














A Chemical Crisis?

• Tens of thousands of chemicals are produced commercially 
every year.

• Only a small fraction of these chemicals has been 
thoroughly studied and evaluated for basic toxicity.

• Thousands of chemicals are released into the environment 
with little or no knowledge about their impact on the 
environment, including human health. 

• There is an even greater lack of information regarding their 
degradation products and the effects of mixtures of 
chemicals once released to the environment. 



How did this happen?
• The traditional policy and legislative approach, called the 

assimilative capacity approach, or permissive approach,
has contributed to the problem. 

• This approach is based on “permissible” quantitative 
release levels of harmful substances under the erroneous 
assumption that the receiving environment could dilute and 
disperse them and thereby render them harmless. 

• Actions to prevent harm are usually taken only after 
significant proof of harm is established, at which point it 
may be too late.



Risk Assessment
∼ developed in the 1970’s to bridge the gap between 

uncertain science and the political need for decision-
making to limit harm. 

∼ originally developed for mechanical problems such as 
bridge construction, in which the technical process and 
parameters are well-defined and can be analysed

∼ was directed to the role of predictor of extremely uncertain 
and highly variable events.

∼ risk assessment and other "sound science" approaches to 
decision-making are highly reliant on policy and scientific 
assumptions, which are frequently unscientific, value 
loaded or subjective. 



Risk Assessment
∼ assumes “assimilative capacity” and/or “acceptable risk”
∼ attempts to quantify and analyse problems rather than 

solving them. 
∼ are susceptible to, or ignore uncertainty in its many guises.
∼ permits dangerous activities to continue under the pretence

of “acceptable risk.” 
∼ is costly and time-consuming. 
∼ is fundamentally undemocratic. 
∼ puts responsibility in the wrong place. 
∼ poses a false dichotomy between economic development 

and environmental protection. 



Is risk management “balancing”?

PROBLEM

Measures effective
to protect human health
and environment

o Economic considerations
o Social considerations
o “Need” for product/activity

Political considerations

Uncertainty? Indeterminacy?

Ignorance?



Protection goal - “balancing” 
process

Current practice Protection goal

Compromise



The Precautionary Principle
∼ resulted from increasing recognition that ecological

systems cannot be comprehensively observed and that 
impacts cannot, therefore, be fully regulated and 
controlled. 

∼ recognises scientific and technical limitations and 
promotes regulatory action in the absence of full evidence 
of a cause effect relationship. 

∼ allows incomplete data, uncertainty and indeterminacy to 
be taken into account in a meaningful way in the decision 
making process

∼ avoids “paralysis of analyses” by removing excuses for 
inaction on the grounds of scientific uncertainty.



What is the 
Precautionary Principle?

• Most commonly cited definition stems from UNCED 
(Principle 15 of the Rio Declaration 1992):                            

“Where there are threats of serious or irreversible 
damage, lack of full scientific certainty shall not be 
used as a reason for postponing cost-effective 
measures to prevent environmental degradation”



The Components of Precaution
• Taking precautionary action before scientific certainty of 

cause and effect. 
• Setting goals. 
• Seeking out and evaluating alternatives. 
• Shifting burdens of proof. 
• Financial responsibility. 
• Duty to monitor, understand, investigate, inform, and act. 
• Developing more democratic and thorough decision-

making criteria and methods. 
• Implementation through clean production & substitution 

(materials, products, technologies, techniques)



Is the Precautionary Principle 
“Sound Science”?

• The precautionary principle is a scientifically more robust 
and strengthened approach because it recognises, and takes 
into account the limitations of scientific information. 

• Sound scientific methodology and assessment require 
consideration of both what we know and what we do not 
know. 

• The assimilative capacity approach has failed precisely 
because it failed to acknowledge and accommodate the 
limitations in scientific information.  



Conclusions #1
• Key component is need for technological, 

economic and social developments to exert 
progressively lower impact on the environment

• Implies that “balance” is not achieved by any one 
measure, but progressive improvements are 
required

• Although ultimate protection goals may not 
currently be achievable, they should not be 
weakened in order to bring them within reach



Protection goal - precautionary 
process

Current practice Protection goal

Progression towards ultimate protection goal

Limit to development of current practice

Alternative practice



Conclusion #2
• Need to recognise that, in any attempt to “balance” 

environmental risks and benefits, uncertainty, 
indeterminacy and ignorance will always have the 
greatest weights

• Any “balance” deemed to be achieved will only 
hold within the limited dimensions of the risk 
scenario studied

• “Balancing” may be an attractive but deceptive 
process 



Conclusion #3
• Ecosystem sustainability and rights of future 

generations  are not negotiable - they will either be 
achieved or not

• Problem is that we will not know whether we have 
been successful until it is too late to rectify

• In terms of public and environmental policy, 
therefore, precautionary protection is justifiably 
more important than achieving a “balance” of all 
interests



Common sense

It is common sense to realise that we can not continue 
to release persistent harmful substances to the 
environment, without expecting significant and 
irreversible harm, not only to today’s generation, but 
also for generations to come. 

Common sense alone should dictate an approach 
based on the prevention and phase out of substances 
that are toxic, persistent and bioaccumulative
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Stockholm Convention

Stockholm, Sweden, May 22-23, 2001
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Persistent Toxic Substances
ØPersistent
ØBio-accumulative
ØToxic
ØTransboundary Movement
ØPOPs a sub-group

CCl Cl

CCl3

H

Stockholm Convention
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ü Persistent

Ø Resists degradation in the environment

Ø Other chemicals, even though degrading faster in 
the environment, are persistent due to  continuous 
release

Stockholm Convention

R - T & A
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ü Bio-accumulative
Ø Concentrates in fatty tissue (lipophilic)

Ø Bio-accummulation factor in animals dependent on 
the Log Kow – a measure of the affinity of chemicals to 
lipids

Ø Chemicals to be included – Log Kow > 3 but molecular 
weight < 1000 Daltons

Ø Chemical accummulates up the food chain

Stockholm Convention

R - T & A
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ü Toxicity
Ø Chemicals show chronic toxicity properties including :  

developmental, reproductive, carcinogenic, 
immunotoxic and neurotoxic activities in humans and 
wildlife

Ø ADI values are compared to NOEL/LOEL values to 
establish risk from exposure

Ø Substances with acute toxicity and with continuous 
release/exposure to be considered

Stockholm Convention

R - T & A
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ü Transboundary Movement
Ø Chemicals transported through erosion, flood plains, 

water, biota etc.

Ø Chemicals are semi-volatile

Ø Evaporate over warmer regions and condense in colder 
atmospheres

Ø Can affect regions where use is non-existent

Stockholm Convention

R - T & A
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Stockholm Convention - The “Thirty Dosen“ 
includes:

G Pesticides - aldrin, DDT, dieldrin, endrin, 
chlordan, heptachlor, HCB, mirex, toxafen

G Industrial products – PCBs

G By-products of industrial and combustion 
processes - PCDDs, PCDFs

Stockholm Convention

R - T & A
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ALDRIN DIELDRIN ENDRIN

DDT CHLORDAN HEPTACHLOR

Stockholm Convention

R - T & A
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HCB MIREX TOXAPHEN

PCBs PCDDs/Fs

Stockholm Convention

R - T & A
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POPs a sub-group
ü International Treaty recently established in South 

Africa to reduce and eliminated these 12 chemicals

ü Project to investigate the available data on these and 
other persistent toxic substances

ü Some other possible substances:  chlordecone, 
polycyclic aromatic hydrocarbons (PAHs), 
pentachlorophenol, organo tin, endosulphan, lindane, 
short chained chlorinated paraffins

Stockholm Convention

R - T & A
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UNEP/GEF Project:

„Regionally Based Assessment of 
Persistent Toxic Substances“

R - T & A



14

Objectives

ü Measures damages and threats of PTS

ü Provide GEF and UNEP rationale to assign priorities 
for future action on chemical issues

ü To determine differences in priority among regions

PROJECT OVERVIEW

R - T & A
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12 Regions
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Region III Europe

R - T & A



17

Project Results

ü Identification of sources of PTS in the 
regions

ü Assessment of impact of PTS on human 
health and the environment

ü Assessment of transboundary transport of 
PTS

ü Assessment of root causes of PTS problems 
and capacity to manage regionally

ü Identification of regional and global priority 
PTS environmental issues

R - T & A



18

Regional Team

Regional coordinator: Prof. Dr. Ivan Holoubek
RECETOX - TOCOEN & Associates,  
Brno, CR

Members: 

Dr. Ruth Alcock – Univ. Lancaster, UK

Dr. Eva Brorström – Lundén, IVL, Gothenburg, Sweden

Dr. Ott Roots, MOE, Tallinn, Estonia

Prof. Dr. Valeryj Petrosjan, Lomonosov State University, 
Moscow, Russia

+ 40 other European POPs experts
R - T & A
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Global and Regional Reports

• POPs website of UNEP Chemicals:

http://www.chem.unep.ch
• Website of UNEP/GEF RBA PTS Project:

http://www.chem.unep.ch/pts/
• RECETOX website of Regional Team III - Europe:

http://recetox.muni.cz/

R - T & A
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Enabling activities to facilitate early 
action in the implementation of 
the Stockholm Convention on 
Persistent Organic Pollutants 

(POPs Convention) in the CEE 
countries 
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POPs Inventory Established and 
National Infrastructure and 
Capacity Assessed

Verification that this outcome is achieved is as follows:
Task teams constituted for inventories;
More trained people on inventories and assessments of POPs;
Better communication among stakeholders;
More information and better inventories on production, 
distribution, use, stocks, contaminations and releases of POPs;
Accurate information of the available national resources, 
capacities and infrastructure;
Better information on available indigenous technologies;
Clear information on the necessary changes in the legislation, 
monitoring, enforcing system;
Better information on the exposure of the human population by 
POPs.
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POPs Inventory Established and 
National Infrastructure and 
Capacity Assessed

The preparing of the inventory will have the following 
steps:

Preliminary inventory of production, distribution, use, import 
and export;
Preliminary inventory of stocks and contaminated sites; 
assessment of opportunities for disposal of obsolete stocks;
Preliminary inventory of releases to the environment; 
External independent review of initial national POPs 
inventories.
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POPs Inventory Established and 
National Infrastructure and 
Capacity Assessed

The inventory will also content:

Assessment of infrastructure capacity and institutions to manage 
POPs, including regulatory controls; needs and options for 
strengthening them;
Assessment of enforcement capacity to ensure compliance 
Assessment of social and economic implications of POPs use and 
reduction; including the need for the enhancement of local 
commercial infrastructure for distributing benign alternative 
technologies/products;
Assessment of monitoring and R&D capacity;
Identification of POPs related human health and environmental 
issues of concern; basic risk assessments 
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1. Goals of the project

2. Characteristics of Pollutants

3. Production, stocks

4. Hot spots, contaminated sites

5. Sources

- Overview

- Emissions and emission inventory

- Diffuse sources, volatilization from soils

- Traffic

Preliminary National POPs inventory 
(CR)
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6.   Occurrence in the environment, human exposure
- Ambient air
- Deposition
- Waters/sediments
- Soils
- Feeds
- Sewage sludges
- Biota
- Foods
- Human exposure
- Diet exposure

Preliminary National POPs inventory
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7. Technologies and biotechnologies for POPs disposal

8. Monitoring

9. Research

10. Legislature

11. National capacities

Preliminary National POPs inventory
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Priorities Set and Objectives 
Determined

Verification that this outcome is achieved is as 
follows:

Better understanding of the POPs related issues;
Accepted priority criteria;
Identified and updated national objectives;
Raised public awareness;
Better communication among the stakeholders;
Identified task teams for developing proposals 
according to the objectives.
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Priorities Set and Objectives 
Determined

Activities for outcome:

Development of criteria for prioritisation;
Determination of national objectives in 
relation to priority POPs or issues;
Organization of a national priority validation 
workshop.
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National Implementation Plan and 
Specific Action Plans on POPs 
Formulated

Verification that this outcome is achieved is as follows:

Detailed NIP;
Trained teams for developing management options in the mirror 
of the objectives;
Detailed proposal for the adoption of alternative technologies for 
disposal of POPs;
Costs and benefits of the management options;
Action Plans on the most urgent and high priority issues;
Proposal with budget and timelines for the execution of the NIP;
Information exchange and education strategy with budget.
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National Implementation Plan and 
Specific Action Plans on POPs 
Formulated
Activities for outcome:

Training and assign mandates to task teams to develop proposals for 
addressing priorities;
Identification of management options, including phasing out and risk 
reduction options;
Need for introduction of technologies, including technology transfer; 
possibilities of developing indigenous alternatives;
Assessment of the costs and benefits of management options;
Defining expected results and targets;
Development of a detailed implementation plan, including an action 
plan for un-intentional by-products, PCBs and, where appropriate, for 
DDT and other POPs as prioritised;
Expert review of Implementation Plan;
Preparation of initial funding request package for implementation, 
including cost estimates and incremental costs;
Development of a national strategy for information exchange, 
education, communication and awareness raising.
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Case of polychlorinated 
biphenyls

(PCBs)



32

All Parties must cease production of new PCBs, eliminate the use of 
in-place PCB-containing equipment by 2025.

The continued use of such transformers, capacitors, etc. is a “specific 
exemption” and subject to conditions, such as use only 
intact/non-leaking equipment and restrictions, such as not 
permitted in food or feed processing areas. 

All Parties must make efforts to identify, label and remove from use 
equipment containing more than 0.005 % (50 ppm) of PCBs.  

Higher priority should be given to those with higher levels of PCBs.

R - T & A

Polychlorinated biphenyls
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Further, all Parties must: not trade PCB, except 
for the purpose of environmentally sound 
waste management, not recover liquid with 
more than 0.005 % of PCB for reuse, and 
achieve the environmentally sound 
management of PCB wastes as soon as 
possible but not later than 2028.

Progress reports will be required every five 
years.

R - T & A

Polychlorinated biphenyls
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Control Provisions for Unintentionally Produced POPs

The unintentionally produced POPs are specified in 
Annex C and are: polychlorinated dibenzo-p-
dioxins (PCDD), polychlorinated dibenzofurans 
(PCDF), polychlorinated biphenyls (PCB), and 
hexachlorobenzene (HCB)  

To achieve continuing minimization of POPs 
byproducts, an action plan has to be established 
within two years after entry-into-force of the 
Convention for this Party 

R - T & A

Polychlorinated biphenyls
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Although most information is available for dioxins and furans, it is assumed 
that the major sources of PCDD/PCDF are also sources of PCB and 
HCB.

