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Executive Summary

Governments of the world have agreed to negotiate a global, legally
binding instrument to protect human health and the environment from persistent
organic pollutants (POPs).  One important way these pollutants enter the
general environment is by escaping from stores, stocks and environmental
reservoirs (including contaminated soils and sediments) of obsolete POPs
chemicals (PCBs, pesticides, etc.) and of POPs-contaminated wastes (dioxins,
PCBs, etc.).

There is now a growing consensus that stocks, stores and environmental
reservoirs of obsolete chemicals and POPs-contaminated wastes must be
rapidly identified, properly collected and properly destroyed in order to stem
their continued migration into the general environment.  This, in turn, opens up
a debate on what constitutes proper means for the collection and destruction of
these obsolete chemicals and wastes.

Many technologies are being commercialized to address the destruction
of POPs and POPs-contaminated materials.  The field is rapidly changing and
much information is still not available.  For that reason, this paper cannot be
considered complete or final, but rather it is a contribution to an ongoing
investigation.  It is an evolving document exploring criteria for the destruction of
persistent organic pollutants.  It also looks at several destruction technologies,
both historic and recently developed, including brief descriptions of their
capabilities and, where available, their costs.

Greenpeace has concluded that to afford adequate protection of both
local and distant populations of humans and wildlife, the technologies used for
destroying stockpiles of persistent organic pollutants (POPs) must meet the
following fundamental performance criteria:

• Destruction efficiencies of effectively 100 percent for the chemicals of
concern.  The determination of 100 percent destruction efficiency is
necessarily based on findings of no detectable concentrations of the
chemicals of concern in any and all residues, using the most sensitive
analytical techniques available worldwide. Analyses of the unmodified
residues must be carried out sufficiently frequently to ensure compliance
with this criterion during startups, shutdowns and routine operations.

 
• Complete containment of all residues for screening and, if necessary,

reprocessing to ensure that no residues contain detectable levels of
chemicals of concern or other harmful constituents, such as newly formed
persistent organic pollutants or other hazardous substances.

 
• No uncontrolled releases.
 
 
 

 Combustion technologies that have historically been used to attempt the
destruction of POPs stocks and POPs-contaminated materials have failed to
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meet these criteria.  Indeed, combustion technologies themselves are identified
as major sources from which POPs and other hazardous substances are
released to the environment.

 
 In recent years, several international and national agencies and

organizations have evaluated other destruction technologies, some of which are
now in commercial-scale operation in one or more countries.  Like the
combustion technologies, these newer technologies have high resource
demands and may otherwise exact a toll on the environment, the safety and
health of workers, and the general public that renders them unacceptable for
continued, long-term use, as in the disposal of wastes from ongoing domestic
and industrial activities.

 
 Some of these newer technologies (for example, gas-phase chemical

reduction) do represent a substantial qualitative improvement over combustion
for the destruction of stores, stocks and environmental reservoirs  of obsolete
POPs chemicals and POPs-contaminated wastes.  In many cases, these newer
technologies, if properly implemented, represent a better alternative than a
decision to incinerate or to take no action and wait for a better POPs destruction
technology to emerge.
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 Introduction

 Eradicating persistent organic pollutants (POPs) from the global
environment requires eliminating their sources, whether such sources are
specific facilities, processes or materials.  It also requires destruction of
stockpiled POPs and associated environmental contamination.

 POPs stockpiles are estimated to include more than one million tonnes of
PCBs distributed globally 1,2 and more than 100,000 tonnes of obsolete
pesticides in countries that are not members of the Organization for Economic
Cooperation and Development.3  No estimates have been made of stockpiles of
dioxina- containing materials. However, accumulations of dioxin-contaminated
materials can be expected to be quite large, particularly in countries where
chlorine-based industries are heavily developed and where incineration has
been relied on for waste disposal.  Similarly, there are no estimates of the mass
of contaminated soils and sediments that are associated with existing stockpiles
of PCBs, obsolete pesticides and dioxin-containing materials.

 POPs stockpiles and associated contamination impose enormous
environmental, public health and economic burdens, especially in developing
countries. Those responsible for the existence of these stockpiles  – the
manufacturers and/or the institutions that coordinated and funded distribution of
POPs and POPs-generating technologies – must be held responsible for the
destruction of the stockpiles and associated contamination.

 In all circumstances, destruction of POPs stockpiles and
decontamination of associated material must be accomplished in a manner that
safeguards both nearby and distant human and wildlife populations as well as
workers against further toxic exposure via direct pathways (e.g., inhalation) and
indirect pathways (e.g., through the food chain).  To achieve this, destruction
technologies must meet certain stringent criteria and they must be expertly
applied and regulated.  If destruction takes place in a country without strong
regulatory agencies and capacity, special, reliable oversight mechanisms
should be implemented.

 Criteria for the destruction of POPs stockpiles have not yet been
established.  However, global agreement was reached on the basic criteria for
the destruction of another group of persistent chemicals -- those identified as
ozone depleting substances (ODS):4

 “[D]estruction … must be accomplished in a manner that does not
further degrade the environment (e.g., global warming, acid deposition,
toxics, etc.).”

 
 Technologies used for ODS destruction are also required to achieve a

destruction efficiency of 99.99 percent, which is to be determined as follows:5

                                           
 a As used in this paper, the terms “dioxin” and “dioxins” are inclusive of both the polychlorinated
dibenzo-p-dioxins and polychlorinated dibenzofurans, i.e., both dioxins and furans, unless
otherwise noted.
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 "Destruction Efficiency: The overall destruction of ODS is calculated on
the basis of the total weight of ODS into the process, minus the sum of
the ODS in all products, by-products, and environmental releases,
divided by the ODS input. (DE is reported as a percentage.)”
 

 [Limited available data show destruction efficiencies for modern
hazardous waste incinerators ranging from 65 to 99.9 percent.  The frequently
reported higher values for such incinerators, in the range of 99.9999 percent,
refer to “Destruction and Removal Efficiency” (DRE).  DRE takes into account
only stack emissions with no consideration of other releases and residues.]
 

 Criteria for POPs destruction must be even more stringent than those for
ODS.  The initial list of twelve POPs was selected because these substances
and groups of substances are toxic, persistent, and bioaccumulative.
Technologies used for destroying existing stockpiles of these materials must
demonstrate a level of performance that is commensurate with the capacity of
these POPs to cause harm.  Consequently, technologies that are appropriate
for the destruction of POPs stockpiles must achieve the following basic
performance criteria:

 
• Destruction efficiencies of effectively 100 percent for the chemicals of

concern.  The determination of 100 percent destruction efficiency is
necessarily based on findings of no detectable concentrations of the
chemicals of concern in any and all residues, using the most sensitive
analytical techniques available worldwide. Analyses of the unmodified
residues must be carried out sufficiently frequently to ensure compliance
with this criterion during startups, shutdowns and routine operations.

 
• Complete containment of all residues for screening and, if necessary,

reprocessing to ensure that no residues contain detectable levels of
chemicals of concern or other harmful constituents, such as newly formed
persistent organic pollutants or other hazardous substances.

 
• No uncontrolled releases.

Determining the extent to which a technology meets these criteria during
both preliminary tests and routine operations has many aspects including but
not limited to the following:

• scientific and engineering expertise;
• equipment and facilities for sampling and analysis of the materials to be

destroyed and all residues of the destruction process;
• stringent operating guidelines; and
• comprehensive regulatory framework, including enforcement and monitoring

requirements.

There may be circumstances where it is agreed that it is necessary to
locate a destruction facility to address a particular contaminated site and/or
POPs stocks and reservoirs in a specific region. In such circumstances, the
facility must be located at or near the site. The facility must then be removed
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when the specific destruction project is completed so that it will not become a
magnet attracting wastes from other regions. Community-based public
participation must be an integral part of the entire process starting with stockpile
evaluation and site selection and continuing through monitoring and
compliance.

Availability and costs are also crucial factors in the selection among
appropriate destruction technologies. Such costs include not only expenditures
associated with constructing and operating destruction facilities but also
infrastructural costs. For example, oversight and regulation of such facilities
requires dedicated staff, e.g., legal advisors to prepare regulatory frameworks,
engineers and scientists to implement the regulations, as well as training and
equipment for communications, chemical analyses, etc.

1.0 HISTORIC TREATMENT AND DISPOSAL TECHNOLOGIES

In the past, POPs and other materials that are difficult to destroy have
commonly been managed by storage, burial in landfills, and/or burning in
combustion systems (e.g., dedicated incinerators, industrial boilers or cement
kilns). Also a few nations still allow injection in deep wells. Among these
practices, only combustion systems accomplish some degree of destruction.

1.1Storage

The scientific literature offers little information on the effectiveness of
various methods of storage in preventing the escape of chemicals such as the
twelve designated POPs.  In addition to spills and leaks, volatilization of POPs
from storage sites is problematic, particularly in tropical climates. For example,
in Bangkok, Thailand, Watanabe et al. (1996) measured PCBs in ambient air
outside a building where electrical capacitors were stored. Immediately
downwind, the average PCB concentration in the air was 820 nanograms per
cubic meter (ng/m3).  The PCB concentration was 570 ng/m3 some 5 meters
upwind.6  These levels are roughly 1000 times greater than those measured in
urban air in the United Kingdom7 and from 15,000 to 48,000 times greater than
those measured in the Arctic air.8  About 25 percent of the airborne PCBs were
attributed to volatilization from the capacitors and the remainder from
volatilization of PCBs spilled on the surrounding soil. 9

Even in a cool, temperate climate, storage and handling of such
chemicals are known to lead to releases into the environment despite the use of
the best available preventive measures.  For example, at a Canadian PCB
disposal facility with well-constructed, closed buildings maintained under
negative pressure with activated carbon exhaust filters, the filtered air still
carried PCBs out into the ambient air.10  

1.2 Burial in Landfills

For persistent substances, burial in landfills is not a destruction
technology; it is only a method of containment.  Moreover, it is a relatively
ineffective method of containment.  Constituents in buried wastes can and do
escape into the surrounding environment, primarily through leaching into
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groundwater and volatilizing into the air.

