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four orders of magnitude for similar combustors.  For the Toolkit, the average emission were 
taken to calculate the emission factors for the combustion of vent gases only and liquid and 
vents based on EDC production as shown in Table 64. 

The data in Table 64 are based on EDC or PVC production data from the U.S. industry.  The 
2002 US-EPA TRI data for PCDD/PCDF releases to air from 22 facilities convert into 
emission factors between 0.0 µg TEQ/t of EDC and 3 µg TEQ/t of EDC with an average of 
0.4 µg TEQ/t of EDC (US-EPA 2004, Carroll 2004, Dyke et al. 2004).  The emission factor 
for PVC stand-alone plants were taken from US-EPA 2000, Vinyl Institute 1998. 

An alternative approach would be to use emission factors based on the amount of waste fed.  
Also in this case, releases from vent gas and liquid waste/vent gas incinerators at combined 
EDC/VCM plants showed variable emissions, which ranged from 1.3 and 14 µg TEQ/t of 
waste feed. 

Since the combustor design and operation is most critical it is suggested that an estimate of 
the amount of waste burned is made and this is treated as hazardous waste incineration – see 
Section 6.1.2.1. 

6.7.2.8.2 Release to Water 

The manufacture of EDC/VCM and PVC uses considerable amounts of process water, which 
either leaves the plant or is recycled as far as possible back into the EDC/VCM/PVC 
manufacturing process.  The process water that cannot be recycled may be discharged 
without further treatment or directed into a wastewater treatment process.  This typically 
reduces BODY (biological oxygen demand) and total suspended solids as well as adjustment 
of the pH to meet water guidelines. 

At modern US facilities PCDD/PCDF concentrations in wastewaters from PVC sites only 
were close to detection limit.  The overall mean concentrations were 0.88 pg I-TEQ/L 
(ND=0) and 4.7 pg I-TEQ/L (ND=½ DL).  An emission factor of 0.03 µg TEQ/t of PVC has 
been derived for wastewaters from modern PVC plants (US EPA 2000, Vinyl Institute 1998). 

At EDC/VCM plants, all samples had quantifiable concentrations with mean values of 
0.42 pg TEQ/L (ND=0) and 4.4 pg TEQ/L (ND=½ DL) (US EPA 2000, Vinyl Institute 
1998).  Emission factors for EDC/VCM and EDC/VCM/PVC plants ranged from 0 g TEQ/t 
of EDC/VCM/PVC to 2.5 µg TEQ/t of product.  For this Toolkit, the mean of 0.5 µg TEQ/t 
of EDC for wastewaters from EDC/VCM plants was chosen as default emission factor for 
modern plants (US-EPA 2004, Carroll 2004, Dyke et al. 2004). 

For EDC/VCM and EDC/VCM/PVC plants, it is assumed that the amounts of PCDD/PCDF 
released to the environment with wastewater rather depends on the efficiency of the waste 
water treatment system - especially its capability to remove spent catalyst solids – rather than 
on the process applied. 

For old and poorly controlled systems formation of PCDD/PCDF may be higher and releases 
to water may be higher as well due to poor water treatment systems.  However, presently, no 
emission factor can be given. 
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6.7.2.8.3 Release in Products 

PCDD/PCDF concentrations in PVC products are low; most samples showed no detectable 
PCDD/PCDF.  An overall mean concentration of 0.3 ng I-TEQ/kg should be used for the 
Toolkit.  In EDC, only in one sample 0.03 ng I-TEQ/kg (ND=0) could be detected.  Emission 
factors for old PVC and EDC products cannot be given due to the lack of authentic samples. 

6.7.2.8.4 Release in Residues 

The main residues of interest are: heavy ends from EDC purification, spent catalyst (from 
fixed bed plants) and wastewater treatment sludge.  Each of these residues may be handled 
and disposed of in a number of ways, which will affect releases to the environment. 

For combined EDC/VCM plants concentrations in wastewater treatment sludge ranged from 
100 to 5,900 µg I-TEQ/t of product (VI 1998).  Sites using fixed-bed technology were usually 
lower but these sites produced spent catalyst (in fluidized bed processes, this is released with 
the water and is being collected in the wastewater treatment sludge).  Overall average emis-
sion factors were approximately 2 µg I-TEQ/t (EDC production).  For fixed bed plants most 
PCDD/PCDF may be expected to be associated with the spent catalyst. 

Sludge from sites where PVC only is being produced has an emission factor of 0.02 µg TEQ/t 
of PVC.  Solid emissions, as spent catalyst and wastewater treatment solids taken together at 
EDC and combined EDC/PVC sites will be ca. 2.0 µg TEQ/t of product (US-EPA 2000, 
Vinyl Institute 1998). 

Concentrations of PCDD/PCDF can be much higher in some residue streams, such as heavy 
ends from EDC purification.  For example, Stringer et al. (1995) reported concentrations 
from 3,000 ng TEQ/kg to 5,000,000 ng TEQ/kg in wastes from PVC manufacture.  Clearly 
the potential for releases from these streams depends on the way the materials are handled 
and disposed of.  The amount of residue produced should be estimated if possible.  In many 
cases these residues are incinerated on-site or by commercial hazardous waste incinerators to 
make an estimate of releases from this activity see Section 6.1.2.1 - Hazardous waste 
incineration.  In a few cases residues have been either disposed of in underground stores 
(Dyke et al. 1997) and in some cases may be used as feedstock for solvent production. 

If the residues are disposed of by dumping or are used as a feedstock for another process this 
should be noted.  UK data showed that halogen-organic wastes contained 100 µg I-TEQ/t 
(expressed per unit of EDC production).  This factor can be used to make initial estimates of 
the amount of PCDD/PCDF in these streams – the fate of the residue streams must be identi-
fied. 

6.7.2.9 Chlorinated Aliphatic Compounds 

Many processes producing chlorinated aliphatic compounds would produce little or no 
PCDD/PCDF (recent measurements of perchloroethylene gave results below detection 
limits).  However, if residues from processes such as the production of EDC (see above) or 
other mixed residues are used as a feedstock there may be formation and releases of 
PCDD/PCDF.  
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At one time in the UK residues from EDC production were fed to an oxychlorinator to pro-
duce per- and trichloroethylene (solvents).  This process produced significant quantities of 
PCDD/F in the residue streams (350-630 g TEQ in the residues from the production of 
130,000 tons of tri- and perchloroethylene produced approximately 4,000 µg I-TEQ/t of 
product – Dyke et al. 1997).  The handling and fate of these residues will determine actual 
releases to the environment.  An emission factor for the residues cannot be given.  When 
these production residues occur within chemical production processes and are being recycled 
into the process, e.g., oxychlorination process, they will show up in the residues from 
oxychlorination. 

6.7.2.10 Chlorinated Inorganic Chemicals 

Chlorine is used in the synthesis of inorganics where it remains in the final product (NaOCl, 
ClO2, FeCl3, AlCl3, ZnCl2, etc.) or is simply used in the process (TiO2, Si) (SC BAT/BEP 
2004).  The inorganic chemical manufacturing process of anhydrous magnesium chloride 
(MgCl2), an intermediate in the manufacture of metallic magnesium is addressed in Main 
Source Category 2, Section 6.2.9).  The other process that involves chlorine is the 
manufacture of titanium dioxide (TiO2). 

There are two processes to manufacture TiO2:  the chlorine process and the sulphate process.  
The sulphate process generates much more wastes than the chlorine process and thus, is less 
common.  The chlorine process has grown in use over the past thirty years as a result of its 
relative compactness, recycling of process materials, better product properties, and 
considerably lower generation of waste.  TiO2 is produced from ores, such as rutile or 
ilmenite, which is chlorinated at high temperatures to produce titanium tetrachloride (TiCl4), 
a stable, distillable liquid.  TiCl4 is purified and oxidized with oxygen, liberating chlorine, 
which is recycled into the process.  Optimal operating temperature is above 600 °C (SC 
BAT/BEP 2004). 

The presence of coke, chlorine, metals, and elevated temperature may give rise to formation 
of PCDD/PCDF analogous to their formation in oxychlorination.  PCDD/PCDF, if formed, 
partition into solid residues (streams containing residual coke). 

6.7.2.11 Summary 

Within the sub-sector of the chemical industry, the most critical parts in the manufacturing 
processes are the oxychlorination process to manufacture ethylene dichloride (EDC), which is 
usually found as part of the manufacture of chlorinated organics. 

At some locations, there may be some stand-alone operations that would recycle HCl back to 
Cl2.  However, such process would be much more expensive compared to the electrolysis of 
KCl, NaCl or brine.  If such operations are identified, a case-by-case evaluation needs to be 
performed to evaluate potential formation and releases of PCDD/PCDF. 

The most critical process within the chemical industry is the oxychlorination of ethylene to 
manufacture EDC.  Further down the production chain of any chlorinated or non-chlorinated 
chemical, there are no more critical emissions. 

In 1995, the European Council of Vinyl Manufacturers (ECVM) set voluntary emission tar-
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gets as a means of promoting environmental performance.  The ECVM Charter, which is a 
form of self-regulation, includes dioxin emission guidelines based on Best Available Tech-
niques.  For the emission of vent gases to the atmosphere the ECVM guideline for dioxin-like 
components is 0.1 ng I-TEQ/Nm³ (according to (European) normal conditions of 11 % O2, 
273.15 K or 0 °C, 101.3 kPa) and 1 µg I-TEQ/t of EDC in water effluents.  These numbers 
can be taken as rough estimates for calculating PCDD/PCDF releases from state-of-the-art 
EDC/VCM plants. 

6.7.3 Petroleum Industry 

Crude oil is a mixture of many different hydrocarbons and small amounts of impurities.  The 
composition of crude oil can vary significantly depending on its source.  Petroleum refineries 
are a complex system of multiple operations and the operations used at a given refinery 
depend upon the properties of the crude oil to be refined and the desired products. 

Within the petroleum refining industry, only one potential source for PCDD/PCDF has been 
reported until now:  re-generation of the catalyst used during catalytic cracking of the larger 
hydrocarbon molecules into smaller, lighter molecules (Beard et al. 1993). 

Feedstock to catalytic reforming processes is usually low octane naphtha.  Catalytic hydro-
reforming uses platinum-based catalysts.  In the continuous process, aged catalyst is continu-
ously removed from the bottom of the reactor and sent to a regenerator where the carbon is 
burned from the catalyst with hot air/steam.  Trace quantities of a promoter, normally organo-
chlorines, such as tri- or perchloroethylene, are added to retain catalytic activity.  Moisture is 
removed and the regenerated catalyst is returned to the first reformer bed.  In the cyclic or 
semi-regenerative units, the regeneration of the catalyst is discontinuous as well as the result-
ing emissions.  In this process, PCDD/PCDF have been detected. 

PCDD/PCDF may be emitted to air or captured in scrubbing systems and transferred to efflu-
ents.  Ultimate releases will depend on the pollution controls and handling of residues.  No 
emission factors can be given at this time due to lack of data.  For this subcategory measured 
data are urgently needed. 

Presently, the only PCDD/PCDF generated from the flaring of the gases released from the 
petroleum industry can be quantified.  The same emission factor as listed in Chapter 6.3.3 - 
Landfill/Biogas Combustion will be used.  The emission factor to air in Table 65 is given per 
TJ and per cubic meter. 

Table 65: Emission factors for flaring of gases 

Emission Factor - µg TEQ/TJ 
of Gas Burned 

Emission Factor - µg TEQ/m³ 
of Gas Burned 

Classification 

Air Air 
Flares 8 0.0003 

6.7.3.1 Release to Air 

Presently, only emissions to air can be estimated by applying the same emission factor as for 
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burning and flaring of landfill and biogas.  The emissions from the reactivation of the catalyst 
cannot yet be quantified. 

6.7.3.2 Release to Water 

The amount of wastewater generated in the catalytic reforming process is around 190 kg/t of 
feedstock.  The wastewater contains high levels of oil, suspended solids.  Emissions of 
PCDD/PCDF to water may occur upon discharge of the wastewater.  However, no data are 
available at present.  Any discharge of wastewater should be noted. 

6.7.3.3 Releases in Residues 

Spent catalyst fines may be generated from the fine particle abatement systems.  Spent cata-
lyst generated is around 20-25 tons per year for a 5-million-tons-per-year refinery.  Typically, 
spent catalyst is sent back for recycling or regeneration. 

From the wastewater treatment, sludge can be generated.  There are no PCDD/PCDF con-
centrations available at present; however, concentrations of pyrene and benzo[a]pyrene in the 
low mg/kg range have been detected (BREF 2000b). 

6.7.4 Textile Production 

The textile industry is comprised of a diverse, fragmented group of establishments that pro-
duce and/or process textile-related products, which include fiber, yarn, fabric for further proc-
essing into finished goods.  These may range from small “back street” operations with few 
controls to large-scale highly sophisticated industrial operations with comprehensive 
pollution controls.  The process of converting raw fibers into finished textile products is 
complex; thus, most textile mills specialize (US-EPA 1997b).  The textile industry is being 
targeted as a potential source of PCDD/PCDF as: 

• Pesticides such as pentachlorophenol, known to be contaminated with PCDD/PCDF, can 
enter the plant via raw materials, e.g., cotton, being treated with PCP; 

• Dyestuffs on the basis of chloranil can be used to color the textiles; 
• Finishing processes may utilize chlorinated chemicals contaminated with PCDD/PCDF 

and washing processes at alkaline media are part of the textile finishing processes; and 
• Large volumes of effluent water are released into the environment. 

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 fibers typically require more 
processing steps than manmade fibers.  Relatively large volumes of wastewater are generated, 
containing a wide range of contaminants that must be treated prior to disposal.  Significant 
quantities of energy are used for heating and cooling chemical baths and drying fabrics and 
yarns. 

Fabric preparation requires de-sizing (to remove size materials applied prior to weaving), 
scouring (a cleaning process that removes impurities from fibers, yarns, or cloth through 
washing.  Typically, alkaline solutions are used for scouring), and bleaching as well as 
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singeing (eliminates unwanted colored matter from fibers, yarns, or cloth.  The most common 
bleaching agents include hydrogen peroxide, sodium hypochlorite, sodium chlorite, and 
sulfur dioxide gas. Hydrogen peroxide is the most commonly used bleaching agent for cotton 
and cotton blends) and mercerizing (designed to chemically or physically alter the fabric by 
passing through a 15-20 % solution of caustic soda).  Dyeing operations are used at various 
stages of production to add color and intricacy to textiles and increase product value.  Dyes 
used by the textile industry are largely synthetic.  Finishing encompasses chemical or 
mechanical treatments. 

Wastewater is, by far, the largest waste stream for the textile industry.  Large volume wastes 
include washing water from preparation and continuous dyeing, alkaline waste from prepara-
tion, and batch dye waste containing large amounts of salt, acid, or alkali. 

