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1. Introduction, purpose and scope

1.1. Introduction and purpose

Incinerators are usually considered as sources of Persistent Organic Pollutants (POPs). Indeed, POPs, such as Polychlorinated Dibenzo-p-dioxines and –furans (PCDD/PCDFs) as well as Polychlorinated Biphenyls (PCBs), are unintentionally formed in the incinerator and found in the output.

The incinerated waste, however, also contains a range of POPs that are destroyed during incineration. 

The purpose of this study is to establish a pragmatic methodology to compare the amount of POPs, toxicity weighed, in the input waste with the one in the overall output (flue gas, water, solid residues). This will allow to decide if an incinerator is a net POP-toxicity sink or source. 

The methodology will be applied to 3 scenarios:

· Scenario 1: A BAT compliant hazardous waste incinerator

· Scenario 2: A BAT compliant MSW incinerator

· Scenario 3: A BAT compliant MSW incinerator co-combusting non hazardous industrial waste
1.2. Scope
Waste may contain a variety of toxic substances. This study is limited to the following groups of pollutants:

POPs considered by the Stockholm convention (May 2004)

· Polychlorinated Biphenyls (PCBs) and unintentionally produced PCBs

· Polychlorinated dibenzo-p-dioxines (PCDDs) and polychlorinated dibenzofurans (PCDFs)

· The pesticides aldrin, chlordane, dieldrin, endrin, heptachlor, hexachlorobenzene (HCB), mirex, toxaphene and 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (DDT)

POPS considered by the Basel convention (May 1992) but not by the Stockholm convention:

· Polychlorinated terphenyls (PCTs)

· Polybrominated biphenyls (PBBs )
Toxic substances analysed for by Greenpeace in Belgian Housedust

From 2000 on, Greenpeace published several reports on the presence of pollutants in house dust samples collected in European homes and offices. The following groups of toxic substances were determined:

· Alkylphenols

· Phtalate esters

· Brominated Flame Retardants (BFR)

· Organotins

· Short-chain chlorinated paraffins (SCCP)

In addition to hazardous waste and MSW, special attention will be given to the presence of the above mentioned POPs and toxic substances in plastic Waste of Electrical and Electronic Equipment (WEEE) and in Automotive Shredder Residues (ASR)

1.3. Assumptions 

The proposed methodology to compare the amount of POPs (toxicity weighed) in the in- and output of waste incinerators makes use of the formulae (1) and (2) and is based on 3 major assumptions as shown in Figure 1. 
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Figure 1: Schematic representation of the assumptions and limitations of this study

Each of the assumptions made is an approximation and, as mentioned, several limitations exist. The methodology must therefore be considered as a pragmatic attempt to give an answer to the question “Waste Incinerators: POP-toxicity Sink or Source”, based on actually available data, that reflects as much as possible today’s state-of-the-art.

The assumption that the concentration of the POPs in the output fractions is independent of the concentration of the POPs in the incinerated waste is supported by the analysis of the isomer and congener distributions of PCDD/Fs and PCBs. This so-called “chemical fingerprint” can link the presence of PCDD/PCDFs to a specific source. Abad et al. [2000,2002] carried out fingerprint analysis on the incoming waste and on the different output fractions of a Spanish BAT compliant MSW incinerator. The fingerprints of the output fractions presented great similarities, with a typical (PCDF/(PCDD ratio of about 3:1. In contrast, the MSW profiles were characterized by a significantly different isomer and congener distribution and a (PCDF/(PCDD ratio of about 1:1. These differences confirm that the PCDDs and PCDFs from the waste are thermally destroyed, but that other dioxins and furans are formed during the cooling of gases by the so called “de novo synthesis”[Everaert and Baeyens 2004; Abad et al.2002].

For the calculation of the POP-toxicity of the output of waste incinerators, it is assumed in the present study that all the incoming POPs are destroyed and that during the cooling of the flue gas PCDD/Fs and PCBs are formed and released into the air and into the flue gas cleaning residues.

2. Elaboration of a methodology

2.1. Introduction

To quantitatively compare the toxicity weighed POP masses in the input and output of a waste incinerator use is made of a “toxicity factor” by which the POP mass can be multiplied to obtain a “toxicity weighed POP mass” as shown in equations (1) and (2).

The elaborated methodology is based on the “Human Health Risk Assessment”, which is often used as a standard methodology to identify, quantify and evaluate health risks of toxic substances such as POPs. 

More information about human health risk assessment can be found in annex 4.

2.2. Selection of the “toxicity factor”

2.2.1 Selection of health effects

Abundant information on a variety of health effects has been published for most of the POPs and toxic substances mentioned in chapter 1. In annex 5, the most sensitive (effects that occur at the lowest dose) and the most examined health effects are summarized for each POP and toxic substance within the scope of this study.

It appears that, even though most of the POPs belong to the group of halogenated organic compounds, they do not necessarily provoke the same health effects, which makes it difficult to compare their toxicity. Furthermore, it is difficult to quantify the severity of the different health effects. (Is, for instance, the suppression of the immune system, making the exposed person more vulnerable to infections, a more or less severe effect than the development of a learning disability?)

Because of the variety of health effects within and the problem of effect quantification, the toxicity of the POPs will be based on the dose-response relationship for the most sensitive effect for each POP. An overview of the most sensitive health effects is given in annex 6.
2.2.2. Dose-response relationship
 for non-carcinogenic effects

The key assumption for non-carcinogenic toxic substances is that there exists an exposure threshold: any exposure below the threshold would be expected to show no increase in adverse effects above natural background rates [Masters G.M. 1991]. 

For obvious ethical reasons, the dose-response relationship is quantified by means of scientific studies on laboratory animals, not on humans. In such studies, a well known dose of the examined toxic substance is once (acute) or repeatedly (chronic) administered (oral, by means of inhalation or dermal) to a statistically large enough group of animals. Another group of animals, the control group, is treated in the same way without administration of the toxic substance. The animals of the test group are then regularly examined for adverse health effects such as altered antibody levels, changes in body weight, histological changes, changes in specific hormone levels, … compared to the animals in the control group. In this way, it is attempted to establish the lowest dose that still generates a significant health effect in the test group of laboratory animals. This dose, mostly expressed in mg/kgbody weight.day, is referred to as the Lowest Observed Adverse Effect Level (LOAEL). The LOAEL is further used to estimate a No Observed Adverse Effect Level (NOAEL), by dividing it by an uncertainty factor that is mostly of the order of magnitude of 10.  In the absence of contrary evidence, it is assumed that humans are more sensitive to the effects of toxic substances than animals.  The NOAEL applicable to the laboratory animals is therefore again divided by an uncertainty factor for the extrapolation from animals to humans. Because of the proven variability in sensitiveness in humans, the derived NOAEL applicable to humans is again divided by a third uncertainty factor. 

The eventual derived dose, which is assumed to cause no adverse health effects to humans most sensitive to such chemical-induced effects, may be up to 1000 times below the doses shown nontoxic in laboratory animals.

Several organizations have derived what could be called “minimal risk doses (MRD)” for humans, expressed in mg/kgbody weight.day and based on reliable scientific data from dose response studies. The World Health Organization (WHO) has derived TDI-values (Tolerable Daily Intake) for chronic oral exposure to some of the POPs in the scope of this study. The US Agency for Toxic Substances and Disease Registry (ATSDR) has derived Minimal Risk Levels (MRLs) for acute and chronic oral and inhalation exposure. The EPA has derived oral reference doses (RfD) for chronic oral exposure.

The American Conference of Governmental Industrial Hygienists (ACGIH) has derived Threshold Limit Values (TLV) for occupational inhalation exposure. Annex 8 gives a non-exhaustive overview of the available toxicological indices for the POPS and toxic substances within the scope of this study.

2.2.3. Dose-response relationship for carcinogenic effects

For carcinogenic effects it is assumed that no threshold exposure exists.  There exist many mathematical models to extrapolate from the high doses administered to test animals to the low doses to which humans are likely to be exposed. 

In the “one-hit model” e.g. it is assumed that a single chemical hit is capable of inducing a tumor. In this model, the lifetime probability of cancer due to a single exposure to a carcinogen is linearly related to the dose. In the “multistage model” it is assumed that tumors are the result of a sequence of biological events. At low doses, the multistage model also produces a linear relationship between cancer risk and dose.

The slope of the dose response curve at low doses is called the potency factor, expressed in (mg/kgbody weight.day)-1. The lifetime risk is given by the product of the dose and the potency factor. The US EPA has derived potency factors for carcinogens based on a multistage model. Annex 8 gives a non-exhaustive overview of potency factors for oral exposure to some of the POPS within the scope of this study.

The International Agency for Research on Cancer (IARC) has elaborated a classification system for carcinogens in which agents are classified into 5 groups (see annex 5 for more details).

2.2.4. Selection of the “toxicity factor” for further calculation

Horvath et al. describe a methodology in which 1/TLV is used as a factor to weigh chemicals for their toxicity. The TLV is preferred to other toxicity indices because it is available for a very broad group of chemicals. Hereby Horvath et al. assume that the TLV, although designed for protection from inhalation, can be used to approximate the toxicity from all routes of exposure. Another limitation is the fact that TLVs are designed for the protection of healthy workers (8 hours/day) and may thus underestimate the toxicity to more sensitive people.

Another toxic weighing system is described by Forman. The toxicity indices used are the RfD and cancer potency factors. Davis et al. present a model in which chemical releases are weighed by a toxicity factor based on lethal doses for rodents and fish.  [Horvath et al., 1995] Hereby only the acute toxicity of the weighed chemicals is taken into account.

POPs resist biological and chemical degradation and are thus very stable over time, so humans may be chronically exposed to them.

The information in annex 1 indicates that for most of the POPs and toxic substances within the scope of this study, food is the primary source of human exposure. 

For these reasons, in this study, the “minimal risk dose (MRD)” for non-carcinogenic effects of chronic oral exposure to the POP or toxic substance is preferred to weigh the POP-in- and output masses for their toxicity. The toxicity factor (see equation 1 and 2) is set equal to 1/MRD.

Table 28 in annex 9 gives an overview of the MRDs which will be used for the calculation of the 3 scenarios in chapter 3.

The information in annex 5 indicates that several of the POPs and toxic substances within the scope of this study are carcinogenic, others or are not classifiable as to their carcinogenecity whereas others are possibly carcinogenic. So only limited toxicological data such as potency factors exists. However, a calculation using cancer potency factors (where available) as toxicity factors is given in 3.4. 

3. Application of the methodology to the 3 scenarios

3.1. Scenario 1: Hazardous waste incineration in a rotary kiln

3.1.1. Amounts of POPs in the input (hazardous waste)

Hazardous waste incineration may be carried out in a rotary kiln incinerator. 

The composition of hazardous waste is very variable and the concentration of toxic substances is high; it may contain Stockholm and Basel POPs, heavy metals, biohazardous substances, …

3.1.2. POPs released

Flue gas

In literature, PCDD/Fs concentrations in the flue gas of modern BAT compliant hazardous waste incinerators ranging from 0.00006 to 0.0396 ng TEQ/Nm³ have been reported. A more detailed overview is given in annex 2.

The operational emission range for PCDD/Fs associated with the use of BAT is 0.01-0.1 ng I-TEQ/Nm³ [WI-BREF, European Commission 2005]. For merchant hazardous waste incinerators, the WI BREF reports an average PCDD/Fs concentration in the flue gas of 0.038 ng TEQ/Nm³.

The Belgian BAT rotary kiln (3.1.3) has a yearly average PCDD/Fs emission of 0.01 ng TEQ/Nm³. This figure will be used in the calculations and is in agreement with the values reported in literature and complies with the WI-BREF.

The emissions of PCBs in the flue gas are not always monitored. WI-BREF reports values below the detection limit (<1 µg/Nm³ to <2 ng/Nm³). For the Belgian BAT rotary kiln, PCB concentrations were measured in 2003 and ranged from 0.12 to 1.07 ng/Nm³ with an average of 0.60
 ng/Nm³ [Jaspers 2004]. The PCBs concentration in TEQ was not determined.
Solid residues

In a study for the European Commission to facilitate the implementation of certain waste related provisions of the regulation on POPs, BIPRO [BIPRO, 2005] estimates an average PCDD/Fs concentration of 0.013 ng TEQ/g in bottom ash and of 0.312 ng TEQ/g in filter ash. WI-BREF does not report POP concentrations in solid residues of hazardous waste incinerators.

The measured PCDD/F concentrations in the solid residues of the Belgian BAT rotary kiln (3.1.3) will be used (Table 1). They are comparable to the concentrations used by BIPRO.

Table 1: PCDD/F concentrations in the solid residues of a Belgian BAT rotary kiln 

	Residue
	PCDD/Fs
	

	Bottom ash
	0.005
	ng TEQ/g

	Boiler Ash
	0.612
	ng TEQ/g

	Filter ash
	0.612
	ng TEQ/g

	Sludge

	0.045
	ng TEQ/g

	Brown Coal Cokes

	0.509
	g TEQ/year


The PCBs concentration (either mass or TEQ) in the solid residues of the Belgian BAT rotary kiln has not been determined. For the estimation of the total PCB output, it is assumed that the PCB concentrations (TEQ of the non-ortho PCBs) in the output fractions and the mass partition over the different output fractions equal those of the Belgian MSW incinerator in scenario 2 (see 3.2.2). This is, of course, a somewhat arbitrary assumption.
3.1.3. Calculations for a typical BAT compliant rotary kiln 

Brief description of the installation

We will base the calculations on a typical Belgian BAT rotary kiln.

The hazardous industrial waste is incinerated at temperatures between 1000 and 1200 °C. The organic substances are further combusted in the post-combustion chamber. The flue gases are de-dusted with an electrofilter and then washed in a wet gas washing unit. A fixed bed dioxin filter, filled with brown coal, is used to remove dioxins.

Calculation of the POP- input, -output and their ratio

The POP-input mass flow consists of 1,235 tons/year of commercial PCBs mixtures and 100 tons/year of chlorinated POP pesticides. The exact composition of the chlorinated POP pesticides is not known.

In Table 2 the POP-input masses are weighed for the relative toxicity by dividing them by the selected MRD. The maximum toxicity weighed input mass
 for chlorinated pesticides was calculated by dividing the input mass flow by the MRD of the most toxic POP pesticide (aldrin);  the minimum toxicity weighed input by dividing by the MRD of the least toxic one (mirex). The MRD used for the calculation of the toxicity weighed PCBs mass flow was derived for a typical commercial PCB mixture (Aroclor 1254, containing 54% of Cl). The incinerated PCB mixtures have different congeneric compositions and hence different toxicities. There are however insufficient data on the composition of the mixtures incinerated on which to base more specific MRDs. 

Table 2 : Maximum and minimum POP-input for scenario 1
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A detailed calculation of the mass output for PCDD/Fs and PCBs can be found in annex 10. 
In Table 3 the POP-output masses are weighed for the relative toxicity by dividing them by the selected MRD.

Table 3 : POP-output for scenario 1
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In Table 4, both the minimum and maximum toxicity weighed POP-inputs are divided by the dose weighed output.

Table 4 : Minimum and maximum POP input/output ratio for scenario 1
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The ratios indicate that the POP-input is ca 20,000 times more toxic than the POP-output, so that hazardous waste incinerators clearly act as a toxicity sink.

Incineration in a BAT compliant installation is an environmentally sound method for destruction of hazardous toxic substances with recuperation of their energy value.

Furthermore, only 0.4% of the PCDD/Fs in the output are directly emitted in the environment by means of the flue gas (see Table 29 in annex 10). About 75% of the PCDD/Fs in the output are concentrated in a small mass of solid residues (boiler-ash and flue gas cleaning residue) that can be specially treated (e.g. solidification) and stored (e.g. especially designed landfills) to minimize the environmental impact. If in the output only the POPs in the flue gases are taken in to account, the POP input/output ratio of the toxicity weighed masses is ca. 6 million!

3.2. Scenario 2: MSW incineration in a grate furnace

3.2.1. POP concentration in MSW

PCDD/Fs and PCBs 

PCDD/F concentrations in MSW found in literature present a wide range: from 1.47 ng I-TEQ/kg to 207 ng I-TEQ/kg [Abad et al. 2002, Wilken et al.1992, Sakai et al. 2001]. MSW samples taken in 1980 had a distinctly higher contamination with PCDD/PCDF than those taken in 2001, indicating a decline of dioxin concentrations in the waste over the last 25 years [Wilken et al.1992]. BIPRO used an estimated average PCDD/Fs concentration of 37 ng TEQ/kg for its calculation of the dioxin mass balance in MSW incinerators, based on the same literature values as mentioned above.

