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Foreword

In response to a request from the European Commission to “start preparing the initial

assessments for substances on the EU working list as these were considered as Community priorities in the context of the industry voluntary initiatives for high production volume chemicals” the lead industry committed to undertake a Voluntary Risk Assessment (VRA) for lead metal, lead monoxide, lead tetraoxide, poly-basic lead fumerate, basic lead sulphate, basic lead carbonate, tetrabasic lead sulphate, dibasic lead phosphite, dibasic lead stearate, neutral lead stearate, dibasic lead phthalate, tetrabasic lead sulphate and basic lead sulphite. This initiative was endorsed by the EU Competent Authorities in 2001. Yearly summaries on progress were presented at the CA meetings.

This comprehensive VRA dossier took four years to draft before being submitted to the EU’s Technical Committee on New and Existing Substances (TCNES) for review, with the whole process managed by the Lead Development Association International. It was compiled in co-operation with expert consultants from EBRC and the International Lead Zinc Research Orgainisation for human health and from EURAS, ECOLAS and the Catholic University if Leuven for the environment. It is based on the principles of Regulation 793/93, 1488/94 and the detailed methodology laid down in the revised Technical Guidance Document on Risk Assessment for New and Existing Substances. Methodological experiences gained through other metal Risk Assessments were incorporated as appropriate. Additional up to date scientific information was integrated into the assessment where scientifically relevant. A broad cross section of the European lead industry and its downstream users were fully involved in the process and submitted a significant amount of proprietary data.

To ensure the transparency and quality of the dossier submitted to TCNES, the initial draft RA reports  were refined by incorporating inputs from the Reviewing Country (Netherlands) and the independent peer review panels.

A single dossier covers the assessments for lead metal and the lead compounds, with

substance specific aspects provided where relevant. For the base data compilation, extensive literature searches were performed for each substance. Data gaps were filled with analogous data, where relevant, or by additional testing where possible. Where the information was either unnecessary for the lead risk assessment, or impossible to obtain, waiving for testing and/or justification to support derogation is discussed. Some remaining data gaps were identified and will be tackled as a follow-up to this report.

The draft risk assessment report was reviewed by TCNES between 2005 and 2008 and, based on the comments received, the report was significantly amended.  Separate TCNES Opinions on the health and environmental parts of the report were prepared by the ECB and endorsed by TCNES.  These Opinions summarise the views of TCNES on this report.

This Draft Risk Assessment Report and its appendices (the “Report”) is the property of the member companies of the Lead Reach Consortium companies. A full list of those companies is available upon request from the Lead Development Association International.

This Report is protected by the laws of copyrights in England and Wales, European Community Law, the Berne Convention the Universal Copyright Convention and other relevant international copyright.

Industries/companies or any other legal entity wishing to use all or any part of this Report and/or their appendices, for any purpose (including without limitation any regulatory purpose such as for EU REACH registrations) MAY NOT DO SO without having previously contacted the Lead Development Association International (acting as secretariat for the Lead Reach Consortium) and agreed in writing appropriate terms of access and paid the appropriate licence fee.

In order to avoid possible misinterpretations or misuse of the findings in this draft, anyone wishing to cite or quote any part of this report, or use its related appendices, is advised to contact Lead Development Association International beforehand.

Contact details of the responsible:

Dr Andy Bush, Lead Development Association International, 17a Welbeck Way, London, W1G 9YJ, United Kingdom.  Tel +44 (0) 207 499 8422, email bush@ldaint.org 
0 overall results of the risk assessment

[Note: In the final report, chapters 0 and 5 should be as close as possible to the OJ]
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Environment

Summary of conclusions

From the risk characterisation 3 conclusions have been drawn:
Conclusion (i)
There is a need for further information and/or testing.

Conclusion (ii)
There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already.

Conclusion (iii)
There is a need for limiting the risks; risk reduction measures which are already being applied shall be taken into account.
Conclusion (i) applies to 

· the local risk characterisation for water, sediment and soil at generic scenarios of rifle/shotgun shooting area, clay target shooting area, hunting area.  The complex nature of the challenge in assessing these scenarios precluded the development of meaningful default scenarios within the constraints of this risk assessment project and hence it was concluded that further information is required.  This will likely involve an extensive exposure data collection exercise in order to determine and assess a manageable number of reasonable worst case scenarios representative of the wide range of actual use scenarios covered by shooting and hunting areas 

· the marine environment (water, sediment).  An attempt to identify further available data for marine water will be made.  However, further research may be required in order to develop a sufficiently robust database, possibly along the lines of that undertaken in the copper and nickel risk assessments.

· secondary poisoning.  Inview of the concern expressed by TCNES on the SSD used to derive a PNECoral, it was agreed that further work was required.  A wildlife biomonitoring study to collect paired blood lead and soil lead data would appear to be the most appropriate way forward.   
· (In)direct ingestion of Pb shot by aquatic (such as waterfowl) and terrestrial predators. Overall the current assessment does not allow robust conclusions to be drawn regarding population effects on terrestrial species.  It must also be noted that the assessment does not cover waterfowl.  A more detailed review of the source literature identified in the report may provide greater clarity on whether relevant data exists at all.  An attempt to identify literature not included in these reviews also merits consideration.   
Conclusion (ii) applies to 

· the local risk characterisations for STP, surface water, sediment (except those mentioned under conclusion (i) and (iii)) and soil for the sectors Pb metal production, Pb sheet production, Pb battery production, Pb stabilisers production, Pb oxide production and the majority of the Pb crystal glass production sites; all local disposal scenarios (MSW incinerators and MSW landfills) & local shooting ranges (Rifle/shotgun and clay target).  For Freshwater, generic local sites from the sectors Pb metal production, Pb oxide production and Pb stabiliser production; scenarios for emission inventory threshold levels (EPER, France and UK).  For freshwater sediments, generic local sites from the sectors Pb oxide production.

· the regional risk characterisation for water, sediment, soil.

Conclusion (iii) applies to

· the risk characterisation for water at some local sites of the sectors lead metal production, battery production and lead crystal glass production.

· the risk characterisation for STP at some local sites of the Pb battery sector discharging their effluent to a municipal STP.

· the risk characterisation for sediment at some local sites of the sectors lead metal production, lead sheet production, battery production and lead crystal glass production and generic scenarios of rifle/shotgun shooting range, clay target shooting range. Local exposure and bioavailability parameters for the sediment compartment need to be measured to refine the assessment.

· For sediment, generic local sites from the sectors Pb metal production and Pb stabiliser production; scenarios for emission inventory threshold levels (EPER, France and UK)
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1 general substance information
 

1.1 IDENTIFICATION OF THE SUBSTANCE 

General information on the substances (Pb, PbO and Pb3O4 and lead stabilisers (poly-basic lead fumerate, basic lead sulphate, basic lead carbonate, tetrabasic lead sulphate, dibasic lead phosphite, dibasic lead stearate, neutral lead stearate, dibasic lead phthalate, tetrabasic lead sulphate and basic lead sulphite)) is provided in Tables 1.1-1 and 1.1-2. Table 1.1-1 contains the CAS-No, EINECS-No, molecular formula, structural formula and molecular weight of each compound. Synonyms are summarised in Table 1.1-2.

Table 1.1‑1
General information on Pb substances
	Substance
	CAS-No
	EINECS No. + name
	Formula
	Mol. weight

	Lead


	7439-92-1
	231-100-4
	Pb
	207.2

	Lead oxide


	1317-36-8
	215-267-0
	PbO
	223.2

	Lead tetroxide


	1314-41-6
	215-235-6
	Pb3O4
	685.6

	Dibasic lead phthalate
	69011-06-9
	273-688-5
	C8-H4-O6-Pb3

2PbO.PbC6H4(COO)2
	817.7

	Basic lead sulphate


	12036-76-9
	234-853-7
	O5-Pb2-S

Pb2O(SO4)
	526.4

	Tribasic lead sulphate
	12202-17-4
	235-380-9
	O7-Pb4-S

3PbO.(PbSO4)
	972.8

	Tetrabasic lead sulphate
	12065-90-6
	235-067-7
	O8-Pb5-S

4PbO.PbSO4 
	1196

	Neutral lead stearate
	1072-35-1
	214-005-2
	C36-H72-O4-Pb

Pb(OOC.C17H36)2
	776.1

	Dibasic lead stearate
	12578-12-0
	235-702-8
	C36-H70-O6-Pb3

2PbO. Pb(OOC.C17H35)2
	1220.5

	Dibasic lead phosphite
	12141-20-7
	235-252-2
	H-O5-Pb3-P

2PbO.PbHPO3
	734

	Polybasic lead fumarate


	90268-59-0
	290-862-6
	Pb(1+x)H2C4O(4+x)
xPbO.PbC2H2(COO)2
	n.a.

	Basic lead carbonate
	1319-46-6
	215-290-6
	C2-H2-O8-Pb3

(PbCO3)2.Pb(OH)2
	775.6

	Basic lead sulphite


	62229-08-7
	263-467-1
	O3-Pb-S

PbSO3
	287.2


Table 1.1‑2    Commonly used synonyms for Pb substances
	Substance
	Synonyms

	Lead
	Lead metal ; Lead element ;  Rough lead bullion ; C.I. 77575 ; C.I. Pigment metal 4 ; CCRIS 1581 ; Glover ; KS-4 ; Lead S2 ; Lead flake ; Omaha & Grant ; Plumbum 

	Lead oxide


	Lead monoxide ; Lead oxide yellow ; Lead (2+) oxide ; Lead protoxide ; Litharge (pure) ; Massicot ; Plumbous oxide ; Yellow lead orcher 

	Lead tetroxide


	Lead tetraoxide ; Lead oxide red ; Lead orthoplumbate ; Lead oxide (3:4) ; Gold  satinobre ; Heuconin 5 ; Mennige ; Mineral orange ; Mineral red ; Minium ; Minium red ; Orange lead ; Paris lead ; Pigment red 105 ; Plumboplumbic oxide ;  Red lead ; Red lead oxide ; Sandix ; Saturn red ; Trilead tetraoxide ; Trilead tetroxide

	Dibasic lead phthalate
	Lead, (Phthalato(2-))dioxotri- ; 1,2-Benzenedicarboxyliacid lead complex ; Lead, (1,2-benzenedicarboxylato (2-))dioxotri-

	Basic lead sulphate
	Lead oxide sulphate

	Tribasic lead sulphate
	Lead oxide sulphate ; Tetralead trioxide sulphate

	Tetrabasic lead sulphate
	Lead oxide sulphate, Pentalead tetraoxide sulphate, 

	Neutral lead stearate
	Lead stearate; Octadecanoic acid, lead (2+) salt; Stearic acid, lead (2+) salt; 5002G, Lead(2+) octadecanoate ; Lead(2+) octadecaoate ; Lead(2+) stearate ; Listab 28ND ; Lead distearate

	Dibasic lead stearate
	Lead, dioxobis(stearato)tri- ; Lead, bis(octadecanoato)dioxotri- 

	Dibasic lead phosphite
	Lead oxide phosphite ; Lead oxide phosphonate ; Trilead dioxide phosphonate

	Polybasic lead fumarate
	2-butenedioic acid (E), lead (2+) salt, basic

	Basic lead carbonate
	Lead carbonate hydroxide ; Carbonic acid, lead, basic ; Ceruse ; Cerussa ; Flake red; Lead subcarbonate ; Lead, bis(carbonato)dihydroxytri- ; Silver white ; White lead ; White lead, hydrocerussite; Trilead bis(carbonate) dihydroxide ; Berlin white

	Basic lead sulphite
	Sulfurous acid, lead salt, dibasic 


1.2 PURITY/IMPURITIES, ADDITIVES 

Lead Metal

CEN standard EN 12659 sets out official European specifications for the purity of four key grades of metallic lead.  These are set out in Table 1.2-1.

Table 1.2‑1        Purity of metallic lead according to CEN standard EN 12659
	
	CAS-No

	Impurity
	PB990R – 99.99 %
	PB985R – 99.985 %
	PB970R – 99.97 %
	PB940R – 99.94 %

	Ag max
	0.0015
	0.0025
	0.0050
	0.0080

	As max
	0.0005
	0.0005
	0.0010
	0.0010

	Bi max
	0.0100
	0.0150
	0.030
	0.060

	Cd max
	0.0002
	0.0002
	0.0010
	0.0020

	Cu max
	0.0005
	0.0010
	0.0030
	0.0050

	Ni max
	0.0002
	0.0005
	0.0010
	0.0020

	Sb max
	0.0005
	0.0005
	0.0010
	0.0010

	Sn max
	0.0005
	0.0005
	0.0010
	0.0010

	Zn max
	0.0002
	0.0002
	0.0005
	0.0005

	Total
	0.010
	0.015
	0.030
	0.060


Standards for lead and some lead alloys used in specific applications are set out in either CEN standards or national standards.  However, in the case of lead alloys used in the battery industry, no standards exist as most manufacturers require tailored alloys.  

The most important CEN standard for a specific application is EN 12588 which applies to lead and lead alloys used for lead sheet in buildings.  The composition set out in the standard is as follows (Table 1.2-2):

Table 1.2‑2
Composition of lead sheet for building purposes according to CEN standard EN 12588. 
	Element
	Composition (%)

	Copper
	0.03 to 0.06

	Antimony
	Max 0.005

	Bismuth
	Max 0.100

	Silver
	Max 0.005

	Tin
	Max 0.005

	Zinc
	Max 0.001

	Other impurities
	Max 0.005

	Lead
	Remainder


Lead Oxides

Several CEN standards exist for various forms of lead oxide which include requirements on impurities, lead oxide content and free lead content.  These data are set out in Table 1.2-3 and Table 1.2-4.

Table 1.2‑3
Requirements of powdered and granulated litharge according to CEN standard EN 13086:2000.

	Requirement
	Unit
	Litharge (powder)
	Litharge (granular)

	PbO content (mass fraction)
	%
	99.5 min
	99.5 min

	PbO2 content (mass fraction)
	%
	0.05 max
	-

	Free Pb content (mass fraction)
	%
	0.05 max
	0.05 max

	Apparent Density (Schott)
	g/cm3
	1.8 to 2.5
	-

	Tamped Density
	g/cm3
	3.7 to 5.1
	-


Table 1.2‑4        
Requirements of lead tetraoxides for battery, crystal and ceramic applications according to CEN standard EN 13086:2000

	Requirement
	Unit
	Red lead (battery)
	Red lead (glass)
	Red lead (ceramics)

	PbO content (mass fraction)
	%
	23.8 max
	22.6 max
	22.6 max

	PbO2 content (mass fraction)
	%
	25.0 min
	27.0 min
	27.0 min

	Pb3O4 content (mass fraction)
	%
	71.7 min
	77.4 min
	77.4 min

	Apparent Density (Schott)
	g/cm3
	1.1 to 1.9
	-
	-

	Tamped Density
	g/cm3
	2.7 to 4.0
	-
	-


Lead Stabilisers

As lead stabilisers are made by usinq lead oxide and lead oxide is made by using lead metal the Impurities are primarily the same. Depending on the grade of lead metal (e.g. 99,99%, 99,985%, 99,97%) corresponding amounts of the trace elements (Ag, Sb, Bi, Zn, etc.) in the oxide and in the stabilisers.  Due to the lower lead content of the oxide (92,8 %) and the stabilisers (average approximately 82 %, some even lower) and the manufacturing process the trace elements have lower concentrations too.

Regarding additives, with exception of neutral lead stearate (CAS-No 1072-35-1) and dibasic lead stearate (CAS-No 12578-1 2-0) it is common practice to apply a surface treatment ("coating") on all other lead stabilisers.  This provides a certain anti-caking-effect and makes the material hydrophobic. The additive used is normally tatty acid (stearic acid), the amount varying between 0,3 to 2,5 % roughly. 
1.3 PHYSICO-CHEMICAL PROPERTIES 

All available data on physico-chemical properties of the thirteen compounds covered by this risk assessment are presented in tabular format below. Use of published data was only made where validation of the data was possible. However, most data were in fact generated under GLP according to current EU/OECD test guidelines, or were made available from industry. In all cases, data were screened for reliability according to the “Klimisch” rating system.

Tables 1.3-1 to 1.3-13 summarise the available information on physico-chemical properties of Pb substances. Large data gaps are found for most of the Pb-stabilisers that are included in the current RAR. The following physico-chemical properties of the substances relevant for the risk assessment are reported: physical state, melting point, boiling point, relative density, vapour pressure, surface tension, water solubility, solubility in solvents, partition coefficient n-octanol/water, flash point, flammability, autoflammability temperature, explosive properties, oxidising properties. 

Table 1.3‑1        Physico-chemical data, lead metal (7439-92-1)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC

Batch no.: 18382

Purity: min. 99.5 %

(lead metal powder)
	Melting temperature: 326 °C
(599 K)
	Franke (2005): Lead metal powder, 18382, Melting point A.1, Boiling point A.2, 18382, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040971.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC

Batch no.: 18382

Purity: min. 99.5 %

(lead metal powder)
	The test item has no boiling point at atmospheric pressure up to the final temperature of 600 °C (873 K)
	Franke (2005): Lead metal powder, 18382, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040971.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer

Batch no.: 18382

Purity: min. 99.5 %

(lead metal powder)
	Density at 23.8 °C = 11.45 g/cm3

D4R: 11.45
	Smeykal (2005): Lead metal powder, 18382, Relative density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040971.02, 2005.
	Y
	1

	Vapour pressure
	not stated
	not stated
	0 mbar at 20 °C

1.33 mbar at 1000 °C = 133 Pa
	Ecka granules (1997) Safety data sheet, ecka granules, 10.1997. 
	N
	4

	Surface tension
	derogation
	
	
	
	
	

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration

Batch no.: 18382

Purity: min. 99.5 %

(lead metal powder)
	185.9 mg/l 

[20 °C, at pH = 10.96]


	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/01-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	EC method A.10 (92/69/EEC)


	Preliminary test

Batch no.: 18382

Purity: min. 99.5 %

(lead metal powder)
	Under the conditions of the test, the test item could not be ignited with a flame. Thus, the test item is not a „highly flammable solid“ according to the criteria of the test method/directive.
	Smeykal (2005): Lead metal powder, 18382, Flammability (solids) A.10, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040971, 2005.
	Y
	1

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	derogation
	
	
	
	
	

	Explosive properties
	derogation
	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	

	
	
	
	
	
	
	


Table 1.3‑2        Physico-chemical data, lead oxide (1317-36-8)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC

Batch no.: 410214

Purity: 99.8 %
	The test item has no melting point at atmospheric pressure up to the final temperature of 600 °C (873 K)
	Franke (2005): Litharge L9, 410214, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040972.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC

Batch no.: 410214

Purity: 99.8 %
	The test item has no boiling point at atmospheric pressure up to the final temperature of 600 °C (873 K)
	Franke (2005): Litharge L9, 410214, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040972.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer

Batch no.: 410214

Purity: 99.8 %
	Density at 22.5 °C = 9.96 g/cm3

D4R: 9.96 
	Smeykal (2005): Litharge L9, 410214, Relative Density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040972.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	derogation
	
	
	
	
	

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration

Batch no.: 410214

Purity: 99.8 %
	70.2 mg/l 

[20 °C, at pH = 10.79]


	Heintze (2005):Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/01-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	derogation
	
	
	
	
	

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	derogation
	
	
	
	
	

	Explosive properties
	derogation
	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑3        Physico-chemical data, lead tetroxide (1314-41-6)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC

Batch no.: 210327

Purity:
94.04 % Pb2O4
	The test item has no melting point at atmospheric pressure up to the final temperature of 550 °C (823 K)
	Franke (2005): Red Lead Optics Type, 210327, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040973.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC

Batch no.: 210327

Purity: 
94.04 % Pb2O4
	The test item has no boiling point at atmospheric pressure up to the final temperature of 550 °C (873 K)
	Franke (2005): Red Lead Optics Type, 210327, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040973.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer

Batch no.: 210327

Purity: 
94.04 % Pb2O4
	Density at 23.8 °C = 8.93 g/cm3

D4R: 8.93
	Smeykal (2005): Red Lead Optics Type, 210327, Relative density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040973.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	derogation
	
	
	
	
	

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration

Batch no.: 210327

Purity: 
94.04 % Pb2O4
	67.3 mg/l 

[20 °C, at pH = 10.75]


	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/01-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	derogation
	
	
	
	
	

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	derogation
	
	
	
	
	

	Explosive properties
	derogation
	
	
	
	
	

	Oxidising properties
	EC method A.17 (92/69/EEC)
	Batch no.: 210327

Purity: 
94.04 % Pb2O4
	The burning rate of a mixture of the test item with cellulose was less (0.74 mm/s) than the maximum burning rate of a mixture of cellulose with barium nitrate (0.98 mm/s). Therefore, the test item has no oxidizing properties according to the criteria of the test method/directive.
	Franke (2005): Red Lead Optics Type, 210327, Oxidizing properties A. 17, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040973.03, 2005.
	Y
	1


Table 1.3‑4        Physico-chemical data, dibasic lead phthalate (69011-06-9)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	not explicitly stated, but well-documented and considered to be in accordance with:

EC method A.1 (92/69/EEC)

OECD 102 (1995)
	DSC/TGA/capillary method

Batch no.: D1/4296

Purity: 97.5 % (calculated based on lead content)
	The test item has no melting point at atmospheric pressure. The test item decomposes at a temperature of about 327 °C (onset).
	Arnold-John (2004): 1) V 220 MC 2) Pebetal, Melting point/Melting range, Boiling point/boiling range, unpublished report, Baerlocher GmbH, Unterschleißheim, report-no.: MA2004-443PB1_041014, 14.10.2004.
	N
	2

	Boiling point
	not explicitly stated, but well-documented and considered to be in accordance with:

EC method A.2 (92/69/EEC)

OECD 103 (1995)
	DSC/TGA/capillary method

Batch no.: D1/4296

Purity: 97.5 % (calculated based on lead content)
	The test item has no boiling point at atmospheric pressure. The test item decomposes at a temperature of about 327 °C (onset).
	Arnold-John (2004): 1) V 220 MC 2) Pebetal, Melting point/Melting range, Boiling point/boiling range, unpublished report, Baerlocher GmbH, Unterschleißheim, report-no.: MA2004-443PB1_041014, 14.10.2004.
	N
	2

	Rel. density
	not explicitly stated, but well-documented and considered to be in accordance with:

EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Multivolume pycnometer 1305

Batch no.: D5654

Purity: not stated
	Density at ambient temp = 4.54 g/cm3

D4R: 4.54
	Husemann (1999): Bestimmung der Dichte mit dem Multivolume Pyknometer 1305 der Fa. Micrometrics, unpublished report, Technische Universität Bergakademie Freiberg, Freiberg, report-no.: 119/99/2, 25.10.1999.
	N
	2

	Vapour pressure
	derogation
	
	(vapour pressure phthalic acid 4.64 x 10-5 Pa)
	
	
	

	Surface tension
	EC method A.5 (92/69/EEC)

OECD 115 (1995)
	Digital tensiometer K10T

Batch no.: D1/4296

Purity: 97.5 % (calculated based on lead content)
	The surface tension of a 90% saturated aqueous solution of the test item was 69.7 mN/m (20 °C). Therefore, the test item has no surface active properties.
	Smeykal (2005): Pebetal, D1/4296, Surface Tension A.5, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040974.01, 2005.
	Y
	1

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask Method with Micro-Filtration

Batch no.: D1/4296

Purity: 97.5 % (calculated based on lead content)
	579 mg/l 

[20 °C, at pH = 9.68]
	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	EC method A.10 (92/69/EEC)


	Batch no.: D1/4296

Purity: 97.5 % (calculated based on lead content)
	The test item smouldered down over the distance of 200 mm in 30 minutes and 40 seconds without a flame. Thus, the test item is not a „highly flammable solid“ according to the criteria of the test method/directive.
	Smeykal (2005): Pebetal, D1/4296, Flammability (solids) A.10, Auto-Flammability A.16 (solids-determination of relative self-ignition temperature), unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040974.02, 2005.
	Y
	1

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	EC method A.16 (92/69/EEC)
	Aluminium block oven

Batch no.: D1/4296

Purity: 97.5 % (calculated based on lead content)
	No exothermal reaction of the test item was observed up to a max. temperature of 402 °C. Thus, the test item has no self-ignition temperature according to the criteria of the test method/directive.
	Smeykal (2005): Pebetal, D1/4296, Flammability (solids) A.10, Auto-Flammability A.16 (solids-determination of relative self-ignition temperature), unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040974.02, 2005.
	Y
	1