Of the 635,000 metric tons of dyes produced annually worldwide, about 10-15 % of the dye 
is disposed of in effluents from dyeing operations.  However, dyes in wastewater may be 
chemically bound to fabric fibers.  The average wastewater generation from a large, 
centralized industrial U.S. dyeing facility is estimated at between 3.8 and 7.5 million liters 
per day (one and two million gallons per day).  Dyeing and rinsing processes for disperse 
dyeing generate about 100-140 L of wastewater per kg of product (12-17 gallons of 
wastewater per pound).  Similar processes for reactive and direct dyeing generate even more 
wastewater, about 125-170 L of wastewater per kg of product (15-20 gallons per pound of 
product) (US-EPA 1997b). 

Based on the analyses of 16 samples from Germany, it was concluded that, the PCDD/PCDF 
concentration will not increase significantly during these finishing processes: mean 
concentrations found in finished cotton were at 0.21±0.10 ng I-TEQ/kg with a median of 
0.20 ng I-TEQ/kg (Horstmann 1994).  These results were confirmed by random sample 
analyses of raw and pre-treated cotton arriving at the Hamburg harbor, which contained 
0.03-0.2 ng I-TEQ/kg (Hutzinger et al. 1995, FHH 1995). 

Sources of PCDD/PCDF in the final products can be due to: 

- Use of chlorinated chemicals, esp. PCP, to protect the raw material (cotton, wool or other 
fibers, leather, etc.) 

- Use of dioxin-contaminated dye-stuffs 

- Formation of PCDD/PCDF during finishing. 

Whereas there are many data for PCDD/PCDF concentrations in final products (textiles), 
there are no data for residues and wastewater.  Therefore, emission factors can be given only 
as upper bound and lower bound limits for the final product. 

Table 66: Emission factor for the textile industry 

Classification Emission Factors – µg TEQ/t of Textile 
 Air Water Land Product Residue 
1. Upper limit NA ND NA 100 ND 
2. Lower limit NA ND NA 0.1 ND 
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6.7.4.1 Release to Air 

There is no indication of relevant PCDD/PCDF emissions to the air from textile plants and 
thus, no emission factor will be given.  The emissions from the generation of steam and 
power should be accounted for under Section 6.3. 

6.7.4.2 Release to Water 

There are no data available and no emission factors could be generated.  When German 
finishing processes were investigated, no quantifiable concentrations have been found. 

Releases to water will depend on the materials and chemicals used or applied, both in the 
process and to the raw materials and also on the water treatment.  There is evidence for 
potential releases where there are poor controls on the discharges and large quantities of 
certain chemicals. 

6.7.4.3 Release in Products 

There is no simple indicator to identify dioxin-contaminated fibers, wools or textiles: whereas 
in most samples of raw textiles, concentrations below 1 ng I-TEQ/kg were detected (means 
around 0.2 ng I-TEQ/kg), there were also highly contaminated samples found.  For example, 
244 ng I-TEQ/kg were detected in bleached polyester, 370 ng I-TEQ/kg in blue cotton 
(Horstmann 1994), and 86 ng I-TEQ/kg in wool (Mayer 1997).  The homologue profiles of 
all highly contaminated samples were dominated by the higher chlorinated PCDD and PCDF 
(Cl7 and Cl8).  These are indicators for either the biocide pentachlorophenol or chloranil-
based dyestuffs as the source of the contamination.  However, several analyses confirmed 
that there is no correlation between PCP and PCDD/PCDF concentrations in textiles although 
the dioxin patterns gave strong indications that PCP should be the source.  These findings 
make sense as PCP is water-soluble and will be removed in the finishing process and final 
washing processes whereas the PCDD/PCDF adsorb to the fiber and will stay in the textile 
(Horstmann and McLachlan 1995b, Klasmeier and McLachlan 1998). 

6.7.4.4 Release in Residues 

Depending on the factors described above, sludge from water treatment or from process steps 
may contain PCDD/PCDF.  At present, there are no measured data available. 

6.7.5 Leather Refining 

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 PCP is the source for the contamination.  This 
assumption is underlined by the fact that since the ban of PCP in Germany in the year 1989, 
which sets a maximum concentration of 5 mg PCP/kg in the final product, the PCDD/PCDF 
concentrations in leather goods decline. 
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In contrast to textiles, PCP once applied on leather is not so easily removed by washing 
processes.  In leather “breast-wallets” concentrations of PCDD/PCDF up to 430 ng I-TEQ/kg, 
in leather shoes up to 6,400 ng I-TEQ/kg were found (Malisch 1994).  Although in many 
countries, the use of PCP has decreased, at least in shoes, the PCDD/PCDF concentrations 
did not decrease and in Germany, peak concentrations of 2,100 and 3,000 ng I-TEQ/kg were 
detected in leather shoes bought in 1991.  In the year 1996, highly elevated concentrations 
continued to exist (Klasmeier and McLachlan 1997).  For leather goods, the PCP 
concentrations correlate with PCDD/PCDF concentrations at least qualitatively.  The 
homologue and congener profiles and patterns strongly indicate that PCP is the source of the 
dioxin contamination. 

For this Toolkit, only emission factors for the final product can be provided presently.  There 
are no data available for effluents or wastes.  Emissions to air are expected to be negligible.  
Releases to water and with residues could be high. 

Table 67: Emission factors for the leather industry 

Classification Emission Factors – µg TEQ/t 
 Air Water Land Product Residue 
1. Upper limit NA ND NA 1,000 ND 
2. Lower limit NA ND NA 10 ND 
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6.8 Main Category 8 – Miscellaneous 

This category comprises eight processes that could not be classified in the other Main Source 
Categories.  The sub-categories are shown in Table 68. 

This Section also includes two processes (drying of green fodder, smoke houses), which may 
be considered to be combustion processes, e.g., waste wood combustion – Section 6.1.6 or 
household heating and cooking - 6.3.4).  They are dealt with here because green fodder 
drying can have a severe impact on PCDD/PCDF concentrations in feedstuffs and foods and 
therefore for human exposure as was shown recently in Germany.  Also, although not well 
investigated, smoking of meat and fish can result in higher concentrations of PCDD/PCDF in 
the foodstuffs and consequently directly impact human body levels. 

Table 68: Sub-categories of Main category 8 - Miscellaneous 

No.  Categories and Subcategories Air Water Land Product Residue
8  Miscellaneous X X X X X 
 a Drying of biomass (green fodder, wood chips) x   x  
 b Crematoria x    X 
 c Smoke Houses x   x X 
 d Dry cleaning residues  x  x x 
 e Tobacco smoking x     

Relevance to Article 5, Annex C 

With relevance to the provisions of Article 5, sources in this category can be classified as 
follows: 

Annex C, Part III source categories include: 

 Source category Section in Toolkit 
(g) Crematoria 6.8.2 

6.8.1 Drying of Biomass 

Drying of biomass, e.g., wood chips or green fodder, occurs either in drums or in the open 
without containment.  In the absence of measured data, copra and other local biomass (very 
often for export) will be included under this category as Subcategory a. 

Under controlled conditions, clean fuels such as wood will be used.  In a recent accident in 
Germany, it has been shown that contaminated wood has been used as the fuel resulting in 
very high concentrations of PCDD/PCDF in the green meal.  There have been three 
categories established as shown in Table 69. 



166 PCDD/PCDF Toolkit 2005 

February 2005 UNEP 

The drying of green fodder using poor fuels, e.g., treated wood, used textiles, carpets, etc., 
may lead to the contamination of the product.  This can transfer PCDD/PCDF contamination 
into feedingstuffs and in the human food-chain.  It is a management issue to feed appropriate 
fuel into the process to ensure that contamination does not occur. 

Table 69: Emission factors for drying of biomass 
* after drying 

Classification Emission Factors – µg TEQ/t of Product * 
 Air Water Land Product Residue 
1. Clean wood 0.007 NA ND 0.1 ND 
2. Green fodder 0.1 NA ND 0.1 ND 
3. PCP- or otherwise treated biomass 10 NA ND 0.5 ND 

6.8.1.1 Release to Air 

Measured concentrations in air ranged from 0.005 ng I-TEQ/Nm³ to 3.51 ng I-TEQ/Nm³ with 
a median of 0.16 ng I-TEQ/Nm³ (LUA 1997).  The very high concentration was found when 
PCP-treated wood was used as a fuel for drying of green fodder. 

6.8.1.2 Release in Products 

Concentrations in the product, e.g., virgin wood are close to detection limit, around 0.1 ng 
I-TEQ/kg and for fodder, concentrations as being found in biomonitoring studies with Welsh 
rye grass can be used.  The concentrations found in the dried product, when contaminated 
wood was used as a fuel, was between 0.3 and 0.8 ng I-TEQ/kg d.m.  An emission factor of 
0.5 µg I-TEQ/t should be applied if PCP-treated wood is the fuel and an emission factor of 
0.1 µg I-TEQ/t will be applied if clean fuel is used. 

6.8.2 Crematoria 

Cremation is a common practice in many societies to destroy human bodies by burning.  The 
essential components for cremation are the charging of the coffin (and the corpse), the main 
combustion chamber, and where applicable the afterburning chamber.  In some cases, a dust 
separator or more sophisticated gas treatment are present.  Finally, gases leave through the 
stack.  Most furnaces are fired using natural oil or natural gas; some run on electricity.  
Crematoria are usually located within cities and close to residential areas and normally, 
stacks are relatively low.  Both facts result in relatively immediate impacts on the 
environment and humans. 

Facilities may have no flue gas cleaning systems at all, more advanced facilities have secon-
dary combustion chambers to ensure good burn-out of the gases and may be equipped with 
dust abatement systems (cyclones, electrostatic precipitators).  The modern crematoria have 
sophisticated APC equipment such as adsorbent injection or catalysts to remove or destroy 
PCDD/PCDF.  With the latter techniques, the emission concentrations of 0.1 ng I-TEQ/Nm³ 
can be met (the legal limit in Germany, 27th BImSchV).  Emissions from crematoria without 
any air pollution controls can range up to 50 ng I-TEQ/Nm³ (@11 % O2).  Capacities vary 
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between 2 and 70 cremations per day.  On average, 70 minutes are needed per cremation.  
Flue gas volumes range from about 2,000 m³/h to 10,000 m³/h.  Concentrations between 
1,000 and 2,500 ng I-TEQ/kg multi-cyclone ash or filter dust have been reported (LUA 1997; 
Belgian data).  Dutch data report that 75 g of fly ash is generated per cremation with a 
concentration of 35,000 ng TEQ/kg. 

The sampling and analysis project in Thailand measured the flue gas concentrations and 
bottom ashes from a crematory, which consisted of a refractory lined primary combustion 
chamber and a secondary combustion chamber with an afterburner.  Both were fired by light 
fuel-oil.  Subsequent followed a refractory lined flue gas duct, which discharged through an 
underground brick flue gas duct into a brick lined stack, which is about 15 meters away from 
the furnace (UNEP 2001, Fiedler et al. 2002). 

Table 70: Emission factors for crematoria 

Classification Emission Factors – µg TEQ per Cremation 
 Air Water Land Product Residue
1. No control 90 NA NA NA ND 
2. Medium control 10 NA NA NA 2.5 
3. Optimal control 0.4 NA NA NA 2.5 

6.8.2.1 Release to Air 

Class 1 emission factors should be chosen if the combustion conditions are poor, e.g., tem-
peratures below 850 °C, uncontrolled combustion air flow, etc., if plastic or other decoration 
materials are burned together with the coffin, the wood of the coffin has been treated with 
wood preservatives or if there is no flue gas cleaning system in place.  Class 2 factors should 
be applied if the combustion conditions are better – temperatures securely above 850 °C, 
controlled combustion air flow, no plastics or other problematic input materials - and some 
dust removal is in place.  The class 3 emission factor should be applied if there is a state-of-
the-art APCS in operation. 

Kim et al. (2003) reported air emissions from 0.46 to 2.1 ng TEQ/Nm³ from Korean 
crematoria corresponding to an emission factor of 8.4 g TEQ/body cremated. 

The PCDD/PCDF concentrations at the stack from the crematory in Thailand ranged from 
10.5 to 28.6 ng I-TEQ/m³ with an average of 17.6 ng I-TEQ/m³ (@11 % O2).  These 
concentrations would have given an emission factor of 18 µg TEQ/body cremated.  Since the 
crematory had an afterburner, it would have been classified into class 2 with an emission 
factor of 10 µg TEQ/body cremated; and therefore fall into the range of the estimated 
emission.  The actual measured emission factor was somewhat higher than expected what can 
be explained by the fact that the crematory had a long underground flue gas duct, which 
favored the recombination of PCDD/PCDF at temperatures of the “reformation window” of 
PCDD/PCDF and thus, increased the PCDD/PCDF concentrations in the flue gas (UNEP 
2001, Fiedler et al. 2002). 
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6.8.2.2 Release to Water 

Normally, wet scrubbers or water quenching are not used at crematoria and thus, no dis-
charges to water will occur.  If wet scrubbers are used, the wastewater may end up in local 
sewer systems or be discharged without any prior collection.  Examples from Western Europe 
show, commonly wastewater-free APC systems with the wastewater being evaporated 
internally. 

6.8.2.3 Release to Land 

There are no releases to land. 

6.8.2.4 Release in Products 

There are no products generated. 

6.8.2.5 Release in Residues 

Poor combustion conditions will result in poor burn-out of the organic carbon and in higher 
concentrations in the fly ash and in the furnace ash.  The PCDD/PCDF concentrations in the 
bottom ashes collected from a crematory in Thailand were 44 and 48 ng I-TEQ/kg of bottom 
ash (UNEP 2001, Fiedler et al. 2002).  However, insufficient data are available to provide an 
emission factor. 

6.8.3 Smoke Houses 

Smoking food for preservation of meat and fish is common practice in many countries.  As 
smoke houses are normally relatively small installations, combustion conditions may not be 
optimal and from the fuel – wood in most cases – there is a dioxin formation potential. 

Table 71: Emission factors for smoke houses 

Classification Emission Factors 
 Air 

µg/t 
Water Land Product 

ng TEQ/kg 
Residue 

µg TEQ/t Residue
1. Treated wood used as fuel 50 NA NA ND 2,000 
2. Clean fuel, no afterburner 6 NA NA ND 20 
3. Clean fuel, afterburner 0.6 NA NA ND 20 

6.8.3.1 Release to Air 

PCDD/PCDF concentrations in off-gases from smoke houses have been published from Ger-
many (LAI 1993).  A conventional smoke curing chamber emits about 300 m³/h and produces 
about 50 kg product her hour.  The flue gas volume will be 6,000 m³/t product.  With the 
measured data of 1.02 ng TEQ/m³ for a smoke house without thermal afterburning and 0.1 ng 
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TEQ/m³ for a smoke house with thermal afterburning, the emission factors for class 2 and 
class 3 have been generated.  Class 1 emission factors should be applied if treated wood is 
being used.  Class 2 emission factor should be used if clean wood is being used. 

6.8.3.2 Release to Water 

Normally, wet scrubbers are not used at smoke houses and thus, no discharges to water will 
occur. 

6.8.3.3 Release to Land 

There are no releases to land. 