After decades of research, engineering innovations and great expense,
the most modern, state-of-the-art landfills are still described as potential “time
bombs” --:11

“Isolation systems [landfills] are generally effective for the first 10
years and have a retarding effect after 25 years, but are almost
comparable to a reference situation (i.e., no isolation) after 100
years.  Thus, isolation systems for disposal sites and
contaminated soils without contaminant immobilization may
represent a delayed “time bomb” that could pose a danger in
future to human health and the environment.”

and permanent threats --:12

“A Permanent Threat
Hazardous waste and municipal solid waste dry-tomb landfills
represent an ongoing threat to groundwater quality.  Because the
plastic sheeting used in the composite liners ... will eventually
deteriorate, and because there is virtually no possibility that landfill
covers of the type being constructed today will keep moisture out
of the landfill for as long as the wastes represent a threat—that is,
forever—it is inevitable that leachate will migrate through the liner
to pollute the underlying groundwater.”

POPS, such as PCBs, are known to escape from landfills by volatilizing into
the surrounding air.13  Even some metals, e.g., elemental mercury, escape by
the same route.14  PCBs and other semivolatile contaminants are known to
evaporate more rapidly with increased moisture in soils and sediments and
even with increased relative humidity of air.15 Volatilization has also been
suggested when such substances are buried in landfills, with resulting
contamination of surrounding vegetation.16

The United Nations Food and Agriculture Organization (FAO) (1996)
described problems associated with burial of pesticides in landfills as follows:17

“Many countries that buried pesticides in the past are now experiencing
severe environmental contamination and facing huge costs to recover
the pesticides and to mitigate damage to the environment and public
health.”

1.3 Deep Well Injection

Injection of hazardous chemicals down deep wells is not a widely used
technology. In fact, FAO (1996) designated deep well injection as “unsuitable …
because of the environmental risk and lack of control.” 18

In those few countries where this method of disposal is used, chemical
releases from such deep wells are not uncommon.  For example, at least 39
documented failures at hazardous waste injection wells had occurred in the
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U.S. by 1989. Such failures ranged from leakage into deep aquifers, including
groundwater used as drinking water sources, to earthquakes and explosive
releases at the wellhead.19,20,21,22,23,24

 There are no methods for predicting the paths or speeds with which
injected wastes may migrate into groundwater or escape to the surface. It is not
possible to detect small vertical fractures in subterranean formations that can
channel injected chemicals through nonporous layers into groundwater.

Little is known about the long-term chemical behavior of chemicals that
have been injected down deep wells – potential reactions between hazardous
waste and underground rocks, clay, sand, water, brines, oil, gas, etc., or the
effects such reactions might have on migration and toxicity.

Once hazardous materials leave the well bore and enter the porous layer
into which they are injected, it is not possible to track their movement. Their
whereabouts become known only when they are found as groundwater
contaminants.

1.4 Combustion Systems

Until industrialization, burning was regarded as an effective method for
disposing of any unwanted materials that could be set afire.  In this century, the
nature of unwanted materials—wastes and discarded products generated
through human activities— has undergone drastic change. As a result,
increasingly complex and costly waste combustion systems have been built for
the sole purpose of burning materials discarded by industrialized societies.
Also, throughout the world some 60 cement kilns have been modified so that
various wastes are burned along with conventional fuels.25

FAO (1996) identified certain materials that are not recommended for
disposal in incinerators and cement kilns, as shown in Table 1.26  It is important
to note that such “not recommended” materials include, in most cases, those
containing chlorine, such as the current short-listed POPs.
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Table 1: FAO Recommendations on Materials to be Excluded or Limited in
Disposal by Burning in Dedicated Incinerators and in Cement Kilns27

Incineration Method Not recommended

High-temperature incineration, in
general

Inorganic pesticides, pesticides
containing mercury, and organometals

Small-scale incinerator without
scrubber

Pesticides containing chlorine,
phosphorus, sulfur or nitrogen and bulk
quantities of pesticides in general

Small-scale incinerator and mobile
incinerator with scrubber

Pesticides containing chlorine, bromine
or other halogens, with some
qualifications

Cement kiln

Pesticides containing chlorine, bromine
or other halogens, including phenoxy
acetic acid derivatives, with some
qualifications

1.4.1   Dedicated Incinerators

In considering the use of incinerators for the destruction of POPs
stockpiles, the Ad Hoc Working Group of the Intergovernmental Forum on
Chemical Safety (IFCS) (1996) offered the following conclusion in their
recommendations, which were subsequently adopted by the United Nations
Environment Programme (UNEP) Governing Council (1997):28,29

“IFCS concluded that present generation best technology waste
incineration facilities are expensive to construct, sophisticated to
operate and their widespread deployment in many developing countries
is unlikely in the near future. Other options including transport to
existing facilities and/or use of other proven disposal methodologies
and/or materials policies should be further explored.”

Although “high tech” incinerators may be cost-prohibitive for many
countries, cost is only one of several important limitations of this technology, as
described by Hagh and Allen (1990):30

• “The chlorine atoms are effective flame retardants.  They tend to
quench the hydrogen free radicals, which propagate the reactions in
the incinerator. Therefore it is difficult to achieve complete
combustion.

• Incinerators have high operating costs due to high operating
temperatures.

• The combustion stack gases present a severe corrosion problem at
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the high operating temperatures.

• The problem of greatest concern is the generation of products of
incomplete combustion, which are formed in trace quantities.  When
PCBs are burned, dioxins and chlorinated dibenzofurans (CDF) can
be formed.  Other materials contained in the stack effluents include
HCl, CO, CO2, NOx, and O2.  Removing these materials from the
stack gases can be very difficult and expensive.”

Modern incinerators are commonly described as destroying POPs and
similar chemicals very efficiently. However, recent tests suggest that
incinerators achieve destruction efficiencies that are considerably lower than
those achieved by certain non-combustion technologies, as discussed in
Section 1.4.1.1.  In addition, some incinerators burning POPs and other wastes
are associated with the spread of undestroyed and newly formed POPs into the
surrounding environment, contaminating air, soil, vegetation, wildlife and human
populations (see Section 1.4.1.4).

FAO (1996) noted that large-scale, dedicated hazardous waste
incinerators achieve high Destruction and Removal Efficiencies (see discussion
in Section. 1.4.1.1 below) and identified these combustion systems as the
preferred method for destroying obsolete pesticides. Nonetheless, FAO (1996)
also acknowledged that such incinerators are themselves known to be sources
of certain POPs, such as the dioxins:31

“ Inappropriate use of incinerators can create hazardous solid and
airborne by-products that pose a severe threat to the environment and
public health. Often such by-products are more toxic than the original
product. Of particular concern is the formation of polychlorinated
dibenzodioxins and polychlorinated dibenzofurans (often referred to as
dioxins and furans), which are extremely toxic and persistent in the
environment. Dioxins and furans are formed as the result of a reaction
during the cooling of the stack gases. Factors that affect this reaction
are: the temperature of the stack gas; the occurrence of chlorine or
other halogens; and the presence of a catalyst.”

After considering the potential release in stack gases of dioxins and
undestroyed chemicals of concern during the incineration of the U.S. chemical
weapons stockpile, the National Research Council (1991) recommended that
incinerator stack gases be treated by activated carbon adsorption at
incinerators located in populated areas.32
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1.4.1.1  Incinerator Destruction Efficiency

In the earliest days of high temperature incinerators, the assumption was
made that these combustors were destroying carbon-based chemicals, such as
the currently listed POPs, with destruction efficienciesb of 100 percent.
However, with the development of relatively reliable methods for collecting and
analyzing stack emissions, it was discovered that varying portions of the
chemicals fed into the incinerators escaped destruction and were released in
stack gases.

Some national regulatory agencies began evaluating incinerator
performance by comparing the rate at which a selected chemical is fed into an
incinerator with its rate of release from the incinerator stack. Even though this
comparison has no relationship to an incinerator’s ability to destroy a particular
chemical, it was termed the “destruction and removal efficiency” c (DRE). In
other words, an incinerator with a highly effective stack gas cleaning system
can demonstrate a high DRE even if little or no destruction is taking place.
Ample data show that undestroyed chemicals are released not only in
incinerator stack gases but also in fly ash, scrubber water, quench water and
even, in some cases, bottom ash and slag.  Nonetheless, the performance of
incinerators and other combustion systems continues to be evaluated on the
basis of DREs rather than destruction efficiencies.

It is also important to note that the terms “DRE” and “destruction
efficiency” are sometimes used inappropriately.  For example, in a recent paper
describing the performance of a Dutch hazardous waste incinerator with
lindane, hexachlorocyclohexane and PCBs, the authors compared inputs of
known quantities of these chemicals with their emission rates in stack gases.
The results were termed “destruction efficiencies,” although the values
presented were actually DREs.33  In addition, Environment Australia (1997)
recently described one non-incineration technology as achieving “destruction

                                           
b Destruction efficiency (DE) is determined as follows:

100x
M

MM
DE

i

oi −
=

where Mi is the mass of a chemical fed into a destruction system during a specific period of time
and Mo is the mass of that same chemical that is released in stack gases, fly ash, scrubber
water, bottom ash, and any other incinerator residues. For example, if a chemical is fed into an
incinerator at a rate of 400 kilograms per hour and it is released in stack gases, scrubber water,
fly ash and bottom ash, cumulatively, at a rate of 4 kilograms per hour, the incinerator is
achieving a destruction efficiency of 99 percent with that chemical.
c Destruction and Removal Efficiency is determined as follows:

            100x
M

MM
DRE

i

si −
=

where Mi is the mass of a chemical fed into a destruction system during a known period of time
and Ms is the mass of that chemical that is released in stack gases during the same period of
time. For example, if a chemical is fed into an incinerator at the rate of 400 kilograms per hour
and it is released in stack gases at the rate of 0.4 kilograms per hour, the incinerator is
achieving a DRE of 99.9 percent with that chemical.
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efficiencies … not as high as can be achieved by high temperature combustion
systems.”34 The peer-reviewed scientific literature contains limited data on the
destruction efficiencies of a high temperature combustor and such efficiencies
were not as high as many non-incineration technologies.35 Thus, it seems likely
that the measures referred to by the Agency were DREs, not destruction
efficiencies.

