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volume throughput so a large-volume process such as chlorine production may give a larger mass 
flow than a high-concentration/higher-yielding but smaller-volume process. 

Figure 5. Block diagram of generic organic process 

 
 

1.8 Inorganic chemical processes 
Chlorine is used in generating inorganics whether it remains in the final product (NaOCl, ClO2, FeCl3, 
AlCl3, ZnCl2, etc.) or is simply used in the process (TiO2, Si). These inorganic compounds may be 
used either stoichiometrically (NaOCl, ClO2) or as catalysts (FeCl3, AlCl3, ZnCl2, etc.). There are two 
inorganic chemical manufacturing processes identified with some production of chemicals listed in 
Annex C: chloride process manufacture of titanium dioxide (TiO2) by certain manufacturers and 
production of anhydrous magnesium chloride (MgCl2), an intermediate in the manufacture of 
magnesium metal. Other metal carbochlorination processes for purification of ore may involve similar 
conditions. 

1.8.1 Chlorine and sodium/potassium hydroxide 

Chlorine and either sodium or potassium hydroxide are produced by electrolysis of aqueous solutions 
of sodium or potassium chloride respectively. There are numerous technologies associated with this 
process, and while a full treatment of the process is beyond the scope of this guidance, an overview is 
provided in many general references (European Commission 2001, Appendix 1; Wiley Interscience 
2000). 

It is known anecdotally, and confirmed by reports of releases of persistent organic pollutants from 
modern chloralkali facilities, that there is the possibility of dioxin and furan generation at some point 
in the chloralkali process. 
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The use of graphite electrodes in this process is known to be a source of chemicals listed in Annex C. 
This process is generally considered obsolete in modern facilities (see subparagraph 4.2.2 below). 
With respect to other sources in the process, full mechanistic understanding of formation is lacking; 
however, it is believed that contact of elemental chlorine with preformed furan-like structures in 
organic gaskets and seals could be a source (see paragraph 2.2). Even with modern processes 
PCDD/PCDF have been measured in releases and are formed in the process. 

1.8.2  Titanium dioxide 

There are two processes for manufacture of titanium dioxide (TiO2): the chloride process and the 
sulphate process. They present an interesting case study: the chloride process produces much less 
waste but can be a source of persistent organic pollutants. The sulphate process involves much more 
waste in other categories, which is a problem as titanium dioxide is a high-volume chemical. 

The production of titanium dioxide on the basis of the sulphate process gives rise to high amounts of 
contaminated spent acids of different concentrations. In the past those spent acids could not recycled 
and used in other production processes. Methods for reuse and recycling of spent acids have been 
developed during the last decades and are currently standard operation for titanium dioxide production 
in industrialized countries. 

The chloride process has grown in use over the past thirty years as an alternative for the sulphate route 
with its high amounts of spent acids. The chlorine route is a relatively compact process, giving the 
opportunity to recycle process materials directly without side products and with better product 
properties and considerably lower generation of waste. TiO2 ore, such as rutile or ilmenite – 
containing other metal oxides – is chlorinated under high temperature to produce titanium 
tetrachloride (TiCl4), a stable, distillable liquid. Other metal halides are removed after cooling. TiCl4 
is then purified and oxidized with O2, liberating chlorine, which is recycled in the process. This 
oxidation process is thermodynamically favoured at temperatures above 600° C. A generalized 
overview of the chloride process is shown in Figure 6 and a more complete description of the 
competing sulphate process is found in paragraph 3.1 below.  

Figure 6. Chloride process for manufacturing titanium dioxide 
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1.8.3 Anhydrous magnesium chloride 

Magnesium chloride (MgCl2) can be produced by the reaction of magnesium oxide (MgO) and coke 
with elemental chlorine at 700–800° C. Details of this process and releases from it are presented in 
section VI.B (iii) of the present guidelines (magnesium production). 

2. Potential sources of chemicals listed in Annex C 
Central to formation of the basic structure of PCDD, PCDF, polychlorinated biphenyls (PCB) and 
hexachlorobenzene (HCB) is the presence or generation of aromatic materials. Those materials must, 
at some point, be chlorinated. UNEP 2003 notes that for chemical processes, generation of 
PCDD/PCDF may be favoured in processes that utilize, alone or together, elemental chlorine, 
elevated temperature, alkaline conditions and a source of free radicals.  

For formation of PCDD/PCDF a source of oxygen or non-chlorinated dioxin/furan or related 
structures must be present. While it is difficult to imagine situations where PCDD/PCDF are 
generated without any possibility of generating PCB or HCB, PCDD/PCDF are favoured as by-
products in processes where chlorinated phenols are a substrate or phenols are reacted with chlorine, 
especially if treated with alkali (see subparagraphs 4.2.3, 4.2.4 and 4.2.5 below). Combustion is a 
likely source of all of these materials; formation of by-products is dependent upon the exact 
technology employed in combustion processes, especially those involving uncontrolled combustion. 
Carbochlorination reactions (e.g. MgO to MgCl2) may also be a source (see paragraph 1.8 above). 

HCB may be formed preferentially in similar kinds of reactions to those named above if oxygen or 
oxygenated materials are excluded. Electrolysis reactions with graphite electrodes fall into this 
category. A similar result may be obtained where chlorinated aliphatic rings are present and 
dehydrohalogenation can occur, as in reactions with hexachlorocyclohexane as a starting material. 

In some cases, the source of aromatic carbon may be adventitious. Benzene as an impurity in raw 
materials of almost any chlorination reaction could result in HCB as a by-product even where it would 
not be expected from the chemistry of the desired reaction. Some patent work refers to reduction of 
aromatics in feed streams to other chemical synthesis as a means of reducing inadvertent manufacture 
of by-product persistent organic pollutants (see subparagraph 4.2.8). Finally, if HCB is a raw material 
for a process, carry-over of this material into final product will cause contamination (see subparagraph 
4.2.5). 

Many national inventories of emission estimates exist for PCDD/PCDF and PCB. For PCDD/PCDF, 
inventories typically involve unintentional generation. This is covered in the UNEP Toolkit (UNEP 
2003). For PCB, inventories, if they exist, are mainly of legacy product still in use, waste in storage or 
recent production. Very few data on inadvertent generation of PCB exist.  

It is important to note that there are sources of all of these by-products that are not related to chemical 
processes, but their release can only be prevented by installing high-performance technologies, 
closing the cycles and installing internal and external control of by-product and waste streams and the 
emissions connected with their destruction. 

For HCB, both a product and a by-product, the situation is similar to that for PCB; however, some 
inventories of HCB as a by-product exist. The worldwide peak production and releases of HCB 
occurred in the late 1970s and early 1980s. Production was about 10,000 tons per year from 1978 to 
1981 (Rippen and Frank 1986) of which 80% is believed to have been in Europe. A major input into 
the environment was its use as a pesticide, mainly as a fungicide for seeds of onions and sorghum and 
for crops such as wheat, barley, oats and rye, and as a fungicide to control bunt in wheat. 

Since then, due to several regulations and bans, the production and releases have declined 
significantly. Bailey (2001) published a review of HCB sources and emissions worldwide in the mid-
1990s. The total worldwide emission for that period was estimated at 10–90 tons per year. In the 
1990s the contribution of different sources to the total emissions worldwide was as follows: fuel 
combustion 3.7%; iron and steel industry 0.3%; non-ferrous metal industry 36%; organic chemical 
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industry 5.8%; other solvent use 0.004%; waste incineration 26%; and pesticide use 28%. The 
distribution in Europe, the United States and Canada showed considerable differences. 

An extensive recent review of publications on HCB emissions was compiled as a Euro Chlor Science 
Dossier (Barber, Sweetman and Jones 2005). The dossier provides quite an exhaustive overview of all 
relevant published information up to 2004. It gives details on the production and releases in different 
periods, in different geographies and for different uses, and also deals with secondary and historical 
sources. A shorter version of this dossier was published in the peer-reviewed literature (Barber et al. 
2005). 

2.1 Oxychlorination process 
The presence of heat, elemental chlorine, copper chloride catalyst and organic material makes the 
oxychlorination process a potential source of chemicals listed in Annex C, especially PCDD/PCDF 
and HCB. Aromatics may be generated in high-temperature processes and may also be present in feed 
materials, including HCl or air. Conditions in an oxychlorination reactor are in some ways similar to 
conditions in the areas of an incinerator downstream of the combustion zone, but may or may not 
contain similar amounts of soot-like elemental carbon or polycyclic aromatic hydrocarbons, which 
may contribute to de novo formation of PCDF (Lenoir et al. 2001; OxyVinyls website). Chemicals 
listed in Annex C created in this process, however, can be virtually completely removed from product 
and isolated in high-boiling materials (heavy ends) as a result of the distillation process. 

Some chemicals listed in Annex C will adhere to particles of catalyst. In the case of fixed bed 
systems, they can be a part of the spent catalyst that is removed from service. This material can be 
treated thermally to destroy adsorbed organics or placed in a secure landfill. In reactors, fluidized bed 
catalyst particles undergo size attrition and can become entrained in the vapour stream. These 
particles eventually show up in solid waste or in the biological solids removed at the end of water 
treatment. 

2.1.1 Acetylene process for vinyl chloride 

Use of the balanced process for production of ethylene dichloride, and subsequent cracking to vinyl 
chloride, has, over the past fifty years, largely – but not entirely – superseded production of vinyl 
chloride via the acetylene route. In the acetylene process, calcium oxide and coke or coal are heated 
together at about 2,000° C to produce calcium carbide (CaC2). When CaC2 is reacted with water, 
acetylene is produced. Vinyl chloride results from a mercury catalyst-mediated addition of HCl to 
acetylene. Limited testing of effluents in the vinyl chloride process shows few if any chemicals listed 
in Annex C. The process to produce calcium carbide is uncharacterized; however, recent increases in 
capacity for this process may warrant further study. 

2.1.2 Chlorinated solvents 

Because the process to generate trichloroethylene, perchloroethylene and carbon tetrachloride 
involves chlorination, oxychlorination and pyrolysis, by-product will include chemicals listed in 
Annex C. These materials can be separated from final product by distillation and isolated in a fraction 
known as heavy ends. Many years ago, heavy ends material was commonly landfilled; however, since 
the 1970s, hazardous waste incineration, or thermal destruction with recovery and reuse of HCl, is by 
far the more common treatment. 

There are a few examples of large extant stocks of HCB-containing material resulting from early 
solvent manufacture or more recent poor manufacturing practice. Annex II of this section is a case 
study of a Czech factory (IPEN 2006a). Included in the Euro Chlor dossier is a description of a long-
standing situation in Australia (Barber, Sweetman and Jones 2005). It should be noted that neither of 
these case studies represents either best available techniques or best environmental practices; in fact, 
they are examples of the opposite. 

2.2 Other process contact with elemental chlorine 
There is anecdotal evidence that contact of elemental chlorine with organic process equipment (seals, 
gaskets, fibreglass equipment) that may contain aromatics, polycyclic aromatic hydrocarbons or 
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elemental carbon can give rise to chemicals listed in Annex C, usually PCDF. In certain processes 
where high-boiling material or condensate is separated from manufactured elemental chlorine and not 
recycled in the process, chemicals listed in Annex C can be found in solid or liquid effluent. 

2.3 Titanium dioxide, chlorine process 
The presence of coke, chlorine, metals and elevated temperature may give rise to PCDD and PCDF 
analogous to those generated in oxychlorination. PCDD/PCDF, if formed, are expected to partition 
into stream(s) containing residual coke. If the residual coke is used for energy production, the 
potential content of PCDD/PCDF must be considered.  

The emission from the chlorination process into atmosphere contains traces of TiCl4, Cl2, HCl, CO 
and COS, even after the TiCl4 condensation. TiCl4, Cl2 and HCl are eliminated by an acid off-gas 
washing in several steps. The wash liquors are recycled in the process or recovered and partly sold as 
pure hydrochloric acid (28%). 

2.4 By-product destruction 
There are three types of treatment commonly in use for wastes, especially heavy ends: hazardous 
waste combustion, thermal oxidation and catalytic oxidation. Some detail on each is presented in the 
chapter on ethylene dichloride and vinyl chloride in European Commission 2003. When heavy ends 
are burnt some chemicals listed in Annex C are generated, as in any hazardous waste combustion. The 
European IPPC Bureau is in the process of generating a BREF on waste combustion processes; 
however, there are legal requirements and best available technologies are already in use in the United 
States, the European Union and Japan, among others. Alternatives to the incineration of municipal 
solid waste, hazardous waste and sewage sludge that are presented in section V.A of the present 
guidelines (for example gas phase chemical reduction, base catalysed dechlorination and 
mechanochemical dehalogenation) may also be of use for certain types of by-product destruction. The 
Catoxid® process is a fluidized bed catalytic process for oxidation of organics. It generates a stream of 
HCl and CO2, which is sent in totality to the oxychlorination reactor for internal recycle (Randall 
1994). 

Alternatives to incineration described in this guidance document may also be of use for certain types 
of by-product destruction. 

2.5 Products 
Many products of these processes have been analysed for chemicals listed in Annex C, especially 
PCDD/PCDF. In general, products of the chloralkali-through-vinyl chloride chain are very low in 
such contamination; however, for these and other products the concentration of persistent organic 
pollutants may be a function of the efficiency of distillation or other purification.  

IPEN (2006b) and references included therein contains reports of residual PCDD and PCDF in 
various products. PCDD/PCDF were also detected in five chlorinated chemicals, including triclosan, 
by Ni et al. (2005). HCB content of pesticides is described in Barber, Sweetman and Jones 2005 and 
references included therein. Chlorinated solvents prepared using modern techniques of purification 
have been tested for HCB and found to be in the low µg/kg (parts per billion) range (< 20 for 
trichloroethylene and < 10 for perchloroethylene). Some similar information is also contained in 
UNEP 2003. Clearly, effective operation of the purification steps helps to ensure low levels of 
residual contaminants in products.  

3. Alternative processes that avoid formation of chemicals listed in 
Annex C 

3.1 General considerations 
In many cases there are alternative processes by which desired chemicals can be manufactured. For 
processes where chemicals listed in Annex C are generated, there may be alternative processes that do 
not involve generation of such chemicals. Consistent with the Convention, the guidance on 
alternatives in this document, and good business practice, a thorough review of alternative processes 
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and technologies should be conducted before building new or substantially modifying production 
facilities. 
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3.2 Titanium dioxide, sulphate process 
For TiO2, there is an alternative commercial process utilizing sulphuric acid instead of chlorine.  

In the sulphate process for TiO2 ore is dried, ground and classified to ensure efficient sulphation by 
agitation with concentrated sulphuric acid in a batch or continuous exothermic digestion reaction. 
Controlled conditions maximize conversion of TiO2 to water-soluble titanyl sulphate using the 
minimum acid. The resultant dry, green-brown cake of metal sulphates is dissolved in water or weak 
acid, and the solution is treated to ensure that only ferrous-state iron is present. The solution 
temperature is reduced to avoid premature hydrolysis and clarified by settling and chemical 
flocculation. The clear solution is then further cooled to crystallize coarse ferrous sulphate 
heptahydrate (known as copperas, FeSO4.7H2O), which is separated from the process and sold as a 
by-product.  

The insoluble “mud” is washed to recover titanyl sulphate liquor. That liquid is filtered to remove 
final insoluble impurities, then evaporated to a precise composition. Hydrolysis to produce a 
suspension (“pulp”) consisting predominantly of clusters of colloidal hydrous titanium oxide follows.  

Precipitation is carefully controlled to achieve the necessary particle size, usually employing a 
seeding or nucleating technique. The pulp is then separated from the mother liquor and extensively 
washed to remove residual traces of metallic impurities, using chelating agents if necessary. The 
washed pulp is treated with chemicals, which adjust the physical texture and act as catalysts in the 
calcination step. This process can produce either anatase or rutile crystal forms, depending on the 
additives used prior to calcination (Millennium Chemical Corporation website). 

The sulphate process requires 2.4–3.5 tons of concentrated H2SO4 per ton of TiO2, depending on the 
used raw material. Sulphuric acid is discharged from the process as sulphate, especially as iron(II) 
sulphate, or as free sulphuric acid in the spent acid. The total volume of spent acid caused by this 
process amounts to approximately 6–9 tons per ton of pigment. The recovery of the sulphuric acid 
from the used acid is divided into two processes:  

• Recovery of the free acid by evaporation; 

• Thermal decomposition of the sulphates and H2SO4 production on the basis of sulphur 
dioxide. 

The spent acid is concentrated by evaporation to approximately 70%, where iron sulphate has a 
minimum solubility. Then the acid is cooled. After crystallization of the salts they are separated from 
the acid by filtration. The almost salt-free acid can be recycled directly or after a further 
concentration. Alternatively it can be used for other chemical processes or be decomposed to SO2.  