6.8.3.4 Release in Products 

There are systematic measurements on smoked meat and fish.  An increase in the dioxin con-
centration of the foodstuff has been found in a few measurements.  However, the concentra-
tion in the foodstuff is determined by the origin of the foodstuff (with higher concentrations 
in beef and sheep, lower concentrations in pork; highly variable with eventually very high 
concentrations in fish). 

6.8.3.5 Release in Residues 

The emission factors are the same as those for wood combustion (see Table 38). 

6.8.4 Dry Cleaning 

PCDD/PCDF have been detected in the distillation residues from dry cleaning (cleaning of 
textiles with solvents – not washing with water).  The contamination of the textiles with 
PCDD/PCDF, i.e. from use of PCP as a biocide to protect the textile or the raw material – 
wool, cotton, etc. – or from dyestuffs, was identified as the source of the contamination.  The 
dry cleaning process itself does not generate any PCDD/PCDF.  During the dry cleaning 
process, the PCDD/PCDF contamination is extracted from the textiles and transferred into the 
solvent.  The solvent is distilled for recovery and reuse and consequently, the PCDD/PCDF 
are concentrated in the distillation residues, which normally are disposed of.  Detailed 
research has shown that the PCDD/PCDF concentrations in the distillation residues do not 
depend on the solvent present in the dry cleaning process.  Therefore, the influence of the 
solvent used is negligible; typical solvents are perchloroethylene, petrol, or fluorocarbons. 

Table 72: Emission factors for dry cleaning residues 

Classification Emission Factors – µg TEQ/t of Distillation Residue 
 Air Water Land Product Residue 
1. Heavy textiles, PCP-treated, etc. NA NA ND ND 3,000 
2. Normal textiles NA NA ND ND 50 
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6.8.4.1 Release to Water 

No release to water is expected. 

6.8.4.2 Release to Land 

No release to land is expected. 

6.8.4.3 Release in Products 

There are no products generated (concern is with the distillation residues only). 

6.8.4.4 Release in Residues 

Class 1 emission factor should be applied if highly contaminated textiles have been cleaned 
in the process; e.g., carpets or heavy curtains suspect to be treated with PCP (the country of 
origin may be an indicator) or cloths from workers from dioxin-polluted environments.  The 
class 2 emission factor should be used if normal cloths are being cleaned in the system. 

The treatment of the residues should be noted. 

6.8.5 Tobacco Smoking 

As any other thermal process, “combustion” of cigarettes and cigars produces PCDD/PCDF.  
Investigations of the ten most popular brands smoked in Germany gave “emissions” of 0.1 pg 
I-TEQ/cigarette.  There are no results from cigars.  Only releases to air are addressed; any 
other releases will be insignificant. 

Table 73: Emission factors for tobacco smoking 

Classification Emission Factors – pg I-TEQ/Cigar or Cigarette 
 Air Water Land Product Residue 
1. Cigar 0.3 NA NA NA NA 
2. Cigarette 0.1 NA NA NA NA 

6.8.5.1 Release to Air 

The emission factors are self-explanatory.  The emission factor for cigars has been derived 
from the greater amount of tobacco being smoked.  A cigar can be anywhere from 2 to 20-
times the amount of tobacco compared to cigarettes. 

6.8.5.2 Release to Water 

Does not apply. 
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6.8.5.3 Release to Land 

Does not apply. 

6.8.5.4 Release in Products 

There are no products generated. 

6.8.5.5 Release in Residues 

Not relevant. 
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6.9 Main Category 9 – Disposal/Landfill 

The way in which waste is handled and disposed of can have severe effects on the formation 
and release of PCDD/PCDF.  In the preceding Sections many processes have been described, 
which give rise to residues containing PCDD/PCDF.  The fate of these residues, e.g. 
containment in secure landfills, destruction (thermally or chemical decontamination) or 
release into the environment, i.e. effluents simply dumped into rivers, lakes or oceans, can 
result from negligible to major releases of these contaminants.  Any disposal practices of 
dioxin-containing residues should be noted.  In extreme cases the handling of residues can 
give rise to a high exposure to PCDD/PCDF.  Recent examples are the Belgian chicken 
accident where a small volume of used PCB oil (contaminated with PCDF) was recycled into 
fats used by the feedingstuff producing industry or the use of contaminated lime in the animal 
feed production (EU SCAN 2000). 

This Section addresses some disposal options other than incineration or thermal recycling.  
The cause for the presence of PCDD/PCDF is that dioxins and furans have been formed in 
other processes but the contamination will be concentrated or dispersed by the management 
options listed in Table 74.  Examples of products contaminated with PCDD/PCDF have been 
addressed earlier – especially in Section 6.7.  The presence of PCDD/PCDF in the general 
human environment as consumer goods and in residues, including house dust, results in the 
fact that “normal” household waste contains PCDD/PCDF.  There are a few data available on 
PCDD/PCDF concentration in municipal solid waste: the numbers range from relatively low 
concentrations around a few ng I-TEQ/kg to concentrations above 100 ng I-TEQ/kg with 
peak concentrations orders of magnitude higher (especially when dust fractions are present).  
In Germany, a mean concentration of 50 ng I-TEQ/kg was estimated in the early 1990s and in 
the UK a mean concentration of 6 ng I-TEQ/kg was measured in the mid 1990s.  As the 
waste composition will vary highly from country to country and during the year (with higher 
amounts of green materials during summer time) and as emissions or product use changes, 
variations with time have to be considered.  Time trends will occur if waste management 
plans are altered; e.g., installing a recycling system for used paper and cardboard (e.g., 
newspapers, office papers, packaging papers) or for glass, cans, etc., or promotion of 
composting to remove these fractions from the waste to be landfilled or dumped.  On the 
other hand, economic growth may increase the amount of plastic materials of all kinds and 
composite materials to be disposed of at the end of their use phase.  Lastly, it is very difficult 
or almost impossible to take a representative waste sample and determine its PCDD/PCDF 
concentration. 

Table 74: Subcategories of Main Category 9 - Disposal 

No.  Categories and Subcategories Air Water Land Product Residue
9  Disposal  X X X  
 a Landfills and waste dumps  x    
 b Sewage/ sewage treatment (x) x x x x 
 c Open water dumping  x    
 d Composting   x x  
 e Waste oil treatment (non-thermal) x x x x x 
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Relevance to Article 5, Annex C 

With relevance to the provisions of Article 5, sources in this category can be classified as 
follows: 

Annex C, Part III source categories include: 

 Source category Section in Toolkit 
(g) Waste oil refineries 6.9.4 

6.9.1 Landfills and Waste Dumps 

For the purposes of the Toolkit landfills and waste dumps are places where waste is disposed 
of by burying in the ground or piling on the surface.  Accordingly, a landfill is a controlled 
engineered waste storage site with respect to inputs/types of wastes, location of different 
types of waste and management (gas and water collection, etc.), whereas a dump is largely 
unregulated and typically contains mixed waste that was disposed of without any pollution 
prevention devices. 

Degradation of organic materials takes place in a landfill and in a dump, which results in the 
formation of gases (with methane as a major constituent).  The passage of water through the 
waste results in a leachate.  When no collection systems are installed, landfill gases and 
leachates escape from the landfill in an uncontrolled manner.  So far, in the landfill gases, no 
PCDD/PCDF could be quantified; thus the emission factor to air is set NA (not applicable) in 
Table 75. 

Situations where the landfill gases are burned are not considered in this Section 6.9.1.  The 
Toolkit differentiates between two cases of burning landfill gas (methane generated through 
decomposition of the waste):  (1) Landfill gas is collected and burned in a torch, motor, flare 
or another device; in this case, the burning of the landfill gas is considered to be energy 
conversion and therefore will fall into Subcategory 6.3.3.  For the Toolkit it does not matter if 
the “energy” is being used or not.  (2) The landfill gas ignites spontaneously (or incidentally), 
the body of the waste catches fires and the dump burns.  These releases are addressed in the 
chapter Main Category 6 – Open Burning Processes in Section 6.6.2.  In this context it does 
not matter if the fire is initiated through self-ignition of methane gas, etc. (= spontaneous 
combustion at dump sites) or the dump was set under fire intentionally, e.g., in order to create 
more space for new incoming wastes.  The length of the time the waste is under fire and the 
amount of waste that burned will determine the level of the emission. 
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Table 75: Emission factors for landfills and waste dumps 

Classification Emission Factors – pg TEQ/L in Water and µg TEQ/t in 
Residues Disposed of 

 Air Water Land Product Residue 
1. Hazardous wastes NA 200 NA NA 50 
2. Non-hazardous wastes NA 30 NA NA 6 

6.9.1.1 Release to Air 

On average, 1 ton of normal municipal waste in a landfill generates 150 m³ of landfill gas 
(European waste) during a period of 10-20 years (or even longer).  The highest gas 
production takes place in the early years after disposal.  Measurements of landfill gas have 
not produced any quantifiable PCDD/PCDF concentrations.  After flames and in gas motors 
PCDD/PCDF concentrations have been detected (see Chapter 6.3.3).  In native landfill gas, 
no PCDD/PCDF could be quantified.  No measurable emission to air is expected from this 
activity. 

6.9.1.2 Release to Water 

The leachate or seepage from landfills and dumps can contain PCDD/PCDF.  Limited data 
are available on concentrations of PCDD/PCDF in leachates.  PCDD/PCDF is likely to be 
concentrated in any oily phase of the leachate (the oily phase can be found either above or 
below the aqueous phase).  So far, analysis of the aqueous phase of seepage water did not 
find any PCDD/PCDF neither in the waters from municipal, mixed nor hazardous landfills. 

Data from five landfills in New Zealand ranged from 7.5 to 221 pg I-TEQ/L.  The New 
Zealand inventory (NZ 2000) subdivided the range into 14-48.3 pg I-TEQ/L for small and 
medium landfills and 7.5-221 pg I-TEQ/L for large landfills.  The highest concentration came 
from a landfill with significant portions of industrial and potentially hazardous wastes. 

For the Toolkit two categories are suggested: class 1 with an emission factor of 200 pg 
I-TEQ/L for landfills, which may contain hazardous wastes and 30 pg I-TEQ/L in class 2 for 
landfills containing non-hazardous municipal wastes. 

6.9.1.3 Release to Land 

Contamination of land can result from poorly controlled dumps and landfills. 

6.9.1.4 Release in Products 

There is no product. 
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6.9.1.5 Release in Residues 

There is no residue being produced in general.  The PCDD/PCDF present in the landfill acts 
are a reservoir and a potential source for the future.  The amount of PCDD/PCDF present in 
landfills or waste dumps will be determined by the level of dioxin sources in the country.  
Countries with little dioxin-generating activities should apply an emission factors of 6 µg 
TEQ/t for domestic waste disposed of in landfills, whereas an emission factor of 50 µg TEQ/t 
for domestic waste should be applied for countries with relevant PCDD/PCDF sources.  In 
this sub-category, only the historic load can be quantified. 

6.9.2 Sewage and Sewage Treatment 

This section includes aqueous releases that are collected in a central system.  The final 
discharge may be with or without treatment of these effluents, with or without generation of 
sludge.  The direct discharge into the environment is addressed in Section 6.9.3. 

Sewage sludge considered here is the solid residue from treatment of wastewater – in par-
ticular wastewater arising from human sanitation and households.  Wastewater can include 
human wastes (sewage), water from washing of people and clothes, in some cases storm 
water run-off, and industrial effluents released to sewer.    Since most of the contamination 
present in the sludge has its origin in other processes or products 1, sewage sludge may be 
considered to be a sink for PCDD/PCDF formed and emitted previously by other sources.  
However, the handling of the sludge can cause releases of PCDD/PCDF.  Concentrations of 
sewage sludge have been studied in several countries.  Further, countries such as Germany 
and Austria, with legislation in place, routinely analyze sewage sludge for PCDD/PCDF.  In 
this Section, domestic sewage sludge is considered only.  Sludge from production processes 
such as the pulp and paper industry is listed in the respective subcategories (mainly in Section 
6.7.1) 

Sewage treatment systems can have different configurations ranging from simple transport of 
the effluent to a dumping ground (perhaps out at sea) with no treatment, simple removal of 
large solids (by settling ponds or coarse screening) and biological treatment and settling.  In 
some cases further stages of treatment can be applied. 

The amount of PCDD/PCDF entering a sewage system or treatment works will depend on the 
sources of the wastewater.  Inputs to wastewater may be highly variable and thus, estimates 
are difficult to make.  The lowest concentrations are expected in areas with no industry and in 
remote or undeveloped environments.  In such cases concentrations of PCDD/PCDF in run-
off are low (with no atmospheric deposition).  Low concentrations may be expected also in 
countries with stringent controls on discharge of industrial effluents to sewer and effective 
controls on PCP, etc. on textiles and no use of chlorine-bleached toilet paper.  Higher levels 
can be expected in urban areas with mixed industry and use of dioxin-containing consumer 
goods.  Occasionally, direct discharges of industrial effluents (for reference, see Section 

                                                 
1 We are aware that biogenic formation of PCDD/PCDF in sewage sludge has been reported by 

some authors.  However, the contribution from biological formation is very small and cannot be 
quantified in terms of emission factors.  Further, biodegradation of PCDD/PCDF during 
fermentation is not been considered as well.  PCDD/PCDF may also be produced where sludge is 
thermally dried. 
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6.7.2) without any treatment can cause very high levels of PCDD/PCDF in sewage sludge. 

With more advanced treatment – such as biological treatment - where a sludge is produced 
most of the PCDD/PCDF is likely to be concentrated in the sludge produced.  The amount of 
PCDD/PCDF in the effluent is likely to be influenced by the amount of suspended solids re-
maining in the effluent. 

PCDD/PCDF concentrations in sewage sludge have been measured since the late 1980s, 
when Hagenmaier found an average concentration of 200 ng TEQ/kg d.m. from 43 German 
sewage sludge treatment plants (Hagenmaier 1988).  Subsequently, about 300 plants were 
analyzed to give an average of 50-60 ng TEQ/kg d.m. (Butzkamm-Erker and Mach 1990).  In 
30 Swiss sewage plants Rappe et al. (1994) found concentrations between 6 and 4,100 ng 
TEQ/kg d.m., whereby four samples were above 1,000 ng I-TEQ/kg d.m.  Typically, in 
industrialized countries, concentrations in sewage sludge show downward trends due to 
source controls.   

Potential sources of PCDD/PCDF in sewage sludge may include microbial formation, runoff 
from lands or urban surfaces contaminated by product uses or deposition of previous 
emissions to air, household wastewater, industrial wastewater, etc..  However, in a series of 
studies demonstrated that wastewater generated by laundering and bathing could be the major 
source at many, if not all, sewage plants that serve primarily residential populations (for 
summary see, US-EPA 2000 and references therein). 

PCDD/PCDF concentrations in household effluents ranged between 0.8 pg I-TEQ/L and 
15 pg I-TEQ/L.  Some fractions such as the effluents from washing machines have higher 
concentrations (17-25 pg I-TEQ/L) and others such as effluents from showers or bath-tubs 
were lower (2-16 pg I-TEQ/L) (Horstmann and McLachlan 1995, Horstmann et al. 1993c). 

