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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 ug TEQ/t of EDC and 3 pg TEQ/t of EDC with an average of
0.4 ng 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 ng 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=)2 DL). An emission factor of 0.03 ug TEQ/t of PVC has
been derived for wastewaters from modern PVC plants (US EPA 2000, Vinyl Institute 1998).

At EDC/VCM nplants, all samples had quantifiable concentrations with mean values of
0.42 pg TEQ/L (ND=0) and 4.4 pg TEQ/L (ND=% 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 ng TEQ/t of product. For this Toolkit, the mean of 0.5 ng 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.

6.7.2.84 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 pg 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 pg 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 pg 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 ug 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 pug 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 pug 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 (NaOClI,
CIO,, FeCls, AICls, ZnCl,, etc.) or is simply used in the process (TiO,, Si) (SC BAT/BEP
2004). The inorganic chemical manufacturing process of anhydrous magnesium chloride
(MgCly), 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 (TiO,).

There are two processes to manufacture TiO,: 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. TiO, is produced from ores, such as rutile or
ilmenite, which is chlorinated at high temperatures to produce titanium tetrachloride (TiCly),
a stable, distillable liquid. TiCly 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 HCI back to
Cl,. However, such process would be much more expensive compared to the electrolysis of
KCI, 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/Nm? (according to (European) normal conditions of 11 % O,
273.15 K or 0 °C, 101.3 kPa) and 1 ng 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 ef 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
Classification Emission Factor - ug TEQ/TJ | Emission Factor - ug TEQ/m?
of Gas Burned of Gas Burned
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 5S-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:

e 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;

e 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

e 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, efc.)

- 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 — pg 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
(Cl; and Clg). 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 [-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 — pg 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
¢ |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

Crematoria 6.8.2
(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.
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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 — pg 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/Nm? to 3.51 ng [-TEQ/Nm? with
a median of 0.16 ng [-TEQ/Nm? (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 [-TEQ/kg d.m. An emission factor of
0.5 ug I-TEQ/t should be applied if PCP-treated wood is the fuel and an emission factor of
0.1 ng 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/Nm?
can be met (the legal limit in Germany, 27" BImSchV). Emissions from crematoria without
any air pollution controls can range up to 50 ng I-TEQ/Nm? (@11 % O,). 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 m*/h to 10,000 m*/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 — pg 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/Nm® 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/m* with an average of 17.6 ng I-TEQ/m* (@11 % O). These
concentrations would have given an emission factor of 18 ng TEQ/body cremated. Since the
crematory had an afterburner, it would have been classified into class 2 with an emission
factor of 10 pg 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).

UNEP February 2005




168 PCDD/PCDF Toolkit 2005

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 [-TEQ/kg of bottom
ash (UNEP 2001, Fiedler ef 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 | Water | Land | Product Residue
ng/t ng TEQ/kg| ug 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 m*h and produces
about 50 kg product her hour. The flue gas volume will be 6,000 m?/t product. With the
measured data of 1.02 ng TEQ/m? for a smoke house without thermal afterburning and 0.1 ng
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TEQ/m?® 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, efc. — 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 — pg 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

UNEP
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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.

February 2005 UNEP



PCDD/PCDF Toolkit 2005 171

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 [-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
¢ |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 I1I source categories include:

Source category Section in Toolkit

(2) 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 pg 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 m* 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 pg
TEQ/t for domestic waste disposed of in landfills, whereas an emission factor of 50 ug 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 ', 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, efc. 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

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, efc.. 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 pg I-TEQ per ton of sewage sludge (dry matter = d.m.) generated)

Classification Emission Factors
Air Water Land | Product = Residue
pg I-TEQ/L pg TEQ/t d.m.
1. Mixed domestic and industrial inputs | NA 5°¢ NA 1,000
(with chlorine relevance) NA 0.5° NA 1,000
2. Urban environments NA 2° NA 100
NA 0.5" NA 100
3. Remote environments or input control | NA 0.1 NA 10
(and here treatment systems in place)

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 — pg TEQ/m?

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 - pg TEQ/t d.m
Air Water Land Product = Residue
1. All organic fraction NA NA NA 100
. Garden, kitchen wastes NA NA NA 15
3. Green materials from not impacted NA NA NA 5
environments

6.9.4.1 Release to Air

Emissions to air are very low (few pg per m?) 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, efc. 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 pg I-TEQ/kg to 23.1 pg 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
(ug 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.

February 2005 UNEP



PCDD/PCDF Toolkit 2005 185

7 REFERENCES

Annema J.A., J.LE.M. Beurskens, and C.W.M. Bodar (1995): Evaluation of PCB Fluxes in the
Environment, RIVM, Bilthoven, The Netherlands

Beard A., K.P. Naikwadi, and F.W. Karasek (1993): Formation of Polychlorinated Dibenzo-
furans by Chlorination and de novo Reaction with FeCls in Petroleum Refining Industry.
Environ. Sci. Technol. 27, 1505-1512

Béguier S. (2004): Personal communication to H. Fiedler; CITEPA, Paris, France

BImSchV (1990): 17. Verordnung zur Durchfiihrung des Bundesimmissionsschutzgesetzes
vom 23.1.1990 (Verordnung iiber Verbrennungsanlagen fiir Abfélle und @hnliche brennbare
Stoffe - 17. BImSchV). Bundesgesetzblatt Teil I, Jahrgang 1990, 2832. (Ordinance for
waste incinerators, Germany)

BImSchV (1997): 27. Verordnung zur Durchfiihrung des Bundes-Immissionsschutzgesetzes
(Verordnung iiber Anlagen zur Feuerbestattung - 27. BImSchV) vom 19. Mirz 1997. BGBL.
I, S. 545. (Ordinance for crematoria)

Blanco A., C. Negro, C. Monte, E. Fuente, and J. Tijero (2004): The Challenges of
Sustainable Papermaking. Environ. Sci. Technol. 38, 414A-420A

Bramley M. (1998): Dioxins and Hexachlorobenzene Releases from Magnesium Production
in North America: Lessons from Noranda’s Magnola Project in Asbestos, Quebec.
Greenpeace, Canada

BREF (2001a): Integrated Pollution Prevention and Control (IPPC) Reference Document on
Best Available Techniques in the Non Ferrous Metals Industries. December 2001. European
Commission, Technologies for Sustainable Development, European IPPC Bureau, Seville,
Spain

BREF (2001b): Integrated Pollution Prevention and Control (IPPC) - Reference Document on
Best Available Techniques in the Cement and Lime Manufacturing Industries. December
2001. European Commission, Technologies for Sustainable Development, European IPPC
Bureau, Seville, Spain

BREF (2001¢): Integrated Pollution Prevention and Control (IPPC) Reference Document on
Best Available Techniques in the Chlor-Alkali Manufacturing Industry. December 2001.
European Commission, Technologies for Sustainable Development, European IPPC Bureau,
Seville, Spain

BREF (2000a): Integrated Pollution Prevention and Control (IPPC) — Reference Document
on Best Available Techniques in the Pulp and Paper Industry. July 2000. European
Commission, Technologies for Sustainable Development, European IPPC Bureau, Seville,
Spain

UNEP February 2005



186 PCDD/PCDF Toolkit 2005

BREF (2000b): Integrated Pollution Prevention and Control (IPPC) — Reference Document
on Best Available Techniques for Mineral Oil and Gas Refineries. Draft dated February
2000. European Commission, Technologies for Sustainable Development, European IPPC
Bureau, Seville, Spain

BREF (2000c): Integrated Pollution Prevention and Control (IPPC) — Best Available
Techniques Reference Document on the Production of Iron and Steel. March 2000. European
Commission, Technologies for Sustainable Development, European IPPC Bureau, Seville,
Spain

Bremmer H.J., L.M. Troost, G. Kuipers, J. de Konig, and A.A. Sein (1994): Emissions of
Dioxins in the Netherlands, RIVM/TNO, The Netherlands

Broker G., P. Bruckmann, and H. Gliwa (1999): Study of Dioxin Sources in North Rhine-
Westphalia. Chemosphere 38, 1913-1924

BSE (2002): personal communication by Dr. J. Apfel, Badische Stahlwerke Engineering
GmbH, Kehl, Germany

Buckley-Golder D., P. Coleman, M. Davies, K. King, A. Petersen, J. Watterson, M.
Woodfield, H. Fiedler, and A. Hanberg (1999): Compilation of EU Dioxin Exposure and
Health Data. Report produced for European Commission DG Environment and UK
Department of the Environment Transport and the Regions (DETR), October 1999;
URL.: http://europa.eu.int/comm/environment/dioxin/download.htm#Identification%200f%20
relevant%20industrial%20sources%200f%20dioxins%20and%20furans

Butzkamm-Erker R. and R.E. Mach (1990): Neuere Daten iiber Dioxingehalte in Klar-
schlamm. Korrespondenz Abwasser 37, 161-163

CARB (1987): Determination of PCDD and PCDF Emissions from Motor Vehicles.
California Air Resources Board). Draft report, October 1987. Test Report No. C-86-029.