The separated sulphates, strongly loaded with sulphuric acid, are thermally decomposed in flowing 
bed reactors at temperatures of 800°–1,000° C (under the addition of sulphur, coal or oil as fuel) to 
sulphur dioxide and iron oxide. After cleaning, the obtained sulphur dioxide is processed to virgin 
sulphuric acid. The residual iron oxide can be reused in the cement industry. 

The chloride process does not generate spent acids, and this means far less waste generation. There is, 
however, the possibility of some generation of chemicals listed in Annex C, specifically highly 
chlorinated furans (EPA 2006). Waste generation in the sulphate process, including of sulphuric acid 
and other mineral waste, is much higher but is not known to involve chemicals listed in Annex C. 
Trading elimination of small amounts of such chemicals for generation of large quantities of other 
waste materials may not be the optimal environmental approach. Best available techniques can be 
plant specific and viewed on a case-by-case basis. 

4. Primary and secondary measures 
4.1 Production approaches reducing emission of chemicals listed in Annex C 
It is beyond the scope of this basic guidance to provide detailed comment on chemical plant and 
process design. However, responsible operation requires the recognition that chemical processes, 
while necessary for modern life, carry risks. To mitigate those risks to the greatest extent, processes 
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must be designed to state-of-the-art safety and environmental standards as outlined, for example, in 
the European Union BREFs and comparable regulations in the United States and Japan. Experienced 
engineers must be engaged in the design of specific chemical processes. 

Acceptable design must take into account the potential for side products and wastes, and make 
provisions for their safe handling or destruction. It must recognize that if the process carries the 
potential for generation of chemicals listed in Annex C, the four streams being emitted from a facility 
– air, water, solids and product – also carry that potential. Modern process design takes into account 
that potential, measures its reality, controls for it and includes operations to reduce or eliminate 
emission of those materials, commensurate with the requirements of the Convention. Modern safety 
management includes extensive training for operators and sufficient analytical and control 
instrumentation so that the facility as a whole operates to responsible standards. 

 The main demands for modern and safe chemical production can be stated as:  

• Application of best available techniques, including high-performance technologies, in the 
design and construction of installations; 

• Efficient closed cycles for the control of side products and destruction of wastes and 
emissions; 

• Effective management of side products and handling of wastes; 

• Dedicated facilities for destruction of wastes and emissions under the responsibility of the 
enterprise itself and with external control; 

• Commitment to a standard of 0.1 ng I-TEQ/m3 for air emissions in destruction of any side 
products, wastes and emissions;1 

• Development of a clearly defined regime for internal and external monitoring of key 
operating parameters. 

4.2 Primary measures 
4.2.1 Distillation and internal recycling of by-products 

Distillation is used primarily to produce product of purity appropriate to downstream processing. As 
an example, vinyl chloride is manufactured via oxychlorination and purified by distillation. Rigorous 
distillation is used due to the potential for disruption of subsequent polymerization process by 
impurities. Unsaturated materials that might act as co-monomers competing in the polymerization and 
saturated or aromatic materials susceptible to free radical reactions other than polymerization can 
negatively impact polymerization reaction kinetics. 

Distillation and high purity are important for good production. Distillation systems can be designed to 
effect separation of materials of closely or widely separated boiling points. The boiling points of 
chemical products of direct chlorination and the boiling points of competing impurities allow for their 
practical separation. Their boiling points are also sufficiently different from those of the chemicals 
listed in Annex C, however, that virtually complete separation can be accomplished. European 
Commission 2003 notes that purified ethylene dichloride does not contain significant amounts of 
PCDD/PCDF.  

Destruction of chlorinated by-product materials allows for HCl to be harvested and reused (Vinnolit 
website). This is deemed to have greater impact because small changes in generation of persistent 
organic pollutants upstream of distillation are not reflected in the quality of desired products after 
distillation. 

Distillation is a means of separating desired product from inadvertent by-products used across the 
chemical production industry from commodities to pesticides. Adapting the design and operation of 
the distillation apparatus is, in principle, relatively straightforward. Residual by-product contained in 

                                                 
1  1 ng (nanogram) = 1 × 10-12 kilogram (1 × 10-9 gram); Nm3 = normal cubic metre, dry gas volume measured at 0° C and 

101.3 kPa. For information on toxicity measurement see section I.C, subsection 3 of the present guidelines. 
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commercial product can be minimized by appropriate design and operation of the distillation 
apparatus. Effecting more complete separation for materials with boiling points that are not so widely 
separated as, for example, those of vinyl chloride and the various lower-molecular-weight by-products 
is for the most part a matter of correct design and construction and operation cost. Differences in 
concentration of residual chemicals listed in Annex C in commercial product may be due to 
differences in local regulation of products.  

4.2.2 Elimination of carbon electrodes for chloralkali production 

Older technology in the manufacture of chlorine and caustic soda utilized graphite anodes. Residues 
found from cells so constructed contained significant amounts of PCDD and especially PCDF (UNEP 
2003). This problem was eliminated in much of the world following the invention of the coated 
titanium anode by H.B. Beer in 1965 and subsequent substitution for graphite in these processes 
(European Commission 2001). To the extent that the technology is still employed, the use of graphite 
electrodes is not a best available technique. 

4.2.3 Elimination of alkali treatment of 1,2,4,5-tetrachlorophenol and 2,4,5-
trichlorophenol 

Manufacture of 2,4,5-trichlorophenol was accomplished by alkali treatment of 1,2,4,5-
tetrachlorobenzene. This chlorinated phenol, in the presence of excess alkali, could generate 
significant amounts of by-product tetrachlorodibenzo-p-dioxins (TCDD). This process is not a best 
available technique. 

4.2.4 Elimination of phenol route to chloranil 

This process is described in UNEP 2003. Chloranil (2,3,5,6-tetrachloro-2,5-cyclohexadiene-1,4-
dione) is the precursor for production of dioxazine dyes. When prepared by chlorination of phenol or 
aniline via elemental chlorine, significant amounts of PCDD/PCDF are generated as by-products. This 
process is not a best available technique. Chlorination of hydroquinone by HCl generates much 
cleaner product. 

4.2.5 Modified production of pentachlorophenol and sodium pentachlorophenate 

The following processes are also described in UNEP 2003. Three routes to pentachlorophenol are 
known commercially: chlorination of phenol by Cl2 over a catalyst, hydrolysis of HCB with sodium 
hydroxide and thermolysis of HCB. The most common route today is the first. Sodium 
pentachlorophenate can be produced via hydrolysis of HCB or, more commonly, by treatment of 
pentachlorophenol by sodium hydroxide. 

For both products, careful control of reaction conditions (e.g. temperature, chlorine feed rate and 
purity of catalyst) leads to significant reductions of PCDD microcontaminants. In the United States, 
emission of these materials was reduced from about 3–4 mg I-TEQ/kg in the mid- to late 1980s to 
about 1 mg I-TEQ/kg in the years since 1988 (EPA 2001).  

Facilities utilizing products manufactured in the processes named above should also examine the need 
for secondary measures of their own, especially waste disposal practices using best available 
techniques. 

4.2.6 Use of hydrogen in oxychlorination 

Oxychlorination process feed purity can be a factor in by-product formation, although the problem 
usually is only with the low levels of acetylene, which are normally present in HCl from the ethylene 
dichloride cracking process. Acetylene fed to the oxychlorination reactor could in principle be 
converted to highly chlorinated C2 products, and chlorinated C2 products could give rise to chlorinated 
aromatics via cyclotrimerization (OxyVinyls website, Oxychlorination Technology and 
Hydrogenation Technology pages). Selective hydrogenation of this acetylene to ethylene and ethane 
in a reactor prior to the oxychlorination reaction is widely used as a measure to avoid by-product 
synthesis, especially of polychlorinated aliphatics (see Figure 2). 
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4.2.7 Catalyst maintenance and temperature uniformity control 

Fluidized bed reactors tend to have better temperature control and more uniform performance, 
although the previously mentioned attrition of catalyst particles can allow for carry-over into other 
streams within the facility. For fixed bed oxychlorination catalysts, appropriate packing and 
maintenance can reduce hot spots and can reduce fouling of the catalyst bed, loss of productivity and 
the potential for generation of high-molecular-weight products. Catalyst beds are changed on a regular 
basis to maintain efficiency. 

4.2.8 Reduction in aromatic hydrocarbons in feeds to oxychlorination processes 

Two patents specify pretreatment of air or HCl reagents used in oxychlorination to remove aromatics, 
presumably precursors to various persistent organic pollutants (Cowfer, Johnston and Popiel 1998, 
2001). This patented technology is proprietary and as such may not be appropriate for any required 
implementation of best available techniques, but indicates another primary approach. 

Feeds to oxychlorinators should be controlled to minimize or eliminate feed of higher organics and 
aromatics that could lead to high formation of Annex C compounds. Because raw heavy ends from 
ethylene dichloride or solvent streams may contain these compounds, heavy ends should be suitably 
treated prior to use in solvent production. 

4.3 Secondary measures: Best available techniques for waste treatment 
practices 

The purpose of distillation or other purification steps is to separate desired product from by-products, 
and to concentrate chemicals listed in Annex C in the by-product stream. There are a number of 
processes that are capable of treating by-product streams, many of which are described in section V.A 
of the present guidelines. Alternatives to incineration described in this section may also be appropriate 
to the task of destruction of chemicals listed in Annex C in this context. 

5. Summary of measures 
Measures for the reduction of chemicals listed in Annex C arising from certain chemical production 
processes might be summarized as follows: 

• Modify processes to reduce generation of chemicals listed in Annex C; 

• Incorporate steps that treat impurities in raw materials, and use rigorous operational 
maintenance; 

• Purify products by distillation where physical properties allow; 

• Internally recycle inadvertently generated high-molecular-weight by-products as an integral 
part of the process; 

• Manage wastes appropriately taking full account of the potential release of chemicals listed in 
Annex C to air, water and land and avoid any inadvertent formation. 

6. Performance standards and measures 
6.1 Performance standards 
Performance standards can be set locally in individual plant permits, and will vary. By-product 
PCDD/PCDF emission is mentioned in the Charter of the European Council of Vinyl Manufacturers, 
and reflected in the OSPAR (Oslo and Paris Convention for the Protection of the Marine Environment 
of the North-East Atlantic) process via Decision 98/4 and adoption of best available techniques via 
PARCOM (Paris Commission) Recommendation 96/2. That standard is 1 μg I-TEQ/ton annual 
oxychlorination capacity release to water. Air emission limits in the Charter of the European Council 
of Vinyl Manufacturers are 0.1 ng I-TEQ/Nm3 (ECVM website). This limit corresponds to the 
European Union regulatory limit for emissions of PCDD/PCDF to air from incinerators. 
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In the European Union, requirements for the chemical industry are based on the Council Directive 
69/61/EC on integrated pollution prevention and control. Four BREFs on best available techniques in 
the large-volume and speciality organic and inorganic chemical industries describe comprehensive 
requirements for environmentally sound operation of all chemical industry installations, including 
standards for emissions of PCDD/PCDF (European Commission 2001, 2003, 2006a, 2006b). For any 
combustion installation or part of it in the chemical industry within the European Union a limit value 
requirement of 0.1 ng I-TEQ/Nm3 is the basis for its operation. 

Air emissions from combustors in Japan are regulated according to size and whether they are new or 
retrofitted. Large new incinerators must achieve emission limits below 0.1 ng I-TEQ/Nm3. Water 
emissions from these processes are limited to 10 pg I-TEQ/L effluent. Limits in other regions or 
countries will typically be congruent with hazardous waste combustor regulations in local areas. 

In the United States as well as in other regions, regulations based on maximum achievable control 
technology (MACT) have been proposed to control HCB and other hazardous air pollutant emissions 
from incinerators, medical waste incinerators, cement kilns, and lightweight aggregate kilns that burn 
hazardous wastes. 

The United States Environmental Protection Agency (EPA) regulates the maximum allowable 
concentrations of HCB as a contaminant in certain pesticides. The established microcontaminant level 
for HCB in certain pesticides is in the order of 40–50 parts per million. As noted in Bailey 2001, 
because of process improvements, actual HCB concentrations in pesticide products may be 
significantly lower. 

In Canada, as in many countries, HCB is a prohibited substance. Canadian law prohibits the 
manufacture, use, sale or import of HCB. However, these restrictions do not apply to HCB that is: 

• An incidental by-product of the manufacturing process of a product and that is present in the 
product in a concentration not exceeding 20 parts per billion; or 

• Contained in a control product (pesticides, herbicides, etc.) within the meaning of Section 2 of 
the Canadian Pest Control Products Act. 

6.2 Performance measures 
These may include analytical chemistry on emission streams and, in some areas, reporting of 
persistent organic pollutants to a pollutant release and transfer registry, such as the Toxics Release 
Inventory in the United States (EPA 2006; CCC website).  
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 Annex I. Synthesis of commodity chemicals 

Chemical Process Process use Co-products 

NaCl + H2O → Cl2 + NaOH + H2  Chlorine, caustic soda 

See European Commission 2001, 2003 

More common   

Organics 

Direct chlorination of propylene  
> 300° C 

More common HCl Allyl chloride 
  

Pyrolysis of 1,2-dichloropropane Less common  Chlorinated 
olefins, HCl 

Chloranil dye See UNEP 2003     

Chloroprene (2-chloro-
1,3-butadiene) 

C2H2 + CuCl/NH4Cl → vinyl acetylene 
+ HCl → chloroprene 

Less common   

  Vapour phase: butadiene + Cl2 → 1,4- 
& 3,4-dichloro; isomerized (Cu 
catalyst) to 3,4-dichloro; HCl via 
NaOH; distilled to separate low-boiling 
mono-Cls; 3,4-di; 1,4-di; heavies 

More common NaCl; 
overchlorinated 
products 

Chlorinated benzenes Vapour phase: benzene + chlorine + 
HCl 

Less common  Mixed product 

  Liquid phase: Cl2/FeCl3 to yield mix; 
controlled by amount of chlorinating 
agent (monos); some other specialized 
processes for certain isomers; high-Cl 
materials can precipitate. Purified by 
distillation and crystallization; 
separations difficult 

More common HCl 

Epichlorohydrin Allyl chloride + HOCl (chlorine water) 
→ glycerol chlorohydrins + 
NaOH/(CaOH)2 → epichlorohydrin 

More common Hydrolysed 
product; 
polymers 

 Steam stripped then distilled   

 Also: propylene + O2 (Pd catalyst) → 
allyl acetate → allyl alcohol + Cl2 → 
allyl chloride 

  

Isocyanurate 
disinfectants 

Isocyanuric acid + NaOH + Cl2    

Phosgene CO + Cl2 used virtually immediately to 
produce polycarbonate and 
polyurethane 

    

Chlorinated phenols Lesser chlorinated phenols; phenol + 
Cl2; various Lewis acid catalysts; 
FeCl3, ZnCl2 

More common   

Pentachlorophenol 
(PCP) 

Phenol + Cl2; AlCl3 as main industrial 
catalyst; 100°–180° C 

More common HCl 

 hexachlorobenzene (HCB) + NaOH Less common NaCl 

Sodium 
pentachlorophenate 

PCP + NaOH More common NaCl 

 HCB + NaOH Less common NaCl 



Section VI.F Specific chemical production processes releasing chemicals listed in Annex C 
 

Guidelines on BAT and Guidance on BEP 23                 Revised draft version – December 2006 
 

Chemical Process Process use Co-products 
Vinylidene chloride 
(ViCl2) 

1,1,2-trichloroethane + NaOH or 
Ca(OH)2; can also be a co-product of 
high-temperature chlorination of C2 
materials 

More common NaCl or CaCl2 

Vinyl chloride (VCM) Acetylene + HCl → vinyl chloride; Hg 
catalyst 

Less common   

 Ethylene + Cl2 → EDC (direct; Fe 
catalyst); HCl + O2 + ethylene → EDC 
(oxychlor; Cu catalyst) 

More common  

 See European Commission 2001, 2003   

C1 products 

Methyl chloride CH4 + Cl2 via heat or light More common   

 CH3OH + HCl → CH3Cl More common  

Other chlorinated 
methanes 

CH3Cl + Cl2 heat or light → CH2Cl2, 
CHCl3, CCl4 

More common   

 CS2 + Cl2 → S2Cl2 + CCl4 Less common  

 CS2 + S2Cl2 → S + CCl4   

C2 products 

Chlorinated ethanes 

1,1-di VC + HCl/FeCl3 More common  

1,2-di (EDC) Ethylene + Cl2 → EDC (Fe cat) 
(direct chlorination) 

More common  

 Ethylene + HCl + O2 (Cu cat) 
→ EDC (oxychlorination) 

  

1,1,1-tri 1,1-di + Cl2 (photochemical) More common HCl 

 1,1,2-tri → 1,1,1-tri More common   

 Ethane + Cl2  Less common   

1,1,2-tri VC + Cl2 More common   

 EDC + Cl2 More common HCl 

1,1,1,2-tetra, 1,1,2,2-
tetra 

EDC + Cl2 (can include oxychlor) More common HCl 

 C2H2 + Cl2     

 C2H4 + Cl2 More common HCl 

1,1,1,2,2-penta TCE + Cl2 → penta    

Chlorinated ethylenes 

EDC + Cl2 → TCE + PCE More common HCl 

EDC + Cl2 → PCE + CCl4 More common HCl 

2 CCl4 → PCE More common   

EDC + Cl2 + O2 → PCE/TCE More common   

Tetrachloroethanes + heat → TCE More common HCl 

Trichloroethylene 
(TCE) and 
perchloroethylene 
(PCE) 

Pentachloroethane + heat → PCE Less common HCl 
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Chemical Process Process use Co-products 

Inorganics 

HCl By-product; salt + sulphuric acid; 
hydrogen + chlorine; recovery from 
combustion of chlorinated organics 

More common   

C, Cl2, TiO2 ore → TiCl4 + O2 → TiO2 More common Cl2, recycle TiO2 

TiO2 ore + H2SO4 → Ti(SO4)2 → TiO2 Less common sulphates 

FeCl3 Iron or iron oxide + HCl → FeCl3     

Hypochlorites Na: 2NaOH + Cl2 → NaOCl   NaCl 

  Ca: Ca(OH)2 + 2Cl2 → Ca(OCl)2 also 
via NaOCl used as aid in chloride 
removal; recovered, then dried 

 CaCl2 

ZnCl2 Zn + HCl → ZnCl2     

ClO2 Generated from HClO2 or NaClO3     
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VI.G Crematoria 

Summary 
From early history to the present day cremation has been a religiously and culturally important and 
accepted practice used by many cultures and countries as a way of dealing with the death of human 
beings. In many cases, cremation is integral to the religious and funeral practices of a particular 
country or culture; in others, it is a voluntary alternative to burial. These guidelines are not an attempt 
to redefine these practices or to demean their significance for the people involved. For those countries 
where cremation is practised and in keeping with the provisions of the Stockholm Convention, these 
guidelines seek to provide approaches that minimize or eliminate the formation and release of 
chemicals listed in Annex C of the Convention during the process of cremation.  