The Convention specifies four source categories, which should be addressed 
with priority:

- waste incinerators, including co-incineration of municipal, hazardous, 
medical wastes, and sewage sludge;

- cement kilns firing hazardous wastes;

- production of pulp using elemental chlorine or chemicals generating 
elemental chlorine for bleaching;

- thermal processes in the metallurgical industry (secondary copper, 
sinter plants in the iron and steel industry, secondary aluminum, and 
secondary zinc).

R - T & A

Polychlorinated biphenyls
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An additional list of 13 other sources contains 11 more 
combustion sources, which also can release POPs 
byproducts; e.g. open burning, residential 
combustion sources, fossil-fuel utility boilers, 
crematoria, cable smouldering, etc. but also 
textile and leather dyeing (with chloranil) and 
finishing (with alkaline extraction).

R - T & A

Polychlorinated biphenyls
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Ways of distributing of PCBs

R - T & A
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Environmental fate of PCBs

G physical- chemical properties - inert, insulting, lipophilic 
- widely used in industry

G excellent properties for industry hazardous properties 
for environment and biota - persistent, lipophilic, toxic -
accumulation, bioaccumulation, biomagnification

G detection in environmental samples - Jensen, 1966

G 31 % of global production - releases to the general 
environment (Tanabe, 1988)

G persistence, widespread use - global transport and 
distribution à contamination - detection in rural and 
pristine areas

R - T & A
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Bioaccumulation of PCBs

R - T & A



40

Production and import/export

Ø 1929  - Monsanto Chemical Company

Ø 1929 - 1985 - ca 1 200 000 tons

Ø > 1/2 - USA, ca 15 % FRG, ca 10 % France…

Ø Stop of production - 1977 - 1985

Ø Closed systems

Ø Various estimation - WHO, OECD - 900 000 - 1 200 
000 t

?? Natural sources - volcanoes; subunits of PCBs -
components of two glycopeptides from Amylocolatopsis 
sp.

R - T & A
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Country Start Stop Amount
USA 1930 1977 641 700
Japan 1954 1972 58 787
West Germany 1930 1983 159 062
France 1930 1984 134 654
Spain 1955 1984 29 012
UK 1954 1977 66 542
Italy 1958 1983 31 092
Czechoslovakia 1959 1984 21 482
USSR 1939 1993 173 800
China 1960 1979 8 000
Total 1930 1993 1 324 131

Total PCBs production in [t] as 
reported in the literature
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Overview of the spatial distribution of 
global PCBs consumption

Producers Consumers

Production within 
OECD-countries

Export to OECD 
countries

Producing OECD 
Countries

Non-producing OECD 
Countries

„Other countries“

Eastern Europe (50 %)

Czechoslovakia (50 %)

Russia (60 %)

Other, USSR (40 %)

Export to non-OECD 
countries

Czechoslovakia

USSR

China (production = consumption
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Environmental re-cycling

The basic trends of usage and emissions to the environment - four steps 
(Jones, de Voogt, 1999):

(1) synthesis and development for use earlier in this century (1930s)

(2)  increasingly widespread use in Europe and North America and 
other industrialized regions through the 1950s and 1960s

(3)  concern over environmental persistence and food chain 
accumulation in the 1960s/early 1970s, resulting in restrictions in 
usage in Europe and North America, and

(4)  reductions in emissions in Europe, North America and other 
industrialized regions arising from the bans/controls in the 1970s 
through the 1980s and 1990s

R - T & A
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Environmental re-cycling

This general pattern may be unrepresentative of the global emission 
profile - when the chemical is used extensively outside of Europe 
and North America - a global shift in the place of manufacture.

Trends in emissions with maximum in 1950s and 1960s - fundamental 
implications for concentration trends in air, soil, water and 
sediments and direction of fluxes between these compartments for 
PCB capable of dynamic, multimedia exchange.

Control/reduction of air concentration based on reduction of primary 
sources - volatilization (“outgassing”) of recyclable PCBs from the 
terrestrial and aquatic compartments.

R - T & A
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This process depends on a number of factors:

- size of reservoir of compound in the soil/sediment/water 
compartments,

- persistence in the soil/sediment compartments,

- physical-chemical properties of compounds

- free exchange of the compound which has been deposited in the past.

Ü compounds primarily associated with particulates - outgassing
will be limited and concentrations/burden of soil or water will 
tend to remain high/increase

Ü compounds readily enter the gas phase, outgassing will result in 
the soil/water body concentration/burden declining.

Environmental re-cycling

R - T & A
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Present trends - declining of environmental levels

Several ways PCBs enter the environment:

- direct waste discharges from manufacturing facilities and industry 
which employed large amounts of PCBs

- today - hot spots occur at locations where types of operations 
where centered (Balkan)

- these “old loads” - secondary sources of contamination - direct 
emissions from historical sites - the large reservoirs of PCBs -
soil and sediments of lakes and rivers near these historical 
storage - hazardous landfills, place of operation, etc.

The global distribution and 
contamination

R - T & A
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Typical POPs time trend Typical POPs soil residues

The global distribution and 
contamination

R - T & A
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Air – soil exchange processes

R - T & A
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Global his torical usage  of total PCBs  by latitude  (in tonne s)  

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

-90 -60 -30 0 30 60 90

Global historical usage 
of total PCBs by 
latitude [t]

Levels in soils

R - T & A

The global distribution and 
contamination
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Slovakia

Stropkov District

H
Michalovce

District
A

PL

UA

CZ

H

R - T & A



55

PCBs in the Slovak Republic
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A specimen of 
waste from PCB 
production stored 
in the premises of 
a former Slovak 
producer

PCBs in the Slovak Republic

R - T & A
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PCBs in the Slovak Republic

Products 
4 071 t

Production Waste
1 606 t

Stored / landfilled
1 605 t Destroyed

368 t

In Use
959 t

Fate Unknown
2 745 t

=

Inventory estimation of PCBs used in 
Slovakia (a November 1997 situation)
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PCBs in the Slovak Republic
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More detailed map of the polluted 
and control areas with rivers and 
lakes; the population of the 
Michalovce district is 108 000 and 
the Stropkov one 20 500
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Fields near Chemko dump
Rim of Michalove dump

At asphalt/gravel mix plant
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Vicinity of A/G mix plant 4

PCB Concentration [ng/g, dry soil]

53 000 000

Waste Disposal Sites

Asphalt/Gravel Mixing Plants

PCB levels (the sum of all congeners) in 
soil samples collected in the vicinity of 
asphalt/gravel mixing plants and the 
waste disposal sites of the Chemko 
chemical factory.
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Regional POPs projects and 
problems
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Gradient of DDTs contamination as a results 
of using in former GDR round 1985

Cl C Cl

Cl

Cl

ClC

H

Cl C Cl

Cl Cl
C

- Distribution pattern of DDT and its 
metabolites (DDE, DDD) after massive 
applications in GDR forests in 1983/4

- Higher percentage of parent DDT in DDTs –
marker of new usage

- In 1983/4 on the territory of the former GDR 
260 000 ha of forests were treated with high 
amounts of DDT/lindane preparations from 
aircraft to combat the black-arched moth 
(Lymanthria monacha). 

% of DDT in DDTs in Czech 
soils – mountains near to 
german border – 1995 – 72 –
100 %

Middle Bohemia –
41 – 68 % 

South Bohemia – 33 – 61 %

Regional background observatory Košetice – 15 %
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Regional Hot spots
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F Chemical and petrochemical industry
F Waste disposal
F PCBs wastes
F Obsolete pesticides
F Waste lagoons
F Contaminated soils and sediments
F Waste incinerators
F Unspecified sources
F Military bases
F Wars areas
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Regional contamination – Danube 
river basin
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Slovenia
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The area around Semič contaminated 
by PCBs from a capacitor and 
electrical equipment factory
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n Accident in Semič ?? No, it was result of 
ignorance and any care about environment

The plant “Iskra” has used various PCBs oils from 1962 to 1985. 
65 to 75 tons were put off on inadequate land sites (mostly in 

karstic hollows) inside the plant or near vicinity. 
In waterproof concrete dumpsite  was put off about 30 to 50 tons 

of PCBs wastes collected from karstic hollows and other sites.  
It is estimated that between 30 and 40 tons of PCBs wastes still 

exist inside the karstic area of Bela Krajina county. 

Semič

R - T & A
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Croatia
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Details of destroyed chemical factory 
near Una spring
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Details of destroyed E.T.S.
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Serbia
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Serbia
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Serbia
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The Kosovo conflict
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APOPSBAL

Assessment of the 
selected POPs (PCBs, 
PCDDs/Fs, OCPs) in the 
atmosphere and water 
ecosystems from the 
waste materials generated 
by warfare in former 
YUGOSLAVIA

R - T & A
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APOPSBAL

ü The level and hydrogeological fate of some POPs in several Croatian, 
Bosnian & Herzegovina and Kosovo  areas as a consequence of war 
damages

ü The level and hydrogeological fate of some POPs in several FR 
Yugoslavian areas as a consequence of war damages

ü The level and  atmospheric transportation of some POPs in Croatian, 
Bosnian & Herzegovina,  and  FR Yugoslavian areas as consequence of war 
damages

ü Investigation of intake and some ecotoxicological consequence of exposure 
of living organisms to POPs in some FR Yugoslavian and Croatian areas as 
consequence of war damages

ü Laboratory and field PCBs biotransformation studies for remediation of 
soil contaminated by transformer station oil-spill

R - T & A
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Environmental POPs trends 
in the Czech Republic
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The production started in 1959 with Delor 106 
(corresponds to the composition of Aroclor 1260) that 
was prepared for a Czechoslovak paint factory (Barvy 
a laky, Uherske Hradiste) as a surrogate for imported 
Aroclor and Clophen.

In 1967, the production of Delor 103 (~ Aroclor 1242) for 
capacitors and in 1968 Delor 105 (~ Aroclor 1254) 
launched. 

PCBs production
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PCBs called Delor (Delotherm, Hydelor) were 
produced in the Chemko chemical plant in 
Strazske (Michalovce District) from 1959 till 
January 1984
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PCBs production

When the PCB production in Chemko Strazske was 
terminated in January 1984 officially 21 482 tonnes of 
PCBs were produced [Kocan et al. 1998]

9 869 tonnes, i.e. 46 percent, was exported mainly to 
former East Germany

The rest, i.e. 11 613 t was used inside former 
Czechoslovakia chiefly as heat exchanger fluids, 
capacitor and transformer dielectric fluids, and paint 
additives.
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Delor 103 was used as a dielectric fluid in power 
capacitors produced in a Czech electrotechnical factory 
(ZEZ Zamberk) and Delor 105 in transformers 
produced also in the Czech Republic.

In addition in 1969 the production of PCB formulations 
called Hydelor and Delotherm started. 

They were specially designed for hydraulic equipment 
and heat exchangers respectively. 

PCBs production
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Delors – contents of PCBs, PCNs, PCDFs

Σ D103 D104 D105 D106

PCBs (99 kong.)
[mg.g-1]

1 277 1 291 1342 1 571

DLPCBs (4 kong.)
[µg.g-1]

2 940 3 277 467 151

PCNs (58 kong.)
[µg.g-1]

82 196 445 147

PCDFs (85 kong.)
[µg.g-1]

0 68 18 34
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Overview of permitted pesticides - 1972 
- 1999 [1]

Organochlorinated pesticides
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Consumption of selected OCPs in the 
former Czechoslovakia 1963 – 1987
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OCPs production

The two largest producers of pesticides in the former 
Czechoslovakia were the Spolana Neratovice near 
Praha (still existing under the same name) and the 
Chemical Works of Juraj Dimitrov in Bratislava 
(CHZJD). 



86

R - T & A

OCPs production

Active 
substance

Product Years of 
production

Tons Corresponding input of active 
substance in tons(or note)

DDT
Cyklodyn 1955-1958 2 325 58 125

Dynocid 1951-
1974(!)

51 765 2 588.25
(not registered after 1973)

Gamadyn 1957-
1976(!)

65 437 2 963.11
(not registered after 1973)

HCH technical
HCH techn.
itself

1954-1977 57 979 perhaps the average production (for 
isolation of lindane and for HCH 
techn.-preparations) 

Cyklo-
Powder

1952-1970 25 310 3,543.4
Included HCH tech. data???
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Stocks, obsolete stocks, 
contaminated sites

There was a broad activity after 1989 as to the 
ecological liquidation of obsolete stocks; the result 
was a liquidation of the contents of most of such 
stocks found out. 

Yet the approach in the 60th and earlier had been quite 
different in particular as the waste disposal 
concerns.

Efforts have been done in the 1st half of the 90th to 
find out all the contaminated sites. 

Studies or other information as to it should be available 
at the Ministry of Environment or also of 
Agriculture. 
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Stocks, obsolete stocks, 
contaminated sites

Because the problems with pesticides to be liquidated
started even at the beginning of the 60th, there were 
perhaps a large quantities of pesticides liquidated on
the basis of such an approach. 

This represents real time bombs and also makes a correct 
view of how much of pesticides were liquidated and in
which ways also impossible.
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Stocks, obsolete stocks, 
contaminated sites

After 1989 attempts have been done to make an ecological liquidation
of the obsolete stocks. 

This has been done under conditions responding today’s
requirements i.e. technology, temperature etc., the first part of it
was combusted in Ingolstadt (FRG). 