Table 76: Emission factors for sewage sludge 
(Note: the emission factors are given in pg I-TEQ/L of sewage water effluent 
and in µg I-TEQ per ton of sewage sludge (dry matter = d.m.) generated) 

Classification Emission Factors 
 Air Water 

pg I-TEQ/L
Land Product = Residue

µg TEQ/t d.m. 
1. Mixed domestic and industrial inputs NA 5 a NA 1,000 

(with chlorine relevance) NA 0.5 b NA 1,000 
2. Urban environments NA 2 a NA 100 

 NA 0.5 b NA 100 
3. Remote environments or input control 

(and here treatment systems in place) 
NA 0.1 NA 10 

a = no sludge removal,  b = with sludge removal 

6.9.2.1 Release to Air 

Emissions to air – other than from incineration or other thermal treatment of sewage sludge – 
are not relevant. 
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6.9.2.2 Release to Water 

Effluents from sewage treatment plants are normally very low and the removal of the 
particles results in an almost complete elimination of PCDD/PCDF as dioxins and furans 
bind tightly to organic carbon of the sludge particles.  The higher class 1 emission factor 
should be applied where no sludge is being generated and the class 2 emission factor should 
be used where sludge removal is in place. 

6.9.2.3 Release to Land 

Sludge from sewage treatment may be applied to land to improve the soil quality.  If so, the 
concentrations of the product will be used. 

6.9.2.4 Release in Products 

Sludge may be considered a product where it is applied to land as a soil improvement.  In 
these cases it will be considered a release to land (see above).  Sludge otherwise disposed of 
as a residue. 

Here, sewage sludge is the product and there is no residue generated.  Class 1 concentration 
should be applied if besides the normal domestic effluents, industrial effluents with a 
potential to contain dioxin and furan contamination are collected in the same sewer system or 
if run-offs from roofs and contained land with high loads of fine particulates are entering the 
sewer plant.  The class 2 factors should be applied for urban, industrialized areas and the 
class 3 factors should be used for remote areas with no known dioxin source nearby (Rappe et 
al. 1996).  Class 3 emissions factors should also be chosen in areas/countries where 
regulations are in place to prevent contaminated effluents to enter into the sewer plants (this 
explains why relatively low concentrations are found in the sludge of large European cities). 

6.9.2.5 Release in Residues 

The residue is the sewage sludge (from biological treatments or settling ponds) and coarse 
materials removed by gravity.  No residue is produced where no treatment is carried out.  
Where sludge is applied to land this should be considered a release to land.  If sludge is 
dumped at sea this should be noted. 

An Asian country calculated the PCDD/PCDF releases in sludge assuming that sludge 
generation at wastewater treatment plants typically is at 0.4 % of raw sludge in effluent 
water.  The effluent typically contains 3 % of dry matter.  Depending on the degree of 
industrialization and the presence of PCDD/PCDF-contaminated consumer goods and input 
of potentially contaminated effluents into the treatment plant either the higher or the lower 
emission factor should be applied (Asia Toolkit Workshop 2002). 
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6.9.3 Open Water Dumping 

Open water dumping is a waste or wastewater management practice and the tail-end of other 
industrial or domestic activities.  In this section, only effluents or other wastes directly 
discharged into the environment are considered.  In most cases, discharges occur into 
receiving waters, i.e. rivers, lakes or oceans. 

As in the previous section 6.9.2, this section 6.9.3 does not address industrial effluents, which 
are covered under the respective industries.  Therefore, the same classification of wastewaters 
will be applied resulting in the same PCDD/PCDF amounts discharged.  The emission factors 
are shown in Table 77. 

Table 77: Emission factors for open water dumping 

Classification Emission Factors – µg TEQ/m³ 
 Air Water Land Product Residue
1. Mixed domestic and industrial inputs NA 0.005 NA NA NA 
2. Urban environments NA 0.0002 NA NA NA 
3. Remote environments or input control NA 0.0001 NA NA NA 

6.9.3.1 Release to Air 

Not relevant. 

6.9.3.2 Release to Water 

Not relevant. 

6.9.3.3 Release to Land 

Not relevant. 

6.9.3.4 Release in Products 

Not relevant as there is no product. 

6.9.3.5 Release in Residues 

Not relevant. 
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6.9.4 Composting 

Composting is a popular method of disposal for wastes originating from kitchen activities, 
gardening, park and other public/private area maintenance, agriculture, and forestry.  
Basically, any organic material can be composted and this disposal process generally has a 
high degree of acceptance in the public.  The composting process results in a loss of about 
50 % on a weight basis of the input material.  The average water content of compost is 30 %. 

Data from Europe have shown that contamination with PCDD/PCDF in compost can be high 
if the total organic fraction is being composted.  Fractions, which may enter the composting 
process and which may have high concentrations of PCDD/PCDF.  Such materials are e.g., 
the content of vacuum cleaners or any fine particles such as house dust, soil from contami-
nated land entering with vegetable and other plant’s leftovers, leaves from alleys impacted by 
traffic using leaded gasoline, greens from cemeteries or other pesticide treated organic 
wastes.  This practice will result in an unacceptable contamination of the final product not 
suitable for use in horticulture.  Concentrations above 100 ng I-TEQ/kg have been detected in 
these composts. 

Table 78: Emission factors for composting 

Classification Emission Factors - µg TEQ/t d.m 
 Air Water Land Product = Residue 
1. All organic fraction NA NA NA 100 
2. Garden, kitchen wastes NA NA NA 15 
3. Green materials from not impacted 

environments 
NA NA NA 5 

6.9.4.1 Release to Air 

Emissions to air are very low (few pg per m³) and are not relevant. 

6.9.4.2 Release to Water 

The composting process generates water, however, the concentrations are normally very low 
and the water is being recycled into the compost during the process. 

6.9.4.3 Release to Land 

The usual use of finished compost is application on land, therefore the concentrations of the 
product will be used. 

6.9.4.4 Release in Products 

In the case of compost, product equals residue.  The class 1 concentration should be applied 
when the whole organic fraction is being composted and possibly the content from vacuum 
cleaners, ashes from chimneys or stoves or from barbecues/grills are included.  Class 2 emis-
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sion factor should be used if kitchen and garden greens together with foliage or spruce 
needles from parks, etc. are being composted.  Class 3 emission factor should be applied in 
cases vegetable and plant residues are being composted that have not been treated with 
chlorinated pesticides and no fine particles are included. 

6.9.5 Waste Oil Treatment (Non-Thermal) 

The estimate for waste oil treatment in the dioxin inventory may be difficult for several rea-
sons.  First, there is no clear definition of “used” oil or “waste” oil.  For the purpose of this 
Toolkit, 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 (for example, 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 
(PCDD), polychlorinated dibenzofurans (PCDF) and polychlorinated biphenyls (PCB).  PCB-
containing oils from transformers are addressed in Main Category 10 (see Section 6.10.6) 

At present there is no available evidence that PCDD/PCDF or PCB are newly formed in 
waste oil refineries.  The data available indicate that the PCDD/PCDF and PCB released from 
waste oil refineries or waste oil handling and management plants are from industrial, 
intentional production of PCB 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 (SC BAT/BEP 2004). 

There is no uniform treatment of waste oils.  According to available information, waste oil 
management options include:  reuse or regeneration; thermal cracking; and incineration or 
use as fuel, e.g., cement kilns, brickworks, etc.).  Some can be - with or without prior refining 
– blended with heavy fuel oil and used in motors for, e.g., in ships.  It should be noted that 
dumping and open burning are also practiced in many countries.  

Therefore, waste oil collected in countries will end up in other processes and the waste oil 
shares have to be included in the sections on waste incineration (Sections 6.1.1, 6.1.2), use as 
fuel in power plants (Section 6.3.1), domestic heating and cooking (Section 6.3.5), cement 
kilns (Section 6.4.1), brickworks (Section 6.4.3), asphalt mixing stations (Section 6.4.6) , or 
transportation (Section 6.5.4). 

The management of PCDD, PCDF or PCB contaminated oils may cause human exposure of 
personnel collecting or otherwise handling the oils.  During storage and handling, diffuse 
emissions may occur.  Contamination of the environment may result from spills of the 
contaminated oil.  Residues from recycling operations may contain high concentrations of 
PCDD/PCDF.  Improper disposal may result in contamination of land or water.  It can be 
assumed that site- or process-specific evaluation has to be performed. 

Presently, no emission factor can be given with respect to any of the release vectors. 
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6.10 Main Category 10 – Hot Spots 

This Section 6.10 gives an indicative list of activities that might have resulted in the contami-
nation of soils or sediments with PCDD/PCDF.  If one of the activities listed below has been 
performed or is being practiced, there is a high probability to detect PCDD/PCDF contamina-
tion.  Quantitative numbers cannot be given but in many cases concentrations will be several 
orders of magnitude higher than background concentrations.  Each of such potential hot-spots 
needs a site-specific evaluation starting with a historic evaluation if the suspected activities 
have been taken place or are presently performed.  In this context, it is important to obtain an 
estimate of the magnitude of e.g., chemicals produced or used, time-scale of the activities 
(months, years, decades). 

6.10.1 Production Sites of Chlorinated Organics 

There is a high probability for pollution of buildings and soil at present or former production 
sites of chlorinated organics.  Highest concentrations of PCDD/PCDF are expected to be 
associated with the production of chlorinated phenols and their derivatives.  If there has been 
wastewater discharge into receiving waters, sediments below the discharge pipe can be con-
taminated with PCDD and PCDF.  If wastewater has been allowed to settle in ponds, the 
sediment or the sludge from these settling ponds can contain high concentrations of 
PCDD/PCDF. 

6.10.2 Production Sites of Chlorine 

The manufacture of chlorine using the mercury cell and graphite anodes leaves PCDD/PCDF 
contamination in the residues.  Contamination close to 4 mg TEQ/kg residue has been found 
in one sludge sample; other samples ranged from 0.15 µg I-TEQ/kg to 23.1 µg I-TEQ/kg 
(She and Hagenmaier 1994).  Graphite anodes were used almost exclusively for chlorine 
production before being replaced in the 1970s by metal anodes.  The graphite anode was 
composed of various types of particulate coke mixed with a pitch binder.  Some oxygen was 
liberated at the anodes with the chlorine, and this oxygen attacked the graphite forming 
carbon monoxide and carbon dioxide.  This electrode wear was the cause of a graphite 
consumption of about 2 kg per ton of chlorine produced from sodium chloride and 3-4 kg per 
ton of chlorine from potassium chloride.  The graphite residue produced was contaminated 
with PCDD/PCDF compounds, mainly from the reaction between chlorine and the pitch 
binder containing polycyclic aromatic hydrocarbons (PAH) (Ullmann 1996). 

Primary targets will be soil and if leaching has occurred neighboring compartments and 
eventually sediments of nearby rivers can be affected as well.  A strong indicator for 
contamination by PCDD/PCDF will be high concentrations of mercury, which is a concern 
by itself.  Unfortunately, a correlation factor between the concentrations of mercury and 
PCDD/PCDF cannot be established. 
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6.10.3 Formulation Sites of Chlorinated Phenols 

These are sites where chlorinated phenols have been formulated into e.g., pesticides for agri-
cultural or other application.  Normally, the contamination will be found in the buildings 
where the chlorinated phenols have been stored or formulated.  Consequently, there is a high 
potential for soil contamination. 

6.10.4 Application Sites of Chlorinated Phenols 

These sites include locations where chemicals, e.g., pesticides have been applied.  According 
to the use pattern, dioxin-containing herbicides such as 2,3,4-T, 2,4-D or others (see Section 
6.7.2.3, 6.7.2.5 or 6.7.2.6) have been applied in agriculture or for right-of-way purposes.  
Besides the usage as shown in Section 6.10.5 contamination with pentachlorophenol and its 
salts may occur in rice paddies or on farmland when PCP-treated poles are being used in 
fences or around telephone poles, etc. 

6.10.5 Timber Manufacture and Treatment Sites 

Saw mills and timber manufacturing sites are often associated with the use of pentachloro-
phenol.  Soils and sediments can be contaminated with PCDD/PCDF as these industries use a 
lot of water and often are located at rivers.  As PCP and PCP-Na have a much higher water 
solubility and shorter half-lives, the concentration of PCP in soils or sediments cannot give 
more than indications for PCDD/PCDF contamination.  Quantitative correlation between 
concentrations of PCP and PCDD/PCDF cannot be established as both classes of compounds 
have different physical, chemical behavior and undergo different fate under environmental 
conditions. 

6.10.6 PCB-Filled Transformers and Capacitors 

Wherever a PCB-containing transformer or capacitor is detected, there will be PCDF present 
since through the production process of PCB, contamination by PCDF occurs (chlorination of 
biphenyl with chlorine gas in the presence of a catalyst).  With increasing age and time of 
operation, the concentrations of PCDF in the transformer fillings will increase.  As long as 
the transformers and the capacitors are in a good shape – no leakages – there will be no 
release of PCDF (and PCB) into the environment.  Once leakages have been determined, the 
PCDF together with the PCB will subsequently be released into the surroundings, e.g., soil, 
surfaces, sediments.  The PCB can serve as an indicator as especially the higher chlorinated 
PCB show a similar behavior (esp. stability and mobility) in the environment as the 2,3,7,8-
substituted PCDF. 

In this section and for the purposes of the dioxin/furan inventory, releases of the PCDF (as 
TEQ) will be estimated.  It should be noted that with the release of the commercial mixture of 
the PCB, dioxin-like PCB and non-dioxin-like PCB are released as well.  However, the latter 
two groups of POPs are not covered under the scope of the present Toolkit (see Chapter  1 – 
Introduction).  For further information on dioxin-like PCB in commercial mixtures of PCB, 
see Schmitz et al. 1996). 
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Emission factors for PCB products will be grouped according to the chlorine content and are 
as shown in Table 79.  It is known that under thermal stress, PCB will transform into PCDF 
and thus increase in TEQ.  No correlation can be established but it can the assumed that the 
used PCB will have higher concentrations than the new PCB.  As presently, all PCB 
discovered in any equipment will be “used” PCB, the concentrations given below should be 
considered as lower limits. 

Table 79: Emission factors for PCB 

PCB Type New PCB  
(µg TEQ/t) 

Low chlorinated, e.g., Clophen A30, Aroclor 1242 15,000 
Medium chlorinated, e.g., Clophen A40, Aroclor 1248 70,000 
Medium chlorinated, e.g., Clophen A50, Aroclor 1254 300,000 
High chlorinated, e.g., Clophen A60, Aroclor 1260 1,500,000 

Due PCB regulation in place in many countries, PCB containing equipment has to be 
inventoried anyhow and be treated as hazardous waste (for disposal).  Such activities will 
help identify PCB for the dioxin inventory and also to identify potential hot-spots where PCB 
may have leaked into the environment. 

6.10.7 Dumps of Wastes/Residues from Categories 1-9 

Wherever, PCDD/PCDF containing products or residues have been disposed of, there is a 
probability that these contaminants will be released into the environment.  The dump or land-
fill itself is the reservoir.  PCDD/PCDF are relatively immobile in these dumps as long as 
there is no seepage water capable of mobilizing the PCDD/PCDF contamination.  Once 
released, PCDD/PCDF will concentrate in the oily layers (organic phases in the water/organic 
phase mixture).  For analytical purposes, only the organic phase should be analyzed for 
PCDD/PCDF. All experiences have shown that the aqueous phases contained non-detectable 
concentrations of PCDD/PCDF. 