The formation and release of PCDD and PCDF, HCB and PCB from crematoria is possible due to the 
presence of these chlorinated materials, precursors and chlorine in the cadavers and in some co-
combusted plastics. Measures to minimize formation and release of chemicals listed in Annex C 
would include the avoidance of chlorinated material, the design of crematoria to deliver a minimum 
furnace temperature of 850° C, a 2-second residence time for the combustion gases and sufficient air 
to ensure combustion. Larger new crematoria should also be fitted with air pollution control 
equipment to minimize emission of sulphur dioxide, hydrogen chloride, carbon monoxide, volatile 
organic compounds, particulate matter and persistent organic pollutants. A performance level of < 0.1 
ng I-TEQ/Nm3 for PCDD/PCDF is associated with best available techniques. 

1. Process description 
Cremation is the disposal of a cadaver by the process of burning. This can be undertaken in either an 
uncontrolled, open burning fashion on funeral pyres, or in a controlled fashion within a cremator, 
installed within a crematorium or crematory. For the purposes of this document, only the cremator 
installations are discussed with respect to preventing releases of persistent organic pollutants, and not 
open burning or non-combustion alternatives. It is noted, however, that in certain countries, cultural 
and societal practices can dictate the types of processes that are available for cadaver disposal. Proper 
consideration of such issues is therefore important. 

Cremators typically consist of two main combustion chambers (Figure 1). The first, or primary, 
contains the hearth on which the coffin is received. This is supplied with forced draught air and one or 
two main support burners (typically in the order of 200–300 kW). These are usually gas fired, 
although in some locations they are oil fired. There are also a few designs of electrically heated 
cremators in operation. Primary chambers are typically between 1.5 and 2.5 m3. Burning of the coffin 
and cadaver takes place on the fixed hearth and combustion gases, products of incomplete combustion 
and entrained particulate material produced by this process are then passed into the secondary 
combustion chamber. 

Within the secondary chamber, further combustion air may be added, and an afterburner system 
supports completion of combustion. The secondary chamber is sometimes also used to preheat 
combustion air for the primary chamber. 

Combustion gases are ejected from the cremator by either an induced draught fan or venture ejector 
system. Few countries require air pollution control equipment to be installed following the cremator, 
but where it is installed, the system typically adopted is the dry injection/filtration system. Here a 
suitable adsorbent, such as a mix of powdered lime and activated carbon, is injected into the cooled 
gas stream, and then a high-efficiency bag filter arrangement removes the injected powder together 
with entrained particulate matter. In the United Kingdom, for example, new crematoria and some 
existing crematoria are to be fitted with such adsorption systems for control of mercury emissions, 
which will have the co-benefit of controlling dioxin emissions.  
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Figure 1. Schematic of a typical cremation process 

Many installations worldwide are equipped with cremators of an older design incorporating smaller 
secondary chambers, with short gas residence times and occasionally with no afterburner arrangement 
installed. Older cremators often rely on manual control, with an operator deciding burner duration and 
air distribution. 

Cremation is a religiously and culturally important and accepted practice for many cultures and 
countries as a way of dealing with the death of human beings. In many cases, cremation is integral to 
the religious and funeral practices of a particular country or culture; in others, it is a voluntary 
alternative to burial. It is absolutely essential to remember that any discussion regarding the design 
and operation of crematoria must bear in mind that the process concerns the disposal of human 
remains. For this reason, such discussions must be duly dignified, with consideration of the sometimes 
conflicting relationship between social and cultural requirements and environmental desires.  

2. Sources of chemicals listed in Annex C of the Stockholm 
Convention 

The formation and emission of polychlorinated dibenzo-p-dioxins (PCDD), polychlorinated 
dibenzofurans (PCDF), polychlorinated biphenyls (PCB) and hexachlorobenzene (HCB) from 
cremators is possible due to the presence of these materials, precursors and chlorine in the cadavers 
and in some co-combusted plastics (e.g. coffin furnishings, which have been phased out in some 
countries). However, although measurements of PCDD/PCDF have been undertaken from crematoria, 
there are few or no consistent data for PCB and HCB emissions. Consequently levels of PCB and 
HCB emissions are much more uncertain than PCDD/PCDF emissions from such sources. 

2.1 General information on emissions from crematoria 
Airborne emissions consist of nitrogen oxides (NOx), carbon monoxide (CO), sulphur dioxide (SO2), 
particulate matter, metal compounds, including mercury, organic compounds and PCDD/PCDF.  

As discussed above, some cremator plant may have air pollution control equipment installed, for 
example lime and activated carbon injection and fabric filtration. However, most have pollution 
control ranging from minimal (i.e., a combustion chamber and stack) to reasonably improved systems 
with secondary combustion chambers and afterburners. 
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2.2 Emissions of PCDD/PCDF to air 
PCDD/PCDF are formed through incomplete combustion or by de novo synthesis when organic and 
chlorine compounds are present in the feed material or flue gas matrix. 

Although it is considered that PCDD/PCDF, PCB and HCB will be destroyed at high temperature 
(minimum 850° C) in the presence of oxygen, the de novo process of PCDD/PCDF synthesis is still 
possible if the combustion gases are cooled over an extended period through the reformation 
temperature window (between 200° and 400° C). This window can be present in abatement systems, 
energy recovery equipment and in cooler parts of the furnace, for example the feed area. Care taken in 
the design of cooling systems to minimize the residence time in the reformation window is practised 
to prevent de novo synthesis. 

In many countries, cremator equipment is often installed in old buildings that are not purpose built. 
Thus there are often long runs of horizontal ductwork, operating at temperatures within this 
reformation window. Such systems are also subject to deposition of particulate matter, often 
containing adsorbed precursors, which enhance the reformation reactions. 

In the United Kingdom, for example, cremators are generally required to achieve PCDD/PCDF 
emission concentrations of less than 0.1 ng I-TEQ/m3 standardized at 11% oxygen, dry and standard 
temperature and pressure (0° C, 101.3 kPa).1 However, this is not required to be demonstrated other 
than by achieving technical combustion requirements of minimum residence time, temperature and 
oxygen in the secondary chamber. 

An emissions survey of typical cremators was undertaken during discussion of revised regulatory 
guidance. These tests indicated PCDD/PCDF concentrations ranging between 0.01 and 0.12 ng I-
TEQ/m3, and PCB concentrations were low, although limits of detection played a significant role in 
the estimation of releases. 

2.3 Releases to other media 
Due to the nature of the process, ashes are an ethical product and are often not subject to any control; 
spreading of ashes on water, for example, is a potential release route. However, there are often 
depositions left within the cremator chambers and flueways that are removed during routine 
maintenance. In the United Kingdom such material is buried at depth within the crematorium grounds 
(in the same way as metals recovered from the hearth and recovered ashes). A brief study was 
undertaken for the Federation of British Cremation Authorities and the Cremation Society of Great 
Britain, which investigated levels of PCDD/PCDF in ashes (Edwards 2001). Levels in the ashes were 
low enough to be considered insignificant in terms of potential exposure risk. 

3. Recommended processes 
3.1 Overview 
Cremators should be designed to address the requirement for a minimum furnace temperature of 
850º C, a 2-second residence time for the combustion gases and sufficient excess air to ensure 
combustion. The use of designs that cannot achieve these criteria should be discouraged unless 
demonstrated to be capable of operating without significant emissions of persistent organic pollutants. 

Larger facilities, such as may be regulated under the Integrated Pollution Prevention and Control 
Directive in the European Union, may also have substantial air pollution control requirements to meet 
emission requirements for other species. These may include, for example, selective non-catalytic 
reduction for NOx control, lime injection for acid gas control (SO2 and HCl), carbon injection for 
mercury and PCDD/PCDF control and fabric filtration for particulate matter control. 

                                                 
1  1 ng (nanogram) = 1 × 10-12 kilogram (1 × 10-9 gram). For information on toxicity measurement see section I.C, 

subsection 3 of the present guidelines. 
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3.2 Best available techniques 
Best available techniques are those that consider both technology and management. Control of 
persistent organic pollutants would comprise the following items and considerations: 

• A cremator meeting the minimum temperature, residence time and oxygen requirements and 
demonstrated to meet those requirements; 

• Suitable air pollution control equipment (for control of persistent organic pollutants this would 
need to include temperature management to control residence time in reformation window, 
carbon injection and fabric filtration or equivalent) along with culturally and environmentally 
appropriate burying of any collected material; 

• Combustion chambers and casings should be made as airtight as possible and operate under 
reduced pressure to minimize release of furnace gases; 

• Gas temperatures should be monitored to allow control systems to maintain minimum 
temperature criteria (through use of support fuel burners) and provide interlocking to stop 
charge when temperature falls below minimum; 

• Flue gas oxygen and carbon monoxide levels should be monitored and linked to the control 
system to ensure adequate control of air supplies and address any combustion problems; 

• Mechanized loading and handling of coffins to minimize exposure to operators; 

• Coffin storage facilities to be refrigerated, lockable and rodent and bird proof and have odour 
control; 

• Coffin and coffin fittings should be made of combustible material. Avoid use, or inclusion, of 
articles containing PVC, metals and other chlorinated compounds; 

• Effective operation control, inspection and preventive maintenance of components whose 
failure could impact on the environment by releasing persistent organic pollutants; 

• Operator competencies to be identified and met by suitable training; 

• Application of emission limit values and monitoring of emissions to demonstrate emission 
compliance for persistent organic pollutants. 

Best available techniques for other pollutants have not been considered and it should be recognized 
that other factors will also impact on the definition of best available techniques for a facility (e.g. 
water and energy use considerations). 

3.3 Best environmental practices 
For best environmental practices, countries should aim in the first instance to develop facilities that 
are capable of meeting the minimum furnace temperature, residence time and oxygen criteria. It 
should be noted that air pollution equipment may be required to meet local emissions and air quality 
regulations for pollutants other than persistent organic pollutants. 

Where heat recovery or air pollution control equipment is installed then the design of such equipment 
must address the risk of de novo PCDD/PCDF formation by minimizing the residence time of 
material in the reformation temperature window. Emissions from such plant should be demonstrated 
to be free of persistent organic pollutants by measurement on commissioning. 

4. Primary and secondary measures 
4.1 Primary measures 
Primary measures are regarded as pollution prevention techniques to reduce or eliminate the 
generation and release of persistent organic pollutants. Possible measures include: 
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4.1.1 Cremator design 

The cremator should provide conditions whereby a minimum temperature of 850° C can be 
maintained throughout charging, burning and ash recovery of the coffin and cadaver with a gas 
residence time of 2 seconds and sufficient oxygen to ensure destruction of any residual pollutants. 

A secondary combustion chamber will be required with afterburners or air injection to meet these 
criteria. Particular care should be taken to ensure adequate sizing of the secondary chamber and the 
qualifying volume (the volume downstream of the last injection of fuel or combustion air and with a 
minimum gas temperature of 850° C throughout the volume). The importance of avoiding cooling of 
flue gases to temperatures within the reformation window is emphasized.  

It is recognized that ash recovery at 8500C will be difficult in small and unmechanized crematoria. 

4.1.2 Pre-preparation of cremation 

The presence of PVC, metals and other contaminants (particularly chlorine compounds) in the coffin 
material and furnishings should be avoided to reduce the generation of persistent organic pollutants 
during incomplete combustion or by de novo synthesis. The correct choice of materials can effectively 
control emissions of pollutants.  

Similarly, placing personal items in the coffin should be avoided or allowed within guidelines to 
discourage placing of materials in the coffin that would increase the potential for generation of 
persistent organic pollutants. Crematoria can provide guidelines on (for example) medical implants 
and items of sentimental value (Australasian Cemeteries and Crematoria Association 2004). 

4.1.3 Fuels 

Use of waste-derived or other fuels potentially contaminated with persistent organic pollutants should 
be minimized and must not be used during start-up or process upset when temperatures are below 
850° C and unstable conditions may be present. Larger facilities should aim for self-sustaining 
combustion in the furnace to minimize fuel use. 

4.1.4 Effective combustion control 

There are three principles at the heart of good combustion control for cremators: 

• Maintaining the temperature at the entry and the exit of the secondary chamber at a minimum 
temperature of 850° C; 

• Maintaining the oxygen concentration (and therefore the excess air) within the secondary 
chamber greater than 6% by volume; 

• Holding the combustion gases within the secondary chamber for at least 2 seconds. 

4.1.5 Effective process control 

Process control systems should be utilized to maintain process stability and operate at parameter 
levels that will contribute to minimizing generation of persistent organic pollutants, such as 
maintaining a minimum furnace temperature of 850° C. Variables such as temperature, residence 
time, and levels of CO, volatile organic compounds and other gas components should be continuously 
monitored and maintained to establish optimum operating conditions. 

4.1.6 Operator competency 

The management of the facility is the key to ensuring safe and environmentally benign operation. All 
personnel operating the facility should be fully conversant with their duties, in particular with regard 
to routine operation, maintenance, process upset conditions and local environmental legislation. The 
competency of operators should be addressed by suitable training at an appropriate level for the 
facility.  
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4.2 Secondary measures 
Secondary measures are pollution control techniques. These methods do not eliminate the generation 
of contaminants, but serve as means to contain and prevent emissions.  

4.2.1 Fume and gas collection 

Air emissions should be controlled at all stages of the process, including material handling, 
combustion and material transfer points, to control the emission of persistent organic pollutants. 
Sealed furnaces are essential to contain fugitive emissions while permitting heat recovery and 
collecting off-gases for abatement or discharge. Proper design of hooding and ductwork is essential to 
minimize fugitive discharge.  

4.2.2 Air pollution control equipment 

Large facilities should employ a range of air pollution control equipment to provide control for all 
significant emissions to atmosphere. Care in selection, design and use of air pollution control 
equipment for other pollutants will also, in general, reduce emissions of persistent organic pollutants. 
The design has to recognize the potential for de novo formation of selected persistent organic 
pollutants and minimize the potential for such formation. Particulate matter should be removed to 
reduce PCDD/PCDF emissions to atmosphere (although they will be discharged to landfill). Fabric 
filters are an effective technique but are essentially low-temperature devices (up to 200° C).  

Air pollution control operations should be constantly monitored by devices to detect failure. Other 
developments include online cleaning methods and use of catalytic coatings to destroy PCDD/PCDF. 

Activated carbon treatment should be considered for removal of persistent organic pollutants from 
off-gases. Activated carbon possesses large surface area on which PCDD/PCDF can be adsorbed. Off-
gases can be treated with activated carbon using fixed or moving bed reactors, or by injection of 
powdered activated carbon into the gas stream followed by removal as a filter dust using high-
efficiency dust removal systems such as fabric filters. 