	Explosive properties
	derogation
	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑5        Physico-chemical data, basic lead sulphate (12036-76-9)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC

Batch no.: 714537.33
Purity: 93.4 % (calculated based on lead content)
	The test item has no melting point at atmospheric pressure up to the final temperature of 600 °C (873 K)
	Franke (2005): Naftovin BLS, 714537.33, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040975.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC
Batch no.:
714537.33
Purity: 93.4 % (calculated based on lead content)
	The test item has no boiling point at atmospheric pressure up to the final temperature of 600 °C (873 K)
	Franke (2005): Naftovin BLS, 714537.33, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040975.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer
Batch no.:
714537.33
Purity: 93.4 % (calculated based on lead content)
	Density at 24.0 °C = 6.32 g/cm3

D4R: 6.32 
	Smeykal (2005): Naftovin BLS, 714537.33, Relative Density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040975.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	derogation
	
	
	
	
	

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration
Batch no.:
714537.33
Purity: 93.4 % (calculated based on lead content)
	19.2 mg/l 

[20 °C, at pH = 7.08]
	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	derogation
	
	
	
	
	

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	derogation
	
	
	
	
	

	Explosive properties
	derogation
	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑6        Physico-chemical data, tribasic lead sulphate (12202-17-4)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	not explicitly stated, but well-documented and considered to be in accordance with:

EC method A.1 (92/69/EEC)

OECD 102 (1995)


	DSC/TGA/capillary method

Batch no.: D1/5175

Purity: 98.4 % (calculated based on lead content)
	No melting up to 400 °C. The onset of solid-solid transformation and the release of crystal water was recorded at 211 °C.
	Arnold-John (2004): 1) V 220 MC 2) Pebetal, Melting point/Melting range, Boiling point/boiling range, unpublished report, Baerlocher GmbH, Unterschleißheim, report-no.: MA2004-443PB1_041014, 14.10.2004.
	N
	2

	Boiling point
	not explicitly stated, but well-documented and considered to be in accordance with:

EC method A.2 (92/69/EEC)

OECD 103 (1995)
	DSC/TGA/capillary method
Batch no.: D1/5175
Purity: 98.4 % (calculated based on lead content)
	No boiling up to 500 °C. The onset of solid-solid transformation and the release of crystal water was recorded at 211 °C.
	Arnold-John (2004): 1) V 220 MC 2) Pebetal, Melting point/Melting range, Boiling point/boiling range, unpublished report, Baerlocher GmbH, Unterschleißheim, report-no.: MA2004-443PB1_041014, 14.10.2004.
	N
	2

	Rel. density
	not explicitly stated, but well-documented and considered to be in accordance with:

EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Multivolume pycnometer 1305
Batch no.: B/2199
Purity: not stated
	Density at ambient temp = 6.84 g/cm3

D4R: 6.84
	Husemann (1999): Bestimmung der Dichte mit dem Multivolume Pyknometer 1305 der Fa. Micrometrics, unpublished report, Technische Universität Bergakademie Freiberg, Freiberg, report-no.: 119/99/2, 25.10.1999.
	N
	2

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	derogation
	
	
	
	
	

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration
Batch no.: D1/5175
Purity: 99.9 %
	102 mg/l 

[20 °C, at pH = 8.77]
	Heintze (2005):, Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	derogation
	
	
	
	
	

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	derogation
	
	
	
	
	

	Explosive properties
	derogation
	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑7        Physico-chemical data, tetrabasic lead sulphate (12065-90-6)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC
Batch no.: 0211520014
Purity: 98.6 % (approx. 1.4 % stearic acid coating)
	The test item has no melting point at atmospheric pressure up to the final temperature of 600 °C (873 K)
	Franke (2005): Allstab LP 3104, 0211520014, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040976.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC
Batch no.: 0211520014
Purity: 98.6 % (approx. 1.4 % stearic acid coating)
	The test item has no boiling point at atmospheric pressure up to the final temperature of 600 °C (873 K)
	Franke (2005): Allstab LP 3104, 0211520014, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040976.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer
Batch no.: 0211520014
Purity: 98.6 % (approx. 1.4 % stearic acid coating)
	Density at 24.3 °C = 7.15 g/cm3

D4R: 7.15 
	Smeykal (2005): Allstab LP 3104, 0211520014, Relative Density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040976.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	derogation
	
	
	
	
	

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration
Batch no.: 0211520014
Purity: 98.6 % (approx. 1.4 % stearic acid coating)
	32.7 mg/l 

[20 °C, at pH = 8.69]


	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	derogation
	
	
	
	
	

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	derogation
	
	
	
	
	

	Explosive properties
	derogation
	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑8        Physico-chemical data, neutral lead stearate (1072-35-1)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC
Batch no.: 09‑1530‑02
Purity: ( 99.9 %
	The melting range of the test item at atmospheric pressure in 101 – 105 °C (374–378 K).
	Franke (2005): Listab 28, 09-1530-02, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040977.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC
Batch no.: 09‑1530‑02
Purity: ( 99.9 %
	The test item has no boiling point at atmospheric pressure. The test item decomposes at a temperature of about 300 °C (573 K) accompanied by the release of volatile components. 
	Franke (2005): Listab 28, 09-1530-02, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040977.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer
Batch no.: 09‑1530‑02
Purity: ( 99.9 %
	Density at 24.5 °C = 1.46 g/cm3

D4R: 1.46 
	Smeykal (2005): Listab 28, 09-1530-02, Relative Density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040977.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	EC method A.5 (92/69/EEC)

OECD 115 (1995)
	Digital tensiometer K10T
Batch no.:
09-1530-02
Purity: ( 99.9 %
	The surface tension of an aqueous solution of the test item at a 90 % saturated concentration was 68.1 mN/m (20 °C). 
Therefore, the test item has no surface active properties.
	Smeykal (2005): Listab 28, 09-1530-02, Surface Tension A.5, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040977.03, 2005.
	Y
	1

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration
Batch no.:
09-1530-02
Purity: ( 99.9 %
	10.4 mg/l 

[20 °C, at pH = 7.83]
	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	EC method A.10 (92/69/EEC)


	Batch no.:
09-1530-02

Purity: ( 99.9 %
	The test item could not be ignited, instead the test item melted. Thus, the test item is not a „highly flammable solid“ according to the criteria of the test method/directive.
	Schiller (2004): Bestimmung der Entzündlichkeit von neutralem Bleistearat nach Testmethode A. 10 (directive 92/69/EEC, OJ L383 A 1992), unpublished report, F&E, Chemson Polymer-Additive AG, Arnoldstein, Österreich, 23.08.2004
	N
	1

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	EC method A.16 (92/69/EEC)
	Aluminium block oven

Batch no.:
09-1530-02

Purity: ( 99.9 %
	No exothermal reaction of the test item was observed up to a maximum test temperature of 402 °C. Thus, the test item has no self-ignition temperature according to the criteria of the test method/directive.
	Smeykal (2005): Listab 28, 09-1530-02, Auto-Flammability A.16 (solids-determination of relative self-ignition temperature), unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040977.04, 2005.
	Y
	1

	Explosive properties
	derogation
	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑9        Physico-chemical data, dibasic lead stearate (12578-12-0)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC

Batch no.: L-0003

Purity: 99.9 %
	The test item has no melting point at atmospheric pressure. The test item decomposes at a temperature of about 290 °C (563 K) accompanied by the release of volatile components. 
	Franke (2005): Reagens DBLS, L-0003, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040979.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC

Batch no.: L-0003

Purity: 99.9 %
	The test item has no boiling point at atmospheric pressure. The test item decomposes at a temperature of about 290 °C (563 K) accompanied by the release of volatile components. 
	Franke (2005): Reagens DBLS, L-0003, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040979.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer
Batch no.: L-0003
Purity: 99.9 %
	Density at 24.1 °C = 1.95 g/cm3

D4R: 1.95 
	Smeykal (2005): Reagens DBLS, L-0003, Relative Density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040979.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	EC method A.5 (92/69/EEC)

OECD 115 (1995)
	Digital tensiometer K10T
Batch no.: L-0003
Purity: 99.9 %
	The surface tension of a 90 % saturated aqueous solution of the test item was 72.3 mN/m (20 °C). Therefore, the test item has no surface active properties.
	Smeykal (2005): Reagens DBLS, L-0003, Surface Tension A.5, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040979.03, 2005.
	Y
	1

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration
Batch no.: L-0003
Purity: 99.9 %
	1.76 mg/l 

[20 °C, at pH = 9.33]
	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	EC method A.10 (92/69/EEC)
	Listab 51
Batch no.:
02-1510-01
Purity: ( 99.9 %
	The test item burned with a flame along 200 mm of the powder train over a period of 400 sec (> 4 minutes). Thus, the test item is not a „highly flammable solid“ according to the criteria of the test method/directive.
	Schiller (2004): Bestimmung der Entzündlichkeit von zweibasischem Bleistearat nach Testmethode A. 10 (directive 92/69/EEC, OJ L383 A 1992), unpublished report, F&E, Chemson Polymer-Additive AG, Arnoldstein, Österreich, 25.08.2004
	N
	1

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	EC method A.16 (92/69/EEC)


	Aluminium block oven

Batch no.: L-0003

Purity: 99.9 %
	No exothermal reaction of the test item was observed up to a maximum test temperature of 402 °C. 
Thus, the test item has no self-ignition temperature according to the criteria of the test method/directive.
	Smeykal (2005): Reagens DBLS, L-0003, Auto-Flammability A.16 (solids-determination of relative self-ignition temperature), unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040979.04, 2005.
	Y
	1

	Explosive properties
	derogation


	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑10        Physico-chemical data, dibasic lead phosphite/sulfite mixture (62229-08-7 / 12141-20-7, respectively)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC
Batch no.:
01-0377-02
Purity: 99.5 % (approx. 0.5 % of stearic acid coating)
	The test item has no melting point at atmospheric pressure. The test item decomposes at approx. 250 °C (523 K).
	Franke (2005): Naftovin T82, 01-0377-02, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040980.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC
Batch no.: 01‑0377‑02
Purity: 99.5 % (approx. 0.5 % of stearic acid coating)
	The test item has no boiling point at atmospheric pressure. The test item decomposes at approx. 250 °C (523 K).
	Franke (2005): Naftovin T82, 01-0377-02, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040980.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer
Batch no.:
01-0377-02
Purity: 99.5 % (approx. 0.5 % of stearic acid coating)
	Density at 24.6 °C = 6.92 g/cm3

D4R: 6.92 
	Smeykal (2005): Naftovin T82, 01-0377-02, Relative Density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040980.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	derogation
	
	
	
	
	

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration
Batch no.:
01-0377-02
Purity: 99.5 % (approx. 0.5 % of stearic acid coating)
	25.5 mg/l 

[20 °C, at pH = 7.89]
	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	not explicitly stated, but well-documented and considered to be in accordance with:

EC method A.10 (92/69/EEC)
	Naftovin T82

Batch no.: not stated

Purity: not stated
	Preliminary test:

The test item propagate combustion along 90 mm of the powder train within 2 minutes.
Thus, the test item is not a „highly flammable solid“ according to the criteria of the test method/directive.
	Loidl (1999): Brennbarkeitsprüfung im Hinblick auf Zuordnung zu Klasse 4.1/ARD, unpublished report, Österreichisches Kunststoffinstitut, Wien, Österreich, Gutachten-nr. 41.664, 08.07.1999.
	N
	2

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	EC method A.16 (92/69/EEC)


	Aluminium block oven
Batch no.:
01-0377-02
Purity: 99.5 % (approx. 0.5 % of stearic acid coating)
	The test item has a relative self-ignition temperature of 280 °C according to the criteria of the test method/directive.
	Smeykal (2005): Naftovin T82, 01-0377-02, Auto-Flammability A.16 (solids-determination of relative self-ignition temperature), unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040980.04, 2005.
	Y
	1

	Explosive properties
	EC method A.14 (92/69/EEC)

OECD 113 (1981)
	Screening test: thermal stability (DSC)
Batch no.:
01-0377-02
Purity: 99.5 % (approx. 0.5 % of stearic acid coating)
	The heat of decomposition was < 500 J/g. Therefore, a test for explosivity was not necessary. Thus, the test item has no danger of explosion according to the criteria of the test method/directive.
	Smeykal (2005): Naftovin T82, 01-0377-02, Explosive properties A.14, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040980.03, 2005.
	Y
	1

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑11        Physico-chemical data, polybasic lead fumarate (90268-59-0)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC

Batch no.: Ref. 158

Purity: 99.9 % (stearic coating included)
	The test item has no melting point at atmospheric pressure. The test item decomposes at approx. 310 °C.
	Franke (2005): Polybasic lead fumarate, Ref. 158, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040981.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC
Batch no.: Ref. 158
Purity: 99.9 % (stearic coating included)
	The test item has no boiling point at atmospheric pressure. The test item decomposes at approx. 310 °C.
	Franke (2005): Polybasic lead fumarate, Ref. 158, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040981.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer
Batch no.: Ref. 158
Purity: 99.9 % (stearic coating included)
	Density at 24.7 °C = 6.19 g/cm3

D4R: 6.19
	Smeykal (2005): Polybasic lead fumarate, Ref. 158, Relative Density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040981.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	EC method A.5 (92/69/EEC)

OECD 115 (1995)
	Digital tensiometer K10T
Batch no.: Ref. 158
Purity: 99.9 % (stearic coating included)
	The surface tension of a 90 % saturated aqueous solution of the test item was 71.4 mN/m (20 °C). Thus, the test item has no surface active properties.
	Smeykal (2005): Polybasic lead fumarate, Ref. 158, Surface Tension A.5, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040981.03, 2005.
	Y
	1

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration
Batch no.: Ref. 158
Purity: 99.9 % (stearic coating included)
	44.5 mg/l 

[20 °C, at pH = 7.94]


	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	EC method A.10 (92/69/EEC)


	Naftovin T 78
Batch no.: 
040699

Purity: ( 99.5 %
	The test item smouldered along the 200 mm of the powder train over a period of 600 sec (> 4 minutes). Thus, the test item is not a „highly flammable solid“ according to the criteria of the test method/directive.
	Schiller (2004): Bestimmung der Entzündlichkeit von polybasischem Bleifumarat nach Testmethode A. 0 (directive 92/69/EEC, OJ L383 A 1992), unpublished report, F&E, Chemson Polymer-Additive AG, Arnoldstein, Österreich, 25.08.2004
	N
	1

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	EC method A.16 (92/69/EEC)


	Aluminium block oven

Batch no.: Ref. 158

Purity: 99.9 % (stearic coating included)
	No exothermal reaction of the test item was observed up to a max. test temperature of 402 °C. Thus, the test item has no self-ignition temperature according to the criteria of the test method/directive.
	Smeykal (2005): Polybasic lead fumarate, Ref. 158, Auto-Flammability A.16 (solids-determination of relative self-ignition temperature), unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040981.04, 2005.
	Y
	1

	Explosive properties
	derogation


	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑12        Physico-chemical data, basic lead carbonate (1319-46-6)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC
Batch no.: 21‑10‑2002
Purity: min. 99.5 % (approx. 0.1 % of stearic acid coating)
	The test item has no melting point at atmospheric pressure. The test item decomposes at approx. 220 °C.
	Franke (2005): Naftovin T2, 21-10-2002, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040982.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC
Batch no.: 21‑10‑2002
Purity: min. 99.5 % (approx. 0.1 % of stearic acid coating)
	The test item has no boiling point at atmospheric pressure. The test item decomposes at approx. 220 °C.
	Franke (2005): Naftovin T2, 21-10-2002, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040982.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer
Batch no.: 21‑10‑2002
Purity: min. 99.5 % (approx. 0.1 % of stearic acid coating)
	Density at 24.3 °C = 6.42 g/cm3

D4R: 6.42 
	Smeykal (2005): Naftovin T2, 21-10-2002, Relative Density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040982.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	derogation
	
	
	
	
	

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration
Batch no.:
21-10-2002
Purity: min. 99.5 % (approx. 0.1 % of stearic acid coating)
	0.253 mg/l 

[20 °C, at pH = 9.26]


	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	derogation
	
	
	
	
	

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	derogation
	
	
	
	
	

	Explosive properties
	derogation
	
	
	
	
	

	Oxidising properties
	derogation
	
	
	
	
	


Table 1.3‑13        Physico-chemical data, dibasic lead phosphite (12141-20-7)

	Parameter
	Test method
	Details
	Result
	Reference
	GLP
	Reliability(1)

	Melting point
	EC method A.1 (92/69/EEC)

OECD 102 (1995)

OECD 113 (1981)
	DSC
Batch no.: 0210510067
Purity: 99.3 % (approx. 0.7 % stearic acid coating)
	The test item has no melting point at atmospheric pressure. The test item decomposes at approx. 230 °C (503 K).
	Franke (2005): Allstab LP 3139, 0210510067, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040983.01, 2005.
	Y
	1

	Boiling point
	EC method A.2 (92/69/EEC)

OECD 103 (1995)

OECD 113 (1981)
	DSC
Batch no.: 0210510067
Purity: 99.3 % (approx. 0.7 % stearic acid coating)
	The test item has no boiling point at atmospheric pressure. The test item decomposes at approx. 230 °C (503 K).
	Franke (2005): Allstab LP 3139, 0210510067, Melting point A.1, Boiling point A.2, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040983.01, 2005.
	Y
	1

	Rel. density
	EC method A.3 (92/69/EEC)

OECD 109 (1995)
	Air comparison pycnometer
Batch no.: 0210510067
Purity: 99.3 % (approx. 0.7 % stearic acid coating)
	Density at 24.4 °C = 6.74 g/cm3

D4R: 6.74
	Smeykal (2005): Allstab LP 3139, 0210510067, Relative Density A.3, unpublished report, Siemens AG, Frankfurt am Main, report-no.: 20040983.02, 2005.
	Y
	1

	Vapour pressure
	derogation
	
	
	
	
	

	Surface tension
	derogation
	
	
	
	
	

	Solubility in water
	EC method A.6 (92/69/EEC)

OECD 105 (1995)
	Flask method with micro filtration
Batch no.: 0210510067
Purity: 99.3 % (approx. 0.7 % stearic acid coating)
	12.2 mg/l 

[20 °C, at pH = 8.02]
	Heintze (2005): Determination of the water solubility of the test substances, unpublished report, GAB Biotechnologie GmbH & IFU Umweltanalytik GmbH, Niefern-Öschelbronn, report-no.: 20031007/02-PCSB, 2005.
	Y
	1

	Solubility in two different solvents
	derogation
	
	
	
	
	

	Partition coefficient
	derogation
	
	
	
	
	

	Flash point
	derogation
	
	
	
	
	

	Flammability A10
	EC method A.10 (92/69/EEC)


	Batch no.: 0210510067
Purity: 99.3 % (approx. 0.7 % stearic acid coating)
	Main test: 
a propagation without flame was observed, the test item smouldered down (30 s).
The test item is a “highly flammable solid” according to the criteria of the test method/directive.
	Smeykal (2005): Allstab LP 3139, 0210510067, Flammability (solids) A.10, Auto-Flammability A.16 (rel. self-ignition temperature), unpubl. report, Siemens AG, Frankfurt/Main, report-no.: 20040983.03, 2005.
	Y
	1

	Flammability A12
	derogation
	
	
	
	
	

	Flammability A13
	derogation
	
	
	
	
	

	Auto-flammability
	EC method A.16 (92/69/EEC)


	Aluminium block oven
Batch no.: 0210510067
Purity: 99.3 % (approx. 0.7 % stearic acid coating)
	The test item has a relative self-ignition temperature of 261 °C according to the criteria of the test method/directive.
	Smeykal (2005): Allstab LP 3139, 0210510067, Flammability (solids) A.10, Auto-Flammability A.16 (rel. self-ignition temperature), unpubl. report, Siemens AG, Frankfurt am Main, report-no.: 20040983.03, 2005.
	Y
	1

	Explosive properties
	EC method A.14 (92/69/EEC)

OECD 113 (1981)
	Screening test: thermal stability (DSC)
Batch no.: 0210510067
Purity: 99.3 % (approx. 0.7 % stearic acid coating)
	The heat of decomposition was below 500 J/g. Therefore, the test on explosion was not necessary. The test item has no danger of explosion according to the criteria of the test method/directive.
	Smeykal (2005): Allstab LP 3139, 0210510067, Explosive properties A.14, unpubl. report, Siemens AG, Frankfurt am Main, report-no.: 20040983.04, 2005.
	Y
	1

	Oxidising properties
	derogation
	
	
	
	
	


Transformation of lead and lead compounds in the environment

The behaviour of Pb in the environment depends upon its chemical form: solid Pb, Pb oxides, halogenated compounds, soluble or insoluble salts and (in)organic complexes.

Natural weathering processes usually turn metallic lead and its compounds into compounds that are relatively stable and insoluble (e.g. carbonates, sulphates, sulphides and phosphates). Metallic lead is not stable in the very long term and slowly corrodes. Lead in contact with soil is mainly adsorbed onto clay particles and organic matter, thus becoming sparingly soluble. The half-life of lead in soil is estimated as 740-5900 years (Alloway and Ayres, 1997). These authors also stated that whatever the form of Pb is when it enters the aquatic environment, it finally will be converted into forms that are largely insoluble. In anaerobic conditions, it will be converted into PbS. Li and Thornton (1994, in: Thornton, 1995) found in former smelting works that lead, originally emitted as Pb, PbO2, and PbSO4, was currently largely present as (insoluble) PbO, PbSO4 and PbCO3. Similarly, in old British mining sites most of the Pb is present in the form PbCO3 or chemically adsorbed onto Fe/Mn oxide particles (Thornton, 1995). 

Almost no lead compounds readily dissolve in water. Notable exceptions are PbNO3 and PbCl2 which are very soluble. Halogenated compounds of lead (e.g. PbBrCl) are also highly soluble in water, but rapidly react to a more stable compound such as PbSO4. Under acid conditions the soluble compounds may become more mobile and bioavailable (e.g. free Pb2+-ion). In the aquatic environment the rate of dissolution of lead is strongly dependent on the composition of the water to which it is exposed. The hardness, for instance, is an important factor: solid lead slowly dissolves in soft waters whereas it generally does not dissolve in hard water. Another physico-chemical parameter that determines the corrosion rate of solid Pb is the water temperature.

The following standard reactions may occur in the environment under specific conditions:

2Pb(s) + O2(g) =>2PbO (at 600-800°c)

Pb(s) + Cl2(g) => PbCl2(s)
Pb(s) => Pb2+ + 2e-
½O2(aq) + H2O + 2e- => 2OH-
Overall reaction: Pb(s) + O2(aq) + H2O => PbO + 2OH-
PbO2 + H2O + 2e- <=> PbO + 2OH-
 Pb2+ + 2H2O <=> PbO2 + 4H+ + 2e-
PbO2 + SO4-2 + 4H+ + 2e- <=> PbSO4 + 2H2O

PbO(s, aq) + CO2(s, aq) => PbCO3
The corrosion and transformation of solid lead in water is often controlled by its reaction products (lead salts) building up on the metal surface. Many of these salts have very low solubility in water, particularly PbSO4 and PbCO3. A ‘barrier’ of these products on the lead surface greatly reduces further corrosion. Under prolonged atmospheric exposure the mainly formed transformation products are basic lead carbonate (2PbCO3.2Pb(OH)2) and lead oxides (PbO, PbO2). Rates of surface attack by a wide range of natural (incl. seawater) and industrial waters are quoted as lying between 2 and 20 µm per year (Blaskett and Boxall, 1990), which corresponds to an annual mass los of 20 to 230 g/m² exposed area.

1.4 CLASSIFICATION 

This section focuses on the environmental classification and labelling of the substances lead metal, lead oxide, lead tetroxide and nine lead stabilisers. Lead oxide, lead tetroxide and lead stabilisers are currently classified in the EU under the general entry for lead compounds not classified elsewhere. However, for insoluble metals and sparingly soluble metal compounds new approaches were developed for their classification and labelling. This was necessary as the standard toxicity tests are not appropriate for sparingly soluble metals and metal compounds. Therefore the effect concentrations need to be compared to the solubility of the insoluble metals and sparingly soluble metal compounds, for which a “solubility test” or “dissolution test” was developed within the international risk assessment community. The aim of the dissolution or transformation test is to determine the rate and extent to which metals or sparingly soluble metal compounds can produce toxic bioavailable forms and whether this rate and extent of formation is of concern and should lead to classification. A general introduction and description of the strategy on classification and labelling of insoluble and sparingly soluble metals, including the dissolution test and the criteria for classifications is given in OECD (2001). 