Carroll W.F. (2004): information submitted to H. Fiedler, UNEP Chemicals by Chlorine
Chemistry Council, U.S.A. for EPA TRI data

Carroll W.F. (1996): Is PVC in House Fires the Great Unknown Source of Dioxin? Fire and
Materials 20, 161

Charles Napier (1998): PCDD and PCDF Emission Inventory, Prevention and Control Tech-
nologies in the Iron and Steel Sector, Environment Canada (Napier C.E. and Co, CC Doiron
Associates)

Choong Kwet Yive N.S. (2004): information submitted to H. Fiedler, UNEP Chemicals by
University of Mauritius, Réduit, Mauritius

CITMA/CIGEA (2004): Inventario nacional de fuentes y liberaciones de dioxinas y furanos -
Cuba 2000. Ministerio de Ciencia, Tecnologia y Medio Ambiente - Centro de Informacion,
Gestion y Educacion Ambiental, La Havana, Cuba

COCHILCO (2004): Resumen descriptivo de las tecnologias y operacion de las fundiciones
primarias de concentrados de cobre de Chile. Documento Técnico elaborado por la Comision
Chilena del Cobre en base a la informacion entregada por las fundiciones chilenas

February 2005 UNEP



PCDD/PCDF Toolkit 2005 187

Copper Smelters (2004): Information on processes, raw materials, and recycling of German,
Swedish, and Canadian copper manufacturers is taken, among others, from the following
URLs (accessed in December 2004):

Germany: http://www.na-ag.com/NA_en/rohstoffe frame.html

Sweden: http://www.boliden.com

http://www.noranda.com

CORMA (2004): Standardized Toolkit for Identification and Quantification of Dioxin and
Furan Releases - Comentarios. Information submitted to UNEP Chemicals by Corporacién
Chilena de la Madera A.G., Chile, March — October — November 2004

DEH (2004): Inventory of Dioxin Emissions in Australia — National Dioxins Program,
Technical Report No. 3. Prepared by Kelsey Bawden, Pacific Air & Environment for
Australian Government, Department of Environment and Heritage

DEPR (2003): Department of Environment, Parks and Recreation of the Ministry of
Development, Brunei Darussalam, in: UNEP 2003b

DINAMA (2002): Inventario nacional de liberaciones de dioxinas y furanos — Uruguay
2000. UNEP and DINAMA, Uruguay, Marzo, 2002. Direccion Nacional de Medio
Ambiente of Ministerio de Vivenda, Ordenamiento Territorial y Medio Ambiente, Uruguay

Dumler-Gradl R., H. Thoma, and O. Vierle (1995): Research Program on Dioxin/Furan
Concentration in Chimney Soot from House Heating Systems in the Bavarian Area.
Organohalogen Compd. 24, 115-118

Duo W. and D. Leclerc (2004): Thermodynamic and Kinetic Studies on Dioxin Formation
and Emissions from Power Boilers Burning Salt-Laden Wood Waste. Organohalogen
Compd. 66, 992-1000

Duo W., 1. Karidio, L. Cross, and B. Ericksen (2003): Combustion and Emission
Performance of a Hog Fuel Fluidized Bed Boiler with Addition of Tire Derived Fuel.
FBC2003-016 - Proceedings of FBC2003 — 17" International Fluidized Bed Combustion
Conference, May 18-21, 2003, Jacksonville, FL, USA

and

Paprican Research Report PRR 1625, December 2002, Pointe-Claire, QC, Canada

Dyke P, G. Amendola, and T. Abel (2004): Releases of PCDD/F from U.S. Chemical
Production Facilities. Organohalogen Compd. 66, 959-965

Dyke P.H., M.J. Wenborn, PJ. Coleman, M.J. Woodfield, and C.L. Rose (1997): A Review
of Dioxin Releases to Land and Water in the UK, Environment Agency, R&D Publication 3,
Environment Agency, UK

EAA (2003): personal communication, European Aluminium Association, Brussels, Belgium

EC (1999): Releases of Dioxins and Furans to Land and Water in Europe. Report for
Landesumweltamt Nordrhein-Westfalen, Germany on Behalf of European Commission, CD
Environment, Brussels, Belgium, September 1999

UNEP February 2005



188 PCDD/PCDF Toolkit 2005

EC (1996): 96/211/EC: Commission Decision of 26 February 1996 concerning the
prohibition of pentachlorophenol (PCP) notified by Denmark (Only the Danish text is
authentic) (Text with EEA relevance). Official Journal No. L 068 , 19/03/1996 P. 0032-0040

EMEP (2002): EMEP/CORINAIR Emission Inventory Guidebook - 3rd edition October
2002 UPDATE, Technical report No 30, EEA - European Environment Agency,
Copenhagen, and

EMEP (1999): Emission Inventory Guidebook. September 1999

ENEA/AIB/MATT (2003). Valutazione delle emissioni di inquinanti organici persistenti da
parte dell’industria metallurgica secondaria. Rapporto finale (in Italian language)

Environment Canada and the Federal/Provincial Task Force (1999): Dioxins and Furans and
Hexachlorobenzene. Inventory of Releases. Prepared by Environment Canada and the Fed-
eral/Provincial Task Force on Dioxins and Furans for the Federal Provincial Advisory
Committee for the Canadian Environmental Protection Act (CEPA-FPAC), January 1999

Essers U., O. Hutzinger, and H. Hagenmaier (1992): Untersuchungen zur Emission
halogenierter Dibenzodioxine und Dibenzofurane aus Verbrennungsmotoren beim Betrieb
mit handelsiiblichen Betriebsstoffen. Bericht an das GSF-Forschungszentrum fiir Umwelt und
Gesundheit Miinchen, PT Umwelt und Klimaforschung

EU (2000): Directive 2000/76/EC of the European Parliament and the Council of 4
December 2000 on the incineration of waste. EN Official Journal of the European
Communities 28.12.2000 L 332/91-111

EU (1999): Releases of Dioxins and Furans to Land and Water in Europe. Final Report by
M. Wenborn, K. King, D. Buckley-Golder, and J. Gascon, produced for Landesumweltamt
Nordrhein-Westfalen, Germany on behalf of the European Commission DG Environment,
September 1999

EU SCAN (2000): Opinion of the Scientific Committee on Animal Nutrition on the Dioxin
Contamination of Feedingstuffs and their Contribution to the Contamination of Food of
Animal Origin. European Commission, Health & Consumer Protection Directorate-General,
Directorate C - Scientific Opinions, C3 - Management of scientific committees II; scientific
co-operation and networks. Brussels, Belgium

Fabrellas B., M.L. Ruiz, M. Angeles Martinez , J. Rivera, E. Abad, and P. Sanz (2003):
PCDD/PCDF Emissions in Hot-Dip Galvanising Facilities. Evaluation in the Frame of
Spanish Dioxin Inventory. Organohalogen Compd. 63, 5-8