5. Summary of measures 

Table 1. Measures for recommended processes for crematoria 

Measure Description Considerations Other comments 

Recommended 
processes 

Large, new 
installations in 
developed 
countries 

Minimum 850° C, 2-second 
residence time in qualifying volume 
with sufficient air to ensure 
destruction of persistent organic 
pollutants. Fit with air pollution 
control equipment to minimize 
emissions of SO2, HCl, CO, volatile 
organic compounds, particulate 
matter and persistent organic 
pollutants 

These are considered to be best 
available techniques. Should 
also have management systems 
in place, demonstration that 
facility meets emission limit 
values and regular monitoring 
to ensure compliance 

 Small 
installations 

Minimum 850° C, 2-second 
residence time in qualifying volume 
with sufficient air to ensure 
destruction of persistent organic 
pollutants 

For smaller plant these 
conditions should be minimum 
to address issue of persistent 
organic pollutants. Could be 
adopted using a type approval 
mechanism and inspection of 
management of facility (rather 
than expensive emission tests) 
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Table 2. Summary of primary and secondary measures for crematoria 

Measure Description Considerations Other comments 

Primary measures 

Furnace design   Best place to maximize 
destruction of persistent 
organic pollutants and 
minimize their formation  

Pre-preparation 
of cremation 

The presence of plastics, 
metals and chlorine 
compounds in the coffin 
material and furnishings 
should be avoided to reduce 
the generation of persistent 
organic pollutants during 
incomplete combustion or 
by de novo synthesis 

Elimination of chlorinated 
plastics 

Fairly low-tech, but has 
been successfully 
implemented in the United 
Kingdom 

Fuel Clean fuels for support   

Effective 
combustion 
control 

Technical combustion 
conditions to meet 
minimum requirements for 
temperature, oxygen and 
residence time 

Good combustion results 
from minimum 850° C, 6% 
O2 and 2 seconds residence 
time 

Requires good design 
principles and 
straightforward control 
techniques to meet 
requirements 

Effective process 
control 

Process control systems 
should be utilized to 
maintain process stability 
and operate at parameter 
levels that will contribute to 
the minimization of 
emission of persistent 
organic pollutants 

PCDD/PCDF emissions 
may be minimized by 
controlling other variables 
such as temperature, 
residence time, gaseous 
components 

Use of temperature is a 
fairly basic control 
parameter. 
Monitoring of oxygen, CO 
and volatile organic 
compounds is more 
complex but 
straightforward. However, 
main issue is maintenance 
of a control system able to 
use data in real time to 
address combustion air 
supply dampers, support 
burners and other control 
features  

Operator training In-depth operator training 
can be provided by 
cremator manufacturers or 
trade organizations  

 e.g. Crematorium 
Technicians Training 
Scheme in operation in 
United Kingdom 

Secondary measures 

Fume and gas 
collection 

Effective containment of 
furnace gases in all 
conditions of the cremation 
process to avoid fugitive 
releases 

Processes to be considered 
include sealed furnaces to 
contain fugitive emissions 
while permitting heat 
recovery and collecting off-
gases 

 



Section VI.G Crematoria  
 

Guidelines on BAT and Guidance on BEP 10                 Revised draft version – December 2006 
 

Measure Description Considerations Other comments 

Air pollution 
control 
equipment  

Particulate matter 
abatement will help reduce 
potential emission of 
persistent organic 
pollutants. 
Activated carbon treatment 
should be considered as this 
material possesses large 
surface area on which 
PCDD/PCDF can be 
adsorbed from off-gases 

Fabric filtration is the most 
effective particulate matter 
abatement and is consistent 
with use of dry/semi-dry 
sorbents for acid gas and 
metals control. However, it 
will require a temperature 
reduction. 
Injection of powdered 
activated carbon into the 
gas stream followed by 
removal as a filter dust 

Use of air pollution control 
devices gives rise to 
additional waste streams 
and requires consumables. 
Likely need to reduce flue 
gas temperature (to avoid 
use of more exotic filtration 
media), consequently care 
needed to minimize 
residence in reformation 
window. 
Better to avoid formation of 
persistent organic 
pollutants in the furnace. 
However, this approach 
allows some back-up for 
process upset conditions 
and is considered a best 
available technique in 
Europe for incineration 
processes 

6. Performance levels associated with best available techniques and 
best environmental practices  

The performance level for emissions of PCDD/PCDF from crematoria is <0.1 ng I-TEQ/Nm3. For 
combustion plant, these emission levels are expressed as mass concentrations at 11% oxygen, dry and 
standard temperature and pressure (00 C, 101.3 kPa). As there is little consistent information available 
on PCB and HCB emissions from crematoria, it is unclear what emission levels can be achieved for 
these species.  

Data from U.K. crematoria (Edwards 2001) for PCDD/PCDF range between 0.01 and 0.12 ng 
I-TEQ/Nm3. Data for existing plant in France for PCDD/PCDF range between 0.1 and 4.2 ng I-
TEQ/Nm3 (Livolsi et al 2006). The average UNEP result at the Bangkok crematoria (having a long 
brick flue duct) for PCDD/PCDF was 17.6 ng I_TEQ/Nm3 (Fiedler 2001). A survey of Korean 
crematoria has reported PCDD/PCDF concentrations of 0.46 to 2.1 ng I-TEQ/Nm3 (Kim et al 2003). 
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VI.H Motor vehicles, particularly those burning leaded 
gasoline 

Summary 
The major fuels used in motor vehicle transportation are gasoline and diesel. Liquefied petroleum gas, 
vegetable oil-based and other biofuels, and alcohol-oil mixtures are gaining importance. 

PCDD and PCDF have been found in the emissions from motor vehicles fuelled with gasoline or 
diesel. The higher concentrations identified in emissions from vehicles run on leaded gasoline are due 
to the presence of chlorinated and brominated scavengers in the fuel. 

As alternatives to leaded gasoline, the following fuels may be considered: unleaded gasoline (best 
when equipped with catalyst); diesel (best when equipped with diesel oxidation catalyst and 
particulate filter); liquefied petroleum gas; compressed natural gas; propane/butane gas; biofuels; and 
alcohol-oil mixtures. 

Best available techniques include banning of halogenated scavengers, and fitting motor vehicles with 
an oxidation catalyst or particulate filter. 

There are no measured data available for biofuels, alcohol-oil mixtures or liquefied petroleum gas, 
and no data for 2-stroke engines. 

1. Introduction 
1.1 Process description 
For motor vehicles, the process description is relatively straightforward. The gasoline engine derives 
its power from the explosion of a mixture of air and gasoline, whereas in the diesel engine the fuel 
burns rather than explodes. The air-fuel mixture, when ignited, expands rapidly in a cylinder, forcing 
a piston from the top of the cylinder to the bottom. After its release from a vehicle, the exhaust gas is 
diluted approximately a thousandfold in the first few seconds and cooled down very rapidly (DEH 
2004). 

1.2 Fuels, engine types and emissions 
The major fuels used in transportation are gasoline, diesel and liquefied petroleum gas. Most gasoline-
powered internal combustion engines used today in cars, light trucks, motorcycles and other vehicles 
are 4-stroke engines. Like many combustion processes, internal combustion engines generate 
polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) as unwanted 
byproducts (UNEP 2005). 

Most small gasoline-powered internal combustion engines used today in boats, jet skis, mopeds, small 
motorcycles, tuk-tuks, lawnmowers, chainsaws and other vehicles and appliances are 2-stroke 
engines. These engines follow the same thermodynamic combustion cycle as the 4-stroke engine; 
however, it consists of only two strokes, namely the combined exhaust and intake stroke, and the 
compression, ignition and combustion stroke. The most striking difference from the 4-stroke engine is 
the fact that all strokes occur during only one full revolution of the crankshaft. Lubrication is usually 
by oil added to the fuel. Therefore, higher amounts of pollutants may be released and efficiency may 
be lower compared to 4-stroke engines. However, the simplicity and low production cost of the 
2-stroke engine make it an ideal motor for small-scale applications. 

Diesel engines are used in heavy trucks, light trucks, passenger cars, heavy construction equipment, 
boats, generators, pumps and farm equipment, including tractors and other large equipment. They 
usually use diesel (light oil) and a 4-stroke cycle. Compression is used for ignition rather than a spark. 
Air is taken into the cylinder and compressed. Diesel fuel is added at high pressure and burnt. This 
results in a more efficient use of fuel and lower specific emissions. However, particle emissions in the 
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form of soot are associated with the operation of diesel engines due to incomplete combustion, 
especially during start-up, warming and load changes. Particulate emissions from diesel engines are 
well known to contain high concentrations of polycyclic aromatic hydrocarbons. 

Since PCDD/PCDF were detected for the first time in used motor oil (Ballschmiter et al. 1986), 
evidence has mounted that PCDD/PCDF are formed and emitted by the combustion processes in 
gasoline- and diesel-fuelled engines. Incomplete combustion and the presence of chlorine in the fuel , 
lubricant and air lead to the formation of PCDD/PCDF, chemicals listed in Annex C of the Stockholm 
Convention (Marklund et al. 1987, 1990; Schwind et al. 1991; Hutzinger et al. 1992; Gullett and Ryan 
1997). Whereas for gasoline-powered engines the only relevant release vector for PCDD/PCDF is to 
air, diesel engines generate considerable amounts of deposits (soot). However, no measured data are 
available for PCDD/PCDF concentrations in diesel soot (UNEP 2005). 

2. PCDD/PCDF formation and release 
2.1 Studies of PCDD/PCDF emissions 
Several European studies and one study in the United States of America evaluated PCDD/PCDF 
emissions from vehicles by measuring the presence of PCDD/PCDF in tunnel air. This approach has 
the advantage that it allows random sampling of large numbers of cars, including a range of ages and 
maintenance levels. The disadvantage of this approach is that it relies on indirect measurements, 
which may introduce unknown uncertainties and make interpretation of the findings difficult. 
Concerns have been raised that in tunnel studies resuspended particulates and absorbed PCDD/PCDF 
that have accumulated over time may lead to overestimates of emissions. This approach was therefore 
not deemed appropriate and the results of these studies were not considered in detail in the 
compilation of these guidelines. For further reading refer to the publications at the end of this section 
(“Tunnel and ambient air studies”). 

The first tailpipe emission study was performed by Marklund et al. (1987) on Swedish cars. Since 
then several studies either on running engines (passenger cars or trucks) or on motor stands or chassis 
dynamometers have been performed. Different fuels have been tested under varying conditions 
(simulating different traffic situations or varying loads). The results of the studies that report 
emissions based on fuel consumption are summarized in Table 1. 

Table 1. PCDD/PCDF emissions from motor vehicles 

Fuel Vehicle type Emission (pg TEQ/L) Reference 

Passenger car, old: 
before muffler/in tailpipe 

60/10 Marklund et al. 1990 

Passenger car, new: 
before muffler/in tailpipe 

21/23 Marklund et al. 1990 

Leaded gasoline, 
4-stroke 

Passenger car 0.55–1.66 Schwind et al. 1991 

Truck 291 Geueke et al. 1999 

Heavy duty vehicles 29.3–47.7 Gullett and Ryan 1997 

Passenger car 2–141 Schwind et al. 1991 

Truck 4–88 Schwind et al. 1991 

No information 0.5, 0.6, 2.0 Kim et al. 2003 

Truck 1.20–103 Government of Japan 
2003 

Diesel 

Passenger car 1.47–121 Government of Japan 
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Fuel Vehicle type Emission (pg TEQ/L) Reference 

2003 

Passenger car (chlorine: 12, 
131, 259 ppm) 

3–49 Dyke 2005 

Passenger car, old and new:
before muffler or in tailpipe

3.5 Marklund et al. 1990 

Passenger car 5–22 Schwind et al. 1991 

Truck 0.42, 0.99 Government of Japan 
2003 

Unleaded gasoline, 
4-stroke 

Passenger car 0.34–16.42 Government of Japan 
2003 

Unleaded gasoline 
with catalyst, 4-stroke 

Passenger car 2–3 Schwind et al. 1991 

 
In 1994, Hagenmaier and co-workers analysed the emissions of a diesel-fuelled bus (Hagenmaier 
1994; Hagenmaier et al. 1995). PCDD/PCDF concentrations were around 1 pg/L for individual 
2,3,7,8-substituted congeners, resulting in an I-TEQ of 0.01 ng I-TEQ/L. Thus, the 1994 results were 
much lower than the results obtained in 1990 (Hagenmaier et al. 1990). Whereas in 1990, mixed-
halogenated dibenzo-p-dioxins (PXDD) and dibenzofurans (PXDF) (X = Br, Cl) could be quantified, 
the 1994 emissions did not contain detectable PXDD/PXDF. Similarly, PCDD/PCDF concentrations 
were below the limit of quantification in an extract from a gasoline-powered motor vehicle 
(Hagenmaier et al. 1995). These results indicate that with the ban on the use of halogenated 
scavengers (in Germany: see BImSchV 1992), the main source of PCDD/PCDF (and PXDD/PXDF) 
was eliminated. The results also showed that cross-contamination did occur since the same containers 
were used for the transport of diesel, leaded and unleaded gasolines. In a test programme to 
determine the emission of PCDD/PCDF and polychlorinated biphenyls (PCB) from internal 
combustion diesel engines, in some runs PCB were detected at levels of 3.6 to 8.0 pg WHO-TEQ/L, 
which was low compared to the dioxin levels (Dyke 2005). There may have been some uncontrolled 
effect from insufficient engine conditioning that influenced the early test runs. 

2.2 Summary of findings 
The literature documenting results of European, Japanese (see also Miyabara et al. 1999), Korean, and 
United States studies gives evidence that: 

• PCDD/PCDF emissions from vehicles burning unleaded fuels are lower than the emissions 
from vehicles burning leaded gasoline; 

• The higher emissions from vehicles run on leaded fuels are due to the presence of brominated 
scavengers added to the fuels; 

• Catalyst-equipped cars – running on unleaded gasoline – have lowest emissions; 

• Limited testing shows that diesel oxidation catalysts are effective in reducing emissions of 
PCDD/PCDF; 

• Diesel particulate filters are efficient in reducing PCDD/PCDF emissions from diesel-fuelled 
vehicles; 

• Diesel-fuelled vehicles have lower emissions than leaded-gasoline-fuelled vehicles and slightly 
higher emissions than vehicles running on unleaded gasoline and equipped with catalytic 
converters; 
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• Use of motor oils with low chlorine content (in the diesel experiments) did not result in lower 
PCDD/PCDF emissions. 

The situation is not clear as to the influence of the age of the vehicles. Whereas Marklund et al. (1990) 
found higher emissions in older vehicles, the German study (Schwind et al. 1991; Hutzinger et al. 
1992) did not find such dependence. 

There are no measured data available for the following vehicle engine types: 

• 2-stroke engines; 

• Utilizing liquefied petroleum gas; 

• Utilizing alcohol-oil mixtures; 

• Utilizing biofuels (canola, etc.) 

3. Best available techniques and best environmental practices 
Best available techniques to reduce PCDD/PCDF emissions from motor vehicles may include the 
following: 

• Prohibition of halogenated scavengers; 

• Prohibition of the use of leaded gasoline; 

• Installation of diesel oxidation catalysts, particulate filters and catalytic converters; 

• Alternatives to gasoline engine (electricity, solar light and fuel cell). 

Best environmental practices may include: 

• Avoidance policies such as greater fuel efficiency should be encouraged. Alternative modes of 
transport, including cycling, rail and other public transportation, should be promoted; 

• Separation of transport containers according to the fuel (for example, do not transport leaded 
gasoline containing halogenated scavengers in containers that are also being used for the 
transport of diesel or unleaded gasoline); 

• Prohibition of the use of leaded gasoline; 

• Promotion of vehicles with low fuel consumption; 

• Education to identify driving conditions that have low pollutant formation and release; 

• Good maintenance of the vehicle. 

4. Regulations addressed to reduction of PCDD/PCDF emissions 
In Japan, the Special Measures Law on Dioxins (enforced in 1999) regulates concentrations of 
PCDD/PCDF emissions from specific sources, in which emission gases from motor vehicles are not 
included. With regard to motor vehicle fuel, 100% lead-free gasoline was achieved in the 1980s and 
sales of leaded gasoline were prohibited by the law on lead, benzene and sulphur. In Tokyo 
metropolitan area, diesel vehicles have to be equipped with diesel particulate filters. 

In Germany, the 19th BImSchV prohibits the use of halogenated scavengers in motor vehicles as a 
measure to reduce PCDD/PCDF emissions from motor vehicles fuelled with leaded gasoline 
(BImSchV 1992). 
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VI.I Destruction of animal carcasses  

Summary 
The formation and emission of PCDD, PCDF, PCB and HCB from animal carcass incinerators is due 
to the presence of these chlorinated materials, precursors and chlorine in the carcasses or in some 
plastics that can be co-incinerated with animal carcasses and by-products. Measures that can be taken 
to decrease the formation and release of persistent organic pollutants include the avoidance of co-
incineration with other wastes, the requirement for a minimum furnace temperature of 850° C, a 2-
second residence time for the combustion gases and sufficient excess air to ensure combustion. Larger 
facilities (> 50 kg/h) should be fitted with air pollution control equipment to minimize emissions of 
sulphur dioxide, hydrogen chloride, carbon monoxide, volatile organic compounds, particulate matter 
and persistent organic pollutants. A performance level associated with best available techniques of < 
0.1 ng I-TEQ/Nm3 can be achieved for PCDD/PCDF. 