It should be noted that lead metal and all lead compounds assessed in the VRAL can be considered to be sparingly soluble.  However, the solubility data reported in the physico-chemical properties tables of this report suggest at first glance that the solubility of metallic lead powder is appreciably higher than that of the VRAL compounds.  In fact the solubility data reported is from tests conducted with distilled water, and under exclusion of CO2 to avoid interference by carbonate formation.  The higher solubility of metallic lead powder can be explained by the fact that the powder is not in "zero" state, but passivated at the surface with an oxide layer. This layer forms a hydrate upon contact with water (just as the oxides do) and therefore causes a steep pH rise. Together with the oxygen present, this apparently causes the residual metallic surface again to oxides, and in turn forms hydroxide etc.

This hypothesis was tested by conducting the same test under an argon atmosphere, with prior degassing to remove oxygen (GLP reports available). This then yields a residual water solubility of only 65 mg/L for metallic lead, suggesting that the "oxidation hypothesis" is correct.

Industry has committed to dissolution testing according to the  OECD Transformation and Dissolution Testing Protocol.  However this testing has been delayed due to delays in validation of the OECD protocol.

In addition, an overview will be given of short term toxicity data of soluble lead for aquatic organisms (algae, crustaceans and fish). On the basis of this information a proposal for environmental classification of lead, lead oxides and lead stabilisers will be made by the contractor. 

1.4.1 Results of toxicity tests with soluble lead compounds 

1.4.1.1 General

For classification and labelling purposes the lowest short- and long-term L(E)C50 for standard test results should be related to the dissolution test results for obtaining a classification proposal for insoluble lead and sparingly soluble lead compounds. The database on short-term and long-term toxicity of soluble lead for a variety of organisms, including the major taxonomic groups i.e. algae, crustaceans and fish, is summarised in Table 1.4-1, Table 1.4-3 and Appendix B (Tables B-1 and B-2). According to OECD, both ecotoxicity and transformation should be evaluated over the pH range 6-8.5 and 5.5-8.5 for acute and chronic hazard classification, respectively. In case data are available, ecotoxicity and transformation should be compared at the same pH. When datasets are not complete for the different pH values, data obtained at different pH can be compared (OECD, 2001).
Selection of toxicity data

The criteria used for selection of short-term and long term toxicity tests largely follow the described criteria for long-term toxicity tests used for the PNEC derivation to the aquatic environment. Information on the used reliability criteria for long-term toxicity tests is described in Appendix A. When more than one acceptable test is available for the same species, the most sensitive (the one with the lowest acute L(E)C50 or chronic NOEC/L(E)Cx) at a specific pH value should be used for classification. However, when larger datasets are available for the same species, the geometric mean of the toxicity values generated at a specific pH value should be used as the representative toxicity value for that species. 

1.4.1.2 Overview of short-term toxicity results with soluble lead compounds

Table 1.4-1 shows a compilation of the short-term toxicity values for different species of crustaceans, algae and fish conducted at pH 6 and 8. Details are presented in Appendix B.
Table 1.4‑1        Acute aquatic ecotoxicity of lead (expressed as L(E)C50 in µg Pb/l) at different pHs
	Species
	pH 6 (5.5-6.5)
	pH 7 (>6.5-7.5)
	pH 8 (>7.5-8.5)

	Crustacea
	
	
	

	Ceriodaphnia dubia
	280
	
	248

	
	
	
	29

	
	
	
	187

	
	
	
	46

	
	
	
	26

	
	
	 
	>2,700

	Benacus sp.
	
	1,360
	

	Chironomus tentans
	
	1,770
	

	Gammarus pseudolimnaeus
	
	124
	

	
	
	
	

	Fish
	
	
	

	Pimephales promelas
	810
	2,100
	283

	
	
	
	610

	
	
	
	114

	
	
	
	130

	
	
	
	>5,400

	Oncorhynchus mykiss
	
	
	1,000

	Micropterus dolomieui
	
	
	2,800

	Clarias lazara
	
	1,720
	

	Oreochromis nilotius
	
	2,150
	

	
	
	
	

	Algae
	
	
	

	Raphidocelis subcapitata
	
	
	2,655

	Lowest observed L(E)C50
	280 – Ceriodaphnia dubia
	124 - Gammarus pseudolimnaeus
	26 - Ceriodaphnia dubia

	Lowest species geometric mean 
	280 - Ceriodaphnia dubia
	124 - Gammarus pseudolimnaeus
	69.4 (128 with unbounded value) - Ceriodaphnia dubia


The algae test, performed with R. subcapitata, generated a dissolved EC50 value (endpoint growth rate) after 96 h of exposure. This batch test was conducted following the US EPA (1985) method. The algal growth EPA medium has a hardness of 24 mg/l CaCO3, 300 µg/l Na2EDTA.2H2O and an initial pH of 7.5.  

The acute toxicity tests reported by Diamond et al. (1997) were all conducted in a soft reconstituted water (pH between 8.0 and 8.2; hardness 20-30 mg/l CaCO3) using neonates in the tests with Ceriodaphnia dubia and larvae in the tests with Pimephales promelas. Short term effect on the survival of the test organisms was evaluated after 2 days of exposure. 

Spehar & Fiandt (1985) conducted acute toxicity tests in natural waters with the same same species, i.e 96 h for the fathead minnow (pH 7.4; hardness 44 mg/l CaCO3) and 48 h for the C. dubia tests (pH 8.2; hardness 100 mg/l CaCO3). The procedures for conducting these acute lethality tests closely followed those described by the ASTM (1980). 

Schubauer-Berigan et al. (1993) conducted acute toxicity tests with the same species, i.e P. promelas and C. dubia, using very hard reconstituted water (hardness 280-300 mg/l CaCO3) adjusted to different pHs (between 6 and 8). The tests were conducted at the US EPA laboratory for 2 (C. dubia) and 4 days (P. promelas).  

Rogers et al. (2003) performed 96 h toxicity tests with juvenile rainbow trout (O. mykiss) using dechlorinated tap water with a hardness of 140 mg/l CaCO3, a DOC level of 3 mg/l and a pH of 7.9-8.0. The fish were allowed to acclimate to the test conditions for a period of 48 h before exposure to nominal Pb concentrations between 0.25 and 5 mg Pb/l. The test was carried out under flow through conditions. Analysis of Pb concentrations was performed using AAS. An acute lead 96 h LC50 for juvenile rainbow trout was calculated to be 1.0 mg/l as dissolved Pb.

The reference value for acute toxicity at pH 8 is 26 µg Pb/l, observed on the cladoceran Ceriodaphnia dubia. This reference value is the lowest L(E)C50 value observed for this species. It must be noted that this LC50 value was extracted from a series of experiments performed in soft reconstituted water from which different LC50 values were derived (29.1; 187; 46.1; 26.4 µg Pb/l) using the same medium (Diamond et al., 1997). No explanation for this high variability could be found in the publication.

Because different values are available with several L(E)C50s reported for the same species the species mean values are given in Table 1.4-1. 

From the data presented in Table 1.4-1, it seems that 1) crustacea are the most sensitive taxonomic group at all pH levels and 2) organisms seemed to be more sensitive at pH 8 than at pH 6. However, this pH effect can only be evaluated in comparative studies in which all other parameters (e.g. hardness) are kept constant. The toxicity test resulting in a LC50 value of 280 µg Pb/l (pH 6) for C. dubia was performed in hard reconstituted water with a hardness between 280-300 mg/l CaCO3 (Schubauer-Berigan et al., 1993) while the LC50 value of 26 (or mean value 69.4) µg Pb/l (pH 8) for C. dubia was performed in soft reconstituted water with a hardness between 20-30 mg/l CaCO3 (Diamond et al. 1997). 

A comparison of acute Pb toxicity at comparable pH values and hardness levels is presented in Table 1.4-2. From the extracted data it seems that the acute toxicity of Pb depends both on pH and hardness of the test media. Lowering the pH seems to increase the acute toxicity of Pb to both the cladoceran C dubia and the fish P. promelas. The acute toxicity (LC50 value) observed in hard water at pH 6 was 280 µg Pb/l for the daphnid, at pH 8 a higher acute LC50 value of >2,700 µg Pb/l was observed. The protective effect of hardness on acute Pb toxicity is also clear from the toxicity data gathered for both standard organisms. Higher hardness in the test media resulted in lower acute toxicity. At pH 8, the acute toxicity of lead towards the waterflea decreased from 26 µg Pb/l at low hardness to >2,700 µg Pb/l at high hardness.

Table 1.4‑2        LC50 (µg/l Pb) for different organisms at different test pH and hardness (mg/l CaCO3)
	Test organisms
	Hardness: <50
	Hardness: ± 100
	Hardness: >250

	pH 5.5-6.5
	
	
	

	Ceriodaphnia dubia
	/
	/
	280

	Pimephales promelas
	/
	/
	810

	pH 7.5-8.5
	
	
	

	Ceriodaphnia dubia
	26 (lowest); 50 (mean)
	248
	>2,700

	Pimephales promelas
	114 (lowest); 225 (mean)
	/
	>5,400

	Oncorhynchus mykiss
	/
	1,000
	/

	Raphidocelis subcapitata
	2,655
	/
	/


/: no data available

The following reference values (species mean can be used when tests are performed under ‘comparable’ conditions’) for acute ecotoxicity of Pb are proposed:

· pH 6, hardness >250 mg CaCO3/l: 280 µg/l

· pH 7: 124 µg/l

· pH 8, hardness <50 mg CaCO3/l: 50 µg/l

1.4.1.3 Overview of long-term toxicity results with soluble lead compounds

Table 1.4-3 shows a compilation of the long-term toxicity values for different species of crustaceans, algae and fish conducted in the pH range 6-8.5. Details are presented in Appendix B.

Table 1.4‑3        Chronic aquatic ecotoxicity of lead (expressed as NOEC in µg Pb/l) at different pHs
	Species
	pH 6 (5.5-6.5)
	pH 8 (7.5-8.5)

	Crustacea
	
	

	Ceriodaphnia dubia
	
	

	Reproduction
	
	37.1

	
	
	36

	Survival
	
	74

	Daphnia magna
	
	

	Reproduction
	
	250

	
	
	670

	Survival
	
	750

	
	
	670

	Growth
	
	2,656

	
	
	

	Fish
	
	

	Oncorhynchus mykiss
	
	

	Abnormalities
	
	144

	Cyprinus carpio
	
	

	Abnormalities
	48.8
	

	Survival
	20.2
	

	
	
	

	Algae
	
	

	Raphidocelis subcapitata (growth)
	
	1,000

	Scenedesmus sp.(growth)
	500
	500

	
	
	

	Lowest observed NOEC
	20.2 – Cyprinus carpio
	36.0 - Ceriodaphnia dubia


The lowest long-term NOEC value at pH 8 was obtained with the cladoceran C. dubia (Spehar & Fiandt, 1985). The daphnid tests were conducted with filtered (110 µm) Lester river water using a static renewal system. The temperature of the daphnid medium was maintained at 25°C. All organisms were cultured in their respective waters before they were tested (the background Pb concentration in the river Lester seemed to be <1 µg Pb/l). From the dose response curve NOEC values of 36µg/l and 74 µg/l were reported for the water flea C. dubia (7 days of exposure; endpoint reproduction and survival respectively). 

The lowest long-term NOEC value at pH 6 was obtained from toxicity tests performed with the carp C. carpio (Stouthart et al., 1994). Fertilized eggs of the carps were placed in 4 l aquaria containing salts dissolved in demineralized water. Temperature during testing was maintained at 23°C. Survival and deformation were counted 7 days after fertilization. The following reliable EC10 values could be calculated: 20 µg Pb/l for the endpoint survival and 49 µg Pb/l for the endpoint deformation.

The following reference values for chronic ecotoxicity of Pb are proposed:

· pH 6:  20.2 µg/l 

· pH 8.5:  36.0 µg/l

1.4.2 Current classification

Classification has not been specifically established for the compounds being evaluated in the Risk Assessment. Lead metal, as the powder or in bulk form, is not classified. However, lead compounds not otherwise specified in Annex 1 of Directive 67/548/EEC are classified for the environment as follows:

N; R50-53
Very toxic to aquatic organisms; may cause long-term adverse effects in the

aquatic environment.
1.4.3 Proposed classification 

At the time of writing the OECD Transformation and Dissolution Testing Protocol was undergoing a validation exercise.  Industry had therefore agreed with the Reviewing Country that dissolution testing for lead and lead compounds will be initiated once the results of this validation exercise are available and providing the results are acceptable. Hence no classifications are proposed at this time.

2 general information on exposure

The environment may be exposed to chemical substances during all stages of the life cycle from production to disposal or recovery. For each environmental compartment potentially exposed (i.e air, water, sediment, agricultural soil) the exposure concentrations will be derived. The assessment procedure considers the following stages of the life cycle of a substance:

· Production

· Processing

· Transport and storage

· Formulation (blending and mixing of substances in preparations)

· Use:

· Professional large scale use (industry) 

· Professional  small scale use (trade) 

· Private or consumer use

· Disposal, including waste treatment (e.g. incineration, landfill and recycling).

General information on each life cycle step has been collected for Pb, Pb oxides and Pb stabilisers and is reported in the following sections by industrial sector.

2.1 PRODUCTION 

The production process descriptions in this chapter are considered representative for EU-15 industry.  If more than one type process or abatement technology is known to be employed in the EU, then a description of the different types has been given. Detailed information on the coverage of each sector in the local exposure assessment chapter. 

2.1.1 Production processes 

Primary smelting

Several different processes can be used to retrieve metallic lead bullion from the ore concentrate.  These can be divided into two categories:  pyrometallurgical processes and the hydrometallurgical (electrolytic) process. However, the latter process is not used in the EU and is not considered below.

· The traditional two-stage pyrometallurgical process involves sintering and blast furnacing.  The lead concentrate is roasted in air to give lead oxide, and sulphur dioxide which is used to make sulphuric acid as a by-product.  The lead oxide rich sinter is then fed into the blast furnace with coke and limestone or another flux (such as silica or iron oxide).  The lead oxide is reduced to lead metal, which is tapped off at the bottom of the furnace.

· A variation of the traditional blast furnace is the Imperial Smelting Furnace, which operates in a similar way but allows lead and zinc to be extracted simultaneously from the mixed concentrate, lead in liquid form and zinc as a vapour.  The Imperial Smelting Process accounts for around 12% of global primary lead production (ILZSG, 1997).

· A number of single stage smelting processes are in operation, including the Isasmelt, Kivcet, QSL, Kaldo (TBRC) and Outokumpu processes.  These employ differing furnace designs, methods of heat input and process control.  In 1997 these direct smelting processes accounted for around 20% of global primary lead production (ILZSG, 1997).  Most of these modern processes can also accept secondary feed.

Secondary smelting

The smelting of secondary materials can be achieved in a traditional blast furnace, as well as modern smelting technologies such as the Isasmelt and QSL processes.

In the EU as a whole, a significant proportion of secondary smelting is now conducted in smaller rotary furnaces.  These have a greater degree of process control and it is possible to produce different grades of lead products, and a greater flexibility of operation allows for better treatment of batches of unusual composition. Unlike the blast furnace process, high throughput of material is not necessary for economic operation. Metallic lead scrap is either smelted with other secondary material in the furnaces or –if pure enough- direct in the refining step.

Refining

Refining involves the removal of metallic impurities from the lead bullion to yield pure lead.  In order to remove copper, the bullion is held at a temperature just above its melting point, and sulphur is stirred into the melt.  Solid copper and copper sulphide rise to the surface and are skimmed off.  The removal of arsenic, antimony and tin is effected by preferential oxidation, either by ‘softening’ or by the Harris process.  The softening process involves the stirring of molten lead with an air blast, whereby the more reactive impurities are oxidised and form a slag which is skimmed off.  The Harris process involves the addition of molten sodium hydroxide or sodium nitrate, which reacts to form sodium arsenate, antimonate and stannate.  The flux containing these compounds is separated from the lead.  After copper removal and softening, the impure lead may undergo pyrometallurgical or electrolytic refining.

· In the pyrometallurgical process silver and gold are first removed by mixing molten zinc into the molten lead.  The silver and gold form an alloy with zinc, which floats to the top and is removed.  The zinc is removed from the precious metals by vacuum distillation and reused, and the silver is refined and sold.  Any zinc that remains in the lead is then removed by vacuum distillation and collected on a cooled lid.  Finally, for lead containing bismuth, the stoichiometric addition of calcium and magnesium allows the formation of crystals of CaMg2Bi2 which are skimmed off.

Silver and bismuth levels in secondary materials are normally very low, so after copper removal and the Harris process further refining of secondary lead is rarely required.

2.1.2 Production capacity 

The estimated production and consumption of lead within the European Union (EU) are presented in Table 2.1-1.

Table 2.1‑1        Production and consumption of lead within the EU (ILZSG, 2002)

	
	1998
	1999
	2000
	2001

	Mine production (tonnes) 1)
	200,000
	210,000
	234,000
	200,000

	Refined metal production (tonnes)
	1,547,000
	1,564,000
	1,598,000
	1,567,000

	Refined metal consumption (tonnes)
	1,653,000
	1,662,000
	1,728,000
	1,733,000


1)  Tonnage by lead content

Imports and exports of refined metal to France, Germany, Italy and the United Kingdom from outside the EU are presented in Table 2.1-2.  These four countries account for around 75% of refined lead metal production and consumption in the EU.

Table 2.1‑2        Imports and exports of lead to France, Germany, Italy and the UK (ILZSG, 2002)

	
	1998
	1999
	2000
	2001

	Concentrates imports (tonnes) 1)
	208,000
	248,000
	239,000
	212,000

	Concentrates exports (tonnes) 1)
	0
	0
	0
	0

	Refined metal imports (tonnes)
	85,000
	99,000
	153,000
	120,000

	Refined metal exports (tonnes)
	54,000
	52,000
	56,000
	50,000


1) Tonnage by lead content

Detailed figures for the import and export of lead bullion from the EU are not available.  The available data for 1998 to 2001 show that around 150,000 tonnes per year of lead bullion is imported into the United Kingdom from outside the EU (ILZSG, 2002).

Refined metal production
Lead metal production plants in the European Union (EU) with a volume of more than 1000 t/y are presented in Table 2.1-3.

Table 2.1‑3        Lead metal production plants (>1000 t/y) in the EU (information from industry, 2002)

	Company 
	Location

	BMG Metall und Recycling GmbH
	Arnoldstein, Austria

	Campine Recycling NV
	Beerse, Belgium

	Fonderie et Manufacture de Métaux S.A.
	Anderlecht, Belgium

	Umicore
	Hoboken, Belgium

	Metal Blanc
	Gué d’Hossus, France

	APSM
	Pont Sainte-Maxence, France

	Société de Traitements Chimique des Métaux
	Toulouse, France

	Société de Traitements Chimique des Métaux
	Bazoches-les-Gallerandes, France

	“Berzelius” Stolberg GmbH
	Stolberg, Germany

	BSB Recycling GmbH
	Braubach, Germany

	Sudamin Investment GmbH
	Duisburg, Germany

	Metaleurop Weser GmbH
	Nordenham, Germany

	Muldenhutten Recycling und Umwelttechnik GmbH
	Germany

	Norddeutsche Affinerie A.G.
	Hamburg, Germany

	VARTA Recycling GmbH
	Buchholz, Germany

	Ecological Scrap Industry SpA
	 Pace del Mela, Italy

	Eco-Bat SpA
	Marcianise, Italy

	Eco-Bat SpA
	Paderno Dugnano, Italy

	Glencore Porto Vesme
	Porto Vesme, Italy

	Me.CA. Lead Recycling SrL
	Lamezia Ter, Italy

	Piombifera Bresciana
	Maclodio, Italy

	Piomboleghe
	Brugherio, Italy

	Sociedade Nacional de Metalurgia, Lda
	Vila Nova da Rainha, Portugal

	Derivados de Minerales y Metales, S.A.
	Barcelona, Spain

	Metalurgica de Gormaz S.A.
	San Esteban de Gormaz, Spain

	Metalurgica de Medina
	Medina del Campo, Spain

	Oxivolt (Girona)
	Ronda de Dalt, Spain

	Perdigones Azor S.A.
	Espinardo, Spain

	Boliden Bergsoe AB
	Landskrona, Sweden

	Boliden Metall AB
	Rönnskär, Sweden

	Britannia Refined Metals
	Northfleet, United Kingdom

	H J Enthoven Ltd
	Darley Dale, United Kingdom


A graph showing the distribution function of the sizes (production tonnage) of all 23 Pb metal production sites which provided data for the site-specific exposure assessment is added to the report (section 3.1.3.1). From this graph it can be concluded that all production sites assessed produce at least 10,000 t Pb metal/year. Secondary production constitutes around 65% of refined lead metal production in the EU.  The data for secondary lead recovery as a percentage of refined metal production are presented in Table 2.1-4.

Table 2.1‑4        Recovery of secondary lead within the EU (ILZSG, 2002)

	
	1998
	1999
	2000
	2001

	Refined metal production (tonnes)
	1,547,000
	1,564,000
	1,598,000
	1,567,000

	
	914,000
	956,000
	1,034,000
	1,024,000

	Percentage secondary production
	59%
	61%
	65%
	65%


The figures in Table 2.1-4 do not include lead which is recovered simply as a result of remelting rather than secondary refining.

Most recycled lead is recovered from batteries and applications in construction including lead sheet and piping.  Lead is also recovered from electronic equipment and the automotive industry.  Recycling rates for process scrap are about 100%.  The wide range of product lifetimes (up to hundreds of years) makes estimation of old scrap recycling rates difficult.

A mass flow diagram for lead is shown in Figure 2.1-1. Note that insufficient data are available to quantify the import and export of lead contained in products from/to the EU.
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Figure 2.1‑1
Mass flow diagram for lead.
a)  Imports and exports of lead metal and concentrates from France, Germany, Italy and the United Kingdom (ILZSG, 2002)

b)  Imports of lead bullion to the United Kingdom from outside the EU (ILZSG, 2002)

c)  Recycling from end-of-life products (mainly batteries and sheet) after variable service life (5-10 years for batteries, 50 years for sheet) (ILZSG 2002)

2.2 USES 

2.2.1 Introduction 

Lead metal is mainly used in lead-acid batteries, and in sheet form in the building trade.  Lead metal is further used as shot for alloying and ammunition, in soldering alloys, cable sheathing, and for the production of oxides, pigments, stabilisers and other lead compounds. The estimated use of lead for each industry sector in the EU is presented in Table 2.2-1 (ILZSG, 2002).

Table 2.2‑1        Estimated use of lead by sector in the EU (ILZSG, 2002)

	Industry sector
	1998
(tonnes)
	1999
(tonnes)
	2000
(tonnes)
	Percentage
use in 2000

	Batteries 1)
	976,600
	1001,200
	1,008,900
	61%

	Rolled and extruded products
	245,700
	235,800
	242,400
	14%

	Pigments and other compounds 2)
	204,200
	195,300
	200,800
	12%

	Shot / ammunition
	61,900
	58,400
	56,600
	3%

	Alloys
	33,900
	36,900
	39,600
	2%

	Cable sheathing
	37,100
	35,300
	31,300
	2%

	Gasoline additives3)
	24,800
	21,500
	19,400
	1%

	Miscellaneous
	68,800
	77,600
	78,200
	5%


1)  Includes oxides for battery manufacture

2)  Includes oxides for uses other than battery manufacture

3)  Refers to the consumption of lead in the production of petrol additives in one EU plant.

The lead battery industry is the dominant user sector, accounting for around 61% of lead consumption in the EU in 2000.  Rolled and extruded products, which mainly comprise lead sheet, account for 14% of consumption.  ”Pigments and other compounds” is largely an historic title used for consistency with published data from ILZSG.  In fact this comprises mostly oxides for glass manufacture and stabilisers for the PVC industry, accounting for 12% of consumption.

The category of alloys is nearly all solder used in the electrical and electronics industries.  As well as ammunition, shot is used for alloying purposes in the steel and brass industries.  It should be noted that the tonnage reported for gasoline additives refers to the consumption of lead in the production of gasoline additives in one EU plant.  The actual consumer consumption of leaded gasoline in 2000 would have been very small and by 2005 consumption was expected to be negligible in the EU-15.