According to the survey of the SPA the quantity of pesticides
liquidated in this way was about 1 900 tons; 50 to 60 % of it were 
POP’s pesticides (in most cases DDT and HCH).
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The main sources of POPs in CR:
• combustion of fossil fuels and wastes (coal 

fired stations), local heating systems)
• metallurgy, 
• heat coal conversion processes,
• production and use of coke, asphalt and coal

tars,
• catalytic cracking,
• traffic
• waste waters,
• landfills,
• crematoria,
• PAHs and carbon black production,
• forest fires,

Emission inventory of POPs in the CR

R - T & A
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Emission factors and annual emissions of PCDDs/Fs from the main sources in CR
Category of source (based on

UN/ECE POPs Protocol, Anex VIII)
Emission factors

[ng TEQ.t-1]
Annual emissions

[g TEQ.y-1]
Municipal waste incinerators 490 (Brno)

8 625 (Praha)
                      1.14

Medical waste incinerators 4 013.3
480 – 2 065 000

    0.022

Hazardous waste incinerators 0 – 11 930
Sinter plants 3 839 - 20 535                   73.12
Steel production 1 240 8.50
Secondary Al production 39 883 4.80
Power plants 1 463.1F 1 249.3P 6.01
Local heating 3 600 – 205 680BC

640 – 75 276BR
389.80

Coke production
Cement production 1.19 (1.9 – 1 040) 0.30
Lime production 2 387 2.86

50Mobil sources - gasoline
                        - oil 20

0.146

These sources - total 486.70
Estimation of total emissions 650

R - T & A

Emission inventory of POPs in the CR
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PAHs [t.y-1]
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Conclusions:

The most important sources of selected POPs in 
CR are: 

ü PAHs – local heating, coke production, mobil 
sources;

ü PCBs – sinter plants, mobile sources, power plants;

ü PCDDs/Fs – local heating, HWI;

ü HCB – power plants, local heating, sinter plants

R - T & A
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Environmnetal contamination and 
human exposure by POPs in the CR
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Observatory Košetice

Regional monitoring of POPs
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Obsah PCDD/F a PAH v ovzduší na stanovišti Praha Libuš
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Levels of DDTs in surface waters - 2001



99

R - T & A

Levels of PCBs in surface waters 
and sediments - 2001
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Project IDRIS - model case study

Morava River catchment area

R - T & A



102

Morava river catchment area
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Evaluation of sediment contamination before and 
after floods (region Zlín 1996 - 1998)

Dřevnice pod Malenovicemi
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Monitoring of POPs in soils in the CR –
monitoring plots
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Příloha II-18:      I-TEQ PCDD/F a I-TEQ PCB ve sledovaných lokalitách v roce 2001
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Evaluation of dietary exposure in the 
CR (CoFC SIH)
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Exposure of Czech population by POPs

WHO-coordinated exposure studies on the levels of PCBs, 
PCDDs and PCDFs in human milk

1st  Round 1987-1988 WHO-EURO 12 countries

2nd Round 1992-1993 WHO-EURO 19 countries

3rd Round 2001-2002 WHO-EURO 23 countries
GEMS Food
IPCS
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Countries participating in the 3rd round of the
WHO-coordinated exposure study

Australia New Zealand 
Brazil Norway 
Bulgaria Philippines
Croatia Romania
Czech Republic Russia
Egypt Slovak Republic
Finland Spain
Germany Sweden
Hungary The Netherlands
Ireland Ukraine
Italy USA
Luxembourg

Exposure of Czech population by POPs
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Levels of dioxins and PCBs to total 
TEQ in human milk in various countries
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Levels (median) of indicator PCBs in 
human milk in various countries
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Temporal trend of PCDDs/Fs in human 
milk 
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F Spolana Neratovice and other chemical factories

F Disposal sites

F Obsolete  PCBs and OCPs

F Lagoons with sewage and waste sludges

F Contaminated soil and sediments

F MWI – Lysá nad Labem, Liberec, Praha, Ostrava…

F From the point of view of POPs still unspecified sources…

F Effects of natural catastrophs

R - T & A

Hot spots
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Hot spots

Spolana Neratovice:

• 1961 – production of HCHs (13% γ) – pesticide 
mixtures and production of TrCBz) – TeCBz a HCB

• HCB – pentachlorophenolate Na – PeCP
• TeCBz – trichlorophenolate a – 245-T
• PCDDs/Fs contamination
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Hot spots

Spolana Neratovice
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DIBENZO-p-DIOXINS, 
DIBENZOFURANS AND PCBs

IN BREAST MILK
IN SELECTED AREAS

OF THE CZECH REPUBLIC
IN EUROPEAN CONTEXT

1 Charles University of Prague, 1st Faculty of Medicine
Institute of Hygiene and Epidemiology

2 National Institute of Public Health, Prague
3 AXYS Varilab s.r.o., Vrané nad Vltavou

V. BENCKO1, M. ČERNÁ2, L. JECH3

POLYHALOGENATED HYDROCARBONS 
BELONG TO ENDOCRINE DISRUPTORS
FAMILY OF XENOBIOTICS CONSIDERED 

TO POSE A GROWING THREAT TO HUMAN 
HEALTH IN A GLOBAL SCALE.

THEY ARE THE PRIORITY ISSUE OF 
COMMON SCIENTIFIC EFFORT OF US EPA, 

EUROPEAN INSTITUIONS AND WORLD 
HEALTH ORGANISATION.

COMPELLING TRENDS IN THE 
GENERAL HUMAN POPULATION

INCREASED RATES OF BREAST CANCER ON
THE ORDER OF 1% PER YEAR OVER A 50-yr PERIOD

(Feuer & Wun, 1992).

A 400% INCREASE IN THE INCIDENCE OF ECTOPIC 
PREGNANCIES, 1970-87 (Nederlof et al., 1990).

INCREASED INCIDENCE OF ENDOMETRIOSIS,                       
AND DECREASED AGE OF ONSET (Berger, 1994)

A DOUBLING OF THE INCIDENCE
OF CRYPTORCHIDISM IN THE UK, 1970-87

(Chilvers et al.,1984)

INCEASED INCIDENCE OF TESTICULAR
AND PROSTATE CANCER ON THE ORDER OF 

TWO TO THREE TIMES (Adami et al., 1994)

SIGNIFICANT DECREASES IN SPERM COUNT
WORLDWIDE OF APPROXIMATELY 50%

SINCE THE 1930s
(Auger et al., 1995; Carlsen et al., 1992; Sharpe & 

Skakkebaek, 1993)



19.8.2017

2

MECHANISM OF ACTION
INTERACTION OF Ah RECEPTOR
WITH DIOXIN-LIKE XENOBIOTICS

ACTIVATED RECEPTOR ↑ TRANSCRIPTION
OF GENES INDUCING SYNTHESIS OF ENZYMES
OF I. & II. PHASE OF BIOTRANSFORMATION:

* CYTOCHROM P450
* GLUTATHION-S-TRANSFERASE

* UDP-GLUCURONYL TRANSFERASE

↑ GLUCURONISATION CAUSE
↑ THYROXINE EXCRETION (T4) IN BILE

LEVEL OF T4 STIMULATES
BY FEED-BACK LOOP THS SECRETION 

WHICH TEND TO IMBALANCE OF 
HYPOTHALAMUS – PITUITARY AXIS 

BEHAVIORAL CHANGES & IMPAIRMENT 
OF COGNITIVE FUNCTIONS DUE TO 

IMPAIRMENT OF THYREOID FUNCTIONS

MECHANISM OF CARCINOGENESIS
OF TCDDF & COPLANAR PCB 
CONGENERS IS EPIGENETIC

PROLIFERATION & DIFERETIATION OF 
CELLS AS A RESULT OF A HORMONAL

IMBALANCE.
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DETECTION OF COPLANAR PCBs 
CONGENERS AND THEIR METABOLITES 

ADDUCTS
CONVICE FOR A POTENTIAL

GENOTOXIC EFFECTS

INDIRECT EFFECT ON A BLASTIC 
TRANSFORMATION BY MODULATION 

OF BIOTRANSFORMATION
OF CARCINOGENIC XENOBIOTICS

(e.g. PAH, AFLATOXIN)

MATERIAL AND METHODS:

WHILE COLLECTING, PRESERVING, 
TRANSPORTING, AND ANALYSING THE BREAST 

MILK SAMPLES WE PROCEEDED ACCORDING 
TO THE SAME STUDY PROTOCOL USED BY

WORLD HEALTH ORGANISATION WITH
A SINGLE EXCEPTION IN OUR STUDY:

ANALYSIS OF INDIVIDUAL SAMPLES .

COLLECTION OF BREAST MILK 
SAMPLES:

THE SELECTION OF DONORS WAS LIMITED 
TO PRIMIGRAVIDAS, STANDARD COURSE 

OF PREGNANCY, BREASTFEEDING
OF A SINGLE CHILD, NURSING PERIOD 

(2 WEEKS TO 2 MONTHS AFTER THE BIRTH),
PERMANENT RESIDENCY IN SPECIFIC 

AREA DURING THE LAST 5 YEARS.
MINIMUM SAMPEL QUANTITY 50 ml.

SIMULTANEOUSLY WITH THE SAMPLE 
COLLECTION, EVERY DONOR FILLED OUT

A QUESTIONNAIRE WITH THE INFORMATION 
ABOUT HER AGE, DATE OF CHILD’S BIRTH, 

DATA ABOUT BODY MASS OF THE MOTHER AND 
CHILD, DIETARY HABBITS OF THE MOTHER, 

INFORMATION ABOUT HER SMOKING STATUS, 
IATROGENIC AND OCCUPATIONAL EXPOSURE.

EVERY DONOR WAS INFORMED ABOUT THE
PURPOSE OF THIS STUDY AND SIGNED

AN INFORMED CONSENT GIVING
THE PERMISSION TO USE THE DATA 

FOR SCIENTIFIC PURPOSES.
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FROZEN SAMPLES WERE TRANSPORTED
TO THE LABORATORY AND ANALYSED:

PCDD/Fs A NON-ORTHO PCBs
HR GC-MS CHROMATOGRAPHY

VG ULTIMA 2 

FRACTIONS CONTAINING OTHER
CONGENERS OF PCBs

GC-MS - VARIAN, SATURN

 
SHARE OF INDIVIDUAL CONGENER GROUPS TO THE TOTAL TEQ (MEDIAN) 
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CONCLUSION:
CONGENERS OF PCBs WITH DIOXIN ACTIVITY

CONTRIBUTE PRIMARILY TO THE TOTAL AMOUNT
OF TEQ IN BREAST MILK FAT, 

THE SHARE OF PCDDs AND PCDFs IS NOT DECISIVE. 

REGIONAL DIFFERENCES WERE OBSERVED
(ESPECIALLY FOR PCBs LEVELS) AS WELL AS 
INDIVIDUAL VARIABILITY OF THE SAMPLES. 

EXPOSURE OF CZECH POPULATION
TO THE COMPOUNDS

WITH DIOXIN-LIKE EFFECTS IS COMPARABLE
WITH OTHER EUROPEAN COUNTRIES.

AKNOWLEDGMENTS:
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TO ALL PARTICIPATING COLLEAGUES IN LOCAL 

AND REGIONAL HYGIENIC STATIONS IN
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WITHOUT THEIR HELP IT WOULD HAVE BEEN 
IMPOSSIBLE TO ENSURE THE PROPER SAMPLE 

COLLECTION FOR THE
PROJECT VaV 520/6/99 SUPPORTED BY MINISTRY

OF ENVIRONMENT OF THE CZECH REPUBLIC.





INCINERATORS ENDANGER 
PUBLIC HEALTH AND THE 

ENVIRONMENT



ALL INCINERATOR RELEASES HAVE 
THE POTENTIAL FOR PUBLIC 

HEALTH IMPACTS

› STACK GAS
› FLY ASH
› BOTTOM ASH OR SLAG
› SCRUBBER WATER
› OTHER RESIDUES
› FUGITIVE EMISSIONS



MOST WIDELY KNOWN 
INCINERATOR POLLUTANTS OF 

CONCERN

• DIOXINS

• PARTICULATE MATTER

• ARSENIC

• BERYLLIUM

• CADMIUM

•CHROMIUM

•LEAD

•MERCURY

•ACIDIC GASES

•PAHs
Source:  National Research Council, 2000. Waste Incineration and Public Health, 
Washington, DC: National Academy Press



OTHER TOXIC POLLUTANTS IN 
INCINERATOR GASES AND RESIDUES

METALS:  In addition to the six metals previously listed, 
19 other metals have been identified in the wastes sent to 
incinerators or in incinerator stack gas and/or ash.

ORGANIC CHEMICALS:  In addition to dioxins, scientists 
have detected innumerable organic chemicals in incinerator 
outputs.  Among these so-called products of incomplete 
combustion (PICs) are hundreds of semi-volatile chemicals 
of which only 10-14 percent have been completely 
identified.  Semi-volatile PICs are likely to be persistent in 
the environment and lipophilic (fat-loving).



TOXIC PROPERTIES OF 

INCINERATOR RELEASES

The following incinerator releases 
are mutagenic*

•stack gas,

•fly ash

•bottom ash

•airborne particles

* Mutagenic substances can damage DNA in 
cells. DNA damage can lead to mutations that 
may be important factors in the development 
of cancers.



HEALTH IMPACTS OF CHEMICALS IN 
INCINERATOR RELEASES

CANCER-CAUSING 
CHEMICALS 
(CARCINOGENS)

• ARSENIC

• CADMIUM

• DIOXIN

• PCBs



•Cancer: One dioxin (2,3,7,8-TCDD)  is a known human 
carcinogen, while the other dioxins are possible human 
carcinogens;
•Neurodevelopmental effects: reduced cognitive function, 
increase in hyperactive  behavior, adverse  effects on 
attentional processes, increased  prevalence of 
withdrawn/depressed  behavior; 
•Altered  immune function;
•Central nervous system disorders; 
•Chloracne and other skin  disorders; 
•Disrupts liver and kidney function; 
•Alters hormone levels: thyroid, testosterone and  
estrogen; 
•Reproductive effects: altered sex ratio, reduced fertility; 
•Birth  defects: hypospadias; 
•Endometriosis.

HEALTH EFFECTS OF DIOXINS



According to the World Health Organisation, 
dioxin levels are such that “subtle effects 
might already be occurring in the general 
population in developed countries at current 
background levels of exposure to dioxins and 
dioxin-like compounds.”



PEOPLE MOST LIKELY TO SUFFER 
HEALTH IMPACTS FROM 

INCINERATOR POLLUTANTS:

>>WORKERS,

>> LOCAL POPULATIONS,

>> REGIONAL OR SUPRA-REGIONAL 
POPULATIONS



INCINERATOR WORKERS

“..incinerator workers have been exposed to high 
concentrations of dioxins and toxic metals, 
particularly lead, cadmium, and mercury.”

Source:  National Research Council, 2000. Waste Incineration and Public Health, 
Washington, DC: National Academy Press

“Incinerator operators and maintenance workers, 
and those involved in the collection, transport, and 
disposal of fly ash and emission control equipment 
residues, have the potential to be most exposed to 
toxic substances associated with incineration.”



INCINERATOR WORKERS:
ü Biomarkers of contamination -hydroxypyrene, mutagens and thioethers 
-- in workers’ urine with increased frequency and at elevated levels; Ma 
et al. (1992); Angerer et al. (1992); Scarlett et al. (1990); Van Doorn et al. 
(1981) 

ü Chemical contaminants in workers’ urine and blood at elevated 
concentrations -- dioxins, PCBs, hexachlorobenzene, chlorophenols, 
benzene, toluene, xylene, arsenic, lead, mercury, and nickel; Kitamura et 
al.(2000); Schecter et al. (1999); Kurttio et al. (1998); Van den Hazel and 
Frankort (1996); Wrbitzky et al. (1995); Papke et al. (1993); Malkin et al. 
(1992); Angerer et al. (1992); Schecter et al. (1991).