Other methods of disposal, such as burial, landfill or composting, are not considered to contribute 
significantly to emissions of chemicals listed in Annex C, although environmental, public health, 
nuisance and animal health issues should be considered. Alkaline hydrolysis digestion is a further 
technique for the destruction of animal carcasses.  

I. Process description 
Destruction of animal carcasses is generally achieved by incineration, rendering or a combination of 
these two activities.  

Incineration techniques may include pyrolysis, gasification or other forms of heat treatment, and may 
involve burning of complete carcasses or parts of carcasses. Rendering covers a range of activities for 
processing of carcasses to recover materials.  

Recent legislation in Europe (EC Directive 1774/2002/EC on Animal By-products) limits the use of 
materials derived from rendering as human or animal foodstuffs to address public and animal health 
concerns. In recent years the production of animal by-products has increased, as the market definition 
of what is considered to be desirable meat products has altered (that is, the proportion of an animal 
that is considered to be by-product is increasing). 

Rendering processes include treatment of hides, skins, feathers, organs, bones, trimmings, fluids and 
fat. In general the rendering process includes the crushing and grinding of by-products followed by 
heat treatment (Figure 1). Such processes include high-pressure, high-temperature hydrolysis; high-
pressure hydrolysis biogas process; and biodiesel production and gasification. Separation of melted fat 
(tallow) from solid material is achieved by centrifuge or press. The solid fraction is commonly ground 
to meat and bone meal. 

Meat and bone meal has traditionally been used as a feed supplement for animals but has been banned 
for such use in the European Union, and is now burnt in appropriate waste incineration facilities or 
buried. One of the current options is the use of meat and bone meal as alternative fuel in cement kilns 
(see section V.B of the present guidelines). 

Tallow is used in a wide range of industries (including the food industry), particularly the 
oleochemical industry, which refines tallow into a wide range of products. In the European Union, 
tallow derived from older animals and other specified risk material is treated separately and is not 
used for food production but rather is treated as a waste. It can, however, be used as a fuel (within the 
European Union combustion is governed by further specific legislation – the Waste Incineration 
Directive, EC Directive 2000/76/EC).  

 
 



Section VI.I Animal Carcasses  
 

Guidelines on BAT and Guidance on BEP  4                   Revised draft version – December 2006 
 
 

Figure 1. Schematic of traditional continuous rendering process for carcass destruction 

 
Source: EPA 1995. 
 
Animal carcass incineration is undertaken using a variety of furnace types. Small carcass incinerators 
may have a simple combustion chamber without any active agitation of the carcass. Larger facilities 
may employ a rotary kiln to aid agitation and breakdown of the carcass. Similarly, a moving hearth 
furnace may provide similar agitation. In general, combustion of a complete carcass is difficult. 
Combustion in furnaces is more controllable if a more even feed process can be employed, using 
maceration, grinding or other techniques.  

2. Sources of chemicals listed in Annex C of the Stockholm 
Convention 

2.1 Emissions of persistent organic pollutants from destruction of animal 
carcasses 

The formation and emission of polychlorinated dibenzo-p-dioxins (PCDD), polychlorinated 
dibenzofurans (PCDF), polychlorinated biphenyls (PCB) and hexachlorobenzene (HCB) from animal 
carcass incinerators is due to the presence of these materials,1 precursors or chlorine in the carcasses 
or in some plastics, which can be co-incinerated with carcass material. However, although 
measurements of PCDD and PCDF emissions from incineration plant have been undertaken, there are 
few or no consistent data for PCB and HCB emissions. Consequently PCB and HCB emission levels 
are much more uncertain than those of PCDD and PCDF from such plant. 

In general, rendering processes are considered to be unlikely sources of persistent organic pollutants. 
However, there is potential for concentration of material in the carcass residues and release from 
downstream activities (e.g. combustion of material). 

                                                 
1  Persistent organic pollutants deposited on grazing areas and those present in prepared animal feeds can be 

ingested and may be accumulated by animals during their lifetime. 
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2.2 General information on emissions from destruction of carcasses  
2.2.1 Incineration 

Airborne emissions consist of nitrogen oxides (NOx), carbon monoxide (CO), sulphur dioxide (SO2), 
particulate matter, metal compounds, organic compounds and PCDD/PCDF.  

Larger incineration plant may have sophisticated air pollution control equipment (e.g. fabric filtration, 
lime injection and activated carbon injection). Smaller units include incinerators for slaughterhouse 
by-products and for veterinary devices, incinerators on farms for disposal of fallen stock and pet 
crematoria. These can have pollution control measures ranging from minimal (i.e., a combustion 
chamber and stack) to reasonably sophisticated systems with secondary combustion chambers, 
afterburners and filtration. 

Other emission routes include ash and air pollution control residues, primarily to land. Significant 
releases to water are considered unlikely. 

2.2.2  Open burning 

Open burning of animal carcasses is not uncommon. However, burning of more than a handful of 
carcasses at any one time is uncommon. The Government of the United Kingdom employed mass 
burning in 2001 as part of the measures to control an outbreak of foot-and-mouth disease but is 
unlikely to consider such measures appropriate in the future (Table 1). 

Table 1. UK 2001 foot-and-mouth disease outbreak: Carcass disposal 

Disposal method Provisional statistics 

Burning (on farm) > 950 sites 

Burial (on farm) 900 sites 

Mass burial 61,000 tons at 4 sites 

Commercial landfill 95,000 tons at 29 sites 

Rendering 131,000 tons at 7 plant 

Source: Anderson 2002. 
The emission to atmosphere of PCDD/PCDF from the foot-and-mouth disposal pyres in 2001 was 
estimated to be about 0.7 g, compared to a total United Kingdom emission of 314 g (NAEI website). 
Care was taken to construct the pyres using railway sleepers which had not been treated with wood 
preservatives containing pentachlorophenol or lindane which minimized the releases of PCDD/PCDF.  
Air curtain incinerators offer a level of technology intermediate between pyres and incinerators but 
tend not to be permanent facilities. Larger units are essentially engineered pits with the air blower to 
aid combustion and direction equipment to control the flow of the air attached alongside. Such units 
offer improved combustion over open burning and have applications in small-scale animal disposal 
for disease control. Ash disposal to land and potential releases to water need to be considered for open 
or pit burning.  

2.2.3 Emissions from rendering 

Rendering processes include treatment of hides, skins, feathers, organs, bones, trimmings, fluids and 
fat. Rendering includes the crushing and grinding of by-products followed by heat treatment. 
Separation of melted fat (tallow) from solid material is achieved by centrifuge and press. The solid 
fraction is commonly ground to a meat and bone meal. 

Generally, the emissions that arise from combustion processes associated with rendering (e.g. 
furnaces for generating steam for heat treatment) do not contain persistent organic pollutants, but 
odorous and volatile organic compound emissions can arise from various rendering activities.  

Meat and bone meal that is burnt can give rise to emissions of persistent organic pollutants. In the 
European Union, meat and bone meal is now burnt in appropriate incineration or co-incineration 
facilities or buried.  
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2.2.4              Emissions of PCDD and PCDF to air 

For general information about PCDD and PCDF formation mechanisms see section III.C (i) of the 
present guidelines. 

As an example, new animal carcass incinerators in the United Kingdom are generally required to 
achieve PCDD/PCDF emission concentrations of less than 0.1 ng I-TEQ/m3 standardized at 11% 
oxygen, dry and standard pressure and temperature (0° C, 101.3 kPa).2 New low-capacity incinerators 
(average throughput < 50 kg/h) do not have emission limits but are required to operate under a type 
approval scheme. To achieve type approval the regulatory guidance requires the incinerator 
manufacturer to show that the machines operate at a minimum temperature of 850° C for a residence 
time of 2 seconds. It is also noted that the requirements are likely to be met by designs that include a 
secondary combustion chamber with afterburners. 

An emissions survey of existing low-capacity incinerators in the United Kingdom was undertaken for 
the Department for Environment, Food and Rural Affairs (DEFRA) prior to introduction of the new 
rules and indicated average PCDD/PCDF concentrations of 0.05–0.40 ng I-TEQ/Nm3 (AEA 
Technology 2002). Monitoring of releases to air from two commercially available on-farm animal 
cremation units in Ontario, Canada, indicated average concentrations of PCDD/PCDF ranging 
approximately from 0.0006 to 0.0044 ng I-TEQ/Sm3 (Environment Canada 2004). 

It should be noted that low-capacity, on-farm incineration is banned in several countries. 

2.2.5 Releases to other media 

Process, surface and cooling water can be contaminated by body fluids, suspended solids, fats and 
oils. Carcasses, ash and other by-products are disposed of to land. Waste products disposed of 
properly to landfill are not anticipated to give rise to large risk of population exposure; the main route 
for such exposure is considered to be emissions to air. 

3. Recommended processes 
3.1 Overview of disposal options 
Some countries have adopted a policy of no burial of animals and by-products. In some countries 
high-capacity centralized facilities have been adopted for disposal of carcasses; some countries have 
banned on-farm incineration of animal carcasses. Other countries have a mix of large facilities, small 
facilities (for example on-farm incinerators) and landfill. Alkaline hydrolysis digestion is used in 
several countries and provides a non-incineration method for carcass disposal, as does disposal in 
limepits. Anaerobic digestion is a further possible non-incineration method for some animal remains.  
However, the disposal of the residues would need to be carefully managed for disease control 
purposes. Further information on anaerobic digestion can be found in a recent review carried out by 
Kansas State University (Erickson et al 2004). 

Disposal to landfill will not eliminate persistent organic pollutants that may be present within the 
carcasses but should remove them from potential human exposure. 

The approach adopted by a country has to reflect the specific nature and circumstances of food 
production, slaughterhouses and rendering activities in the country (including infrastructure, and 
cultural constraints and practices). For example, large-scale central incineration facilities require a 
sophisticated transport infrastructure to minimize risk of infection from moving potentially infected 
material and a pricing structure capable of supporting the facility.  

In the destruction of animal carcasses, the main source of emissions of chemicals listed in Annex C is 
the incineration of animal carcasses and by-products (including by-product arising from rendering 
processes). Combustion facilities for carcasses and rendering residues should therefore be designed to 
address the requirement for a minimum furnace temperature of 850º C, a 2-second residence time for 

                                                 
2  1 ng (nanogram) = 1 × 10-12 kilogram (1 × 10-9 gram). For information on toxicity measurement see section I.C, 

subparagraph 3 of the present guidelines. 
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the combustion gases and sufficient excess air to ensure combustion. Designs that cannot achieve 
these criteria should not be used unless demonstrated to be capable of operating without significant 
emission of persistent organic pollutants. 

Larger facilities, such as may be regulated under the Integrated Pollution Prevention and Control 
Directive in the European Union, or equivalent pollution prevention legislation in other countries, 
may also have substantial air pollution control requirements to meet emission requirements for other 
species. These may include (for example) selective non-catalytic reduction for NOx control, lime 
injection for acid gas control (SO2 and HCl), carbon injection for mercury and PCDD/PCDF control, 
and fabric filtration for particulate matter control.  

Smaller incineration units are unlikely to have a significant national or local impact on air quality. In 
such instances it will be adequate to adopt the furnace temperature and residence time requirements 
for control of emissions of persistent organic pollutants. 

3.2                    Best available techniques 
Best available techniques are considered to include technology, management and operation 
parameters, and control of emissions of persistent organic pollutants would comprise the following 
measures: 

• Combustion furnace meeting the minimum temperature, residence time and oxygen 
requirements and demonstrated to meet those requirements; 

• Suitable air pollution control equipment, including temperature management to control 
residence time in reformation window, carbon injection and fabric filtration or equivalent; 

• Design of waste feed system to minimize effect of new charges of waste (feed should be 
macerated and passed to furnace using a sealed system); 

• Combustion chambers and casings should be made as airtight as possible and operate under 
reduced pressure to minimize release of furnace gases; 

• Gas temperatures should be monitored to allow control systems to maintain minimum 
temperature criteria (through use of support fuel burners) and provide interlocking to stop feed 
when temperature falls below minimum; 

• Flue gas oxygen and carbon monoxide levels should be monitored and linked to the control 
system to ensure adequate control of air supplies and address any combustion problems; 

• Support fuels should not be waste-derived fuels unless demonstrated to emit no more persistent 
organic pollutants than gas, oil or other clean fuel; 

• Designated hard standing areas with appropriate drainage for loading, unloading, container 
washing to facilitate cleaning and disinfection. Consider need to incinerate wash-down 
residues for control of pathogens; 

• Mechanized loading and handling of waste materials to minimize exposure to operators; 

• Small incinerator facilities (where operation of these is permitted) should be located on a 
concrete slab and be located at least 100 metres from any well, spring or surface watercourse. 
Similarly, such facilities should be located at least 6 metres from any building or potentially 
flammable structure; 

• Waste storage facilities to be refrigerated, lockable and rodent and bird proof and have odour 
control; 

• Minimize use of plastic bags to contain waste; consider use of skips, which avoid need for 
contact with animal remains; 

• Ash recovery to be in sealed conveyors, covered skips and sealed containers to avoid fugitive 
dust releases (particularly of air pollution control residues). Ash to be disposed of to suitable 
landfill; 
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• Management of incoming waste and record keeping; 

• Effective operation control, inspection and preventive maintenance of components whose 
failure could impact on environment by releasing persistent organic pollutants; 

• Operator competencies to be identified and met by suitable training; 

• Application of emission limit values and monitoring of emissions to demonstrate compliance; 

• Disposal of ash and residues by landfill. 

Best available techniques for other pollutants have not been considered and it should be recognized 
that other factors will also impact on the definition of what constitutes best available techniques for a 
facility (for example water use, energy use considerations).  

3.3                   Best environmental practices 
If incineration is to be pursued, countries should in the first instance aim to develop facilities for 
burning carcasses and animal by-products that can meet the minimum furnace temperature, residence 
time and oxygen criteria. It should be noted that air pollution control equipment may be needed to 
meet local emissions and air quality regulations for pollutants other than persistent organic pollutants. 

Where heat recovery or air pollution control equipment is installed, the design of such equipment 
must address the risk of de novo PCDD/PCDF formation by minimizing the residence time of 
material in the reformation temperature window. Emissions from such plant should be demonstrated 
to be free of persistent organic pollutants by measurement on commissioning. 

Facilities for co-incineration of waste materials (for example tallow or meat and bone meal in cement 
kilns) should be assessed to ensure that the minimum furnace temperature, residence time and oxygen 
criteria can be achieved, and emission monitoring should be used to determine compliance with 
emission limits. The emissions arising from co-incineration of animal waste should not be more 
polluting than those arising from operation of the process without waste burning. 

For very small incineration facilities (< 50 kg/h) emissions of persistent organic pollutants may be 
controlled by using furnaces demonstrated (perhaps, for example, by a type approval scheme) to be 
capable of operating according to minimum furnace temperature and residence time criteria. In 
addition, operation should be smokeless and loading and operation procedures may be interlocked to 
ensure that material cannot be burnt until the secondary chamber reaches the minimum temperature. 
In such instances it is unlikely that the expense of emission measurements can be justified. 

Use of pyres should not be considered a best environmental practice. If pyres are used, care is needed 
to avoid fuels such as treated wood or other fuels containing materials that may lead to release of 
persistent organic pollutants. Limited measurement data (Sinclair Knight Merz 2005) indicate that air 
curtain incinerators may give rise to emissions per carcass similar to small incinerators, but the total 
quantities of fuel and carcasses (and hence potential emissions) are far higher than for small 
incinerators. Their use should not be considered a best environmental practice, except perhaps as part 
of a targeted disease control strategy.  

Use of digestion techniques and appropriately designed and managed landfill is an alternative to 
incineration.  

4. Primary and secondary measures 
4.1 Primary measures 
Primary measures are regarded as pollution prevention techniques that reduce or eliminate the 
generation and release of persistent organic pollutants. Possible measures include: 

4.1.1           Furnace design 
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The furnace should provide conditions whereby a minimum temperature of 850º C can be maintained 
throughout loading, burning and discharge of the carcasses with a gas residence time of 2 seconds and 
sufficient oxygen to ensure destruction of any residual persistent organic pollutants.  

It is likely that a secondary combustion chamber will be required with afterburners or air injection to 
meet these criteria. Particular care should be taken to ensure adequate sizing of the secondary 
chamber and the qualifying volume (the volume downstream of the last injection of fuel or 
combustion air and with a minimum gas temperature of 850º C throughout the volume).  