With values ranging from 8.2 to 33 ng/g, the PCB concentrations in Japanese MSW also show some variability, but less pronounced than the PCDD/PCDF concentrations in the European waste [Sakai et al.1999, 2001]. No data were found on PCB concentrations in European waste.

A more detailed overview of PCDD/F and PCB concentrations in MSW published over the last 15 years is given in annex 2.

In further calculations we will use a PCDD/Fs concentration range of 7.91 to 50.2 ng TEQ/kg MSW. The low value is the average PCDD/Fs concentration of 18 samples of MSW from the most recent study found in literature [Abad et al. 2002], the high value is the average PCDD/Fs concentration in German waste taken in 1980 and analysed in 1991 [Wilken et al.1992]. This concentration range is completely in line with the average PCDD/Fs concentration of 37 ng TEQ/kg MSW used by BIPRO.

For PCBs, a range of 8.2 to 33.0 µg/kg MSW will be used reflecting the lowest and highest PCBs concentration measured in Japanese MSW [Sakai et al.1999, 2001]. Since to our knowledge no PCB concentrations for European MSW have been reported, we assume that it contains the same amount of PCBs as Japanese MSW.

Pesticides 

No data were found in literature on the concentration of POP-pesticides in MSW.

The POP-pesticides hexachlorobenzene, DDT and endrin were detected in MSW landfill leachate, which is a direct indicator of the presence of hazardous pesticides in MSW [Slack et al. 2005]. 

It has been reported that pesticides and biocides together represent over 7% of the hazardous household waste fraction produced in England and Wales, i.e. 18,000 tons per year [Slack et al. 2004]. In 2001 in the UK, the use and disposal of pesticides by households was investigated through an in depth interview of 147 adults. 95% stated that they disposed of the pesticide leftovers and empty containers in the normal domestic waste [Grey et al.2005].

For scenario 2, Flemish data on pesticide disposal will be used. They seem the most applicable for the Belgian grate furnace (3.2.3). In contrast to e.g. the UK, in Flanders an elaborate selective collection system for hazardous household waste (“KGA”) exists. The hazardous household waste fraction is frequently and reliably analysed by sorting, which pointed out that in 2001, 0.87 kg of hazardous household waste per inhabitant per year was disposed of in the residual waste bag. For Flanders as a whole this amounts to 5,200 tons per year [OVAM 2005]. 0.35% of this hazardous household waste consists of pesticide packaging and residues [OVAM 1999]. If it is assumed that 10% of the pesticide packaging and residues in the residual waste bag actually consists of pesticides, 1.800 kg of pesticides per year are found in the MSW in Flanders. Ca 40% of this waste is incinerated in the Belgian BAT grate furnace considered below.

Toxic substances in house dust analysed by Greenpeace  

From 2000 onwards, Greenpeace collected and analysed house dust in Germany, Spain, France, Italy, Slovakia, the UK and Belgium.

The dust samples were analysed for phthalate esters, alkylphenol compounds, brominated flame retardants (BFR), organotin compounds and short chain chlorinated paraffins (SCCP).

These toxic substances originate from losses from a wide variety of goods and furnishings present in the rooms where the samples were collected. Such losses may occur through volatilisation to air, followed by adsorption to dust particles or more directly through attachment to fine particles lost through abrasion during normal wear and tear [Al Bitar 2004]. 

Dust bags of vacuum cleaners are generally discarded of in the residual waste bin and end up as a small fraction of the MSW that is incinerated.

For the calculations in scenario 2, the concentrations published by greenpeace for the Belgian house dust as represented in 
Table 5
 will be used. (For more detailed information, see annex 3). They seem the most applicable for the Belgian grate furnace considered in this scenario. Furthermore, the Belgian concentrations are in line with the concentrations published for the other European countries mentioned above [Greenpeace, 2006]. In order to estimate the amount of dust incinerated in the Belgian grate furnace, a small-scale experiment was carried out. The vacuum cleaner dust bags of 4 Belgian households were weighed when empty and after a known period of use. Based on the results of this experiment, the amount of house dust incinerated in the Belgian grate furnace can be estimated to range between 2,7 10³ and 3,6 10³ tons per year (see annex 11). Because of the small number of samples, this dust mass range should be considered as a raw estimate. 

POPs and other toxic substances in plastics of WEEE in MSW

The presence of WEEE-plastics in MSW is estimated at 0,35% [Tange and Drohmann 2005]. These plastics contain different polymers such as PS, ABS, PP, PVC, PA, … [Vehlow et al. 2002].

The main toxic substances present in these plastics are brominated flame retardants such as polybrominated diphenyl ethers (PBDEs) and polybrominated biphenyls (PBBs) [Vehlow et al. 1997]. 

Bromine concentrations in WEEE-plastics reported in literature range from 0.4 to 4.1 % [Vehlow et al 1997, 2002.]. Furthermore the presence of polybrominated di-benzo-dioxins (PBDD) and – furans (PBDF) is reported [Vehlow et al. 2002]. A complete overview of the POP concentrations in plastics of WEEE can be found in annex 3

For the calculation of scenario 2, an average bromine concentration of 2.2% will be used, based on the analytical data reported by Vehlow et al [2002]. For the calculation of the maximum and minimum POP-toxicity weighed input, this bromine content is converted to a penta- and decaBDE concentration (see annex 3).

The PBDD concentration in the samples analyzed by Vehlow et al. [1997,2002] ranges from 15 to 200 ng/kg, the PBDF concentration from 600 to 3000 ng/kg. These ranges will be used for the calculation of scenario 2.


Table 5
 gives a complete overview of the concentration ranges for POPS and toxic substances in MSW used for the calculation of scenarios 2 and 3.

Table 5: Summary of concentration ranges for input waste used for the calculation of scenarios 2 and 3

	
	Concentration
	
	Comments
	Ref.

	
	Min.
	Max.
	
	
	

	MSW

	PCBs
	8.2
	33.0
	µg/kg
	Measured PCB concentrations in Japanese waste. We know of no data on PCB concentrations in European waste. Assumption that the PCBs concentration range in the European waste is the same as for the Japanese MSW.
	[Sakai et al. 1999, 2001]



	PCDD/Fs
	7.91
	50.2
	ngI-TEQ/kg
	The minimum value is the average concentration in 18 Spanish waste samples analysed in 2000. The maximum value is the average concentration in German samples taken in 1980
	[Abad et al., 2002]

[Wilken et al.]

	Pesticides and packaging
	0.35
	%
	% of the hazardous household waste fraction
	[Ovam]

	Pesticides 
	0.035
	%
	Our own assumption that 10% of the “pesticides and pesticides packaging” actually consists of pesticides
	

	Greenpeace toxic substances in MSW

	Phthalates

Alkylphenols

Brom. Flame Ret.

Organotins

SCCP
	702.3

4.5

0.09

0.69

3.3
	mg/kg

dust
	
	[Al Bitar]

	WEEE-plastics

	WEEE-plastics in MSW
	0.35
	%
	
	[Tange and Drohmann]



	Br content 
	2.2
	%
	Average Br-concentration of WEEE-plastics is 2,2%
	[Vehlow et al. 2002]

	PBDD
	15
	200
	ng/kg
	
	[Vehlow et al. 2002]

	PBDF
	600
	3,000
	ng/kg
	
	[Vehlow et al. 2002]

	ASR

	PCBs
	1.1
	63
	mg/kg
	Lowest and highest reported values in literature, see Table 23
	[Aae Redin et al.]

[Fisher et al.]

	PCDD/Fs
	250
	ng TEQ/kg
	
	[Sakai et al. 1998]

	DEPH
	11,000
	mg/kg
	
	[Sakai et al. 1998]


3.2.2. POPs released by MSW incinerators

Flue gas 

For BAT MSW incinerators, PCDD/F concentrations ranging from 0.0005 to 0.02 ng TEQ/Nm³ have been reported in literature. A more detailed overview is given in annex 3.

The WI-BEF indicates an operational emission range for PCDD/Fs of 0.01-0.1 ng I-TEQ/Nm³ and reports annual averages ranging from 0.0002 to 0.08 ng TEQ/m³ [WI-BREF]. 

BIPRO uses this maximum average dioxin concentration of 0.08 ng TEQ/Nm³ for its calculation of the dioxin mass balance in MSW incinerators. 

The yearly average PCDD/F emissions of 0,02 ng TEQ/Nm³ for the Belgian BAT grate furnace (3.2.3) will be used in the calculations. This emission level complies with the values reported in literature and in the WI-BREF.

The PCB-emissions in the flue gas are not always monitored. WI BREF reports values below 5.103 ng/Nm³. For the Belgian BAT grate furnace, PCB concentrations were measured in 2003 and ranged from 0.29 to 0.84 ng/Nm³ with an average of 0.58
 ng/Nm³ [Jaspers 2004]. This average concentration will be used in further calculations for scenario 2.

Solid residues

The PCDD/PCDF concentrations in literature reported for filter ash
 over the last 12 years, range from 0.07 to 46.6 ng TEQ/g [Vehlow et al., 2006]. Vehlow et al [2006] indicate that typical PCDD/Fs concentrations in ESP-ashes of modern waste incinerations plants range from 0.1 to 10 ng TEQ/g. A more detailed overview is given in annex 3. The WI-BREF reports a PCDD/Fs concentration range of 0.2 to 10 ng TEQ/g for filter ash of modern facilities. BIPRO estimates an average PCDD/Fs concentration of 1.46 ng TEQ/g in filter ash.

For bottom ash PCDD/F literature values published over the last 12 years range from  0.004 ng TEQ/g to 0.098 ng TEQ/g [Vehlow et al., 2006]. Vehlow et al [2006] indicate that typical PCDD/F concentrations in bottom ash of modern waste incinerations plants range from 0.001 to 0.03 ng TEQ/g. The WI-BREF reports a PCDD/Fs concentration range of 0.001 to 0.01 ng TEQ/g for bottom ash of modern facilities. BIPRO estimates an average PCDD/Fs concentration of 0.021 ng TEQ/g in bottom ash.

The PCDD/F concentrations in literature reported for boiler ash over the last 12 years, range from 0.0003 to 1.05 ng TEQ/g [Vehlow et al., 2006]. Vehlow et al [2006] indicate that typical PCDD/F concentrations in  boiler ashes range between 0.1 and 1 ng TEQ/g. A more detailed overview is given in annex 3. The WI-BREF reports a PCDD/Fs concentration range of 0.02 to 0.5 ng TEQ/g for boiler ash of modern facilities. BIPRO estimates an average PCDD/Fs concentration of 0.23 ng TEQ/g in boiler ash.

For PCBs less data are available in literature. Literature values reported over the last 12 years range from 0.3 ng/g to almost 67 ng/g for bottom ashes. [Vehlow et al., 2006]. Vehlow et al [2006] expect that the PCBs level in bottom ash from well operated plants can be kept below 10 ng/g. Filter ash analysed after 1990 contains < 1 to 110 ng/g of PCBs. In well operated waste incineration plants, an upper limit of approximately 50 ng PCB/g should be achievable. In boiler ash, reported PCB concentrations range from 0.3 to 36 ng/g [Vehlow et al., 2006]. The WI-BREF mentions the following concentration ranges for PCBs: 10 to 250 ng/g in filter ash, <5 to 50 ng/g in bottom ash and 4 to 50 ng/g in boiler ash. 

All of the above mentioned PCB concentrations are expressed as total PCBs in ng/g 

Some publications mention PCB concentrations in TEQ-values. These concentrations take into account the toxic co-planar PCBs, which have been accorded a TEF-value by the WHO (see also 3.5.3). Literature values reported over the last 12 years range from 0.01 ng TEQ/g to 0.64 ng TEQ/g for filter ashes. [Behnisch et al., 1997, 2002].

A more detailed overview of PCB concentrations in solid residues of municipal waste incineration plants is given in annex 3.

In the calculations below, the measured PCDD/F and PCB concentrations in the solid residues of the Belgian BAT grate furnace will be used (Table 6). PCDD/F concentrations are in line with the concentrations reported in the WI-BREF, by Vehlow et al [2006] and used by BIPRO.  The PCB concentrations are in line with concentrations reported by Behnisch [1997 – 2002].
Table 6: PCDD/F and PCB concentrations in the solid residues used for the Belgian BAT grate furnace

	Residue
	PCDD/Fs
	
	PCBs
	

	Filter ash
	1.536
	ng TEQ/g
	0.050
	ng TEQ/g

	Bottom ash
	0.005
	ng TEQ/g
	
	

	Boiler Ash
	0.216
	ng TEQ/g
	
	


3.2.3. Calculations for a typical BAT compliant MSW grate furnace

Brief description of the installation

In the BAT grate furnace selected to illustrate scenario 2 and 3, MSW and comparable industrial waste are burned on a slanting incineration grate at temperatures of at least 850 °C. The flue gases resulting from the incineration are led trough a steam boiler (heat recovery). The gases, leaving the steam boiler at a temperature of 220-265 °C, are purified and cooled down to 160 °C in the half wet gas washing by nebulising of lime milk. Between the spray reactors of the half wet gas washing unit and the baghouse filter, activated carbon is injected. Dioxins and heavy metals are adsorbed in the pores of the activated carbon, which – along with the salts and the dust-particles – is captured in the baghouse filter. The subsequent wet gas washing system consists of a quenching unit, an acid washing unit and an alkaline unit. In the quenching unit, the flue gases are cooled down to a temperature of ca. 57 °C. In the acid washing unit, HCl is separated from the flue gas by sprinkling a slurry of limestone. In the alkaline washing unit finally, SO2 is removed by sprinkling a slurry containing lime. The wastewater produced in the washing towers is treated by filtration and then reused in the half wet washing unit.

Calculation of the POP-input
In 2004, 400.188 tons of MSW were incinerated in this installation.

For each group of POPs and toxic substances mentioned in 
Table 5
 an input mass range can be calculated by multiplying the MSW input mass stream by the indicated concentrations.

Table 28 gives the MRDs for the considered components. For some groups of POPs and toxic substances, the minimal risk dose is estimated to range between 2 values.

In Table 7, for each (group of) POPs and toxic substances in the input, the maximum toxicity weighed input was calculated by dividing the maximum mass input (see 3.2.1) by the lowest minimal risk dose selected in Table 28. In Table 8 the minimum toxicity weighed POP-input was calculated.

To calculate the maximum “toxicity weighed” POP-input it is assumed that the BFRs in the WEEE-plastics are present under the form of pentaBDE, the most toxic BFR. 

For the calculation of the minimum toxicity weighed POP-input, it is assumed the BFR are present under the form of decaBDE, the least toxic BFR. For the calculation of the toxicity- weighed input of the BFRs in the house dust this distinction is not made because their contribution to the total input toxicity is of no influence.

A detailed calculation can be found in annex 11.

Table 7 : Maximum POP-input for scenario 2
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PCB

1.32E+01

2.00E-05

6.60E+05

PCDD/F

2.01E-02

1.00E-09

2.01E+07

Phtalates

2.52E+03

6.00E-02

4.20E+04

Alkylphenols

1.61E+01

1.50E+00

1.08E+01

BFR from house dust

3.23E-01

7.00E-03

4.61E+01

Organotins

2.48E+00

3.00E-04

8.25E+03

Inorganic tin

7.88E-01

3.00E-01

SCCP

1.18E+01

1.00E+01

1.18E+00

PentabromoDPE from WEEE

4.35E+04

7.00E-03

6.22E+06

PBDD/F

2.24E-02

1.00E-09

2.24E+07

Pesticides

7.62E+02

3.00E-03

2.54E+05

Total

4.97E+07

* For PCDD/F in TEQ-values


Table 8 : Minimum POP-input for scenario 2
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PCB

3.28E+00

2.00E-05

1.64E+05

PCDD/F

3.16E-03

1.00E-09

3.16E+06

Phtalates

1.92E+03

6.00E-02

3.20E+04

Alkylphenols

1.23E+01

1.50E+00

8.21E+00

BFR from house dust

5.92E-01

1.00E+01

5.92E-02

Organotins

1.89E+00

3.00E-04

6.29E+03

Inorganic tin

6.01E-01

3.00E-01

2.00E+00

SCCP

9.03E+00

1.00E+01

9.03E-01

DecabromoDPE from WEEE

3.70E+04

1.00E+01

3.70E+03

PBDD/F

4.31E-03

1.00E-09

4.31E+06

Pesticides

7.62E+02

3.00E-01

2.54E+03

Total

7.68E+06

* For PCDD/F in TEQ-values


The main contributors to the toxicity weighed POP-input are the PCDD/Fs and the PBDD/Fs. The toxicity weighed input of the PCBs is 20 to 30 times smaller than the one of the PCDD/Fs and therefore of less influence to the total toxicity weighed output. If the flame retardants of WEEE in MSW are present as pentabromoDPE, their toxicity contributes significantly to the total toxicity weighed input. The contribution of the greenpeace toxic substances is negligible. For the pesticides, the contribution is marginally significant even if they are present as the most toxic commonly used pesticide (Lindane).