ü Increased death rates from cancer of the stomach, lungs and 
oesophagus; Rapiti et al. (1997); Gustavsson et al. (1993); Gustavsson et al. 
(1989)

ü Increased death rates from ischemic heart disease; Gustavsson (1989)
Chloracne, hyperlipidemia, decreased liver function, altered immune 
functions, altered sex ratio of offspring, hypertension, urinary 
abnormalities, small airway obstruction of the lungs, and abnormal blood 
chemistry. Kitamura et al. (2000); Schecter et al. (1999); Bresnitz et al. 
(1992).

•



PEOPLE WHO LIVE NEAR INCINERATORS

A newly published study of adolescent children who lived new two 
incinerators found as follows: 

ü Elevated blood levels of PCBs, dioxins and metabolites of 
volatile organic compounds (VOCs) were in the children’s blood.  

ü Delayed sexual maturation was noted among these children; 

ü Delayed breast development in girls was positively correlated 
with serum concentrations of dioxins;

ü Delayed genital development in boys was correlated with serum 
concentrations of PCBs;

ü Reduced testicular volume was found among the boys.



PEOPLE WHO LIVE NEAR INCINERATORS

ü Biomarkers of toxic exposure - thioethers-- were elevated 
in the urine of children living near a recently built incinerator. 
Ardevol et al. (1999)

ü Dioxin levels in blood increased by 10-25 percent during the 
two years following the startup of a new incinerator. Gonzalez 
et al. (2000)

ü PCB levels in the blood of children living near a German 
hazardous waste incinerator were elevated. Holdke et al. (1998)

ü Mercury levels in the hair of people living near a waste 
incinerator increased by 44-56% over 10 years and with 
greater proximity to the facility. Kurttio et al. (1998)

ü Elevated dioxin levels in blood were found in communities 
near incinerators in three studies, but dioxins were not 
elevated in two other studies. Miyata (1998); Deml et al. (1996); 
Van den Hazel and Frankort (1996); Startin et al. (1994)



PEOPLE WHO LIVE NEAR INCINERATORS, cont.

ü Clusters of two cancers associated with dioxin exposure -- soft-
tissue sarcomas and non-Hodgkin’s lymphomas -- were found in one 
intricate study. Viel et al. (2000); 

ü Increased rates of deaths from childhood cancer, all cancers 
combined, cancer of the larynx, liver, stomach, rectum, and lung 
were found in a series of studies, but one study found no increase 
in death rates from larynx or lung cancer. Elliot et al. (2000); Knox 
(2000); Knox and Gilman (1998); Michelozzi et al. (1998); Elliot et al. 
(1996); Biggeri et al. (1996); Babone et al. (1994); Elliot et al. (1992); 
Diggle et al. (1990)

ü Six studies found elevated occurrence of various respiratory 
effects near incinerators, while one study found asthma in children 
was not elevated. Lee and Shy (1999); Legator et al. (1998); Shy et al. 
(1995); Gray et al. (1994); ATSDR (1993); Wang et al. (1992); Zmirou et 
al. (1984).



PEOPLE WHO LIVE NEAR INCINERATORS, cont.

• Elevated rates of congenital anomalies were reported in two 
studies, while one study found eye malformations were not 
increased; Ten Tusscher et al. (2000); Aelvoet et al. (1998); Gatrell and 
Lovett (1989)

• Increased frequency of multiple births was reported in one study, 
while another found no evidence of increased incidence of twin 
births; Van Larebeke (2000); Rhydhstroem (1998)

•Altered sex ratios of births -- a deficit of male births -- was 
found in one study; Williams et al. (1992)

• Lower levels of thyroid hormones were reported among children 
near a toxic waste incinerator. Osius and Karmaus (1998)



PEOPLE LIVING IN REGIONS WITH 
MULTIPLE INCINERATORS

“THE COMMITTEE’S CONSENSUS JUDGMENTS ABOUT 
WASTE INCINERATION AND PUBLIC HEALTH… 
Implementation of … MACT [Maximum Achievable Control 
Technology] … is expected  substantially to reduce emissions 
from the highest-emitting facilities.  …  However, on a broader 
scale, considering multiple facilities and broader populations, 
implementation of MACT is unlikely to alter the committee’s 
relative degree of concern for the potential health effects due 
to pollutants such as dioxin and some metals, and the concerns 
would remain because these pollutants are persistent, 
widespread, and potent.  Furthermore, there would be no change 
in the committee’s degree of concern for potential worker 
exposures, because MACT alone would be unlikely to change their 
exposure.”
National Research Council, 2000.  Waste Incineration & Public Health. 
ISBN 0-309-06371-X, Washington, D.C.:  National Academy Press.



“The wide dissemination of dioxins throughout the environment 
including the food supply, results in wide-spread exposures.  
Exposure indicators (such as blood and fat concentrations) 
arising from such exposures are close to the levels that, in some 
experimental systems, give rise to measurable biologic responses 
that might be related to adverse health outcomes.  Thus, the 
committee has a substantial degree of concern for the 
incremental contribution to dioxins emissions from all 
incinerators on a regional level and beyond.   … The term 
“substantial” is used to express the committee’s highest degree 
of concern about possible exposure that might lead to health 
effects among workers, a local population, or a broader 
population.”
National Research Council, 2000.  Waste Incineration & Public Health. 
ISBN 0-309-06371-X, Washington, D.C.:  National Academy Press.

BROADER POPULATIONS, cont.



Waste Incineration is
ü polluting,
ü costly, and
ü unnecessary.

There are far better 
ways to manage 
wastes. 

In a world of shrinking 
resources, it is makes 
no sense to let valuable 
resources “go up in 
smoke,” and doubly so 
when the smoke carries 
persistent poisons.



FURTHER INFORMATION

dluscombe@ams.greenpeace.org

Reports
*  Incineration and Human Health

*  Dioxin Elimination:  A Global Imperative

*  The Burning Question:  Chlorine & Dioxin

*  Chlorine, Combustion and Dioxins

*  Technical Criteria for the Destruction of 
Stockpiled Persistent Organic Pollutants

Available from: 
http://archive.greenpeace.org/~toxics/reports/reports.html

G

mailto:dluscombe@ams.greenpeace.org
http://archive.greenpeace.org/~toxics/reports/reports.html
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Hazardous waste incineration 
Czech Republic

• 50 - 60 hazardous 
waste incinerators

• 3 cement kilns 
burning waste

• 2,9% of hazardous 
waste is burned

• 18,2% of hazardous 
waste is buried

• hospital waste is 
hazardous

• one hazardous 
waste incinerator is 
dedicated to burn 
PCBs (in Ostrava)

• no special 
requirement for 
burning other POPs

Hazardous Waste Incineration 
Balance

RISKS
• transport of hazardous 

waste
• economic hazard (too 

expensive)
• needs waste feeding
• additional investments
• lack of control and 

many pollution flows to 
control

• people don’t like it

“ADVANTAGES”
• looks safe
• looks easy to manage
• is large enough for 

people looking for 
simple solutions 
(majority of decision 
makers)

• can produce some 
energy

• it makes money

Incineration Impacts on 
Environment

• Inside goes:                                                                                         
– waste
– money

• Outcomes:
– air emissions
– (toxic) waste
– waste water

Incineration Impacts on 
Environment

•Air
•Water
•Waste
•Other 
effects
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Year 2001 Top Ten worst incinerators 
according to PCDD/Fs emissions  
measurements (in TEQ) - one day per year 
measurements (data required from Czech 
Environmental Inspection)

(year 2001)
(ng/m3) m (g/y) Waste incinerator name:

18,29 0,06 ČKD Praha DIZ a.s.
8,7 0,03 SPL, Jablonec nad Nisou
7,3 0,16 ICN a.s., Roztoky u Prahy
6,8 0,04 Hospital (NsP) Karviná
6,1 EKOTERMEX, Vyškov, Kettenbauer

4,35 0,01 Hospital Bulovka. Praha
3,8 0,04 Hostpital FN Motol, Praha

3,76 0 Snaha Brtnice
3,73 0,06 Hospital Olomouc
3,2 0,02 EKOKOMBEK s.r.o., České Budějovice

Underestimation in dioxin 
emission inventories

R. De Fré, M. Wevers
VITO, Vlaamse Instelling voor Technologisch Onderzoek, Boeretang 200,
2400 Mol, Belgium
ORGANOHALOGEN COMPOUNDS (1998)

Time of measurements Measured concentrations of
dioxins (PCDD/Fs)
in ng TEQ/Nm3 by 11% O2

(day-month-year) Continual
sampling

Six hours
 sampling

29-12-97 – 12-01-97 13,4 (14,3)
12-01-98 – 26-01-98 8,2 (12,9) 0,25
26-01-98 – 30-01-98 12,6 (10,1)
09-02-98 – 23-02-98 2,11 (2,12)
23-02-98 – 09-03-98 0,44
9-03-98 – 23-3-98 0,33 0,12
23-03-98 – 06-04-98 0,8
Standard six hours measurements underestimated real dioxin emissions 30 -
50 times.

Toxic Air Pollution
• Hazardous waste 

incinerators are 
large sources of 
toxic emissions of 
many other 
chemicals than 
only PCDD/Fs. But 
these compounds 
are not usually 
measured. 

• Incinerator Břeclav 
1998

• PCDD/Fs           
0,91 ngTEQ/m3

• PCBs                  
0,01  ngTEQ/m3

• PAHs                
23,46  ngTEQ/m3

• HCB                 
10,28  ngTEQ/m3

Water Pollution
Some incinerators produce
waste water, with large
scale of toxic compounds.
There not too many
measurements known or
published in the Czech
Republic. Big hazard can
create some serious
accidents like it happened
at this incinerator -
Ekotermex Vyškov in 2001,
when the rive was polluted
by toxic chemicals leaking
during handling hazardous
waste.
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Soil contamination by 
PCDD/Fs near incinerator

HAZARDOUS WASTE INCINERATOR IN HOSPITAL 
OSTRAVA - PORUBA (MORAVIAN-SILESIAN REGION) 

Air emissions PCDD/Fs concentration measured in 1997: 
1,69 ngTEQ/m3

PCDD/Fs measured in soil near incinerator by Axys Varilab 
(2001): 19,7 pgTEQ/g 

(the highest dioxin contamination measured in the Czech 
Republic for study done in 1999 - 2001, just for correlation in 
Libiš near Spolana Neratovice the concentration 26 pgTEQ/g 
was measured this year)

Toxic Fly Ash on Long Travel
• Liberec incinerator produce about 3.000 t of fly ash per year
• it is washed, but still includes                                        

dioxins on level 362 ngTEQ/kg
• it means 1.086 mgTEQ/year
• fly ash goes to landfill in mixture                                                

with bottom ash 30 km far 
• waste water from landfill, which can                                          

include dioxins goes to treatment                                       
plant again 30 km far

• we did not find out, what does happen                                    
with sewage sludge after treatment

• State institutions gave up to control this long trip of dioxins

Hazardous waste incineration
Accident hazard

• 1993 Fire in Motorpal Jihlava incinerator

• 1997 Explosion and fire in Emseko Zlín incinerator - whole 
incinerator destroyed

• 2001
• Explosion in Plzeň - Na Slovanech incinerator, kiln partly 

damaged
• Leakage of chemicals during handling them in Ekotermex 

Vyškov incinerator

• 2002 Fire of chemicals in ELO Hradec Králové incinerator

Case study - Lysá nad Labem

• Hazardous waste                                
incinerator run by                             
company Rean

• Capacity:  3.500 t/y 
• Positive EIA                                      

statement according                                     
to Czech law
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Case study - Lysá nad Labem
• The incinerator doesn’t complain 

even with Czech legislation 
requirements

• It has not enough safe space to                                       
store waste before it’s burned

• Insufficient groundwater and                                          
soil protection / polluted water                                      
can drain directly into the soil                                            
without cleaning

• It doesn’t complain with required dioxin emissions limit  

Case study - Lysá nad Labem
• The incinerator doesn’t complain 

with Czech legislation 
requirements

• Unclear statements about burn                                               
waste

• Also PCBs and DDT burn                                                
even incinerator is not dedicated                                      
to burn high chlorine content waste

• … but still is trusted by Czech                                                                                              
institutions responsible for 
environment protection

Main environmental problems

• Overestimated capacity
• Poor control of the processes
• Common exemptions from existing 

legislation
• Uncontrolled toxic compounds releases
• Poor education of workers about 

possible health and environmental 
damages

Our response













19.8.2017

1

PCBs Inventories

1. Stockpiles
2. Wastes

3. Equipment containing PCBs

4. Polluted sites

5. Unintended emmissions

PCBs Stockpiles
¡ Residues from Production
¡ Residues / Sources for electric / 

hydraulic equipment
¡ PCBs in equipment not used yet

l Information from 
l import / export
l finalisation unit
l Energo – companies
l Statistical resources

Initial Inventory of PCBs
in Slovakia (Kocan et. Al. 1998)

products  4071 t

Wastes from production  1606 t

Initial Inventory of PCBs
in Slovakia (Kocan et. Al. 1998)

destructed  368 t

No evidence  2745 t

In use  959 t

stockpiles  1605 t



19.8.2017

2

PCBs Wastes
¡ Waste – electric or other equipment for 

destruction
¡ Waste dumpsides
¡ Waste oil

l Evidence
l Statistics
l Control measures

Equipment containing PCBs
¡ In use or stored for use

¡ Methodology / guidance document
¡ Voluntary cooperation of industry
¡ State programme

¡ Identification problems
¡ Control mechanisms

Subjects participating in 
Slovakia
(Total No. Of subjects 492)

61

415

16

enterprices state sector Universities

Zariadenie obsahuje PCB !
Neautorizované zásahy do zariadenia 

môžu spôsobiť ťažké poškodenie zdravia 
a životného prostredia

R43 - Môže spôsobiť zvýšenie citlivosti pri kontakte s pokožkou
R48/22 - Škodlivý: nebezpečenstvo vážneho poškodenia zdravia 
               predĺženou expozíciou po požití
R50/53 - Veľmi jedovatý pre vodné organizmy, môže spôsobi ť dlhodobé 
              nepriaznivé účinky vo vodnej zložke životného prostredia

Xn N
Škodlivý Nebezpečný 

pre životné prostredie 
Nebezpečný 
pre životné prostredie 

S(2) - Držte mimo dosah detí
S24 - Zabráňte kontaktu s pokožkou

S37 - Noste vhodné rukavice
S41 - V prípade požiaru a/alebo výbuchu 
          nevdychujte výpary

S60 - Tento materiál a príslušná nádoba 
          musia byť zlikvidované ako nebezpe čný odpad
S61 - Zabráňte uvoľneniu do životneho prostredia. 
         Oboznámte sa so špeciálnymi inštrukciami/
         kartou bezpečnostných údajov

R33 - Nebezpečenstvo kumulatívnych ú činkov

S35 - Tento materiál a jeho nádoba musia
          byť zlikvidované bezpečným spôsobom

Evidenčné číslo
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Transformers Condensers
BEZ Bratislava ZEZ-SILKO Žamberk

ELPROM Sofia Elektrické pece n.p. Praha

SEZ Žilina ZEZ n.p. Praha

BEZ Brno ZSE Praha

Results – Slovakia 2001

Priestor so zariadeniami 
obsahujúcimi PCB !