Fiedler H. (2003): Dioxins and Furans; in: The Handbook of Environmental Chemistry,
Vol. 3, Part O, Persistent Organic Pollutants, pp 125-201. Springer Verlag, Berlin —
Heidelberg 2003

Fiedler H., P. Chareonsong, J. Mayer, and H.-U. Hartenstein (2002): PCDD/PCDF
Emissions from Stationary Sources — First Results from Thailand. Organohalogen Compd.
59,211-214

Fiedler H., H. Rottler, L. Peichl, G. Knetsch, and A. Basler (2000): Concentrations of

PCDD/PCDF in Atmospheric Samples in Germany. Organohalogen Compd. 45, 264-268
and

February 2005 UNEP



PCDD/PCDF Toolkit 2005 189

Fiedler H., O. Hutzinger, G. GaBner, and C. Lau (1996): Ergebnisse und Bewertung der
Analysen auf organische und anorganische Verbindungen. In:  Okosystemares
Biomonitoring-Programm in der Region Biebesheim 1992-1994, pp 134-182, Schriftenreihe
der Hessischen Landesanstalt fiir Umwelt, Heft 193, November 1996 (ISSN 0933-2391,
ISBN 3-89026-203-1)

Fiedler H. (1998): Thermal Formation of PCDD/PCDF - A Survey. Environ. Eng. Sci. 15/1,
49-58

Fiedler H., O. Hutzinger, and C.W. Timms (1990): Dioxins: Sources of Environmental Load
and Human Exposure. Toxicol. Environ. Chem. 29, 157-234

Fisher R., D.R. Anderson, D.T. Wilson, E. Aries, D. Hemfrey, and A.A.T. Fray (2004):
Effect of Chloride on the Formation of PCDD/Fs and WHO-12 PCBs in Iron Ore Sintering.
Organohalogen Compd. 66, 1116-1123

Francois F., M. Blondeel, P. Bernaert, and R. Baert (2004): Diffuse Emissions of PCDD/F
and Dioxin-like PCB from Industrial Sources in the Flemish Region. Organohalogen Compd.
66, 906-912

Gullett B. and A. Touati (2003): PCDD/F from Agricultural Field Burning. Organohalogen
Compd. 56, 135-138

Gullett B.K., P.M. Lemieux, C.C. Lutes, C.K. Winterrowd, and D.L. Winters (1999):
PCDD/F Emissions from Uncontrolled Domestic Waste Burning. Organohalogen Compd.
41, 27-30 (and 157-160)

Gullett, B.K. and J.V. Ryan (1997): On-road Sampling of Diesel Engine Emissions of
Polychlorinated Dibenzo-p-dioxin and Polychlorinated Dibenzofuran. = Organohalogen
Compd. 32, 451-456

Hagenmaier H., P. KrauB}, J. Vatter und M. Walczok (1995): Bedeutung der Dioxin-Eintrage
durch Automobilabgase und Hausfeuerungen. Organohalogen Compd. 22, 49-54

Hagenmaier, H., N. Dawidowsky, U.B. Weber, O. Hutzinger, K.H. Schwind, , H. Thoma, U.
Essers, B. Biihler, and R. Greiner (1990): Emission of Polyhalogenated Dibenzodioxins and
Dibenzofurans from Combustion Engines. Organohalogen Compd. 2, 329-334

Hagenmaier H. (1988): Untersuchungen der Gehalte an polychlorierten Dibenzodioxinen,
polychlorierten  Dibenzofuranen und ausgewéhlten  Chlorkohlenwasserstoffen in
Klarschlammen. Universitdt Tiibingen, Februar 1988.  Report prepared for Federal
Environment Agency, Germany, Report No. 103 03 305

Hansen E. (2001): Substance Flow Analysis for Dioxins in Denmark. Environmental Project
No. 570 2000

HMIP (1995): A Review of Dioxin Emissions in the UK, Her Majesty’s Inspectorate of
Pollution, DOE/HMIP/RR/95/004, UK

Horstmann M. and M.S. McLachlan (1995): Concentrations of Polychlorinated Dibenzo-p-
dioxins (PCDD) and Dibenzofurans (PCDF) in Urban Runoff and Household Wastewaters.
Chemosphere 31, 2887-2896

UNEP February 2005



190 PCDD/PCDF Toolkit 2005

Kim D.-H., Y.-K. Kim, S.-J. Kim, and G. Ok (2003): Estimation of PCDDs, PCDFs and
PAHs Emission from Crematories in Korea. Organohalogen Compd. 63, 9-12

Horstmann M. (1994): Untersuchungen zu nicht-industriellen Quellen von polychlorierten
Dibenzo-p-dioxinen (PCDD) unf polychlorierten Dibenzofuranen (PCDF) in einem
kommunalen Entwiésserungssystem. Ph.D. thesis, University of Bayreuth, Germany, Shaker
Verlag, ISBN 3-8265-0233-7

Horstmann M., M.S. McLachlan, M. Reissinger, and M. Morgenroth (1993a): An
Investigation of PCDD/F Formation during Textile Production and Finishing.
Organohalogen Compd. 11, 417-420

Horstmann, M., M.S. McLachlan, and M. Reissinger (1993b): Further Investigations of the
Sources of PCDD/F in Municipal Sewage Sludge. Organohalogen Compd. 11, 293-296

Horstmann M., M.S. McLachlan, and M. Reissinger (1993c): Investigations of the Origin of
PCDD/F in Municipal Sewage Sludge. Chemosphere 27, 113-120

HSDB (2004):  Hazardous Substances Data Bank; accessible via TOXNET at:
http://toxnet.nlm.nih.gov

Hutzinger O., H. Fiedler, C. Lau, G. Rippen, U. Blotenberg, H. Wesp, S. Sievers, P. Friesel,
B. Gras, T. Reich, U. Schacht, and R. Schworer (1995): Dioxin-Bilanz fiir Hamburg.
Hamburger Umweltberichte 51/95. Freie und Hansestadt Hamburg, Umweltbehorde (eds.),
Hamburg September 1995, ISSN 0179-8510

Hutzinger, O; U. Essers, and H. Hagenmaier (1992): Untersuchungen zur Emission
halogenierter Dibenzodioxine und Dibenzofurane aus Verbrennungsmortoren beim Betrieb
mit handelsiiblichen Betriebsstoffen. Universities of Bayreuth, Stuttgart and Tiibingen,
Germany. GSF-Forschungszentrum, Munich, Germany, ISSN 0937-9932.

Idczak F., S. Petitjean, P. Duchateau, and P. Dengis (2004) : Control of PCDDs/PCDFs,
PCBs & PAHs Emissions in Exhaust of Landfill Gas Fed Engines. Organohalogen Compd.
66, 846-850

Ifeu (1998): Ermittlung von Emissionen und Minderungsmaflnahmen fiir persistente
organische Schadstoffe in der Bundesrepublik Deutschland. Stoffband A: Polychlorierte
Dibenzodioxine und —furane (PCDD/F) und polycyclische aromatische Kohlenwasserstoffe
(PAH). [Ifeu-Institut, Heidelberg, Mirz 1998. Forschungsvorhaben Nr. 104 02 365. Im
Auftrag des Umweltbundesamtes, Berlin

Ikeguchi T. and M. Tanaka (1999): Experimental Study of Dioxin Emission from Open
Burning Simulation of Selected Wastes. Organohalogen Compd. 41, 507-510

ITDI (2003): Industrial Technology Development Institute of the Department of Science and
Technology, the Philippines, in: UNEP 2003b

Kim K.-S., K.-H. Hong, Y.-H. Ko, K.-D. Yoon, and M.-G. Kim (2003): Emission
Characteristics of PCDD/Fs in Diesel Engine with Variable Load Rate. Chemosphere 53,
601-607

Klasmeier J. and M.S. McLachlan (1997): Dioxine und Furane in Textilien und Leder.