Calculation of the POP output
Table 9 gives an overview of the calculation of the toxicity weighed POP-output. A more detailed calculation is given in annex 11.
Table 9 : POP-output for scenario 2
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PCB

2.69E-03

1.00E-09

2.69E+06

PCDD/F

2.24E-02

1.00E-09

2.24E+07

Inorganic tin

7.88E-01

3.00E-01

2.63E+00

Total

2.51E+07

* For PCDD/F and PCBs in TEQ-values


The PCDD/Fs contribute for about 90% to the toxicity weighed output. The PCBs make up the remaining 10%. The TEQ concentration of the PCBs (the non-ortho PCBs with TEF-values) was only determined in the filter ash. To estimate the total amount of PCBs in TEQ in the output, it is assumed that the mass distribution of the non-ortho PCBs over the different output fractions is similar to the mass distribution of the DIN PCBs over these fractions. The total PCBs mass output in TEQ as indicated in Table 9 is therefore subject to a certain degree of inaccuracy. On the other hand, the contribution of the PCBs to the total toxicity weighed output is limited, so that the influence of this inaccuracy on the overall mass output in TEQ is limited.

Calculation of the maximum and minimum POP input/output ratios
In Table 10, the minimum and maximum toxicity weighed POP-inputs are divided by the toxicity weighed output.

Table 10 : Minimum and maximum POP-input/output ratio for scenario 2
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Toxicity-weighed input

7.68E+06

4.97E+07

Toxicity-weighed output

2.51E+07

2.51E+07

Ratio

0.31

1.98


It appears that the toxicity of the POP-input can be considered comparable to the toxicity of the POP-output of a BAT grate furnace. Therefore it seems not correct to consider an MSW incinerator as a pure toxicity source.

Furthermore, only 0.2% of the PCDD/Fs in the output are directly emitted in the environment by means of the flue gas (see Table 40 in annex 10). Of the remaining 99.8% of the PCDD/Fs in the output, 98% is concentrated in a small mass of solid residues (boiler and filter ash) that can be specially treated (e.g. solidification) and stored (e.g. in specially designed landfills) to minimize the environmental impact.

If in the output only the POPs in the flue gases are taken into account, the input/output ratio of the toxicity weighed masses ranges from 170 to 1100. A BAT MSW incinerator with appropriate solid residue treatment reduces greatly the environmental impact of POPs and toxic substances.

3.3. Scenario 3 : MSW incineration with co-combustion of non hazardous industrial waste

3.3.1. Plastics of Waste of Electrical and Electronic Equipment (WEEE) 

Plastics have become an increasingly important part of E&E equipment: the average proportion has increased from 12% in 1980 to more than 20% today [Vehlow et al. 2002]). The selective treatment and recycling of WEEE is foreseen in the European Directive 2002/96/EC. One of the components that have to be removed before recycling according to annex II of this directive are plastics containing brominated flame retardants. As increasing amounts of high calorific waste plastics containing brominated flame retardants become thus available, energy recovery by co-combustion in an MSW incinerator is an eco-efficient alternative to landfilling.

The concentrations of POPs and toxic substances in plastics of WEEE, which will be used in the calculation of scenario 3 are summarized in paragraph 3.2.1 and in 
Table 5
.

3.3.2. POPs and toxic substances in Automotive Shredder Residues (ASR)

When an end-of-life vehicle is scrapped, it is first delivered to an automobile dismantler and later shipped to an automotive shredder facility. In the modern shredding processes metals, comprising 75-80% of the mixed waste, can be recovered. The remaining 20-25% is referred to as ASR and is a heterogeneous mixture of both inert and combustible materials, including plastics such as PP, PE, PVC, ABS, PS and PU, as well as glass, fabric, wood, rubber, fibers, paper, tar, rust, dirt, … About 50% of the ASR is combustible.

The main toxic substances to be expected in ASR are phthalates, used as plastifier in PVC parts [Sakai et al. 1998]. Sakai et al reported a di-(2-ethylhexyl)phthalate (DEPH) concentration of 11,000 µg/g ASR. Since no other phtalate concentrations in ASR were found in literature so far, this concentration will be used for the calculation of scenario 3.

Furthermore, ASR still contains PCBs although these are no longer used in capacitors and some other materials since the late 1970s [Aae Redin et al.2001, Fisher et al. 1998]. Concentrations found in literature range from 1.1 to 63 µg/g ASR. This range will be used for the calculation of scenario 3. 

BIPRO used a PCBs concentration of 3.6 µg/g in order to estimate the PCBs flow for the non metallic light residues of shedder plants for end-of-life vehicles, white goods and metal scrap. This average value is based on a selection of literature values ranging from 0.87 to 25 µg/g for the total PCBs content. These concentrations are comparable to those mentioned before.

Also PCDD/Fs have been determined in ASR [Sakai et al. 1998, Aae Redin et al. 2001]. The reported concentrations range from < 0.6 to 80 ng/g (250 ng TEQ/kg ASR). The latter concentration will be used for the calculation of the input in scenario 3. The value of < 0.6 ng/g was determined on a refined fraction of ASR so it seems less representative. Furthermore, the corresponding concentration in TEQ was not mentioned.

For a complete overview of POP concentrations in ASR, see annex 3.

3.3.3. POPs released by MSW incinerators co-combusting non hazardous industrial waste

In order to examine the influence of the presence of halogenated organics such as BFR in WEEE on the emission of PCDD/Fs, Vehlow et al. [1997, 2002] set up several trials in the TAMARA pilot scale MSW facility in the Forschungszentrum Karlsruhe. These tests demonstrated that medium to high amounts (3-12 wt%) of WEEE-plastics can be safely added to MSW. The higher amount of halogens due to of the presence of bromine in the WEEE-plastics does not significantly increase the presence of halogenated dioxins and furans in the raw flue gas [Vehlow at al. 1997]. We assume that this is the same for the solid residues.

ASR co-combustion trials were conducted at the MSWC plant in Würzburg, Germany, a BAT incinerator that combusts ASR on a regular basis. At substitution levels of 24 to 31%, no significant increase in PCDD/F levels was found in the raw flue gas or in the grate- boiler – and cyclone-ash. 

The above findings sustain the assumption that the PCDD/Fs concentration in the output is independent from the POP concentration in the input, so that for the calculation of scenario 3, the same output concentrations are used as for scenario 2 (see 3.2.2).

3.3.4. Composition of the incinerated waste in Scenario 3

In scenario 3, a calculation is made for the Belgian grate furnace assuming that 3% of the 400.814 tons incinerated MSW consisted of plastics of WEEE considered earlier (3.2.1). 3% is a purely arbitrary figure.

The quantity of ASR potentially available to most MSW facilities in Europe and in the US generally would represent less than 10% of the total available incineration capacity [Fisher et al. 1998]. We assume somewhat arbitrarily that 5% of the waste incinerated in the Belgian grate furnace would consist of ASR.

3.3.5. Calculations for a typical BAT compliant MSW grate furnace co-combusting plastics of WEEE and ASR

In Table 11, the minimum and maximum toxicity weighed POP-input for co-combustion of BFR-containing WEEE-plastics and ASR in the BAT grate furnace described in 3.2.1 is calculated based on the concentration ranges in 
Table 5
. A detailed calculation can be found in annex 11.
Table 11 : Minimum and maximum POP-input for a simulated co-combustion of 3% WEEE-plastics and 5% ASR in a BAT grate furnace
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Compounds in input of scenario 2

7.68E+06

4.97E+07

DecabromoDPE

3.17E+05

1.00E+01

3.17E+04

PentabromoDPE

3.73E+05

7.00E-03

5.33E+07

PBDD/F

3.69E-02

1.92E-01

1.00E-09

3.69E+07

1.92E+08

PCB

2.20E+01

1.26E+03

2.00E-05

1.10E+06

6.30E+07

PCDD/F

5.00E-03

5.00E-03

1.00E-09

5.00E+06

5.00E+06

DEHP

2.20E+05

2.20E+05

6.00E-02

3.67E+06

3.67E+06

Total

5.44E+07

3.67E+08

* For PCDD/F and PBDD/F in TEQ-values


Since it is assumed that the output concentrations are independent of the input concentrations, the toxicity weighed output equals the one of scenario 2.

The ratio of the total toxicity weighed POP-input to -output is calculated in Table 12.

Table 12 : Minimum and maximum POP-input/output ratio for scenario 3
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2.51E+07

2.51E+07
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2.17

14.63


When WEEE-plastics (3%) and ASR (5%) are co-combusted, MSW incinerators are clearly toxicity sinks, with a total toxicity weighed POP-input over output ratio ranging from 4.6 to 12. 

So co-combustion of WEEE-plastics and ASR in a MSW incinerator not only allows energy recovery from these high calorific wastes, but also destroys the toxic organic pollutants they contain
If in the output only the POPs in the flue gases are taken into account, the toxicity weighed POP-input over output ratio ranges from 2500 to 6700.

3.4. Calculation based on cancer potency

In the above calculations, carcinogenic effects were not considered. Yet, the POP mass in- and output of incinerators can in principle be weighed for the likelihood of carcinogenic response by multiplying by the potency factor (2.2.3) as toxicity factor in equation 2 (see paragraph 1.3).

Table 13 gives an overview of the available cancer potency factors for the POPs and toxic substances considered in this study. As mentioned in 2.2.3, few data are available: for many compounds it is not sure if they are carcinogenic, for others no quantitative data are available.

Table 13: Overview of available oral cancer potency factors

	
	Oral Potency factor 

(mg/kgbody weight.day)-1
	Ref.

	PCDD/Fs (TEQ)
	156,000
	[ATSDR]

	PCBs
	2.0
	[ATSDR]

	Aldrin*
	17
	[ATSDR]

	DDT*
	0.34
	[ATSDR]

	DEPH
	0.014
	[ATSDR]

	Benzo(a)pyrene
	4.5 – 11.7
	[IPCS]

	* for all of the considered chlorinated pesticides for which potency factors exist, aldrin has the highest and DDT has the lowest potency factor


In Table 14 to Table 16, the weighed POP-input over -output ratio for the 3 scenarios is estimated considering only the POPs given in Table 13. Due to this limitation, the resulting ratios should only be considered as an indication whether incinerators are sinks or sources of carcinogenic agents.

The PCB and PBDD/F masses expressed in TEQ are weighed using the potency factor of the PCDD/F (in TEQ). This approach was also used by van Larebeke et al.  Some PAHs are classified by the IARC as possibly or probably carcinogenic. Therefore, the PAHs in the output are considered in the calculations below. They are weighed using the overall potency factor for benzo(a)pyrene, one of the most carcinogenic PAHs [IPCS]. The PAHs in the input are considered zero as no data are available. In this way the overall input/output ratios are underestimated.

Table 14 : Minimum and maximum weighed (using cancer potency factors) POP-input/output ratio for scenario 1
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PCDD/F (TEQ)

2.70E-03

1.56E+05

4.21E+02

PCB (mass)

1.24E+06

2.00E+00

2.47E+06

PCB (TEQ)

4.75E-04

1.56E+05

7.42E+01

Aldrin

1.00E+05

1.70E+01

1.70E+06

PAH

7.91E-02

1.17E+01

9.25E-01
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4.17E+06
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PCDD/F (TEQ)

2.70E-03

1.56E+05

4.21E+02

PCB (mass)

1.24E+06

2.00E+00

2.47E+06

PCB (TEQ)

4.75E-04

1.56E+05
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DDT

1.00E+05

3.40E-01

3.40E+04
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7.91E-02

4.50E+00

9.25E-01

Total

2.50E+06

4.96E+02

5.06E+03

* in kg/year (mg/kg.day)

-1


The cancer potency weighed POP input/output ratios range from 5000 to 8400. So also for carcinogenic effects a hazardous waste incinerator clearly acts as a toxicity sink. If in the output only the POPs in the flue gases are taken into account, the cancer potency weighed POP input/output ratio is ca. 2.5 million!

Table 15 : Minimum and maximum weighed (using cancer potency factors) POP-input/output ratio for scenario 2


[image: image15.wmf]Maximum 

Mass input 

kg/year

Mass 

output 

kg/year

Potency 

factor 

(mg/kg.day)

-1

Maximum 

weighed 

input*

Weighed 

output

Maximum 

weiged

input/output

PCDD/F (TEQ)

2.01E-02
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The cancer potency weighed POP input/output ratios range from 0.3 to 0.8. If in the output only the POPs in the flue gases are taken in to account, the cancer potency weighed POP input/output ratio is ca. 240.

Table 16 : Minimum and maximum weighed (using cancer potency factors) POP-input/output ratio for scenario 3
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The cancer potency weighed POP input/output ratios range from 2.6 to 10. If in the output only the POPs in the flue gases are taken into account, the cancer potency weighed POP input/output ratio is ca. 2300.

3.5. Limitations 

3.4.1. Complexity and variability of the input; lack of concentration data

As demonstrated earlier, the concentrations of POPs in MSW vary greatly and different literature data are not always in agreement.

The scope of this study is limited to the POPs and toxic substances listed in paragraph 1.2. The waste going to MSW and hazardous waste incinerators however, contains a much broader variety of toxic substances.  In 2005, Slack et al. [2005] published a list of toxic organic contaminants such as halogenated aliphatic compounds, aromatic hydrocarbons and phenolic compounds present in leachate of MSW landfills. More than 200 organic compounds were identified in MSW landfill leachate, more than 35 having the potential to harm the environment and human health. The presence of these toxic compounds in leachate is a direct indicator of their presence in MSW [Slack et al., 2005].

Since no data on the concentrations of these toxic compounds has been found in literature so far, it is not possible to investigate their influence on the total toxicity of the input. Moreover it is outside the scope of this study.

3.4.2. Limited data on POP concentrations in the output

Only limited data are available on the PCBs concentration in the different output streams of waste incinerators, particularly of rotary kilns. Moreover, the concentrations are usually only expressed as total mass (see also 3.5.3); mostly no TEQ concentrations are given.

For PCDD/Fs, abundant concentration data are available for the flue gas, but this fraction only contributes for a small extent to the total output. For the filter- and bottom-ash, very often the PCDD/Fs concentration is determined on a limited number of samples and the results vary by a factor 5 to 10.

The residues and flue gas of an incinerator also contain poly-aromatic hydrocarbons (PAH). Based on a very limited number of concentration data found in literature, the influence of PAH on the total output toxicity is negligible. A more detailed overview is given in annex 12.

3.4.3. Limited availability of relevant toxicological data; multitude of potential health effects

For some groups of toxic substances such as the PBDEs, alkylphenols and SCCP only limited toxicological data is available yet. 

For the PBDE only intermediate exposure minimal risk doses were derived. The use of these intermediate values is likely to underestimate the toxicity of the PBDE in the input of the waste incinerators.

For the alkylphenols and SCCP no minimal risk doses for humans have been derived yet. In order to take into account the toxicity of these substances in the input of waste incinerators, we roughly estimated a minimal risk dose by deviding by 200 the NOAEL found in animal studies. Therefore the toxicity weighed input of these substances has to be interpreted with caution.

Because of the limited data on carcinogenic effects on animals and humans, most of the POPs and toxic substances in the scope of this study are either not classifiable as to their carcinogenic effects or classified as “possibly” carcinogenic. As a consequence toxicological parameters taking in to account carcinogenic effects such as the potency factors, are only available for a few POPs. Therefore the above elaborated methodology does not take into account carcinogenic effects.

3.6. Needs for further research

3.5.1. POP-input concentrations

PCBs and PCDD/Fs

Because of their high toxicity, the accuracy of the PCB and PCDD/F concentrations in the in- and output of the waste incinerator determines to a large extent the correctness of the toxicity weighed POP-input/output ratio, especially for MSW incinerators.

In order to calculate the toxicity weighed POP-input/output ratio of MSW incinerators more accurately, PCB analyses and more specific PCDD/F analyses on MSW are necessary.

Ideally, the PCB and PCDD/F concentrations should be determined for different standard fractions of MSW. This would allow estimating the PCBs and PCDD/Fs input mass for any MSW incinerator by multiplying the concentrations per waste fraction by the mass of that waste fraction.

The analysis of waste fractions from different European regions would allow to determine if PCB or PCDD/F concentrations vary significantly within the EU.