NZ 8 level – ETS Ostrava (vysokozdvizna plosina)
Oil iniciator Krompachy
H1.50XM manipulation car – Hyster UK

ND 9 – 031 transport manipulátor
EV 65433.12, EV 698.45.81, EV 717.33.73, EV 717

manipulation car – Balcancar
Kondensators distributor
Autožeriav AD 28 – ČKD Slaný
DESTA manipulation car
Dowthermová heating unit – Bertram, Switzerland

High frequency cabel ANKPOV, ANKOPJ

Results – Slovakia 2001
Other equipment

PCBs polluted sites

¡ Production sites
¡ Formulation / Manipulation sites

l e.g. asphalt finalisation
¡ Waste dump-sites containing PCBs 

wastes
¡ Areas impacted by PCBs pollution

Slovakia –
Zemplinska Sirava lake
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PCBs levels – Monitoring results 
Slovakia (Kocan et. Al. 1998)
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PCBs to be destructed
¡ Stockpile of PCBs in Chemko factory

l 1000 tonns
¡ Capacitors and other PCBs equipment

l 30 000 – 40 000 pcs (800 tonns)
¡ Polluted sediments and soil

l 33 000 tonns

Financial plan
¡ GEF donation 

l 5 Mio USD – destruction technology
¡ Chemko co-finance

l 1.5 Mio USD – preparatio of the site
l 2 Mio USD – operational costs (2 years)

¡ Slovak Republic co-finance
l 4.5 – 5 Mio USD – sediments 

decontamination





Stockholm Convention
• The first global legally binding treaty on toxic chemicals
• Signed on 22 May 2001 by over 90 countries (now 151)
• Ratified by 25 Countries (as of 12 Jan 2003)
• Will enter into legal force when 50 countries have ratified 

the convention
• But all nations have agreed to begin acting immediately
• Initially targets 12 chemicals – the dirty dozen 



Stockholm Convention

Requires:
…each country to reduce the total releases derived 
from anthropogenic sources of [POPs], with the goal of 
their continuing minimization and, where feasible, 
ultimate elimination.



Elimination

• Identify processes and materials in which by-product POPs 
are formed 

• Avoid introduction of industries which cause formation of 
POPs

• Phase-out of processes and materials in which POPs are 
formed

• Remediate contaminated soils, sediments, groundwater to 
remove reservoirs 



Cleaning up the mess
- secondary sources

• Stockpiles of PCBs, pesticides, wastes
• Lands, sediments, groundwater, materials contaminated 

with dioxins and other POPs
• Essential that this is done in a way that doesn’t result in 

formation or release of POPs
• Use of non-combustion destruction technologies



Stockholm Convention

Parties are to take measures so that POPs wastes are:
∼ Disposed of in such a way that the persistent organic 

pollutant content is destroyed or irreversibly transformed 
so that they do not exhibit the characteristics of persistent 
organic pollutants...

∼ …not permitted to be subject to disposal operations that 
may lead to recovery, recycling, reclamation, direct reuse 
or alternative uses for POPs.



Stockholm Convention

Parties must:
…promote the development and, where it deems 
appropriate, require the use of substitute or modified 
materials, products and processes to prevent the formation
and release of dioxins/furans and other by-product POPs.



Criteria from 
Stockholm Convention

A suitable destruction process/technology therefore should:

∼ Prevent the formation of dioxins, furans and other by-
product POPs.

∼ Prevent the release of dioxins/furans and other by-
product POPs.

∼ Not generate any wastes with POPs characteristics.
∼ Not utilise any POPs disposal methods which are non-

destructive, such as landfilling or recycling in any form.



Greenpeace Criteria
for the Destruction of Historical POPs Wastes

1. An effective destruction efficiency of 100% - taking into 
account all inputs and releases;

2. Complete containment of all process streams to enable 
testing and reprocessing if necessary to ensure (1);

3. No uncontrolled releases from the process.

Destruction … must be accomplished in a 
manner that does not further degrade the 

environment.



Further Considerations when 
Evaluating Technologies

• Eliminate inappropriate technologies (based on guidance/criteria)
– E.g. formation of POPs/releases of POPs/POPs wastes/landfill etc

• Destruction Efficiency (based on inputs vs. all outputs)
• Ability to contain all process streams
• Ability to reprocess materials, residues, gases, liquids if required
• Availability of complete process information (analytical data)
• Track record/commercial availability
• Safety/OH&S
• Hazardous materials use
• Community acceptability



Available Technologies
GPCR - Ecologic Incineration

Base Catalysed Dechlorination Vitrification
Sodium reduction Deep-well injection
Solvated electron Plasma
Electrochemical Solvent washing

Super Critical Water Oxidation Landfill/burial
Ball milling Solidification/stabilization
Molten salt Land spreading

Catalytic hydrogenation Molten metal*



Technology Commercial 
scale 

Countries where licensed and/or 
used for commercial treatment

Gas Phase Chemical 
Reduction

full Australia, Canada, USA, Japan

Sodium reduction full France, Germany, UK, Netherlands, 
South Africa, Australia, USA, Saudi 
Arabia, Japan, New Zealand

Base Catalysed 
Dechlorination

full Australia, USA, Mexico, Spain, 
New Zealand, Japan

Solvated electron full USA
Electrochemical limited USA, UK
Catalytic 
hydrogenation

limited Australia 

Super-critical water 
oxidation

limited USA, Japan

Ball milling demo/limited Germany, New Zealand



GPCR – Eco Logic

• Process: Hydrogen reacts with chlorinated organic 
compounds, such as PCBs, at high temperatures/low 
pressure yielding primarily methane and hydrogen 
chloride. 

• Efficacy: Demonstrated high destruction efficiencies for 
PCBs, dioxins/furans, HCB, DDT. 

• Applicability: All POPs – including PCB transformers, 
capacitors, and oils. Capable of treating high strength 
POPs wastes. May not be economic for low level wastes

• Licensed: Australia, Canada, USA, Japan



GPCR – Eco Logic

• Emissions: All emissions and residues may be captured 
for assay and reprocessing if needed. 

• Concerns: Use of hydrogen gas, although company has 
good environmental/regulatory track record. Fate of 
arsenic/mercury in system. Use of afterburner for burning 
product gas (methane).

• Applicability under Stockholm Convention for POPs 
destruction: Potentially suitable.



BCD

• Process: A non-conventional heterogeneous catalytic 
hydrogenation process which reacts organochlorines with 
an alkali metal hydroxide, a hydrogen donor and a 
proprietary catalyst to produce salts, water and 
carbonaceous residue.

• Efficacy: High destruction efficiencies have been 
demonstrated for DDT, PCBs and dioxins/furans. 

• Applicability: DDT, PCBs, dioxins/furans. Limited to 
approximately 15-30% strength PCBs.



BCD

• Emissions: Solid residues may be captured for assay and 
reprocessing if needed. 

• Concerns: Solid residues not fully defined. A fire in unit 
operating in Melbourne in 1995. Process difficulties in unit 
operating in Sydney.

• Applicability under Stockholm Convention for POPs 
destruction: potentially suitable if operated to maximum 
treatment effectiveness.

• Licensing: Commercially licensed in USA, Australia, 
Mexico, Japan and Spain.



Sodium reduction
• Process: Reduction of PCBs with dispersed metallic 

sodium in mineral oil. Has been used widely for in-situ 
removal of PCBs from active transformers. products of the 
process include non-halogenated polybiphenyl, sodium 
chloride, petroleum based oils and water (pH > 12).

• Efficacy: Destruction efficiency of the process has not 
been demonstrated. However the process has been 
demonstrated to meet regulatory criteria in EU, USA, 
Canada, South Africa, Australia, Japan for PCB treatment 
(eg. in Canada to [PCB] < 2 ppm for treated oil; and [PCB] 
< 0.5 ppm; [dioxins] < 1 ppb for solid residues).



Sodium reduction
• Applicability: PCBs to 10 000 ppm (also some vendors 

claim applicable to other POPs, but no data)
• Emissions: unknown
• Concerns: Lack of information on characterisation of 

residues. If used for in-situ treatment of transformer oils 
then will not destroy all PCBs contained in porous 
internals of the transformer. 

• Applicability under Stockholm Convention for POPs 
destruction: potentially suitable, but further information 
required.

• Licensing: Widely available worldwide



Incineration versus Alternatives
Incineration

• Open system
• Generate/release POPs 

and other hazardous 
chemicals to air and land

• Generates large amounts 
of hazardous waste

• Thinking of the past
• Inappropriate for treating 

POPs under Stockholm 
Convention

Alternatives
• Essentially closed systems
• Allow for testing and 

reprocessing
• Don’t generate POPs 
• Capable of high 

destruction efficiencies
• Appropriate for treating 

POPs under Stockholm 
Convention



Summary
• Elimination of POPs is the ultimate goal.
• Many traditional disposal technologies are inappropriate 

for POPs disposal and in some cases are themselves major 
sources of POPs (e.g. incineration, landfilling, cement 
kilns, boilers, plasma, landfilling, deep well injection).

• Alternative non-combustion technologies are commercially 
available and come closest to meeting the spirit, intent and 
obligations of the Stockholm Convention for POPs 
destruction.

• However, these technologies should not become an excuse 
for the on-going production of POPs wastes.



Further Information

• Technical Criteria for Destruction of Stockpiled Persistent 
Organic Pollutants: 
http://www.who.int/ifcs/isg3/d98-17b.htm

• Greenpeace information on POPs and non-combustion 
technologies: 
http://archive.greenpeace.org/~toxics/reports/reports.html
http://www.greenpeace.org

• Stockholm Convention homepage: http://www.pops.int

http://www.who.int/ifcs/isg3/d98-17b.htm
http://archive.greenpeace.org/~toxics/reports/reports.html
http://www.greenpeace.org
http://www.pops.int
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Technology for Environmental Stewardship

ECO LOGICStockholm Convention:
From the Perspective of a Solution Supplier

Clarity for the Supplier 
• Metrics

Standards against which technology can be developed and calibrated to destroy hazardous 
waste in a safe and environmentally acceptable manner

• Measurement
Identification of an unbiased analytic methods which can be implemented for all outputs: 
gases, liquids and solids.

• Management
Requirement to control the system to achieve a permitted or desired outcome with a high 
degree of certainty.  

Certainty for the Customer

• For Each Country
Ability to specify precise objectives and budget, issue or deny permits from within a 
predictable process and timeframe, and enforce performance standards. 
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Technology for Environmental Stewardship

ECO LOGIC

Technology Terms of Reference (TOR)

Criteria, guidelines and standards for technology
selection, deployment, operation and monitoring

§ Has a very high (effectively 100%) destruction efficiency taking into account all inputs
and releases to all media (solid waste as well as gaseous releases);

§ Has complete containment of all process streams to enable testing and reprocessing,
if necessary, to ensure that high destruction efficiency is maintained; and

§ Does not produce dioxins or other POPs as an intrinsic characteristic .
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Technology for Environmental Stewardship

ECO LOGIC

Status of TOR Investigations 

• The conclusion of the UNIDO/GEF Project is that technologies capable of meeting  
these criteria are available.

• Technology can be effectively operated under conditions that pertain in many, if not 
all, GEF-eligible countries.

• Regulatory and design initiatives are underway to deploy a non-incineration 
technology, Gas Phase Chemical Reduction, for destruction of PCB stockpiles in 
Slovakia.

“After a careful analysis of proven available technological options of non-combustion 
alternatives to incineration of POPs gas-phase chemical reduction has been 
demonstrated to be the most effective such technology to destroy particularly difficult to 
treat PCBs contaminated waste such as transformers, capacitors and pallets.   These 
particularly difficult to treat PCBs contaminated products form the bulk of a targeted 
stockpile that will be the subject of a GEF pilot demonstration activity in Slovakia” 
(UNIDO Nov. 2002)

“ ...  in assessing technologies for destruction of POPs wastes, and particularly for 
future phases of the program, the ASP will consider and actively encourage possible 
alternatives to incineration. A cross cutting component of ASP ... will address 
destruction technology options and will progress the debate gained by UNIDO through 
its execution of a GEF project to demonstrate non-combustion technology for 
destruction of POPs in developing countries.”  (IBRD Sept. 2002)
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Technology for Environmental Stewardship

ECO LOGIC

• ELI Eco Logic International Inc. was formed in Canada in 1986 to develop the Gas-
Phase Chemical Reduction (GPCR) Process

• A process engineering organization
• Offices in Canada, the United States and Australia and partner offices in Japan
• Patented, broad-based technology, suitable for the treatment of a wide range of 

organic hazardous wastes, including all POPs
• Partnerships with engineering firms throughout the world

Eco Logic Overview
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Technology for Environmental Stewardship

ECO LOGICTechnology Overview
Gas-Phase Chemical Reduction Process Diagram

Liquid Waste Preheater
System (LWPS) Gas-Phase

Chemical
Reduction
(GPCRTM)
Reactor

Gas Scrubbing
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Technology for Environmental Stewardship

ECO LOGICTechnology Overview
Example of Front-end/Reactor Combination at Stationary scale

LWPS
GPCR

Reactor
Gas

Scrubbing

Product 
Gas 

Storage
TORBED

TRBP

Liquids

Soil/Sed

Bulk Solids

Treated Solids Water

Auxiliary 
Burner

Liquid and solid wastes are placed into the 
TRBP, which is then heated to approximately 
600°C in a hydrogen-rich (oxygen deficient) 
atmosphere.  Contaminants that volatilize 
from the solids and liquids are then swept into 
the GPCR reactor for destruction.