2.2.2 Lead acid batteries 

Lead batteries contain metallic lead as grid material and lead-oxide paste as active material. For the production of grid metals different lead alloys (Pb-Sb, Pb-Ca) are used, whereas for the lead-oxide paste very pure lead has to be used (see also 2.2.4).

Production process

The classical technological scheme for the manufacture of flat pasted plate lead acid batteries for starting, lighting and ignition (SLI) applications is shown in Figure 2.2-1.  This technology is essentially the same as that used in the production of motive (traction) and standby (stationary) systems. The following production stages are involved:

· Grid casting.  Lead alloys are used for casting the positive and negative grids, as well as for small structural components (e.g. post straps, connectors, terminal posts).  Highly automated efficient casting machines are used.

· Lead oxide production.  Pure lead ingots are subjected simultaneously to surface oxidation and grinding into powder, or are melted, pulverised and oxidised in an air atmosphere. A 60-80% oxidised lead powder (leady oxide) is obtained, with a corresponding grain size distribution.

· Paste production.  The lead oxide is placed in a mixing machine and water and sulphuric acid are added with constant stirring. Basic lead sulphates are formed during this stage.  After a period of mixing, the paste is used for the preparation of the positive plates.  The negative paste is prepared likewise except expanders are added to the mixture.  In order to ensure that the production process proceeds correctly, the pastes must have a defined consistency and density.

· Grid pasting.  Grids are pasted in a specially designed machine. The pasted plates are then dried in a tunnel oven and arranged on pallets.

· Plate curing.  Pallets of plates are placed in chambers with 100% humidity at a defined temperature and for a defined period.  During this curing period, lead in the paste is oxidised, the basic lead sulphates crystallise, and the plates are dried.

· Plate formation.  The plates are arranged in large tanks containing sulphuric acid and a direct current is passed through (i.e. “tank formation” process).  Spongy lead is formed on the negative plates and lead dioxide on the positive plates.  After formation, the positive plates are washed with water and dried.  The negative plates are treated in the same way, but drying is carried out in an oxygen-free medium.  If required the plates are cut to the required format and the lugs are cleaned (brushed) to be prepared for assembly.

· Battery assembly.  Dried plates and separators are arranged in active blocks.  Plates having the same polarity are soldered into semi-blocks via the plate lugs.  The active blocks are placed in containers which are then covered with lids.  The cells are connected and tested to ensure air-tightness, the vents are closed to eliminate the access of air, and the battery is packed and ready for delivery.  By this process dry charged batteries are produced.  After adding the sulphuric acid solution, the batteries are ready for use without needing preliminary charging.  The shelf-life of these batteries is one year.
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Figure 2.2‑1
Manufacturing process for pasted flat-plate batteries.

If a battery is required for use two or three months after manufacture, the plates do not require drying; the battery is produced ready for use with the sulphuric acid electrolyte.  In this case, the technological scheme shown in Figure 2.2-1 is modified. After curing, the battery is assembled and formation is carried out in the battery itself.  After a final testing, the forming electrolyte is decanted, and the working electrolyte added.

Tubular plate technology is used in the manufacturing of motive and standby batteries.  The stages involved in the classical production of tubular plates are presented in Figure 2.2-2.   Apart from preparation of the positive plates, each step in the process is identical to those described above.  The preparation of the positive plates for tubular-plate batteries is as follows:

· Spine and grid casting.  This process is carried out by automatic casting machines.  The spines are cast under high pressure.

· Tube filling.  The leady oxide is mixed with red lead (Pb3O4) if required for the battery application.  The tubes are pulled over the spines and filled with the powdered material in special vibratory machines.

· Curing.  The tubular plate is immersed in a sulphuric acid solution and the curing process is carried out over several days.
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Figure 2.2‑2
Manufacturing process for tubular-plate batteries.

The processes described above are described in more detail in the following sections.  In addition there are remarks concerning the main sources of occupational and environmental exposure.

Plate manufacture

Grid production.  The purpose of the grid is to hold the active material mechanically and to conduct electricity between the active material and the cell terminals.  Metals other than lead alloys have been investigated to provide electrical conductivity, but these alternate conductors are not corrosion resistant in the sulphuric acid electrolyte.  Copper based grids are used in the negative grids of some advanced (e.g. submarine propulsion) batteries.

The method used for grid casting mainly depends on the application (i.e. the alloy used), the dimensions and the production rates required.

· “Book mould” casting accounts for the largest proportion of grid production.  These permanent moulds are made from steel.  Using heated pumps and pipes the molten lead alloy is pumped into the closed moulds with an amount of lead sufficient to fill out the grid.  As the mould is essentially cooler than the molten metal, the metal solidifies before being ejected and trimmed by a cutting or stamping operation.  A variation of book mould casting is injection moulding or die casting of battery grids.  The lead alloy is forced to into a clamped mould by high injection pressure.

· Another major method of grid production is circumferential continuous casting into a mould cut into the surface of a drum (“drum casting” or “continuous casting”).  As continuous cast grids are not symmetrical about a central planar axis they have to be overpassed to hold the active material in place.

· The third major grid production method, expansion of the grid from a lead alloy strip (“expanded metal”), is rapidly supplementing book mould casting as the preferred method for the manufacture of SLI battery grids.  In general these strips are manufactured by the lead supplying industry, so this method avoids an occupational exposure while melting the lead alloy and maintaining the melting devices.

Continuous casting and expanded metal are increasingly becoming the dominant manufacturing methods for calcium alloy grids used in the negative plates of SLI batteries.  Positive plate grids are generally produced of low antimony lead cast in book moulds.

Grids and tubes to be used in industrial batteries are mainly manufactured using book mould casting and injection moulding.

Processes that require the melting of lead or lead alloys cause occupational exposure while lead dross (lead oxides on the surface of the melting pot) is removed.  Although some effort has been made to reduce the formation of lead dross, this process still is the main reason for occupational exposure.

As these areas – similar to other production areas – are permanently kept under negative pressure (related to the exterior and to production areas nearby) the air ejected is filtered and causes no lead emissions to the external air.

Emissions to effluent are principally caused by cleaning activities in the production areas.  These effluents undergo a physico-chemical treatment together with the effluents generated in other steps of production.

Lead oxide production.  Lead is used to produce the active materials as well as the grids.  Lead for oxide production – the basis material for the active mass or paste – must be highly refined to avoid contamination of the battery.

The two major processes – Barton pot or ball mill – are described in chapter 2.2.3.

The majority of battery manufacturers produce their own lead oxide on site, purchasing additives such as “red lead” (Pb3O4), which is used in positive plates for some industrial applications, from specialised suppliers.

In general oxide production is performed in closed loop systems, therefore occupational exposure mainly occurs while employees have to control the quality of the lead oxide produced. In addition diffuse emissions from the process to the interior cause exposure for the employee.  However due to the negative pressure inside the working area and the air exhaust and filtering system, these diffuse emissions do not cause an emission to the environment.

Emissions to effluent (treated as described under grid production) are mainly caused by cleaning activities.

Paste production.  Lead oxide is converted to a plastic dough-like material so that it can be fixed to the grids.

The oxides are mixed with water and sulphuric acid in a mechanical mixer.  Different types of mixer – mainly depending on the manufacturer’s paste specification – are commonly in use.

Generally a defined amount of lead oxide is placed in the mixer, wetted with water and dilute sulphuric acid. Dry additives are premixed into the oxides before water addition. These additives can be plastic fibres to enhance the mechanical strength of the dried paste, expanders to maintain negative plate porosity in operation and various other additives which ease processing or are believed to improve battery performance.

As mixing proceeds the paste viscosity first increases then decreases. The paste temperature increases from the mechanical mixing and from the reaction of sulphuric acid with lead oxide.  The paste temperature is controlled by cooling jackets on the mixer or evaporation of water from the paste.

The amount of water and acid required for a given amount of lead oxide depends on the mixer types and on the intended use of the plates manufactured from the paste. A low oxide: acid ratio is used for SLI batteries, while deep cycling plates will use a paste with a high oxide: acid ratio.  Sulphuric acid acts as a bulking agent.

The total amount of liquid and the type of mixer used will affect the final paste consistency; in consequence paste mixing is controlled by the measurement of paste density.

Pasting.  Pasting is the process by which the paste is integrated with the grid to produce a battery plate.  The process is a kind of extrusion, whereby the paste is mechanically pressed into the grid interstices.

Two types of pasting machines are commonly used: a fixed-orifice paster that presses paste into both sides of the grid simultaneously, and a belt paster. In a belt paster the paste is pressed into the open side of a grid as it is conveyed past a paste hopper on a porous belt.

Grids are automatically or manually placed onto the belt before being moved under the pasting hopper.  Being larger, industrial standby or motive flat plate grids are generally pasted by lengthwise feed into the machine.

After pasting, plates are racked or stacked for curing. Stacked plates contain enough moisture to stick together and so before stacking the plate surfaces are dried somewhat by a rapid passage through a high temperature drier or over heated plates. The flash drying process may also help to initiate the curing reaction.

After pasting, expanded and continuous cast grids are cut into discrete plate portions by a slitter machine in the pasting line.

Positive battery plates for further heavy-duty application (such as industrial motive or standby batteries) are made in porous tubular sheaths. The grid is cast or injection moulded from lead with long-finned spines attached to a header bar and a connection line. Undivided woven fibreglass plastic sheaths or a multitude gantlet are placed over the spines. These sheaths are filled with powder or slurried paste. A plastic cap plugs the open sheath ends and becomes the bottom of the plate.

Dried paste on machinery surfaces is the main reason for occupational exposure in the paste mixing and pasting departments. To minimise this route of exposure, these areas are cleaned regularly.  In addition the floors – especially in the pasting department – are kept permanently wet.  The effluents from this area normally pass a sedimentation before they are treated together with the other effluents as described above. The sediment is dried (press or filter press) and shipped to a secondary lead smelter for recycling.

In addition occupational exposure occurs if manual loading and/or unloading of grids and plates is required. The filling of tubular plates for industrial batteries causes a higher exposure compared to flat plate pasting.

Curing.  The curing process is used to make the paste into a cohesive, porous mass and to produce a bond between the paste and the grid. Several different curing processes are employed, depending on paste formulation and the intended battery application.

Typical curing for SLI plates is “hydroset”, at low temperature and low humidity for 24 to 72 hours. The ideal temperature is between 25°C and 40°C, the humidity that is contained in the flash-dried plates is typically 8‑20% water by weight. The plates are covered to help retain both temperature and moisture. Some manufacturers used enclosed rooms for hydroset curing and these rooms may be heated to obtain the required climatic conditions.

As the plates cure, they reach a peak temperature and finally temperature and humidity decrease.  Hydroset typically procures tribasic lead sulphate, which gives a high energy density in the battery application.

More and more manufacturers are using curing ovens, when temperature and humidity can be controlled precisely. This controls the peak temperature and makes sure that enough moisture is available to oxidise the remaining free lead in the paste.

Peak temperatures in the range of 65-90°C are used, of higher temperature or longer times, significant amount of tetrabasic lead sulphate are produced in the plate, which gives a lower energy density in the battery application.

At the end of the curing process, the free lead content of the paste should be below 5%, preferably as low as possible. If the plates have not cured they can be rewetted and reheated to force the cure. Another process to force the completion of curing is to dip the partially cured plates into dilute sulphuric acid.  This later process (“pickling”) is also used to cure powder-filled tubular positive plates.  Cured plates are stored until use.

Occupational exposure occurs if manual handling of the plates is required. The humid air emissions from the curing process cause environmental emissions to both air and water.

Assembly

General. The most simple cell consists of one positive and one negative plate with a separator between them.

The use of individual “leaf separators” is increasingly being substituted by “envelope separators”.  The separators are used to electrically insulate each plate from its nearest counter electrode neighbour, but must be sufficiently porous to allow acid transport into or out of the plates.

SLI batteries normally use sintered polythene separators in either leaf or envelope form.  The average pore diameter is in the 1-25 µm range, while the porosity is between 55% and 65%.  Glass fibre mats are used in some sealed lead acid designs that allow the absorption of all the electrolyte. The pore size of these separators is best described as 45 µm, and the porosity is between 80% and 90%.

The separator chosen for industrial motive or standby batteries mainly depends on the future application of the battery. The most common types are leaf or envelope polythene separators, glass fibre mats and micro glass leafs. In some older industrial battery designs PVC leaves are still in use.

Plates and separators are stacked manually or by machine. Stacked elements are moved on roller conveyors or carts as input to the inter-plate welding operation.

Inter-plate welding is effected by one of two general methods: melting of the lugs in a mould with the lugs facing upwards, or immersion of lugs facing downward into pools of molten lead alloy contained in a preheated mould.

The first method is the traditional method for lead acid cells of larger size, e.g. for industrial applications. The plate lugs fit up through slots in a mould comb, the size and the shape of the group strap are delineated by the down and the back iron port of the tooling. The connection itself is welded manually.

The second method is called the “cast-on-strap” process. This method was originally used for SLI cells only but is becoming more and more popular for larger industrial cells also. The stacked elements (positive plates, separators, negative plates) are loaded into slots on the cast-on machine. A preheated mould which has cut-outs corresponding to the desired straps and posts is placed under the lugs and filled with the appropriate lead alloy. The stacked elements or the mould are moved until the plate lugs are immersed in the strap and post cut-outs. External cooling solidifies the strap onto and around each lug and the elements are moved to a point were they can be dropped in a battery case. This can be done by hand or automatically.

The resultant assemblage of plates and separators is known as an element and the welded supplements are known as groups. Electrical testing for short circuits is usually done on elements before further assembly.

The battery elements are either continuously connected or made in discrete single cell modules. The first method requires that long inter-cell connections be used that travel over the inter-cell partition and are sealed in a slot in this partition; this is known as the loop-over-partition design.  In the second method tubs on the end of the plate straps are positioned over holes that had been pre-punched into the inter-cell partitions of the battery case. These tubs are welded together manually with a small torch or automatically using a resistance welding machine.

Industrial cells will be connected into batteries after the cell cases and covers are sealed together. As industrial batteries are needed in a tremendous size for various applications, the standard unit for construction is a single cell. The cells are placed in acid resistant coated steel trays (motive) or in battery racks (standby) and the inter-cell connections are welded or screwed into place.

Loading the stacking machines and/or manual stacking is the major route of occupational exposure to lead in the entire assembly process.  In addition putting the elements into the battery cases manually also causes occupational lead exposure. Since the porous surface of the dry battery plates causes diffuse lead emissions to the interior, vacuum cleaning of the machinery and workplaces combined with ventilation systems and fresh air supply helps to minimise this exposure. Together with wet cleaning processes (shop floor) this part of the production process causes environmental emissions to both air and water.

Sealing.  Enclosed cells are necessary to minimise safety hazards related to the acidic electrolyte and to the potentially explosive gases produced by accidental overcharge.

Most SLI batteries and modern industrial cells are sealed by fusion of case and cover. The fusion results from preheating each (case and cover) on a plate, then forcing the two together mechanically or from ultrasonic vibration of the case and cover against each other.

Heat and ultrasonic seals are typically used for both SLI batteries and various smaller industrial batteries and cells.  Larger industrial cells are sometimes sealed using epoxy glues. The use of melted tar is out of practice.

Formation

Tank formation. Plates or assembled groups can be electrically formed or charged before assembly into the case. Forming the plates or panels they are stacked together in a slotted formation tank, spaced in small distance from the counter electrode in the adjacent slot. The lugs with the same polarity are either connected by welding to a lead bar or they are connected via the slots used to fix the plates.

The plates are connected via the lead bar or the slots to a low voltage, constant current power supply. The tank is filled with dilute acid and the plates undergo the formation process.

A variety of tank materials have been used, but the most common are PVE and polythene. In some facilities lead is used as tank material. The tanks are arranged in such a way that the acid can be drained and refilled, not after adjusting the electrolyte concentration as the formation increases the electrolyte concentration.

Tank formed plates are unstable, especially as negative plates will spontaneously oxidise in air.  To avoid additional reactions the electrolyte is rinsed from the plates and they are dried in an inert gas before the element welding in assembly.

Occupational exposure occurs from handling the plates while loading and unloading the formation tanks. The greatest activity of concern is the manual handling of dried plates after the washing process.

As lead and lead compounds are partially soluble in an acid environment, the change or refilling of sulphuric acid used in tank formation can cause emissions to effluent. Recognising this and taking benefit from the fact that acid concentration increases during the tank formation process, the rejection of acid to the effluent system is minimised. Major aquatic emissions are caused by losses during the transport of the wet plates from formation tanks to washing and drying devices and by the washing process itself. The water consumption (and effluent emission) is minimised using cascades and by recirculation of washing water.

Case formation.  The more common method of formation of a battery or cell is to complete the battery assembly step, fill the assembled battery with electrolyte and then apply the formation charge. A variety of formation conditions are used, similar to those for tank formation.

The major processes are the two-shot formation (normally used for standby or motive batteries) and one-shot formation (normally used for SLI batteries) processes.

In the two-shot formations the electrolyte is dumped to remove the low density initial electrolyte and refilled with a more concentrated electrolyte. This electrolyte mixes with the dilute initial acid residue which is absorbed in the elements or trapped in the case, in order that the concentration is close to equilibration at the desired density. The dumped electrolyte is commonly used in the mixing process to generate the electrolyte for the “first shot”.

During case formation there are no occupational exposures of concern, as these batteries or cells are sealed and no external exposure occurs. Exposure data reported for employees working in this area are the result of the practice to remove employees with elevated blood lead levels to this working area.

Logistics

The storage and shipment of batteries mainly follows the customer requirements. During storage and shipment no concerns on occupational and/or environmental exposure exist.

Occupational exposure data reported for employees working in these areas are the result of the practise to remove employees with elevated blood lead levels to these working areas without external exposure.

Use pattern

Consumption of lead for the manufacture of lead acid batteries in the EU by country in 2000 is presented in Table 2.2-2.
Table 2.2‑2        Consumption of lead for the manufacture of lead acid batteries in the EU by country in 2000 (ILZSG, 2002)

	Country a)
	Lead consumed (tonnes)

	Germany
	214,900

	Italy
	210,100

	France
	203,600

	Spain
	186,000

	United Kingdom
	106,300

	Austria
	44,000

	Netherlands
	18,000

	Belgium
	15,000

	Sweden and Denmark
	8,000

	Finland
	3,000

	Total EU
	1,008,900


a)  Data for the remaining EU countries are not available or consumption is zero.
Lead acid batteries are used for several non-portable applications.

· Starter, lighting and ignition (SLI) batteries.  Lead acid batteries are used extensively as the 12V starter batteries in almost all cars, commercial vehicles and motorcycles.  This is the major use of lead acid batteries.

· Motive (traction) batteries.  Lead acid batteries are the most common type of motive or traction batteries, and are used to provide power for wheel chairs, cleaning machines, electric vehicles, automatic guided vehicles, fork lift trucks, golf carts / caddies etc.

· Standby (stationary) batteries.  The lead acid battery is the principal type of battery used to provide backup power for uninterruptible power supply (UPS) applications such as for the telecommunications industry, security items, railways, medical devices, energy installations etc.

An estimate of the market by tonnage of lead for the different types of lead acid batteries in the EU is presented in Table 2.2-3.

Table 2.2‑3        Estimated market by tonnage of lead for different types of lead acid batteries in the EU (Eurobat, 2003)

	Type of battery
	1998
	1999
	2000
	2001

	SLI (starter) batteries (tonnes)
	Original equipment
	207,300
	199,000
	190,700
	189,800

	
	Aftermarket
	414,400
	415,300
	416,100
	427,700

	
	Total
	621,700
	614,300
	606,800
	617,500

	Motive (traction) batteries (tonnes)
	164,700
	174,200
	195,600
	224,500

	Standby (stationary) batteries (tonnes) 1)
	136,000
	138,400
	197,300
	183,300


1)  ILZSG consumption of lead for the manufacture of batteries minus Eurobat SLI and motive battery production figures.

Sales of SLI batteries in the EU in 1998 were estimated to contain 670,900 tonnes of lead.

The consumption of lead for the manufacture of lead-acid batteries peaked in 2000, and has since experienced a small decline.  The consumption of lead for the manufacture of SLI batteries is expected to continue to decrease in the near future due to the relocation of manufacturing to non-EU countries.

2.2.3 Lead sheet

Production process

Generally, all lead sheet manufactured in Europe is prepared on lead rolling mills and made using secondary lead materials mainly from old sheet and pipe, although with some additional metal refining, the lead sheet alloy (EN 12588) can also be produced from other scrap sources, e.g. waste lead-acid batteries as raw material. The scrap sheet and pipe are recovered from building demolition work.

In the case of using scrap sheet and pipe, the raw materials are loaded into a melting kettle and melted at between 327oC and 500oC. On melting, due to its high specific weight, non-lead metallic items not detected during any incoming material quality checks rise to the surface of the molten lead. These items are generally manually removed and sent for further metal separation and recycling. Typically there may be copper; zinc and aluminium scrap metal items found and recovered within this initial melt. 

Following this initial melt process the raw molten scrap requires refining to remove impurities in order to comply with the lead sheet alloy EN 12588. This refining process is carried out at 500oC using caustic soda as the refining agent and is aimed at removing the main impurities of antimony and tin. The process of refining creates metal rich drosses containing the impurities plus some sacrificial lead all of which can be recovered by recycling at higher temperatures via a smelting process. The treatment of these drosses is carried out at lead smelting companies throughout Europe.

Following the refining process and with the achievement of the correct alloy composition the molten lead is cast into moulds at approximately 450oC to produce castings or slabs of between 3 and 8 tonnes in weight. Once solidified the castings or slabs are removed from the mould and transferred to the rolling operation.

The structural strength of the mill(s) will dictate the temperature (typically ranging from ambient to 220oC) at which the rolling takes place. Castings or slabs are loaded onto a rolling mill and, by a rolling action with decreasing roll gap the material is reduced in thickness. The number of successive passes of the material through the decreasing roll gap will be determined again by the structural strength of the rolling mill. The desired final thickness will be determined by customer requirements, product application and market traditions. The average thickness of sheet across all European markets is approximately 2 mm.  From the rolling mill the sheet is then transformed by a variety of processes to produce rolls of lead sheet varying in length and width according to customer requirements. A high level of automation is utilised in all the steps of manufacture.

Generally all metal preparation and processing are conducted at up to 500oC with insignificant specific landfill wastes being generated (other than normal general industrial waste), any process ‘wastes’ are sent for further recycling and metal recovery. In addition no process water, in an ‘open loop’ configuration i.e. liable as an effluent emission, is used during the re-processing. If water is used as a pollution abatement method, i.e. via a fume wet scrubber, it is used in a ‘closed loop’ recycling fashion with no effluent emissions. Therefore the recovery, recycling and re-processing of scrap lead is essentially carried out ‘dry’.

Use pattern

Total EU consumption of lead sheet for buildings in 2000 was estimated to be 230,000 tonnes. The most important market for lead sheet is the United Kingdom. The UK, the Netherlands, Germany and France together account for over 80% of total EU consumption. Almost all lead sheet is used by the construction industry, mainly for roofing and weatherproofing applications.
· Lead flashings and weatherings. Lead sheet is widely used to provide waterproof coverings at joints, for example where a roof meets a vertical wall or where a structure such as a chimney protrudes through a roof. The lead is normally embedded into the vertical surface and shaped around the joint to prevent any possibility of water penetration. This is by far the largest use of lead sheet.

· Lead roofing. Entire roofs or sections of roofs are covered with lead sheet to provide an aesthetically pleasing, extremely durable and completely waterproof finish.

· Lead cladding. In a similar manner to lead roofing, lead sheet can be used as a functional and decorative cladding on vertical surfaces or special architectural features such as dormer windows.

· Chemical plant applications. Lead is highly resistant to corrosion by many aggressive chemicals. This makes it suitable for the lining of reaction vessels and other pieces of chemical plant. Owing to competition from modern synthetic materials, this is now a minor application of lead sheet.

· Radiation shielding.  Lead is one of the most effective barriers to ionising radiation and is therefore the material of choice for many protective applications within the nuclear industry, in medicine (lining of x-ray rooms in hospitals and dental surgeries) and in other situations where radiation is used.

· Sound Insulation.  The high density of lead means that it is an excellent material for attenuating sound.  Lead sheet is therefore sometimes used in buildings as a barrier to sound.  The lead is often bonded to another surface such as plywood for support.

The market for lead sheet for building applications has been very stable for the last 30 years, and is expected to remain stable in the near future.

2.2.4 Lead oxides

Production process

The three types of lead oxide that are commonly produced in the EU are presented in Table 2.2-4.