WEEE-plastics

Since WEEE-plastics are expected to become a more and more important fraction of the waste stream going to waste incinerators, more information on the composition of the BFRs (PBDE, PBB, TBBA) would allow a more exact evaluation of the toxicity of this waste.

Furthermore, a fingerprint analysis of the PBDD/Fs in a statistically significant number of WEEE-plastic samples would allow a correct calculation of the TEQ concentrations of these extremely toxic compounds. (See also Table 36 in annex 11)

ASR

Again, a more elaborate analysis of PCBs, PCDD/Fs, phtalate and BFR concentration in ASR would allow taking into account more accurately the toxicity of these substances in the input of waste incinerators.

Pesticides 

In order to evaluate more correctly the toxicity of this fraction the following is needed :

· more detailed and representative information about the mass of pesticides in MSW going to waste incinerators.

· more detailed information on the composition of household pesticides

The analysis of waste fractions from different European regions would allow determining if pesticide concentrations vary significantly within the EU.

3.5.2. Output concentrations

A measuring campaign on all the output streams of BAT waste incinerators would allow evaluating in a more correct way the toxicity of the PCBs and PXDD/Fin the output. In this case analysis of the most toxic coplanar PCBs (e.g. PCB 126, PCB 169) should certainly be included.

3.5.3. Uniformity of analytical methods and units

PCDD/Fs concentrations are often expressed as “Toxic Equivalents” or TEQ. To calculate the TEQ-concentration of a PCDD/Fs mixture, the amounts of homologues and congeners are multiplied by their Toxic Equivalency Factor (TEF) and then added together.

Two TEQ systems exist worldwide: the NATO I-TEQ, using I-TEFs and the WHO TEQ, using TEFs. On average, the result of TEQ-calculations is about 10% higher when I-TEFs are used compared to when WHO-TEFs are used. References to I-TEQ or TEQ are sometimes omitted when figures are given, which makes it impossible to know which TEFs have been used.

Uniformity in units used in literature would prevent confusion and would make calculations more accurate.

Non-ortho and mono-ortho PCBs with dioxin like toxic effects also have WHO-TEFs. If PCB concentrations are expressed as TEQ, the value only refers to the concentration of the PCBs with TEFs and does not account for the other PCBs. Sometimes PCB concentration is expressed as the sum of 7 DIN congeners and doesn’t necessarily correspond with the total concentration of all congeners. The relationship between the 7 marker PCBs and a TEQ value is not known and depends on a number of factors.

Besides the DIN method, PCB concentration data can be obtained using various other methodologies, such as different sampling techniques and different methods of analysis and quantification. Given this situation, data on levels of PCBs have to be interpreted and compared with the greatest care.

Worldwide uniformity in analytical methods and concentration units would make analytical results comparable and would make calculations more accurate.

4. Conclusion

When waste is incinerated, the POPs and toxic substances it contains are destroyed. On the other hand, some POPs are newly formed in the incinerator.  Figure 2 gives a schematic overview of the POP life cycle.


Figure 2: Schematic overview of the POP’s lifecycle
The amount of POPs and toxic substances in the in- and output of waste incinerators can be weighed for their toxicity by multiplying their mass with a toxicity factor.

Table 17 gives for the 3 scenarios considered a maximum and minimum estimate of the ratio of the toxicity weighed POP-input to -output. Both carcinogenic and non-carcinogenic effects were considered.
Table 17: Minimum and maximum POP-input/output ratio for the 3 scenarios

	
	POPs in all output fractions
	Only POPs in flue gas

	
	Non-carcinogenic effects
	Carcinogenic effects
	Non-carcinogenic effects
	Carcinogenic effects

	
	Minimum
	Maximum
	Minimum
	Maximum
	Minimum
	Maximum
	Minimum
	Maximum

	Scenario 1
	19,500
	20,500
	5,000
	8,500
	5,800,000
	6,100,000
	1,500,000
	2,500,000

	Scenario 2
	0.31
	2.0
	0.13
	0.8
	160
	1,000
	65
	400

	Scenario 3
	2.2
	15
	2.6
	10
	1,100
	7,500
	1,300
	5,000


A BAT hazardous waste incinerator clearly acts as a toxicity sink: the toxicity weighed POP-input exceeds the toxicity weighed output by ca. 20,000 based on non-carcinogenic effects or by ca 7000 based on carcinogenic effects.

For BAT MSW incinerators the toxicity weighed POP-input is comparable to the toxicity weighed output. If non hazardous industrial waste such as plastics of WEEE or ASR is co-combusted, a BAT MSW incinerator clearly acts as a toxicity sink with an average POP input/output (toxicity weighed) ratio of 8.5 based on non-carcinogenic effects or by ca. 6.5 based on carcinogenic effects.

Only a minor fraction (< 0,04%) of the newly formed POPs in the output of waste incinerators is directly released into the environment with the flue gas. The remaining newly formed POPs are mainly concentrated in small volumes of APC residues. These residues can be immobilized and disposed of in landfills especially designed to prevent leakage to the environment.

If for the calculation of the toxicity weighed output only the POPs in the flue gas are taken into account, the toxicity weighed POP-input of a BAT hazardous waste incinerator exceeds about 6 million times the toxicity weighed POP-output for non-carcinogenic effects and 2 million times for carcinogenic effects. For a BAT MSW incinerator the toxicity weighed POP-output/output ratio is ca 600 for non-carcinogenic effects and 250 for carcinogenic effects. If non hazardous industrial waste is co-combusted, the toxicity weighed POP-input is ca 4500 times higher than the toxicity weighed POP-output for non-carcinogenic effects and 3000 times higher if carcinogenic effects are considered.
If on the other hand waste is directly landfilled or recycled, the POPs it contains are not destroyed and the POPs remaining are not concentrated in a small easy to stabilize volume.
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List of abbreviations

	ASR
	Automotive Shredder Residue

	BAT
	Best Available Technique

	BFR
	Brominated Flame Retardant

	DDT
	1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane

	DEPH
	Di-(2-ethylhexyl)phthalate

	HCB
	Hexachlorobenzene

	LOAEL
	Lowest Observed Adverse Effect 

	MRD
	Minimal Risk Dose

	MRL
	Minimal Risk Levels

	MSW
	Municipal Solid Waste

	NOAEL
	No Observed Adverse Effect Level

	PAH
	Polyaromatic Hydrocarbons

	PBB
	Polybrominated biphenyl

	PBDD
	Polybrominated di-benzo-dioxin

	PBDE
	Polybrimonated diphenyl ethers

	PBDF
	Polybrominated di-benzo-furan

	PCB
	Polychlorinated Biphenyl

	PCDD
	Polychlorinated Dibenzo-p-dioxine

	PCDF
	Polychlorinated Dibenzofuran

	PCT
	Polychlorinated terphenyl

	POP
	Persistent Organic Pollutant

	SCCP
	Short-chain chlorinated paraffin

	TDI
	Tolerable Daily Intake

	TEF
	Toxicity Equivalent Factor

	TEQ
	Toxicity Equivalent

	WEEE
	Waste of Electrical and Electronic Equipment

	WI-BREF
	Reference document on the best available techniques for waste incineration
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Annexes

Annex 1: Characteristics of the POPs and toxic substances within the scope of this study

In general, POPs are organic compounds that resist photolytic, biological and chemical degradation. Many are halogenated compounds and are characterised by a high lipophilicity, leading to their bioaccumulation in fatty tissues through the food chain. Moreover, POPs are usually semi-volatile, enabling them after emission to move long distances in the atmosphere before deposition occurs. Furthermore, they are likely to cause significant adverse human health or environmental effects e.g. endocrine disruption, reproductive and immune dysfunction, neurobehavioural disorders and cancer [Ritter et al.1995].

PCBs

Between the 1930s and 1970s PCBs were largely used as dielectrical fluids in transformers and capacitors. Although the production of PCBs was stopped in the late 1970s in most countries, these so-called closed applications still represent one of the main sources of PCBs to the environment. Other sources are open applications such as ink, paint, oil, … Incineration of waste material containing or not containing PCBs and chemical processes involving carbon, chlorine and high temperatures are considered as less important sources of PCBs.

As PCBs accumulate through the food chain, food is a major (> 90%) contributor to humane intake. The largest contribution comes from fish, milk and dairy products and from meat [Van Gerven et al.2004].

PCDDs and PCDFs 

PCDDs and PCDFs , also called dioxins and furans, were never produced intentionally, but are mainly unwanted by-products of industrial processes including smelting, bleaching of paper pulp and the manufacturing of some pesticides and incineration processes [WHO 1998]. Steel production generates large amounts of PCDD/Fs in sintering plants. Another source of PCDD/Fs is private uncontrolled fires.

Pesticides

Aldrin and dieldrin

Both aldrin and dieldrin act as a contact and stomach poison for insects. First manufactured commercially around 1950, both compounds were used as insecticides in agriculture for the control of many soil pests and in the treatment of seed. Dieldrin has also been used in public health for the control of tsetse flies and other vectors of debilitating tropical diseases. Since the early 1970s, both compounds have been severely restricted or banned in a number of countries but nevertheless the use for termite control continues in other countries [IPCS 2005]. In the environment, aldrin is readily converted to dieldrin. In the absence of domestic use as a pesticide, food is probably the primary source of general population exposure [ATSDR 2005]. 
Chlordane

Chlordane has been used for more than 35 years as a broad-spectrum contact insecticide, mainly on non-agricultural crops (primarily for the protection of structures, but also on lawn and turf, ornamental trees, and drainage ditches) and on animals.  In its country of origin, the USA, its use is now restricted to underground termite control.  In several other countries, approved uses have been gradually withdrawn. 

The main source of exposure of the general population is through residues in food.  This is not a significant problem since chlordane is not normally used on food crops, and residues in food of animal origin are usually below accepted residue levels in various countries.  Under normal circumstances, chlordane intake from air and water is insignificant.  Chlordane has, however, been detected in the air of buildings where the compound has been used for termite and other insect control [IPCS 2005].

DDT

DDT is a broad-spectrum insecticide and was widely used from its commercial release in 1939 until about 1970. It was primarily used to control insects on cotton. DDT has been shown to be effective in controlling malaria. Until today, for this reason DDT is sprayed on to the interior surfaces of homes in regions where malaria is endemic e.g. South Africa, Madagascar and Swaziland. The general population is currently exposed to DDT and its metabolites primarily by intake of food. Although residue levels in food continue to slowly decline, there are measurable quantities in many commodities [ATSDR 2005].

Endrin

Endrin is an organochlorine insecticide, which has been used since the 1950s against a wide range of agricultural pests, mostly on cotton but also on rice, sugar cane, maize, and other crops. It is also used as a rodenticide. The occasional presence of low levels of endrin in air and in surface and drinking water in agricultural areas is of little significance from the point of view of public health. The only exposure that may be relevant is dietary intake [IPCS 2005].

Heptachlor

Heptachlor has been used for more than 30 years as a stomach and contact insecticide, mainly in the control of termites and soil insects.  In its country of origin, the USA, its use is now restricted to underground termite control.  In several other countries, approved uses have been gradually withdrawn. Exposure of the general population is mainly through residues in food, but in most countries these residues have decreased considerably over the years and exposures are generally far below the advised acceptable daily intake [IPCS 2005].

Hexachlorobenzene (HCB)

HCB was at one time used extensively as a seed dressing to prevent fungal disease on grains, but this use was discontinued in most countries in the 1970s. HCB continues to be released into the environment from a number of sources, including the use of some    chlorinated pesticides, incomplete combustion, old dump sites and inappropriate manufacturing and disposal of wastes from the manufacturing of chlorinated solvents, chlorinated aromatics and chlorinated pesticides. The major source of human exposure to HCB is as a contaminant in food [IPCS 2005].

Mirex

Mirex is one of the most stable POPs.

Mirex is a stomach insecticide, mainly formulated into baits, for the control of ants. The USA appears to be the main country in which mirex was used for pest control, but this use was stopped in 1978.

The same chemical substance is also used, under the name Dechlorane, as a fire retardant in plastics, rubbers, paints, etc. This application is not restricted to the USA.

A known source of exposure for the general population is food. However intake from this source is below the promulgated tolerance levels [IPCS 2005].

Toxaphene

Toxaphene is a complex mixture of at least 670 polychlorinated bicyclic terpenes consisting predominantly of polychlorinated camphenes. It is a stomach and contact insecticide. In the 1960s and 1970s, it was widely used for pest control on cotton crops. In the USA, the use of toxaphene was resticted in 1982 and the substance was completely banned in 1990. Human exposure to toxaphene appears to be limited to ingestion of low concentrations of the mixture in food and possibly to inhalation of ambient air [ATSDR 2005].

The nine pesticides have been banned in the European Community according to directive 79/119/EC [BIPRO 2005]. But in some countries these pesticides are still being used in agricultural and disease vector control today [Ritter et al.1995]. In Flanders, where the use of the POP-pesticides was banned decades ago, DDT, aldrin, dieldrin and endrin were still present in 28% of 600 soil samples analysed in the period 2000-2003. Peak contaminations of e.g. aldrin indicate that the illegal use of old stocks is still possible even in countries where these organic chlorinated pesticides have been banned a long time ago [MIRA 2004].

Polychlorinated terphenyls (PCT)

The physical and chemical properties of PCTs are very close to those of PCBs, and depend on the degree of chlorination. Data relating specifically to polychlorinated terphenyls are scarce.

Polybrominated biphenyls (PBB)

PBBs were introduced as flame retardants in the early 1970s. Hexabromobiphenyl was the most commercially significant PBB in the USA and was incorporated into    acrylonitrile-butadiene-styrene (ABS) plastics, used mainly in small appliances and automotive applications, coatings, lacquers, and polyurethane foam. The other PBB flame retardants have similar uses. The routes of exposure of the general population to PBBs are not well known. Present knowledge indicates that ambient air and water do not contain high levels of PBBs. Lipid-rich food, especially from contaminated waters, is probably of great importance [IPCS 2005].

Alkylphenols

Alkylphenols are mainly used to produce alkylphenol ethoxylates, resins, plastics and stabilizers. Alkylphenol ethoxylates are mainly used in washing and cleaning agents and as surface-active agents. They are also used in smaller quantities in pesticides and cosmetics. Under some conditions, one of the breakdown products of alkylphenol ethoxylates in the environment are the alkylphenols.

The main direct exposure routes are inhalation of sprayed pesticides, dermal exposure through hair dye and ingestion of food that was packed in alkylphenol and alkylphenol derivates containing plastics [ECB 2002].

Phthalate esters

The predominant use of phtalate esters is as plastifier in flexible products made of polyvinylchloride. These products are used in many common items such as wall coverings, tablecloth, garden hoses, toys, rainwear, … Phtalate esters are also used as solvent in dyes or insecticides, as fibre lubricant in the textile industry, as plastifier in polyurethanes and as a fragrance fixative. The use of phtalates in consumer products is likely to be the primary source of human exposure. Exposure can result e.g. from eating foods into which phtalates have leached from packaging materials or from dermal contact with plastics or cosmetics containing phtalates. Exposure can also result from a medical treatment involving the use of polyvinyl tubing (e.g. dialysis patients) [ATSDR 2005].

Brominated Flame Retardants (others than PBBs,) mainly Poly Brominated Diphenyl Ethers (PBDEs) 

PBDEs are used as additive flame retardants in plastics. They are used in different resins, polymers and substrates at levels ranging from 5 tot 30% by weight.

As of August 15, 2004, no products containing more than 0,1% penta- or octaBDE by mass can be sold in the European Union. Humans are primarily exposed to lower brominated diphenyl ethers (e.g. tetra en penta BDEs) by inhalation of ambient air and ingestion of contaminated food [ATSDR 2005].

Organotins

The major use of organotin compounds is for heat stabilisation of PVC, also in PVC used for food packaging. Tributyltin compounds are also used as slimicides on masonry, as disinfectant and as biocide in cooling water. Many countries have restricted the use of triorganotin compounds as marine antifoulants. Human exposure to organotin compounds may occur by the ingestion of seafood and contact with consumer product that contain organotin compounds [ATSDR 2005].

Short-chain chlorinated paraffins (SCCPs)  

The main uses of SCCPs are in metal working fluids, sealants, as flame retardants in rubbers and textiles, in leather processing and in paints and coatings [ECB 2002]. The EC directive 2002/45 introduces restrictions towards the use in metal working fluids and leather finishing products, the two areas being responsible for unacceptable sources for emission to the aquatic environment [CSTEE 2002]. The main source of exposure of humans via the environment is likely to be via food and, to a lesser extend, drinking water [ECB 2002].