Indicators for PCDD/PCDF-containing dumps are when there is a record that one or more of 
the following wastes have been disposed: 

− Residues from chemical production, esp. chlorophenols; 
− Residues from combustion and incineration processes, e.g., fly ashes; 
− PCB-containing equipment (e.g., capacitors, transformer or other utilities); 
− Sludge from pulp mills where chlorine gas (free chlorine) has been used in chemical 

bleaching; 
− Timber industry where PCP or other chlorinated aromatic wood preservatives have been 

applied. 

In addition hot-spots will be generated when 
− plastic-coated copper cables have been burned on the ground; 
− incidental or accidental landfill fires have occurred. 
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6.10.8 Sites of Relevant Accidents 

Accidents such as fires can produce soot and residues with elevated concentrations of 
PCDD/PCDF (see also Section 6.6.2).  Such accidents very often result from fires, e.g., PCB 
transformer fires, fires at storage rooms, houses (especially if treated wood, plastics, carpets 
or brominated flame retardants are involved).  Normally, the PCDD/PCDF contamination 
will be concentrated in the soot.  The soot should be collected and disposed of properly as 
hazardous waste. 

6.10.9 Dredging of Sediments 

Sediments from harbors or below industrial discharge pipelines of any of the above-listed 
industrial activities can be contaminated with PCDD/PCDF.  Very often, to maintain ship-
ment, these sediments are being dredged and placed on land.  This activity only removes the 
PCDD/PCDF contamination from its present location and from the aquatic pathway but does 
not more than transfer the same level of contamination to another location with potentially 
new exposures (→ residential or agricultural soils).  Therefore, care is required in deciding on 
the best way to handle contaminated sediments to reduce any risk of inadvertent exposure. 

6.10.10 Kaolinitic or Ball Clay Sites 

In recent years, an increasing number of observations indicate that PCDD/PCDF may have 
been present in the environment for considerably longer than the onset of the chlorine 
industry, and that they may – in fact – be formed through non-anthropogenic activities.  High 
concentrations of mainly PCDD were found in mined ball clay from the USA, kaolinitic clay 
from Germany, deep soil samples from Great Britain, in dated marine sediment cores from 
Queensland/Australia and in man-made lake sediment cores from Mississippi/USA.  Typical 
for all samples is the almost total absence of PCDF and the nearly identical congener/isomer 
distribution throughout all geographies.  All studies provide a strong indication that 
PCDD/PCDF were formed by natural processes.  These observations should lead to intensive 
investigations to assess how widespread the phenomena of naturally formed PCDD/PCDF 
and might be, and to investigate the mechanism of formation that could account for these 
observations.  Presently, there are no indicators to identify such sites.  Any finding of this 
kind should be notified. 
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8 ANNEX 1:  COMPILATION OF ALL EMISSION FACTORS 

This Annex contains a compilation of all emission factors for the ten main Source Categories 
and their subcategories.  These sheets are also available as EXCEL files to be used directly 
for calculation of the annual releases via all vectors. 

In the following Tables (Table 80 to Table 89), the majority of the emission factors are given 
as µg TEQ per ton of feed material or product, respectively.  In a few exemptions, e.g., 
residues from coal fired stoves in domestic heating (Sub-category 3e) as well as for water 
releases in Category 9, the annual releases are estimated on basis of residues generated.  For 
other estimates, e.g., water and residue releases from the pulp and paper industry, the 
preferred option may also be to calculate the annual releases based on volume discharged and 
concentration in the water or residue, respectively. 

Care should also be taken that annual releases are not counted twice; e.g. the residue from 
one process may be feed material for another process or activity.  Examples are ashes from 
the ferrous and non-ferrous metal industry, which may be utilized in secondary processes.  
Further, wastewater from industrial processes normally should be accounted to the respective 
industry where they are generated.  However, occasionally, statistics may provide data at the 
disposal site, for example the amount of wastewater discharged at a specific location may be 
known; e.g. for open water dumping or discharges at sewer plants.  Thus, special care should 
be taken when numbers are being filled in, especially for sector 9. 

In the following Tables 
“NA” denotes that the vector is not expected 

“ND” denotes that presently there is no suitable emission factor available.  This means that 
this vector can be of importance to note but presently, releases along this vector cannot be 
calculated. 
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Table 80: Emission Factors for Category 1 – Waste Incineration 

Sub-categories

Cat. Subcat. Class Air Water Land Products Fly Ash Bottom Ash
1 Waste incineration

a Municipal solid waste incineration

1 Low technol. combustion, no APCS 3,500 NA NA 0 75

2 Controlled comb., minimal APCS 350 NA NA 500 15
3 Controlled comb., good APCS 30 NA NA 200 7

4 High tech. combustion, sophisticated 
APCS 0.5 NA NA 15 1.5

b Hazardous waste incineration

1 Low technol. combustion, no APCS 35,000 NA NA 9,000

2 Controlled comb., minimal APCS 350 NA NA 900
3 Controlled comb., good APCS 10 NA NA 450

4 High tech. combustion, sophisticated 
APCS 0.75 NA NA 30

c

1 Uncontrolled batch combustion, no 
APCS 40,000 NA NA 200

2 Controlled, batch, no or minimal 
APCS 3,000 NA NA 20

3 Controlled, batch comb., good APCS 525 NA NA 920 ND

4 High tech, continuous, sophisticated 
APCS 1 NA NA 150

d

1 Uncontrolled batch comb., no APCS 1,000 NA NA ND ND

2 Controlled, batch, no or minimal 
APCS 50 NA NA ND ND

3 High tech, continuous, sophisticated 
APCS 1 NA NA 150

e Sewage sludge incineration

1 Old furnaces, batch, no/little APCS 50 NA NA 23

2 Updated, continuously, some APCS 4 NA NA 0.5

3 State-of-the-art, full APCS 0.4 NA NA 0.5
f

1 Old furnaces, batch, no/little APCS 100 NA NA 1,000

2 Updated, continuously, some APCS 10 NA NA 10

3 State-of-the-art, full APCS 1 NA NA 0.2
g Animal carcasses burning

1 Old furnaces, batch, no/little APCS 500 NA NA ND

2 Updated, continuously, some APCS 50 NA NA ND

3 State-of-the-art, full APCS 5 NA NA ND

Medical waste incineration

Light fraction shredder waste incineration

Waste wood and waste biomass incineration

Residues
Potential Release Route (µg TEQ/t)
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Table 81: Emission Factors for Category 2 – Ferrous and Non-ferrous Metal Production 

Sub-categories
Cat,. Subcat. Class Air Water Land Products Residues

2 Ferrous and Non-Ferrous Metal Production
a Iron ore sintering

1 High waste recycling, incl. oil contamin. materials 20 ND ND ND 0.003
2 Low waste use, well controlled plant 5 ND ND ND 0.003
3 High technology, emission reduction 0.3 ND ND ND 0.003

b Coke production
1 No gas cleaning 3 0.06 ND ND ND
2 Afterburner/ dust removal 0.3 0.06 ND ND ND

c Iron and steel production plants and foundries
Iron and steel plants

1 Dirty scrap, scrap preheating, limited controls 10 ND ND NA 15
2 Clean scrap/virgin iron, afterburner, fabric filter 3 ND ND NA 15
3 Clean scrap/virgin iron, BOS furnaces 0.1 ND ND NA 1.5
4 Blast furnaces with APC 0.01 ND ND NA ND

Foundries
1 Cold air cupola or rotary drum, no APCS 10 ND ND NA ND
2 Rotary Drum - fabric filter 4.3 ND ND NA 0.2
3 Cold air cupola, fabric filter 1 ND ND NA 8

4 Hot air cupola or induction furnace, fabric filter 0.03 ND ND NA 0.5

Hot-dip galvanizing plants
1 Facilities without APCS 0.06 NA NA NA ND

2 Facilties without degreasing step, good APCS 0.05 NA NA NA 2,000

3 Facilities with degreasing step, good APCS 0.02 NA NA NA 1,000
d Copper production

1 Sec. Cu - Basic technology 800 ND NA NA 630
2 Sec. Cu - Well controlled 50 ND NA NA 630

3 Sec. Cu - Optimized for PCDD/PCDF control 5 ND NA NA 300

4 Smelting and casting of Cu/Cu alloys 0.03 ND NA NA ND

5 Prim. Cu, well-controlled, with some secondary 
feed materials 0.01 ND NA NA ND

6 Pure prim. Cu smelters with no secondary feed ND ND NA NA NA
e Aluminum production

1 Processing scrap Al, minimal treatment of inputs, 
simple dust removal 150 ND NA NA 200

2 Scrap treatment, well controlled, good APCS 35 ND NA NA 400

3 Scrap treatment, well-controlled, fabric filter, lime 
injection 5 ND NA NA 100

4 Optimized proces for PCDD/PPCDF abatement 0.5 ND NA NA 100

5 Shavings/turnings drying (simple plants) 5.0 NA NA NA NA

6 Thermal de-oiling, rotary furnaces, afterburners, 
fabric filters 0.3 NA NA NA NA

7 Pure primary Al plants ND NA NA NA ND

Potential Release Route (µg TEQ/t)
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Table 81: Emission Factors for Category 2 – Ferrous and Non-ferrous Metal Production 
(cont’d.) 

Sub-categories
Cat,. Subcat. Class Air Water Land Products Residues

2 Ferrous and Non-Ferrous Metal Production (cont'd.)
f Lead production

1 Sec. lead from scrap, PVC battery separators 80 ND NA NA ND

2 Sec. from PVC/Cl2 free scrap, some APCS 8 ND NA NA 5

3
Sec. Lead, PVC/Cl2 free scrap in modern furnaces, 
with scrubber 0.5 ND NA NA ND

4 Pure primary lead production 0.5 ND NA NA ND
g Zinc production

1 Kiln with no dust control 1,000 ND NA NA ND

2 Hot briquetting/rotarry furnaces, basic control 100 ND NA NA ND

3 Comprehensive control 5 ND NA NA ND
4 Melting (only) 0.3 ND NA NA ND
5 Pure primary zinc production ND ND NA NA ND

h Brass and bronze production
1 Thermal de-oiling of turnings 2.5 NA NA NA NA
2 Simple melting furnaces 10 NA NA ND
3 Mixed scarp, induction furnace, bagfilter 10 ND NA NA 125

4 Sophisticated equipment, clean inputs, good APCS 0.1 ND NA NA ND

I Magnesium production

1 Using MgO/C thermal treatment in Cl2, no effluent 
treatment, poor APCS 250 9,000 NA ND 0

2 Using MgO/C thermal treatment in Cl2, 
comprehensive pollution control 50 24 NA ND 9,000

3 Thermal reduction process 3 ND NA NA ND
j Thermal Non-ferrous metal production (e.g., Ni)

1 Contaminated scrap, simple or no APCS 100 ND ND ND ND

2 Clean scrap, good APCS 2 ND ND ND ND
l Shredders

1 Metal shredding plants 0.2 NA NA ND ND
m Thermal wire reclamation

1 Open burning of cable 5,000 ND ND ND ND

2 Basic furnace with after burner, wet scrubber 40 ND NA ND ND

3 Burning electric motors, brake shoes, etc., 
afterburner 3.3 ND NA ND ND

Potential Release Route (µg TEQ/t)
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Table 82: Emission Factors for Category 3 – Power and Heat Genreation 

Sub-categories
Cat. Subcat. Class Air Water Land Products Residues

3 Heat and Power Generation
a Fossil fuel power plants

1 Fossil fuel/waste co-fired power boilers 35 ND NA NA ND
2 Coal fired power boilers 10 ND NA NA 14
3 Heavy fuel fired power boilers 2.5 ND NA NA ND
4 Shale oil fired power plants 1.5 ND NA NA ND
5 Light fuel oil/natural gas fired power boilers 0.5 ND NA NA ND

b Biomass power plants
1 1. Mixed biomass fired power boilers 500 ND NA NA ND
2 2. Clean wood fired power boilers 50 ND NA NA 15

c Landfill and  biogas combustion

1 Biogas-/landfill gas fired boilers, motors/turbines 
and flaring 8 ND NA NA NA

d Household heating and cooking - Biomass
ng TEQ/kg 

Ash
1 Contaminated wood/biomass fired stoves 1,500 ND NA NA 1,000
2 Virgin wood/biomass fired stoves 100 ND NA NA 10

e Domesting heating - Fossil fuels
ng TEQ/kg 

Ash
1 High-chlorine coal fired stoves 15,000 ND NA NA 30,000
2 Coal fired stoves 100 ND NA NA 5,000
3 Oil fired stoves 10 ND NA NA NA
4 Natural gas fired stoves 1.5 ND NA NA NA

Potential Release Route (µg TEQ/TJ)

 

Table 83: Emission Factors for Category 4 – Production of Mineral Products 

Sub-categories
Cat. Subcat. Class Air Water Land Products Residues

4 Production of Mineral Products
a Cement kilns

1 Shaft kilns 5 NA NA ND ND
2 Old wet kilns, ESP temperature >300 °C 5 NA ND ND NA
3 Wet kilns, ESP/FF temperature 200 to 300 °C 0.6 NA ND ND NA

4 Wet kilns, ESP/FF temperature <200 °C and all types of dry 
kilns with preheater/precalciner, T<200 °C 0.05 NA ND ND NA

b Lime
1 Cyclone/no dust control, contaminated or poor fuels 10 ND ND ND ND
2 Good dust abatement 0.07 ND ND ND ND

c Brick
1 Cyclone/no dust control, contaminated or poor fuels 0.2 NA ND ND ND
2 Good dust abatement 0.02 NA ND ND ND

d Glass
1 Cyclone/no dust control, contaminated or poor fuels 0.2 NA ND ND ND
2 Good dust abatement 0.015 NA ND ND ND

e Ceramics
1 Cyclone/no dust control, contaminated or poor fuels 0.2 NA ND ND ND
2 Good dust abatement 0.02 NA ND ND ND

f Asphalt mixing
1 Mixing plant with no gas cleaning 0.07 NA ND ND ND
2 Mixing plant with fabric filter, wet scrubber 0.007 NA ND ND 0.06

g Oil shale processing
1 Thermal fractionation ND ND ND ND ND
2 Oil shale pyrolysis 0.003 NA ND 0.07 2

Potential Release Route (µg TEQ/t)
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Table 84: Emission Factors for Category 5 – Transport 

Sub-categories
Cat. Subcat. Class Air Water Land Products Residues

5 Transport
a 4-Stroke engines

1 Leaded fuel 2.2 NA NA NA NA
2 Unleaded fuel without catalyst 0.1 NA NA NA NA
3 Unleaded fuel with catalyst 0.00 NA NA NA NA

b 2-Stroke engines
1 Leaded fuel 3.5 NA NA NA NA
2 Unleaded fuel without catalyst 2.5 NA NA NA NA

c Diesel engines
1 Diesel engines 0.1 NA NA NA ND

d Heavy oil fired engines
1 All types 4 NA NA NA ND

Potential Release Route (µg TEQ/t)