Volatilized contaminants from the TRBP are swept into the reactor, 
where GPCR occurs in a hydrogen-rich (oxygen deficient) 
atmosphere at approximately 875°C.  Gases exiting the reactor 
(primarily methane, hydrogen and hydrogen chloride, are scrubbed 
to remove heat, particulate and acid, and then stored for reuse as a 
fuel.
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Technology for Environmental Stewardship

ECO LOGICTechnology Overview
Gas-Phase Chemical Reduction of PCBs

Technology Overview
Gas-Phase Chemical Reduction of PCBs

Methane

Hydrogen
Chloride

Heat (> 850°C) 
Hydrogen (> 65%)
Steam (20-30%)

Polychlorinated Biphenyl

Principal Products from 
Gas-Phase Chemical Reduction of PCBs

Hydrogen

plus trace light 
hydrocarbons

Carbon
Monoxide
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Technology for Environmental Stewardship

ECO LOGIC

Over 3,000 tons of hazardous waste 
treated during 30,000 hours of 

operation

• PCBs
– Treatability-scale to full-scale 

commercial projects
– Liquid and solid matrices

• Pesticides and other Persistent 
Organic Pollutants (POPs)

– Treatability-scale to full-scale 
commercial projects

– Liquid and solid matrices

Waste Type Input Output
Malathion/Xylene             1.7 g < 7.0 ng 
Hexachlorobenzene 66 % 150.0 ppb
Hexachlorobutadiene 17 % < 0.2 ppb
Hexachloroethane 2 % < 0.2 ppb
Hexachlorobenzene 100 % < 5.2 ppb
OCDD 52 ppb < 0.0057 ppb

Pilot-Scale POP Treatment

Destruction and Removal Efficiencies:
PCBs 99.999998 %
DDT 99.999984 %

Full-Scale PCB and DDT  Treatment

PCB Destruction and Removal Efficiencies:
Test 1 99.9999996 %
Test 2 99.9999985 %
Test 3 99.9999997 %

Full-Scale PCB Treatment

Hexachlorobenzene Chlorobenzene
Test 1 99.999999% 99.9999%
Test 2 99.999999% 99.9999%
Test 3 99.99999% 99.9999%

Full-Scale POP Treatment Destruction Efficiency

GPCR Experience: 
Commercial Work Established our Foundation for Excellence
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Technology for Environmental Stewardship

ECO LOGICGPCR Development / Experience
Examples of Performance Data

Waste Type Input Output Destruction 
Efficiency (%)

Malathion/Xylene 1.7 g < 7.0 ng N/Q
Hexachlorobenzene 66 % 150 ppb N/Q
Hexachlorobutadiene 17 % < 0.2 ppb N/Q
Hexachloroethane 2 % < 0.2 ppb N/Q
Hexachlorobenzene 100 % < 5.2 ppb N/Q
OCDD 52 ppb < 0.0057 ppb N/Q
PCBs (soil) 200 – 260 ppm < 0.0006 ppm N/Q
VX 1440 g ND in stack gas and scrubber water 99.999999
HD 2450 g ND in stack gas and scrubber water 99.999999
PCBs (fiberglass) 120 ppm < 0.05 ppm N/Q

Pilot-Scale Data

Full-Scale Data (Regulatory Testing and Full-Scale Trials)
Waste Type Input Output Destruction 

Efficiency (%)
PCB Oil (3 tests) 48 – 54 % < 0.02 – 0.83 µg/L (scrubber water)

0.041 – 0.41 µg/m3 (stack gas)
99.99998 –
99.999999

PCB Oil 90 % < 0.72 µg/m3 (stack gas)
ND in scrubber water

99.999998

DDT 30 % < 1.7 µg/m3 (stack gas)
ND in scrubber water

99.999984

Hexachlorobenzene 6,708 kg 119 kg (TRBP residual)
ND in stack gas and scrubber water

99.99999
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Technology for Environmental Stewardship

ECO LOGIC

Summary of Evaluation of the Maturity of ACWA Demo II Unit Operations and Processes
Hydrolysates Agent MunitionsTechnology Provider/Unit

Operation or Process VX/GB HD Energetics VX/GB HD Energetics
Other

AEA
Silver IIa

Solid/liquid waste treatment
Gaseous waste treatment

C
C
D

C
C
D

C
C
D

Foster Wheeler/Eco Logic/Kvaerner
TW-SCWO

GPCR

B B C

B B B Bb,c
Teledyne-Commodore

Ammonia fluid jet cutting/washout
SET
Persulfate oxidation (agent)
Peroxide oxidation (energetics)
Metals parts/dunnage shredding

D
D
D
D

D
D
D
D

E
D
D
D

Cb

Ab,c

Letter designations as follows: A, demonstration provides sufficient information to justify moving forward to full-
scale design with reasonable probability of success; B, demonstration provides sufficient information to justify
moving forward to the pilot stage with reasonable probability of success; C, demonstration indicates that unit
operation or process requires additional refinement and additional demonstration before moving forward to pilot
stage; D, not demonstrated and more R&D is required; and E, demonstrated unit operation or process is
inappropriate for treatment. a Includes integrated gas polishing system to support demonstration b Dunnage
c Metal Parts

Source: http://www.nap.edu/books/030907634X/html/3.html

GPCR, A Mature Technology
DOD/National Research Council Conclusions

http://www.nap.edu/books/030907634X/html/3.html
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Technology for Environmental Stewardship

ECO LOGICGPCR Development / Experience
Significant Stages

General Motors of Canada Limited
• February 1996 to September 1997, under Ontario Ministry of Environment permits

• Processed more than 1000 tons of PCB-contaminated material

• Waste matrices included electrical equipment, high-strength oil, soil/sediment, concrete, PPE and 
miscellaneous other solids

• Compliance with all permit requirements, and PCB destruction efficiencies of at least 99.999999%   
(“8-nines”)

Kwinana, Western Australia
• May 1995 to December 2000

• PCB and pesticide wastes (including DDT) for government and industry clients throughout 
Australia

• 2,000 tonnes PCBs and pesticides

• Routine regulatory testing and performance validation showed better than 99.9999% (“6-nines”) 
destruction of PCBs and OCPs

• Treated solids to levels well below Australian “PCB-Free” criteria of 2 ppm

US Army, Chemical Weapon Destruction Commands, Aberdeen MD.
• 1995 to present

• Multiple tests and trials -- all agents/all matrices, always compliant with standards

• Integrated design for multi-reactor system
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Technology for Environmental Stewardship

ECO LOGICTechnology Applications
Legacy Issues and Solutions

Legacy problems characterized by:
• Contaminated sites with multiple matrices requiring treatment (i.e. soil, concrete, 

drummed material, rubble, storage tanks, etc.)

• Contained stockpiles of hazardous waste awaiting treatment (i.e. PCB oil, obsolete 
pesticides, fly ash, ODS, other waste in liquid and solid form)

Requirement: One technology with the flexibility to deal with the varying 
waste matrices and the varying contaminant types

Eco Logic’s Solution:
• Optimized GPCR front-end systems (i.e. TRBP, LWP, TORBED, ) provide efficient  

flexibility for different matrices

• Simplicity of GPCR reactions provide robust response for different organic contaminants
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Technology for Environmental Stewardship

ECO LOGIC

• Full-scale plants in operation since 
1995 (Kwinana: 1995 to 2000; 
GMCL: 1996 to 1997)

• For use at sites with large waste 
stockpiles, or where waste can be 
brought in from surrounding area

• Footprint: 4,000 m2 (approximately 8 
to 10 trailers)

• Throughput: 150  tonnes per month 
bulk solids and liquids (2 TRBPs)

• Soil and Sediment Treatment 
Capability: 1000 to 3000 per month  
(1 TORBED) è throughput highly 
dependent on characteristics of 
waste

Technology Applications
Full-Scale Plants

Commercial GPCR Plant, Kwinana, Western Australia

3rd Generation
TRBP, 15 tons 
per Batch Cycle
Kwinana, W.A.
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Technology for Environmental Stewardship

ECO LOGIC

• Mobile plant currently constructed in 
Japan

• For use at sites or in regions with 
smaller waste stockpiles, or where 
mobility is important

• Footprint: 1,000 m2 (approximately 4  
trailers)

• Throughput: 30-70  tonnes per month 
bulk solid or liquid material

• Soil and Sediment Treatment 
Capability: 300 to 600 tonnes per 
month soil or sediment (1 TORBED 
reactor) è throughput highly 
dependent on characteristics of 
waste

Technology Applications
Mobile Plants

Mobile Liquid Waste Pre-heater
for GPCR Plant

Mobile Thermal Reduction Batch Processor

Photos courtesy of Tokyo Boeki
and Nippon Sharyo, Japan 2002
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Technology for Environmental Stewardship

ECO LOGICTechnology Applications
Pollution Prevention/Waste Minimization Issues and Solutions

Small quantities of “in-process” hazardous organic waste
• Avoidance of media (i.e. air, water, soil) contamination
• Re-cycling 

Req1uirement: Robust technology that is easily integrated into 
existing plant operations and systems

Eco Logic’s Solution:
• Portable GPCR unit for the treatment of wastes as they are produced
• Industry-standard operating systems and effective technology transfer
• For carbon filter material, treatment to remove the organics re-generation
• For CFCs, re-cycle by distillation and destruction of  R12 with GPCR
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Technology for Environmental Stewardship

ECO LOGIC

• Small size (fits into single sea 
container or gooseneck 
trailer; 800 ft2 footprint)

• Highly mobile

• First developed as a unit for 
conducting treatability tests

• Commercial applications are 
on-site, in-process treatment 
of manufacturing wastes and 
carbon filter material

• Throughput: 5 to 50 
tonnes/year, depending on 
reactor configuration, 
chemical concentration and 
waste matrix

Technology Applications
Portable Plants
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Technology for Environmental Stewardship

ECO LOGIC

GPCR Technology Development - Milestones

1985

1988

1990

1990

1994/95

1995

1996

1996

1997/98

1999

1999

1999

2000

2000

2001

2001

2002

GPCR concept for hazardous waste treatm ent

Bench-scale GPCR equipm ent fabricated

First patent received for GPCR

Field dem onstration plant designed and fabricated

Full-scale plant design and construction

First full-scale plant began treatm ent of PCBs and pesticides

Second full-scale plant began treatment of PCB waste

First chem ical warfare agent test

Redesign of TRBP for increased throughput

Redesign of Dem onstration Plant for US Arm y testing

Full-Scale  successful Hexachlorbenzene Trials

Identification of TORBED for front-end soil treatm ent

ACW A Testing (US Arm y non-incineration program )

Subm ission of Concept Design for a chem ical weapons treatm ent plant

Validation of technology by NRC

Subm ission of Engineering Design Package for US Arm y EIS

Selected by GEF/UNIDO and US Arm y as preferred technology
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Technology for Environmental Stewardship

ECO LOGIC

GPCR  Advantages

• Certainty
• Design
• Performance
• Cost

• Flexibility 
• Legacy and non-legacy applications
• All waste matrices
• All organic wastes and all halogens

• Maturity

• Acceptability
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BCD Group, Inc.
www. bcdinternational.com 2

BCD – Base Catalysed Decomposition

n Proven technology for the chemical 
destruction of POPs (persistent organic 
pollutants)

BCD Group, Inc.
www. bcdinternational.com 3

BCD Process - Credibility

n Developed and patented by the USEPA
n Commercially proven
n Alternative to incineration
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BCD Group, Inc.
www. bcdinternational.com 4

BCD Process - Flexibility

n Applicable to a wide range of halogenated 
pollutants

n Applicable to liquids, sludge and soils

BCD Group, Inc.
www. bcdinternational.com 5

The BCD Reaction

Hydrogen Donor
PCB (POP) (Hydrocarbon oil) Base

Biphenyl Salt Steam

ClyClx

+ R' - H + NaO

Carbon 

>320oC
+ NaCl + H2O
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BCD Group, Inc.
www. bcdinternational.com 6

BCD Pilot Plant, NZ Trials

BCD Group, Inc.
www. bcdinternational.com 7

BCD Treatment Enhancements

Improvements in the following areas allowed 
waste treatment to be accelerated:

n Selection of appropriate catalysts for 
particular waste types

n Process design improvements
n Processing time reduced from >12 hours to 

< 1 hour
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BCD Group, Inc.
www. bcdinternational.com 8

Simplified BCD Process Flow

BCD Group, Inc.
www. bcdinternational.com 9

ITD Facility, Herne, Germany
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BCD Group, Inc.
www. bcdinternational.com 10

Simplified BCD Process Flow

BCD Group, Inc.
www. bcdinternational.com 11

NZ Pilot Plant Demonstrations

ITD and BCD technologies 1997-1998

n ITD treatment of PCP, DDT, HCH, Dioxins 
and Chlorothalonil contaminated solid 
wastes

n BCD treatment of various organochlorine 
pesticides
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BCD Group, Inc.
www. bcdinternational.com 12

NZ Pilot Plant Demonstrations

ITD treatment program
Typical inlet concentrations
n PCP level 3,000 ppm
n Dioxin level 245 ppb
n DDT level 500 ppm
n HCH level 250 ppm
n Chlorothalonil 600 ppm

BCD Group, Inc.
www. bcdinternational.com 13

NZ Pilot Plant Demonstrations

Indirect Thermal Treatment Program

n Targeted PCP level < 0.05 ppm
n PCP level achieved < 0.02 ppm (below 

detection)
n Targeted Dioxin level < 1 ppb
n Dioxin level achieved < 1 ppb
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BCD Group, Inc.
www. bcdinternational.com 14

NZ Pilot Plant Demonstrations

BCD Treatment Program

n BCD treatment of PCP, DDT, HCH, 
Dieldrin, Aldrin, 

BCD Group, Inc.
www. bcdinternational.com 15

NZ Pilot Plant Demonstrations

BCD Treatment Program

n Targeted DDT level in soil < 0.05 ppm
n DDT level achieved < 0.001 ppm
n Targeted HCH level in soil < 0.05 ppm
n HCH level achieved < 0.001 ppm
n Chlorothalonil achieved  in soil <0.1 ppm
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BCD Group, Inc.
www. bcdinternational.com 16

Moe Project, Victoria Australia

n Approximately 250 tonnes of PCB 
contaminated soil

n Contaminant levels varied between 500 
ppm and 1,300 mg/kg

n ITD treatment of contaminated soil 
followed by BCD treatment of ITD residue

BCD Group, Inc.
www. bcdinternational.com 17

Olympic Site, Sydney

n 10 tonnes of “pure” organochlorine waste
n 10 tonnes of mixed organochlorine waste
n 450 tons of organochlorine contaminated 

soil.
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BCD Group, Inc.
www. bcdinternational.com 18