PBDDs and PBDFs

As for the PCDD/Fs, PBDD/Fs are not known to occur naturally. They are not intentionally produced but are generated as undesired by-products in various processes. PBDDs/PBDFs have been found as contaminants in brominated organic chemicals and, in particular, in flame retardants, such as polybrominated diphenyl ethers (PBDEs). To date, in contrast to PCDDs/PCDFs, PBDDs/PBDFs have not been frequently included in monitoring programmes. The few studies performed indicate a limited occurrence [IPCS 2005].
Annex 2: Scenario 1 : POP concentrations in the output of hazardous waste incinerators

Table 18: Overview of PCB an PCDD/F concentrations in flue gas of state of the art rotary kiln hazardous waste incinerators

	POP
	Collection date
	Min – Max Concentration

ng/Nm³
	Min – Max Concentration


	Ref.

	( PCDD/PCDF
	2000-2002
	0.0867-0.3374
	0.0062-0.0369
	ng TEQ/Nm³
	[Karademir et al.]

	( PCDD/PCDF
	2004
	
	0.0031–0.02
	ng TEQ/Nm³
	[Indaver]

	( PCBs
	2003
	
	0.00006-0.001
	ng TEQ/Nm³
	[Jaspers]


Table 19: Overview of PCDD/F concentrations in filter ash and bottom ash of state of the art rotary kiln hazardous waste incinerators 

	Residue
	Collection date
	PCDDF
	Min – Max Concentration


	Ref.

	Filter ash
	1999
	
	0.612
	ng TEQ/g
	[Indaver]

	Bottom ash
	1999
	
	0.005
	ng TEQ/g
	[Indaver]


Annex 3: Scenario 2 and 3: POP concentrations in the in- and output of MSW incinerators

POP and toxic substances in the waste

PCDD/Fs and PCBs in MSW

Table 20 summarizes some of the PCB and PCDD/F concentrations in MSW published over the last 15 years.

The PCDD/PCDF concentrations in Spanish waste samples [Abad et al. 2002] taken in 1998 – 1999, present a large variability with a minimum of 1.47 ng I-TEQ/kg and a maximum of 87.48 ng I-TEQ/kg. To reinvestigate the MSW, 18 additional samples were taken in 2000. Again, the waste showed a similar variability: dioxin concentrations ranged from 1.55 to 45.16 ng I-TEQ/kg [Abad et al. 2002].

German MSW [Wilken et al. 1992] samples taken in 1980 and 1989-1991 and both analysed in 1991, present a similar variability, with concentrations ranging from 38.5 to 206.9 ng I-TEQ/kg and 2.1 to 50 ng I -TEQ/kg respectively. Furthermore, the samples from 1980 have a distinctly higher contamination with PCDD/PCDF, indicating a decline of dioxin concentrations in the waste over that period [Wilken et al.1992].

In a Japanese study [Sakai et al. 2001], the PCDD/PCDF concentrations seem lower, but only 3 samples of Japanese waste were analysed making it difficult to compare.

With values between 8.2 and 33 ng/g, the PCB concentrations in Japanese MSW also show some variability, but less pronounced than the PCDD/PCDF concentrations in the European waste. 

In some of the studies different waste fractions were analysed separately. The fractions containing rubber and leather, textiles, plastics and paper products presented the highest PCDD/PCDF and PCB values [Wilken et al. 1992, Sakai et al. 1999, Abad et al. 2000].

Table 20 Overview of PCB and PCDD/F concentrations in MSW found in literature

	POP
	Collection 

Date
	Min – Max Concentration

ng/g
	Min – Max Concentration


	Country and Ref.

	( PCDD/PCDF
	1980
	
	38.5 – 206.9
	ng I-TEQ/kg
	Germany,

[Wilken et al.]

	( PCDD/PCDF
	1989 - 1991
	
	2.1 – 50
	ng TE BGA/kg
	Germany,

[Wilken et al.]

	( PCDD/PCDF
	1998 - 1999
	
	1.47 – 87.48
	ng I-TEQ/kg
	Spain,

[Abad et al. 2002]

	( PCDD/PCDF
	2000
	
	1.55 – 45.16
	ng I-TEQ/kg
	Spain,

[Abad et al. 2002]

	( PCDD/PCDF
	1999
	0.39 – 0.87
	1.4 – 2.6
	ng TEQ/kg(1)
	Japan,

[Sakai et al. 2001]

	( PCBs
	1993
	8.7
	
	ng/g
	Japan,

[Sakai et al. 1999]

	( PCBs
	1996
	13
	
	ng/g
	Japan,

[Sakai et al. 1999]

	( PCBs
	1997
	33
	
	ng/g
	Japan,

[Sakai et al. 1999]

	( PCBs
	1999
	8.2 - 14
	
	ng/g
	Japan,

[Sakai et al. 2001]

	(1) Based on 1997 TEF-values


Toxic substances analysed for by greenpeace

In 2003, Greenpeace volunteers collected 69 house dust samples in Belgium. 51 samples were collected in 10 volunteers’ houses selected in order to cover as much of the country as possible. 6 samples were collected in the offices of members of the European parliament in Brussels. 12 other samples were collected in the homes and offices of 11 Belgian politicians and in the press briefing room of the European parliament in Brussels.

Table 21 Median values of toxic substance concentrations in Belgian house dust analysed by Greenpeace

	POP
	Occurrence

(1)
	Median concentration

mg/kg dust
	Min – Max Concentration

mg/kg dust

	Phthalates
	11/11
	702.3
	283.5
	2861.0

	Alkylphenols
	11/11
	4.5
	2.7
	14.7

	Brominated flame retardants
	10/11
	0.09
	0.00
	0.09

	Organotins
	11/11
	0.69
	0.38
	9.40

	Short chain chlorinated paraffins
	2/11
	< 1
	< 1
	6.1

	(1) 11 samples were analysed: 10 samples for the volunteers’ houses ( 51 individual samples were pooled per house) and 1 sample  for the European parliament (the 6 individual samples were pooled)


Table 21 summarizes the median value of the obtained concentrations of these 5 groups of chemicals in the 51 dust samples collected in 10 individual houses and the 6 samples taken in the European parliament. The analytical results for the 12 individual samples taken in the politicians’ offices and homes are not represented here because they show a wide concentration range and no median values were calculated.

Greenpeace found that all dust samples collected from Belgian homes at different locations and from offices were contaminated with a variety of toxic substances. At no region dust samples were systematically more contaminated than the other regions. This supports the hypothesis that the toxic substances in house dust are primarily from sources inside the house or office. 

POPs in plastics of WEEE and ASR

Table 22 Overview of POP and toxic substance concentrations in WEEE found in literature

	WEEE source
	POP
	Concentration
	Country and Ref.

	Shredded residues containing mixed polymers
	PBDD
	200
	ng/kg
	Germany,

[Vehlow et al. 2002]

	
	PBDF
	600
	ng/kg
	Germany,

[Vehlow et al. 2002]

	Shredded television housings
	PBDD
	15
	ng/kg
	Germany,

[Vehlow et al. 2002]

	
	PBDF
	3,000
	ng/kg
	Germany,

[Vehlow et al. 2002]

	Electric appliance shredder residue
	PCBs
	1.20.106
	ng/kg
	Japan,

[Sakai et al. 1998]

	Double shredded residues of industrial (low, medium, high voltage) WEEE waste
	PBB
	50.106
	ng/kg
	Germany,

[Vehlow et al. 1997]


Table 22 summarizes the POP concentrations in WEEE found in literature.

Shredded television housings seem to contain a higher amount of PBDF than the shredded residues containing mixed polymers. The PBDD/PBDF ratio is much lower for the shredded television housings.

The PCBs concentration of 1,20 mg/kg in the Japanese WEEE is ca 100 times higher than in the Japanese MSW (see Table 20) and about the same order of magnitude as in the Japanese ASR (see Table 23).

The double shredded industrial residues contain several hundred times more flame retardants than the Belgian house dust (see Table 21).

Table 23 summarizes the POP and toxic substance concentrations in ASR found in literature.

The PCB concentrations in the Swedish, German and Japanese ASR are of the same order of magnitude but are thousand fold higher than in the Japanese MSW (see Table 20). 

Whereas no PCDD/Fs were detectable in the Swedish refined ASR, the Japanese ASR contains 80 ng dioxins / g, which is also a thousand fold higher than the concentration in Japanese MSW (see Table 20).

The Japanese ASR contained 11.000 µg Di-(2 Ethylexyl) Phthalate/g, being ten times higher than the phthalate level in Belgian house dust.

Table 23 Overview of POP and toxic substance concentrations in ASR found in literature

	ASR source
	POP
	Concentration
	Country and Ref.

	Refined ASR (i.e. fractions where the metal separation was more effective than in normal shredder operations)
	PCBs
	1.1 – 6.7
	µg/g
	Sweden,

[Aae Redin et al.]

	
	PCDD/Fs
	< 0.6.10-3
	µg/g
	Sweden,

[Aae Redin et al.]

	ASR 
	PCBs
	1.2-24.0
	µg/g
	Japan,

[Sakai et al. 1998]

	
	PCDD/Fs
	80. 10-3
0.25
	µg/g

ngTEQ/g
	Japan,

[Sakai et al. 1998]

	Coarse ASR (i.e. the oversize fraction out of a rotary drum screen with 18 mm holes)
	PCBs
	63
	µg/g
	Germany,

[Fisher et al.]

	ASR
	DEHP
	11,000
	µg/g
	Japan,

[Sakai et al. 1998]


POPs in the output

Table 24 summarizes the PCBs and PCDD/F concentrations in the flue gas of some state of the art grate furnaces in Europe which comply with the European dioxin emission limit of 0.1 ng I-TEQ/Nm³. 

Table 24 Overview of PCB and PCDD/F concentrations in flue gas of state of the art grate furnaces in Europe

	POP
	Collection date
	Min – Max Concentration


	Ref.

	( PCDD/PCDF
	1998 – 1999
	0.003 – 0.020
	ng I-TEQ/Nm³
	[Abad et al. 2002]

	( PCDD/PCDF
	2004
	0.0122 – 0.051
	ng TEQ/Nm³
	[Indaver, 2005a]

	( PCDD/PCDF
	2004
	0.0005
	ng I-TEQ/Nm³
	[AVA]

	( PCBs
	2003-2004
	0.004-0.026
	ng TEQ/Nm³
	[Jaspers]


Table 25 and Table 26 give an overview of the PCDD/F concentrations in Filter ash and bottom ash of some modern grate furnace incinerators for MSW in Europe.

Table 25 Overview of PCDD/F concentrations in filter ash of state of the art grate furnaces in Europe

	POP
	Collection date
	Min – Max Concentration


	Ref.

	( PCDD/PCDF
	1998 – 1999
	0.226 – 0.72
	ng I-TEQ/g
	[Abad et al. 2002]

	( PCDD/PCDF
	2004
	1.536
	ng TEQ/g
	[Indaver, 2005a]

	( PCDD/PCDF
	1985 - 2004
	0.09 - 205
	ng TEQ/g
	[Vehlow, 2006]

	( PCBs
	1986 - 2004
	0.4 - 270
	ng/g
	[Vehlow, 2006]

	( PCBs
	2002
	0.037 – 0.047
	ng TEQ/g
	[Indaver, 2006]

	( PCBs
	1999 - 2000
	0.035 – 0.041
	ng TEQ/g
	[Behnisch, 2002]

	( PCBs
	1994 - 1996
	0.01 – 0.64
	ng TEQ/g
	[Behnisch, 1997]


Table 26 Overview of PCDD/F concentrations in bottom ash of state of the art grate furnaces in Europe

	POP
	Collection date
	Min – Max Concentration

ng TEQ/g
	Ref.

	( PCDD/PCDF
	1998 – 1999
	0.004 – 0.013
	ng I-TEQ/g
	[Abad et al. 2002]

	( PCDD/PCDF
	2004
	< 0.005
	ng TEQ/g
	[Indaver]

	( PCDD/PCDF
	1986 - 2004
	0.004 – 1.283
	ng TEQ/g
	[Vehlow, 2006]

	( PCBs
	1986 - 2004
	0.3 – 180
	ng/g
	[Vehlow, 2006]


In the Spanish incineration units [Abad et al. 2002], the flue gas, filter ash and bottom ash samples presented a rather narrow range of dioxin content in contrast to the great variability among the MSW samples.

Annex 4: Human health risk assessment

This methodology consists of 4 elements:

1. Hazard identification is the process of determining whether a particular chemical is causally linked to particular health effects.

2. Dose-response assessment is the characterisation of the relation between the dose of agent administered or received and the incidence of an adverse health effect [Masters G.M.].
3. Exposure assessment involves specifying exposed population, identifying the route through which exposures might occur and estimating the magnitude, duration and timing of the doses that people might receive as a result of their exposure.

4. Risk characterisation involves the integration of the information of the first three steps to estimate the likelihood of the health effect occurring in the exposed population [Nicolopoulou-Stamati et al 2004].

Annex 5: Hazard identification, summary of health effects

The IARC classifies toxic agents into 5 groups as to their carcinogenicity :

Group 1: The agent is carcinogenic to humans

Group 2A: The agent is probably carcinogenic to humans

Group 2B: The agent is possibly carcinogenic to humans

Group 3: The agent is not classifiable as to its carcinogenicity in to humans

Group 4: The agent is probably not carcinogenic to humans

PCBs

The toxicology of PCBs depends on the number and position of the chlorine atoms, as substitution in the ortho position hinders the rotation of the rings. PCBs without ortho substitution are generally referred to as coplanar and may exert dioxin-like effects in addition to effects they share with non-coplanar PCBs [Ritter et al. 1995].

There are great difficulties in assessing human health effects separately for PCBs, PCDFs or PCDDs, since, quite frequently, PCB mixtures contain PCDFs and occasionally also PCDDs [IPCS 2005].

Health effects that have been associated with exposure to PCBs in humans and/or animals include liver, thyroid, dermal and ocular changes, immunological alterations, neurodevelopmental changes, reduced birth weight, reproductive toxicity and cancer The IARC (International Agency for Research on cancer) has classified PCBs as probably carcinogenic to humans [ATSDR 2005].

Two large episodes of intoxication in humans have occurred in Japan (Yusho) by consumption of contaminated rice oil and in the Province of Taiwan (Yu-Cheng) by consumption of contaminated fish.

PCDDs and PCDFs

PCDDs

Some PCDDS are more toxic than others. 2,3,7,8-TCDD and to a lesser extent, penta- and hexaCDDs substituted in the 2,3,7 and 8 positions are extremely toxic to animals. Other PCDDs that do not have chlorine atoms substituted in the 2,3,7 and 8 positions are considered less toxic than to 2,3,7,8-TCDD [ATSDR 2005]. 

International Toxicity Equivalency factors have been assigned to the 17 PCDDs and PCDFs that contribute most to the toxicity of complex mixtures. They are based upon a comparison of toxicity to 2,3,7,8-TCDD, which is considered to be the most toxic PCDD and has a TEF-value of 1. For example 2,3,7,8-TCDD has been shown to be approximately one tenth as toxic as 2,3,7,8-TCDD in animal tests and its TEF value is 0,1.

The results of animal studies suggest that the most sensitive effects of oral exposure to 2,3,7,8-TCDD are immune, endocrine and developmental effects. It is reasonable to assume that these will also be the most sensitive effects in humans.

The most obvious health effect in people exposed to relatively large amounts (at least 10 times higher than background level) of 2,3,7,8-TCDD is chloracne. Other effects to the skin, such as red skin rashes and discoloration have been reported to occur in people following exposure to high concentrations of 2,3,7,8-TCDD.

The IARC has determined that 2,3,7,8-TCDD can cause cancer in humans, but that it is not possible to classify other PCDDs as to their carcinogenicity to humans [ATSDR 2005].

PCDFs

There are great difficulties in assessing human health effects separately for PCDFs, since, quite frequently, PCDFs are a contaminant in other toxic substances such as PCB mixtures [IPCS 2005, ATSDR 2005].

Animals fed PCDFs had severe body weight loss and their stomach, liver and kidneys and immune system were seriously injured. PCDFs also caused birth defects and testicular damage in animals. Most effects occurred after the animals ate large amounts of PCDDs over a short period of time or smaller amounts for several weeks or months. Nothing is known about the possible health effects in animals from eating PCDF over lifetime.

The IARC has not classified the carcinogenicity of PCDFs due to lack of experimental data [ATSDR 2005].