Materialien 124, Bayer. Staatsministerium fiir Landesentwicklung und Umweltfragen
(StMLU), Miinchen

February 2005 UNEP



PCDD/PCDF Toolkit 2005 191

Kubica K., P. Dilara, and B. Paradiz (2004): Toxic Emissions from Solid Fuel Combustion
in Small Residential Appliances- CEM 2004, Sixth International Conference on Emission
Monitoring, Milan, Italy, 9-11 June 2004

Kucherenko A., N. Klyuev, S. Yufit, A. Cheleptchikov, and E. Brodskj (2001): Study of
Dioxin Sources in Krasnoyarsk, Russia. Organohalogen Compd. 53, 275-278

Kutz F.W., D.G. Barnes, E.W. Bretthauer, D.P. Bottimore, and H. Greim (1990): The
International Toxicity Equivalency Factor (I-TEF) Method for Estimating Risks Associated
with Exposures to Complex Mixtures of Dioxins and Related Compounds. Toxicol. Environ.
Chem. 26, 99-110

Lassen C., E. Hansen, A.A. Jensen, K. Olendrynski, W. Kolsut, J. Zurek, I. Kargulewics, B.
Debski, J. Skoskiewicz, M. Holtzer, A. Grochowalski, E. Brante, H. Poltimae, T. Kallste,,
and J. Kapturauskas (2003). Survey of Dioxin Sources in the Baltic Region — Extended
Summary. Environ. Sci. & Pollut. Res. 10, 49-56

Lemieux P., B.K. Gullett, C.C. Lutes, C.K. Winterrowd, and D.L. Winters (2003): Variables
Affecting Emissions of PCDDs/Fs from Uncontrolled Combustion of Household Waste in
Barrels. J. Air & Waste Manage. Assoc. 53, 523-531

Liu W., M. Zheng, D. Wang, Y. Xing, X. Zhao, X. Ma, and Y. Qian (2004) Formation of
PCDD/Fs and PCBs in the Process of Production of 1,4-Dichlorobenzene. Chemosphere 57,
1317-1323

LUA (2000): The European Dioxin Emission Inventory — Stage II. Final Report December
2000. Materialien No. 59, Landesumweltamt Nordrhein-Westfalen, Essen, Germany, 2001

LUA (1997): Identification of Relevant Industrial Sources of Dioxins and Furans in Europe.
Materialien No. 43. Landesumweltamt Nordrhein-Westfalen, Essen, Germany, 1997

Mahnke K. and P. Krauss (1996): Burning of Biomass — An Important Source for Global
PCDD/F Immission? Organoholgen Compd. 27, 167-170

Malisch R. (1994): Determination of PCDD/PCDF in PCP-Contaminated Leather Samples.
Organohalogen Compd. 19, 73-76

Marklund, S., C. Rappe, M. Tysklind, and K.E. Egeback (1987): Identification of
Polychlorinated Dibenzofurans and Dioxins in Exhausts from Cars Run on Leaded Gasoline.
Chemosphere 16, 29-36

Masunaga S., T. Takasuga, and J. Nakanishi (2001): Dioxin and Dioxin-like PCB Impurities
in Some Japanese Agrochemical Formulations. Chemosphere 44, 873-885

Mayer R. (1997): Polychlorinated Dibenzo-p-dioxins and Dibenzofurans (PCDD/F) in Wool
and Wool Products. Organohalogen Compd. 32, 278-282

Mehrag A.A. and K. Killham (2003): A Pre-industrial Source of Dioxins and Furans. Nature
421, 909-911

Merk M., K.-W. Schramm, D. Lenoir, B. Henkelmann, and A. Kettrup (1995):

Determination of the PCDD/F Concentration in the Fumes from a PVC Fire. Organoholgen
Compd. 23, 491-494

UNEP February 2005



192 PCDD/PCDF Toolkit 2005

Meyer-Wulf C. (1996): Dioxinemissionen bei der Kupfergewinnung und Massnahmen zu
ihrer Minderung. [In: Dioxine — Vorkommen, Minderungsmassnahmen, Messtechnik. VDI
Berichte 1298, Verein Deutscher Ingenieure, Kommission Reinhaltung der Luft, VDI Verlag
GmbH; Diisseldorf, 1996

MoE Japan (2003): The Ministry of the Environment: Inventory of PCDDs/DFs Emissions
(Emissions Inventory); http://www.env.go.jp/air/report/h15-05/index.html

MoE Jordan (2003): Ministry of Environment, Jordan, in: UNEP 2003b
MoE Lebanon (2003): Ministry of Environment Lebanon, in: UNEP 2003b

Musdalslien U.L.,, P.H. Nokleby, and O. Wallevik (1998): Formation of dioxins from
carbonaceous materials in production of anhydrous magnesium chloride. Organohologen
Compd. 36, 81-84

Napier C.E. and Co, CC Doiron Associates (1998): PCDD and PCDF Emission Inventory,
Prevention and Control Technologies in the Iron and Steel Sector, Environment Canada

NATO/CCMS (1992a): Dioxin Perspectives — A Pilot Study on International Information
Exchange on Dioxins and Related Compounds; Chapter 3.1: Formation of Dioxins and
Related Compounds in Combustion Processes. Edited by E.W. Bretthauer, H.-W. Kraus, and
A. di Domenico; coordinating editors: F.W. Kutz, D.P. Bottimore, O. Hutzinger, H. Fiedler,
and A.E. Radwan. NATO/CCCMS Volume 16, 1992

and

Hutzinger O. and H. Fiedler (1988): Emissions of Dioxins and Related Compounds from
Combustion and Incineration Sources. Pilot Study on International Information Exchange on
Dioxins and Related Compounds, NATO/CCMS Report No. 172

NATO/CCMS (1992b): Dioxin Perspectives — A Pilot Study on International Information
Exchange on Dioxins and Related Compounds; Chapter 3.3: Formation of Dioxins and
Related Compounds in Industrial Processes. Edited by E.W. Bretthauer, H.-W. Kraus, and A.
di Domenico; coordinating editors: F.W. Kutz, D.P. Bottimore, O. Hutzinger, H. Fiedler, and
A.E. Radwan. NATO/CCCMS Volume 16, 1992

and

Hutzinger O. and H. Fiedler (1988): Formation of Dioxins and Related Compounds in
Industrial Processes. Pilot Study on International Information Exchange on Dioxins and
Related Compounds, NATO/CCMS Report No. 173

NATO/CCMS (1988): International Toxicity Equivalency Factor (I-TEF) Method of Risk
Assessment for Complex Mixtures of Dioxins and Related Compounds. Pilot Study on
International Information Exchange on Dioxins and Related Compounds, Report Number
176, August 1988, North Atlantic Treaty Organization, Committee on Challenges of Modern
Society

NEC (1999): Environmental Assessment of Exisitng Industries in Bhutan. Chapter 4.0 —
Cement Industries. National Environment Commission (NEC) of the Kingdom of Bhutan.
http://www.nec.gov.bt/2000/cement_final.pdf

Nijkerk A.A. and W.J. Dalmijn (2001): Handbook of Recycling Techniques. Chapter 11 —
Shredders. Nijkerk Consultancy, The Hague, The Netherlands, 2001

February 2005 UNEP



PCDD/PCDF Toolkit 2005 193

Nordsieck H., R. Peche, and A. Buekens (2001): Modelling PCDD/PCDF Formation in the
Effluent Gas of a Sinter Plant. Organohalogen Compd. 50, 323-327

and further publications from the EU MINIDIP Project by Stieglitz et al., Buekens et al.,
Louw et al.