Only a few tests of hazardous waste incinerators have been carried out
with sufficient thoroughness to allow destruction efficiencies to be determined.
However, the destruction efficiencies achieved by these incinerators are well
below the 99.99 percent standard established by UNEP (1992) for ODS
destruction36 even though DREs of 99.999 percent and higher were reported.

For example, both destruction efficiencies and DREs were determined
for three chemicals during the trial burn of one hazardous waste incinerator in
the U.S.  During this series of tests, destruction efficiencies were also measured
for another four chemicals.  As shown in Table 2 below, the incinerator’s
destruction efficiencies (97.49 to 99.93 percent) were far lower than its DREs
(99.99978 to 99.999995 percent).37

Chloro-
benzene

Xylenes Naphthalene 2-Methyl-
naphthalene

1,2,4,5-
Tetrachloro
-benzene

4,4’-
DDDa

Run 1

DE, % 99.82 99.71 97.90 97.49 98.17 98.76

DRE, % >99.99977 na 99.999972 na 99.9999950 na

Run 2

DE, % 99.93 99.92 99.51 99.55 99.48 99.57

DRE, % 99.99978 na 99.999929 na 99.999989 na

Run 3

DE, % 99.88 99.91 99.48 99.56 99.48 99.83

DRE, % >99.99981 na 99.999953 na 99.999989 na
a 4,4’-DDD is one of degradation products of DDT.
na – not available.

It is important to note that the actual destruction efficiencies achieved by
this incinerator were undoubtedly lower than those shown above.  For example,
the concentrations of undestroyed chemicals in the fly ash were determined
after the fly ash had undergone further combustion in another thermal system.

Table 2: Destruction Efficiencies (DEs) and Destruction and Removal
Efficiencies (DREs) Achieved During Incinerator Trial Burn at McGuire
and Baird Superfund Site, Holbrook, Massachusetts, USA38
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In addition, the residues were analyzed by relatively insensitive methods, which
can result in underestimation of the concentrations of the chemicals present.
Further, the DREs reflect the combined performances of a chain of thermal
devices, not just one incinerator.

In a trial burn at another hazardous waste incinerator, DREs were
determined using two chemicals that were selected as surrogates for the actual
chemicals of concern.  The surrogates were chosen based on evidence that
they are more difficult to destroy than the chemicals of concern.39,40,41  As
shown in Table 3 below, the destruction efficiencies achieved with the
chemicals of concern, 65.4 to 83.7 percent, were far lower than the DREs
achieved with the surrogate chemicals, 99.999871 to >99.99998 percent.

Table 3: Destruction Efficiencies (DEs) and Destruction and Removal
Efficiencies (DREs) Achieved With Chemicals of Concern and Their
Surrogates During Incinerator Trial Burn at Drake Chemical Superfund
Site, Lock Haven, Pennsylvania, USA 42

Run 1 Run 2 Run 3 Run 4

Chemicals of Concern

DE with Fenac (2,3,6-
trichlorophenylacetic
acid), % 75.3 71.8 65.4 83.7

DE with β-
naphthylamine, %

na 94.3 98.7 98.8

Surrogate Chemicals

DRE with 1,4-
dichlorobenzene, %

99.999983 99.999961 >99.99998 99.999949

DRE with naphthalene,
%

99.999941 99.999896 99.999935 99.999871
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1.4.1.2  Incinerators and Waste Reduction

Incinerators have also been reputed to transform a volume of unwanted
material into a far smaller volume of solid residues. However, this is not the
case when chlorine-containing substances, such as the short-listed POPs, are
burned.

When chlorine-rich wastes are burned, the resulting hydrogen chloride
must be neutralized, which results in large quantities of residual salts, which
may be contaminated with dioxins and other products of incomplete combustion
as well as undestroyed chemicals of concern.  For example, in burning wastes
from the manufacture of the organochlorine pesticides, 2,4-D and 2,4,5-T, a
U.S.-based hazardous waste incinerator generated a volume of dioxin-
contaminated ash and salt that was approximately 80 percent greater than the
volume of the materials burned.43

 In another case, an incineration facility burning chemical nerve agents
generated approximately ten pounds of solid residues per pound of agent.44,45

Due to their toxic content, the ashes and salts produced during the incineration
of the nerve agents as well as those produced from the incineration of the
organochlorine pesticides were considered to be hazardous wastes.  The
residues from the incineration of nerve agents were sent to a specially
constructed hazardous waste landfill, while those from the organochlorine
pesticides remain in a large aboveground storage facility.

1.4.1.3  By-Products of Combustion

As noted earlier by FAO, one of the larger concerns in burning
hazardous wastes is the generation of new, sometimes exquisitely toxic
chemicals during and subsequent to combustion—so-called products of
incomplete combustion (PICs).  Among the PICs that have been identified,
dioxins and furans are commonly  regarded as the greatest threat to public
health and the environment. These and other POPs, including PCBs46 and
hexachlorobenzene,47 are created when chlorine-containing materials are
burned.

Studies suggest that the populations of the U.S. and some European
countries now carry body burdens of dioxins and furans that are at or near
those levels at which health effects are known to occur in humans.48 Gaseous
emissions from the combustion of human-made, chlorine-containing materials
have been identified as the primary source of these dioxins and furans.49

Indeed, numerous studies with both laboratory and pilot-scale combustion
systems have shown that increased input of chlorine-containing materials is
accompanied by greater output of dioxins and furans.50,51,52,53,54,55,56,57 The same
association has been demonstrated in studies with full-scale
incinerators.58,59,60,61,62,63,64
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In some developed countries, concentrations of dioxins in the stack
emissions of the more advanced, expertly operated incinerators are now
reported to fall routinely below 0.1 ng TEQd/m3, a concentration which is
presumably no longer a matter of concern for the health of the general public
and wildlife. It is important to note, however, that such a presumption ignores
the more important factor: the mass of dioxins released in stack gases over
time.

For example, stack gases were emitted at the rate of some 1,500 m3 per
minute during trial burns at one of the larger, more modern hazardous waste
incinerators in the U.S. With an average dioxin content of 0.14 ng TEQ/m3, this
incinerator was releasing more than 300,000 ng TEQ per day.65  At this rate,
this incinerator was releasing into the open air each day a quantity of dioxins
that was equivalent to the acceptable daily intake for 1 to 4 million adults, based
on the World Health Organization’s recently revised acceptable daily intake for
dioxins of 1-4 picograms per kilogram of body weight per day.66

1.4.1.4 Incinerator Impacts on Public Health and the Environment

Proximity to incinerators burning chlorine-containing materials has been
linked to increased levels of dioxins in the surrounding environment and nearby
populations:

•  In Japan, where municipal waste contains relatively high levels of the
organochlorine plastic, PVC, 67 high dioxin concentrations in soils
surrounding a municipal waste incinerator were found to be “well
correlated” with high cancer rates among the surrounding
population.68

• A team of doctors reported elevated levels of these POPs in the
breastmilk of women who live downwind from certain incinerators in
Germany.69

• U.S. federal and state agencies assessed the levels of dioxins in the
blood lipids of people living near an incinerator burning waste from
the manufacture of two organochlorine pesticides, 2,4-D and 2,4,5-
T.70,71 Over a three-year period, concentrations of the most toxic form
of dioxin, 2,3,7,8-TCDD, increased by an average of 25 percent
among more than 60 percent of the study participants.72

 

• Authorities in Spain determined that, over a period of two years,

                                           
d There are 75 polychlorinated dibenzo-p-dioxins (PCDDs) and 135 polychlorinated
dibenzofurans (PCDFs), among which seven PCDDs and ten PCDFs are thought to be of
greatest toxicological concern.  Among these seventeen PCDD/Fs, 2,3,7,8-tetrachlorodibenzo-
p-dioxin (2,3,7,8-TCDD) is considered the most toxicologically potent.  This most potent dioxin
has been assigned a toxic equivalency factor (TEF) of 1 and the remaining sixteen have been
given individual TEFs reflecting each chemical’s toxicological potency relative to that of 2,3,7,8-
TCDD.  The concentrations of each of the seventeen PCDD/Fs multiplied by the designated
TEFs and the resulting values are summed to yield the toxic equivalency (TEQ) value.
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dioxins in the blood lipids of people living near an incinerator burning
urban wastes increased by 10 to 15 percent.  In addition, their blood
lipid levels of PCBs increased by about 5 percent.73

• In Canada, health officials advised against the consumption of wild
game taken within a 30 kilometer radius of the Swan Hills PCB
incinerator because of the accumulation of dioxins released from that
facility.74

• Under a program coordinated by FAO, some stockpiles of obsolete
pesticides in developing countries are being burned in European
incinerators. At one of these incinerators, the Rechem facility in the U.K.,
where PCBs and other wastes are burned, studies have found elevated
levels of dioxins in air, soil and foods in the surrounding area. Eggs from
ducks and bantam chickens had levels of dioxins that were 4.7 and 20 times
higher, respectively, than background levels. Dioxin levels in the ambient air
at a nearby house were 3.5 times background, while soil concentrations
were three times background.  Dioxin concentrations in apples grown in the
same district as the incinerator carried dioxin levels 2.3 times background.
The scientists estimated that, compared with background exposures, people
in this district were taking in 2.4 times more dioxin in their milk, 1.3 times
more in their potatoes and 3.2 times in soils.75

Given the situation at the Swan Hills and Rechem facilities, FAO’s
recommendation to ship POPs stockpiles to a dedicated hazardous waste
incinerator in an industrialized country76 may not be the safest, most effective
strategy for eliminating POPs contamination.  Rather, this method of disposal
may result in the transformation of some portion of one group of POPs, e.g.,
PCBs or chlorine-containing pesticides, into another, e.g., dioxins, while shifting
the environmental and public health burden from one community to another.