 Pesticides

Aldrin and dieldrin

The central nervous system is an important target of toxicity for both aldrin and dieldrin. The main and best-documented effect of acute high-level exposure to aldrin or dieldrin in humans is central nervous system excitation culminating in convulsions. Long-term exposure of humans in occupational settings has been associated with central nervous system intoxication but other toxic effects have not been conclusively established. Oral animal studies show that other effects may be associated with the exposure to aldrin or dieldrin, including kidney and liver toxicity, immunosuppression, fetal toxicity and increased postnatal mortality, neurodevelopmental effects and decreased reproductive function.

According to the IARC, aldrin and dieldrin are unclassifiable as to human carcinogenic potential [ATSDR 2005].

Chlordane

Most health effects in humans that may be linked to chlordane exposure are on the nervous system, the digestive system and the liver. Large amounts of chlordane taken by mouth can cause convulsions and death. Swallowing small amounts or breathing air containing high concentrations of chlordane vapours can cause a variety of nervous system effects including headaches, irritation, confusion, weakness and vision problems as well as upset stomach, cramps, vomiting, diarrhea and jaundice.

The IARC has determined that chlordane is not classifiable as to its carcinogenicity to humans [ATSDR 2005].

DDT

Effects of DDT on the nervous system have been observed in both humans and animals and can vary from mild altered sensations to tremors and convulsions.  There have been studies in humans suggesting that high DDT/DDE burdens may be associated with alterations in endpoints that are controlled by hormonal functions such as duration of lactation, maintenance of pregnancy and fertility.

While there is no clear evidence of carcinogenicity of DDT in humans, there is sufficient evidence of carcinogenicity of this compound in rodents that developed tumors primarily in the liver following long term oral treatment with DDT. Therefore the IARC has classified DDT and its metabolites DDE and DDD as possibly carcinogenic to humans [ATSDR 2005].

Endrin

Acute high oral dose exposure to endrin can cause various harmful effects including death and severe central nervous system injury. No long-term effects have been noted in workers, either in factories or during field applications, who have been exposed to endrin by inhalation or dermal contact. 

There are no human data on birth effects.

No significant excess of cancer has been found in exposed factory workers, although endrin metabolites have been found in their urine. The IARC has not classified endrin for carcinogenic effects, but according to the EPA endrin is not classifiable as to its human carcinogenicity. [ATSDR 2005].

Heptachlor

Most of the available information on the toxicity of heptachlor comes from oral exposure to laboratory animals, only very limited human data have been identified. Oral exposure of laboratory animals to heptachlor results in a variety of adverse effects including liver effects, neurological effects, reproductive system dysfunction and developmental effects. The developing organism seems to be the most sensitive target of heptachlor toxicity. 

Based on mixed results from human and animal studies, the IARC has classified heptachlor as being possibly carcinogenic to humans [ATSDR 2005].

Hexachlorobenzene

In the 1950ies, widespread ingestion of bread made from grain that had been treated with hexachlorobenzene caused an epidemic in southeast Anatolia, Turkey. Poisoned infants and children displayed severe skin diseases, with symptoms including photosensitivity, skin fragility leading to skin lesions, hyperpigmentation and hirsutism. Other clinical findings included multiple neurological effects, enlarged liver and enlarged thyroid. 

Based on sufficient evidence in experimental animals, the IARC has classified hexachlorobenzene as being possibly carcinogenic to humans [ATSDR 2005].

Mirex

So far, no information on the toxicity of mirex in humans was located, but animal studies indicate that the primary organs affected by mirex are the liver, kidneys, eyes and thyroid. Mirex exposure results in testicular atrophy and reproductive failure in animals. Adverse developmental effects seen in foetuses following maternal exposure to mirex include cataracts, cardiovascular disturbance, visceral anomalies, increased resorptions and increased stillbirths. Also, mirex is a liver carcinogen in animals.

Based on sufficient evidence in experimental animals, the IARC has classified mirex as being possibly carcinogenic to humans [ATSDR 2005].

Toxaphene

The clinical signs common to both humans and animals following acute intoxication with toxaphene (e.g. hyperexictability, behavioural changes, muscle spasms,..) point to the nervous system as the major target of acute toxicity of toxaphene. This system also appears to be affected, though to a lesser extent, following longer-term exposure in humans and animals. Other toxic manifestations of toxaphene exposures observed in humans and animals include adverse respiratory effects following inhalation exposure. Target organs of toxaphene toxicity identified in experimental animals but not humans include the liver and kidney and to a lesser extent, the hart and immune system.

The IARC has classified toxaphene as being possibly carcinogenic to humans [ATSDR 2005].

Polychlorinated terphenyls (PCTs)

Clinical data on the health effects of PCTs are scarce. Clinical tests point to the liver as the major target organ. 

Polybrominated biphenyls (PBBs)

In accordance to PCBs, individual PBB congeners differ in their pattern of toxicity. The more toxic isomers and congeners cause a decrease in thymus and/or body weight and produce pronounced histological changes in the liver and thymus. Categorization of    brominated biphenyls has been made on a structural basis. Category 1 comprises isomers and congeners lacking ortho-substituents (coplanar PBBs). Mono-ortho-substituted derivatives constitute the second category. Other PBBs (mainly those with two or more ortho-bromines) have been organized into the third category. Congeners of Category 1 tend to elicit the most severe effects, while the congeners of the second and third categories show decreasing toxicological changes. Within the category, the    degree of bromination may also influence toxicity.

The IARC has classified PBBs as being possibly carcinogenic to humans [ATSDR 2005].

Alkylphenols

The health effects of exposure to alkylphenols have not yet been fully established. The adverse effects observed on the reproductive system in chronic exposure animal studies, the observation of oestrogenic activities in vitro en in vivo assays, the minor perturbations in the reproductive system of offspring in a multigeneration animal study and testicular changes in gavage studies have recently raised concerns [IPCS 2005].

Phtalate esters

There is a paucity of data on health effects in humans, but the effects are well studied in animals, particularly by the oral route. The primary effects seen in animals after exposure to phtalate esters such as DEHP and di-n-butylphtalate  are reproductive alterations such as disruption of the mail reproductive system, reduction of the fertility in male and female animals and decreased sperm production. The liver is also one of the main targets of the toxixity of DEHP. In contrats to the findings in rodents, non-human primates appear to be relatively insensitive to the hepatic and testicual effects of DEHP [ATSDR 2005].

Brominated Flame Retardants (others than PBBs,) mainly Poly Brominated Diphenyl Ethers (PBDEs)

The toxicity of decaBDE is generally much less pronounced than for octa- and pentaBDE commercial products. This dissimilar toxicity is likely related to the preferential accumulation of lower brominated congeners in the body, due to their greater partitioning and retention in lipid rich tissues and lower rates of metabolism and elimination relative to decaBDE. The preponderance of health effects data on PBDE is on studies of orally exposed laboratory animals. The animal data indicate that the main targets of concern for lower brominated PBDEs in humans are liver, thyroid and neurobehavioural development 

DecaBDE has been classified by the EPA as a possible human carcinogen.The EPA has classified the other PBDEs as “not classifiable as to human carcinogenicity [ATSDR 2005].

Organotins

Cases of accidental or intentional acute inhalation, oral or dermal intoxication with trimethyltin or triphenyltin have included adverse neurological effects that persisted for along time (years in some cases) after the poisoning episode.

An extensive database derived from oral animal studies indicates that trimethyltin and triethyltin compounds are primarily neurotoxic, whereas tributyltin, dibutyltin and trioctyltin are essentially immunotoxic.

The IARC has not yet classified organotins for carcinogenic effects [ATSDR 2005], but the EPA has classified organotins as “not classifiable as to human carcinogenicity”.

Short-chain chlorinated paraffins (SCCPs)  

In repeated dose toxicity studies in laboratory animals, by the oral route, the liver, kidney and thyroid are the primary target organs for the toxicity of chlorinated paraffins. For the short chain compounds, enlargement of the liver seems to be the most sensitive effect [IPCS 2005].

The effects that are likely to be of concern for repeated dose exposure in humans are general toxicity, kidney carcinogenicity and developemental effects [ECB 2002].
PBDDs and PBDFs  
There are no data on the exposure of humans to PBDDs/PBDFs or on their effects on the health of the general population. Experiments in laboratory animals point out that 2,3,7,8-TeBDD causes typical 2,3,7,8-TeCDD-like effects. PBDDs/PBDFs are believed to share a common mechanism of action with PCDDs/PCDFs [IPCS 2005].

Annex 6: Overview of most sensitive effects
Table 27 gives an overview of the most sensitive effects that can be expected after oral administration of some POPs and toxic substances. These effects were observed in laboratory animals. In the risk assessment it is assumed that the effects are also applicable to humans.

Table 27 : Most sensitive observed effects after oral administration for some POPs and toxic substances within the scope of this study

	POP
	Most sensitive observed effect(s)
	Ref.

	PCBs
	Decreased antibody response: significant IgM and IgG antibody levels reduction in rhesus monkeys
	[ATSDR]

	PCDD/Fs
	Altered social interaction with peers in monkeys exposed to 2,3,7,8-TCDD prenataly and during lactation
	[ATSDR]

	Aldrin
	Liver effects (hepatocellular enlargement, cytoplasmic eosinophilia, peripheral migration of basophilic granules along with less prominent alterations of cytoplasmic vacuolation and bile duct proliferation) in rats
	[ATSDR]

	Chlordane
	Hepatocellular hypertrophy in female rats
	[ATSDR]

	Di-(2-ethylhexyl)Phtalate
	Bilateral spermatogenesis in male rats
	[ATSDR]

	DecaBDE
	Effects on maternal endpoints (e.g. clinical signs, body weight, pregnancy rate, implantation, liver weight, necropsy findings) or effects on fetal endpoints (e.g. body weight, sex ratio, external, visceral or skeletal malformations)
	[ATSDR]

	PentaBDE
	Histological changes (in the liver in rats)
	[ATSDR]

	Tributyltinoxide
	Depression of IgE titers and increased T. Spiralis in muscle in rats
	[ATSDR]


Annex 7: Definitions of toxicological parameters

No Observed Adverse Effect Level (NOAEL): dose of a chemical at which there were no statistically or biologically significant increases in frequency or severity of adverse effects seen between the exposed population and its appropriate control.

Lowest Observed Adverse Effect Level (NOAEL): lowest exposure level of chemical in a study or group of studies that produces statistically or biologically significant increases in frequency or severity of adverse effects seen between the exposed population and its appropriate control.

Minimal Risk Level (MRL): estimate of the daily human exposure, expressed on a body mass basis (e.g. mg/ kgbody weight.day) to a hazardous substance that is likely to be without appreciable risk of adverse non cancer health effects over a specified duration of exposure.

Acute: 1-14 days

Intermediate: 15-365 days

Chronic: 365 days and longer

Acceptable Daily Intake (ADI): estimate of the amount of a substance, expressed on a body mass basis (usually mg/ kgbody weight.day), which can be ingested daily over a lifetime by humans without appreciable health risk.

Tolerable Daily Intake (TDI): the total intakes by ingestion, expressed on a body weight basis (e.g., mg/ kgbody weight.day), to which it is believed that a person can be exposed daily over a lifetime without deleterious non cancer effect.

The ADI is normally used for food additives whereas TDI is used for contaminants.

Threshold limit value - time weighted average (TLV-TWA): the time weighted average concentration for a normal 8-hour workday and a 40-hour week, to which nearly all workers may be repeatedly exposed, day after day, without adverse effect.

Lethal Dose 50 (LD50): the dose administered that kills half the test population.

Reference Dose (RfD): estimate of a daily exposure to the human population (including sensitive subgroups), expressed as  mg/ kgbody weight.day, that is likely to be without an appreciable risk of deleterious non cancer effects during a lifetime. 

When multiple data on LD50 in rats were available, the lowest value was represented in the table below.

Potency factor: risk of developing cancer produced by a lifetime average daily dose of 1 mg/ kgbody weight.day

Annex 8: Overview of toxicological indices found in literature

	Stockholm
	MRL oral
	mg/kg/day
	 
	MRL inhal.
	mg/m³
	TLV-TWA
	ADI-TDI
	oral LD50 rat
	RfD
	Potency factor

	POPs
	acute
	intermediate
	chronic
	intermediate
	chronic
	mg/m³
	mg/kg/day
	mg/kg
	mg/kg/day
	(mg/kg/day)-1

	aldrin
	2.00E-03
	 
	3.00E-05
	 
	 
	0.25
	0.0001
	37
	 
	17

	dieldrin
	 
	1.00E-04
	5.00E-05
	 
	 
	0.25
	0.0001
	37
	 
	16

	chlordane
	1.00E-03
	6.00E-04
	6.00E-04
	2.00E-04
	2.00E-05
	0.5
	5.00E-04
	4.60E+02
	 
	1.3

	DDT
	5.00E-04
	5.00E-04
	 
	 
	 
	1
	 0.01
	250
	 
	0.34

	endrin
	 
	2.00E-03
	3.00E-04
	 
	 
	0.1
	0.0002
	7.5
	 
	

	heptachlor
	 
	1.00E-04
	 
	 
	 
	0.5
	0.0005
	100
	 
	

	HCB
	8.00E-03
	1.00E-04
	5.00E-05
	 
	 
	0.002
	 0.000017
	3500
	 
	1.6

	mirex
	 
	 
	8.00E-04
	 
	 
	 
	 
	 
	 
	

	PCBs
	 
	3.00E-05
	2.00E-05
	 
	 
	0.5
	 
	1
	 
	2.0

	2,3,7,8-TCDD***
	2.00E-07
	2.00E-08
	1.00E-09
	 
	 
	0.5
	 1E-12
	0.022
	 
	1.56E+05

	2,3,4,7,8-pentaCDF
	1.00E-06
	3.00E-08
	 
	 
	 
	 
	 
	 
	 
	

	toxaphene
	5.00E-03
	1.00E-03
	 
	 
	 
	0.5
	 
	 
	 
	1.1

	Basel POPs
	 
	 
	 
	 
	 
	
	
	
	 
	

	PBBs
	1.00E-02
	 
	 
	 
	 
	 
	 
	 
	 
	

	lower BDEs
	3.00E-02
	7.00E-03
	 
	6.00E-03
	 
	 
	 
	 
	 
	

	Others
	
	
	
	
	
	
	
	
	 
	

	butyl benzyl phtalate
	 
	 
	 
	 
	 
	 
	 1.3
	2000
	 
	

	diethyl phtalate
	 
	 
	 
	 
	 
	5
	 5
	9200
	8
	

	di-(2-ethylhexyl) phtalate
	1.00E+00
	1.00E-01
	6.00E-02
	 
	 
	5
	 
	25
	0.02
	0.014

	di-n-butyl phtalate
	5.00E-01
	 
	 
	 
	 
	5
	 
	6300
	0.1
	

	decaBDE
	 
	1.00E+01
	 
	 
	 
	 
	 
	> 5000
	 
	

	heptaBDE
	 
	 
	 
	 
	 
	 
	 
	> 5000
	 
	

	octaBDE
	 
	 
	 
	 
	 
	 
	 
	> 5000
	 
	0.01

	pentaBDE
	 
	 
	 
	 
	 
	 
	 
	5800
	 
	

	tetrabromobisphenol A
	 
	 
	 
	 
	 
	 
	 
	> 5000
	 
	

	hydrogen bromide
	 
	 
	 
	 
	 
	6.7**
	 
	 
	 
	

	inorganic tin
	 
	3.00E-01
	 
	 
	 
	2
	 
	 
	 
	

	organotins
	 
	 
	 
	 
	 
	0.1
	 
	 
	 
	

	tributyltinoxide
	 
	3.00E-04
	3.00E-04
	 
	 
	 
	 0.0003*
	127
	0.0003
	

	dibutyltinchloride
	 
	5.00E-03
	 
	 
	 
	 
	 
	 
	 
	

	* guidance value
	** STEL
	*** in TEQ
	
	
	
	
	
	
	
	


Annex 9: Overview of toxicity factors used for the calculation of toxicity weighed masses

Table 28 : Minimal risk dose used to calculate relative toxicity of POPs and toxic substances in the in- and output of waste incinerators

	POP
	Minimal Risk Dose in mg/kg.day
	Toxicological parameter and comments
	Ref.

	PCBs

	2.10-5
	MRL for chronic oral exposure to a Aroclor 1254
	[ATSDR]

	PCDD/Fs
	1. 10-9 I-TEQ
	MRL for chronic oral exposure, can be used for other substances with TEF-values
	[ATSDR]

	Chlorinated pesticides
	3. 10-5
	MRL for chronic oral exposure to aldrin, the most toxic chlorinated pesticide of the scope
	[ATSDR]

	
	8. 10-4
	MRL for chronic oral exposure to mirex, the less toxic chlorinated pesticide of the scope
	

	Pesticides in household waste
	3. 10-4
	ADI-value of lindaan, the most toxic pesticide of the 20 most detected pesticides in Flanders (3)
	[MIRA],

[Aust. Gov.]