Ideally the furnace should be designed to allow continuous operation (that is, with automatic 
continuous feed to the furnace and automatic ash removal) as this will minimize process upsets, which 
can give rise to emission of persistent organic pollutants. Continuous operation requires maceration of 
solid materials to ensure consistent feed. It is recognized that, for smaller units and units handling 
whole carcasses, continuous operation may not be appropriate. The design of the furnace needs to 
facilitate good burnout of the material (low carbon in ash content). 

Where co-incineration is proposed, the same furnace temperature and residence time criteria should 
be adopted. 

4.1.2         Feed material 

The presence of plastics and other contaminants (particularly chlorine compounds) in the feed 
material should be avoided to reduce the generation of persistent organic pollutants during incomplete 
combustion or by de novo synthesis. It is recognized that use of plastic bags and similar material is 
necessary for operator and animal hygiene. However, their use should be minimized by use of 
mechanized and automatic feed devices. 

It should be recognized that carcasses and by-products may need to be classified according to source 
(for example, specified risk material).  

Methods to be considered include: 

• Use of mechanized loaders to avoid contact with carcasses; 

• Use of macerating and grinding techniques to allow automatic, continuous loading and 
operation; 

• Minimizing contamination from packaging, including use of non-halogenated plastics. 

4.1.3 Fuels 

The use of clean fuels is recommended for start-up, support burners and afterburners. Larger facilities 
should aim for self-sustaining combustion in the furnace to minimize fuel use. Use of waste-derived 
or other fuels potentially contaminated with persistent organic pollutants should be minimized and 
must not be used during start-up or process upset when temperatures are below 850º C and unstable 
conditions may be present.  

4.1.4 Effective process control 

Process control systems should be utilized to maintain process stability and operate at parameter 
levels that will contribute to the minimization of generation of persistent organic pollutants, such as 
maintaining a minimum furnace temperature of 850° C to destroy such pollutants. Ideally, emissions 
of persistent organic pollutants should be monitored continuously to ensure reduced releases. 
Variables such as temperature, residence time, and levels of CO, volatile organic compounds and 
other gas components should be continuously monitored and maintained to establish optimum 
operating conditions. 

4.1.5 Operator competency 

The management of the facility is the key to ensuring safe and environmentally benign operation. All 
personnel operating the facility should be fully conversant with their duties, in particular with regard 
to routine operation, maintenance, disease control, process upset conditions and local environmental 
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legislation. The competency of operators should be addressed by suitable training at an appropriate 
level for the facility.  

4.2 Secondary measures 
Secondary measures are pollution control techniques. These methods do not eliminate the generation 
of contaminants, but serve as means to contain and prevent emissions.  

4.2.1 Fume and gas collection 

Air emissions should be controlled at all stages of the process, including material handling, 
combustion and material transfer points, to control the emission of persistent organic pollutants. 
Sealed furnaces are essential to contain fugitive emissions while permitting heat recovery and 
collecting off-gases for abatement or discharge. Proper design of hooding and ductwork is essential to 
minimize fugitive discharge. Sealed skips or enclosed feed systems may be used and can significantly 
reduce fugitive emissions to air by containing emissions during charging. 

4.2.2            Air pollution control equipment 

Large facilities should employ a range of air pollution control equipment to provide control for all 
significant emissions to atmosphere. Care in selection, design and use of air pollution control 
equipment for other pollutants will also, in general, reduce emissions of persistent organic pollutants. 
The design has to recognize the potential for de novo formation of selected persistent organic 
pollutants and minimize the potential for such formation. Particulate matter should be removed to 
reduce PCDD/PCDF emissions to atmosphere (although they will be discharged to landfill). Fabric 
filters are an effective technique but are essentially low-temperature devices (up to 200º C). 

For small facility processes the use of afterburners is probably sufficient abatement to control 
emission of persistent organic pollutants, and particulate abatement is considered unnecessary. 

Air pollution control operations should be constantly monitored by devices to detect failure. Other 
more recent developments include online cleaning methods and use of catalytic coatings to destroy 
PCDD/PCDF.  

Activated carbon treatment should be considered for removal of persistent organic pollutants from 
off-gases. Activated carbon possesses a large surface area on which PCDD/PCDF can be adsorbed. 
Off-gases can be treated with activated carbon using fixed or moving bed reactors, or by injection of 
carbon particulate into the gas stream followed by removal as a filter dust using high-efficiency dust 
removal systems such as fabric filters. 

5. Summary of measures 

Table 2. Measures for recommended processes for new animal carcass incinerators 

Measure Description Considerations Other comments 

Recommended 
processes 

Large (> 50 kg/h) 
incinerators and 
co-incinerators 
 

Minimum 850º C, 2-second 
residence time in qualifying 
volume with sufficient air to 
ensure destruction of persistent 
organic pollutants. Fit with air 
pollution control equipment to 
minimize emissions of SO2, 
HCl, CO, volatile organic 
compounds, particulate matter 
and persistent organic 
pollutants 

These are considered to be best 
available techniques. Should also 
have management systems in place, 
demonstration that facility meets 
emission limit values and regular 
monitoring to ensure compliance 
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Measure Description Considerations Other comments 

 Small (< 50 kg/h) 
incinerators 

Minimum 850º C, 2-second 
residence time in qualifying 
volume with sufficient air to 
ensure destruction of persistent 
organic pollutants 

For smaller plant these conditions 
should be minimum to address 
issue of persistent organic 
pollutants. Could be adopted using 
a type approval mechanism and 
inspection of management of 
facility (rather than expensive 
emission tests) 

 
 

Table 3. Summary of primary and secondary measures for destruction of animal 
carcasses 

Measure Description Considerations Other comments 

Primary measures 

Furnace design   Best place to maximize 
destruction of persistent 
organic pollutants and 
minimize their formation  

Control of feed 
material 

The presence of plastics 
and chlorine compounds in 
the feed material should be 
minimized to a level 
consistent with good 
hygiene to reduce the 
generation of persistent 
organic pollutants during 
incomplete combustion or 
by de novo synthesis 

Elimination of plastic, 
maximize use of 
mechanical handling 

Fairly low-tech 

Fuel Clean fuels for support   

Effective 
process control 

Process control systems 
should be utilized to 
maintain process stability 
and operate at parameter 
levels that will contribute 
to the minimization of 
emission of persistent 
organic pollutants 

PCDD/PCDF emissions 
may be minimized by 
controlling other variables 
such as temperature, 
residence time, gaseous 
components 

Use of temperature is a fairly 
basic control parameter. 
Monitoring of oxygen, CO and 
volatile organic compounds is 
more complex but 
straightforward. However, 
main issue is maintenance of a 
control system able to use data 
in real time to address 
combustion air supply 
dampers, support burners and 
other control features  

Secondary measures 

Fume and gas 
collection 

Effective containment of 
furnace gases in all 
conditions of the 
incineration process to 

Processes to be 
considered include sealed 
furnaces to contain 
fugitive emissions while 
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Measure Description Considerations Other comments 

avoid fugitive releases permitting heat recovery 
and collecting off-gases 

Air pollution 
control 
equipment  

Particulate matter 
abatement will help reduce 
potential emission of 
persistent organic 
pollutants. 
Activated carbon treatment 
should be considered as 
this material possesses 
large surface area on which 
PCDD/PCDF can be 
adsorbed from off-gases 

Fabric filtration is the 
most effective particulate 
matter abatement and is 
consistent with use of 
dry/semi-dry sorbents for 
acid gas and metals 
control. However, it will 
require a temperature 
reduction. 
Injection of powdered 
activated carbon into the 
gas stream followed by 
removal as a filter dust 

Use of air pollution control 
devices gives rise to additional 
waste streams and requires 
consumables. Likely need to 
reduce flue gas temperature (to 
avoid use of more exotic 
filtration media), consequently 
care needed to minimize 
residence in reformation 
window. 
Better to avoid formation of 
persistent organic pollutants in 
the furnace. However, this 
approach allows some back-up 
for process upset conditions 
and is considered a best 
available technique in Europe 
for incineration processes. 
Most air pollution control 
equipment is expensive to buy 
and run, and spares are 
expensive 

 

6. Performance level associated with best available techniques and 
best environmental practices 

The performance level for emissions of PCDD/PCDF from the destruction of animal carcasses is <0.1 
ng I-TEQ/Nm3 at 11 % oxygen, dry and standard temperature and pressure (00 C 101.3 kPa). For 
further information see European Commission 2003. 
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VI.J Textile and leather dyeing and finishing  

Summary 
Contamination with PCDD and PCDF has been found in both textile and leather products. The 
occurrence of PCDD/PCDF in the textile and leather industries is due to use of chlorinated chemicals, 
especially pentachlorophenol and chloronitrofen, to protect the raw material (e.g. cotton, wool or 
other fibres, leather); and use of dioxin-contaminated dyestuffs (e.g. dioxazines or phthalocyanines). 
Smaller quantities of PCDD/PCDF may be formed during finishing, and during incineration of 
process-generated sludges. 

Alternatives to the above-listed dye pigments exist and those listed should not be applied. 

Possible alternatives to pentachlorophenol and chloronitrofen include 2-(thiocyanomethylthio) 
benzothiazole (TCMTB); o-phenylphenol (oPP); 4-chloro-3-methylphenol (CMK); and 2-n-octyl-4-
isothiazolin-3-one (OIT). 

As regards best available techniques, the most efficient primary measure to prevent contamination of 
textiles and leather goods with PCDD/PCDF would be not to use dioxin-contaminated biocides and 
dyestuffs in the production chains. Also, if any of the above-mentioned chemicals are being used, 
preference should be given to batches containing low concentration (e.g. distilled or otherwise 
purified chemicals). To the extent possible, burning of textile, upholstery, leather products and carpet 
should be avoided to prevent PCDD/PCDF formation. 

In order to prevent or minimize formation and release of PCDD/PCDF when burning sludge from 
wastewater treatment and flotation, best available techniques should be applied as described in section 
VI.D of the present guidelines (industrial boilers). However, other environmentally sound techniques 
should also be explored. 

1. Textile industry 
1.1 Introduction 
The textile industry exhibits one of the most complicated manufacturing chains. It is a fragmented and 
heterogeneous sector dominated by small and medium-sized enterprises; for example, in 2000 in the 
European Union, 114,000 companies employed about 2.2 million people (European Commission 
2003b). Demand is largely driven by three main end uses: clothing, home furnishing and industrial 
use.  

The textile and clothing chain is composed of a wide number of subsectors covering the entire 
production cycle from the production of raw materials (artificial fibres) to semi-processed products 
(yarns, woven and knitted fabrics with their finishing processes) and final or consumer products 
(carpets, home textiles, clothing and industrial use textiles). 

1.2 Process description 
Woven and knit fabrics cannot be processed into finished goods until the fabrics have passed through 
several water-intensive wet processing stages (also known as finishing) such as fabric preparation, 
dyeing, printing and finishing. Natural fibres typically require more processing steps than artificial 
fibres. Relatively large volumes of wastewater are generated, containing a wide range of 
contaminants, which must be treated prior to disposal. Significant quantities of energy are used in 
heating and cooling chemical baths and drying fabrics and yarns. 

Fabric preparation requires desizing, scouring and bleaching as well as singeing and mercerizing. 
Dyeing operations are used at various stages of production to add colour and intricacy to textiles and 
increase product value. Dyes used by the textile industry are largely synthetic. Finishing encompasses 
chemical or mechanical treatments (EPA 1997). 
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The main environmental concerns in the textile industry are the amounts of water discharged and the 
chemical load it carries. Other important issues are energy consumption, air emissions, solid wastes 
and odours. 

Although there is a multitude of steps in the production chain and environmental concerns do occur, 
generation of polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) 
could not be associated to individual production steps. 

Instead, more attention has to be given to the facts that PCDD/PCDF enter the textile production 
process through application of pesticides and dyestuffs contaminated with PCDD/PCDF and that the 
PCDD/PCDF contamination is being carried through the various steps of the production chain. 
Depending on the individual steps, solvents applied and the physical environment, PCDD/PCDF 
either stay in the textile product or are discharged as wastes. 

1.3 Sources of chemicals listed in Annex C of the Stockholm Convention 
In the textile production chain, the finishing processes are typically not sources of PCDD/PCDF 
formation (Horstmann et al. 1993). Rather, the use of PCDD/PCDF-containing dyes and pigments and 
the use in some countries of PCDD/PCDF-contaminated fungicides to treat unfinished raw materials 
such as cotton appear to be the sources of the detected PCDD/PCDF. 

New formation of PCDD/PCDF may occur in the textile production chain where effluents are treated 
and sludge is being removed and incinerated. Such plants typically are considered to be modern. 

Thus, measures that constitute best available techniques and best environmental practices will focus 
on: 

• PCDD/PCDF contamination through introduction of dioxin-contaminated chemicals into the 
textile production chain; 

• New formation of PCDD/PCDF in thermal disposal operations of production-specific wastes. 

1.3.1 PCDD/PCDF contamination through dioxin-contaminated materials 

Chemicals known to be contaminated with PCDD/PCDF are used for the two purposes and include 
the chemicals listed below (European Commission 2003b): 

• Defoliant or fungicide: Pentachlorophenol and 2,4,6-trichlorophenyl-4’-nitrophenyl ether 1 
(chloronitrofen); 

• Dyes: Chloranil-based dioxazine and phthalocyanine-based dyes. 

Results from the analysis of textiles of various origin and fibres gave strong indications that 
pentachlorophenol has been and perhaps still is being used as a biocide on raw materials, especially 
on cotton. The PCDD/PCDF pattern clearly revealed that pentachlorophenol was the major source of 
the PCDD/PCDF in the textiles. 

Although no published information was found that chloronitrofen is applied in the textile industry 
such use cannot be excluded, as it has replaced pentachlorophenol in many applications (Masunaga, 
Takasuga and Nakanishi 2001; UNEP 2003). 

1.3.2 Formation of PCDD/PCDF in thermal disposal operations 

There are several steps in the textile production chain where wastewaters or effluents generate sludges 
that are incinerated: for example, from effluents evaporated in the wool scouring process, or from 
wastewater containing pigment printing paste or latex from carpet backing. As with any incineration 
process, PCDD/PCDF can be formed since these sludges contain relatively high contents of chloride 
as well as organically bound chlorine from ectoparasiticides such as γ-hexachlorocyclohexane (γ-
HCH, lindane), dieldrin or DDT that have been applied to the raw materials (especially wood) 
(European Commission 2003b; UNEP 2003). 

                                                 
1  Not in European Commission 2003b. 
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Concerning the probability of the use of lindane, dieldrin and DDT, all major grower countries have 
banned the use of organochlorine pesticides for sheep treatment but there is evidence that wool from 
some former Soviet Union countries and South America contains lindane at detectable concentrations 
(European Commission 2003b). 

Finally, polybrominated flame retardants, such as polybrominated diphenyl ethers and chlorinated 
paraffins (C10-13 chloroparaffins) are used in the textile industry. All halogenated flame retardants are 
involved in the formation of PCDD/PCDF when incinerated (European Commission 2003b). 

If the dirt removal and grease recovery loop is combined with evaporation of the effluent and 
incineration of the sludge, with full recycling of the water and energy, additional environmental 
benefits are achieved in terms of water savings and reduced amount of solid waste to be disposed of. 
The temperature of the incinerator would be around 1,200° C in order to destroy PCDD/PCDF. Fly 
ashes would be removed in a bag filter. In the gaseous emissions of such an integrated dirt removal 
and grease recovery loop plant 0.02 ng I-TEQ/Nm3 were detected (European Commission 2003b, p. 
278).2 However, this technology is complex and is reported to involve very high capital costs and high 
running costs. 

An incinerator may also be present when sludge from flotation is dewatered and then thermally 
regenerated in a rotary kiln. The flue gas is burnt in an afterburner (about 850° C) and released to 
ambient air at a temperature of 120° C. In the off-gases from the regeneration plant for lignite coke in 
the sludge plant, PCDD/PCDF concentration of 0.004 ng I-TEQ/Nm³ (at 11% O2) were found 
(European Commission 2003b, p. 415–417). 

Experiences in some countries for sludge from wastewater treatment of wool scouring effluent 
include: 

• Use sludge in brick making (mixed with clay) or adopt any other appropriate recycling routes; 

• Incinerate the sludge with heat recovery, provided that measures are taken to control or avoid 
emissions of PCDD/PCDF arising from organically bound chlorine from pesticides potentially 
contained in the sludge. 

For further information, the guidance related to best available techniques and best environmental 
practices for industrial facility recovery boilers should be consulted (section VI.D of the present 
guidelines). 

2. Leather refining 
2.1 Introduction 
The tannery industry, specifically leather refining, consists of converting the raw hide or skin into 
leather, which can be used in the manufacture of a wide range of products. The whole process 
involves a sequence of complex chemical reactions and mechanical processes. Among these, tanning 
is the fundamental stage that gives leather its stability and essential character. Tanneries very often are 
small enterprises (European Commission 2003a), including artisanal activities in developing 
countries. 