Olympic Site, Australia

BCD Group, Inc.
www. bcdinternational.com 19

Olympic Site, Sydney

ITD treatment of contaminated soil
n Predominantly chlorobezenes (CB) and 

chloropenols (CP)
n Approximately 20,000 ppm total OCCs
n Treated soil
n < 10 ppm total OCCs
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BCD Group, Inc.
www. bcdinternational.com 20

Olympic Site, Sydney

BCD Treatment
n Approximately 10 tonnes of CB/CP 

impacted ITD residue
n Concentration of CB/CP in ITD residue 

ranged from 12,000 mg/kg to 27,000 mg/kg.
n 10 tonnes of “Pure” waste
n 10 tonnes of miscellaneous waste

BCD Group, Inc.
www. bcdinternational.com 21

Olympic Site, Sydney

BCD Treatment
n Organochlorine concentration of waste 

ranged from 20,000 mg/kg to 500,000 
mg/kg.

n Treated product < 1.0 total CB and CP
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BCD Group, Inc.
www. bcdinternational.com 22

Full Scale BCD Plant, Australia

BCD Group, Inc.
www. bcdinternational.com 23

Chronology of BCD Applications 
and Activities

Date Organisation Description

1989 US EPA Development of Chemistry
by the US EPA 

1991 1st patents granted

1991 Soil Tech, USA Wide Beach Superfund Site (NY)
42 000 t soil, PCBs (5 000 ppm)

1992 Outboard Marine Superfund (Il)
13 000 t soil, PCBs
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BCD Group, Inc.
www. bcdinternational.com 24

Chronology of BCD Applications 
and Activities

Date Organisation Description

1992-ongoing BCD Technology BCD Technology opens commercial
facility, Queensland, Australia

1993 US EPA Koppers Superfund Site (NC)
Clayey soil, PCB and dioxins

1995 Smith Farm (KY)
30 000 t soil, PCP, pesticides

1996 ETG (USA) Binghampton Superfund Site (NY)
3 000 t soil, PCP, dioxins

1997 Dow Chemical, wood preservatives (MI)
500 t soil, PCP, DDT, dioxins

BCD Group, Inc.
www. bcdinternational.com 25

Chronology of BCD Applications 
and Activities

Date Organisation Description

1997 US Navy/IT Corp US Naval Base, Guam
10 000 t soil, PCBs

1998 ADI Limited Wood Preservatives Site (NZ)
Soil, pesticides, dioxins, pure chemicals

2000-2002 IHOBE Lindane reduction (Bilbao, Spain)
3 500 t lindane converted to TCB

2000 Enterra (Australia) Moe Power Station Site VIC, AUS
PCB contaminated soil 

2001-2002 Enterra (Australia) Olympic Site, NSW, AUS

Current Shaw Group (USA) Warren County Landfill (NC)
40 000 t soil, PCBs and dioxins

Current S.D. Meyers (MEX) BCD treatment facility (Mexico)
PCB contaminated oil
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BCD Group, Inc.
www. bcdinternational.com 26

BCD Project, US Navy, Guam

BCD Group, Inc.
www. bcdinternational.com 27

Chronology of BCD Applications 
and Activities

Date Organisation Description

1997 US Navy/IT Corp US Naval Base, Guam
10 000 t soil, PCBs

1998 ADI Limited Wood Preservatives Site (NZ)
Soil, pesticides, dioxins, pure chemicals

2000-2002 IHOBE Lindane reduction (Bilbao, Spain)
3 500 t lindane converted to TCB

2000 Enterra (Australia) Moe Power Station Site VIC, AUS
PCB contaminated soil 

2001-2002 Enterra (Australia) Olympic Site, NSW, AUS

Current Shaw Group (USA) Warren County Landfill (NC)
40 000 t soil, PCBs and dioxins

Current S.D. Meyers (MEX) BCD treatment facility (Mexico)
PCB contaminated oil
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BCD Group, Inc.
www. bcdinternational.com 28

TCB Column, IHOBE, Spain

BCD Group, Inc.
www. bcdinternational.com 29

Reactor, IHOBE, Spain
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BCD Group, Inc.
www. bcdinternational.com 30

Chronology of BCD Applications 
and Activities

Date Organisation Description

1997 US Navy/IT Corp US Naval Base, Guam
10 000 t soil, PCBs

1998 ADI Limited Wood Preservatives Site (NZ)
Soil, pesticides, dioxins, pure chemicals

2000-2002 IHOBE Lindane reduction (Bilbao, Spain)
3 500 t lindane converted to TCB

2000 Enterra (Australia) Moe Power Station Site VIC, AUS
PCB contaminated soil 

2001-2002 Enterra (Australia) Olympic Site, NSW, AUS

Current Shaw Group (USA) Warren County Landfill (NC)
40 000 t soil, PCBs and dioxins

Current S.D. Meyers (MEX) BCD treatment facility (Mexico)
PCB contaminated oil

BCD Group, Inc.
www. bcdinternational.com 31

10 m3 Reactor, Mexico
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BCD Group, Inc.
www. bcdinternational.com 32

BCD Processing Facility, Mexico

BCD Group, Inc.
www. bcdinternational.com 33

Summary of Benefits

n Non-incineration alternative
n Simple and Safe
n Proven track record
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Scientific programmeScientific programme

n Basic research on the de novo synthetic 
reactions focused on PCDD, PCDF, PCBz on 
laboratory scale

n dehalogenation research in laboratory and 
semi pilot scale

n emission problems in metallurgical plants 
(proposed EU grant of 4 countries: Germany, 
Norway, Sweden, Czech Republic)

n PCDD, PCDF, PCB and PCBz measurement 
in the emissions of important combustion 
units

19.8.2017

Dechlorination method developed in our 
laboratory
Dechlorination method developed in our 
laboratory

nReaction principle
–polychlorinated matter 
v→ Wheland intermediates 

formation
v→ inorganic chlorides    

(HCl, alkali chloride)

19.8.2017

Dechlorination method developed in our 
laboratory
Dechlorination method developed in our 
laboratory

n Reaction conditions
– inert or oxygen free atmosphere
– temperature 300°C
– loading of destructed matter 4% 

(owing to the type of the dehalogenated compound could be 
optimized)

– time 2-4 hrs (optimization under study)
– reaction pressure (0.1-3 atm)

n Systems
– laboratory 

v Discontinuous, stationary 
– semi pilot 

v Semi-continuous, mixed

19.8.2017

Limitation of the methodLimitation of the method

nSpecies with high alkalinity are not 
convenient for dehalogenation
nDehalogenations on matrices which 

sinter under given conditions
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AdvantageAdvantage

nWell known mechanism
nProbability of coupling or polymerization 

reactions is negligible
nThe dehalogenation does not 

significantly depend on the stage of 
chlorination

19.8.2017

Comparable technologies under 
similar reaction conditions
Comparable technologies under 
similar reaction conditions

n Technologies based on reactions with glycolates (PEG, 
APEG, KPEG etc)
– limitation: highly chlorinated systems cannot be totally 

detoxifiied
n BCD method - base catalysed

– limitations: the reaction mechanism is not reliably known
– the process must be monitored for the case of high 

chlorinated systems (OCDD - 2,3,7,8 TCDD formation)
– the waste may require an optimized pre-dilution to 

achieve required destruction efficiencies

(Andrea Lodolo et al. An Overview: Remediation Technologies for POPs 
(ICS-UNIDO). Training Workshop for Initial National POP Inventory, EU Project 
GEF/UNIDO, 16-17.5.2002, Brno)

19.8.2017

Laboratory results I.Laboratory results I.

n Hexachlorobenzene → 100% conversion to 
benzene (optimized conditions)
– total dehalogenation, determined 

dechlorination pathways
– dechloration is thermodynamically 

controlled
n Publications

– Chemosphere 39(14), 2391-2399 (1999). 
– Environ Sci Pollut Res. 10(2), 2003-will be 

published

19.8.2017

Laboratory results II.Laboratory results II.

n Pentachlorophenol  → 100% conversion to phenol 
(optimized conditions)
– dechlorination pathways, thermodynamical studies

n Decachlorobiphenyls including
– Delor 103, Delor 105 (optimized conditions)
– dechlorination to biphenyl

n Presentation
– Conference on persistent organic pollutants, 

Lancaster University, 28.-29,4.1998
– All will be published
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Laboratory results III.Laboratory results III.

n Octachloronaphthalene
– → 97% dechlorination to naphthalene

n Different sources of fly ash
– → 97% dechlorination 

(optimized conditions with  respect to the fly ash composition 
and effect of matrix)

n Publications
– Basic studies: Chemosphere 41, 12, 1881-1887, 2000.
– Organohalogen Compounds 56, 205-208, 
– 2002 Karasek Meeting, US EPA and Vrije Universiteit 

Brussel, 2001, Durbuy/Brussels, Belgium 

19.8.2017

Laboratory results IV. – from Spolana Laboratory results IV. – from Spolana 

nDetoxification of samples 
– floor dust
–wall coat

nAll from from contaminated 
"sarcophagus"
nThe dehalogenation process has not 

been optimized so far

19.8.2017

Floor dustFloor dust
n PCB - polychlorinated biphenyls (predominant toxicity  of PCBs 

156,118, 167)
– detoxification from 99.98%

n PCDD+PCDF (predominant toxicity  of OCDD; TCDD; HxCDF)
– detoxification from 99.97% 

n PCBz - polychlorinated benzenes (predominant toxicity  of HCB)
– detoxification from 99.9987%

n DDT and its metabolites (predominant  ppDDT)
– after detoxification below detection limit)

n HCH -hexachlorohexanes (predominant compound alfa HCH)
– detoxification from 99.9984%

n Polychlorinated chlorophenols were not analyzed

19.8.2017

Wall coatWall coat

n The contamination of wall surfaces by 
PCDD/F was about more than order of 
magnitude lower compared with data for the 
samples from the floor,

n The wall scratch samples were detoxified 
worse, from ∼ 85%
(the effect of alkalinity of these samples).

n Absolute values after dechlorination of these 
samples are nevertheless under the limits for 
free landfilling
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ApparatusApparatus

19.8.2017

Semi pilot detoxification experiments Semi pilot detoxification experiments 

nTrial and testing operation - one and 
half year up to now 
nExpected to the end of 2003

–offer all technical parameters for 
industrial prototype manufacturing 

–optimization of dechlorination 
processes

19.8.2017

Some experimental results I.Some experimental results I.

n Detoxification of Delor 103, 
– matrix active charcoal, 300°C, 4 hrs, 0.3 atm, 

loading 5.33%, without optimization
– dehalogenation from 99.84%

n Detoxification of fly ash from baghouse of MWI
– original toxicity 82 ng I-TEQ PCDD/F
– no matrix, 300°C, 4 hrs, 0.1 atm, loading 5.33%, 

optimized regime
– dehalogenation 99.9998%
– detoxification 99.992%

19.8.2017

Some experimental results II.Some experimental results II.

n Detoxification of Delor 103
– Amount: 1.2 kg, 
– Matrix: dehalogenated fly ash, 
– temperature/time/pressure: 300°C, 4 hrs, 0.3 atm, 
– loading 5.5%, without optimization
– dehalogenation from 99.97%
– detoxification 99.90%

n All dehalogenated matters fully satisfy the limits 
for PCDD, PCDF and PCB for free landfilling
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The monitoring of POPs surrounding 
of Spolana Neratovice after summer 

flood episode
Michael Vít
Ministry of Health CR

Roman Grabic, Šárka Crhová,
Tomáš Ocelka, Tomáš Tomšej
District Public Health Institute Ostrava,
National Reference Laboratory for POPs Frýdek-Místek

Vladimír  Kočí
Institute of Chemical Technology

Mark Rieder, Drahomira Leontovycova
Czech hydrometeorological institute Prague

Content

vSampling sites and situation
vThe results of passive sampling (SPMD) 

The results of fast analysis of soil, 
sediments and water

• Water 
• Air

vThe results of analysis fish and foodstuff
vConclusions and future activities of 

Ministry of Health 
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Legend for sampling map 

Ministry of Health (30.8.2002), NRL for POP

CIZP (11.9.2002), NRL for POP, Frýdek-Místek

Sampling area in general

Sampling point in general
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PCDD/F in water samples
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PCDD/F in soils and sediments

PCDD/F in soils and sediments
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PCDD/F in soils and sediments
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pozemek u RD, p. Koubková,
Budovatelů 279, Libiš
sediment-downstrem from
outlet Spolana

OCP in soils and sediments
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OCP in soils and sediments

PCB in soils and sediments
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OCP in air (SPMD)

OCP and PCB in air (SPMD)
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SPMD sampling of water

SPMD sampling of water
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SPMD sampling of water

SPMD sampling of water
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Analysis of fish

Conclusions

vThere are two sources of contamination in 
Spolana Neratovice

vHigh levels OCP in air, soil and water

vThe results of passive sampling show  
increased levels POPs but not out of range 
common in CR 

vSlightly increased levels in fish 
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Future activities of MH CR

vDetermination of reference level OCP, 
PCB and PCDD/F in blood

vMonitoring of workers exposure in 
Spolana

vContinuing of SPMD monitoring  
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Biological waste sorts

agricultural wastes 
from plant production,
from animal husbandry,

food production wastes (and from other processing 
industry),
municipal wastes

green wastes,
waste-water treatment sludge (they are usually contaminated 
by heavy metals),
separately collected municipal biowaste

from households and gardens,
from restaurants and dining halls,

waste wood
from forests,
from woodprocessing industry and
from constructions and demolitions.

Possibilities of biological waste 
utilisation

Thermo- or pyro- lysis processes, 
mainly combustion

Biological waste sorts

agricultural wastes 
from plant production,
from animal husbandry,

food production wastes (and from other processing 
industry),
municipal wastes

green wastes,
waste-water treatment sludge (they are usually contaminated 
by heavy metals),
separately collected municipal biowaste

from households and gardens,
from restaurants and dining halls,

waste wood
from forests,
from woodprocessing industry and
from constructions and demolitions.

Possibilities of biological waste 
utilisation

Thermo- or pyro- lysis processes, 
mainly combustion
Biological processes (composting, 
anaerobic digestion, alcohol 
fermentation)
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2

Biological waste sorts

agricultural wastes 
from plant production,
from animal husbandry,

food production wastes (and from other processing 
industry),
municipal wastes

green wastes,
waste-water treatment sludge (they are usually contaminated 
by heavy metals),
separately collected municipal biowaste

from households and gardens,
from restaurants and dining halls,

waste wood
from forests,
from woodprocessing industry and
from constructions and demolitions.