It is also important to note that gaseous emissions represent only a
relatively small fraction of the total quantity of dioxins generated by the
combustion of chlorine-containing materials.  In one study of eleven full-scale
municipal waste combustors in Germany, stack emissions carried only 12
percent of the total yield of these POPs, while the remainder was distributed
among the other incinerator residues.77

The common practice of burying incinerator residues in landfills cannot
be expected to prevent the eventual release of these POPs into the broader
environment, as pointed out by Acharya et al. (1991):78

“Capture and removal transfers the PCDD/PCDF [dioxins and furans]
from the stack gas to other residual streams ... that are then
reintroduced back into the environment.”

For example, scientists in Japan found that dioxins were leaching into water
resources from municipal waste incinerator ash that had been buried in
landfills.79
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1.4.2 Cement Kilns

Cement kilns are inclined rotating cylinders lined with refractory brick that
are internally fired.  They are designed and constructed to heat various
materials, such as limestone, clay, shale, sand, etc., to produce “clinker” which
is ground up with a small amount of gypsum to produce cement.  Such kilns can
reach more than 250 meters in length and 8 meters in diameter. The raw feed
materials are fed into the higher, elevated or "cool" end of the kiln.  As the kiln
slowly rotates, the raw meal tumbles down toward the hot lower, or "flame" end
and is gradually altered physically and chemically at temperatures as high as
1,500 oC.  Under this intense heat, which is ordinarily provided by burning coal
or fuel oil, the raw materials blend and form a pebble-like substance -- "clinker".
Once cooled, the clinker is ground up with a small amount of gypsum to
produce cement.

Combustion gases enter the kiln at the hot lower end and flow upward,
heating the raw materials flowing in the opposite direction as they pass over,
and exit the kiln at the top end. The gases then pass through air pollution
control devices before entering the atmosphere. These devices are typically
either a fabric filter or electrostatic precipitator, both of which function to remove
the particulate matter entrained in the gas stream before the gases are emitted
into the atmosphere. This particulate matter is referred to as cement kiln dust
(CKD).

Cement is produced by either wet or dry processes. The older, wet
process entails mixing the raw materials with water to form a slurry, which is
pumped into the kiln. The wet process requires heat input of 5 to 7 trillion BTUs
per ton of clinker product to evaporate the slurry water.80  Dry process kilns are
more energy efficient, requiring an average of 4.4 million BTU, roughly
equivalent to 400 pounds of coal, per ton of cement:81 Dry process kilns also
generally have a higher capacity.82

1.4.2.1 General Impacts of Cement Kilns

Irrespective of the materials burned for heat energy, cement kilns pose
threats to the health of workers, surrounding populations, and the environment,
primarily through the impacts of cement kiln dust (CKD).  For example, a study
of workers at cement plants in the United Arab Emirates found them to suffer
from chronic cough, chronic bronchitis, burning, itching and runny eyes,
headache and fatigue.83  Cement plant workers in another study exhibited a
higher prevalence of chronic respiratory symptoms and reduced ventilatory
capacity.84

USEPA (1995) found evidence of groundwater contamination at all
cement plants for which groundwater monitoring data were available as well as
36 cases of documented damage to air from CKD.  The Agency summarized as
follows:85

“[O]ther evidence (i.e., damage cases) indicates that fugitive CKD
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emissions are a substantial contributor to environmental damages in
the form of air quality degradation. … EPA has concluded that
additional control of CKD is warranted in order to protect the public from
human health risks and to prevent environmental damage resulting
from current disposal of this waste. The primary environmental
concerns to be addressed through additional controls are documented
damages to ground water and potable water supplies, and potential
human health risks from inhalation of airborne CKD and ingestion via
food chain pathways … Significantly, releases to ground water were
observed at all sites for which EPA has received ground water
monitoring data. … [T]he Agency's risk assessment studies also
indicated potentials for adverse aquatic ecological effects due to
possible chemical releases to streams and lakes adjacent to some
cement plants.”

1.4.2.2 Burning Hazardous Materials in Cement Kilns

Cement kilns in some industrialized countries have begun augmenting or
even fully replacing conventional fuels with industrial hazardous waste.
However, as noted in Table 1, FAO recommend against burning chlorinated
pesticides in cement kilns in some cases. FAO also warn that disposal of
hazardous materials, such as obsolete pesticides, by burning in cement kilns is
“often not applicable in a safe and/or cost-effective manner,” going on to note as
follows: 86

“Many of the older types of cement kilns are not suitable. Only a few of
the cement kilns in developing countries meet the technical
requirements that, in principle, would make them suitable for
incineration of certain groups of pesticides. Expert advice is needed to
assess whether kilns can be used and special equipment is required to
inject the pesticides into the kiln. Such equipment is expensive and
should only be installed and used under expert supervision.”

1.4.2.2.1 Performance of Cement Kilns Burning Hazardous Waste

According to USEPA (1998), the “conditions inherent in the cement kiln
mimic conditions of hazardous waste incineration”.87  As such, some of the
general limitations of hazardous waste incinerators that were discussed earlier
may be equally applicable to cement kilns that burn hazardous wastes. For
example, a review of test burns in eight cement kilns found DREs for a variety
of specific chemicals to range from 91.043 to 99.9999 percent, with an average
DRE of 99.53 percent.88  However, as discussed earlier, only stack emissions of
undestroyed chemicals are considered in determining DREs.  I.e., the quantities
of undestroyed chemicals deposited in CKD, clinker and other residues were
not taken into consideration.  Consequently, the actual destruction efficiencies
were undoubtedly lower.

1.4.2.2.2 Products of Incomplete Combustion Released from Cement Kilns

When hazardous chemicals, wastes and similar materials are burned
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in cement kilns, products of incomplete combustion (PICs) are released in stack
gases as well as adsorbed to or incorporated into the CKD captured by air
pollution control devices.  Dioxins are among the PICs that have been identified
in stack emissions from cement kilns.

Cement kilns release particularly large volumes of stack gases.  For
example, the stack gas flowrate of an U.S. cement kiln burning wastes was
some 5,500 dry cubic meters per minute.89 If this cement kiln were meeting the
European dioxin emission standard for incinerators, 0.1 ng TEQ/m3, it would
release dioxins into the open air at the rate of 792,000 ng/day. This quantity of
dioxins is equivalent to the acceptable daily dioxin intake for 2.8 to 11.3 million
adults, based on the World Health Organization’s acceptable daily intake of 1 to
4 picograms per kilogram of body weight per day90.  CKD, which contains higher
levels of dioxins when chlorinated materials are burned, is another source of
dioxin releases to the environment via fugitive emissions and other routes, such
as reincorporation in the cement product.

1.4.2.2.3 Impacts of Burning Hazardous Waste in Cement Kilns

The impacts of hazardous waste burning cement kilns can be compared
to those of cement kilns that burn conventional fuels, as follows:

• Dioxins are emitted from cement kiln stacks, whether the kiln is fired with
conventional fuels or with hazardous waste. However, according to USEPA,
cement kilns that burn hazardous waste emit dioxins in their stack gases at
rates more than 80 times higher than those of cement kilns that burn
conventional fuels. In the U.S., cement kilns burning hazardous waste are
listed as the fifth largest source of dioxin emissions to the air, while those
that do not burn hazardous wastes are the tenth largest source. 91 The
relatively high ranking of the latter may be due in part to the common
practice of burning other chlorine-containing materials such as tires and
municipal solid waste, as documented in one database.92

• Similarly, dioxins are found in CKD from cement kilns that burn conventional
fuels as well as those burning hazardous waste. USEPA recently reported
that CKD from cement kilns burning hazardous waste carries dioxins at
concentrations about 100 times higher than CKD from kilns burning only
conventional fuels.93 According to the Agency, one cement plant reported  “a
total dioxins concentration in CKD as high as 16 ppb [parts per billion], with
a TEQ value for the managed CKD of 195 ppt [parts per trillion].” 94

• Cement kilns that burn hazardous waste produce more CKD, as
documented by the U.S. Environmental Protection Agency:95

“Finally, the Agency also found that the burning of hazardous waste
is correlated with the volume of dust that is actually disposed. Kilns
that burn hazardous waste remove from the kiln system an average
of 75 to 104 percent more dust per ton of clinker than kilns that do
not burn hazardous waste.”
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• From 15 to 90 percent of CKD has a diameter below 10 microns (µm), which
is within the respirable range for humans.96  As these fine particles are
carried to the stack, the portion that is not captured by pollution control
devices is released directly to the air. Some fraction of the captured CKD
also escapes during transfer and disposal.  One cement kiln burning 90 tons
of hazardous waste per day was found to produce CKD at the rate of 200
tons per day.97

 
• The smaller CKD particles are those most likely to escape capture by

pollution control devices or to be resuspended or washed from CKD stored
in piles or pits.  These particles are also the most likely to lodge deeply in
the lungs.  Airborne particles smaller than 2 µm have been linked to high
rates of pneumonia, pleurisy, bronchitis, and asthma.98  In their briefing
paper on burning hazardous waste in cement kilns, the American Lung
Association drew attention to the issue of CKD as follows:99

“Particulate matter is a health concern because inhaling even
relatively low airborne concentrations of dust can cause or aggravate
lung diseases such as asthma or emphysema, and is associated with
premature death. …  Since CKD collected in air pollution control
devices typically has a small particle size, poorly managed cement
kiln dust handling, transport and disposal has been shown to cause
severe fugitive dust and air pollution problems.”

