized and the quantities of IHW that are being 
transported to other E.U. countries for disposal 
should be reduced if possible too. In order for this to 
be achieved, treatment facilities and disposal sites 
have to be constructed and operated in Greece.  The 
construction of the treatment facilities and disposal 
sites should be accelerated in consultation and close 
cooperation with local government, citizens and 
NGOs in order to successfully confront the  “not in 
my backyard syndrome” (NIMBY syndrome). 

• The new disposal facilities should include at least 
two physical/chemical plants and equivalent recy-
cling plants and special and toxic waste landfills. 
The construction of an incineration facility for toxic 
waste should be thoroughly analyzed by means of a 
cost-benefit analysis, where all types of criteria (en-
vironmental, social, technological, financial) should 
be taken into consideration. 

• Reducing the role of state and increasing the role of 
industry, private companies and individuals in un-
dertaking responsibilities for the implementation of 
waste treatment systems and structures. 
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TABLE 3 - HW production activity, type, quantity and proposed disposal method. 

INDUSTRIAL ACTIVITY HAZARDOUS WASTES 
CATEGORIZATION EU CODE QUANTITY 

(TN/YEAR) 
PROPOSED DIS-
POSAL METHOD 

Oil refining 
 
 

Oily sludge 
 

Lead sludge from the fuel 
tanks 

130502 
050103 
050103 

24.000 Incineration 
 

Solidification 

Oil pumping from the deposits Sludge from the oil separa-
tion of the liquid wastes. 

010501 
130502 

500 Incineration-
solidification 

Shipyards Oily sludge from the ballast 
and slops treatment 

 
Whittlings from the ships 
metal cleaning and used 

sandblast material 

160702 1000 
 
 

1000 

Incineration 
 
 

Landfilling 

Other activities producing oily 
remains 

Oily sludge 050103 10.000 Incineration 

Used  oils regeneration Acidic sludge 050802 4800 Chemical/ 
Physical 

Fertilizer’s production Sludge from waste water 
treatment 

190200 
060403 

85.000 Chemical/ 
physical 

Steelworks Fe (OH)3 sludge 
 

Sludge from the tinning 
waste treatment etc 

 
Dust from dust filters 

190201 
 
 
 
 

100203 

10300 
 
 
 
 

13.400 

Solidifica-
tion/Landfilling 

Chemical/ 
physical 

 
Solidification 

FeNi production Slug from FeNi enrichment 
 

Dust from dust filters 

 
 

100203 

85.000 
 

300 

Chemical/ 
Physical 

solidification 
Aluminum production  Sludge from wastewater 

treatment 
100307 
190201 

10.000 
100 

Chemical/ 
Physical 

 
Asbestos -pipe production Sludge from wastewater 

treatment 
160206 900 Chemical/ 

Physical 
 

Manganese peroxide produc-
tion 

Sludge from wastewater 
treatment 

190201 15.000 Chemical/ 
Physical 

 
Metal plating industry Sludge from wastewater 

treatment 
190201 1.973 Chemical/ 

Physical 
Battery production Solid waste from the produc-

tion process 
Sludge from the wastewater 

treatment 

 
 
 

190201 

500 Chemical/ 
Physical 

 

Battery recycling Sludge from the wastewater 
treatment 

190201 400 Chemical/ 
Physical 

 
Tanneries Sludge from the wastewater 

treatment 
040106 
190201 

3.148 Chemical/ 
Physical 

Dying-finishing industries  Sludge from the wastewater 
treatment 

190201 5.185 Chemical/ 
Physical 

Production of chemicals Sludge from the wastewater 
treatment 

190200 3.000 Chemical/ 
Physical 

Rayon production sludge 2.000 2.000 Chemical/ 
Physical 

Production of synthetic mate-
rials 

sludge 070202 
070208 

8.800 Chemical/ 
Physical 

Production of pesticides  Destroyed pesticides 
Pesticides packaging 

 

070499 500 Incineration 
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CONCLUSIONS 

The current management practices in Greece pose a 
threat both to humans and the environment. Immediate 
actions should be taken by the state in order that damages 
to people and environment be avoided. Actions should 
include the construction and operation of treatment and 
disposal facilities, the encouragement of IHW producers to 
minimize and recycle-reclaim-reuse IHW, the implementa-
tion of the current legal framework and the inspection of 
the agencies involved in the IHW production-management 
chain by a specialized state service in order to ensure the 
protection of the public health and the environment.  
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