Possibilities of biological waste 
utilisation

Thermo- or pyro- lysis processes, 
mainly combustion
Biological processes (composting, 
anaerobic digestion, alcohol 
fermentation)
Chemical processes (oil or grease 
esterification)
Feeding to animals (feeding paste, 
fibrous addition to food, alpha 
amylase, etc.)

Biological waste sorts

agricultural wastes 
from plant production,
from animal husbandry,

food production wastes (and from other processing 
industry),
municipal wastes

green wastes,
waste-water treatment sludge (they are usually contaminated 
by heavy metals),
separately collected municipal biowaste

from households and gardens,
from restaurants and dining halls,

waste wood
from forests,
from woodprocessing industry and
from constructions and demolitions.

Collection bin types

Common waste bins
Optimised waste bins (110 or 220 l)
Containers (approx. 1m3)
Large-volumes containers (5-10 m3)
Bag systems
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Nová Paka

Rhöndorf

Rhöndorf

Collection bin types

Common waste bins
Optimised waste bins (110 or 220 l)
Containers (approx. 1m3)
Large-volumes containers (5-10 m3)
Bag systems
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Pezinok

Uherské 
Hradiště

Collection bin types

Common waste bins
Optimised waste bins (110 or 220 l)
Containers (approx. 1m3)
Large-volumes containers (5-10 m3)
Bag systems

Pezinok
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Rýmařov

Collection bin types

Common waste bins
Optimised waste bins (110 or 220 l)
Containers (approx. 1m3)
Large-volumes containers (5-10 m3)
Bag systems

Bystřice nad 
Pernštejnem Collection bin types

Common waste bins
Optimised waste bins (110 or 220 l)
Containers (approx. 1m3)
Large-volumes containers (5-10 m3)
Bag systems
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Collection bin functions

SSI Schäffer
Kompostainer

Separation of biowaste from rest waste
Improving the hygiene of waste collection
Prolongation of the interval among collections
Start of aerobic fermentation
Simplification of manipulation

Household collection bins

Bag for 
collection of 
biowaste made 
from recycled 
paper

Good bins have 
odour filter

Composting plant 
of municipal 
biowaste in Baix 
Camp (Botarell, 
Spain – cap. 30.000 
t / year)

Collection of 
biowaste
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Composting plant Nová Paka; biowaste collector is unloaded 
and the biowaste is then manualy final-sorted.

How to improve the quality of 
separation?

Education and communication with 
citizens
Control of the collected biowaste
Finacial motivation
Optimization of bins arrangement

GIS
Loan the bins to interested persons
Collection yards

Composting process
Composting 
process

(Hejátková 2001)
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Grinding of materials

Increase of particle surface
Improvement of homogenisation
Creation of structure easing control 
of moisture, aeration and manipulation 
with material
Increase of drying resistance
Improvement of heat isolation
Reduction of rain penetration to 
compost pile

Particle size effects on composting

Grinding Carbon:nitrogen ratio effects 
on composting
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Manipulation 
with

materials

How to shorten biowaste 
collectors routes?

Rottaler Modell

Turning frequency effects 
on composting

Turners

A tractor 
pulled 
compost 
turner

A self propelled windrow
turner

An auger-style 
turner
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Pile volume effects on composting Composting temperature
>55°C Max. of sanitation
45-55°C Opt. for biodegradation
35-45°C Increasing of microbial diversity

Sanitation requirements
Country Temperature 

[°C]
Duration 
[days]

Austria 65 6 or 2*3
Belgium 60 4
Denmark 55 14
France 60 4
Italy 55 3
Netherlands 55 2
CR (suspection to patogenic 
microorganisms)

55 21

CZ (other composts) 45 5

(ORCA 1992,ČSN 66 5735)

Moistening
Sprinkling of piles
Moistening of air during pressure aeration
Injection of water to piles
Turning with simultaneous water addition
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Sieving Compost: brown, dun or almost black 
homogeneous matter with crumb structure

Compost application Anaerobic digestion process

(Fox and Pohland, 1994)

Methanogenic
bacteria
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Anaerobic digestion process
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Materials suitable for AD

agricultural wastes 
from plant production,
from animal husbandry,

food production wastes (and from other processing 
industry),
municipal wastes

green wastes,
waste-water treatment sludge (they are usually contaminated 
by heavy metals),
separately collected municipal biowaste

from hoseholds and gardens,
from restaurants and dining halls,

waste wood
from forests,
from woodprocessing industry and
from constructions and demolitions.

Anaerobic digestion - conditions

Materials
Moisture > 45%
C/N of material composition < 20-30/1 (Meynell 1976)
C/P of material composition approx. 200/1 (Bardiya, Gaur 1997)

Process
Mesophilic 35°C, thermophilic 55°C
Hydrolysis and acidogenesis: pH 6-6.5 (Massey, Pohland 1978)
Acetogenesis and methanogenesis: pH 7-7.5 (Massey, Pohland 
1978); strictly anaerobic conditions, slow growth and 
multiplication of microorganisms, lower resistance to stress

Final product
Biogas (55-70% CH4, 27-44% CO2, 1-3% H2, 0.1-1% H2S, etc 
(Jonáš et al. 1988)
Compost

Material potencials for biogas production

Material Biogas production
[l/kg of dry matter]

Cattle slurry 250
Cereal straw 250
Dung 300
Grass 410
Corn straw 410
Distiller‘s draff 420
Pig slurry 420
Beet tops 450
Poultry slurry 470
Waste water treatment sludge (unstabilised) 540
Biowaste 700
Grass chippings 710
Grease industry waste 1200
Grease from grease separators 1330
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Simple digesters – wet processes
“A” with internal 
floating 
gasholder
“B” with internal 
gasholder in 
digester’s vault
“C” with 
external 
floating 
gasholder
“D” channel 
digester with 
internal baloon 
gasholder
“E” with internal 
balloon gas 
holder

Farm digesters – wet processes

Karlshof
by München

Biowaste digestion - Teugn Teugn - photos
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Salzburg, DRANCO digester – dry process
Treatment of 
separatelly collected 
municipal biowaste

Biogas and landfill 
gas combustion 

Mechanical-biological 
treatment of rest waste

Kirstockach by München – 2-stage process

Kleegarten by 
Landau – economical 

design
What we can gain by biowaste 
recycling

Decrease of landfilling
Emmision reductions

landfill gas
dioxins
greenhouse gases

Nutrients reuse
Stable organic matter 
Energy production (biogas)
New workplaces
Lower prices of waste treatment (compared 
to combustion



19.8.2017

15

Price of treatment of 1 tun of 
biodegradable municipal waste [EUR]

Collection and 
composting

Combustion

Gironde 24 49

Niort 30.5 60
Bapaume 30-35 72

European Commision, Directorate for the Environment:
Success stories on composting and separate collection. Luxembourg, 2000

Drawbacks of biowaste recycling 
compared to disposal

more work
more complications
more manipulation
more space enclosured

But some problems can be easily solved. How?

Home composting and community composting

Active support
City Toronto offers 
composters for 15$

In the town 
Sutton by 
London 
municipality 
offers 
composters 
for free (1 
per family at 
max.)

Construction of composters from an old fence

Construction of a composter 
is easy.
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Health Impacts of Persistent Organic Pollutants (POPs)

Chapaevsk, Cheliabinsk - February/March 2003

Campaigning for Stockholm 
Convention and for dioxins 

elimination

Arnika Association experience
Jindřich Petrlík

Toxics and Waste Program 
of Arnika Association

Established in October 2001. Our 
Toxics and Waste Program 
continues in the work started 
in For Clean Soil, Air and 
Water section of the Children 
of the Earth.

SUCCESSES
• helped put a stop to 19 

unnecessary waste 
incinerators (1994 - 2000) 
and two new landfill sites,

• limit on emissions of 
dangerous dioxins from 
waste incinerators in the 
Czech Republic (1999 -
2000),

• preventing building of one 
new waste incinerator 
proposal (2002)

• PRTR legislation and 
Stockholm Convention 
ratification (2002)

Situation on the beginning 
of 90-s, public knowledge

• people didn’t know what the dioxins are for
• very few people cared about dioxins coming out 

of the stacks of waste incinerators and other 
factories

• at least no one except workers in Spolana 
Neratovice  knew about terrible contamination by 
dioxins in former pesticides production unit in 
Spolana (chemical component of Agent Orange 
was produced there)

List of campaigns 
• START in 1993
• Resistance against  waste 

incinerator  in Liberec 
1993 - now (Children of the 
Earth /Arnika)

• Opposing waste 
incinerator in Prague-
Malešice 1996 - 1999 
(Children of the Earth)

• Stop dioxins in the Czech 
Republic - a campaign for 
introduction of the air 
emissions limit 1998 - 2000 
(Children of the Earth)

• Clean up Milovice 
stockpile 1998 - 2000 
(Greenpeace)

• Toxics Free Future 2001-
now (Children of the Earth 
/Arnika) 

• Clean up Spolana 
Neratovice from POPs 
2001 - now 
(Greenpeace/since 2002 
Arnika as well)

• Stop Lysa nad Labem 
incinerator 2000 - now 
(Arnika)



2

Incineration Impacts on 
Environment

• Inside goes:                                                                                         
– waste
– money

• Outcomes:
– air emissions
– (toxic) waste
– waste water

Liberec Waste Incinerator 
- Fly Ash on Long Travel
• there were terribly high dioxin emissions by the incinerator
• Liberec incinerator produce about 3.000 t of fly ash per year
• it is washed, but still includes                                        

dioxins on level 362 ngTEQ/kg
• it means 1.086 mgTEQ/year
• fly ash goes to landfill in mixture                                                

with bottom ash 30 km far 
• waste water from landfill, which can                                          

include dioxins goes to treatment                                       
plant again 30 km far

• we did not find out, what does happen                                    
with sewage sludge after treatment

• State institutions gave up to control this long trip of dioxins

Liberec Waste Incinerator 
- what we learned

1) to follow all 
pollution flows

2) to follow not only 
pollution flows but 
economic as well

3) when you get rid 
of dioxins from air 
you will receive 
them somewhere 
else

No incinerator is safe 
enough - it always 

produces some POPs
Incineration is mostly economic 

disaster for the community or for 
the state budget
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List of campaigns 
• START in 1993
• Resistance against  waste 

incinerator  in Liberec 
1993 - now (Children of the 
Earth /Arnika)

• Opposing waste 
incinerator in Prague-
Malešice 1996 - 1999 
(Children of the Earth)

• Stop dioxins in the Czech 
Republic - a campaign for 
introduction of the air 
emissions limit 1998 - 2000 
(Children of the Earth)

• Clean up Milovice 
stockpile 1998 - 2000 
(Greenpeace)

• Toxics Free Future 2001-
now (Children of the Earth 
/Arnika) 

• Clean up Spolana 
Neratovice from POPs 
2001 - now 
(Greenpeace/since 2002 
Arnika as well)

• Stop Lysa nad Labem 
incinerator 2000 - now 
(Arnika)

"Toxics free Future"
an Arnika’s Waste and Toxics Program

• This project brings together three important steps
towards a clean environment

• Integrated register of pollution (= Pollutant
Release and Transfer Register - PRTR)

• signing, ratification and implementation of the
Stockholm Convention on POPs

• reduction in the quantity of harmful materials
released into the environment from particular
industrial plants

Toxics Free Future - results

• 9 320 signatures under 
petition

• more than 70 members 
of local and regional 
authorities supported 
campaign as well

• Stockholm Convention 
was adopted by the 
Parliament in May - 9, 
2002

• PRTR adopted in 2002 
as well

List of campaigns 
• START in 1993
• Resistance against  waste 

incinerator  in Liberec 
1993 - now (Children of the 
Earth /Arnika)

• Opposing waste 
incinerator in Prague-
Malešice 1996 - 1999 
(Children of the Earth)

• Stop dioxins in the Czech 
Republic - a campaign for 
introduction of the air 
emissions limit 1998 - 2000 
(Children of the Earth)

• Clean up Milovice 
stockpile 1998 - 2000 
(Greenpeace)

• Toxics Free Future 2001-
now (Children of the Earth 
/Arnika) 

• Clean up Spolana 
Neratovice from POPs 
2001 - now 
(Greenpeace/since 2002 
Arnika as well)

• Stop Lysa nad Labem 
incinerator 2000 - now 
(Arnika)
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Spolana 
Neratovice

• 1961 – production of HCHs (13% g) – pesticide -
mixtures and production of TrCBz – TeCBz and 
HCB

• HCB – pentachlorophenolate Na – PeCP
• TeCBz – trichlorophenolate a – 2,4,5-T
• PCDDs/Fs contamination
• some products used for Agent Orange in 60-s

Spolana campaign -
history

• 1996 - Children of the 
Earth published article 
“Czech Agent 
Orange” and warned 
about dioxin other 
possible sources of 
contamination

• 2001 Greenpeace 
started campaign on 
cleaning up old 
pesticide production 
buildings and warned 
before possible floods

• at the beginning of 
2002 Arnika started 
campaign on safety 
measures and 
cleaning up old 
chlorine electrolysis 
production from 
mercury 

• August 2002 Spolana 
was flooded 

Spolana Neratovice
After floods company 

declared: dioxins 
and PCBs found 
in sediments, soil 
and/or have not 
origin in its area. 
In January 2003 
scientists found 
that in Spolana 
are at least two 
sources of dioxins 
- pesticides 
production unit 
and old chlorine 
production unit

How to solve Spolana’s 
problems with dioxins?

Czech officials and industry 
representatives got 
answer on this question 
on conference organized 
by NGOs (IPEN and 
Arnika) together with 
UNIDO in January 2003 in 
Prague. By dioxins and 
other POPs contaminated 
sites can be cleaned up by 
non-combustion 
technologies such as 
GPCR (above) or BCD 
(below) processes are. 
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Summary: Some results of 
NGOs campaigning in Czechia

• Dioxins air emissions limit (0,1 ngTEQ/m3) for waste 
incineration introduced into Czech legislation since 
May 2000

• Between 20 - 30 new proposals for waste incinerators 
were stopped

• Stockholm Convention and PRTR adopted by Czech 
Parliament during Spring 2002

• Fly ash from incinerators has to be separated and 
specially treated according to Czech law

• Chemical plant Spolana Neratovice (chlorine 
production) is better monitored as POPs hot spot and 
will be cleaned up by non-combustion technology

Some websites with more 
information 

• Arnika’s English website with 
information about Spolana, waste 
incineration and other toxic issues 
http://english.arnika.org

• International POPs Elimination Network 
website http://www.ipen.org

• International Conference on Non-
Combustion Technologies 
http://pops2003.arnika.org

http://english.arnika.org
http://www.ipen.org
http://pops2003.arnika.org







