	
	3. 10-1
	ADI-value of glyfosate, the least toxic pesticide of the 20 most detected pesticides in Flanders (3)
	

	Alkylphenols
	1,5
	Our own estimation by dividing by 10 the intermediate oral NOAEL for nonylphenol in rats of 15 mg/kg.day (1) (2)
	[ECB]

	Phtalates
	6. 10-2
	MRL for chronic oral exposure to di(2-ethylhexyl)phtalate, the only phtalate within the scope for which a chronic MRL was derived
	[ATSDR]

	Brominated flame retardants
	10
	MRL for intermediate oral exposure to decaBDPE, no chronic MRL derived (2)
	[ATSDR]

	
	7. 10-3
	MRL for intermediate oral exposure to pentaBDPE and applicable to octaBDPE, no chronic MRL derived (2)
	

	Organotins
	3. 10-4
	MRL for chronic oral exposure to tributyltinoxide, the only organic tin compound for which a chronic MRL was derived
	[ATSDR]

	Inorganic tin
	3. 10-1
	MRL for intermediate oral exposure to inorganic tin compounds, no chronic MRL derived (2), inorganic tin will be found in the output fractions of the waste incinerator
	[ATSDR]

	Short chain chlorinated paraffins
	10
	Our own estimation by dividing by 10 the intermediate oral NOAEL in rats for short chain chlorinated paraffins (C10-13) of 100 mg/kg.day (1) (2)
	[ATSDR]

	PBDD/F
	1. 10-9 I-TEQ
	Sufficient data supports the concept of using corresponding TEF values for brominated and chlorinated analogues 
	[ATSDR]],

[IPCS]

	(1) This is the authors’ purely technical estimation without any medical value. The only aim is to estimate the relative toxicity of a substance or group of substances in the in- and output of waste incinerators.

(2) If no chronic oral dose was derived, the alternative use of the intermediate oral dose will underestimate the relative toxicity of a substance or group of substances in the toxicity calculations.

(3) Since there exists up to our knowledge no detailed information about the exact composition of pesticides in household waste, the 20 most detected pesticides in Flanders are considered to also be the 20 most used pesticides in this region. Using the Minimal risk dose of one of the POP pesticides would overestimate the toxicity of this fraction because POP pesticides are no longer used in household applications.


Annex 10: Scenario 1 : detailed calculation overview 

Table 29 gives the calculation of the total PCDD/Fs mass in the output of the rotary kiln.

Table 29 : Total PCDD/Fs mass in the output of the BAT rotary kiln in scenario 1


[image: image17.wmf]Amount 

gTEQ/year

Mass %

Flue gas

1,013,548

kNm³/y

0.010

 ngTEQ/Nm³

0.010

0.38%

Brown coal cokes

0.509

18.86%

Bottom ash

19,304

ton/y

5

 pgTEQ/g

0.097

3.58%

Boiler ash

898

ton/y

612

 pgTEQ/g

0.550

20.36%

Fly ash

2,299

ton/y

612

 pgTEQ/g

1.407

52.14%

Sludge

2,830

ton/y

45

 pgTEQ/g

0.127

4.69%

Total yearly PCDD/Foutput  gTEQ

2.699

Mass stream

Concentration


For the estimation of the total PCBs output, it is assumed that the PCB concentrations (TEQ of the non-ortho PCBs) in the output fractions and the mass partition over the different output fractions equal those of the Belgian MSW incinerator in scenario 2 given in Table 41 and Table 42.

.

Table 29 gives the calculation of the PCBs mass (in TEQ) in the output of the rotary kiln.

Table 30 : Total PCBs mass in the output of the BAT rotary kiln in scenario 1


[image: image18.wmf]PCB concentration fly ash*

5.00E+01

pg TEQ/g

Mass stream fly ash

2.30E+03

ton/y

Mass fraction PCBs in fly ash*

24.18%

Total yearly PCBs output

4.75E-04

kg TEQ/y

* assumed the same values as in scenario 2




Annex 11: Scenario 2 and 3: Detailed calculation overview 

The POP concentrations used in the calculations can be found in 
Table 5
.

1. POP-input calculations

PCBs and PCDD/Fs

The yearly mass input range for PCBs and PCDD/Fs is calculated in Table 31.

Table 31 : Mass range for PCBs and PCDD/Fs incinerated in scenario 2


[image: image19.wmf]400,188

tons of MSW yearly incinerated

Maximum

Minimum

33

µg PCBs/kg

8.2

13.2

kg PCBs  incinerated yearly

3.3

50.20

PCDD/F in ng I-TEQ/kg

7.91

0.0200894

kg I-TEQ incinerated yearly

0.003164


Greenpeace toxic substances

In order to estimate the amount of dust Belgian people yearly dispose of in the residual waste bag, a small-scale experiment was carried out. The vacuum cleaner dust bags of 4 Flemish households were weighed when they were empty and after a known period of use. The results of this experiment are represented in Table 32.

Table 32 : Estimation of the yearly house dust production in Flemish households


[image: image20.wmf]Household

Start date

End date

Dust 

collected 

in kg

Dust/ 

household.year 

in kg

Number of 

adults

Number of 

children

Dust / 

person.year

A

12/12/2005

6/02/2006

0.386

2.518

2

2

0.629

B

31/12/2005

6/02/2006

0.425

4.195

2

2

1.049

C

9/01/2006

11/02/2006

0.490

5.423

3

1.808

D

1/01/2006

7/02/2006

0.180

1.777

2

0.888

Average dust/household.year in kg

3.478

Average dust/person.year in kg

1.094


In Table 33 the range for the yearly dust mass incinerated in the BAT grate furnace is calculated based on the average dust production estimates represented in Table 32.

Table 33 : Estimation of the yearly house dust mass incinerated in scenario 2


[image: image21.wmf]962,018

400,188

0.42

Number of Flemish inhabitants

6,016,024

Number of Flemish households

2,480,104

Dust/year in Flanders in kg

6,579,293

8,626,643

Dust/year for scenario 2 in kg

2,736,908

3,588,580

Number of persons/Flemish household

2.43

Number of persons/test household

2.75

Estimate based on dust/person.year

Total mass of  MSW yearly incinerated in Flanders in tons

Total mass of MSW yearly incinerated in BAT grate furnace in tons

Fraction of total mass of MSW yearly incinerated

Estimate based on dust/household.year


As shown in Table 33, the average number of persons in the test household exceeds the average number of persons in a Flemish household. The dust mass calculated by multiplying the number of households in Flanders by the average dust production per test household could therefore overestimate the real dust mass that is incinerated.

On the other hand the test population is much too small to be representative for the composition of the Flemish household. Since the contribution of e.g. small children to the dust generation could well be different from the contribution of working adults, the calculation of the dust mass based on the average dust production per person in the experiment can only be considered as a raw estimate.

Table 34 represents the calculation of the mass range of Greenpeace toxic substances from house dust that are yearly incinerated in scenario 2 .

Table 34 : Mass range of Greenpeace toxic substances out of house dust yearly incinerated in scenario 2


[image: image22.wmf]mg/kg dust

Maximum 

kg/year

Minimum 

kg/year

Phtalates

702

2,520

1,922

Alkylphenols

4.5

16.15

12.32

Brominated flame retardants

0.09

0.32

0.25

Organotins

0.69

2.48

1.89

Short chain chlorinated paraffins

3.3

11.84

9.03


Brominated flame retardants in WEEE-plastics present in MSW (scenario 2)

Table 35 represents the calculation of the mass range of BFR from WEEE-plastics in MSW  yearly incinerated in the BAT grate furnace of scenario 2.

Table 35 : Mass range of BFR from WEEE-plastics in MSW incinerated in scenario 2
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0.35%

2.2%

1,401

30.81

Maximum

Minimum

43,541

kg pentabromodiphenylether yearly incinerated

kg decabromodiphenylether yearly incinerated

36,985

tons of MSW yearly incinerated

tons of WEEE-plastics containing BFR yearly incinerated

tons of Br yearly incinerated

% of MSW which consists of BFR containig WEEE-plastics

Average Br-content of BFR containing WEEE-plastics


PBDD/F in WEEE present in MSW

Table 36 represents the calculation of the mass range of PBDD/F from WEEE in MSW yearly incinerated in scenario 2

Table 36 : Mass range of PBDD/F out of WEEE-plastics in MSW yearly incinerated in scenario 2
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Minimum

200

ng PBDD/kg WEEE-plastic

15

600

ng PBDF/kg WEEE-plastic

3000

0.28

kg PBDD yearly incinerated

0.02

4.20

kg PBDF yearly incinerated

0.84

4.48

kg PBDD and PBDF yearly incinerated

0.86

0.0224

kg I-TEQ yearly Incinerated

0.0043

*our own rough estimation by dividing the mass by 200. This figure is based on the 

mass/I-TEQ report of PCDD/F in Sakai et al [1999, 2001]. To calculate the correct TEQ-

value, a fingerprint analysis with the concentrations in mass units for the different 

homologues would be needed.


Pesticides in MSW

Table 37 represents the estimation of the mass of household pesticides in MSW yearly incinerated in scenario 2. The calculation is based on OVAM data.

Table 37 : Mass of pesticides in MSW yearly incinerated in scenario 2
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persons in Flanders in 2004

0.87

kg "KGA"/person.year in Flanders

5,233,941

kg "KGA"-waste/year

0.0035

fraction of "KGA" that consists of pesticides and their packaging

0.10

fraction of household pesticides and packaging that is estimated to 

consist of pesticide itself (our own estimation)

0.42

fraction of Flemish MSW that is incinerated in BAT grate furnace

7,620

kg household pesticides and packaging yearly incinderated in BAT 

grate furnace

762

kg household pesticides yearly incinerated in BAT grate furnace


POPs and toxic substances in co-combusted WEEE-plastics (scenario 3)

Table 38 and Table 39 represent the calculation of the POP-input for scenario 3.

Table 38 : Mass range of PBDE and PBDD/F out of WEEE-plastics co-combusted in scenario 3
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Tons incinerated in 2004

12,006

Tons of potentially co-combusted WEEE (3%)

Maximum

Minimum

264

tons of bromine (2,2% of WEEE)

decaBDFE kg/year

317,015

373,212

pentaBDFE kg/year

2.40

PBDD kg/year

0.18

36.02

PBDF kg/year

7.20

38.42

PBDD and PBDF kg/year

7.38

0.192

PBDD and PBDF kg TEQ/year

0.037

*our own rough estimation by dividing the mass by 200. This figure is based on the 

mass/I-TEQ report of PCDD/F in Sakai et al [1999, 2001]. To calculate the correct TEQ-

value, a fingerprint analysis with the concentrations in mass units for the different 

homologues would be needed.


Table 39 : Mass range of PCDD/Fs, PCBs and DEHP out of ASR co-combusted in scenario 3
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Tons incinerated in 2004

20,009

Tons of potentially co-combusted ASR (5%)

Maximum

Minimum

22.0

PCBs kg/year

1,261

0.00500

PCDD/F kg/year

0.00500


2. Output calculations

The total mass output for the POPs within the scope of this study consists of the sum of the masses of the PCBs and the PCDD/Fs in the output fractions of the BAT grate furnace of scenario 2 and 3.

PCDD/Fs

Table 40 gives the calculation of the total yearly PCDD/Fs mass in the output.

Table 40 : Total PCDD/Fs mass in the yearly output of the BAT grate furnace of scenario 2
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gTEQ/year

Mass %

Flue gas

2,277,875

kNm3/y

0.020

 ngTEQ/Nm³

0.046

0.204%

Bottom ash

101,975

ton/y

5

 pgTEQ/g

0.510

2.279%

Boiler ash

8,380

ton/y

216

 pgTEQ/g

1.810

8.089%

APC-residue

13,028

ton/y

1,536

 pgTEQ/g

20.011

89.429%

Total yearly PCDD/Foutput  

22.38

Mass stream

Concentration


PCBs

Table 41 gives the calculation of the mass distribution of PCBs in the different output fractions, based on the measured DIN PCB concentrations. 

For the calculation of the PCB TEQ-values in Table 42, it is assumed that the non-ortho PCBs with WHO-TEF values are in the same way distributed over the different output fractions as the 7 DIN PCBs.

Table 41 : Mass distribution of PCBs in the yearly output of the BAT grate furnace of scenario 2
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kg/year

Mass %

Flue gas

2,277,875

kNm3/y

5.75E-10

g/m³

1.31E-03

0.12%

Bottom ash 2-50 mm

45,889

ton/y

1.70E-02

mg/kg

7.80E-01

72.39%

Bottom ash (sand fraction)

35,691

ton/y

1.00E-03

mg/kg

3.57E-02

3.31%

Boiler ash

8,380

ton/y

dl

0.00E+00

APC-residue

13,028

ton/y

2.00E-02

mg/kg

2.61E-01

24.18%

Total yearly PCB output

1.08

Mass stream

Concentration


Table 42 : PCB TEQ-concentrations  in the yearly output of the BAT grate furnace of scenario 2
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Non-ortho PCBs 

pg TEQ/g

APC-residue 

ton/y

Non-ortho PCBs 

g TEQ/y

Flue gas

0.00

3.27E-03

Bottom ash 2-50 mm

0.72

1.95E+00

Bottom ash (sand fraction)

0.03

8.92E-02

Boiler ash

APC-residue

0.24

50

13,028

6.51E-01

Yearly non-ortho PCB output in g TEQ/year

2.69

Calculation of the values in italic is based on the mass % of the DIN-PCBs


Annex 12: Influence of PAH on the output (weighed toxicity) in scenario 2 

Table 43: Estimated maximum PAH contribution to toxicity weighed output
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Flue gas

2,277,875

kNm³/year

0.71
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1.63E-03

Fly ash

13,028,000
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Toxicity weighed output for PAH*

1.13E+01

*The RfD for naphtalene (0.02 mg/kg.day) was used as toxicity factor)

Mass stream
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The concentration of the PAH in the flue gas is the average of 4 measurements on the BAT grate furnace of scenario 2 [Jaspers 2004].

The concentrations for the solid output fractions are the highest values found in literature:

· The concentration in the filter ash is the average of 2 values reported by Bagnoli et al [2004].

· The concentrations in the bottom and boiler ash are reported by Vehlow et al [2006].

Compared to the total toxicity weighed output based on the presence of PCDD/Fs and PCBs of 2.51 107, the toxicity weighed output of the PAH (11.3) is negligible.
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� For definitions of the terms used in this and the following paragraphs, see annex 7.