2.2 Process description 
The tanning industry is a potentially pollution-intensive industry with relevant water discharges and 
uses of certain chemicals such as biocides, surfactants and organic solvents. 

The production process in a tannery can be divided into four stages: 

• Hide and skin storage and beamhouse operations; 

• Tanyard operations; 

                                                 
2  1 ng (nanogram) = 1 × 10-12 kilogram (1 × 10-9 gram); Nm3 = normal cubic metre, dry gas volume measured at 0° C and 

101.3 kPa. For information on toxicity measurement see section I.C, subsection 3 of the present guidelines. 
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• Post-tanning operations; 

• Finishing operations. 

2.3 Sources of chemicals listed in Annex C of the Stockholm Convention 
So far, there are no reports on PCDD/PCDF contamination at or around leather plants. However, 
contamination of commercial leather products has been reported and, based on the PCDD/PCDF 
pattern, it can be assumed that principally the processes identified in the textile industry are also 
responsible for the occurrence of PCDD/PCDF in leather products and in emissions (UNEP 2003). 

The primary source of contamination seems to be pentachlorophenol. This assumption is underlined 
by the fact that since its ban in Germany in 19893 the PCDD/PCDF concentrations in leather goods 
have declined (European Commission 1996). 

3. Concentrations of PCDD/PCDF in chemicals used in the textile 
and leather production chains 

Table 1 summarizes the range of PCDD/PCDF concentrations reported in the literature for biocides 
and chemicals used in the production of dyestuffs. It should be noted that some of the information is 
quite old and may no longer apply to the present situation. Nevertheless, for historic evaluation and 
since the presence of some earlier produced batches may still be used or consumer goods treated with 
these chemicals may still be found in some parts of the world, the information included here may be 
valuable. 

Table 1. Concentrations of PCDD/PCDF in biocides and dye pigments/dyestuffs 

Chemical Country or use 
Concentration 
(ng I-TEQ/kg) Remark 

Biocides 

PCP 
Pentachlorophenol 

China, Europe, USA 800,000–4,445,000 Different production processes 

PCP-Na 
Sodium salt of 
pentachlorophenol 

China, Europe, USA 500–3,374,000 Different production processes 

CNP 
Chloronitrofen 

Japan 400/300,000 Old/new technology 

Dye pigments/starting materials/dye 

Chloranil Starting material for 
production of dioxazine dyes  

100–3,065,000 Different production processes 

Carbazole violet Dye pigment 211,000  

Blue 106 Dioxazine dye 19,502–56,428  

 

 

 

 
                                                 
3  Which sets a maximum concentration of 5 mg pentachlorophenol per kg in the final product. 
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4. Best available techniques and best environmental practices 
General good management practices include staff education and training, maintenance of equipment 
(and its documentation), chemical storage, handling, dosing and dispensing, and improved knowledge 
of inputs and outputs of the processes.  

Knowledge about the textile raw materials is essential in managing pollution transfers. Raw wool 
fibres may be contaminated with pesticides, sometimes organochlorine pesticides, including 
pentachlorophenol and chloronitrofen. Effective washing and wool scouring, for example with 
perchloroethylene, will effectively remove all grease and pesticides that are typically found in the 
solvent phase. 

For artisanal activities, responsible authorities should advocate improvement in basic housekeeping 
and occupational safety. Information and awareness programmes should be undertaken. 

The primary sources of PCDD/PCDF contamination in textiles and leather goods are the chemicals 
applied in the respective production or finishing chains, such as fungicides and dyestuffs known to be 
contaminated with PCDD/PCDF. 

The most efficient primary measure to prevent contamination of textiles and leather goods with 
PCDD/PCDF would be not to use these chemicals in the production chains. If any of the above-
mentioned chemicals are being used, preference should be given to batches containing low 
concentration (e.g. distilled or otherwise purified chemicals). 

In order to prevent or minimize formation and release of PCDD/PCDF when burning sludge from 
wastewater treatment and flotation, the best available techniques should be applied. However, other 
environmentally sound techniques should also be explored. 

5. Alternatives 
Since the occurrence of PCDD/PCDF in the textile and leather industries is primarily linked to the use 
of dioxin-contaminated chemicals such as pentachlorophenol and certain dye pigments, substitution of 
these chemicals by dioxin-free chemicals would be the alternative. For example, in Germany after the 
phase-out of pentachlorophenol as a preservative, the following chemicals have been used: 

• 2-(thiocyanomethylthio) benzothiazole (TCMTB; CAS Registry No. 21564-17-0); 

• o-phenylphenol (oPP; CAS Registry No. 90-43-7); 

• 4-chloro-3-methylphenol (CMK; CAS Registry No. 59-50-7); 

• 2-n-octyl-4-isothiazolin-3-one (OIT; CAS Registry No. 26530-26-1). 

The above-mentioned chemicals are assessed as less hazardous for the environment than 
pentachlorophenol but they are not inherently safe at all. Safer alternative chemicals should be 
explored. As much as possible, it is imperative to avoid burning textile, upholstery, leather products 
and carpet to prevent PCDD/PCDF formation. 

6. Monitoring 
There is no simple indicator to identify dioxin-contaminated fibres, wools or textiles. Several analyses 
confirmed that there is no correlation between pentachlorophenol and PCDD/PCDF concentrations in 
textiles although the dioxin patterns gave strong indications that pentachlorophenol should be the 
source. These findings make sense as pentachlorophenol is water soluble and will be removed in the 
finishing process and final washing processes, whereas the PCDD/PCDF adsorb to the fibre and will 
stay in the textile. For leather products, in most cases, there was a qualitative correlation between 
pentachlorophenol and PCDD/PCDF. 



Section VI.J Textile and leather dying and finishing 
 
 

Guidelines on BAT and Guidance on BEP  8                   Revised draft version – December 2006 
 
 

National capacity should be built/strengthened for monitoring possible sources of PCDD/PCDF from 
the textile and leather industry, including imported supply. More guidance is needed on monitoring of 
pentachlorophenol in wastewater . 
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VI.K Shredder plants for the treatment of end-of-life 
vehicles  

Summary 
Shredder plants for treatment of end-of-life vehicles are lbisted in Annex C of the Stockholm 
Convention as a source that has the potential to form and release chemicals listed in Annex C. 
Shredders are large-scale machines equipped inside with one or more anvils or breaker bars 
and lined with alloy steel wear plates. An electric motor drives the rotor with the free-
swinging alloy steel hammers. Beneath the shredder is a vibratory pan, which receives the 
shredded material discharged through the grates. Typically a ferrous metal stream is 
produced, which is relatively clean and consists of small (50 mm) pieces of steel and a “fluff” 
stream, which contains the fragments of non-ferrous metals and other materials that entered 
the shredder (also known as fragmentizer). 

Very few data of stack emission measurements at shredder plants are available. However, the 
results of some studies have shown levels of dioxin compounds greater than 0.1 ng I-TEQ/m3. 
At present there is not sufficient evidence that in the (mechanical) shredding of vehicles, 
household electrical equipment or other electrical appliances new formation occurs of 
polychlorinated dibenzo-p-dioxins (PCDD), polychlorinated dibenzofurans (PCDF) or 
polychlorinated biphenyls (PCB). The data available indicate that the PCDD/PCDF and PCB 
released from shredder plants are from industrial, intentional production and have been 
introduced with oils, dielectric fluids, and other materials contained in these vehicles or 
consumer goods and which are simply set free through this mechanical process. 

In any case, measures to prevent accidental fires (which could result in the formation of 
chemicals listed in Annex C) should be in place at shredder plants. Shredder light fluff 
consists of flammable plastic films and fibrous dust, which forces a careful plant operation for 
the prevention of accidental fire. Systems for dust suppression (e.g. wet shredding) or dust 
collection (e.g. cyclones, venture scrubbers or baghouse) are normally installed on shredder 
plants for the treatment of end-of-life vehicles. Dust suppression or collection systems would 
help to reduce potential emission of persistent organic pollutants. To improve emission 
control of the dust, fine dry residues should be stored in such a way that dispersion is 
minimized. Other sources of dioxin precursors that may result in the formation of 
PCDD/PCDF when burnt include PCB-containing condensers, PCB- or chlorobenzene-
contaminated waste oils or textiles, and polymers containing brominated flame retardants 
(formation of polybrominated dibenzo-p-dioxins (PBDD) and polybrominated dibenzofurans 
(PBDF) as contaminants). 

Preamble 
Shredder plants for the treatment of end-of-life vehicles are listed in Annex C of the 
Convention as a source that has the potential to form and release unintentional persistent 
organic pollutants. At present, however, there is insufficient evidence that, in this mechanical 
process, dibenzo-p-dioxins and dibenzofurans or polychlorinated biphenyls   are newly 
formed. The data available indicate that the dibenzo-p-dioxins and dibenzofurans and 
polychlorinated biphenyls released from shredder plants are from industrial/intentional 
polychlorinated biphenyl  production and have been introduced with the oils and dielectric 
fluids, etc., contained in the vehicles or more probably in consumer goods. The shredders 
simply free these contaminants. 
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1. Process description 
End-of-life-vehicles are processed through shredders. The practice is to shred them along with 
other end-of-life metal products (such as bicycles, office furniture, vending machines and so-
called white goods, such as household devices). In the plant, a high-performance-hammer mill 
produces sized pieces of ferrous scrap of a high physical and chemical purity. The ferrous 
scrap is sought after by steel makers and other secondary metal producers. An overview of the 
process is shown in figure 1. 
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Figure 1 Overview of the shredder process 

 

Many components of vehicles and other electrical devices are made of non-ferrous materials, 
such as copper, aluminum and zinc. In the shredding process, magnetic separation is used to 
remove the magnetic ferrous fraction from other materials. The non-ferrous metals, such as 
copper and aluminum, are normally sorted out at a later stage. The remainder is the so-called 
shredder waste and is estimated at between 25% and 35% of the weight of end-of-life vehicles 
(Environment Australia, Department of the Environment and Heritage, 2002). Shredder waste 
consists of glass, fibre, rubber, automobile liquids, plastics and dirt. Figure 2 illustrates the 
composition of shredder waste.  

End of life vehicles 
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(Source: Environment Australia, Department of the Environment and Heritage (2002)) 

Figure 2 Composition of shredder waste  

3. Composition of shredder waste 
The composition of shredder fluff will vary considerably from batch to batch and shredder to 
shredder – due to the different mixes of raw materials being processed and the differing levels 
of pre-processing and inspection by shredder operators. It should be noted that shredder fluff 
is likely to vary significantly between shredders due to varying requirements under state and 
territory licensing conditions and the changes in those conditions over time.  

An investigation from Sweden (Börjeson, L.; Löfvenius, G.; Hjelt, M.; Johansson, S.; 
Marklund, S., 2000) shows that levels of PCDD/PCDF per gram in dry samples of shredder 
fluff are low in all the fractions (table 1). This conforms to expectations that levels of dioxins 
and furans should generally be very low, because dibenzo-p-dioxins and dibenzofurans is 
neither used nor deliberately produced for any technical product or substance. 

Unlike the dibenzo-p-dioxins and dibenzofurans levels, however, the levels of 
polychlorinated biphenyls were high, especially in fractions originating from industrial waste 
or waste white goods. The presence of polychlorinated biphenyls  in white goods contributes 
most heavily to polychlorinated biphenyls  in the shredder process, but is not a result of 
unintentional formation during the shredder process. Therefore, it is desirable to know and 
identify before the shredder process which components of an electrical device may include 
these compounds and to try to dismantle them before shredding. 
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(Source. Börjeson, L; Löfvenius, G; Hjelt, M.; Johansson, S.; Marklund, S. 2000) 

Table 1 Organics in shredder residues defined in the original reference as “fuel 
fractions” and “disposal fractions  

Studies have confirmed that automotive shredder residues derived from end-of-life vehicles 
contain PCB in the ppm-range (=mg/kg) (Urano et al. 1999, Sakai et al. 1998, 2000). 
dibenzo-p-dioxins and dibenzofurans contamination in engine oil from end-of-life vehicles 
could not be detected. Taking congener profiles into account, it can be considered that the 
major reason for this is that polychlorinated biphenyls -containing materials manufactured in 
the past were mixed in the recycling and waste processes. While emissions of persistent 
organic pollutants from shredding plants were not examined in these studies, given the levels 
of PCB in the ppm-range (=mg/kg) in automotive shredder residues, potential emissions of 
persistent organic pollutants through flue gas should be considered. This polychlorinated 
biphenyl release originates from the commercial polychlorinated biphenyl mixture that is used 
in automobiles. These PCBs are not unintentionally generated persistent organic pollutants 
and thus, in a strict sense, not subject to the polychlorinated biphenyl release inventory under 
the provisions of Article 5 of the Stockholm Convention. Since there is no way, however, to 
differentiate between intentional and unintentional polychlorinated biphenyls  in shredder 
wastes and emissions, best available techniques and best environmental practices should be 
applied to minimize or eliminate release of any polychlorinated biphenyls  from the shredder 
process. 

Copper and chlorine in significant amounts are constituents of shredder waste and promote in 
case of burning the formation of dibenzo-p-dioxins and dibenzofurans and other 
unintentionally released persistent organic pollutants. 

4.  Emission concentrations from shredder plants 
A report on a European dioxin inventory stated that measured dibenzo-p-dioxins and 
dibenzofurans data exist for a few shredder installations. Generally, very low concentrations 
(< 0.01 ng I-TEQ/m³) were found in a plant investigated in Sachsen-Anhalt (Germany). The 
available data are summarized in table 2 below, showing emissions and emission factors to 
air. 
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Table 2  Dibenzo-p-dioxins and dibenzofurans emissions in German shredder plants 
(LUA 1997) 

 Minimum Maximum Geometric mean Arithmetric mean 

Emission concentration 
(ng I-TEQ/m³) 0.002 0.430 0.056  0.140 

Emission factor  
(μg I-TEQ/t) 0.059 0.667 0.236 0.303 

 
A further investigation from Belgium (François, F., Blondeel, M., Bernaert, P., 
Baert, R., 2004) considered potential specific sources of unintentionally released PCB and 
PCDD/PCDF from a shredder plant turning end-of-life vehicles and waste from electronic 
and electrical equipment into various reusable fractions. An overview of a number of stack 
emission measurements of dibenzo-p-dioxins and dibenzofurans and unintentionally released 
polychlorinated biphenyls is given in table 3. The shredders are equipped with at least a 
cyclone filter system for de-dusting the flue gases. Flue gas flow rates are typically about 
75,000 Nm³/h. All dibenzo-p-dioxins and dibenzofurans concentrations, except one, were 
below 0.1 ng TEQ/Nm³. 

 
(Source: François, F., Blondeel, M., Bernaert, P., Baert, R. 2004) 

Table 3 Measured data for emission concentrations from shredder plants  

Dioxin precursors which may result in the formation of polychlorinated dibenzo-p-dioxins 
and dibenzofurans (PCDD/PCDF) when burnt include polychlorinated biphenyls  -containing 
condensers, polychlorinated biphenyls  or chlorobenzene contaminated waste oils or textiles, 
and polymers containing brominated flame retardants (formation of polybrominated dibenzo-
p-dioxins (PBDD) and polybrominated dibenzofurans (PBDF) as contaminants). 

5. Recommended measures 
An important best environmental practice is to strengthen the responsibility of the operators 
of shredders. An analysis should be undertaken to identify hazardous components and fluids 
with incoming material and to provide facilities to remove them before the shredder process. 

It is crucial to control treated scrap, especially electric devices, transformers and condensers, 
which must be identified, dismantled and eliminated separately to avoid the introduction of 
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polychlorinated biphenyls into the plant. This is also a measure to reduce the contamination of 
shredder residues by polychlorinated biphenyls. 

Nevertheless, shredder residues are always contaminated and must only be disposed of in an 
incineration dedicated plant. 

By dismantling and recycling big plastic parts, for instance bumpers, a considerable reduction 
of the remaining plastic fraction in the end-of-life vehicles and in the resulting shredder waste 
can be achieved. 

By further treatment of shredder wastes, for instance by eddy current separation, a 
considerable proportion of the metals contained in the waste, such as copper and aluminium, 
can be recovered. 

In order to achieve a higher proportion of recyclable fractions, the use of recyclable material 
and simple disassemblies should be encouraged in the stage of product design. This is not 
only valid for end-of-life vehicles.  

6. Minimum technical requirements for treatment  
Sites have to be constructed to prevent the contamination of soil, water and air. For this 
reason, appropriate storage facilities, including impermeable surfaces with spillage collection 
facilities; decanters and cleanser-degreasers should be provided, as well as equipment for the 
treatment of appropriate storage tanks for water, including rainwater. In addition, appropriate 
storage for dismantled spare parts, including impermeable storage for oil-contaminated spare 
parts, appropriate containers for the storage of batteries (with electrolyte neutralization on site 
or elsewhere), filters and PCB/PCT-containing condensers and appropriate storage tanks for 
fluids are necessary.  