• Dioxins have also been found in the clinker from both hazardous and non-
hazardous waste facilities.100

• Emissions of airborne particulates increased by 66 percent when hazardous
wastes were burned in cement and aggregate kilns and by 203 percent
when the hazardous wastes also contained chlorine sources.101

• When hazardous wastes containing both chlorinated chemicals and metals
were burned, metals emissions from cement kilns increased.102,103

 
• Burning chlorinated chemicals in cement kilns increases the likelihood of

upsets, since the presence of additional chlorine encourages the formation
of “rings” in the kilns.  When the rings detach or break, the sudden release of
solids in the kilns can result in upsets which are accompanied by increased
emissions of unburned wastes and products of incomplete combustion, or
even more severe consequences:104

 “In a very severe upset, the flame at the firing end of the kiln can be
extinguished.  Upsets are not uncommon.   The kiln we studied
averaged three upsets a month …."

• Fugitive emissions are substances that volatilize or, if adsorbed to
particulates, such as CKD, blow or wash into the surrounding environment
during waste transfer and storage. At one cement kiln burning hazardous
waste, fugitive emissions were reported to be 20,074 pounds per year.105
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• Spills, both on-site and off-site, are also a concern at cement plants where

hazardous materials are burned. A report commissioned by the New York
State Legislature on waste-burning in cement kilns assessed the likelihood
of repeated spills: 106

“[I]t is virtually impossible to completely prevent small spills of
hazardous waste during unloading and pumping of waste fuels.
These spills may be caused by equipment failures, maintenance
operations, or operator error.”

2.0 Modern Destruction Technologies

Evidence of the environmental and public health impacts of incinerators,
cement kilns and similar combustion systems has created strong public
opposition to incineration.  This factor as well as increasing infrastructural
needs, particularly those associated with the management of air emissions and
other residues, has encouraged the development of other destruction
technologies.

Some of the more recently developed technologies offer significant
advantages in both performance and costs over combustion in dedicated
incinerators and cement kilns. It is important to note, however, that the resource
demands for facility siting and construction, performance testing, operation,
routine monitoring of operations, and other infrastructural needs of both
conventional and modern destruction technologies render both unsuitable for
continued, long-term use, as in the disposal of domestic and industrial wastes.

A selection of modern destruction technologies and their brief
descriptions are given in Table 4.
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Table 4: Selection of Modern Destruction Technologies

Technology Process

Gas-phase chemical
reduction

Hydrogen reacts with chlorinated organic compounds, such as
PCBs, at high temperatures, yielding primarily methane and
hydrogen chloride.  High destruction efficiencies.  All emissions
and residues are captured for assay and reprocessing, if
needed.

Electrochemical oxidation At low temperature and atmospheric pressure,
electrochemically-generated oxidants react with
organochlorines to form carbon dioxide, water and inorganic
ions.  High destruction efficiencies.  All emissions and residues
can be captured for assay and reprocessing, if needed.

Molten metal Organochlorines and other materials are oxidized in a vat of
molten metal, yielding hydrogen, carbon monoxide, ceramic
slag and metal by-products. Destruction efficiencies are not
known, but DREs are high. e

Molten salt Organochlorines and other materials are oxidized in a vat of
molten salt, yielding carbon dioxide, water, molecular nitrogen,
molecular oxygen, and neutral salts. Destruction efficiencies
may be high.

Solvated electron process Free electrons in a solvated electron solution convert
contaminants to relatively harmless substances and salts.
Destruction efficiencies vary from 86 to 100 percent.  All
emissions and residues can be captured for assay and
reprocessing, if needed.

Supercritical water oxidation Under high pressure and temperature, organochlorines and
other materials are oxidized in water. Destruction efficiencies
are unknown, but DREs are high.e All emissions and residues
can be captured for assay and reprocessing, if needed.

Plasma arc Organochlorines and other materials are oxidized at very high
temperatures.  Destruction efficiencies are unknown, but DREs
are high.e Dioxins have been identified in process residues.

Catalytic hydrogenation Organochlorines are reacted with hydrogen in the presence of
noble metal catalysts, yielding hydrogen chloride and light
hydrocarbons.  High destruction efficiencies.

Base catalyzed dechlorination Organochlorines are reacted with an alkaline polyethylene
glycol, forming a glycol ether and/or a hydroxylated compound,
which requires further treatment, and a salt. Dioxins have been
identified in process residues.   Destruction efficiencies are not
high.

2.1  Evaluations of Selected Destruction Technologies

                                           
e  Destruction efficiencies are determined by considering the occurrence of undestroyed
chemicals of concern in all gaseous, liquid and solid residues; for DREs, only gaseous residues
are considered.
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Australia holds a leading position in the use of technologies other than
combustion for the destruction of intractable wastes, obsolete pesticides and
contaminated environmental media. As a result, Environment Australia has
evaluated a wide range of these newer technologies.

Other organizations, agencies and institutions have also assembled
valuable compilations of information on destruction technologies.  In 1991,
Greenpeace presented a literature review of detoxification methods in use or in
varying states of development that had potential application to the destruction of
chemical weapons stockpiles.107  Responding to strong public pressure, the
U.S. Congress passed a law in 1996 directing the Department of Defense to
evaluate non-incineration technologies for the disposal of chemical weapons. 108

Other agencies, including FAO and the U.S. Department of Energy, have also
evaluated these new technologies.

2.1.1 Environment Australia

Environment Australia (1997) recently published its final review of 16
technologies for the destruction of wastes such as POPs stockpiles as part of
the Australian and New Zealand Environment and Conservation Council
(ANZECC) National Scheduled Waste Program.109 The review does not directly
compare technologies for specific wastes and detailed evaluations must
conform to the ANZECC National Protocol “Approval/Licensing of Commercial-
Scale Facilities for the Treatment/Disposal of Schedule X Wastes.”110

2.1.2 United Nations Food and Agriculture Organization

FAO (1996) acknowledged the technologies listed below as “promising
new developments”. 111  It is useful to note, however, that FAO based its
evaluations of these processes on DREs, in which releases of undestroyed
chemicals in only gaseous emissions are considered, rather than the more
comprehensive measure, destruction efficiency, which encompasses
undestroyed chemical releases in all process residues.

• Gas-phase chemical reduction reactor by Eco Logic which has DREs
ranging from “99.9 to 99.99999 percent,” is operating at “commercial-scale”
in Australia.

• Molten metal technology, which is described as “moving into its commercial
phase.”

• Molten salt oxidation process, which achieves DREs “up to 99.99999
percent,” is “[s]uitable for the destruction of pesticides but not for treatment
of contaminated soils,” but “is not yet available on a commercial scale.”

• Plasma energy pyrolysis, which “can handle pesticides and their containers,”
achieves “[h]igh DRE values,” but is “complex and still very expensive.”

2.1.3 United States Department of Defense

As part of the U.S. Department of Defense program to destroy existing
stockpiles of unitary chemical warfare agents, U.S. Army representatives and a

panel of experts evaluated eleven non-incineration destruction technologies.
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Their objective was to identify non-incineration technologies for destroying
chemical agent HD, an organochlorine, at one stockpile site and VX, an
organophosphate, at a second site.  The following three received a unanimous
recommendation from the panel as well as U.S. Army Major General Orton:112

• High temperature gas phase reduction (Eco Logic International, Inc.),
• Molten metal (M4 Environmental L.P.), and
• Electrochemical oxidation (Sub Sea International, Inc.)
 

 In addition to these processes, the U.S. Army is evaluating three other
destruction technologies: supercritical water oxidation, ultraviolet oxidation and
electron beam oxidation.
 
 2.1.4 United States Department of Energy
 
 The U.S. Department of Energy (DOE) and Office of Technology
Development have been evaluating appropriate waste destruction technologies
for a variety of waste streams as well.  DOE explained their reasons for
engaging in this process as follows:113

 
 ... DOE is concerned about the current difficulty of permitting and siting
incinerators.  Public acceptance and perceptions associated with air
emissions of toxic metals and organics are major issues. ...
[T]echnologies capable of treating DOE organically contaminated mixed
wastes and which may be more easily permitted ... have the potential of
alleviating stakeholder concerns by decreasing off-gas volumes and the
associated emissions of particulates, volatilized metals and
radionuclides, PICs, NOx, SOx, and recombination products (dioxins and
furans).

 
 DOE has evaluated approximately 30 alternative technologies, based on

information gleaned from the open literature, government reports, and
discussions with principal investigators and developers.  Evaluation criteria
included the following:  a) capability of treating a variety of wastes with varying
constituents with minimal pretreatment or characterization; b) secondary waste
stream volumes that are significantly smaller than the original waste stream
volumes and which contain no toxic reaction byproducts; c) complete
mineralization of organic contaminants; d) offgas and secondary waste
composition; e) cost; and f) risk.114
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 2.2  Gas-Phase Chemical Reduction
 
 Eco Logic International has developed and patented a process based on
the gas-phase, thermochemical reduction reaction of hydrogen with organic and
chlorinated organic compounds.  At temperatures of 850 oC and higher,
chlorinated hydrocarbons, such as PCBs, are reduced to methane and
hydrogen chloride, while non-chlorinated organic contaminants, such as
polycyclic aromatic hydrocarbons (PAHs), are reduced to methane and minor
amounts of light hydrocarbons.115

 
 Because the reaction takes place in a reducing atmosphere devoid of
oxygen, the possibility of dioxin and furan formation is said to be eliminated.
Maintaining greater than 50 percent hydrogen (dry basis) can prevent the
formation of PAHs.116

 
 In commercial-scale performance tests in Canada, the gas-phase

reduction process achieved destruction efficiencies and DREs with high-
strength PCB oils and chlorobenzenes as shown below in Table 5. Dioxins that
were present as contaminants in the PCB oil were destroyed with efficiencies
ranging from 99.999 to 99.9999 percent.117

 
 When chemical concentrations in gases and other residues fall below

limits of detection, they are reported as “less than” values, not as zero. As a
consequence, values calculated for destruction efficiency approach, but never
reach zero.  In other words, based on the data in Table 5, gas-phase chemical
reduction can achieve destruction efficiencies of effectively 100 percent.
 