NZ (2000): New Zealand Inventory of Dioxin Emissions to Air, Land and Water, and
Reservoir Sources. S.J. Buckland, H.K. Ellis, and P.H. Dyke. Organochlorines Programme,
Ministry for the Environment, Wellington, NZ, March 2000

Oehme M., S. Mano, and B. Bjerke (1989): Formation of PCDF and PCDD by Production
Processes for Magnesium and Refined Nickel. Chemosphere 18, 1379-1389

Quass U., T. Pulles, and H. Kok (2004): The DG Environment Project “Dioxin Emissions in
Candidate Countries”: Scope, Approach and First Results. Organohalogen Compd. 66,
864-868

Rappe C., R. Andersson, M. Bonner, K. Cooper, H. Fiedler, F. Howell, and C. Lau (1996):
PCDDs and PCDFs in Samples of Sewage Sludge and Effluent from the State of Mississippi.
Organohalogen Compd. 28, 105-110

Rappe C., R. Andersson, G. Karlaganis, and R. Bonjour (1994): PCDDs and PCDFs in
Samples of Sewage Sludge from Various Areas in Switzerland. Organohalogen Compd. 20,
79-84

Rappe C., L.-O. Kjeller, S.-E. Kulp, C. de Wit, 1. Hasselsten, and O. Palm (1991): Levels,
Profile and Pattern of PCDDs and PCDFs in Samples Related to the Production and Use of
Chlorine. Chemosphere 23, 1629-1636

Roots O. (2001): Persistent Organic Pollutants Control in Estonia, download CPS:
envchem/0107003

Santl H., L. Gruber, and E. Stohrer (1994a): Investigation on the Input, Formation and Fate
of Polychlorinated Dibenzodioxins (PCDDs) and Dibenzofurans (PCDFs) in the Pulp and
Paper Industry. Chemosphere 29, 1987-1994

Santl H., A. Bichlmaier, L. Gruber, and E. Stohrer (1994b): Mass Balance of Polychlorinated
Dibenzofurans (PCDFs) and Polychlorinated Dibenzodioxins (PCDDs) in a Reczcling Paper
Mill. Chemosphere 29, 1633-1639

SAyDS (2004): Inventario nacional de liberaciones de dioxinas y furanos: Argentina —
2001. Ministerio de Salud, Secretaria del Ambiente y Desarrollo Sustentable, Buenos Aires,
Argentina

SC BAT/BEP (2004): Draft Guidelines on Best Available Techniques and Provisional
Guidance on Best Environmental Practices Relevant to Article 5 and Annex C of the
Stockholm Convention on Persistent Organic Pollutants. URL: http://www.pops.int

SCEP (1994): Determination of Requirements to Limit Emissions of Dioxins and Furans -
Report of the Working Group of the Subcommittee Air/Technology of the State Committee
for Emission Protection (SCEP) - Germany

UNEP February 2005



194 PCDD/PCDF Toolkit 2005

Schatowitz B., G. Brandt, F. Gafner, E. Schlumpf, R. Buhler, P. Hasler, and T. Nussbaumer
(1994): Dioxin Emissions from Wood Combustion. Chemosphere 29, 2005-2013

Schleicher O., A.A. Jensen, T. Herrmann, O. Roots, and A. Tordik (2004a): Dioxin Emission
from Two Oil Shale Fired Power Plants in Estonia. Organohalogen Compd. 66, 1635-1641

Schleicher O., A.A. Jensen, O. Roots, T. Herrmann, and A. Tordik (2004b): Dioxin and PAH
Emissions from a Shale Oil Processing Plant in Estonia. Organohalogen Compd. 66,
1642-1648

Schmitz H.-J., P. Behnisch, A. Hagenmaier, H. Hagenmaier, K.W. Bock, and D. Schrenck
(1996): CYP1A1l-Inducing Potency in H4IIE Cells and Chemical Composition of Technical
Mixtures of Polychlorinated Biphenyls. Environ. Toxicol. Pharmacol. 1, 73-79

Schwind, K-H., H. Thoma, O. Hutzinger, N. Dawidowsky, U. Weberuss, and H. Hagenmaier,
U. Buehler, R. Greiner, U. Essers, and E. Bessey (1991): Emission halogenierter
Dibenzodioxine (PXDD) und Dibenzofurane (PXDF) aus Verbrennungsmotoren. UWSF-Z.
Umweltchem. Okotox. 3, 291-298

SEAM (2003): Inventario nacional de liberaciones de dioxinas y furanos: Paraguay 2002.
Secretaria del Medio Ambiente, Asuncion, Paraguay, December 2003

She J. and H. Hagenmaier (1994): PCDDs and PCDFs with Chloralkali Pattern in Soil and
Sludge Samples. Organohalogen Compd. 20, 261-266

Smit A., T.H.P. Leuweink, A.L.J. van der Panne, W. Gebert, H. Lanzerstorfer, H. Riepl, and
K. Hofstadler (1999): Reduction of Dioxin Emissions from Hoogovens Sinter Plant with the
AIRFINE System. Organohalogen Compd. 40, 441-444

Stockholm Convention (2001): Stockholm Convention on Persistent Organic Pollutants
(POPs). UNEP Chemicals, Geneva. Text for download at http://www.pops.int

Stringer R., P. Costner, and P.A. Johnston (1995): PVC Manufacture as a Source of
PCDD/Fs. Organohalogen Compd. 24, 119-123

Toolkit (2003): Standardized Toolkit for Identification and Quantification of Dioxin and
Furan Releases, First edition, May 2003. UNEP Chemicals, Geneva,
http://www.pops.int/documents/guidance/

Toolkit (2001): Standardized Toolkit for Identification and Quantification of Dioxin and
Furan Releases Draft. UNEP Chemicals, Geneva, January 2001

UBA (1997): The European Atmospheric Emission Inventory of Heavy Metals and
Persistent Organic Pollutants for 1990. TNO Institute of Environmental Sciences, Energy
and Process Innovation. Forschungsbericht 104 02 672/03 im Auftrag des
Umweltbundesamtes Berlin, Germany, June 1997

UBAVIE (2000): Stage of the Art in the Production of Secondary Aluminium with Regard to
the IPPC-Directive. Zusammenfassung Monographien, Band 120, Umweltbundesamt Wien,
Austria

February 2005 UNEP



PCDD/PCDF Toolkit 2005 195

Ullmann (1996): Chlorine - Ullmann's Encyclopedia of Industrial Chemistry, Vol. A 6, 399-
481. VCH Verlagsgesellschaft mbH, D-6940 Weinheim, Germany

UNEP (2004a): Sub-regional Workshop “Action Plans for PCBs and Dioxins/Furans under
the Stockholm Convention on POPs”, Siam City Hotel, Bangkok, Thailand, 9-13 July 2004.
http://www.chem.unep.ch/pops/POPs_Inc/proceedings/coverpgs/procovers.htm

UNEP (2004b): Sub-regional Workshop for SADC Countries to Conclude Their PCB
Inventory Project and Receive Training on Action Plans for PCBs, Dioxins and Furans,
Maputo, Mozambique, 8-12 November 2004.
http://www.chem.unep.ch/pops/POPs_Inc/proceedings/coverpgs/procovers.htm

UNEP (2003a): Formation of PCDD and PCDF — an overview. Report prepared by the
Interim Secretariat of the Stockholm Convention on POPs for the First session of the Expert
Group on BAT and BEP, March 10-14, 2003

UNEP (2003b): Asia Dioxin Toolkit Project - National PCDD/PCDF Release Inventories
from Brunei Darussalam, Jordan, Lebanon, Philippines, and Vietnam. UNEP Chemicals,
Geneva

UNEP/GTZ/CONAMA (2004a): Taller sub-regional “Planes de Accion para PCBs y
Dioxinas/Furanos en el Marco del Plan Nacional de Aplicacion del Convenio de Estocolmo”,
Santiago de Chile, Chile, 19-23 de julio de 2004.
http://www.chem.unep.ch/pops/POPs_Inc/proceedings/coverpgs/procovers.htm

UNEP/PCD/BMZ/BMU/UBA/GTZ (2002): Presentation of the PCD/UNEP/GTZ Inventory
in Thailand by Ms. Mingquan Wichayarangsaridh, Thailand, pp. 78-85. In: National action
on measures to reduce or eliminate the releases of by-products from unintentional production
as requested by the Stockholm Convention on POPs (Article 5 and Annex C). Proceedings of
the Regional Workshop, March 13-15, 2002, Bangkok, Thailand; prepared jointly by
Government of the Kingdom of Thailand, UNEP Chemicals, Government of the Federal
Republic of Germany