7. Primary measures 
Fluids, like brake fluid, petrol, steering fluid, motor oil, coolants and transmission fluid 
should generally be removed from the end-of-life vehicle or other devices before shredding. 
This is especially applicable in the case of PCBs, which should be identified and removed 
from any device to be shredded. Specific attention should be given to transformers and 
condensers. Measures should include: 

• The removal of batteries and liquified gas tanks; 

• The removal or neutralization of potential explosive components, (e.g., air 
bags); 

• The removal and separate collection and storage of fuel, motor oil and oil 
from other components;  

• The removal of catalysts; 

• The removal of tyres and large plastic components (such as bumpers, 
dashboards, fluid containers, etc.), if these materials are not segregated in 
the shredding process in such a way that they can be effectively recycled as 
materials. 

8. Secondary Measures 
Measures to prevent releases of persistent organic pollutants at shredder plants include: 

• The advanced treatment of flue gas (with bag filters and activated carbon filters to 
remove both gaseous and particle emissions); 

• The proper disposal of residuals and liquid shredder wastes containing a mixture of 
organic materials, heavy metals such as copper and, in many cases, polychlorinated 
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biphenyls and other chlorinated substances. Treating this waste in an inappropriate 
manner will lead to emissions of unintentionally released persistent organic 
pollutants. This is especially the case in open burning. Shredder wastes should be 
never burned in an open fire or in inappropriate facilities; 

• The appropriate treatment of shredder waste is incineration in a facility meeting the 
requirements for best available techniques and best environmental practices. If such a 
facility is not available, disposal in a sanitary landfill may be preferred to other forms 
of disposal.  
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VI.L. Smouldering of copper cables 

Summary 
Scrap copper is often recovered by open burning of plastic coatings from electrical cable and wiring. 
Chemicals listed in Annex C of the Stockholm Convention are probably formed from plastic and trace 
oils with copper as a catalyst at smouldering temperatures between 250° and 500° C. 

Best available techniques include mechanical cable chopping, stripping or high-temperature 
incineration > 850° C. A consideration is to set premium pricing for unstripped cables and wiring and 
encourage sending the feed material to copper smelters using best available techniques for treatment. 

Performance levels associated with best available techniques are not applicable, as the smouldering 
process is not a best available technique or best environmental practice and should not be practised. 

1. Process description 
Smouldering of copper cables involves the open burning of plastic coatings from electrical cable and 
wiring to recover scrap copper and other constituents of the cablesThis process is labour intensive, 
and is performed by individuals or in small facilities without any abatement measures for air 
emissions. Smouldering is conducted in burn barrels or on open ground. No means of temperature 
control or oxygen addition are used to achieve complete combustion of plastic compounds.  

The smouldering of copper cables is becoming prevalent in developing nations due to the recycling of 
computer scrap using manual methods. However, the process is not limited to developing countries 
and should be addressed on a global scale. Legislation has been implemented by many developed and 
developing countries to ban open burning, but the practice continues.  

In the technical guidelines for identification and environmentally sound management of plastic wastes 
and for their disposal under the Basel Convention on the Control of the Transboundary Movements of 
Hazardous Wastes and Their Disposal it is stated: “Open burning is not an environmentally acceptable 
solution for any kind of waste” (UNEP 2002, p. 43). In addition, Decision VII/19 of the seventh 
meeting of the Conference of the Parties to the Basel Convention (October 2004) amended Annexes 
VIII and IX of the Convention to include new entries regarding the uncontrolled burning of plastic-
coated cable scrap. The United Kingdom Clean Air Act states: “A person who burns insulation from a 
cable with a view to recovering metal from the cable shall be guilty of an offence … [and] shall be 
liable on summary conviction to a fine…” (Government of the United Kingdom 1993).  

2. Sources of chemicals listed in Annex C of the Stockholm 
Convention 

The formation of polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans 
(PCDF) may occur with trace oils and the presence of chlorine from plastics in the feed material. As 
copper is the most efficient metal to catalyse PCDD/PCDF formation, the burning of copper cables 
may be a critical source of PCDD/PCDF emissions. 

2.1 General information on emissions from smouldering of copper cables  
Smouldering of copper cables releases various contaminants besides PCDD/PCDF, such as carbon 
monoxide (CO), sulphur dioxide (SO2), polycyclic aromatic hydrocarbons, hydrogen chloride, heavy 
metals and ash. Incomplete incineration occurs because of the low burning temperature (250° to 700° 
C), resulting in the generation of hydrocarbons and particulate matter. Lead stabilizers, often included 
into the PVC polymer matrix of the plastic cable coating, are released during smouldering. Lead-
coated copper cables are also burnt, releasing additional lead. Contaminants are emitted to air, water 
and soil. 
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2.2 Emissions of PCDD/PCDF to air 
The incomplete incineration of chlorinated plastics causes PCDD/PCDF generation. Plastic coatings 
on copper cables consist mainly of polyvinyl chloride (PVC). 

“During combustion, various ring-structure hydrocarbon species (referred to as ‘precursors’) 
are formed as intermediate reaction products. If chlorine is also present, these species can react 
with each other to form PCDD/PCDF. The most frequently identified precursors are 
chlorobenzenes, chlorophenols, and chlorinated biphenyls. PCDD/PCDF may also be formed 
from the reaction of complex organic molecules and chlorine. Several studies have identified 
strong correlations between chlorine content and PCDD/PCDF emissions during combustion 
tests” (EPA 1997, p. 3–8). 

Destruction of PCDD/PCDF requires temperatures above 850° C in the presence of oxygen (European 
Commission 2001).  

3. Alternative processes to smouldering of copper cables 
To prevent the generation of PCDD/PCDF, smouldering of copper cables should not be conducted. 
Alternative treatment processes to open burning are discussed below. The insulation material, for 
example PVC, may also be recovered by using these processes. 

3.1 Cable chopping 
Cable chopping allows for the separation of plastic coatings from cables without the generation of 
PCDD/PCDF through thermal methods (UNEP 2001). This process is able to treat cables of mixed 
type and different gauges. The products recovered are granulated copper and PVC. 

Cable chopping involves the following steps: 

3.1.1 Presorting 

Presorting according to cable type is crucial for efficient cable chopping operations, providing 
maximum value from recovered scrap with easier separation of plastics. Sorting criteria include metal 
alloys (separating copper and aluminium cables), conductor diameter, cable length and type of 
insulation. Long cable lengths are sheared to < 1 m, while densely baled cable is broken up into loose 
streams. Treated cables can vary between thin gauge and 8 cm diameter. Unsuitable material such as 
superfine wire and grease or tar-filled cables should be removed. 

“In the past PCB was added to PVC for certain cable systems for high voltage applications to 
improve insulation performance and to certain low voltage cables as flame retardant. The 
presence of these cable systems should be determined before starting the recycling process” 
(UNEP 2001).  

According to PCB data reported for Germany, most of the samples show contamination levels of 30 
mg PCB/kg, with some reaching contamination levels of several hundred ppm and others with 
contamination levels < 10 ppm.  

3.1.2 Cable chopping 

Cable chopping is used to reduce long cable sections into acceptable size for the granulator. This 
process is optional in smaller facilities. Less filter dust is produced in comparison to cable shredding.  

3.1.3 Granulation 

Granulation is conducted to free metals from plastic insulation and jacketing. Fine granulation is 
necessary to achieve sufficient liberation of metals from the plastic. However, small amounts of 
metals will remain locked in the plastic and be lost as waste. 

3.1.4 Screening 

Screening can be used to ensure adequate liberation of metals by particle size separation. Oversize 
material can be reprocessed in the granulator. Metal particles can be recovered from the screen 
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product by removal of lighter non-metallic particles using an aspirator. Dust collection and filtering 
should be conducted during screening. 

3.1.5 Density separation 

The recovery of metals is dependent on the efficiency of the separation technique and degree of 
liberation of the metal from plastics. Separation of metal particles can be conducted using density 
separation techniques such as fluidized bed separators. Dry electrostatic separators can provide 
increased recovery compared to density techniques.  

3.2 Cable stripping 
Cable stripping is a cheaper method for copper cable recovery than chopping, but at lower throughput. 
PCDD/PCDF generation is not of concern in this process. This technique is preferred in developing 
countries due to the lower cost. Presorting of cables should also be conducted before stripping 
according to metal type, insulation material, conductor diameter and length (UNEP 2001, p. 44).  

Despite the lower production rate, copper can be completely recovered as no residual metal remains in 
the plastic insulation. Careful segregation by insulator type can produce waste material consisting of 
only one type of polymer, allowing for easier recycling of both the metal and plastic fractions. 

Cable stripping machines can process only single strands of cable at rates up to 60 m/min or 1,100 
kg/min with cable diameter ranging from 1.6 mm to 150 mm. 

3.3 High-temperature incineration 
High-temperature incineration should only be used for treating cable that cannot be recovered by 
chopping or stripping. Materials such as fine wire and grease- or tar-filled cables are burnt in 
controlled atmosphere incinerators to ensure complete combustion of plastics. Effective flue gas 
cleaning systems should be utilized (UNEP 2001, p. 46).  

Furnace off-gases contain contaminants such as PCDD/PCDF, carbon dioxide (CO2), sulphur dioxide 
(SO2), hydrogen chloride and fluoride, and dust. Because PCDD/PCDF adsorb on particulate matter, 
dust should be collected using efficient methods such as fabric filters and recycled to the furnace. 
Post-incinerator afterburning and quenching should be considered if incineration is ineffective in 
eliminating PCDD/PCDF. SO2 and hydrogen chloride and fluoride should be removed by wet alkaline 
scrubbing.  

Incinerated scrap metal has less value due to oxidation from thermal treatment. A high potential for 
PCDD/PCDF generation exists with incineration. Cable chopping and stripping are preferred to high-
temperature incineration as these processes are more economical and environmentally sound. Cable 
types unsuitable for chopping or stripping can also be treated in primary or secondary copper 
smelters. 

4. Summary of measures 
Table 1 summarizes measures for new copper cable recovery facilities. 

Table 1. Measures for new copper cable recovery facilities 

Measure Description Considerations Other comments 

Alternative 
processes 

Various recommended 
treatment processes 
should be considered 
to replace open 
burning 

Processes to consider include:  
• Cable chopping 
• Cable stripping 
• High-temperature incineration for 

material unsuitable for chopping or 
stripping 

Incineration is considered to 
be a best available technique 
in configuration with 
suitable gas collection and 
abatement 

Smouldering of copper cables should not be conducted as this practice generates PCDD/PCDF 
emissions. Open burning should never be considered as an acceptable means of waste treatment. 
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Guidelines and legislation against the smouldering of copper cables have been implemented at 
federal, state, provincial, territorial and municipal levels by many countries.  

Examples of such guidelines and legislation include UNEP 2001; Government of the United Kingdom 
1993; Government of Hong Kong 1996; Government of New Zealand 2004. 

A consideration is to set premium pricing for unstripped cable and wiring to encourage sending the 
feed material for treatment in copper smelters using best available techniques.  

Achievable performance limits are not applicable, as the smouldering process is not a best available 
technique or best environmental practice and should not be practised. 
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V.I.M. Waste oil refineries 

Summary  
Waste oil refineries are listed in Annex C of the Stockholm Convention as a source that has the 
potential to form and release chemicals listed in Annex C.  

For the purpose of this guidance section, waste oils (or used oils) are defined as any petroleum-based, 
synthetic, or plant- or animal-based oil that has been used. Waste oils may originate from two large 
sources: industrial waste oils, and vegetable and animal waste oils. Among the industrial waste oils, 
three main oil streams can be identified: industrial oil (e.g. hydraulic oil, engine lubricant, cutting oil); 
garage or workshop oil; and transformer oil.  

Waste oils have been found to be contaminated with polychlorinated dibenzo-p-dioxins,, 
polychlorinated dibenzofurans and polychlorinated biphenyls.. At present there is no available 
evidence that polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans or  
polychlorinated biphenyls, are newly formed in waste oil refineries. The data available indicate that 
the polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans or polychlorinated 
biphenyls released from waste oil refineries or waste oil handling and management plants are from 
industrial, intentional production of polychlorinated biphenyls or chlorobenzenes that are present in 
the waste oils either by contamination in the synthesis process (of these chemicals) or have become 
contaminated during the use phase or earlier recycling processes. In this sense, waste oil refineries 
represent a distribution source of chemicals listed in Annex C rather than a formation source.  

According to available information, waste oil management options include reuse or regeneration; 
thermal cracking; and incineration or use as fuel. It should be noted that dumping and open burning 
are also practised in many countries.  

For information on waste oil disposal in incinerators or on use as fuel, the relevant sections of this 
guidance document should be consulted (sections V.A, waste incinerators; V.B, cement kilns firing 
hazardous waste; VI.A, open burning of waste; VI.C, residential combustion sources; and VI.D, fossil 
fuel-fired utility and industrial boilers). 

1. Introduction 
Waste oil refineries are listed in Annex C of the Stockholm Convention as a potential source of 
chemicals listed in Annex C. The information reported about waste oil refineries as sources of 
polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) is very limited 
and further research is needed. 

2. Waste oils 
Waste oils include any petroleum-based or synthetic oil that has been used. Water, chemicals, metal 
particles and dirt become mixed in with the oil during use, degrading its properties until it must be 
replaced by new oil. 

New oils are a mixture of a base oil (mineral or synthetic) and additives (15–25%). The type of base 
oil and additives determine the possibility of regeneration and the possible formation of PCDD/PCDF 
in waste oil refineries. 

3. Occurrence of polychlorinated dibenzo-p-dioxins and 
polychlorinated dibenzofurans (PCDD/PCDF) in used oils 

Hagenmaier and Brunner (cited by Fiedler) analyzed new and used (after 10,000 km in cars fuelled 
with leaded gasoline) motor oils. At a limit of quantification of 0.05 μg/kg per congener, no 
polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans could be detected in fresh and 
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used motor oils. However, highly chlorinated polychlorinated dibenzo-p-dioxins and polychlorinated 
dibenzofurans or were detected in recycled oils, probably from used oils contaminated with 
pentachlorophenol and its sodium salt, which in Europe were used in the mineral oil industry. It must  

be noted that some of the additives used in modern lubricant oils contain chlorinated compounds and 
it is necessary to continue monitoring waste oils fed to refineries. 

4. Waste oil refineries 
Waste oil refineries are designed to produce a base blending oil, some by-products and some wastes. 
The lighter parts of the by-products may be used as fuel; the heaviest, containing additives and 
carbonaceous species, may be used as a blending component in road surfaces.  

Five technologies are representative of waste oil refineries: 

4.1 Vacuum distillation + clay treatment 
Water and          H2SO4   Clay + lime    Light oil 
light hydrocarbons 

             
 
                            Base oil 
 
 
      Acidic and      Acid oil 
       oily waste      and clay 
 

4.2 Vacuum distillation + chemical treatment 
Water and        Light components       H2 
light hydrocarbons 
 
 
 
                    Base oil 
 
 
        

   Heavy components   
 

4.3 Hydrogen pretreatment + vacuum distillation  
 

Water and       H2     Light components      
Light hydrocarbons 
 
 
              

Base oil 
            
 
  
          Heavy components   

Pretreatment Acidification Filtration Distillation 

Pretreatment Vacuum distillation Chemical treatment 

Pretreatment Chemical treatment Vacuum distillation 
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4.4 Thin film evaporation + extraction 

 

 
 

4.5 Direct contact hydrogenation (UOP-DCH process) 

 
 
 
 
 
 
 
 

 

5. Measures for reduction of polychlorinated dibenzo-p-dioxins,, 
polychlorinated dibenzofurans (PCDD/PCDF) and 
polychlorinated dibenzo-p-dioxins and polychlorinated 
biphenyls (PCB) 

As previously indicated, PCDD/PCDF and PCB in oil base or residue from waste oil refineries 
emanate from contaminated waste oils. Therefore, one basic measure to reduce PCDD/PCDF and 
PCB emissions from such refineries is to only treat waste oils with low PCDD/PCDF and PCB 
concentrations. 

The European Re-refining Industry Association (Groupement Européen de l’Industrie de la 
Régéneration; GEIR) recommend that the following waste oils be preferred for regeneration: 

• Engine oils without chlorine; 

• Hydraulic oils without chlorine; 

• Non-chlorinated mineral diathermic oils. 

6. Conclusions 
• Waste oils have been found to be contaminated with PCDD, PCDF and polychlorinated 

biphenyls (PCB); 

• At present there is no available evidence that PCDD, PCDF and PCB are newly formed in 
waste oil refineries; 

• Waste oil refineries are a distribution source of chemicals listed in Annex C rather than a 
formation source; 
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• The waste oil treated in waste oil refineries must have a low content of PCDD, PCDF, PCB 
and chlorinated additives. 
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