Table 2.2‑4        Types of lead oxide commonly produced in the EU (information from industry, 2003)

	Type of oxide
	Name
	Formula

	Litharge
	β-Lead monoxide
	PbO

	Red lead
	Minium
	Pb3 O4

	Battery oxide
	α-Lead oxide
	PbO


All industrial manufacturing processes of lead oxides use highly refined metallic lead (99.9%) as raw material. The oxidation of the lead metal is exothermic; the process temperature can be maintained without additional heat. The chemistry of the process is an oxidation of lead with atmospheric oxygen. Both the oxidation products and the final products are powders.

As in most chemical processes it is not possible to achieve a yield of 100% conversion to lead oxides in one step. The oxidation of litharge and red lead involves a two-stage process, while in the case of battery oxide the oxidation requires only one step. The type of oxidation technology used in the first step determines the yield of the oxidised product. The crude oxide formed in the first step (with exception of battery oxide) has to be further oxidised in a second step. After these oxidation steps the products are usually milled and classified.

In the first step the oxidation of molten lead commonly takes place in an agitated reactor, though there are some special processes which are described later. In this agitated reactor, the oxidation known as the “Barton technique” can take place either batch‑wise, or as a semi‑continuous or continuous process. The degree of oxidation can vary from 60% up to 99%, depending on the design and operation methods. The reaction temperature, usually set between 440°C and 620°C, and the oxygen partial pressure of air determine whether the crude material can be obtained for battery oxide, red lead or litharge.

The principle of an agitated reactor involves the vigorous stirring of molten lead in an iron vessel, usually by a two armed bar agitator. The melting pot containing molten lead at 400‑500°C is installed in close proximity to the reactor and normally higher than the reactor. The separation of the product and air takes place in two stages; the first involves a powder dust separator (cyclone or settler) and the second stage uses a fabric bag filter unit. After the filter units the air is usually passed through security filter units. All the filter units are continuously monitored using pressure devices. Modern fabric filter units with a high cleaning surface area, in combination with an automatic cleaning separation, ensure the requirements of European pollution control legislation are met. A schematic diagram showing the stages of the Barton technique is presented in Figure 2.2-3.
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Figure 2.2‑3
Schematic diagram of the Barton technique for first-stage oxidation (from Lead Oxides, R Marx)
The crude oxides produced by the different methods still contain a certain percentage of metallic lead. These lead residues must be further oxidised to obtain litharge or red lead.

The second oxidation step, which is also called calcination, can occur in various reaction vessels.

· Hearth or pan furnaces.  In the case of pan furnaces the most common technique is the use of indirectly heated chambers, with special fans for hot gas circulation. Continuously moving tools rake the bed of products.  The crude oxide remains in the furnace until the metallic lead is fully oxidised. In this manner the crude oxide is processed in batches. The processing takes between 90 and 120 minutes for litharge, while for red lead the processing time differs from 16 to 36 hours depending on the highly differing percentages of oxidation of the crude oxide.

· Heated screw tube conveyors. The principle of an indirectly heated screw conveyor for calcinations is fairly simple and highly efficient. In a heated tube the material is continuously conveyed by moving paddles. The continuous mode of operation requires a crude base material of a constant quality level to ensure a complete oxidation. The processing time for litharge is 30 minutes, while the processing time for red lead is 3 hours, and 9 hours for crude oxide of highly dispersed quality. A schematic diagram of second-stage oxidation in a heated screw tube conveyor is presented in Figure 2.2-4.

· Heated rotary calcination tubes.  The rotary tube for calcinations is a mason tube positioned at a certain angle. The crude material is placed in the tube and heated directly. Processing time is controlled by the number of rotations per minute made by the kiln tube. The same quality conditions for the crude material as for the screw tube conveyor are applicable.
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Figure 2.2‑4
Schematic diagram of second-stage oxidation in a heated screw tube conveyor (from Lead Oxides, R Marx)

For the production of litharge, the calcination step is conducted at a minimum temperature of 580°C, although temperatures in excess of 600°C are common. Calcination to form red lead is carried out at 480-490°C when the unit runs at an increased oxygen pressure, and at 550°C when conducted at atmospheric pressure.

There are two special processes on the market for the manufacture of granules from lead oxide (litharge) powder.

· The fusion process uses either crude oxide or calcined product with metallic lead content >1% as feed material. The crude oxides are continuously fed and melted in a hearth furnace by means of direct heating to around 1000-1300°C. The melt flows continuously out of a port near the bottom of the furnace. The molten oxide is processed either by an atomisation or spinning disc device; sprayed product cools down in a settler/separation unit. The granules are sieved to certain specifications, and undersized and oversized product is recycled. A schematic diagram of the fusion process is presented in Figure 2.2-5.

· The compacting process is based on the mixing of lead oxide powder with additives (mainly H2O) in a high shear mixer. This mixture is compacted in a roll or disc compactor. The compacted product, usually after drying, will be classified to a certain specification, and oversized and undersized products are recycled.
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Figure 2.2‑5
Schematic diagram of the fusion process (from Lead Oxides, R Marx)

The dual reactor process of Heubach & Lindgens GmbH in Cologne involves the integration of the two oxidation steps in one closed unit. By application of a modified Barton concept this unit can produce fully oxidized PbO (( 0.01% Pb metallic). The process is carried out in batches, with a cycle time of three minutes and a production output of up to12 tonnes per day.

The Gamichon rotary furnace process is the only process in which lead ingots are directly fed into the oxidation reaction zone. With this unit crude oxide of 96-98 % PbO can be obtained.

After the oxidation process some finishing processes are required. Grinding or classification of the calcination product is necessary. Agglomerates are unavoidable in all calcination steps.

The most suitable mills are pinned disc mills and turbo mills, and in some occasions air classifiers are used. The coarse and hard agglomerates are returned to the calcination process.  These milling steps require extensive and expensive de-dusting facilities, normally in the form of fabric bag filter units with large surface area including automatic cleaning.

The finished products of all the oxidation processes are stored in silos or hoppers. The final products can be transported in silo cars, large sacks, steel containers, paper or steel drums.

The total production process for lead oxides is largely closed circuit. Crude oxides, calcined products and finished products are transported by air, screws, and basket elevators. Modern separation units for powder/product are common practice. Using these techniques lead and lead oxide emission to air is avoided or reduced, and the employees’ contact with lead oxide is minimised. Water is only used for indirect cooling of furnaces.

Use patterns

Consumption of lead for the manufacture of "pigments and other compounds" in the EU is reported by the International Lead and Zinc Study Group.  However, it must be noted that these data cover all lead compounds and not just lead oxide. These data are presented in Table 2.2.5.

Table 2.2‑5    Consumption of lead for the manufacture of pigments and other compounds in the EU by country in 2000 (ILZSG, 2002)

	Country a)
	Lead consumed (tonnes)

	Germany
	88,300

	Italy
	23,900

	Spain
	23,500

	United Kingdom
	18,600

	France
	16,600

	Austria
	14,500

	Netherlands
	4,000

	Belgium
	1,800

	Total EU
	191,200


a)  There is no consumption of lead for the manufacture of "free market" lead oxides in Denmark, Finland, Greece, Ireland, Luxembourg or Sweden (European Lead Oxide Association, 2006).  Data for Portugal are not available.
The estimated consumption of lead metal in the EU for "free market" lead oxides by application (i.e. not including oxides produced internally by lead acid battery manufacturers) is presented in Table 2.2-6.

Table 2.2‑6    Estimated consumption of lead metal in the EU for "free market" lead oxides by application (European Lead Oxide Association, 2003)

	Country
	Consumption
(tonnes)

	Television glass
	33,000

	Crystal glass
	25,000

	PVC Stabilisers
	50,000

	Ceramics
	25,000

	Pigments
	16,000

	Batteries (free market only)
	8,500

	Miscellaneous 
	8,500

	Total EU 
	166,000


· Television glass.  Lead oxide is used in cathode ray tube glass to shield users from radiation.  The funnel glass contains 22% lead oxide, the neck and stem contain 30% lead oxide and the frit (‘solder glass’ used to join the different sections) contains 70% lead oxide.  The screen or panel glass contains lead oxide in small quantities (less than 2.5%).  With the trend towards larger TVs and PCs the market for lead oxides has steadily increased for many years, but the growing popularity of flat panel displays – which do not involve X-rays and do not therefore require leaded glass – means that the lead demand for this application has peaked.  The rate of decline in consumption is likely to increase as the price of flat panel screens becomes more competitive.

· Crystal and speciality glass.  Lead crystal contains over 24% lead oxide (see section 2.2.6).  Leaded glass is also used to form some optical glass and other speciality glass.  These uses have experienced a steady market for many years.

· Stabilisers.  Lead oxide is used to manufacture PVC stabilising agents (see section 2.2.5).

· Ceramics.  Lead oxide is used in the manufacture of glazes for ceramics (see section 2.2.7).

· Pigments.  Some speciality paints may still contain lead oxides as a pigment.  This use is expected to remain stable but is a very minor application.

2.2.5 Stabilisers

Production process 

The various processes involved in the manufacturing of lead stabiliser products can be broken down as follows:

(1)
lead oxide production:

Depending on the facility, the required lead oxide may either be produced on-site, or procured from lead oxide producers.  Lead oxide production methods are addressed in the section above.

(2)
lead stabiliser production (wet process):

The initial step in this wet process is the loading of lead oxide (usually litharge) from transport silos (1-1.5 tons) into the reaction vessel, followed by the formation of a slurry by addition of water. Next, various catalysts may be added, and finally the selected acid compound is added to generate the desired inorganic lead compound. The entire process is conducted in a closed system at temperatures usually not exceeding 70°C.

After the reaction is complete, the reaction product is centrifuged or filtered, and then continuously dried by evaporating the water, followed by charging to a silo for interim storage. From these silos, the stabiliser compounds will either be subjected to further processing/formulation, or will be packaged as final products. Whereas the bulk of the production is dispensed automatically to and from silos for further formulation of stabiliser products (which represent a complex mixture of many compounds), a small percentage of the production of a specific lead stabiliser compound will also be in the form of product sold in powder form.

The packaging involves dispensing predominantly either into big bags or 25 kg bags, which is done either automatically or manually.

(3)
lead stabiliser compound production (dry/melting process):

In contrast to the aqueous process described above, it is also common for some lead stabiliser compounds (neutral lead stearate, for example) to be produced in a “dry” process which largely involves melting the acid component with the dry lead oxide. This process is initiated by loading the lead oxide into a reaction vessel from a storage silo, followed by feeding the molten acid compound through a piping system to the reaction vessel. Again, the reaction is conducted in a closed system.  The final stabiliser product is then subjected to a cooling stage, at the end of which usually a low-dust product in the form of tablets, flakes etc. is generated, followed by bagging/drumming operations.

(4)
mixing/blending of formulated stabiliser products:

Formulated lead stabiliser products usually contain a blend of various inorganic lead compounds, plus other additives. The production of these products is rather diverse, and ranges from merely blending together powdery substances up to the melting of the complete mixture to generate tablet-like finished products.

Bulk stabiliser products will predominantly be weighed and mixed with the aid of automatic weighing and mixing units operated as closed systems, in which lead compounds are dispensed from silos. The only exception would be the other components such as fillers, lubricants, co-stabilisers, pigments and processing aids, which are required in lesser amounts and may be added manually to the mixing vessels through an enclosed inlet, having negative pressure. The final formulated stabiliser products are usually in a form (as already described above) that precludes any relevant dust generation. 

Many stabiliser products are no longer available in powder form, but rather as granules, flakes, tablets etc., thus reducing dust emissions for the producers and the target consumer industry (i.e., PVC manufacturing). 

Where the processes involve process water these streams and even possibly the entire site aqueous emissions are treated to precipitate the lead before discharge to the aquatic environment. Most of the systems are closed systems but where there are discharge points to air these are passed through filters to avoid any significant losses to air. The environment report fully details these losses for each plant.

Use patterns 

The lead substances produced for use in PVC stabilizers in general do not work by themselves. They are usually used in combination with each other and need additional components such as antioxidants and lubricants to allow the final formulated stabilizer to allow the processing of PVC into the finished articles.

These final formulated stabilizers may also contain as a service to the customer other small components from the complex PVC formulation.

These final formulated are sometimes called “one-pack” additive/stabilizer formulations may be supplied as powders, which are frequently packed in small pre-weighted bags that allow them to be thrown into the processing plant with little handling,  and also in compacted or fused solids that reduce dust and hence exposure and loss to the environment.

Lead stabilizers are only used in PVC since the mechanism by which they work to stabilize PVC is not relevant to other polymers.

The main applications of PVC containing lead stabilizers are in the construction area where they are expected to provide a long life and indeed the majority of applications are in rigid PVC where migration of lead from these products is very low as can be seen in the existing European approvals for use in drinking water pipes. In that application it has been shown that migration drops very quickly to near to the level of detection once a slightly higher level of migration has removed the small quantity on the surface of the PVC after processing. The other application is in cable insulation where of course the largest use is for interior cables in buildings.

In 2003 industry figures show that these applications for lead stabilizers were as follows:

· Pipes


33865 tonnes

· Cables


18065 tonnes

· Profiles


59882 tonnes

· Other applications
2789 tonnes

These tonnage figures are for the formulated lead stabilisers and so include tonnages of many other substances. Expressed as lead metal based on typical lead levels in these formulations it equates to some 54000 tonnes as an estimate.

Pipes would include all types of pipes and would include guttering. It would include potable water pipe as well as pipes used in drainage etc. Pipe fittings are included in this category.

Cables are of course insulation for electrical cables whether used in building wiring, cars and household appliances.

Profiles are building profiles such as used in PVC windows, electrical conduits, doors, conservatories etc.

Other applications include rigid sheet constructional materials and roof linings.

Environmental pressures have resulted in efforts by PVC manufacturers to move over to other stabilizer systems.  As a result the market has probably already peaked and will continue to decline in the future.

The pipes, cables and profiles are all produced by a process called extrusion whilst pipe fittings are produced by a process called injection moulding.

From a risk assessment viewpoint these are all dry processes run at around 200 °C and do not involve any emissions of water to the aquatic environment. At the end of these processes for the larger items there may be water cooling but this involves a closed loop. Emissions to air have been measured and recorded in the UK Emissions database, generated by its IPC now IPPC regulations, and shown to be very small.

All these plastic processing processes are similar and use identical processing equipment and so losses generated on such typical plants should be valid for this entire processing sector.

The processes involve charging PVC and all the formulation additives into a large high speed blender at room temperature. The blender is then sealed and turned on and it mixes evenly all the additives and absorbs them onto the PVC by raising the temperature due to friction whilst operating. This powder compound is then processed in an extruder where the temperature reaches 200 °C to produce molten PVC. The extruder is a sealed and heated barrel through which the compound is conveyed by a rotating screw to out put fully gelled and molten PVC. At the end of the extruder a number of processes are possible depending on the die fitted onto the end of the extruder:

· The compound may be extruded into a number of strands which are chopped into small pellets and cooled. This is often called compounding and the compounds can be sold to another site that completes the process as detailed below. This may be done for some speciality compounds or where the next process is injection moulding.

· Most frequently the die fitted is specifically and carefully designed to produce pipes, complex profiles or to produce cable by being extruded directly onto the copper conductor. In the latter case the outer cable sheathing is then extruded onto the internal cables which already have their primary insulation in place.

It is clear that pipes, profiles, cables can be produced in a continuous process whereas pipe fittings have to be formed individually and this is done by injection moulding where the die is designed to produce the final complex article and into this is injected the correct quantity of molten PVC.

2.2.6 Crystal glass

Production process

Glass can be described as the fusion product of inorganic materials that have cooled to a rigid condition without crystallising.  Lead crystal glass like other commercial glasses consists of three groups of materials, network formers, modifiers, and intermediaries.  

Crystal glasses are comprised of a network of silica (> 50%), modifiers or alkali fluxes (12 – 20%) which are used to lower the melting temperature of the silica, and intermediaries such as lead oxide (24 – 33%) which may act partly as a former and also as a modifier and in general add special properties to the glass.  In 1969, European Union in its directive 69/493/EEC decreed that lead crystal must contain in excess of 24% lead oxide.

In melting lead crystal it is important that the granular size of each of the raw materials is complementary in order to facilitate the melting process.  The addition of recycled crystal which is known as cullet (reject or waste glass) also greatly facilitates this process.

In general the melting process lasts between 24 and 36 hours and takes place at temperatures in excess of 1400 degrees C.   At the end of the melting process there is a conditioning stage during which the molten glass is lowered to a temperature of 1100 – 1200 degrees C.  Traditionally the melting process took place in ceramic pots heated by gas or oil, however in more recent times, these have been replaced by 24 hour continuous tank melters which are heated by oil or electricity, or a mixture of electricity and oxy fuel.  The continuous tank operates by balancing the take off of crystal at one end with the raw material charging at the other to maintain a constant level of molten glass within the system.  In general a gob of glass is delivered automatically to a mould where solid objects are formed or hollowware products are produced by either a pressing or injection system.  The glass solidifies as it cools in the mould and is then transferred to a kiln where it is annealed (at temperatures greater than 500 degrees C) and cooled to room temperature.

A decorative cut pattern may be added to the glass within the moulding system or introduced at a later stage by hand or automatic cutting utilising diamond tools.

The surface of the product may then be improved by flame polishing, mechanical polishing using a series of suitable wheels, or chemical polishing by immersing the glass in a mixture of hydrofluoric and sulphuric acids to give the final product. 
Use patterns

Lead crystal is used in a variety of consumer products ranging from tableware (e.g. stemware, decanters, serving platters) to decorative objects such as art objects, picture frames, and lighting fixtures.  The lead content of crystal is variable with lead oxide content that can range from 6% to 32% w/w.  In the European Union, products designated as being lead crystal refer to silicate glass items containing lead oxide at a concentration of 24% or more.  The term full lead crystal is used in reference to silicate glass materials containing 30% or more lead oxide.  Up to two-thirds of market share has been estimated to be decorative in nature (ICF, 2003).  

Approximately 25,000 tonnes of lead is used annually in EU lead crystal production (European Lead Oxide Association, 2003).  This application has been relatively constant in tonnage terms for many years, and is expected to remain stable.

2.2.7 Ceramics

Production process

Ceramicware

Lead compounds can be used in the glazing and/or decorating of ceramicware and are therefore applied after the ceramicware has been formed from clay and other materials (e.g. ground sand, ground limestone,. talc, feldspar) and has undergone a first firing ("biscuit firing").

Prior to glaze application, the frit and other glaze materials may be ground in a ball mill until they reach a particular size distribution that will permit uniform application, but not so fine that the lead exceeds solubility standards.

Leaded glaze is applied to ceramics in a liquid form either by spraying or dipping.  Spraying is probably the more common method of glaze application in the ceramic industry today.  Various types of automatic glaze sprayers have been developed.  These sprayers may be circular or a straight conveyor line.  They are generally capable of rotating the ware and have multiple spray guns, which can be oriented according to the item being sprayed, allowing even application of glaze thickness.  Local exhaust ventilation systems utilizing wet collectors are used to remove fine airborne droplets from the working environment.  As the glaze is costly, all washings from this process area (excluding floor washings) can be put through a glaze reclaim system.  Reclaimed glaze can be used with virgin glaze at the desired ratio.  Floor washings are collected and treated before being discharged.  The settled solids are filter pressed to reduce the remaining water and the resulting cake is sent to landfill.  

Dipping is an older process for glaze application, and is generally used only on shapes that are not conducive to spraying.  Flat surfaces (such as wall tile) can be glazed using a waterfall technique – passing the tiles under a thin falling sheet of glaze.

Following application of the glaze, the ceramicware is fired for a second time ("Glost firing").  They are then decorated using lithographs/transfers or hand painted.  The lithographs/transfers or paints may also use lead compounds (see below).  Other chemicals are sometimes used to aid the transfer application process and solvents and thinners will be used in conjunction with the paints when hand painting.  The ceramicware is then fired for a third time in a decorating kiln.  

In a further stage, some ceramicware is decorated with precious metals and then fired again in an "enamel kiln".  The finished items are then packaged in paper and/or plastic packaging.

Ink and Colours

The lead containing ink and colours used to decorate the ceramicware may be manufactured on different sites to the ceramicware.  The lead containing materials which are typically used are lead borosilicate glasses in as a fine powder 200-300 mesh (75-85 microns) and packed in plastic lined paper bags or plastic tubs.  The lead borosilicate glass is the base material used in the formulations to which various materials are added such as inorganic colours, titanium dioxide, aluminium oxide etc.  These provide a colour or surface effect to the finished product when fired on by the customer. The final product in formulations is a "Medium" which is used to transport the powders to the object being decorated.  The "Medium" can be in two forms;  "cold"; based on pine oil with various resins as additives and "hot"; based on paraffin wax or stearyl alcohol with small additions of waxes.

The required materials are weighed into a mixing bowl.  This will include lead borosilicate glass, inorganic colours and materials to create effects and "Medium".  The weighed materials are mixed on low speed and high speed mixers to form a paste.  Where the final products are to be printed through fine silk screens, it is necessary to remove all agglomerates formed in the mixing.  To achieve this, the paste is passed over a three roll mill following.  After the rolling the paste is put back onto the mixer to ensure a homogeneous mix.  After stringent Quality Control checking the paste is packed in steel UN approved drums.  However it should be noted that products can be sold part processed which eliminates the pasting process but require sieving to ensure a homogenous mix.

Use patterns

Lead dramatically improves the chemical durability of glazes and colours on ceramicwares, helping them to withstand detergent attack, and it produces a smooth, durable, hygienic surface that resists scratching and knife marking.  Lead allows the glaze to melt and flow over a wide range of temperatures, producing a uniform smooth surface.  By contributing to the proper rate of expansion and contraction of the glaze, lead allows the glaze to ‘fit’ the ceramic body, thereby discouraging temperature-induced chipping, cracking or crazing of the glaze.  Because of their high reflective index, leaded glazes have a brilliance that has not been matched by any other material.  Lead also stabilizes decorating colours, allowing a broader palette of colours to be used without fading during firing.  Many ceramic tableware products could not be produced without the use of leaded glazes and/or colours.  Lead is introduced into glaze compositions as lead bisilicate frit.

The possibility of leaching of lead from glazes has long been recognized as a potential health issue.  The ceramics industry is addressing this solubility problem by adding lead to glaze in frit form. The frit is a ground mixture of two or more compounds. For example, lead monosilicate (PbO•0.67SiO2), which is considered one of the most economical methods for introducing lead into a glaze, contains 85 percent PbO and 15 percent SiO2. The frit form desolubilises and detoxifies the lead compounds. The frit also allows the glazes to be fired at lower temperatures and creates a more uniform glaze. The fritted glaze usually includes clay or organic binders, which ensure that the glaze adheres to the ceramic and does not dust off prior to firing. Frits are usually manufactured by frit manufacturers rather than ceramic manufacturers.

Lead may be used in the glazing or decoration of a variety of ceramicware including sanitaryware, decorative items and tableware for food contact applications.

Approximately 25,000 tonnes of lead is used annually in EU ceramics production (European Lead Oxide Association, 2003).  There has been a steady decline in the use of lead glazes and decoration due to trends towards non-lead glazes and pigments.

2.2.8 Cable sheathing

Use patterns

Consumption of lead for the manufacture of lead cable sheathing in the EU by country in 2000 according to ILZSG is presented in Table 2.2-7.  In addition a small amount of lead is used in the manufacture of cable sheathing in the Netherlands.  However this is not reported in the statistics below.

Table 2.2‑7    Consumption of lead for the manufacture of lead cable sheathing in the EU by country in 2000 (ILZSG, 2002)

	Country a)
	Lead consumed (tonnes)

	France
	10,300

	United Kingdom
	9,600

	Germany
	4,300

	Austria
	2,000

	Italy
	1,600

	Spain
	1,000

	Sweden and Denmark
	1,000

	Total EU
	29,800


a)  Data for the remaining EU countries are not available or consumption is zero.

 The use of lead as a sheathing material for cables has been in steady decline for many years and now comprises around 2% of lead consumption in the EU.  There remains some demand for lead for power cables in several areas, including the petrochemical industry, undersea and for underground high voltage cables, but further declines in the market for lead cable sheathing are likely.

Lead sheathed electrical cables consist of the following components:

· Electrical conductor to carry the current.

· Layer of electrical insulation to protect users and prevent current leakage.

· Impermeable sheathing of lead to protect from moisture and corrosion.