UNEP (2001): Thailand Dioxin Sampling and Analysis Program. UNEP Chemicals,
Geneva, September 2001. Full report for download at UNEP Chemicals’s Web Page:
http://www.chem.unep.ch/pops/newlayout/repdocs.html

UNEP (1999): Dioxin and Furan Inventories, National and Regional Emissions of
PCDD/PCDF, UNEP Chemicals, Geneva, Switzerland

US-EPA (2004): Dioxin Data. Reports of PCDD/PCDF releases under TRI (Toxics Release
Inventory). http://www.trifacts.org/dioxin_data/index.html

US-EPA (2000): Exposure and Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-
p-dioxin (TCDD) and Related Compounds. PartI: Estimating Exposure to Dioxin-Like
Compounds — Volume 2: Sources of Dioxin-Like Compounds in the United States.
EPA/600/P-00/001Bb, September 2000. Draft Final Report. = www.epa.gov.ncea,
Washington, D.C., USA

US-EPA (1998a): The Inventory of Sources of Dioxin in the United States - REVIEW
DRAFT - EPA/600/P-98/002Aa, Washington, D.C., USA

UNEP February 2005



196 PCDD/PCDF Toolkit 2005

US-EPA (1998b): EPA Office of Compliance Sector Notebook Project: Profile of the Metal
Casting Industry. October 1998. U.S. Environmental Protection Agency, Washington, DC,
USA

US-EPA (1997a): Evaluation of Emissions from the Open Burning of Household Waste in
Barrels - EPA/600/P-97/134a, Research Triangle Park, NC, USA

US-EPA (1997b): Sector Notebook Project Textile Industry. EPN3 10-R-97-009, EPA
Office of Compliance Sector Notebook Project, September 1997

van Leeuwen F.X.R. and M. Younes (1998): WHO Revises the Tolerable Daily Intake (TDI)
for Dioxins. Organohalogen Compd. 38, 295-298

van Oss, H.G. (1997): Cement.
http://minerals.usgs.gov/minerals/pubs/commodity/cement/170497.pdf

Vikelsoe J. and E. Johansen (2000): Estimation of Dioxin Emissions from Fires in
Chemicals. Chemosphere 40, 165-175

WBCSD (2004): Draft - Formation and Release of POP's in the Cement Industry. World
Business Council for Sustainable Development. Cement Sustainable Initiative, Geneva,
Switzerland, 31 March 2004

WEC (2004): World Energy Council, London. Information on oil shale accessed in
September 2004 at
http://www.worldenergy.org/wec-geis/publications/reports/ser/shale/shale.asp

Wichmann, H., W. Lorenz, and M. Bahadir (1995): Release of PCDD/F and PAH during
Vehicle Fires in Traffic Tunnels. Chemosphere 31, 2755-2766

Wong A.S., W.J. Luksemburg, M.M. Maier, H. Zhou, J. Gao, and Y. Xu (2004):
Environmental Assessment of Dioxins in China: Current Status, Difficulties and Future
Outlooks. Workshop on Environmental and Health Effects of Persistent Toxic Substances,
Hong Kong Baptist University, Hong Kong, 16 November 2004

Wunderli S., M. Zennegg, 1.S. Dolezal, D. Noger, and P. Hasler (1996): Levels and
Congener Pattern of PCDD/PCDF in Fly and Bottom Ash from Waste Wood and Natural
Wood Burned in Small to Medium Sized Wood Firing Facilities in Switzerland.
Organohalogen Compd. 27, 231-236

Xu Y., Q. Zhanfg, W. Wu, and W. Li (2000): Patterns and Levels of PCDD/F in a Chinese
Graphite Electrode Sludge. Chinese Science Bulletin 45, 1471-1475

Zheng M.-H., Z.-C. Bao, B. Zhang, and X.-B. Xu (2001): Polychlorinated Dibenzo-p-dioxins
and Dibenzofurans in Paper Making from a Pulp Mill in China. Chemosphere 44, 1335-1337

Zheng M.-H., Z.-C. Bao, K.-O. Wang, and X.-B. Xu (1997): Levels of PCDDs and PCDFs
in the Bleached Pulp from Chinese Pulp and Paper Industry. Bull. Environ. Contamin.
Toxicol. 59, 90-93

February 2005 UNEP



PCDD/PCDF Toolkit 2005 197

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 pug 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 Potential Release Route (ug TEQ/t)
Residues
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
High tech. combustion, sophisticated
4 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
High tech. combustion, sophisticated
4 APCS 0.75 NA [NA 30
c Medical waste incineration
Uncontrolled batch combustion, no
1 APCS 40,000 NA [NA 200
Controlled, batch, no or minimal
2 APCS 3,000 NA [NA 20
3 |Controlled, batch comb., good APCS 525 NA |NA 920|ND
High tech, continuous, sophisticated
4 APCS 1 NA [NA 150
d Light fraction shredder waste incineration
1 Uncontrolled batch comb., no APCS 1,000 NA |NA ND ND
Controlled, batch, no or minimal
2 APCS 50 NA [NA ND ND
High tech, continuous, sophisticated
3 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 Waste wood and waste biomass incineration
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
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Table 81: Emission Factors for Category 2 — Ferrous and Non-ferrous Metal Production
Sub-categories Potential Release Route (ug TEQ/t)
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 3IND 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 SIND NA  [NA 300
4 Smelting and casting of Cu/Cu alloys 0.03(ND NA [NA ND
5 Prim. Cu, \yell-controlled, with some secondary 0.01IND NA  INa ND
feed materials
6 Pure prim. Cu smelters with no secondary feed ND ND NA [NA NA
e Aluminum production
| Rrocessmg scrap Al, minimal treatment of inputs, 150IND NA  INa 200
simple dust removal
2 Scrap treatment, well controlled, good APCS 35|ND NA NA 400
3 .Sc.rap'treatment, well-controlled, fabric filter, lime sInD NA NA 100
injection
4 Optimized proces for PCDD/PPCDF abatement 0.5|ND NA [NA 100
5 Shavings/turnings drying (simple plants) 5.0|INA NA [NA NA
6 TheTmal de-oiling, rotary furnaces, afterburners, 03lNA NA NA NA
fabric filters
7 Pure primary Al plants ND NA NA [NA ND
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Table 81: Emission Factors for Category 2 — Ferrous and Non-ferrous Metal Production
(cont’d.)
Sub-categories Potential Release Route (ug TEQ/t)
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/CI2 free scrap, some APCS 8|ND NA [NA 5
Sec. Lead, PVC/CI2 free scrap in modern furnaces,
3 with scrubber 0.5IND 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 5IND NA [NA ND
4 Melting (only) 0.3IND 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
1 Magnesium production
| Using MgO/C thermal treatment in C12, no effluent 250] 9.000[na  |ND 0
treatment, poor APCS
) Using MgO/.C therma.l treatment in C12, 50 2alna D 9,000
comprehensive pollution control
3 Thermal reduction process 3IND 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 2IND ND [ND ND
1 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., 33D NA ND ND
afterburner
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Table 82: Emission Factors for Category 3 — Power and Heat Genreation
Sub-categories Potential Release Route (ng TEQ/TJ)
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 2.5IND NA NA ND
4 |Shale oil fired power plants 1.5IND NA NA ND
5 |Light fuel oil/natural gas fired power boilers 0.5|IND 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 S0|ND NA NA 15
c Landfill and biogas combustion
| Biogas—./landﬁll gas fired boilers, motors/turbines ’IND NA NA NA
and flaring
ng TEQ/kg
d Household heating and cooking - Biomass 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 8 Z]ig/kg
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 1.5IND NA NA NA
Table 83: Emission Factors for Category 4 — Production of Mineral Products
Sub-categories Potential Release Route (ng TEQ/t)
Cat. | Subcat.| Class Air | Water | Land | Products | Residues
4 Production of Mineral Products
a Cement kilns
1 |Shaft kilns SINA NA |ND ND
2 |Old wet kilns, ESP temperature >300 °C 5|NA ND |ND NA
3 |Wetkilns, ESP/FF temperature 200 to 300 °C 0.6|NA ND |ND NA
Wet kilns, ESP/FF temperature <200 °C and all types of dry
4 kilns with preheater/precalciner, T<200 °C 0.05|NA NDIND 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|INA 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|INA 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 Qil shale processing
1 |Thermal fractionation ND ND ND |ND ND
2 |Oil shale pyrolysis 0.003|NA ND 0.07 2
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Table 84: Emission Factors for Category 5 — Transport
Sub-categories Potential Release Route (ug TEQ/t)
Cat. | Subcat. | Class Air | Water | Land | Products| Residues
5 Transport
a 4-Stroke engines
1 Leaded fuel 2.2INA NA |[NA NA
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
¢ Diesel engines
1  |Diesel engines 0.1]NA NA |NA ND
d Heavy oil fired engines
1 All types 4INA NA |[NA ND
Table 85: Emission Factors for Category 6 — Open Burning Processes
Sub-categories Potential Release Route (ug TEQ/t)
Cat. | Subcat.| Class Air | Water| Land | Products Residues
6 Uncontrolled Combustion Processes
a Fires/burnings - biomass
1 Forest fires S5IND 4INA ND
2 Grassland and moor fires 5IND 4INA ND
3 Agrlcultl.lral res@ug burning (in field), impacted, poor 30|ND T IS ND
combustion conditions
4 Agricultural residue burning (in field), not impacted 0.5|ND 10INA 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 18INA 18
5 Open burning of wood (construction/demolition) 60|ND 10|NA 10
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Table 86: Emission Factors for Category 7 — Production and Use of Chemicals and
Consumer Goods
Sub-categories Potential Release Route (ug TEQ/t)
Cat. | Subcat.| Class Air Water Land Products Residues
. 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, CI2 gas, non-wood fibers, impacted ND 30|ND
2 |Kraft process, old technology (CI2 ) 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 (C102) 0.06 0.5 0.2
6 |Sulfite papers, new technology (C102, 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 3IND
b Chemical industry
PCP
1 European, American production (chlorination of phenol with 2,000,000
CI2)
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 39IND
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
[ Petroleum refineries
1 |All types (flares) (ug TEQ/TJ) ** §INA 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
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Table 87: Emission Factors for Category 8 — Miscellaneous
Sub-categories Potential Release Route (ug TEQ/t)
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 S0|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
Table 88: Emission Factors for Category 9 — Disposal / Landfill
Sub-categories Potential Release Route (ug TEQ/t)
Cat. Subcat. | Class Air Water Land | Products Residues
9 Disposal/Landfill ug TEQ/m? pg TEQ/m?
a Landfill leachate
1 Hazardous waste * NA 0.2INA 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 0.005INA  |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 SINA
e Waste oil disposal
1 All fractions ND |ND ND |ND ND
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Table 89: Emission Factors for Category 10 — Identification of Hot Spots
Sub-categories Product
Cat. | Subcat. | Class (ug TEQ/Y)
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