 

Table 85: Emission Factors for Category 6 – Open Burning Processes 

Sub-categories
Cat. Subcat. Class Air Water Land Products Residues

6 Uncontrolled Combustion Processes
a Fires/burnings - biomass

1 Forest fires 5 ND 4 NA ND
2 Grassland and moor fires 5 ND 4 NA ND

3 Agricultural residue burning (in field), impacted, poor 
combustion conditions 30 ND 10 NA ND

4 Agricultural residue burning (in field), not impacted 0.5 ND 10 NA ND

b Fires, waste burning, landfill fires, industrial fires, 
accidental fires

1 Landfill fires 1,000 ND NA NA 600
2 Accidental fires in houses, factories 400 ND 400 NA 400
3 Uncontrolled domestic waste burning 300 ND 600 NA 600
4 Accidental fires in vehicles (per vehicle) 94 ND 18 NA 18

5 Open burning of wood (construction/demolition) 60 ND 10 NA 10

Potential Release Route (µg TEQ/t)

 



PCDD/PCDF Toolkit 2005 203 

UNEP February 2005 

Table 86: Emission Factors for Category 7 – Production and Use of Chemicals and 
Consumer Goods 

Sub-categories
Cat. Subcat. Class Air Water Land Products Residues

7 Production of Chemicals, Consumer Goods

a Pulp and paper mills *
Boilers  (per ton of pulp)

1 Black liquor boilers, burning of sludges, wood 0.07 NA
2 Bark boilers only 0.2 50

Acqueous discharges and products

1 Kraft process, Cl2 gas, non-wood fibers, impacted ND 30 ND

2 Kraft process, old technology (Cl2 ) 4.5 8 4.5
3 Kraft process, mixed technology 1.0 3 1.5
4 Sulfite pulp/papers, old technology ND 1 ND
5 Kraft process, modern technology (ClO2) 0.06 0.5 0.2
6 Sulfite papers, new technology (ClO2, TCF) ND 0.1 ND
7 TMP pulp ND 1.0 ND

8 Recycling papers from contaminated waste papers ND 10

9 Recycling pulp/paper from modern papers ND 3 ND
b Chemical industry

PCP

1 European, American production (chlorination of phenol with 
Cl2) 2,000,000

2 Chinese production (thermolysis of HCH) 800,000
3 PCP-Na 500

PCB
1 Low chlorinated, e.g., Clophen A30, Aroclor 1242 15,000

2 Medium chlorinated, e.g., Clophen A40, Aroclor 1248 70,000

3 Medium chlorinated, e.g., Clophen A50, Aroclor 1254 300,000
4 High chlorinated, e.g., Clophen A60, Aroclor 1260 1,500,000

Chlorinated Pesticides
1 Pure 2,4,5-Trichlorophenoxy acetic acid (2,4,5-T) 7,000
2 2,4,6-Trichlorophenol (2,4,6-PCPh) 700
3 Dichlorprop 1,000
4 2,4-Dichlorophenoxy acetic acid  (2,4-D) 700

5 2,4,6-Trichlorophenyl-4’-nitrophenyl ether (CNP = 
chloronitrofen )
   Old technology 300,000
   New technology 400
Chloranil

1 p -chloranil via  chlorination of phenol 400,000
2 p -chloranil via  hydrochinone 100
3 Dyestuffs on chloranil basis (old process, Class 1) 1,200
4 o -chloranil via  chlorination of phenol 60,000

Chlorobenzenes
1 p- Dichlorobenzene ND NA NA 39 ND
2 o- Dichlorobenzene ND NA NA 0 ND
3 1,2,4-Trichlorobenzene ND NA MA 0 3,000

Chlorine/chloralkali production
Chloralkali production using graphite anodes NA NA NA NA 1,000
ECD/VCM/PVC

1 Old technology, EDC/VCM, PVC 1 NA ND
2 Modern plants, EDC/VCM or EDC/VCM/PVC 0.4 0.5 NA 0.03 10
3 PVC only 0.0003 0.03 NA 0.1 0.2

c Petroleum refineries
1 All types (flares) (µg TEQ/TJ) ** 8 NA NA NA ND

d Textile plants
1 Upper limit NA ND NA 100 ND
2 Lower limit NA ND NA 0.1 ND

e Leather plants
1 Upper limit NA ND NA 1,000 ND
2 Lower limit NA ND NA 10 ND

Potential Release Route (µg TEQ/t)
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Table 87: Emission Factors for Category 8 – Miscellaneous 

Sub-categories
Cat. Subcat. Class Air Water Land Products Residues

8 Miscellaneous
a Drying of biomass

1 Clean wood 0.007 NA ND 0.1 ND
2 Green fodder 0.1 NA ND 0.1 ND

3 PCP- or otherwise treated biomass 10 NA ND 0.5 ND

b Crematoria
1 No control 90 NA NA NA ND
2 Medium control 10 NA NA NA 2.5
3 Optimal control 0.4 NA NA NA 2.5

c Smoke houses

1 Treated wood, waste fuels used as fuel 50 NA ND ND 2,000

2 Clean fuel, no afterburner 6 NA ND ND 20
3 Clean fuel, afterburner 0.6 NA ND ND 20

d Dry cleaning residues
1 Heavy textiles, PCP-treated, etc. NA NA NA NA 3,000
2 Normal textiles NA NA NA NA 50

e Tobacco smoking *
1 Cigar (per item) 0.3 NA NA NA NA
2 Cigarette (per item) 0.1 Na NA NA NA

Potential Release Route (µg TEQ/t)

 

Table 88: Emission Factors for Category 9 – Disposal / Landfill 

Sub-categories
Cat. Subcat. Class Air Water Land Products Residues

9 Disposal/Landfill µg TEQ/m³ µg TEQ/m³
a Landfill leachate

1 Hazardous waste * NA 0.2 NA NA 50
2 Non-hazardous waste * NA 0.03 NA NA 6

b Sewage/sewage treatment

1 Industrial, mixed domestic with chlorine relevance NA

   No sludge removal NA 0.005 NA NA 1,000
   With sludge removal NA 0.0005 NA NA 1,000

2 Urban environments NA
   No sludge removal NA 0.002 NA NA 100
   With sludge removal NA 0.0005 NA NA 100

3 Remote and residential or modern treatment plant NA 0.0001 NA NA 10

c Open water dumping
1 Mixed domestic and industrial inputs NA 0.005 NA NA NA
2 Urban environments NA 0.0002 NA NA NA
3 Remote environments or input control NA 0.0001 NA NA NA

d Composting
1 All organic fraction NA ND NA 100 NA
2 Garden, kitchen wastes NA ND NA 15 NA
3 Green materials,not impacted environments NA ND NA 5 NA

e Waste oil disposal
1 All fractions ND ND ND ND ND

Potential Release Route (µg TEQ/t)
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Table 89: Emission Factors for Category 10 – Identification of Hot Spots 

Sub-categories Product
Cat. Subcat. Class (µg TEQ/t)

10 Identification of Hot Spots
a Production sites of chlorinated organics

1 Chlorophenols and derivatives or PCB
2 Other chlorinated organics

b Production sites of chlorine
1 with graphite electrodes
2 without graphite electrodes

c Formulation of chlorinated phenols/pesticides
d Application sites of dioxin-contaminated pesticides
e Timber manufacture

1 Using pentachlorophenol, other dioxin-containing preservatives

2 No use of PCP, not open to the environment
f PCB containing equipment

Low chlorinated, e.g., Clophen A30, Aroclor 1242 15,000
Medium chlorinated, e.g., Clophen A40, Aroclor 1248 70,000
Medium chlorinated, e.g., Clophen A50, Aroclor 1254 300,000
High chlorinated, e.g., Clophen A60, Aroclor 1260 1,500,000

1 Leaching
2 Not leaching

g Dumps of waste/residues from categories 1-9
h Sites of relevant accidents
g Dredging of sediments  
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9 ANNEX 2:  QUESTIONNAIRES 

This Chapter presents sample questionnaires, which can be used to compile plant, process or 
activity specific data.  The questionnaires will also be provided in electronic form on UNEP’s 
Web Page for download.  The purpose of the questionnaires and how to work with the 
questionnaires are explained in Chapters 4.3 and 4.4. 

Category-specific questionnaires should be accompanied by a cover sheet clearly stating the 
sender (with all necessary coordinates), context with, e.g., reference year, and return date for 
the questionnaire. 

Questionnaires have been designed for each category (for some categories, the same ques-
tionnaires can be used). 

Sample cover sheet for questionnaire 

PCDD/PCDF (Dioxin and Furan) Release Inventory 

Reference Year 20___   (January 1-December 31) 

Requested by: [Institution’s name with street address; 

contact person with phone and fax number; e-mail address] 

To: [Institution’s name with street address and other coordinates] 

Please return the completed questionnaire to 
the above sender not later than ______________________ (Date) 
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Questionnaire 1: Category 1 - Waste Incineration 

Municipal solid waste [    ] 
Industrial waste [    ] 
Hospital waste [    ] 
Light shredder [    ] 
Sewage sludge [    ] 
Waste wood and waste biomass [    ] 

Type of Plant 

Animal carcasses [    ] 
Name of Plant  
Location (City/Province)  

Address 
 
 
 

Contact 
(Name, position, phone and fax 
numbers, e-mail) 

 
 

Number of Furnaces  
Batch (e.g., 100 kg per batch) [    ] 
Semi-continuous (e.g., 8 hours per day) [    ] Type of Operation 
Continuous (24 hours per day) [    ] 
t/h (tons per hour)  
h/d (hours per day)  
d/w (days per week)  
t/d (tons per day)  
d/a (days per year)  
h/a (hours per year)  

Annual Operational/Capacity 
(per Unit) 

t/a (tons per year)  
t/h (tons per hour)  
h/d (hours per day)  
d/w (days per week)  
t/d (tons per day)  
d/a (days per year)  
h/a (hours per year)  

Annual Operation/Capacity 
(total) 

t/a (tons per year)  
Mass burn waterwall (grate)  
Fluidized bed  
Stoker  
Rotary kiln  

Type of Furnace 

Other (please specify)  
Main furnace  (°C)  Temperature in Furnace Afterburner/second chamber  (°C)  
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Electrostatic precipitator [    ] 
Cyclone [    ] 
Bag filter [    ] 
Wet scrubber [    ] 
Dry scrubber [    ] 
Lime injection [    ] 
NaOH/alkali injection [    ] 
Active carbon/coke injection [    ] 
Active carbon filter [    ] 
Catalytic converter (SCR) [    ] 
Induced or forced draft fan [    ] 
Other (please specify)  

Type of Air Pollution 
Control System (APCS) 

None [    ] 
Heat Recovery System Yes    [     ] No    [    ] 
Temperature of Gases At entry to APCS  (°C)    [      ] At exit from APCS  (°C)    [       ] 
Flux of Exit Gases (m³/h) (dry gas)  
   
Residues  Disposal of these Residues  
Generation of Bottom Ashes t/a     [             ] Recirculation  [    ] Landfill  [      ] 
Generation of Fly Ashes t/a     [             ] Recirculation  [    ] Landfill  [      ] 
Generation of (Waste)Water t/a     [             ] Disposal  
Generation of Sludges (as dry matter) t/a     [             ] Recirculation  [    ] Landfill  [      ] 

Final classification and evaluation (to be filled out by the data evaluator) 

 Emission Factor (µg TEQ/t) 

Class Air Water Land Product Residues 

      

 Annual Release  (g TEQ/a) 

Annual Activity  (t/a) Air Water Land Product Residues 
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Questionnaire 2: Category 2 – Ferrous and Non-Ferrous Metal Production 

Sinter  [    ] 
Coke  [    ] 
Iron and/or steel Primary    [    ]  Secondary    [    ] 
Foundry Primary    [    ]  Secondary    [    ] 
Copper Primary    [    ]  Secondary    [    ] 
Aluminum Primary    [    ]  Secondary    [    ] 
Lead Primary    [    ]  Secondary    [    ] 
Zinc [    ] 
Brass/Bronze Primary    [    ]  Secondary    [    ] 
Magnesium [    ] 
Other non-ferrous metal Primary    [    ]  Secondary    [    ] 
Shredder [    ] 

Type of Plant 

Other  Primary    [    ]  Secondary    [    ] 
Address  
Contact 
(Name, position, phone and fax 
numbers, e-mail) 

 
 
 

Number of Furnaces  
 
Batch (e.g., 100 kg per batch) [    ] 
Semi-continuous (e.g., 8 hours per day) [    ] Type of Operation 
Continuous (24 hours per day) [    ] 
t/h (tons per hour)  
h/d (hours per day)  
d/w (days per week)  
t/d (tons per day)  
d/a (days per year)  
h/a (hours per year)  

Annual Operational/Capacity 
(per Unit) 

t/a (tons per year)  
t/h (tons per hour)  
h/d (hours per day)  
d/w (days per week)  
t/d (tons per day)  
d/a (days per year)  
h/a (hours per year)  

Annual Operation/Capacity 
(total) 

t/a (tons per year)  
Blast furnace  
Induction furnace  
Electric arc furnace (EAF)  
Cowper  
Rotary kiln  
Reverberatory  

Type of Furnace 

Other (please specify)  
Main furnace  (°C)   Temperature in Furnace Second chamber/afterburner  (°C)  

Primary Fuel Type  t/a  
Secondary/Alternative Fuel  Type  t/a or %  
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Electrostatic precipitator [    ] 
Cyclone [    ] 
Bagfilter [    ] 
Wet scrubber [    ] 
Dry scrubber [    ] 
Lime injection [    ] 
NaOH/alkali injection [    ] 
Active carbon/coke injection [    ] 
Active carbon filter [    ] 
Catalytic converter (SCR) [    ] 
Induced or forced draft fan [    ] 
Other (please specify)  

Type of Air Pollution 
Control System (APCS) 

None [    ] 
Heat Recovery System Yes    [     ] No    [    ] 
Temperature of Gases At entry to APCS  (°C)    [      ] At exit from APCS  (°C)   [      ] 
Flux of Exit Gases (m³/h) (dry gas)   
 

Final classification and evaluation (to be filled out by the data evaluator) 

 Emission Factor (µg TEQ/t) 

Class Air Water Land Product Residues 

      

 Annual Release  (g TEQ/a) 

Annual Activity  (t/a) Air Water Land Product Residues 
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Questionnaire 3: Category 3 – Power Generation and Heating 

Power plants 
Coal [    ] 

Lignite [    ] 
Bituminous coal [    ] 
Anthracite [    ] 
Other  

Wood [    ] 
Fuel oils [    ] 
Natural gas [    ] 
Landfill gas [    ] 
Sewer gas [    ] 
Biomass (please specify)  
Industrial Combustion units (small) or domestic heating and cooking 
units 
Coal (please specify) [    ] 

Lignite [    ] 
Bituminous coal  
Anthracite [    ] 
Other [    ] 