· Sometimes an additional layer of armouring to protect from mechanical damage.

· External oversheathing for corrosion protection in general and to protect during installation.

2.2.9 Shot

Use patterns

Consumption of lead for the manufacture of lead shot in the EU by country in 2000 according to the International Lead and Zinc Study Group is presented in Table 2.2-8.

Table 2.2‑8    Consumption of lead for the manufacture of lead shot/ammunition in the EU by country in 2000 (ILZSG, 2002)

	Country a)
	Lead consumed (tonnes)

	Italy
	21,600

	Germany
	13,300

	France
	7,000

	United Kingdom
	6,500

	Spain
	5,500

	Total EU
	53,900


a)  Data for the remaining EU countries are not available or consumption is zero.

Lead shot is produced for use in both ammunition and steelmaking and the above data covers both uses.

Lead shot is used for ammunition in shotgun cartridges. Lead has also been used in the manufacture of bullets for many centuries. The high density means that lead projectiles have a greater momentum and hence more power and longer range than other less dense materials. Lead is also relatively cheap and easy to form and causes minimal abrasion to the gun barrel compared to alternative materials.  According to AFEMS approximately half of all lead shot used consumed in the EU is used for target shooting, and half is used for hunting.

According to the Association of European Manufacturers of Sporting Ammunition, total consumption of lead shot for ammunition in 2002 was approximately 38,000 tonnes.  Lead use for sporting shot has shown overall slight growth, however this use has been under some environmental pressure with restrictions on use in some areas – notably in wetlands.  A slight decline in the market is therefore possible, however few alternative products possess equivalent properties to lead and so the uptake of alternative products is slow.

Lead shot is added to steel to form free machining leaded steels.  The addition of lead improves the machinability of the steel, reducing energy requirements and extending the life of the machining tools.  No direct data is available on the size of this market in the EU, however it is estimated to be in the region of 10-15,000 tonnes per year.  Lead shot for free-machining alloys has been declining steadily as alloy compositions and demand have changed. 

2.2.10 Alloys

Use patterns

Consumption of lead for the manufacture of lead alloys in the EU by country in 2000 is presented in Table 2.2-9.

Table 2.2‑9    Consumption of lead for the manufacture of lead alloys (excluding battery alloys) in the EU by country in 2000 (ILZSG, 2002)

	Country a)
	Lead consumed (tonnes)

	United Kingdom
	22,600

	Germany
	8,400

	France
	3,500

	Italy
	3,200

	Total EU
	37,700


a)  Data for the remaining EU countries are not available or consumption is zero.

The data in Table 2.2-9 do not include lead used in battery alloys, which is by far the largest single alloy application. These tonnages are listed separately in the battery section of the report.

Fine lead shot is used for alloying additions to brass, aluminium and other alloys.  Lead is used as an alloying element to improve machinability, allowing higher cutting speeds and longer tool life.  Lead additions also improve the surface finish of the machined material, and the machining consumes less energy and is quieter.

The principal use of lead as an alloying metal is in solders.  The largest application of solder is the lead-tin solder used in electronic equipment.  However this use is expected to decline rapidly in the next few years as legislation requires the use of alternative materials.

2.3 TRENDS 

Information on trends in production and use of lead and lead compounds can be found in Chapter 2.  Information on trends in emissions of lead can be found in section 3.1.9.3.

2.4 LEGISLATIVE CONTROLS 

Council Directive 67/548/EEC on the classification, packaging and labelling of dangerous substances

Lists the classifications, and sets out the notification, information exchange, risk assessment and labelling requirements of substances dangerous to man or the environment, including lead compounds.

Council Directive 1999/45/EC on the classification, packaging and labelling of dangerous preparations

Lists the classifications, and sets out the labelling requirements for preparations containing dangerous substances including lead compounds.

Commission Directive 2001/58/EC amending Directive 91/155/EEC defining and laying down detailed arrangements for the system of specific information relating to dangerous preparations and substances (safety data sheets)

Sets out requirements for the preparation of safety data sheets for dangerous substances and preparations including lead compounds.

Council Directive 76/769/EEC on restrictions on the marketing and use of certain dangerous substances and preparations

Bans the marketing and use of dangerous substances and preparations, including lead compounds, as well as the use of lead carbonates and lead sulphates in paints.

Council Regulation (EEC) 304/2003 on the export and import of dangerous chemicals (Rotterdam Convention)

Sets out the requirements for classification, packaging and labelling of dangerous substances and preparations, including lead compounds, when put on the market in non-EU countries or imported from non-EU countries.

Council Directive 98/24/EC on the protection of the health and safety of workers from the risks related to chemical agents at work

Sets binding occupational exposure limits for lead in air and lead in blood.

Council Directive 92/85/EEC on the introduction of measures to encourage improvements in the safety and health of pregnant workers and workers who have recently given birth or are breast-feeding

Sets out measures to protect pregnant workers and workers who have recently given birth or are breast-feeding, including the requirement to assess exposure to health risks including lead compounds.

Council Directive 94/33/EC on the protection of young people at work

Prohibits the use of chemical agents, including lead compounds, by young workers.

Council Directive 92/58/EEC on the minimum requirements for the provision of safety and/or health signs at work

Sets out the requirements for labelling of containers for handling, containers for storage, and pipes containing or storing dangerous substances and preparations, including lead compounds, at the workplace.

Council Directive 96/82/EC on the control of major-accident hazards involving dangerous substances (Seveso II)

Sets out the requirements for the preparation of accident prevention policies, safety reports and emergency plans for sites storing dangerous substances, including lead compounds, in volumes greater than defined thresholds.

Council Directive 88/378/EEC on the safety of toys

Bans the use of dangerous substances, including lead compounds, in toys in amounts which might harm the health of the child.

Council Directive 76/768/EEC on cosmetic products

Bans the use of lead and lead compounds in cosmetics, with an exemption for the use of lead acetate in hair treatments.

Council Directive 91/689/EEC on hazardous waste

Sets out the requirements for the management of hazardous wastes, such as wastes containing lead compounds and some wastes containing lead.

Directive 2002/96/EC of the European Parliament and of the Council on waste electrical and electronic equipment (WEEE)

Sets out requirements for manufacturers of electrical and electronic equipment to identify dangerous substances and preparations, including lead compounds, in new electrical and electronic equipment.

Council Directive 96/62/EC on ambient air quality assessment and management

Sets out objectives, assessment and management of ambient air quality in relation to pollutants including lead compounds.

Council Directive 2002/95/EC of the European Parliament and of the Council on the restriction of the use of certain hazardous substances in electrical and electronic equipment

Bans the use of lead, mercury, cadmium, hexavalent chromium, polybrominated biphenyls (PBBs) and polybrominated diphenyl ethers (PBDEs) in new electrical and electronic equipment put on the market from 1 July 2006.  There are exemptions for certain uses such as lead as an alloying element in steel, aluminium and copper.

Council Directive 2000/53/EC of the European Parliament and of the Council on end-of-life vehicles

Bans the use of lead, mercury, cadmium and hexavalent chromium in new vehicles put on the market from 1 July 2003.  There are exemptions for certain uses such as lead as an alloying element in steel and copper, and lead in batteries and vibration dampers.

Commission Decision 2000/479/EC on the implementation of a European pollutant emission register (EPER)

Sets out the requirements for reporting environmental releases of pollutants, including lead and lead compounds, from industrial facilities regulated under Council Directive 96/61/EC on integrated pollution prevention and control (IPPC).

Council Directive 91/157/EEC on batteries and accumulators containing certain dangerous substances

Sets out measures relating to the recovery and disposal of spent batteries and accumulators containing certain dangerous substances, such as batteries containing greater than 0.4% lead by weight.

Council Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 establishing a framework for Community action in the field of water policy

Sets out objectives in the field of water policy including priority status and quality standard requirements for lead.

Council Directive 1999/30/EC of 22 April 1999 relating to limit values for sulphur dioxide, nitrogen dioxide and oxides of nitrogen, particulate matter and lead in ambient air

Sets limit values for lead in air.
Council 85/210/EEC on the approximation of the laws of the Member States concerning the lead content of petrol
Restricts the content of content of lead in petrol.

3 environment 

3.1 ENVIRONMENTAL EXPOSURE 

3.1.1 General discussion 
The presence of lead in the environment due to natural processes (resulting in a natural background concentration of Pb in all environmental compartments, including organisms) and the chemical processes that affect the speciation of lead in the environment have implications for the environmental exposure and effects assessment of lead and thus for the risk characterisation of lead.

Currently, the Technical Guidance Document (TGD, 2003) does not provide detailed information on how to deal with elements that have a natural background concentration in the environment, such as lead. In the EU Risk Assessment for metals both the “added risk approach” (according to Struijs et al., 1997 and Crommentuijn et al., 1997) – cfr. Zn RAR - and the “total risk approach” – cfr. Cd RAR - were used. 

In theory, the use of the added risk approach avoids the potential problem of deriving PNEC values below the natural background concentration, as could be the case when the total risk approach is used. In the added risk approach both the "Predicted Environmental Concentration"(PEC) and the "Predicted No Effect Concentration" (PNEC) are expressed as Pb added by man, resulting in an “added Predicted Environmental Concentration” (PECadd) and “added Predicted No Effect Concentration” (PNECadd​), respectively. The use of the added risk approach (a method that in principle can be used for all naturally occurring substances) implies that only the anthropogenic amount of a substance, i.e. the amount added to the natural background concentration, is considered to be relevant for the effects assessment of that substance. Thus, a possible contribution of the natural background concentration to toxic effects to the ecological systems is ignored. 

Correctly using this approach suggests to correctly establish the natural background of a particular location and/or a specific region. However, according to the CSTEE (2004), the current knowledge on the geographic distribution of metal background concentration (Cb) in ecological systems is insufficient to correctly implement the added risk approach. Further research on the development of standard methods for assessing background concentrations in soil, water and sediments and the establishment of the regional variability is therefore required. The CSTEE (2004) further suggests that the establishment of a “default background concentration” will not contribute to the correct assessment of the risks posed by metals.

Moreover, the original papers describe the added risk approach using the equation MPC = MPA + ϕCb with ϕ being a bioavailability factor, Cb the background concentration, MPA the maximum permissible addition and MPC the maximum permissible concentration. Using the added risk assessment approach, the ϕ factor is usually set at 0, i.e. the background concentration is not bioavailable. In the total risk assessment approach this factor is usually set at 1, i.e. maximum bioavailability of the background. As, at a given location, the anthropogenic metal fraction occurs in the same surface water as the background fraction this implies that all metal is considered 100% bioavailable. Numerous studies have shown that metal bioavailability is dependent on environmental characteristics (e.g. pH, hardness, dissolved organic matter, and others for surface water; sulfides, organic matter, and others for sediments) and thus may vary from 0 to 100% depending on environmental factors. 

According to the CSTEE (2004) not accounting for ϕ in both the MPA and Cb fraction results in the incorrect assessment of the risks and thus prevents the establishment of science-based PNEC values. It is, however, the opinion of the CSTEE (2004) that in general the added risk approach, through the lack of accurate information on background variability and on a number of biological/ecological processes (e.g. acclimation/adaptation, field community responses), may increase the overall uncertainty associated with the PNEC values and therefore with the risk charcaterisation.

Based on the above considerations, the most accurate and ecologically relevant risk characterisation should be made by establishing - on a site-specific-, watershed/basin- or regional basis - both exposure and effects data sets expressed as bioavailable total fraction in the environmental compartment/medium (ECbioavailable) and the bioavailable total no effect concentrations (PNECbioavailable). Tools for assessing and predicting metal bioavailability are available or are being developed for a number of metals (e.g. BLM model for water and the AVS-SEM model for sediment) including some of the metals considered in this document.

If no bioavailability correction model is available/required it is suggested to use the conventional total risk approach. In this “total risk approach” both the "Predicted Environmental Concentration" (PEC) and the "Predicted No Effect Concentration" (PNEC) are determined on the basis of the total amount of metal, resulting in a “total Predicted Environmental Concentration” (PECtot) and “total Predicted No Effect Concentration” (PNECtot), respectively. The use of the total risk approach therefore implies that both the natural background concentration and the anthropogenic amount of a substance, is considered to contribute to toxic effects and therefore to be relevant for the effects assessment.

It is also suggested to compare the PNEC against the total natural background, in order to be able to check the environmental relevancy of the effects database used or the PNEC derived. A revision of the toxicity data set or the derivation approach would be required if the PNEC total is below background concentration.

3.1.2 Environmental releases 

3.1.2.1 General discussion

General information on lead is available in many international publications (cfr. review of existing environmental literature on Pb). In the following sections general characteristics are described which are relevant for the release and fate of lead in the environment. It should be noted that this information is relevant for lead metal as well as lead oxides and stabilisers.

The local exposure assessment (presented in section 3.1.3) focuses on emissions of industrial point sources. For the production of each of the substances (Pb metal, PbO, Pb3O4 and Pb stabilisers) assessed in this report a separate local exposure assessment has been performed. 

The regional exposure assessment (presented in section 3.1.5) includes the industrial and diffuse emissions of the lead compounds under study. 

The objective of the exposure assessment is to determine the emissions, pathways and rates of movement and of transformation of lead. This in order to estimate the predicted environmental concentration (PEC) for lead in the different environmental compartments at a local and a regional scale. The exposure assessments (local and regional) will be performed according to the guidance provided in the revised TGD (2003), the EUSES 2.0 model available in the contractor’s office, and the experiences gained during the EU risk assessment of NiCd batteries and Cu. The EUSES model was initially developed for organic compounds. Therefore, some specific adaptations need to be incorporated in the model for estimating exposure to metals (e.g. volatilisation can be ignored for metals and therefore the Henry coefficient should be set to a very low value). The entry for estimating the environmental concentrations is, when available, the information submitted by industry, including monitoring data, and/or information gathered from other non-industrial sources.

It should be noted that in contrast with other metal Risk Assessments (cfr. Zn), the local exposure assessment of Pb metal/oxide and Pb stabiliser compounds is based on a “sector-approach” as opposed to a “substance-approach”. This means that the local exposure assessment focuses on industrial sectors producing/using the lead metal/compounds giving rise to environmental Pb releases. As a consequence, the environmental exposure estimates relate to the Pb-ion originating from the production/use of Pb metal as well as Pb compounds.

The data collected from the different companies in the environmental exposure questionnaires were critically reviewed and analysed. As site-specific information is crucial to obtain realistic estimates of exposure a gap analysis was performed on the environmental exposure data. This analysis gives insight on which types of local exposure data need to be additionally compiled by industry. Default values (worst case estimates) can be avoided if relevant and adequate measured data are collected. 

A first run of the environmental exposure assessment is performed on the basis of the available dataset i.e. the emission data presently available from industry. For each environmental compartment – water, sediment, air and soil – ‘added’ environmental concentrations and PECtotal values (incorporating anthropogenic regional and natural/pristine ambient background) were calculated. Generic scenarios –based on calculated emissions from sector-specific maximum emission factors and production data- were applied to the sites for which no emissions are available.

The emission and exposure data were transformed into a tabular RAR format that can be presented to the rapporteur. As listed below, the following items are addressed and summarised:

· Production data: site production tonnage (confidential, not reported in this document), number of production days, plant location (confidential, not reported)

· Environmental exposure data:

· air:  total point emission to air, emission factor (confidential, not reported), number of days that emission takes place, total fugitive emission to air, daily point emission to air, ‘added’ yearly average air concentration at 100 m from point source (calculated), PECtotal local air (calculated), monitoring data in vicinity/on site.

· water: total point emission to water (after wwtp), emission factor (confidential, not reported), number of emission days, daily emission to water, Pb concentration in effluent, discharge rate of effluent, type of receiving water, flow rate of receiving water, dilution factor, ‘added’ Pb concentration in receiving surface water, PECtotal local water (calculated), monitoring data in receiving water, efficiency of wwtp/STP, amount of sludge produced in wwtp/STP, Pb concentration in sludge, destination of wwtp/STP sludge.

· sediment: ‘added’ Pb concentration in sediment (calculated), PECadd local sediment (calculated), PECtotal local sediment (calculated), monitoring data sediment.

· soil, groundwater: aerial deposition rate (calculated and measured), Pb concentration in sludge applied to agricultural soil (calculated and measured), ‘added’ Pb concentration in soil (calculated), PECtotal local soil (calculated), monitoring data top soil

· waste: type of waste produced, total quantity of waste produced, Pb content of waste, waste disposal type.

The review and analysis of exposure data was performed according to the guidance provided in the revised TGD (2003) and the experiences of the contractors gained with currently ongoing EU risk assessment of metals and metal compounds.

3.1.2.2 Specific exposure issues

According to the guidance documents and industry information, the local environmental exposure assessment of Pb metal and Pb compounds (i.e. lead oxides (PbO, Pb3O4) and Pb stabilisers) should be based on the industrial releases of lead during the following life cycle stages (as defined by LDAI) :

1. lead metal production (primary, secondary) (23 sites responded)
2. lead sheet production (9 sites responded)

3. battery production (31 sites responded)
4. lead oxide production (4 sites responded; solely lead oxide production ie not including lead oxide for internal use in stabiliser production)

5. lead stabiliser production (11 sites responded)
6. lead crystal manufacture (11 sites responded)
7. minor lead consuming industries (ceramics, electronics assembly, solders, lead sheathed cables, PVC articles and shot). For these sectors emissions were found to be insignificant based on emissions inventory data (see below).  However it should be noted that despite excluding these sectors from the local assessment, available data were INCLUDED in the assessment of regional emissions.
In order to establish levels of emissions from minor lead consuming sectors, the European Pollution Emissions Register (EPER) was reviewed as well as national emission inventories for France, England and Wales. These inventories were selected due to the fact that emissions are reported by individual production-sites and it was therefore possible to identify emissions from specific industrial processes. Other publicly available inventories for other countries were at best categorised by broad groups of industrial process and provided insufficient detail to allow individual lead emitting processes to be identified.  

These inventories were screened for lead emissions to air and water from the manufacture of ceramics glazing material, ceramicware, lead sheathed cables, PVC articles, lead shot and electrical and electronic equipment, which were considered to be the minor lead consuming sectors with some potential for environmental emissions.  Although industries in all these sectors are known to operate in the EU-15 and in particular in France, England and Wales, no significant emissions from these production processes were reported in the inventories with the exception of the production of PVC articles, and one company producing ceramic glazing materials. Lead emissions are only registered in EPER if they exceed 200 kg/year to air or 20 kg/year to water. The French inventory reports lead emissions if they exceed 300 kg/year to air or 100kg/year to water.  For England and Wales, lead emissions are reported as low as 10kg/year to air and 20kg/year to water.  It can therefore be concluded that lead emissions from the production of lead sheathed cables, lead shot, lead ammunition, electrical and electronic equipment are insignificant and as a result no local exposure assessment is considered necessary.

For the processing of PVC to produce articles (i.e. PVC compound producers and pipe/profile/cable processors) no emissions are reported from these processes in 
EPER or in the French inventory. The inventory for England and Wales reports no emissions to water from PVC production (most recent data). One PVC compound producer reports an emission to air of 247 kg per year for 2002 (the most recent year for which data are available). However, subsequent investigations have revealed that this value is misreported in the database and the correct figure is 2.42 kg for 2002. One PVC processor reports emissions of <6.35 kg lead to air in 2003. These emissions to air are considered to be low and as a result no local exposure assessment is considered necessary for PVC production.

For the production of ceramicware and glazing materials, one company was identified in EPER. However it was subsequently confirmed that this company is also a producer of lead oxide and is therefore covered by the specific local assessment on lead oxide producers. As no other manufacturers were identified in EPER it can be concluded that the emissions from this sector are insignificant and therefore no detailed local assessment is required.

However, the review of the inventories did reveal unexpected and significant emissions to air from a number of ferrous metal production plants. However, it is known that these plants do not intentionally use lead in their process.  The majority of the emitted lead would appear to originate from the natural presence of lead in ferrous ores (Eurofer, 2003).  Also, the presence of lead in steel scrap is likely to contribute to the emissions.  As the use of lead is not intentional, this sector falls outside the scope of this assessment and no detailed local assessment will be carried out. 

Similarly, some significant emissions of lead were identified in EPER and the French emissions register from aluminium production sites.  However, further investigations revealed that these emissions result from the natural concentrations of lead in materials entering the sites rather than the intentional use of lead (e.g. bauxite ores and incoming cooling water containing lead) (EAA, 2003, 2004) and therefore no detailed assessment will be carried out for this sector.

Significant emissions were also identified for a number of energy generating and water treatment plants.  However, these have not been included in the scope of the local exposure assessment as emissions do not result from the intentional use of lead.

Some potentially significant emissions were identified from companies involved in the production of glass and glass products.  The vast majority of these companies would appear to be involved in the production of glass packaging (e.g. bottles) where there is not expected to be any intentional use of lead.  However, it has not yet been possible to establish the source of lead for all sites in this sector.  It should be noted that the source of most of the lead emissions reported would appear to be recycled glass.  Indeed the EU Packaging and Waste Directive allows a lead content in recycled container glass of up to 100 ppm to account for the unintended presence of lead.

It should also be noted that the largest registered emissions of lead in England and Wales from a single plant are for a manufacturer of tetraethyl lead (leaded petrol additive).  However, no detailed assessment is recommended as TEL is not within the agreed scope of the voluntary lead risk assessment.  Furthermore, the UK plant is known to be the only TEL production-sitelocated in the EU. It must be noted that EPER reports significant emissions of lead from a number of other companies.  While it has not proved possible to verify the source of lead from all companies, it is likely that emissions result from the natural impurities of lead in materials rather than the intentional use of lead.  

The local exposure assessment is being performed for the production of lead metal, sheet, batteries, oxides, stabilisers and crystal glass. However, in the case of ceramics, electronics assembly, solders, lead sheathed cables, PVC and shot indications are that emissions are below reporting thresholds and therefore these sectors are not assessed further.

In this draft document:

· a sector-by-sector overview is given of the environmental data collected (emissions, emission factors, measured exposure data,…). 

· A detailed analysis of the data is performed with regard to data gaps; major data gaps are identified and additional information will be requested from the respective companies.

· Exposure calculations for different environmental compartments (surface water, sediment, air, soil) are performed on the basis of the submitted emission information. 

An overview of the reported emission and environmental exposure data for the sites is provided in a tabular EU RAR format. The results are reported as strictly confidential; individual companies are not identified, but are reported in a coded manner. Therefore, it was also decided to provide aggregated production figures only (for the sector), and not to reveal the location, detailed activity and emission factors of individual companies.

3.1.2.3 Local exposure calculation factors

Local environmental exposure concentrations (i.e. air, water, sediment, soil) are calculated from emission data submitted by industry (Industry questionnaires 2002-2003) according to the revised EU Technical Guidance Document (EC, 2003). Next to emission data, local environmental concentrations can be based on other information submitted by industry, e.g. monitoring data and/or information gathered from other non-industrial sources. Where measured data are lacking, PEC values are calculated according to the TGD methodology that is designed to make a reasonable worst case estimate of exposure. Using this methodology, local emissions can be derived, for example, by multiplying a local tonnage with the appropriate release fractions (A-tables, TGD, 2003). Generic scenarios will only be used for the assessment of local exposure concentrations if data are missing from either the industry or from relevant literature sources. However, it should be noted that the risk characterisation, i.e. the comparison of the PEC with the corresponding PNEC, should be based on the most realistic exposure information. In general, monitoring data are preferred over model calculations when sufficient data are available.

The following input values and assumptions were used in the local exposure assessment for Pb and Pb compounds:

· Partition coefficient in suspended matter

Freshwater environment     

Kpsusp = 295,121 l/kg (Pb RAR, 2004 (log Kp (pm/w) = 5.47)) (50th percentile)         

Kpsusp, min = 50,119 l/kg (log Kpsuspmin = 4.70) (10th percentile)


      

Kpsusp, max = 1,698,244 l/kg (log Kpsuspmax = 6.23) (90th percentile)

      
Estuarine environment 

Kpsusp = 954,993 l/kg (Pb RAR, 2004 (log Kp (pm/w) = 5.98)) (50th percentile)

Marine environment

Kpsusp = 1,698,244 l/kg (Pb RAR, 2004 (log Kp (pm/w) = 6.23)) (50th percentile)

· Partition coefficient in sediment






Kpsed = 154,882 l/kg (log Kpsed = 5.19) (50th percentile)

Kpsed, min = 35,481 l/kg (log Kpsuspmin = 4.55) (10th percentile)


      

Kpsed, max = 707,946 l/kg (log Kpsuspmax = 5.85) (90th percentile)



An overview of reported log KD values for suspended particulate matter (SPM) in freshwater and estuarine surface waters, for SPM in marine waters, and for sediments is given in section 3.1.4)

· Partition coefficient solids-water in soil

Kpsoil = 6,400 l/kg (average value) (de Groot et al. (1998) and Smolders et al (2000))

Kpmin = 600 l/kg (10th percentile of combined Kd datasets)

Kpmax = 43,000 l/kg (90th percentile of combined Kd datasets)



      

An overview of reported KD values for soil is presented in section 3.1.4.