Dat
the above sender not later than (Date)
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Questionnaire 1:

Category 1 - Waste Incineration

Type of Plant

Municipal solid waste
Industrial waste

Hospital waste

Light shredder

Sewage sludge

Waste wood and waste biomass
Animal carcasses

e B e B M M |

Name of Plant

Location (City/Province)

Address

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

Number of Furnaces

Type of Operation

Batch (e.g., 100 kg per batch)
Semi-continuous (e.g., 8 hours per day)
Continuous (24 hours per day)

— — —

—

Annual Operational/Capacity
(per Unit)

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)
t/a (tons per year)

Annual Operation/Capacity
(total)

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)
t/a (tons per year)

Type of Furnace

Mass burn waterwall (grate)
Fluidized bed

Stoker

Rotary kiln

Other (please specify)

Temperature in Furnace

Main furnace (°C)
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

Type of Air Pollution
Control System (APCS)

Lo B e B s W s W s W s B s M s B s B s B |
[y Ny S ST T T T Yy STy Sy |

Other (please specity)

None [ ]
Heat Recovery System Yes [ ] \ No [ ]
Temperature of Gases Atentry to APCS (°C) [ ]| Atexit from APCS (°C) [ ]
Flux of Exit Gases (m3/h) (dry gas)
Residues Disposal of these Residues
Generation of Bottom Ashes ta [ ] Recirculation [ ] Landfill [ ]
Generation of Fly Ashes ta [ ] Recirculation [ ] | Landfill [ ]
Generation of (Waste)Water ta [ ] 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 (ug 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 [ ]
Type of Plant Lead Primary [ ] Secondary [ ]
Zinc [ ]
Brass/Bronze Primary [ ] | Secondary [ ]
Magnesium [ ]
Other non-ferrous metal Primary [ ] | Secondary [ ]
Shredder [ ]
Other Primary [ ] | Secondary [ ]
Address
Contact
(Name, position, phone and fax
numbers, e-mail)
Number of Furnaces
Batch (e.g., 100 kg per batch) [ ]
Type of Operation Semi-continuous (e.g., 8 hours per day) [ ]
Continuous (24 hours per day) [ ]
t/h (tons per hour)
h/d (hours per day)
Annual Operational/Capacity d/w (days per week)
. t/d (tons per day)
(per Unit) d/a (days per year)
h/a (hours per year)
t/a (tons per year)
t/h (tons per hour)
h/d (hours per day)
Annual Operation/Capacity d/w (days per week)
(total) t/d (tons per day)
d/a (days per year)
h/a (hours per year)
t/a (tons per year)
Blast furnace
Induction furnace
Electric arc furnace (EAF)
Type of Furnace Cowper
Rotary kiln
Reverberatory
Other (please specity)
Temperature in Furnace Main furnace (°C)
Second chamber/afterburner (°C)
Primary Fuel Type t/a
Secondary/Alternative Fuel Type t/a or %
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Type of Air Pollution
Control System (APCS)

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

L B B e B s B e T e B e T s B s e W |
e e e e e e e e e )

Other (please specity)

None [ ]
Heat Recovery System Yes [ ] No [ ]
Temperature of Gases Atentry to APCS (°C) [ ] | Atexitfrom APCS (°C) [ ]
Flux of Exit Gases (m3/h) (dry gas)

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

Emission Factor (ug TEQ/t)

Class Air Water Land Product Residues
Annual Release (g TEQ/a)
Annual Activity (t/a) Air Water Land Product Residues

UNEP
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Questionnaire 3:

Category 3 — Power Generation and Heating

Power plants

Coal

Lignite
Bituminous coal
Anthracite
Other

—

Sy Y By S [ —

Wood

Fuel oils

Natural gas

Landfill gas

Sewer gas

e f— J— — —

Biomass (please specify)

units

Industrial Combustion units (small) or domestic

heating and cooking

Type of Plant

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

e e e

et o e e

Other (please specify)

Address

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

Number of furnaces/boilers

Type of Operation

Batch (e.g., 100 kg per batch)
Semi-continuous (e.g., 8 hours per day)
Continuous (24 hours per day)

— ——

—_— e —

Annual Operation/Capacity (per
Unit)

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)

t/a (tons per year) or TJ/a (Terajoule per year)

Annual Operation/Capacity
(total)

d/a (days per year)
h/a (hours per year)
TJ/a (Terajoule per year)

Type of Furnace/Combustor
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Flare

Turbine (internal gas)
Combustion engine (internal)
Other (please specify)

Temperature in Furnace

Main furnace (°C)
Second chamber/afterburner (°C)

Type of Abatement Pollution
Control System (APCS)

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)

None

[ B W e B e W e B e W e B e W e M e |
e e e e e e e e e

—
—

Heat Recovery System

Yes

No [ ]

Temperature of Gases

Atentry to APCS (°C) [ ]

At exit from APCS (°C) [ ]

Flux of Exit Gases

(m*/h) (dry gas)

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

Emission Factor (ug TEQ/t)

Class Air Water Land Product Residues
Annual Release (g TEQ/a)
Annual Activity (t/a) Air Water Land Product Residues