 Table 5.  ECO LOGIC Gas-Phase Reduction Process: Destruction Efficiencies
and Destruction and Removal Efficiencies (DREs) Achieved with PCBs and
Chlorobenzenes
 

 Chemicals of Concern  Test 1  Test 2  Test 3

 PCBs    

 Destruction Efficiency, %  99.9999996  99.9999985  99.9999808
 DRE, %  99.9999996  99.9999985  99.9999997

 Chlorobenzenes    

 Destruction Efficiency, %  99.9999836  99.9999972  99.9999971
 DRE, %  99.9999842  99.9999985  99.9999977

 
 As explained in Section 1.4.1.1, destruction efficiencies are determined

by comparing the quantity of a chemical of concern fed into a treatment system
and the total quantity of that same chemical that is released in all gaseous,
liquid and solid residues.  DREs are a comparison of the quantity of a chemical
of concern that is fed into the system and the quantity of that chemical that is
released in stack gases only.
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 In similar tests at a commercial installation in Australia, a DRE of
99.999998 percent was achieved with high-strength PCB oils.  However,
destruction efficiency was not reported.118  This unit is described as successfully
processing transformer fluids, bulk PCB solids including electrical capacitors,
and high-strength DDT waste pesticide mixtures.119 Environment Australia
characterizes the process as follows:120

 
 “The process is non-discriminatory; that is organic molecules such as
PCBs, PAHs, chlorophenols, dioxins, chlorobenzenes, pesticides,
herbicides and insecticides are quantitatively converted to methane.
Approximately 40% of the methane produced can be subsequently
converted to hydrogen via the water shift reaction and the remaining
methane converted to hydrogen in the catalytic steam reformer. Thus,
the process can operate without an external supply of hydrogen. For
highly concentrated wastes (eg pure Askarel) the process produces an
excess of methane.”

 
 Residues generated by the process include product gas from the reactor,
scrubber water and sludge from product gas treatment, and small quantities of
grit from the reactor.  Product gas is either catalytically reformed to recover
hydrogen or burned as fuel in one or more of the auxiliary systems – the boiler,
catalytic reformer and sequencing batch vaporizer.121  During typical operations,
30 to 50 percent of the product gas is burned as fuel for the boiler or other
auxiliary units.122

 
 If either the product gas or the ambient air used for combustion air for the

boiler or similar units contains hydrogen chloride or other chlorinated species,
dioxins may be generated during their combustion.  In order to meet the
fundamental technical criteria for POPs destruction, both the product gas and
combustion air must be treated to remove such chlorine donors and so prevent
dioxin formation.

 
 At the Canadian facility, the product gas was found to contain no

detectable PCBs, while concentrations of total chlorobenzenes and dioxins
were similar to those of the blanks. This suggests that the product gas did not
contain quantifiable levels of these substances. When the product gas was
burned in the steam reformer, dioxins were emitted from the reformer stack at a
concentration of 15 pg TEQ /m3.  This dioxin formation was attributed to the use
of PCB-contaminated air from the site for the reformer’s combustion air. The
proposed solutions are drawing combustion air from off-site or filtering the
ambient air through carbon before using it for combustion.123
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 In their recent application to destroy PCB-containing materials in Ontario,
Canada, Eco Logic International stated as follows:124

 
 “All outputs from the destruction of PCB-contaminated waste using the
ECO LOGIC Process can be contained and tested.  There are no
uncontrolled emissions from the Process which could result in releases
of PCB-contaminated air, solids, or liquids to the surrounding
environment.  Releases of PCBs to the environment could only occur
during waste handling prior to treatment, where the possibility of spillage
exists. ... The ECO LOGIC Process is a mobile technology, and is
generally expected to operate at the sites where the PCB wastes are
stored.”

 
 Environment Australia (1997) offers the following caveats for

circumstances in which volatile organic solvents are being processed:125

 
  “Care would be required to avoid high rates of gas generation which
could over-pressurise the systems, the process has limited surge
capacity: over-pressurisation could result in release of waste material.”
 

 According to DOE, this system can handle most types of waste, including
landfill leachates, lagoon bottoms, soils, sludges, liquids, and gases.  However,
DOE has cautioned that reaction byproducts and intermediate reduction
products need to be monitored in the offgas from both the reduction process
and the boiler.  DOE also noted that the need to determine the fate of mercury
and other volatile inorganics. 126

 
 DOE estimates treatment costs, in U.S. dollars, of $400/ton for soils and
$2000/ton for liquids that are 100 percent PCBs.127 Environment Australia cites
treatment costs, in Australian dollars, as follows:  $250 - $500/tonne for soil;128

$4000 - $6000/tonne for organochlorine pesticide (OCP) solids; $4000 -
$8000/tonne for PCB and OCP liquids: $6000 - $11000/tonne for PCB
contaminated capacitors.129

 
 2.3 Electrochemical Oxidation
 
 This technology, the Dounreay Electrochemical Silver (II) Process, was
initially developed for the high-efficiency conversion of a wide range of
radioactive organic wastes into environmentally acceptable waste streams.  In
tests with chemical warfare agents, this process, sometimes referred to as
mediated electrochemical oxidation (MEO), was successful in destroying an
organophosphorus nerve agent to non-detectable levels after one hour and an
organochlorine agent, mustard, after two hours.130

 
 An electrochemical cell is used to generate oxidizing species at the
anode in an acid solution, typically nitric acid.  These oxidizers and the acid
then attack any organic compounds, converting most of them to carbon dioxide,
water and inorganic ions at low temperature (< 80 oC) and atmospheric
pressure.  The organic content of the feed, which can be soluble or insoluble

organic liquids or solids, can vary between 5 and 100 percent without
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affecting the process unduly.  Likewise, the water content of the waste can vary
over a wide range.  Compounds that have been destroyed by this process
include aliphatic and aromatic hydrocarbons, phenols, organophosphorous and
organosulfur compounds, and chlorinated aliphatic and aromatic compounds.131

Data describing concentrations in gaseous, liquid and solid residues of dioxins
and other POPs potentially formed by this process were not available for
review.
 
 According to DOE, this technology appears to be proven and ready to be
commercialized for destruction of a variety of organic materials.132  Capital cost
data are not currently available.  However, for destruction of the U.S. stockpile
of unitary chemical warfare agents, overall costs are estimated to be some 30
percent of the current estimate of demilitarization through incineration, with
demonstration of working systems within 1 to 3 years.
 
 2.4 Molten Metal Pyrolysis
 
 Molten Metal Technology (MMT) has developed the Catalytic Extraction
Process (CEP) in which molten metal acts as both solvent and catalyst.  Waste
and selected co-reactants are introduced into a refractory-lined, metal-filled
vessel.  According to DOE, the solid, liquid and gas output streams from this
reactor vary considerably depending on the operating variables, e.g., oxidizing
or reducing atmosphere.  Typically, outputs include 1) a metal product that may
be recycled; 2) slag that contains oxidized metals; 3) gases consisting of
products of volatilization, oxidation and decomposition; and 4) particulates and
metals entrained in the offgas.  There are liquid wastes only if wet scrubbers are
used to control air emissions.133

 
 MMT describe their process as a recycling technology that allows
organic, organometallic, metallic and inorganic feeds to be recycled into useful
materials of commercial value.  The company has carried out commercial-scale
processing of several types of waste including spent metal/electronic
components; chlorinated waste streams; and biosolids from wastewater
treatment.134

 
 Specific waste streams processed using CEP include chlorotoluene,
polyvinyl chloride (PVC), surplus metal and weapons components, and heavy
residuals from ethylene dichloride and vinyl chloride production. DREs greater
than 99.9999 percent were achieved with specific chemicals of concern.135 It is
important to note that the developer of CEP has not yet presented data
describing the concentrations of undestroyed chemicals found in the end
products, other than gases, and other process residues.  I.e., the destruction
efficiencies achieved by this technology are as yet unknown. The primary end
products of CEP are described as follows:
 
 

• Gases, primarily comprised of hydrogen, carbon monoxide and up to 1
percent ethylene, with smaller amounts of other light hydrocarbons;

• Ceramic slag phase consisting of silica, alumina and calcium chloride, which
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is skimmed off the top of the bath; and
• Metal by-products.
 
 Dioxins and furans were reported as non-detectable in product gases at
the 0.1 ng TEQ/Nm3 standard.136 However, MMT officials failed to respond to
repeated requests for the actual analytical data and for similar data for other
process residues. In other words, no data are yet available to describe the
concentrations in process residues of dioxins and other POPs potentially
formed by this process.
 

 According to MMT, the gases can be used in the synthesis of organic
chemicals, such as methanol; the ceramic materials can be used or buried in
landfills; and the metal by-products, which remain as a ferroalloy, can be
recovered for use.137  However, the National Research Council has observed as
follows:138

 
 “The metal furnace does not eliminate the need for a combustion process;
the product gases would be oxidized in a separate unit.  These gases would
likely be very dirty, containing soot from the metal pyrolysis and possibly
some slag particulate matter.  Gas cleanup will be required before the gas
is released.”