· Fraction of emission directed to sludge by ‘off-site’ municipal Sewage Treatment Plant (default; if no specific information is available)




       

Fsludge = 0.84 (Efficiency of municipal STP=84%; recent data from the Netherlands (2002) (CBS, 2004)). The Pb removal rate for Dutch urban waste water treatment plants is similar to the average removal rate of Pb in municipal STPs in Flanders (82%). This removal efficiency is estimated on the basis of yearly measurements of Pb concentrations in influents and effluents from over 100 municipal STPs (VMM, 2002).

· Default dilution factor for the freshwater compartment = 10

Default dilution factor for the marine environment = 100

Where the site specific dilution factor for the freshwater compartment exceeds 1,000 a maximum dilution factor of 1,000 should be used (assumption of complete mixing) (revised TGD, 2003)

· Sludge from on-site WWTP is disposed or recycled (industry information, sections 3.1.3.1-3.1.3.2); hence it is not applied to agricultural soil. More specifically, sludge from the on-site water treatment plant of Pb metal producers is either recycled to the production process or disposed to a landfill (Table 3.1-5). For most of the lead sheet producing companies no on-site treatment of waste water takes place since in most cases no process waste water arises from the lead sheet production process. In some cases the waste water is treated off-site or is recycled to the process (Table 3.1-9). The sludge arising from the treatment of waste water from the battery producing sector is either recycled or disposed to a landfill (Table 3.1-13). Information for on-site WWTP of lead oxide producers reveals that for 1 site the waste water undergoes physico-chemical treatment before discharge to the receiving surface water. The sludge is recycled. For all other sites there is no on-site treatment of the waste water (Table 3.1-17). For most lead stabiliser production sites, the waste water undergoes physico-chemical treatment (on site) before discharge to the receiving surface water and/or municipal STP. The sludge is either disposed to a landfill or recycled (Table 3.1-21). For most of the lead crystal glass production sites, the waste water undergoes physico-chemical treatment (on site) before discharge to the receiving surface water and/or municipal STP. The sludge is either recycled or disposed to a landfill (Table 3.1-25).

· Sludge from a municipal STP is assumed to be applied to agricultural soil.

· Measured data (e.g. Pb concentration in effluent) are used to overwrite calculated Pb concentrations. To account for ‘realistic worst case’ conditions, 90P values are preferably used for PEC derivation. If only average values are available, these should be accompanied by a min-max range

· PEClocal sediment values are calculated as follows (deviating from TGD, but similar to other metal RARs):

The concentration in sediment is calculated at the same location using an analogous ‘sorption’ approach from the water concentration. The local concentration in sediment (wet weight) during the emission episode can be estimated from the local Cadd values in water, the suspended matter-water partition coefficient and the bulk density of suspended matter. The local concentrations in sediment during the emission episode are calculated according to the following equation:
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Clocalsediment: environmental concentration in sediment (mg/kgww)

Ksusp-water: suspended matter-water partition coefficient

Clocalwater: predicted environmental concentration during emission episode (mg/l)

RHOsusp: bulk density of suspended matter (1150 kgww/m3)

Fwatersusp: fraction of water in suspended matter (0.9)

Fsolidsusp: fraction of solids in suspended matter (0.1)

Kpsusp: solids-water partition coefficient of suspended matter.

RHOsolid: density of solid phase (2500 kg/m3)

The local PECvalues are obtained by adding the regional PEC value for sediment to the calculated local concentration in sediment.
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PEClocalsediment: predicted environmental concentration in sediment (mg/kg dw)

Clocalsediment: environmental concentration in sediment (mg/kgdw)

PECregionalsediment: regional concentration in sediment 

· The following PECregional values (modelled or measured) were selected as regional input values to add to the local environmental concentrations

Water:

· Country-specific measured regional PECs (µg dissolved Pb/l; section 3.1.9.3.1) for sites located in the following countries:

Fresh water

	Country
	PECregional 

(µg dissolved Pb/l)

	Finland
	0.43

	France
	0.54

	Germany
	0.69

	The Netherlands
	0.28

	UK
	0.91


· Median ambient regional PEC for Europe; i.e. 0.61 µg dissolved Pb/l (measured data, section 3.1.9.3.1) for sites located in other EU countries.

Preference is given to measured values as they are the result of valid representative monitoring programmes for a wide range of EU countries. This figure is in the same order of magnitude as the calculated PEC on a regional scale (0.22-0.36 µg/l).

For local sites discharging to a marine environment; the median ambient PEC for Europe of 0.046 µg dissolved Pb/l, is used as a regional background value.

Sediment:

· sediment (scenario 1): PECregionaltotal: 55.4 mg/kg dw (cumulative Pb emissions, 100 years PECtotal value; calculated from PECtotal water using partitioning methodology; median Kp sediment = 154,882 l/kg, no historic contamination !) (section 3.1.9.2). 

· sediment (scenario 2): 
· country-specific measured regional PECs (mg Pb/kg dw; section 3.1.9.3.1) for sites located in the following countries:
	Country
	PECregional 

(mg Pb/kg dw)

	Belgium
	107.3

	France
	83.3

	The Netherlands
	233.1

	UK, Scotland
	38.4

	Spain
	78.4

	Sweden
	180.7


· median ambient regional PEC for Europe i.e. 100.1 mg/kg dw (measured data, section 3.1.9.3.1) for sites located in other EU countries (includes historic contamination !).
For sediments, there is a discrepancy between the modelled and the measured data; predicted exposure concentrations (33.2-55.4 mg/kg dw) are a factor 2-3 lower than the median of measured data (100.1 mg/kg dw). This difference can be attributed to historic contamination. In general, preference is given to measured values. However, as the measured data are largely determined by historic contamination, both exposure values are taken forward in the the risk characterisation.

For sites discharging to a marine environment; the median ambient PEC for Europe of 53.2 mg Pb/kg dw is used as a regional background value.

Air

· country-specific measured regional PECs (ng Pb/m3; section 3.1.9.3.3) for sites located in the following countries:
	Country
	PECregional 

(ng Pb/m3)

	Belgium
	61.8

	Denmark
	10.5

	Finland
	10

	France
	16.5

	Germany
	20

	Ireland
	50

	The Netherlands
	12.7

	Spain
	85.6

	UK
	23


· median ambient regional PEC for Europe i.e. 20 ng/m3 (measured data in urban air, section 3.1.9.3.3) for sites located in other EU countries.
For air, the measured median Pb concentration of 20 ng/m3 is in the same order of magnitude as the calculated PEC at a regional scale (13.6 ng/m3). 

Soil:

· Since measured data for natural soils are limited to one country, Germany -thus not representative for the rest of Europe- and the measured 90P Pb concentrations show a wide variability (18-110 mg/kg dw), the data are not considered to be valid to use as the generic regional background for natural soil (section 3.1.9.3.2). Instead it is recommended to use the modelled Pb concentration in natural soil of the generic region (cumulative Pb emissions; PECtotal100 years) i.e. 28.3 mg/kg dw as a reasonable worst case value (section 3.1.9.2). 

For soil, the PECregional in natural soil has to be added as background for the local concentration. The modelled Pb concentration in natural soil of 28.3 mg/kg dw will be used as regional background in the current risk assessment. This value is derived on the basis of cumulative Pb emissions on a European scale and presents a reasonable worst case value for natural EU soils. This value is in agreement with the lower range of the reported measured 90P values for German natural soils (18-40 mg/kg dw). 

· As an additional scenario, PEClocal soil values have been calculated using country-specific measured agricultural soil concentrations for sites located in the following countries:

	Country
	PECregional 

(mg/kg dw)

	Austria 
	-

	Belgium 
	Flanders soils (90P): 

Clay soil: 21.8

Loam soil: 26.8

Sandy loam soil: 29

Sandy soil: 35.8

Avg of 90P=28.4

	Denmark 
	16.3 (avg)

	Finland
	-

	France
	Plough layer of agricultural soils

43.8 (90P)

Cultivated soils

57.8 (90P)

Avg of 90P=50.8

	Germany
	Agricultural soil on sand (90P)

40

Agricultural soil on loam(90P)

59

Agricultural soil on sandloam (90P)

35

Avg of 90P=44.7

	Italy
	-

	The Netherlands
	Arable soils (avg)
31

	Norway
	-

	Portugal
	-

	Spain
	-

	Sweden
	Arable soils (90P)
26

	Median for Europe
	29.7


· median ambient PEC for Europe i.e. 29.7 mg Pb/kg dw (measured data, Pb concentration in agricultural soil; section 3.1.6.2) for sites located in other EU countries.

The results of this exercise are further elaborated in sections 3.1.6.1.1-3.1.6.1.2of the present document and in Appendix Y: Use of measured agricultural soil concentrations for different European countries as regional background for PEClocal soil determination.

· Generic scenarios are applied to the sites that did not provide any emission information –as mentioned in the questionnaire- and for which production data are available. The emissions to air and water are calculated by multiplying production figures with maximum sector specific emission factor for air and water as presented in the table below (Table 3.1-1). As an additional scenario, releases at emission inventory thresholds (UK, France and EPER) are used as a basis for PEC calculations.

The default number of production days to be used in generic scenarios is 300 days (B-tables; TGD).

· Emission factors (ratio emission version production) for different industry sectors are calculated on the basis of reported site-specific emission and production data as follows:
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3.1.2.3.1 Selection of emission factors: methodology

In order to clarify the procedure followed to select reliable and representative sector emission factors from the complete emission factor dataset; the different steps are outlined in a flow-chart (Figure 3.1-1). 
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Figure 3.1‑1: Overview of procedure followed for the selection of reliable, representative sector emission factors

In a first step, the main sector activities were specified. Next, the available site-specific information (production processes, emission reduction measures, etc.) was evaluated for use in the representativity assessment. If the information available was not adequate (detailed information on processes, activities, emission reduction measures,… lacking), additional information was requested to the sites. In the next step, it was determined if the site was representative for the sector (i.e. reported site emissions/emission factors are only related to main sector activities, not to other activities on the site e.g. waste treatment (incinerator),…). If the site was not considered to be representative for the sector, the emission factor was excluded from the dataset. In the other case, the emission factor was included in the final dataset. 

An overview of the final selected sector emission factors for air and water is given in section 3.1.2.3.2.

3.1.2.3.2 Summary of emission factors

Table 3.1‑1
Overview of representative sector-specific emission factors 

	Industry sector
	WATER
	AIR

	
	Avg (g/ton)
	Min (g/ton)
	Max (g/ton)
	50P(g/ton)

90P(g/ton)
	Avg (g/ton)
	Min (g/ton)
	Max (g/ton)
	50P(g/ton)

90P(g/ton)

	Lead metal production (primary, secondary)


	0.51
(19dp)
	0.0022
	2.20


	50P: 0.16

90P: 1.43
	7.4 (Refining) (21dp)

10.5 (Smelting) 

(6dp)
	0.3

1.14
	18.3

36.14
	50P: 6.7

90P: 17.0

50P: 3.4

90P: 26.4

	lead metal production (sheet)
	0.31

(2dp)
	0.07


	0.55


	50P:/

90P:/
	2.53

(9dp)
	1.15E-04 
	8.2
	50P: 0.9

90P: 6.6

	battery production

(all battery types)

SLI batteries

Industrial batteries


	7.53

(28dp)

6.94

(16dp)

8.41

(11dp)
	0.002

0.005

0.002


	90.9

90.9

62.9


	50P: 0.85

90P: 10.0

50P: 0.69

90P: 4.1

50P: 1.49

90P: 16.3
	8.39

(26dp)

10.7

(15dp)

5.3

(11dp)
	0.011

0.06

0.01


	31.7

31.7

19.3


	50P: 3.8

90P: 21.0

50P: 9.6

90P: 22.7

50P: 1.5

90P: 14.5

	Lead oxide production
	No process water emissions arising from lead oxide production; reported emissions are a result of cleaning operations and rainwater runoff; emission factors not relevant
	8.8

(9dp)
	0.71
	35.2
	50P: 1.8

90P: 30.3

	Lead stabiliser production
	1.96

(7dp)
	0.15
	9.9


	50P: 0.83

90P: 4.6
	5.6

(10dp)
	0.015
	16.0
	50P: 3.4

90P: 12.0

	Lead crystal glass production
	942

(9dp)
	0.45
	7238
	50P: 33.1

90P: 2122
	211

(8dp)
	0.41
	1400
	50P: 28.4

90P: 522


dp: # data points

It should be noted that the sector-specific emission factors are derived on the basis of emission and production data from representative sites from each sector. This means that data (i.e. emission factors) from sites that are involved in other activities besides those typical for the sector are excluded from the emission factor dataset used for the establishment of a generic emission factor for a specific sector/activity. 

The emission factors are only taken into account if they reflect real process emissions. Water emission factors from sites that state that they discharge cooling water or cleaning water e.g. are not considered in the derivation of representative water emission factors.

From Table 3.1-1 it can be concluded that for Pb metal producers the difference between the calculated emission factors of individual companies is about 3 orders of magnitude (water) and 2 orders of magnitude (air). 

The difference in water emission factors of individual companies from the lead sheet producers and lead stabiliser producers is about 1 order and 2 orders of magnitude respectively. A larger difference in water emission factors can be observed for battery producers (3 orders of magnitude) and lead crystal glass producers (4 orders of magnitude). For lead oxide producers water emission factors are not reported in the overview table, since the emissions reported for specific sites are merely a result of cleaning activities and rainwater runoff and hence are not linked to lead oxide production processes.

A large difference in air emission factors can be observed between individual companies from lead sheet production and lead crystal glass production (4 orders of magnitude) and battery producers & lead stabiliser producers (3 orders of magnitude). In the lead oxide producing sector air emission factors are less variable between individual companies (difference 2 orders of magnitude).

It should be noted that the maximum water emission factor of 90.9 g/ton reported for the batteries sector is a peak value identified for a limited number of companies from the sector. This is also illustrated by determining the 90th percentile value -representing the reasonable worst case situation in a TGD context- that results in an emission factor of 10 g/ton for water.

The same can be noted for the lead crystal glass sector. High emission factors of 7238 g/ton for water and 1400 g/ton for air are reported. The 90th percentile emission factor values determined for water and air are 2122 g/ton and 522 g/ton respectively.

In addition, a comparison can be made between site specific emission factors for different sectors and the default ones from the TGD. These default values for metal and chemical production sites; for water and air are, respectively 3,000 g/t and 10 g/t (TGD, Table A1.1). Please note that, according to the TGD, these default values are valid for lead metal and lead chemical production sites (i.e. lead metal, lead sheet, lead oxide, lead stabilisers). Since lead battery producers are also involved in the production of lead oxide –for internal use- this sector is treated as a chemicals producing sector (for air only, since no waste water arises from lead oxide production). The default emission factors for a chemical processing sector (i.e. lead crystal production, battery production (waste water)) are 250,000 g/t for water and 650,000 g/t for air respectively (TGD, Table A3.2). 

The average emission factors for lead metal production sites based on ‘real world’ data for water (0.51 g/t) and air (7.4 g/t; refining and 10.5 g/t; smelting) are lower than or comparable to the default values of 3,000 g/t and 10 g/t respectively. The maximum site specific value observed for a lead metal producer for the air compartment however (18.3 g/t; refining and 36.1 g/t; smelting) -used in the generic scenario- is higher than the TGD default value.

The maximum site-specific water emission factor for the lead sheet industry of 0.55 g/t is situated 4 orders of magnitude below the reported TGD value of 3,000 g/t. The maximum site-specific value for air observed for a lead sheet producer of 8.2 g/t is similar to the TGD value of 10 g/t.

For the chemicals producing sectors -i.e. lead oxide, lead stabilisers-; the maximum water emission factors are situated well below the TGD default emission factor of 3,000 g/t. For Pb stabiliser producers, the maximum emission factor is 9.9 g/t. No process water emissions arise from the production of lead oxide. 

With respect to air emission factors; the maximum values reported for specific lead oxide producers, lead stabiliser producers and battery producers are reported as 35.2 g/t; 16.0 g/t and 31.7 g/t; hence situated above the TGD default emission factor of 10 g/t. It should be noted however that reported average emission factors for these sectors are situated below the default value.

High maximum water and air emission factors are reported for the lead crystal glass production sector; i.e. 7,238 g/t and 1,400 g/t respectively. However, these maximum values are still situated well below the TGD default values for chemical processing sector of 250,000 g/t for water and 650,000 g/t for air. The reported maximum water emission factor for the battery producing industry of 90.9 g/ton is situated 4 orders of magnitude below the default value of 250,000 g/t.

3.1.2.4 Data coverage and representativeness

3.1.2.4.1 Data coverage (number of sites and tonnage)

Table 3.1-2 gives an overview of the EU coverage of lead producing and processing plants in the EU. 

Table 3.1‑2
Overview of EU coverage (number of sites and tonnage) of lead producing and processing sites in the EU (year 2000 data)

	
	
	Lead producers (primary, secondary)
	Lead sheet producers
	Lead battery producers
	Lead oxide producers 
	Lead stabiliser producers
	Lead crystal

	Total number of EU sites
	
	32
	13


	50
	7 
	17
	22

	Questionnaire information received
	
	23
	9
	31
	4
	11
	11

	
	EU coverage (sites) (%)
	71.9%
	69.2%
	62%
	57.1%
	64.7
	50

	EU tonnage (year 2000) of lead production/

consumption
	Ktonnes Pb
	1,396.31
(LDAI, 2004)
	277.5

(ELSIA, 2004)
	999 (lead consumed)

(ILZSG, Principal Uses of Lead And Zinc, 2002)


	166.0 (ELOA, 2003)
	EU tonnage placed on the market: 58
	25 (lead consumption) (ELOA, 2004)

	Total tonnage from questionnaires
	Ktonnes Pb
	 1,167.7
	207.1
	757.3
	117.7
	73.3
	20.6

	
	EU coverage (tonn.) (%)
	83.6%
	74.6%
	75.8%


	70.9%
	>95%

(ELSA, 2004)
	82.4% 


NA: not available

1: lead production in 2000 minus the closures since 2000

From this table it can be concluded that for lead producers (primary, secondary) and lead sheet producers a high EU coverage -tonnage based- of 83.6% and 74.6% respectively is obtained. This means that 83.6% and 74.6% of the total amount of Pb produced (primary, secondary and sheet) in the EU is covered by the local exposure assessment. Lower coverages are obtained for these sectors on the basis of number of sites covered i.e. 71.9% for lead producers and 69.2% for lead sheet producers respectively. The discrepancy between the coverage values –high coverage based on tonnage and moderate coverage based on the number of sites- indicates however that the largest and major producers –producing the highest volumes of Pb- are already incorporated in the local exposure assessment. It should also be noted that lead refined by lead sheet producers is excluded from EU lead metal production, as is production from plants that have closed since 2000, in order to make the data comparable.

Nearly 76% of the total Pb tonnage consumed by battery producers in the EU is covered by the local exposure assessment. Exposure data from 31 battery producing companies are already analysed and incorporated in the RAR. The total number of lead battery producers in the EU is 50. Hence the number of sites based coverage is 62%.

For lead oxide producers in Europe 3 companies have not responded, i.e. 57.1% and 70.9% coverage based on number of sites and tonnage respectively. It should be noted that the total reported tonnage of 166,000 tonnes refers to oxide sold on the open market (expressed as Pb) (ELOA, 2003).

The total tonnage of lead used in stabiliser production exceeds the tonnage of lead contained in stabilisers placed on the EU market. The difference of 15,332 tonnes expressed as lead, is produced in the EU and then exported. The European Lead Stabiliser Association estimates that data have been provided for sites representing at least 95% of the lead consumed in EU lead stabiliser production (ELSA, 2004).

For the lead crystal sector questionnaire responses have been provided via the International Crystal Federation. A site specific exposure assessment has been performed for 11 sites. This fraction only represents half of the total number of lead crystal sites in the EU (50% coverage). However, on the basis of tonnage, 82.4% of the total amount of lead used in the EU for crystal production is covered by the local exposure assessment. This shows that the major lead crystal producers –and hence largest lead consumers- are incorporated in the exposure assessment.

3.1.2.4.2 Regional distribution/coverage

An overview of the regional distribution of individual sites in the EU is given in the respective sections for different industry sectors. Regional coverage is illustrated in the graphs below. It is shown as the percentage of the covered sites (based on number of sites, green bar) for each individual producing/processing country. The total number of EU sites is indicated between brackets. 

For the metal production sector a site-specific local exposure assessment is executed for 23 sites (out of 32) from 9 Pb metal producing EU countries. Major producing countries such as Germany, UK and Belgium are rather well represented. However, it seems that site specific information from Southern European countries in particular Italy and Spain is limited. 

For the lead sheet producers site specific information is available for 9 sites (out of 13) from 6 Pb sheet producing countries. Information is available from a wide variety of EU countries. The major producing countries; UK, Belgium and Germany are well covered. In analogy with the Pb metal producers, information from Southern Europe i.e. Spain is lacking. However it must be noted that only one lead sheet producer operates in Southern Europe (Spain).

For the Pb battery producers, information is available for 31 sites (out of 50) from 7 EU countries. Major producing countries such as Germany, Spain and France are well represented. Hence the collected information is representative for the whole of Europe, including Southern European countries.

For the Pb oxide producers and stabilisers producers a site specific local exposure assessment is executed for 4 (out of 7) lead oxide producers and 11 (out of 17) lead stabiliser producers respectively. For both sectors information was retrieved from sites from all EU producing countries (4 and 7 respectively). Major producing countries i.e. France and Germany respectively are well represented. 

The lead crystal glass sector is represented by 11 (out of 22) sites from 7 different EU countries, including the countries in which the majority of the EU lead crystal glass production takes place i.e. France, Germany, Italy, Austria and Ireland. For reasons of confidentiality the International Crystal Federation has asked for information on the number of respondents and tonnages of respondents in each Member State not to be included in the risk assessment report.
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Figure 3.1‑2
Regional coverage (number of sites covered/number of EU sites) by country for Pb metal production
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Figure 3.1‑3
Regional coverage (number of sites covered/number of EU sites) by country for Pb sheet production
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Figure 3.1‑4
Regional coverage (number of sites covered/number of EU sites) by country for Pb battery manufacturing
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Figure 3.1‑5
Regional coverage (number of sites covered/number of EU sites) by country for Pb oxide production
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Figure 3.1‑6
Regional coverage (number of sites covered/number of EU sites) by country for Pb stabiliser production

3.1.2.4.3 Representativity of processes

The coverage of environmental emissions data by process can be summarised as follows.

Primary lead production

Of the four primary lead production sites that have so far provided data, three use Kaldo (TBRC), QSL or electric smelting furnaces.  The fourth producer only refines lead bullion and therefore does not employ smelting technology.  The two sites that have not provided data so far use Imperial Smelting Furnace (ISF) technology, and one site also employs a Kivcet furnace.  The Kivcet method is a single stage smelting process similar to the Kaldo and QSL processes and can therefore be considered to be covered by two of the sites for which data are available. However, the Imperial Smelting Furnace is a variation on the traditional blast furnace.  Although no data on blast furnaces are available for primary producers, a number of blast furnaces using secondary raw materials are covered in the secondary lead production section.  Coverage of the processes used in primary production may therefore be considered representative based on data provided by both primary and secondary lead producers.

Secondary Lead Production

The secondary lead production sites that have so far provided data cover production by rotary furnaces, blast furnaces and Isasmelt furnaces. Over half of these plants operate rotary furnaces.  All of the eight sites which so far have not provided data operate rotary furnaces.  The majority of secondary producers also employ automated battery breaking equipment and it is understood that this technology is also employed by the majority, if not all of the eight sites which have not provided data.  Hence the data that have so far been provided can be considered representative of EU secondary lead production processes.   

Sheet

The process of producing lead sheet is similar for all 13 sites listed across the EU.  The data provided by the 9 sites that have responded so far can therefore be considered representative of the EU sheet production processes.