UNEP
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Questionnaire 4: Category 4 — Mineral Production
Cement [ ]
Lime [ ]
Brick [ ]
Type of Plant Glass [ ]
Ceramics [ ]
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) [
Type of Operation Semi-continuous (e.g., 8 hours per day) [
Continuous (24 hours per day) [
t/h (tons per hour)
h/d (hours per day)
Annual Operational/Capacity d/w (days per week)
(per Unit) t/d (tons per day)
P d/a (days per year)
h/a (hours per year)
t/a (tons per year)
t/h (tons per hour)
h/d (hours per day)
Annual Operation/Capacity d/w (days per week)
(total) t/d (tons per day)
d/a (days per year)
h/a (hours per year)
t/a (tons per year)
Rotary kiln
Shaft kiln
Type of Furnace Tunnel furnace
Other (please specity)

Temperature in Furnace

Main furnace (°C)

Second chamber/afterburner (°C)
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Type of Air Pollution Control
System (APCS)

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

L B B e B s B e I e B e T e B s e W s |
e e e e e e e e e )

Other (please specity)

None [ ]
Heat Recovery System Yes [ ] No [ ]
Temperature of Gases Atentry to APCS (°C) [ ] | Atexit 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 (ug TEQ/t)

Class Air Water Land Product Residues
Annual Release (g TEQ/a)
Annual Activity (t/a) Air Water Land Product Residues

UNEP
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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 (ug 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

UNEP
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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, | Amount of biomass Area burned per Amount of biomass
sugarcane, efc. per hectare burned hectare and year burned in tons per
(t/ha) (ha/a) 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
®
Type of source Amount of waste Number of Amount of waste
burned per capita (t/a) inhabitants 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 Number of vehicles burned per
year (No/a) 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 (ug 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

Chemical Industry: Ethylene dichloride [ ]
Type of Plant PVC [ ]
Pesticides (PCP, 2,4,5-T, 2,4-D) [ ]
Production of chlorine gas [ ]
(graphite electrodes)
Production of chlorinated inorganics
Petroleum industry refineries [ ]
Address
Contact

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

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

Bleaching

Chemical (Yes/No)
Bleaching sequence(s)

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

Fixed-bed [ ]

Type of Process Fluidized bed [ ]
Other [ ]

Batch (e.g., 100 kg per batch) [ ]

Type of Operation Semi-continuous (e.g., 8 hours per day) [ ]
[ ]

Continuous (24 hours per day)

t/h (tons per hour)
h/d (hours per day)
Annual Operation/Capacity d/w (days per week)
(per Unit) t/d (tons per day)
d/a (days per year)
h/a (hours per year)
t/a (tons per year)
t/h (tons per hour)
h/d (hours per day)
Annual Operation/Capacity d/w (days per week)
(total) t/d (tons per day)
d/a (days per year)
h/a (hours per year)
t/a (tons per year)
Operation/ Production (°O)
Temperature
Water discharge (L/h, m?/a)
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Water treatment

Settling pond

Aerated lagoon
Secondary treatment
Tertiary Treatment
Others (please specify)

— — ———

Sludge generation

t/a (tons per year)

Sludge disposal

Landfill (t/a)

Land farming (t/a)

On-site (t/a)

Incineration (t/a)

Others (please specify) (t/a)

Type of Air Pollution Control
System (APCS)

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)
None

[ B e W s W e W e W e W e W e W e B |
[y Ry S S T ST ST ST ST N —|

[ ]

Temperature of Gases

Atentry to APCS (°C) [ ]

At exit from APCS (°C)[ ]

Flux of Exit Gases

(m*h) (dry gas)

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

Emission Factor (ug 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 Potential Release Route (ug TEQ/t) | Production Annual release
Catpubcaf Class Air |Water] Land ProductResidue t/a ¢ TEQ/a | g TEQ/a] g TEQ/a|g TEQ/a] g TEQ/a
6 Uncontrolled Combustion Residues
Processes Air Water Land |Products
a Fires/burnings - biomass 932,748] 22.413 (1} 8.504 0 0
1 [Forest fires 5|{ND 4INA ND 259,440 1.297 1.038]
2 |Grassland and moor fires 5IND 4INA ND 183,233 0.916 0.733
3 [Agriculwral residue burning (in 0.5|ND 10]NA  [ND 0.000 0.000
field), not impacted
Agricultural residue burning (in
4 [field), impacted, poor combustion 30|ND 10|NA ND 673,308 20.199 6.733
conditions
b Fires, waste burning, landfill 48,478| 14.879 0 0.000] 0 28.584
fires, industrial fires, accidental
fires
1 [Landfill fires 1,000|]ND |NA |NA ND 1 0.001
y |Accidental fires in houses, 400|ND  [See redNA 400 2515|  1.006 1.006
factories (per event)
3 |Uncontrolled domestic waste
burning 300|ND  See re{NA 600 45,963 13.789 27.578
4 |Accidental fires in vehicles (per
vehicle) 94|IND |See reNA 18 887 0.083 0.016
5 |Open burning of wood 60|ND |ND  |NA 10 0.000 0.000
(construction/demolition)
6 37.291 0 8.504 0 28.584

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 350 | O 0 0 0.023
2 |Ferrous and non-ferrous metal production 1.52 | 003 | O 0 0
3 |Power generation and heating 310 | O 0 0 0.6
4 |Production of mineral products 1.07] 0 0 0 0.06
5 |Transportation 037 ] 0 0 0 0
6 |Open burning 61.1 0 8.50] 0 76.2
7 Production/use of chemicals and consumer 0 0 0 0.0002
goods
8 |Miscellaneous 003 ] 0 0 0.221 0
9 |Disposal/Landfilling 0 0.17 ] 0 0 0
1-9 |Total 70.7 ] 0.2 85 | 0.22 76.3
Grand Total 156
February 2005 UNEP
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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/PCDEF. 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-C14DD 1 1
1,2,3,7,8-ClsDD 0.5 1
1,2,3,4,7,8-ClsDD 0.1 0.1
1,2,3,7,8,9-ClsDD 0.1 0.1
1,2,3,6,7,8-ClsDD 0.1 0.1
1,2,3,4,6,7,8-Cl;DD 0.01 0.01
CIsDD 0.001 0.0001
2,3,7,8-CI4DF 0.1 0.1
1,2,3,7,8-ClsDF 0.05 0.05
2,3,4,7,8-ClsDF 0.5 0.5
1,2,3,4,7,8-ClsDF 0.1 0.1
1,2,3,7,8,9-ClsDF 0.1 0.1
1,2,3,6,7,8-CIlsDF 0.1 0.1
2,3,4,6,7,8-ClsDF 0.1 0.1
1,2,3,4,6,7,8-Cl;DF 0.01 0.01
1,2,3,4,7,8,9-C1;DF 0.01 0.01
CIsDF 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.

UNEP
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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

Nm?3

Rm? in Canada:

Sm?in U.S.A.;

February 2005

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

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): Nm?® 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.

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.

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 89 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 4043 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

UNEP
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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 4449 MJ/kg
Natural gas class L 40-45 Ml/kg
Natural gas, The Netherlands 3844 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 Ml/kg
Peat Pellets 15-18 MJ/kg
Peat, Germany 15-17 Ml/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° 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 (m?). 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 m® 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 m* of natural gas into tons; a conversion
factor of 0.0000008 must be used to convert liters of natural gas into tons;

1 m* 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 m*> 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 Eo, Ep
subsequent addition of gaseous oxygen or or E/O, E/P
hydrogen peroxide as reinforcing agent(s)
Elemental chlorine Cl, C
Chlorine dioxide ClO, D
Hypochlorite HCIO, NaOCl, Ca(OCl), H
Oxygen 0O, O
Hydrogen peroxide H,0, P
Sulfur dioxide SO, S
Sulfuric acid H,SOq, A
Ethyldiamine tetra-acetic acid EDTA Q
(acid stage to remove metals)
Washing step w
Ozone O3 V4

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.
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