 
 In their evaluation of this technology, DOE cautions that, with induction
heating of the metal bath, the method apparently used by MMT, the process
must be carefully controlled to prevent equipment damage and possible
explosion.  Other issues raised are as follows:139

 
 ...[T]he potential for over-pressure due to rapid gas evolution of volatile
bulk materials; ... and development of instrumentation, control, and
monitoring systems, including on-line feedback of metal and slag
compositions and offgas components.

 
 Recently, USEPA recognized MMT’s process as achieving the Best
Demonstrated Available Technology (BDAT) for processing wastes for which
incineration was previously the only approved processing method.140

 
 DOE estimated capital costs for a typical MMT facility to range from $15
to $50 million, in U.S. dollars, depending on the volume and composition of the
waste stream.  For example, the MMT unit at Clean Harbors, which has a
capacity of 30,000 tons of waste per year, is estimated to cost between $25 and
$35 million.141  MMT is currently designing facilities for four commercial
customers:  Hoechst-Celanese (chlorinated plant waste), Clean Harbors
(hazardous waste), SEG (ion-exchange resin), and Martin Marietta.  MMT and
Martin Marietta have formed a new business, M4 Environmental, L.P., to
commercialize CEP for applications for the U.S. Department of Defense and the
U.S. Department of Energy.
 
 2.5 Molten Salt Oxidation
 

 The molten salt process has been used on a small scale since
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1950.142 In the process, a bed of alkaline molten salt, usually sodium carbonate,
oxidizes organic materials at a temperature of 900 to 1000oC. Any chlorine,
sulfur, phosphorous, or ash products in the feed are converted to inorganic salts
and retained in the salt bed.  This process cannot treat soils and other materials
with a high content of inert material.143

 
 With bench and pilot scale systems, liquid 1,2,4-trichlorobenzene (58.6

weight percent chlorine) was destroyed in molten sodium carbonate/sodium
chloride with efficiencies of 99.9999970 and 99.9999932 percent at bed
temperatures of 900oC and 1000oC respectively.  With chlordane, the pilot scale
system achieved DREs of 99.99983 percent when samples were taken before
the baghouse and >99.9999988 percent when sampled after the baghouse.144

Destruction efficiency with chlordane was apparently not determined. Indeed,
the use of both performance measures, “destruction efficiency” and DRE, in
describing the performance of this technology suggests that one may have
been used inaccurately. I.e., destruction efficiency can be determined only if all
process residues are analyzed for the presence of undestroyed chemicals of
concern.  It is also important to note that no data were presented describing the
concentrations in process residues of dioxins or other POPs potentially formed
by the process.

 
 One hazard of the process is potential superheated-vapor explosions

when liquid wastes are introduced.  Gaseous emissions may require filtering
due to the entrainment of very fine salt particles (possibly smaller than 1 µm),
and the total salt requiring disposal may be several times the weight of the
wastes destroyed.145

 
 Depending on chlorine content as well as the capacity of the facility, the cost (in
Australian dollars) of treating organochlorine wastes vary from $1200 to $2000
per tonne. The residuals from the process are not useful, and must be disposed
of properly in a secure landfill. For a feed rate of 1000 kg/h, the cost is in the
order of $1150/tonne. The above costs do not include effluent treatment costs,
residuals and waste shipping costs handling and transport costs, analytical
costs, and site restoration costs.146

 
 2.6 Solvated Electron Process
 

 Solvated electron technology (SET) uses an alkali or alkaline earth metal
dissolved in a solvent such as ammonia, or certain amines or ethers to produce
a solution containing free electrons and metal cations. Chlorine and other
halogens are selectively stripped from organic halides by free electrons and
captured by the metal cations to form salts (e.g., CaCl2).

147 For example, a PCB
molecule can be converted to biphenyl in a rapid reaction at ambient
temperatures.148

 
 The application of solvated electron technology to waste treatment has

been developed by Commodore Applied Technologies Inc., which has resulted
in a proprietary reagent known as Agent 313.149 The technology has been
demonstrated in the destruction of a wide variety of halogenated organic
compounds including PCBs, dioxins, pesticides, chlorofluorocarbons (CFCs)
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and chemical warfare agents (e.g., GB, HD, VX and Lewisite).150 Some of the
materials that have been treated by SET, their treatment residues and the fate
of those residues are given below in Table 6. 151

 
 Table 6: Solvated Electron Technology: Materials Treated and the Nature and
Fate of Treatment Residues
 

 Material Treated  Products  Disposal Options
 Concentrated PCBs  Biphenyl, calcium hydroxide,

calcium chloride.
 Landfill as salts.

 PCBs in soils  Biphenyl, calcium hydroxide,
calcium chloride, clean soil.

Return soil to ground.

 PCBs on surfaces  Biphenyl, calcium hydroxide,
calcium chloride.

 Collect salts and
landfill.

 PCB/oil mixtures  Biphenyl, calcium hydroxide,
calcium chloride, oil.

 Reuse oil. Landfill
salts.

 Concentrated HCB  Benzene, sodium chloride,
sodium hydroxide.

 Separate benzene
and landfill salts.

 HCB in soils  Benzene, sodium chloride,
sodium hydroxide, clean soil.

 Separate benzene
and return soil with
salt to ground.

 
 Decontaminated soils are said to be suitable for return to the site,

enriched in nitrogen from trace amounts of residual ammonia. Proponents claim
destruction efficiencies of 100 percent for organochlorine pesticides such as
DDT, Dieldrin, 2,4-D, and 2,4,5-T. With a few pesticides – Carbaryl, Paraquat,
PMA, and Zineb -- destruction efficiencies as low as 86 percent were
achieved.152

 
 It is important to note that no data were available that identify and

chemically characterize all gaseous, liquid and solid residues of this process.
I.e., no information was found that describe the concentrations in process
residues of dioxins and other POPs that may potentially be formed during this
process.

 
 Costs, in Australian dollars, for treating PCB-contaminated soils are

$300-340/tonne, while those for concentrated wastes are $12,000-
$20,000/tonne.153

 2.7 Supercritical Water Oxidation
 

 Supercritical water oxidation (SCWO) is a high temperature and pressure
technology that uses the properties of supercritical water in the destruction of
organic compounds and toxic wastes.  Under supercritical conditions, carbon is
converted to carbon dioxide; hydrogen to water; chlorine atoms derived from
chlorinated organic compounds to chloride ions; nitro-compounds to nitrates;
sulfur to sulfates; and phosphorus to phosphate.154

 
 The unique properties of super critical water are the key to the operation

of this process.  Gases including oxygen and organic substances are
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completely soluble in super critical water, whereas inorganic salts exhibit greatly
reduced solubility under process conditions.  Organic substances dissolve in the
super critical water, and oxygen and the organic substances are brought into
intimate single phase contact at temperatures and molecular densities that
allow the conventional oxidation reactions to proceed rapidly to completion.
 

 Process residues are contained and consist of water, gas and solids if
the waste contains inorganic salts or organics with halogens, sulfur or
phosphorous.  The effluent gases contain no oxides of nitrogen or acid gases
such as hydrogen chloride or sulfur oxide.  The process generates no
particulates and less than 10 ppm carbon monoxide has been measured.155

 
 The National Research Council (1993) has pointed out that this system

must be constructed of materials capable of resisting corrosion caused by
halogen ions.  They also note that the precipitation of salts may cause plugging
problems in the system.156

 
 DREs of greater than 99% have been reported for the treatment of

numerous hazardous organic compounds using SCWO. For example, bench
scale tests have shown DREs of 99.999% or higher for chlorinated solvents,
PCBs and pesticides, and >99.99994% for dioxin contaminated MEK.157  No
data have yet been found that allow the destruction efficiencies of this
technology to be determined.  I.e., the concentrations of undestroyed chemicals
in process residues have not been reported for process residues other than
gaseous emissions.  Similarly, no data were presented describing the
concentrations in all process residues of dioxins and other POPs potentially
generated.

 
 Environment Australia (1997) notes that end products such as ash and

brine require disposal.  The Agency also finds that the technology is limited to
the treatment of waste that is liquid or has a particle size less than 200 µm, and
it is most applicable to wastes with an organic content of less than 20%.158

 
 SCWO has been applied to a broad range of materials, e.g., aqueous

waste streams, sludges, contaminated soils, industrial organic chemicals,
plastics, synthetics, paints and allied products, industrial organics, agricultural
chemicals, explosives, petroleum and coal products, and rubber and plastic
products.  It is applicable to the treatment of a range of contaminants including
acrylonitrile wastewater, cyanide wastewater, pesticide wastewater, PCBs,
halogenated aliphatics and aromatics, aromatic hydrocarbons, MEK and
organic nitrogen compounds.159

 
 Costs, in U.S. dollars, range from $120 to $140 per dry ton assuming

some pretreatment and certain operating conditions.160

 
 2.8 Plasma Arc
 

 In plasma arc treatment directing an electric current through a low-
pressure gas stream creates a thermal plasma field. Plasma arc fields can
reach 5000 to 15000oC. The intense high temperature zone can be used to
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dissociate waste into its atomic elements by injecting the waste into the plasma,
or by using the plasma arc as a heat source for combustion or pyrolysis.161

 
 The National Research Council (1993) described the waste streams from

plasma arc destruction of wastes as “essentially the same as those from
incineration…” such as combustion by-products and salts.162

 
 Various plasma reactors have been developed for the thermal

destruction of hazardous waste. Environment Australia considered three
available plasma systems in its review of appropriate technologies for the
destruction of hazardous wastes. These are:
 
• PACT (Plasma Arc Centrifugal Treatment)
• PLASCON (In-Flight Plasma Arc System)
• STARTECH (Plasma-electric waste converter)

2.8.1 PACT

The Plasma Arc Centrifugal Treatment (PACT) process developed by
Retech uses heat generated from a plasma torch to melt and vitrify solid feed
material, including contaminated soils.  Organic components are vaporized and
decomposed by the intense heat of the plasma and are ionized by the air used
as the plasma gas, before passing to the off-gas treatment system. Metal-
bearing solids are vitrified into a monolithic non-leachable mass. Gases travel
through the secondary combustion chamber and then through a series of air
pollution control devices.163

Liquid and solid organic compounds can be treated by this technology
and it is appropriate for treatment of hard-to-destroy organic compounds and
wastes contaminated with metals. DREs for organic compounds are greater
than 99.99%.  However, volatile metals and products of incomplete combustion
(PIC) can be generated and may need to be removed by an appropriate
scrubber. 164  No data were found to describe the concentrations of undestroyed
chemicals in process residues other than gaseous emissions.  As a
consequence, the destruction efficiencies achieved by this technology are as
yet unknown.  Similarly, no data were found to describe the concentrations in
process residues of dioxins and other POPs that may potentially be formed by
this process.