Natural wood [    ] 
Combustion of other kinds of biomass  

Sugar cane [    ] 
Tapioka [    ] 
Cotton [    ] 
Bamboo [    ] 
Banana [    ] 
Harvest residues [    ] 
Other (please specify) [    ] 

Fuel oils [    ] 

Type of Plant 

Other (please specify)  
Address  
Contact 
(Name, position, phone and fax 
numbers, e-mail) 

 
 

Number of furnaces/boilers  
Batch (e.g., 100 kg per batch) [    ] 
Semi-continuous (e.g., 8 hours per day) [    ] Type of Operation 
Continuous (24 hours per day) [    ] 
t/h (tons per hour) or TJ/h (Terajoule per hour)  
h/d (hours per day)  
d/w (days per week)  
t/d (tons per day) or TJ/d (Terajoule per day)  
d/a (days per year)  
h/a (hours per year)  

Annual Operation/Capacity (per 
Unit) 

t/a (tons per year) or TJ/a (Terajoule per year)  
d/a (days per year)  
h/a (hours per year)  Annual Operation/Capacity 

(total) TJ/a (Terajoule per year)  
Boiler  Type of Furnace/Combustor 
Process heater  
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Flare   
Turbine (internal gas)  
Combustion engine (internal)  

 

Other (please specify)  
 

Main furnace  (°C)   Temperature in Furnace Second chamber/afterburner  (°C)  
Electrostatic precipitator [    ] 
Cyclone [    ] 
Bughouse filter [    ] 
Wet scrubber [    ] 
Dry scrubber [    ] 
Lime injection [    ] 
NaOH/alkali injection [    ] 
Active carbon/coke injection [    ] 
Active carbon filter [    ] 
Catalytic converter (SCR) [    ] 
Other (please specify)  

Type of Abatement Pollution 
Control System (APCS) 

None [    ] 
Heat Recovery System Yes    [     ] No    [    ] 
Temperature of Gases At entry to APCS  (°C)    [      ] At exit from APCS  (°C)   [      ] 
Flux of Exit Gases (m³/h) (dry gas)   
 

Final classification and evaluation (to be filled out by the data evaluator) 

 Emission Factor (µg TEQ/t) 

Class Air Water Land Product Residues 

      

 Annual Release  (g TEQ/a) 

Annual Activity  (t/a) Air Water Land Product Residues 
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Questionnaire 4: Category 4 – Mineral Production 

Cement [    ] 
Lime [    ] 
Brick [    ] 
Glass [    ] 
Ceramics [    ] 

Type of Plant 

Asphalt mixing [    ] 
Address  
Contact 
(Name, position, phone and fax 
numbers, e-mail) 

 
 
 

Number of Furnaces  
 
  
  Feed Materials  

(type, quantity = t/a)   
  
  Primary Fuel  

(type, quantity = t/a)   
  
  Secondary/Alternative  Fuel  

(type, quantity = t/a)   
Type of Process Dry                   [      ] Wet            [      ] 

Batch (e.g., 100 kg per batch) [    ] 
Semi-continuous (e.g., 8 hours per day) [    ] Type of Operation 
Continuous (24 hours per day) [    ] 
t/h (tons per hour)  
h/d (hours per day)  
d/w (days per week)  
t/d (tons per day)  
d/a (days per year)  
h/a (hours per year)  

Annual Operational/Capacity 
(per Unit) 

t/a (tons per year)  
t/h (tons per hour)  
h/d (hours per day)  
d/w (days per week)  
t/d (tons per day)  
d/a (days per year)  
h/a (hours per year)  

Annual Operation/Capacity 
(total) 

t/a (tons per year)  
Rotary kiln  
Shaft kiln  
Tunnel furnace  Type of Furnace 
Other (please specify)  
Main furnace (°C)  Temperature in Furnace Second chamber/afterburner  (°C)  
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Electrostatic precipitator [    ] 
Cyclone [    ] 
Bagfilter [    ] 
Wet scrubber [    ] 
Dry scrubber [    ] 
Lime injection [    ] 
NaOH/alkali injection [    ] 
Active carbon/coke injection [    ] 
Active carbon filter [    ] 
Catalytic converter (SCR) [    ] 
Induced or forced draft fan [    ] 
Other (please specify)  

Type of Air Pollution Control 
System (APCS) 

None [    ] 
Heat Recovery System Yes    [     ] No    [    ] 
Temperature of Gases At entry to APCS  (°C)   [      ] At exit from APCS  (°C)  [      ] 
Flux of Exit Gases (m³/h) (dry gas)   
 

Final classification and evaluation (to be filled out by the data evaluator) 

 Emission Factor (µg TEQ/t) 

Class Air Water Land Product Residues 

      

 Annual Release  (g TEQ/a) 

Annual Activity  (t/a) Air Water Land Product Residues 
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Questionnaire 5: Category 5 – Transport 

Region/Province/Nation.  
Address  
Contact 
(Name, position, phone and fax 
numbers, e-mail) 

 
 
 

Type of fuel Leaded Gasoline Unleaded Gasoline Diesel/Light Fuel 
Oil 

Annual national fuel 
consumption in liter per year 
(L/a) 

   

Passenger Cars 
Number of vehicles    
Annual road performance per 
vehicle and kilometer (km/a) 

   

Fuel consumption (L/km; L/a)    
Total annual consumption (L/a)    
APCS* (Yes/No)    
Busses 
Number of busses    
Annual road performance per 
vehicle and year (km/a) 

   

Fuel consumption (L/km; L/a)    
Total annual consumption (L/a)    
Annual consumption in tons per 
year (t/a) 

   

APCS (Yes/No)    
Busses and Trucks 
Number of busses    
Annual road performance per 
vehicle and year (km/a) 

   

Fuel consumption (L/km; L/a)    
Total annual consumption (L/a)    
Annual consumption in tons per 
year (t/a) 

   

APCS (Yes/No)    
Ships 
Number of ships    
Annual performance per vehicle 
and year (km/a) 

   

Fuel consumption (L/km; L/a)    
Total annual consumption (L/a)    
Annual consumption in tons per 
year (t/a) 

   

APCS (Yes/No)    
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Trains 
Number of trains (on any of 
the above fuels) 

   

Annual railroad performance 
per vehicle and year (km/a) 

   

Fuel consumption (L/km; L/a)    
Total annual consumption 
(L/a) 

   

Annual consumption in tons 
per year (t/a) 

   

APCS (Yes/No)    

Final classification and evaluation (to be filled out by the data evaluator) 

 Emission Factor (µg TEQ/t) 

Class Air Water Land Product Residues 

      

 Annual Release  (g TEQ/a) 

Annual Activity  (t/a) Air Water Land Product Residues 

      

*APCS: means catalyst for gasoline and particulate removal for Diesel 
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Questionnaire 6: Open Burning Processes 

Region/Province/Nation.  
Address  
  
Contact 
(Name, position, phone and fax 
numbers, e-mail) 

 
 
 

Biomass burning 
Type of biomass, e.g., pine, 
sugarcane, etc. 

Amount of biomass 
per hectare burned 

(t/ha) 

Area burned per 
hectare and year 

(ha/a) 

Amount of biomass 
burned in tons per 

year (t/a) 
1.     
2.     
3.     
4.     
5.     
Total    
Open Waste Burning and Accidental Fires 
General waste statistics 
Tons of waste generated Per capita and day Per capita and year Nationally per year 

(t) 
    
Type of source Amount of waste 

burned per capita (t/a) 
Number of 
inhabitants 

Amount of waste 
burned per year 

(t/a) 
 (%) (t/a) (%) (t/a) (%) (t/a) 
1.) Landfill fires       
2.) Uncontrolled domestic 
waste burning 

      

3.) Open burning of wood 
(construction/ demolition) 

      

Region/Province/Nation-wide   
 Number of houses burned per 

year (No/a) 
Number of vehicles burned per 

year (No/a) 
4.) Accidental fires in houses, 
factories 

  

5.) Accidental fires in vehicles   

Final classification and evaluation (to be filled out by the data evaluator) 

 Emission Factor (µg TEQ/t) 

Class Air Water Land Product Residues 

      

 Annual Release  (g TEQ/a) 

Annual Activity  (t/a) Air Water Land Product Residues 
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Questionnaire 7: Category 7 – Production and Use of Chemicals and Consumer Goods 
(releases into air and into water) 

Pulp and paper industry: Pulp [    ] 
Pulp and paper industry: Paper 
(primary or recycling) 

[    ] 

Pulp and paper - integrated [    ] 
Organochlorine production  
Ethylene dichloride [    ] 
PVC [    ] 
Pesticides (PCP, 2,4,5-T, 2,4-D) [    ] 

Production of chlorine gas 
(graphite electrodes) 

[    ] 

Production of chlorinated inorganics  

Chemical Industry: 
Type of Plant 

Petroleum industry refineries [    ] 
Address  
Contact 
(Name, position, phone and fax 
numbers, e-mail) 

 
 
 
  
  

Capacity: Consumption of 
Raw Materials  
(type, quantity = t/a)   

Chemical (Yes/No)  Bleaching  Bleaching sequence(s)  
  
  

Capacity: Final Product or 
Raw Materials  
(type, quantity = t/a)   

Fixed-bed [    ] 
Fluidized bed [    ] Type of Process 
Other [    ] 
Batch (e.g., 100 kg per batch) [    ] 
Semi-continuous (e.g., 8 hours per day) [    ] Type of Operation 
Continuous (24 hours per day) [    ] 
t/h (tons per hour)  
h/d (hours per day)  
d/w (days per week)  
t/d (tons per day)  
d/a (days per year)  
h/a (hours per year)  

Annual Operation/Capacity 
(per Unit) 

t/a (tons per year)  
t/h (tons per hour)  
h/d (hours per day)  
d/w (days per week)  
t/d (tons per day)  
d/a (days per year)  
h/a (hours per year)  

Annual Operation/Capacity 
(total) 

t/a (tons per year)  
Operation/ Production 
Temperature 

(°C)  

Water discharge (L/h, m³/a)   
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Settling pond [    ] 
Aerated lagoon [    ] 
Secondary treatment [    ] 
Tertiary Treatment [    ] 

Water treatment 

Others (please specify) [    ] 

Sludge generation t/a (tons per year)  

Landfill (t/a)  
Land farming (t/a)  
On-site (t/a)  
Incineration (t/a)  

Sludge disposal 

Others (please specify) (t/a)  
Electrostatic precipitator [    ] 
Cyclone [    ] 
Bag filter [    ] 
Wet scrubber [    ] 
Dry scrubber [    ] 
Lime injection [    ] 
NaOH/alkali injection [    ] 
Active carbon/coke injection [    ] 
Active carbon filter [    ] 
Catalytic converter (SCR) [    ] 
Induced or forced draft fan [    ] 
Other (please specify)  

Type of Air Pollution Control 
System (APCS) 

None [    ] 
Temperature of Gases At entry to APCS (°C)  [      ] At exit from APCS  (°C) [     ] 
Flux of Exit Gases (m³/h) (dry gas)   

 

Final classification and evaluation (to be filled out by the data evaluator) 

 Emission Factor (µg TEQ/t) 

Class Air Water Land Product Residues 

      

 Annual Release  (g TEQ/a) 

Annual Activity  (t/a) Air Water Land Product Residues 
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10 ANNEX 3:  PRESENTATION OF THE INVENTORIES 

10.1 Example Tables for the Inventory 

Table 90 shows an example with numbers filled into the EXCEL sheet and the annual release 
data generated by the spreadsheet.  This example is taken from the release inventory from 
Paraguay for Category 6 (SEAM 2003).  When applying the Toolkit and its default emission 
factors, the country has only to enter the activity data in the blue column “Production per 
year” and the annual releases are calculated automatically. 

Table 90: Example of EXCEL worksheet showing input and output data for releases to 
air, water, land, in products and residues for Category 6 (from SEAM 2003) 

Source Categories Production
CatSubcat Class Air Water Land ProductsResidue t/a g TEQ/a g TEQ/a g TEQ/a g TEQ/a g TEQ/a

6 Uncontrolled Combustion 
Processes Air Water Land Products

Residues

a Fires/burnings - biomass 932,748 22.413 0 8.504 0 0
1 Forest fires 5 ND 4 NA ND 259,440 1.297 1.038
2 Grassland and moor fires 5 ND 4 NA ND 183,233 0.916 0.733

3 Agricultural residue burning (in 
field), not impacted 0.5 ND 10 NA ND 0.000 0.000

4
Agricultural residue burning (in 
field), impacted, poor combustion 
conditions

30 ND 10 NA ND 673,308 20.199 6.733

b Fires, waste burning, landfill 
fires, industrial fires, accidental 
fires

48,478 14.879 0 0.000 0 28.584

1 Landfill fires 1,000 ND NA NA ND 1 0.001

2 Accidental fires in houses, 
factories (per event) 400 ND See res NA 400 2,515 1.006 1.006

3 Uncontrolled domestic waste 
burning 300 ND See res NA 600 45,963 13.789 27.578

4 Accidental fires in vehicles (per 
vehicle) 94 ND See res NA 18 887 0.083 0.016

5 Open burning of wood 
(construction/demolition) 60 ND ND NA 10 0.000 0.000

6 37.291 0 8.504 0 28.584

Potential Release Route (µg TEQ/t) Annual release

 

When all nine EXCEL worksheets for the nine quantifiable categories are filled with the 
activity information available, one summarizing table is generated to show all releases from 
the aggregated nine categories and for all release vectors.  Table 91 gives the example from 
Paraguay (SEAM 2003). 
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Table 91: Example for national release PCDD/PCDF inventory (Paraguay from SEAM 
2003) 

Cat. Source Categories Annual Releases (g TEQ/a) 
 Air Water Land Product Residue

1 Waste Incineration 3.50 0 0 0 0.023 
2 Ferrous and non-ferrous metal production 1.52 0.03 0 0 0 
3 Power generation and heating 3.10 0 0 0 0.6 
4 Production of mineral products 1.07 0 0 0 0.06 
5 Transportation 0.37 0 0 0 0 
6 Open burning 61.1 0 8.50 0 76.2 

7 Production/use of chemicals and consumer 
goods 0 0 0 0.0002  

8 Miscellaneous 0.03 0 0 0.221 0 
9 Disposal/Landfilling 0 0.17 0 0 0 

1-9 Total 70.7 0.2 8.5 0.22 76.3 
 Grand Total 156 
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10.2 National PCDD/PCDF Inventories Made with the Toolkit 

Since the release of the DRAFT Toolkit in January 2001 (Toolkit 2001), the Toolkit 
methodology has been applied in many countries and more are expected to come.  In order to 
take account of these new inventories, UNEP Chemicals is preparing a publication of national 
dioxin and furan inventories to update the 1999 report “Dioxin and Furan Inventories, 
National and Regional Emissions of PCDD/PCDF“ (UNEP 1999).  Here we only list some of 
the national release inventories that have been prepared with the Toolkit.  The list includes 
examples from developing and developed countries.  An overview of these available for 
consultation is shown in Table 92. 