� DIN PCB (7 congeners)


� Sludge from the treatment of the waste water from the gas washing unit


� After the gas washing unit, a brown coal cokes filter is installed to adsorb dioxins in the flue gas before it is released to the environment


� expressed in kg.kgbody weight.day/mg.year


� DIN PCB (7 congeners)


� Filter ash is used as general term for fabric filter ash and electrostatic filter ash (ESP-ash) and is in literature also referred to as fly ash
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Sheet1

				Mass output kg/year*		MRD mg/kg.day*		Toxicity-weighed output

		PCB		2.69E-03		1.00E-09		2.69E+06

		PCDD/F		2.24E-02		1.00E-09		2.24E+07

		Inorganic tin		7.88E-01		3.00E-01		2.63E+00

		Total						2.51E+07

		* For PCDD/F and PCBs in TEQ-values



in I-TEQ

in I-TEQ
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Sheet1

		400,188		Tons incinerated in 2004

		12,006		Tons of potentially co-combusted WEEE (3%)

		Maximum				Minimum

		264		tons of bromine (2,2% of WEEE)

				decaBDFE kg/year		317,015

		373,212		pentaBDFE kg/year

		2.40		PBDD kg/year		0.18

		36.02		PBDF kg/year		7.20

		38.42		PBDD and PBDF kg/year		7.38

		0.192		PBDD and PBDF kg TEQ/year		0.037

		*our own rough estimation by dividing the mass by 200. This figure is based on the mass/I-TEQ report of PCDD/F in Sakai et al [1999, 2001]. To calculate the correct TEQ-value, a fingerprint analysis with the concentrations in mass units for the different homologues would be needed.
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Sheet1

				mg/kg dust		Maximum kg/year		Minimum kg/year

		Phtalates		702		2,520		1,922

		Alkylphenols		4.5		16.15		12.32

		Brominated flame retardants		0.09		0.32		0.25

		Organotins		0.69		2.48		1.89

		Short chain chlorinated paraffins		3.3		11.84		9.03
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		Household		Start date		End date		Dust collected in kg		Dust/ household.year in kg		Number of adults		Number of children		Dust / person.year

		A		12/12/05		2/6/06		0.386		2.518		2		2		0.629

		B		12/31/05		2/6/06		0.425		4.195		2		2		1.049

		C		1/9/06		2/11/06		0.490		5.423		3				1.808

		D		1/1/06		2/7/06		0.180		1.777		2				0.888

		Average dust/household.year in kg						3.478

		Average dust/person.year in kg						1.094
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Sheet1

		400,188		tons of MSW yearly incinerated

		Maximum				Minimum

		33		µg PCBs/kg		8.2

		13.2		kg PCBs  incinerated yearly		3.3

		50.20		PCDD/F in ng I-TEQ/kg		7.91

		0.0200894376		kg I-TEQ incinerated yearly		0.0031641531
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Sheet1

		Total mass of  MSW yearly incinerated in Flanders in tons										962,018

		Total mass of MSW yearly incinerated in BAT grate furnace in tons										400,188

		Fraction of total mass of MSW yearly incinerated										0.42

		Estimate based on dust/person.year				Estimate based on dust/household.year

		Number of Flemish inhabitants		6,016,024		Number of Flemish households						2,480,104

		Dust/year in Flanders in kg		6,579,293								8,626,643

		Dust/year for scenario 2 in kg		2,736,908								3,588,580

		Number of persons/Flemish household		2.43

		Number of persons/test household		2.75
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Sheet1

		1,401		tons of WEEE-plastics incinerated in 2004

		Maximum				Minimum

		200		ng PBDD/kg WEEE-plastic		15

		600		ng PBDF/kg WEEE-plastic		3000

		0.28		kg PBDD yearly incinerated		0.02

		4.20		kg PBDF yearly incinerated		0.84

		4.48		kg PBDD and PBDF yearly incinerated		0.86

		0.0224		kg I-TEQ yearly Incinerated		0.0043

		*our own rough estimation by dividing the mass by 200. This figure is based on the mass/I-TEQ report of PCDD/F in Sakai et al [1999, 2001]. To calculate the correct TEQ-value, a fingerprint analysis with the concentrations in mass units for the different homologues would be needed.






_1231059956.xls
Sheet1

		400,188		tons of MSW yearly incinerated

		0.35%		% of MSW which consists of BFR containig WEEE-plastics

		2.2%		Average Br-content of BFR containing WEEE-plastics

		1,401		tons of WEEE-plastics containing BFR yearly incinerated

		30.81		tons of Br yearly incinerated

		Maximum				Minimum

		43,541		kg pentabromodiphenylether yearly incinerated

				kg decabromodiphenylether yearly incinerated		36,985






_1231059954.xls
Sheet1

		6,016,024		persons in Flanders in 2004

		0.87		kg "KGA"/person.year in Flanders

		5,233,941		kg "KGA"-waste/year

		0.0035		fraction of "KGA" that consists of pesticides and their packaging

		0.10		fraction of household pesticides and packaging that is estimated to consist of pesticide itself (our own estimation)

		0.42		fraction of Flemish MSW that is incinerated in BAT grate furnace

		7,620		kg household pesticides and packaging yearly incinderated in BAT grate furnace

		762		kg household pesticides yearly incinerated in BAT grate furnace






_1231059771.xls
Sheet1

				Maximum Mass input kg/year		Mass output kg/year		Potency factor (mg/kg.day)-1		Maximum weighed input*		Weighed output		Maximum weiged
input/output

		PCDD/F (TEQ)				2.70E-03		1.56E+05				4.21E+02

		PCB (mass)		1.24E+06				2.00E+00		2.47E+06

		PCB (TEQ)				4.75E-04		1.56E+05				7.42E+01

		Aldrin		1.00E+05				1.70E+01		1.70E+06

		PAH				7.91E-02		1.17E+01				9.25E-01

		Total								4.17E+06		4.95E+02		8.42E+03

				Minimum Mass input kg/year		Mass output kg/year		Potency factor (mg/kg.day)-1		Minimum cancer-weighed input		Cancer-weighed output		Minimum cancer -weiged
input/output

		PCDD/F (TEQ)				2.70E-03		1.56E+05				4.21E+02

		PCB (mass)		1.24E+06				2.00E+00		2.47E+06

		PCB (TEQ)				4.75E-04		1.56E+05				7.42E+01

		DDT		1.00E+05				3.40E-01		3.40E+04

		PAH				7.91E-02		4.50E+00				9.25E-01

		Total								2.50E+06		4.96E+02		5.06E+03

		* in kg/year (mg/kg.day)-1
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Sheet1

				Maximum Mass input kg/year		Potency factor (mg/kg.day)-1		Maximum weighed input *		Maximum weiged
input/output

		PBDD/F (TEQ)		1.92E-01		1.56E+05		3.00E+04

		PCB (mass)		1.26E+03		2.00E+00		2.52E+03

		PCDD/F (TEQ)		5.00E-03		1.56E+05		7.80E+02

		DEPH		2.20E+05		1.40E-02		3.08E+03

		Extra scenario 3						3.63E+04

		Total						3.95E+04		1.01E+01

				Minimum Mass input kg/year		Potency factor (mg/kg.day)-1		Minimum weighed input		Minimum weiged
input/output

		PBDD/F (TEQ)		3.69E-02		1.56E+05		5.76E+03

		PCB (mass)		2.20E+01		2.00E+00		4.40E+01

		PCDD/F (TEQ)		5.00E-03		1.56E+05		7.80E+02

		DEPH		2.20E+05		1.40E-02		3.08E+03

		Extra scenario 3						9.66E+03

		Total						1.02E+04		2.60E+00

		* in kg/year (mg/kg.day)-1
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				Mass stream				Concentration				Amount gTEQ/year		Mass %

		Flue gas		2,277,875		kNm3/y		0.020		ngTEQ/Nm³		0.046		0.204%

		Bottom ash		101,975		ton/y		5		pgTEQ/g		0.510		2.279%

		Boiler ash		8,380		ton/y		216		pgTEQ/g		1.810		8.089%

		APC-residue		13,028		ton/y		1,536		pgTEQ/g		20.011		89.429%

		Total yearly PCDD/Foutput										22.38
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		400,188		Tons incinerated in 2004

		20,009		Tons of potentially co-combusted ASR (5%)

		Maximum				Minimum

		22.0		PCBs kg/year		1,261

		0.00500		PCDD/F kg/year		0.00500

		220,103		DEHP kg/year		220,103
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				Mass %		Non-ortho PCBs pg TEQ/g		APC-residue ton/y		Non-ortho PCBs g TEQ/y

		Flue gas		0.00						3.27E-03

		Bottom ash 2-50 mm		0.72						1.95E+00

		Bottom ash (sand fraction)		0.03						8.92E-02

		Boiler ash

		APC-residue		0.24		50		13,028		6.51E-01

		Yearly non-ortho PCB output in g TEQ/year								2.69

		Calculation of the values in italic is based on the mass % of the DIN-PCBs
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				Mass stream				Concentration				Amount kg/year		Mass %

		Flue gas		2,277,875		kNm3/y		5.75E-10		g/m³		1.31E-03		0.12%

		Bottom ash 2-50 mm		45,889		ton/y		1.70E-02		mg/kg		7.80E-01		72.39%

		Bottom ash (sand fraction)		35,691		ton/y		1.00E-03		mg/kg		3.57E-02		3.31%

		Boiler ash		8,380		ton/y		dl				0.00E+00

		APC-residue		13,028		ton/y		2.00E-02		mg/kg		2.61E-01		24.18%

		Total yearly PCB output										1.08






_1231059947.xls
Sheet1

				Mass stream				Concentration				kg/Year

		Flue gas		2,277,875		kNm³/year		0.71		µg/Nm³		1.63E-03

		Fly ash		13,028,000		kg/year		4.45		µg/kg		5.80E-02

		Bottom ash		101,975,000		kg/year		1.52		µg/kg		1.55E-01

		Boiler ash		8,380,000		kg/year		1.43		µg/kg		1.20E-02

		Total										2.27E-01

		Toxicity weighed output for PAH*										1.13E+01

		*The RfD for naphtalene (0.02 mg/kg.day) was used as toxicity factor)
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				Maximum Mass input kg/year		Mass output kg/year		Potency factor (mg/kg.day)-1		Maximum weighed input*		Weighed output		Maximum weiged
input/output

		PCDD/F (TEQ)		2.01E-02		2.24E-02		1.56E+05		3.13E+03		3.49E+03

		PCB (mass)		1.32E+01				2.00E+00		2.64E+01

		PCB (TEQ)				2.69E-03		1.56E+05				4.20E+02

		PAH				2.27E-01		1.17E+01				2.65E+00

		Total								3.16E+03		3.91E+03		8.08E-01

				Minimum Mass input kg/year		Mass output kg/year		Potency factor (mg/kg.day)-1		Minimum weighed input		Weighed output		Minimum weiged
input/output

		PCDD/F (TEQ)		3.16E-03		2.24E-02		1.56E+05		4.94E+02		3.49E+03

		PCB (mass)		3.28E+00				2.00E+00		6.56E+00

		PCB (TEQ)				2.69E-03		1.56E+05				4.20E+02

		PAH				2.27E-01		4.50E+00				1.02E+00

		Total								5.00E+02		3.91E+03		1.28E-01

		* in kg/year (mg/kg.day)-1
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				Minimum Mass input kg/year		Maximum Mass input kg/year		MRD mg/kg.day*		Minimum Toxicity-weighed input		Maximum Toxicity-weighed input

		Compounds in input of scenario 2								7.68E+06		4.97E+07

		DecabromoDPE		3.17E+05				1.00E+01		3.17E+04

		PentabromoDPE				3.73E+05		7.00E-03				5.33E+07

		PBDD/F		3.69E-02		1.92E-01		1.00E-09		3.69E+07		1.92E+08

		PCB		2.20E+01		1.26E+03		2.00E-05		1.10E+06		6.30E+07

		PCDD/F		5.00E-03		5.00E-03		1.00E-09		5.00E+06		5.00E+06

		DEHP		2.20E+05		2.20E+05		6.00E-02		3.67E+06		3.67E+06

		Total								5.44E+07		3.67E+08

		* For PCDD/F and PBDD/F in TEQ-values



uit potentieel extra WEEE

uit potentieel extra WEEE

uit potentieel extra WEEE

uit potentiëel extra ASR

uit potentiëel extraASR

uit potentiëel extra ASR
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				Minimum		Maximum

		Toxicity-weighed input		5.44E+07		3.67E+08

		Toxicity-weighed output		2.51E+07		2.51E+07

		Ratio		2.17		14.63



in I-TEQ

in I-TEQ

MRL voor di(2-ethylhexyl) phtalate
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				Minimum		Maximum

		Toxicity-weighed input		7.68E+06		4.97E+07

		Toxicity-weighed output		2.51E+07		2.51E+07

		Ratio		0.31		1.98



in I-TEQ

in I-TEQ

MRL voor di(2-ethylhexyl) phtalate
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				Mass output				MRD				Toxicity-weighed output

		PCB		4.75E-04		kg TEQ/year		1.00E-09		mg TEQ/kg.day		4.75E+05

		PCDD/F		2.70E-03		kg TEQ/year		1.00E-09		mgTEQ/kg.day		2.70E+06

		Total										3.17E+06
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				Maximum Mass input kg/year*		Minimum MRD mg/kg.day*		Maximum toxicity-weighed input

		PCB		1.32E+01		2.00E-05		6.60E+05

		PCDD/F		2.01E-02		1.00E-09		2.01E+07

		Phtalates		2.52E+03		6.00E-02		4.20E+04

		Alkylphenols		1.61E+01		1.50E+00		1.08E+01

		BFR from house dust		3.23E-01		7.00E-03		4.61E+01

		Organotins		2.48E+00		3.00E-04		8.25E+03

		Inorganic tin		7.88E-01		3.00E-01

		SCCP		1.18E+01		1.00E+01		1.18E+00

		PentabromoDPE from WEEE		4.35E+04		7.00E-03		6.22E+06

		PBDD/F		2.24E-02		1.00E-09		2.24E+07

		Pesticides		7.62E+02		3.00E-03		2.54E+05

		Total						4.97E+07

		* For PCDD/F in TEQ-values



in I-TEQ

in I-TEQ

MRL voor di(2-ethylhexyl) phtalate

schatting op basis van de NOAEL van 15 mg/kg.dag voor nonylphenol / 10 voor extrapolatie dier-mens [20]

uit stof

Intermediate MRL lower brominated DPE

MRL voor tributyltinoxide

op basis van verhouding Mol. Gewichten tributyltinoxide en tin

NOAEL for risk assessment of consumer exposure
uit European Union Risk assessment report voor alkanes, C10-C13, chloro / 10 cfr methode bepalen MRL

uit WEEE dat in afval zit

Intermediate MRL lower brominated DPE

uit WEEE dat in afval zit

in I-TEQ, idem als deze voor de gecloreerde DD/F, wordt zo aanbevolen door WHO (cycad PBDD/F) bij gebrek aan data

ADI-waarde van lindaan, hoogste ADI-waarde van de 20 meest teruggevonden bestrijdingsmiddelen in Vlaanderen 2003
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				Minimum Mass input kg/year*		Maximum MRD mg/kg.day*		Minimum toxicity-weighed input

		PCB		3.28E+00		2.00E-05		1.64E+05

		PCDD/F		3.16E-03		1.00E-09		3.16E+06

		Phtalates		1.92E+03		6.00E-02		3.20E+04

		Alkylphenols		1.23E+01		1.50E+00		8.21E+00

		BFR from house dust		5.92E-01		1.00E+01		5.92E-02

		Organotins		1.89E+00		3.00E-04		6.29E+03

		Inorganic tin		6.01E-01		3.00E-01		2.00E+00

		SCCP		9.03E+00		1.00E+01		9.03E-01

		DecabromoDPE from WEEE		3.70E+04		1.00E+01		3.70E+03

		PBDD/F		4.31E-03		1.00E-09		4.31E+06

		Pesticides		7.62E+02		3.00E-01		2.54E+03

		Total						7.68E+06

		* For PCDD/F in TEQ-values



in I-TEQ

in I-TEQ

MRL voor di(2-ethylhexyl) phtalate

schatting op basis van de NOAEL van 15 mg/kg.dag voor nonylphenol / 10 voor extrapolatie dier-mens [20]

uit stof

Intermediate MRL lower brominated DPE

MRL voor tributyltinoxide

op basis van verhouding Mol. Gewichten tributyltinoxide en tin

NOAEL for risk assessment of consumer exposure
uit European Union Risk assessment report voor alkanes, C10-C13, chloro / 10 cfr methode bepalen MRL

uit WEEE dat in afval zit

Intermediate MRL lower brominated DPE

uit WEEE dat in afval zit

in I-TEQ, idem als deze voor de gecloreerde DD/F, wordt zo aanbevolen door WHO (cycad PBDD/F) bij gebrek aan data

ADI-waarde van lindaan, hoogste ADI-waarde van de 20 meest teruggevonden bestrijdingsmiddelen in Vlaanderen 2003
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				Minimum		Maximum

		Toxicity weighed input		6.19E+10		6.51E+10

		Toxicity weighed output		3.17E+06		3.17E+06

		Ratio		19,493		20,504
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		PCB concentration fly ash*		5.00E+01		pg TEQ/g

		Mass stream fly ash		2.30E+03		ton/y

		Mass fraction PCBs in fly ash*		24.18%

		Total yearly PCBs output		4.75E-04		kg TEQ/y

		* assumed the same values as in scenario 2
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				Mass input 
kg/year		Maximum MRD mg/kg.day		Minimum MRD mg/kg.day		Maximum Toxicity-weighed input		Minimum Toxicity-weighed input

		PCB		1,235,000		2.00E-05		2.00E-05		6.18E+10		6.18E+10

		chlorinated pesticides		100,000		8.00E-04		3.00E-05		3.33E+09		1.25E+08

		Total								6.51E+10		6.19E+10
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				Mass stream				Concentration				Amount gTEQ/year		Mass %

		Flue gas		1,013,548		kNm³/y		0.010		ngTEQ/Nm³		0.010		0.38%

		Brown coal cokes										0.509		18.86%

		Bottom ash		19,304		ton/y		5		pgTEQ/g		0.097		3.58%

		Boiler ash		898		ton/y		612		pgTEQ/g		0.550		20.36%

		Fly ash		2,299		ton/y		612		pgTEQ/g		1.407		52.14%

		Sludge		2,830		ton/y		45		pgTEQ/g		0.127		4.69%

		Total yearly PCDD/Foutput  gTEQ										2.699
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