The system can be operated under pyrolytic conditions with a reducing
atmosphere to avoid or minimize dioxin formation in the primary chamber and
the volume of gases produced in the process have been calculated to be as
little as 2 percent of the volume of an incinerator of equivalent capacity.
However, it is usual to follow primary combustion with secondary combustion
where dioxins can be formed.  Since total air emission volumes are less than for
conventional combustion processes, the potential impact of emissions is
expected to be lower.  Treated soils and other materials from this process are
generally converted into ash and as such can be returned to the site. 165

The PACT system can be expected to have a relatively high capital
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cost as well as high operating cost ($4000 - $8000 per tonne).166

2.8.2 PLASCON

In the PLASCON system, a liquid or gaseous waste stream together with
argon is injected directly into a plasma arc. Organic chemicals in the waste
disassociate into elemental ions and atoms, recombining in the cooler area of
the reaction. End products include gases and an aqueous solution of inorganic
sodium salts. 167

PLASCON is not currently configured to treat a range of waste types
(e.g., contaminated soil, capacitors, etc.) However, in conjunction with
appropriate preprocessing (e.g., thermal desorption) its applicability is
broadened. Bench scale tests achieved DREs ranging from 99.9999 to
99.999999 percent. Like the other plasma arc process, no data were found
describing the concentrations of undestroyed chemicals in process residues
other than gaseous emissions so that the destruction efficiency of this
technology remains unknown.  However, dioxins were found to occur in
scrubber water and stack gases in the part per trillion range. 168

The PLASCON system has been operating at Nufarm, an herbicide
manufacturing works in Laverton, Victoria, Australia, since early 1992.  Totally
organic wastes containing a variety of organochlorine compounds are being
treated on a small throughput basis. Typically, the waste averages 30% w/w of
chlorine. A second PLASCON unit has been commissioned to cope with the
increased plant throughput (200 kW system).  This system is currently being
used to destroy stockpiled CFCs and halons. 169

Operating costs including labor vary depending on the work to be treated
and the location of the site. These costs, in Australian dollars, are estimated to
be under $3000/tonne but typically range from $1500 - $2000/tonne. 170

2.9 Catalytic hydrogenation

The potential destruction of chlorinated wastes by hydrogenation over
noble metal catalysts has been recognised for many years.171 However, noble
metal catalysts are particularly susceptible to poisoning by a range of elements
found in real world situations, thus limiting the applicability of the technology.

The CSIRO Division of Coal and Energy Technology has developed a
process for the regeneration of PCB contaminated transformer fluids using
hydrogenation catalysts based on metal sulphides, which are extremely robust
and tolerant of most catalyst poisons. 172 The process is also claimed to destroy
a wide range of chlorinated hydrocarbons, yielding hydrogen chloride and light
hydrocarbons as by-products.

In recent trials relatively high concentrations of pure POPs compounds
were treated in a hydrocarbon solvent and all were destroyed to below the
detection limit of analysis, as shown in Table 7.  The proponents claim that the
variations in destruction efficiencies reflect differences in the limits of
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detection rather than real differences in the extent of destruction. 173

Most gaseous effluents are recycled through the reactor, although purge
gases are discharged through a catalytic combustor. The proponents claim that
no dioxins or furans have been detected leaving the catalytic combustor in
gaseous emissions and that PCBs were less than 15 ng/m3.  No data have
been found describing the concentrations of dioxins and other POPs in other
process residues.

Table 7:  Catalytic Hydrogenation – Destruction Efficiencies Achieved with
    Organochlorines 174

Compound
Feed
Concentration
(mg/kg)

Product
Concentration
(mg/kg)

Destruction
Efficiency, %

PCB 40 000 <0.027 >99.99993
DDT 40 000 <0.004 >99.99999
PCP 30 000 <0.003 >99.99999
HCB 1 340 <0.005 >99.9996
1,2,3,4-TCDD 46 <0.000004 >99.99999

Environment Australia notes that there is insufficient information publicly
available to determine limitations or risks associated with the process.175

However, the National Research Council has observed that the exact nature of
waste streams would have to be determined.  I.e., gaseous products may
represent safety and toxicity hazards and combustion products may require
scrubbing, which would generate aqueous wastes.176

No cost estimates are available at this time.
2.10 Base catalyzed dechlorination (BCD)

The base catalyzed dechlorination (BCD) process was developed by the
USEPA to remediate soils and sediments contaminated with chlorinated organic
compounds, especially PCBs, dioxins, and furans. The original BCD process
involved the addition of sodium bicarbonate to the contaminated medium, which
was then heated to 330 °C in a reactor to partially decompose and volatilize the
contaminants; which then require separate treatment.177

Further development of the BCD process, incorporated an alkaline
polyethylene glycol (APEG) reagent (e.g., potassium polyethylene glycol) as the
base. The APEG reagent dehalogenates the contaminant to form a glycol ether
and/or a hydroxylated compound and an alkali metal salt.  Destruction
efficiencies are described as “not as high” as some other technologies.178

The BCD/APEG process was successfully demonstrated at the Wide
Beach Superfund site in 1991, where approximately 42,000 tons of stockpiled
soil contaminated with PCBs, mainly Arochlor 1254, at concentrations ranging
from 10 to 5,000 mg/kg, were treated.  Gaseous emissions, which are very
small compared with combustion systems,179 were treated with cyclone,
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baghouse, acid gas scrubber, and activated carbon adsorption. Table 8 shows
dioxin and furan stack gas emissions measured during the SITE
Demonstration.180  No data were presented to describe the concentrations in
stack gases of other POPs potentially formed during the process or the
concentrations of such substances in other process residues.

ADI Services, a BCD licensee in Australia, has developed a variation of
the BCD reaction (called the 'ADOX' reaction) in which an ‘accelerator’ replaces
the patented BCD catalyst. In the ADOX reaction the nature of the reaction
changes dramatically in that organochlorines are decomposed completely to
carbon. The reaction, which takes place rapidly, can be applied to much higher
concentrations of organochlorines than the conventional BCD process and
without the requirement for the addition of oil.181  No data were presented
identifying and chemically characterizing all residues from this process.  I.e., the
concentrations in all residues of undestroyed chemicals and dioxins and other
POPs potentially formed during this process were not revealed.
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Table 8:  Base Catalyzed Dechlorination – Dioxins in Stack Gases182

Dioxins and Furans Stack Gas,
ng/dscm*

Tetrachlorinated dibenzo-p-dioxins (TCDD) 0.14
Tetrachlorinated dibenzofurans (TCDF) 4.8
Pentachlorinated dibenzo-p-dioxins (PeCDD) 0.96
Pentachlorinated dibenzofurans (PeCDF) 0.72
Hexachlorinated dibenzo-p-dioxins (HxCDD) 0.17
Hexachlorinated dibenzofurans (HxCDF) 0.077
Heptachlorinated dibenzo-p-dioxins (HpCDD) 0.25
Heptachlorinated dibenzofurans (HpCDF) 0.032
Octachlorinated dibenzo-p-dioxins (OCDD) 2.34
Octachlorinated dibenzofurans (OCDF) 0.032
Total Dioxins and Furans 9.52
Total TEQs 0.707

  * dscm = dry standard cubic meter

The New Zealand Ministry of the Environment has noted as follows:183

“The ADI thermal desorption process produces a variable amount of dust
(usually less than 5% of the original soil feed) and condensates, both
containing dioxins. While these are captured and contained within the
system, they must be able to be safely decomposed for the total process to
be considered effective.”

In the recent trials in New Zealand, the solid residues were fed back into
the system. This resulted in a reduction of the dioxin levels from an initial level
of 1280 ppb TEQ to a value below 0.1 ppb TEQ.

While generally considered to be a relatively low risk technology, a BCD
plant in Melbourne, Australia was rendered inoperable following a fire in 1995,
as described below:184

“The fire damaged the treatment system and building. It is understood that
the fire resulted from a combination of factors. The nitrogen blanket was in
place over the reactor, however, on discharge of hot oil into a storage
vessel without an adequate nitrogen blanket, the fire occurred in the storage
vessel. The auto ignition point of the hot oil was lower than expected and
was exceeded.”

The plant has been rebuilt and is operating on a commercial basis,
focusing on PCB contaminated oils, transformers and capacitors, following
approval by the regional environmental agency.



GREENPEACE:  TECHNICAL CRITERIA FOR POPS DESTRUCTION
35

As the BCD process essentially involves stripping chlorine from the
waste compound, the treatment process may result in an increased
concentration of lower chlorinated species (e.g., higher congeners are replaced
by lower congeners). 185  This is of potential concern in the treatment of dioxins
and furans, where the lower congeners are significantly more toxic than the
higher congeners.  It is therefore essential that the process be appropriately
monitored to ensure that the reaction continues to completion.

For contaminated soils, costs are said to range from $250 to $400 per
tonne, in Australian dollars.  Costs for PCB contaminated oils are around $1000
per tonne.186
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