Table 92: PCDD/PCDF release inventory made with the Toolkit 

Country Reference 
Argentina SAyDS 2004 
Australia DEH 2004 
Brunei Darussalam DEPR 2003; in UNEP 2003b 
Cambodia In:  UNEP 2004a 
Chile In:  UNEP/GTZ/CONAMA 2004 
Cuba CITMA-CIGEA 2004 
Ecuador In:  UNEP/GTZ/CONAMA 2004 
Estonia Lassen et al. 2003 
New EU Member States Quass et al. 2004 
Jordan MoE Jordan 2003; in UNEP 2003b 
Latvia Lassen et al. 2003 
Lebanon MoE 2003; in UNEP 2003b 
Lithuania Lassen et al. 2003 
Mauritius UNEP 2004b 
Paraguay SEAM 2003 
Philippines ITDI 2003; in UNEP 2003b 
Poland Lassen et al. 2003 
Sri Lanka In:  UNEP 2004a 
Thailand PCD 2002; in UNEP/PCD/BMZ/BMU/UBA/GTZ (2002) 
Uruguay DINAMA 2002 
Vietnam NEA 2003; in UNEP 2003b 
Zambia UNEP 2004b 
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11 TECHNICAL ANNEXES 

11.1 Toxicity Equivalency Factors (TEFs) 

Many regulatory agencies have developed so-called Toxicity Equivalency Factors (TEF) for 
risk assessment of complex mixtures of PCDD/PCDF.  The TEFs are based on acute toxicity 
values from in vivo and in vitro studies.  This approach is based on the evidence that there is a 
common, receptor-mediated mechanism of action for these compounds.  However, the TEF 
approach has its limitations due to a number of simplifications.  Although the scientific basis 
cannot be considered as solid, the TEF approach has been developed as an administrative tool 
and allows to convert quantitative analytical data for individual PCDD/PCDF congeners into 
a single Toxic Equivalent (TEQ).  TEF particularly aid in expressing cumulative toxicity of 
complex PCDD/PCDF mixtures as one single TEQ value.  It should be noted that TEFs are 
interim values and administrative tools for order of magnitude estimates.  They are based on 
present state of knowledge and should be revised as new data gets available. 

Today there are two schemes applied: the older one are the TEFs established by a 
NATO/CCMS Working Group on Dioxins and Related Compounds as International Toxicity 
Equivalency Factors (I-TEF) (NATO/CCMS 1988, Kutz et al. 1990) and the most recent 
scheme established by a WHO/IPCS working group, who re-evaluated the I-TEFs and 
established a new scheme.  The two schemes are found in Table 93.  Here, we only show the 
TEFs for human and mammalian risk assessment although the WHO/IPCS group also 
included non-ortho and mono-ortho substituted polychlorinated biphenyls (PCB) into the 
TEF and established separate TEFs for fish and birds (van Leeuwen and Younes 1998). 

Table 93: Toxicity Equivalency Factors (TEFs) – comparison of the two most commonly 
used schemes 

Congener I-TEF WHO-TEFs 
2,3,7,8-Cl4DD 1 1 
1,2,3,7,8-Cl5DD 0.5 1 
1,2,3,4,7,8-Cl6DD 0.1 0.1 
1,2,3,7,8,9-Cl6DD 0.1 0.1 
1,2,3,6,7,8-Cl6DD 0.1 0.1 
1,2,3,4,6,7,8-Cl7DD 0.01 0.01 
Cl8DD 0.001 0.0001 
2,3,7,8-Cl4DF 0.1 0.1 
1,2,3,7,8-Cl5DF 0.05 0.05 
2,3,4,7,8-Cl5DF 0.5 0.5 
1,2,3,4,7,8-Cl6DF 0.1 0.1 
1,2,3,7,8,9-Cl6DF 0.1 0.1 
1,2,3,6,7,8-Cl6DF 0.1 0.1 
2,3,4,6,7,8-Cl6DF 0.1 0.1 
1,2,3,4,6,7,8-Cl7DF 0.01 0.01 
1,2,3,4,7,8,9-Cl7DF 0.01 0.01 
Cl8DF 0.001 0.0001 

For all non-2,3,7,8-substituted congeners, no TEF has been assigned. 
Numbers in bold represent TEFs, which have been changed by WHO from the I-TEFs. 



226 PCDD/PCDF Toolkit 2005 

February 2005 UNEP 

11.2 Usage of Units in Air Emissions 

When reporting air concentrations care must be taken with respect to the base units given.  
The following definitions apply: 

m³ Cubic meter:  is the SI unit of volume and may be used to express the 
volume of any substance, whether solid, liquid, or gas 

Nm³ Normal cubic meter:  refers to the volume of any gas at 0 °C and 
1 atm (101.325 kPa) 

 In European countries and for emissions from municipal waste 
incinerators (also co-combustion of waste):  Nm³ is defined at the 
following conditions:  101.325 kPa (= 1 atm), 273.15 K, dry gas, and 
11 % oxygen.  For emissions from other types of combustion/thermal 
plants, there is no requirement to normalize to 11 % oxygen. 

Rm³ in Canada: Reference cubic meter.  When using R, the conditions are 25 °C, 
1 atm, dry.  The need for oxygen correction should be explicitly 
stated, although it sometimes is not.  The Canada-wide standard 
utilizes are correction to 11 % oxygen for incinerators and coastal 
pulp and paper mill boilers burning salt-laden wood residue.  For 
others sectors such as sinter plants, they have decided to use no 
oxygen correction. 

Sm³ in U.S.A.: Is the dry standard cubic meter (represented as dscm) at 1 atmosphere 
of pressure and 20 degrees Celsius (68 degrees F).  The contaminant 
concentration is corrected to some standard percent oxygen or carbon 
dioxide in the combustion gases, usually 7 % oxygen and 12 % carbon 
dioxide. 
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11.3 Heating Values – For Main Category 3 

In the Main Source category 3, the basis for reporting default emission factors is the energetic 
output.  For this, the Toolkit refers to TJ (Terajoules) and not to the mass of 1 ton of feed 
material.  In cases, only mass consumption data will be available, the following tables have 
been generated to provide an indicative list to relate masses (in kg) to heat outputs (in MJ).  

Table 94: Heating values for coal 

Type of Coal Heating Value 
Anthracite, Germany 27–35 MJ/kg  

depending on the mine 
Bituminous coal, France 32–34 MJ/kg 
Bituminous coal, USA 31–32 MJ/kg  
Anthracite, Russia 30 MJ/kg (Donez Bay) 
Bituminous coal, Germany 29–32 MJ/kg 
Bituminous coal, China 25–27 MJ/kg 
Bituminous coal, Poland 20.5-30.5 MJ/kg 
Sub-bituminous coal, Spain 16–17 MJ/kg 
Sub-bituminous coal, Croatia 13–15 MJ/kg 
Sub-bituminous coal, Turkey 12–14 MJ/kg 
Lignite/brown coal, Germany (Central) 10–12 MJ/kg 
Lignite/brown coal, Czech Republic 9–11 MJ/kg 
Lignite/brown coal, Germany (West) 8–10 MJ/kg 
Lignite/brown coal, Australia 8–9 MJ/kg 
Lignite/brown coal, Germany (East) 7–9 MJ/kg 
Lignite/brown coal, Greece 4–6 MJ/kg 

Table 95: Heating values for coke 

Type of Coke Heating Value 
Swell coke, Czech Republic 31–32 MJ/kg 
Anthracite coke, Germany 28–30 MJ/kg 
Lignite coke, Germany 27–28 MJ/kg 
Swell coke, Germany 23–25 MJ/kg 

Table 96: Heating values for oil 

Type of Oil Heating Value 
Gasoline 44–47 MJ/kg 
Light fuel oil/Diesel fuel 43–46 MJ/kg 
Heavy fuel oil 40–43 MJ/kg 
Lignite tar oil 38–40 MJ/kg 
Anthracite tar oil 37–39 MJ/kg 
Methyl alcohol 20–23 MJ/kg 
Oil shale (from Estonia) 8-10 MJ/kg 
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Table 97: Heating values for gas 

Type of Gas Heating Value 
Methane 50–55 MJ/kg 
Natural gas, North Sea – Great Britain 48–53 MJ/kg 
Natural gas, North Sea-Germany 47–52 MJ/kg 
Propane 46–50 MJ/kg 
Natural gas class H 44–49 MJ/kg 
Natural gas class L 40–45 MJ/kg 
Natural gas, The Netherlands 38–44 MJ/kg 
Methanol 20–23 MJ/kg 
Carbon monoxide 10–11 MJ/kg 
For a first estimate, mean values should be 
applied as follows 

 

Natural gas 48 MJ/kg 
LPG (mean heating value) 46 MJ/kg 

Table 98: Heating values for wood 

Type of Wood Heating Value 
Spruce, air dry 14–17 MJ/kg 
Poplar, air dry 15–16 MJ/kg 
Beech, air dry 13–15 MJ/kg 
Beech, green 12–13 MJ/kg 
Beech bark 11–13 MJ/kg  
Spruce bark 10–12 MJ/kg 

Table 99: Heating values for biomass 

Type of Biomass Heating Value 
Coconut shells 17–19 MJ/kg 
Almond shells 17–19 MJ/kg 
Peat Pellets 15–18 MJ/kg 
Peat, Germany 15–17 MJ/kg 
Straw (wheat) 15–17 MJ/kg 
Coconut fibers 14–16 MJ/kg 
Rice husks 14–15 MJ/kg 
Coffee roasting residue 9–11 MJ/kg 
Peat, Finland 9–11 MJ/kg 
Bagasse 8–10 MJ/kg 
Peat, Spain 1–3 MJ/kg 
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The following correlations exist for converting energy and power units: 

Table 100: Selected correlations for energy and power units 

Energy  Corresponds to   
Watt hour (Wh) 1  3,600 Joule (J) 
 1  3.6 Kilojoule (kJ) 
 1  0.0036 Megajoule (MJ) 
kilowatt hour (kWh) 1  3,600,000 Joule (J) 
 1  3,600 Kilojoule (kJ) 
 1  3.6 Megajoule (MJ) 
 1  3.6·10-6 Terajoule (TJ) 
Gigawatt hour (GWh) 1  3.6 Terajoule (TJ) 
Terajoule (TJ) 1  277,777.7778 Kilowatt hour (kWh) 
Power     
Watt (W) 1  1 Joule per second (J/s) 
 1  60 Joule per minute (J/min) 
 1  3,600 Joule per hour (J/h) 
Megawatt (MW) 1  1,000,000 Joule per second (J/s) 

Table 101: Selected conversion factors and energy equivalents for Category 3 

WEC* Standard Energy Units equals  
1 tonne of oil equivalent (toe) **  42 GJ (net calorific value) 
1 tonne of coal equivalent (tce)  29.3 GJ (net calorific value) 
Representative Average Conversion Factors   
1 ton of natural gas liquids  45 GJ (net calorific value) 
1,000 standard cubic meter of natural gas  36 GJ (net calorific value) 
1 ton of peat  0.2275 toe 
1 ton of fuelwood  0.3215 toe 
1 kWh (primary energy equivalent)  9.36 MJ 
Electricity   
1 kWh of electricity output  3.6 MJ 
* World Energy Council 
** the ton of oil equivalent currently employed by the International Energy Agency and the 

United Nations Statistics Division is defined as 107 kilocalories, net calorific value 
(equivalent to 41.868 GJ) 
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11.4 Conversion Factors for Liquid and Gaseous Fuels – For Main 
Categories 3 and 5 

Very often, consumption numbers for gasoline and Diesel in transportation or crude oil in the 
energy sector may be given in liters (L).  Further, consumption numbers for gaseous fuels, 
such as natural gas, may be given in cubic meters (m³).  For the Toolkit, these volumes have 
to be converted into tons or heating values; these are provided in Section 11.2.  To assist in 
the use of the Toolkit, mean heating values are also given in this section.  For the purpose of 
the Toolkit: 

1 L of gasoline has a mass of about 0.74 kg; thus, a conversion factor of 0.00074 must be 
used to convert liters of gasoline into tons; 

1 L of (normal) Diesel fuel (for automobiles, trucks, etc.) and/or light fuel oil (including 
heating oil) has a mass of about 0.85 kg; thus, a conversion factor of 0.00085 must be used to 
convert liters of Diesel and/or light fuel oil into tons; 

1 L of heavy duty fuel has a mass of about 0.970 kg; thus, a conversion factor of 0.00097 
must be used to convert liters of heavy duty fuel into tons; 

1 m³ of natural gas has a mass between 0.77 and 0.85 kg; with a mean of 0.8 kg; thus, a 
conversion factor of 0.0008 must be used to convert m³ of natural gas into tons; a conversion 
factor of 0.0000008 must be used to convert liters of natural gas into tons; 

1 m³ of LPG (mixture of propane and butane) has a mass of about 2 kg; thus, a conversion 
factor of 0.002 must be used to convert m³ of LPG into tons and a conversion factor of 
0.000002 must be applied to convert liters of LPG into tons. 
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11.5 Bleaching Sequences – For Main Category 7 

Code letters and chemical formulas for bleaching stages are designated as shown in Table 
102. 

Table 102: Symbols used in bleaching stages 

(Bleaching) Chemical Chemical Formula Code Letter 
Sodium hydroxide NaOH E 
Extraction step using sodium hydroxide with 

subsequent addition of gaseous oxygen or 
hydrogen peroxide as reinforcing agent(s) 

 Eo, Ep 
or E/O, E/P 

Elemental chlorine Cl2 C 
Chlorine dioxide ClO2 D 
Hypochlorite HClO, NaOCl, Ca(OCl)2 H 
Oxygen O2 O 
Hydrogen peroxide H2O2 P 
Sulfur dioxide SO2 S 
Sulfuric acid H2SO4 A 
Ethyldiamine tetra-acetic acid 

(acid stage to remove metals) 
EDTA Q 

Washing step  W 
Ozone O3 Z 

In Europe, sulfite bleaching sequences are: 
EOP-Q-EP-EP (HC) EOP-EP (HC) EOP-Q-EP-EP 

The most common Kraft bleaching sequences in the USA in 1991 (= old technology) were 
based on elemental chlorine and have been as follows (EPA 1995): 
C-E-D-E-D C-E-H-D-E-D 
C-E-H-E-D C-E-H, C-E-H-P 

The ECF bleaching is different for softwood and hardwood.  Normally hardwood requires 
fewer chemicals than softwood to reach a certain brightness, which usually means that the 
number of bleaching stages can be shorter.  Examples for light ECF sequences are 
(DZ)(EOP)D, (DQ)(PO), D(EOP)D(PO), which can be applied for both hardwood and soft-
wood depending on the brightness target 

Nowadays, oxygen delignification has become more and more common followed by bleach-
ing sequences such as (ECF plants): 
D-E-D-E-D D-EOP-D-E-D 
D-E-D-D QP-DQ-PO 

Depending on market demands, some ECF mills have the possibility to produce Totally 
Chlorine Free pulps (TCF).   TCF mills have developed technologies such as: 
Q-E/P-E-P OP-ZQ-PO 
Q-Z-P-E-P OP-Q-PO. 

 