Battery Production

The European Battery Industry submitted data on environmental emissions and occupational exposure in their European production facilities. The data sent by Industry refer to the processes mentioned under section 2.2.2, covering all possible pathways of environmental emissions.  Other processes are not in use in the European Industry for both Products - Industrial and Starter Batteries.  

Lead Oxide Production

To be completed.

Lead Stabiliser Production

The data provided by producers of lead stabilisers covers all production technologies used in the EU and can therefore be considered representative of the sector.

Lead Crystal Production

The data collected for the lead crystal glass producers can be seen as fully representative for the sector.  

3.1.2.4.4 Summary

In summary, it can be concluded that the coverage (tonnage based) seems to be adequate for 

· primary and secondary lead metal production (83.6%), 

· lead sheet production (74.6%), 

· lead battery production (75.8%), 

· lead oxide production (70.9%), 

· lead stabilisers production (>95%) 

· lead crystal glass production (82.4%). 

For all sectors a good geographical representativity is observed –the sectors are represented by companies from a wide range of EU countries- and the covered processes seem to be representative for EU wide practiced processes in the specific sectors.

Although the coverage is sufficient for lead metal production, lead stabilisers production and lead oxide production, full coverage should be established for any metal or compounds producing sector. Hence for these three industry sectors a generic exposure scenario is performed on the basis of the non-covered tonnage of the sector (see section 3.1.3.3).

Data quality

The emissions and monitoring data reported in the following tables below was provided by individual companies in response to a standard questionnaire. For each section of the questionnaire, information on the sampling and analytical method used was requested, including whether the methods were in compliance with certified standards. The quality of the data were assessed for each sector and found to be adequate. Indeed most of the data provided have been generated for the purposes of regulatory compliance. Furthermore, reported data which did not appear to be consistent with that of the sector as a whole (e.g. exceptionally low or zero emissions) were confirmed directly with the reporting companies. As a result, the data presented for each sector can be considered to be of acceptable quality. It should be noted that any data for which clarification is still required has been highlighted (see legend below).

3.1.3 Sector-specific releases to water, air and soil

Legend to all tables presented below:

NA: no data available

Yellow color: data clarification needed, to be verified

Blue color: direct discharge to surface water (worst case, this scenario will not be used in the exposure assessment, unless the substance considered has a specific use category where direct discharge to water is widely practised)

Green color: discharge to municipal STP before final surface water (real case, this scenario will be used in the exposure assessment and risk characterisation)

Brown color: no emission data available, generic scenario applied

M/E: Measured/Estimated

T/D: Total/dissolved concentration

Avg: average concentration

90P: 90th percentile of dataset

ss: site specific dilution factor

DD: direct discharge

STP: municipal sewage treatment plant

WWTP: on-site waste water treatment plant

AD: aerial deposition

SA: sludge application (from STP to agricultural soil)

3.1.3.1 Release from lead metal production (primary, secondary) (23 sites)

Primary and secondary lead metal producers that have provided data are situated in 9 different EU countries: Germany (6 sites), UK (2), Belgium (3), Italy (3), Sweden (2), France (3), Austria (1), Spain (2) and Portugal (1). The majority of the lead metal production takes place in Germany, UK and Belgium. The sites are shown in Figure 3.1-7.
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Figure 3.1‑7
EU map of lead metal production sites
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Figure 3.1‑8
Regional distribution of Pb metal producers (primary and secondary) in the EU (tonnage based) for which emissions data are available.

All metal production sites produce well in excess of 1,000 tonnes lead metal per year. The graph presented below shows the distribution function of the sizes (tonnage) of all 23 Pb metal production sites covered in the site-specific exposure assessment. From this graph, it can be concluded that all production sites assessed produce at least 10,000 tonnes of Pb metal/year, what is significantly in excess of 1,000 tonnes/year.
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Figure 3.1‑9
Distribution of site tonnage(s) of Pb metal producers (primary and secondary) in the EU, assessed in the local exposure assessment.
An overview of Pb emissions to water and air from Pb metal producers (23 sites) is presented in Table 3.1-3 and Table 3.1-4 respectively. Table 3.1-5 and Table 3.1-6 present information for on-site WWTP and waste information.

Information available:

· Most lead metal producers (primary, secondary) reported information on emissions to water (emission factors varying between 0.0022 and 2.20 g/ton) (21/23). The total EU emission to suface water from the Pb metal producing sector amounts to 652 kg Pb/year. LDA-16 states that it does not discharge process water, but only cooling water and run-off water. Information is submitted on Pb concentration in the sewer effluent for this plant. LDA-17 states that process water from the production of Pb and other metals are treated together; ca. 10% of the lead entering the treatment plant is coming from Pb production. Cooling water is directly discharged to the sea without treatment. LDA-56 declares that it only discharges cooling water, no process water. LDA-66 reports that no process water is released to the receiving environment. The water is used in a closed loop. The reported emissions to water are from rain water which is collected and treated before release to the river. LDA-67 reports Pb concentrations in effluent of 5 mg/l. It should be noted that an unknown part of this relates to process water (after some reuse cycles in the process) and part is site run-off water. Both waste waters are treated on site in a physical-chemical treatment plant before final discharge in the river. LDA-76 and LDA-77 both declare that they do not emit waste water to the receiving environment. LDA-77 recycles its industrial waste water. No specific information is provided by LDA-76. Companies LDA-31, 70, 74, 75, 100 and 101 declare that their waste waters are discharged to a municipal Sewage Treatment Plant after on-site treatment. For these plants, two scenarios have been performed; one without STP (direct discharge, worst case situation) and one with municipal STP (after STP, real case).

· All companies presented information on air emissions (stack emissions) (emission factors between 0.3 and 18.3 g/ton for refining and between 1.14 and 36.14 g/ton for smelting) (23/23). The total EU emission to the air compartment from Pb metal producers is 12,992 kg Pb/year. 

· Number of production days (220-365) (23/23)

· Measured effluent concentrations, effluent discharge rates and type of receiving water (river, canal, municipal STP, sea, estuary) are reported for the majority of the companies (21/23)

· Waste information is reported for 22 of 23 sites (22/23). The waste is mainly recycled and disposed to a landfill, in some cases incinerated or used in road construction.

Information limited/lacking:

· Information for on-site WWTP reveals that for most of the sites the waste water undergoes physico-chemical treatment (on site) before discharge to the receiving surface water and/or municipal STP (16/23). Others state not to have process waste water, but solely cooling water that is directly discharged to the sewer. The sludge is either recycled (internally or externally) or disposed to a landfill. Detailed information for the WWTP –amount of sludge produced and Pb content (g/ton)- is available for 14 of 23 sites.

· The flow of the receiving surface water –necessary to calculate a site specific dilution factor- is available for 11 companies only (11/23).

· Fugitive air emissions were estimated by 10 companies (10/23).

The results of the gap analysis for this industry sector are summarised in Figure 3.1-10. A high data availability can be seen for emission to water and air (stack) emissions, number of emission days, effluent flow, effluent concentration, water body type, waste information. An intermediate data availability can be observed for WWTP information, flow rate of the receiving surface water and fugitive air emissions.
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Figure 3.1‑10
Overview of data gaps for lead metal production

Table 3.1‑3
Aquatic emissions from lead metal producing plants in the EU  

	Plant N°
	Country

confidential
	Production

volume 

(t/y)

confidential
	Emission

(kg Pb/y) 
	Emission factor

(g/t)
confidential
	Conc. In effluent 

(M/E (T/D))
	Number of discharge

Days
	Conc.

In effluent

(mg Pb/l)

(avg/90th perc.)
	Effluent flow

(m³/d)
	Type receiving water body
	Flow receiving

water

(m³/d)
	Year
	Comments

	LDA-01
	
	
	23.8
	
	M (T)
	365
	0.048 (90P)
	2,675
	Tidal river 
	57,888,000

(90% low flow rate ; 1998-2000)
	2000


	

	LDA-02
	
	
	258
	
	M (T)
	365
	2.84 (90P)
	249
	Estuary
	2,000,000

(1/3 of average flow rate: 6,000,000 m3/d)
	2000
	discharge of 3 effluents together to estuary

	LDA-03
	
	
	7.4
	
	M (T)
	325
	0.189 (90P)
	236
	Canal
	NA
	2000
	

	LDA-16
	
	
	Plant emits only cooling water and run-off water, NO PROCESS WATER !
	
	M (T)

E (T)
	320
	<0.05 (max)(measured in sewer)

0.008 (max)

(removal 84% in STP)
	2,000*
	Municipal STP + river

river (after STP)
	NA
	2002
	

	LDA-17
	
	
	10.9


	
	M (T)
	246
	0.017 (90P)
	2,000*
	Sea
	Not applicable
	2001
	water from Pb and other metals production are treated together, ca 10% of the lead entering the treatment plant is coming from Pb production plant.; cooling water: 0.01 mg/l; directly emitted to sea without treatment

	LDA-27
	
	
	5.77
	
	M (T)
	365
	0.017 (90P)


	1,109
	Estuary
	12,960,000

(1/3 of average flow rate)
	2000
	

	LDA-31

	
	
	18
	
	M (T)
	365
	0.31 (90P)
	236
	river (direct discharge)
	NA
	2000
	

	LDA-31


	90P; measured Pb in effluent from STP: <0.5µg/l
	
	18
	
	M (T)
	365
	0.0005 (90P)


	2,000*
	river (after STP)
	NA
	2000
	effluent concentration: 90P value, measured Pb level in effluent STP: <0.5 µg/l

	LDA-39
	
	
	50
	
	M (T)
	365
	0.3 (90P)
	685
	River
	50,000
	2000
	

	LDA-40
	
	
	0.075
	
	M (T)
	345
	0.037 (90P)
	68.4
	River
	28,800
	2000
	

	LDA-41
	
	
	27.3
	
	M (T)
	220
	0.24 (90P)
	590
	River
	8,640,000
	2000
	

	LDA-56
	
	
	8.8
	
	M (T)
	240
	0.19 (90P)
	5,300
	River
	25,000,000
	2000
	No process water, cooling water only

	LDA-63
	
	
	185
	
	M (T)
	338
	0.58 (90P)


	1,028
	River
	450,720
	2000
	new recent data concerning river flow rate 15.65 m3/s (average flow)

	LDA-66
	
	
	2.7
	
	E (T)
	300
	0.036 (avg)
	40
	River
	2,880,000
	2000
	No process water

	LDA-67
	
	
	NA
	
	M (T)
	330
	5.0 (90P)
	52.4
	River
	13,046,400


	2000
	adjusted 90P value for last years; unknown part of this value is process water (is recirculated in process) other part is run-off water; is directed to the river after treatment on site 

	LDA-68
	
	
	2.5
	
	M (T)
	223
	0.03 (90P)
	314
	Sea
	NA
	2003
	

	LDA-70


	
	
	38.3
	
	M (T)
	230
	0.21 (avg)
	507


	River


	NA


	2004
	

	LDA-70


	
	
	38.3
	
	E (T)
	230
	0.009 (avg)
	2,000*
	River (after STP)
	NA
	2004
	Effluent conc: estimated Pb level in effluent STP (removal: 84% + extra dilution: 4)

	LDA-74


	
	
	7.27
	
	M (T)
	230
	0.279 (90P)
	100
	River 
	NA
	2000
	

	LDA-74


	
	
	
	
	E (T)
	230
	0.0022 (90P)
	2,000*
	River (after STP)
	NA
	2000
	Effluent conc: estimated Pb level in effluent STP (removal: 84% + extra dilution: 20)

	LDA-75


	
	
	0.15
	
	M (T)
	221
	0.09 (avg)
	100
	river
	NA
	2000
	

	LDA-75


	
	
	
	
	E (T)
	221
	0.00072  (avg)
	2,000*
	river (after STP)
	NA
	2000
	Effluent conc: estimated Pb level in effluent STP (removal: 84% + extra dilution: 20)

	LDA-76
	
	
	0
	
	Not applicable
	222
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	No emissions ? To clarify

	LDA-77
	
	
	0
	
	Not applicable
	220
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	No emissions. Recycling of industrial waste water

	LDA-98
	
	
	0.86
	
	M (T)
	223
	0.15 (90P)
	26.8
	river
	259,200
	2003
	

	LDA-100


	
	
	3.90
	
	M (T)
	230
	0.14 (avg)
	85
	river
	NA
	2000
	Direct discharge

	LDA-100


	
	
	
	
	E (T)
	230
	0.001 (avg)
	2000*
	River (after STP)
	NA
	2000
	Effluent concentration: Pb removal and extra dilution in STP: 23.5

	LDA-101
	
	
	1.2
	
	M (T)
	333
	0.10 (max)
	98
	River
	NA
	2003
	

	LDA-101
	
	
	1.2
	
	E (T)
	333
	0.0008 (max)
	2,000*
	River (after STP)
	NA
	2003
	Effluent conc: estimated Pb level in effluent STP (removal: 84% + extra dilution: 20.4)

	TOTAL
	
	1,167,700
	652
	
	
	
	
	
	
	
	
	


Table 3.1‑4
Atmospheric emissions from lead metal producing plants in the EU

	Plant N°
	Country
confidential
	Production volume

(ton/y)

confidential
	Stack emission

(kg Pb/ y)
	Emission factor (stack)

(g/t)
confidential
	Fugitive emission

(kg Pb/y)
	Emission factor (fug.)

(g/t)
confidential
	Number of discharge days
	Year
	Comments

	LDA-01
	
	
	2,970
	
	3,021
	
	366
	2004


	Drop down of emission factor for refining due to new filter bag house in refinery, supplementary to the existing scrubber.

	LDA-02
	
	
	2,371
	
	Not estimated
	
	365
	2000
	

	LDA-03
	
	
	553
	
	1,260
	
	325
	1998-2003
	Fugitive emissions: new data: years 1998-2003; average value; area: circular area radius 1 km; detailed information available

	LDA-16
	
	
	403
	
	717
	
	320
	2000


	

	LDA-17
	
	
	780
	
	Not estimated
	
	244
	2000


	

	LDA-27
	
	
	405
	
	1,176 (roof vents)
	
	365
	2000


	

	LDA-31
	
	
	1,424
	
	3,110
	
	365
	2000
	

	LDA-39
	
	
	102
	
	200
	
	365


	2000


	recycling

	LDA-40
	
	
	98
	
	Not estimated
	
	345


	2000


	recycling

	LDA-41
	
	
	112
	
	620
	
	220
	2000
	recycling

	LDA-56
	
	
	157
	
	540
	
	240
	2000


	

	LDA-63
	
	
	586
	
	Not estimated
	
	338
	2003


	

	LDA-66
	
	
	200
	
	120
	
	300
	2000


	

	LDA-67
	
	
	127
	
	Not estimated
	
	330
	2000


	

	LDA-68
	
	
	140
	
	Not estimated
	
	223
	2000
	

	LDA-70
	
	
	895
	
	Not estimated
	
	230
	20000
	

	LDA-74
	
	
	862
	
	Not estimated
	
	230
	2000
	

	LDA-75
	
	
	50.4
	
	Not estimated
	
	221
	2000
	

	LDA-76
	
	
	122.7
	
	Not estimated
	
	222
	2000
	

	LDA-77
	
	
	191
	
	Not estimated
	
	220
	FY 2004 (1/4/2003-31/3/2004)
	Previous data refer to the period before Oct. 2002; time where the plant changed to a state of art ventilation and filtration systems. While restructuring the plant the output and number of operation days had been adjusted (220 d/year). The plant now has an emission that is about 60 times lower than before.

	LDA-98
	
	
	83
	
	Not estimated
	
	223
	2003
	

	LDA-100
	
	
	360


	
	366
	
	260
	2000
	

	LDA-101
	
	
	509
	
	Not estimated


	
	333


	2003
	

	TOTAL
	
	1,167,700
	12,992
	
	
	
	
	
	


Table 3.1‑5
On-site Waste Water Treatment Plant (WWTP) and sludge information 

	Plant N°
	Type of WWTP
	Efficiency

(% Pb removal)
	Amount of sludge produced 

(t/y)
	Pb Content

(g/ton)
	Destination sludge
	Year
	Comments

	LDA-01
	Physico-chemical
	99.82
	10,774
	87,900
	80% reused and 20% disposed to landfill
	2000


	

	LDA-02
	NA
	NA
	NA
	NA
	landfill ?
	2000


	

	LDA-03
	Physico-chemical
	97.5
	75.8
	4,733
	used in the lead furnace oven
	2000


	

	LDA-16
	Plant emits only cooling water and run-off water, NO PROCESS WATER !
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000


	

	LDA-17
	Waste water from plant is mixed and treated together with other water
	99.9
	Not specified
	NA
	NA
	2001


	

	LDA-27
	Physico-chemical
	99.9
	417
	24,000
	landfill
	2000


	

	LDA-31
	Physico-chemical
	>99%
	300
	500,000
	recycled to lead production process
	2000
	

	LDA-39
	Physico-chemical
	>98.5%
	180
	350,000
	recycling
	2000


	

	LDA-40
	Physico-chemical
	99
	353
	5,000
	recycling
	2000


	

	LDA-41
	Physico-chemical
	>99%
	62
	28,400
	recycling
	2000
	

	LDA-56
	Not applicable, cooling water only, no wastewater, no treatment
	Not applicable
	not applicable
	Not applicable
	not applicable
	2000


	

	LDA-63
	Physico-chemical
	99.9%
	1,752
	500
	
	2000


	

	LDA-66
	Physico-chemical
	99%
	NA
	NA
	
	2000


	No process water

	LDA-67
	
	NA
	679
	NA
	
	2000


	

	LDA-68
	
	NA
	365
	0.22
	
	2000
	

	LDA-70
	Physico-chemical 
	95-99%
	300
	5-10%


	Internal recycling
	2000
	

	LDA-74
	Physico-chemical
	95-99.5%
	210
	5-10%
	disposed to landfill after treatment (inert)
	2000
	

	LDA-75
	Physico-chemical
	98-99%
	Not measured
	Not measured
	recycled in the paste
	2000
	

	LDA-76
	No emissions ? To clarify
	
	
	
	
	2000
	

	LDA-77
	No emissions. Recycling of industrial waste water
	NA
	NA
	NA
	recycled (sludges are treated in the rotatory furnaces)
	2000
	

	LDA-98
	Physical-chemical
	NA
	60
	360,000 
	recycled
	2003
	

	LDA-100
	Physical-chemical
	96-99.6%
	40
	3-5%
	Internal recycling
	2000
	

	LDA-101
	Physical-chemical
	99.95%
	NA
	NA
	recycled in rotary furnace
	2004
	


Table 3.1‑6
Waste information

	Plant N°
	Type of waste produced
	Quantity of waste 

(tons/year)
	Pb content

(%)
	Waste disposal type
	Comments

	LDA-01
	Poor slags

waste
	11,4673

6,844

121,517 (total)
	2.2%

2%
	Reuse in concrete or dike constructions

dumping site 


	

	LDA-02
	Lead bearing slags
	7,081
	2 % (ww) 
	special landfill
	

	LDA-03
	Pb skimmings, S-skimmings, C-skimmings, Sn-skimmings, filter dust pots, NaOH Pb/Sb skimmings, iron stone, filterdust furnace oven, lead drosses furnace oven
	10,805
	5-75 %
	off-site waste disposal; internal and external recycling
	

	LDA-16
	Slag, Battery separators
	8,335
	3-5 % total metal, dry material
	burning or landfilling
	

	LDA-17
	lead slag
	13,017
	60 mg/g (dw)
	deposited in lead mine
	

	LDA-27
	Furnace lining
	634
	5% Pb, total metal contents; dry material
	burning or landfilling (sludge is landfilled)
	

	LDA-31
	NA
	54,821
	40 mg Pb/g
	landfilling and reuse (road construction)
	

	LDA-39
	
	13,740
	smelter: 69 mg/g dw; incinerator: 18 mg/g dw
	landfilling & reuse: smelter & incinerator


	

	LDA-40
	
	11,749
	slag (disposal): 1%; iron matte: 5%; filter dust: 40%; dilute acid: 20 mg/l
	landfilling & reuse


	

	LDA-41
	
	11,400
	50 mg/g dw
	landfilling & reuse
	

	LDA-56
	
	NA
	NA
	NA
	

	LDA-63
	
	20,900
	NA
	landfilling
	

	LDA-66
	
	10,000
	5%
	landfilling
	

	LDA-67
	
	4,918
	2%
	landfilling and reuse
	

	LDA-68
	
	12,009
	1-7%
	landfilling and reuse
	

	LDA-70
	Slags, plastic
	7,707


	60-120 mg Pb/g dw
	landfilling
	

	LDA-74
	Scories, plastic
	8,893
	60-120 mg Pb/g dw
	landfilling
	

	LDA-75
	
	6,951
	30-60 mg/g wet material
	landfilling
	

	LDA-76
	
	8,758
	30-60 mg/g wet material
	landfilling
	

	LDA-77
	
	18,408,
	NA
	landfilling
	

	LDA-98
	slag
	1,170
	100 mg/g
	landfilling
	

	LDA-100
	NA
	10,075
	80-100 mg/g dw
	landfilling
	

	LDA-101
	slags for landfilling
	5107
	3.3-75 ppm
	landfill
	


3.1.3.2 Release from industrial/professional use 

3.1.3.2.1 Lead sheet production (9 sites)

Producers of lead sheet that have provided data are situated in 6 different EU countries: UK (3 sites), Germany (2), Belgium (1), the Netherlands (1), France (1) and Ireland (1). The majority of the lead sheet production for which data are reported takes place in UK, Belgium and Germany. The sites are shown in Figure 3.1-11.
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Figure 3.1‑11
EU map of lead sheet production sites
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Figure 3.1‑12
Regional distribution of Pb sheet producers in the EU (tonnage based) for which emissions data are available. 

An overview of Pb emissions to water and air from Pb sheet producers (9 sites) is given in Table 3.1-7 and Table 3.1-8 respectively. Table 3.1-9 and Table 3.1-10 present information for on-site WWTP and waste information.

Information available:

· Four lead sheet producers reported information on emissions to water (emission factor 0.07-0.55 g/ton). LDA-24 and LDA-73 state that they discharge their waste water to a municipal STP. LDA-25 reports that there is no on-site WWTP and no effluent. The only discharge occurring is rainwater runoff to the river. Pb concentrations in grab samples are reported. LDA-26 states that all process waste water is sent to a waste disposal company where Pb is recycled (no emission at the site). LDA-28 states that it does not discharge to water (Pb is recycled, closed cooling systems). LDA-50 declares that no emissions to water occur (for this site more detailed information is needed). Plant LDA-51 reports Pb emissions to surface water but stresses that the reported emissions are from the global site. LDA-73 reports that no waste water is produced, rainwater only is treated and discharged to the sewer. There are no emissions to water from lead activities only. LDA-99 states that waste water is collected in an on-site lagoon; there is no release to surface water. (9/9). The total EU emission to surface water from the lead sheet producing sector amounts to 199 kg Pb/year.
· All companies presented information on air emissions (stack emissions) (emission factors between 1.15E-04 g/ton and 8.2 g/ton) (9/9). The total EU emission to the air compartment from lead sheet producers is 525 kg Pb/year.

· Number of production days (222-296) (9/9)

· Measured effluent concentrations, effluent discharge rates and type of receiving surface water (river, canal, canal (after STP), estuary) are reported for all of the companies (9/9).

· Information for on-site WWTP reveals that for most of the lead sheet producing companies no on-site treatment of waste water takes place since in most cases no process waste water arises from the lead sheet production process. In some cases the waste water is treated off-site or is recycled into the process. Hence in most cases on-site WWTP information is not applicable for this sector (8/9).

· Waste information is reported for all sites (9/9). The waste is mainly recycled or disposed to a landfill. In some cases incineration takes place.

Information limited/lacking:

· Fugitive air emissions were estimated by only 1 site (1/9)

· The flow of the receiving surface water –necessary to calculate a site specific dilution factor- is available for only 3 sites (3/9).

The results of the gap analysis for this industry sector are summarised in Figure 3.1-13. A high data availability can be seen for emission to water and air (stack) emissions, number of emission days, effluent flow, effluent concentration, information for on-site WWTP, water body type, waste information. A limited number of data are available for fugitive air emissions or flow rate of the receiving water.
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Figure 3.1‑13
Overview of data gaps for lead sheet production

Table 3.1‑7
Aquatic emissions from lead sheet producing plants in the EU 

	Plant N°
	Country

confidential
	Production

volume 

(ton Pb/y)
confidential
	Emission

(kg Pb/y) 
	Emission factor

(g/t)
confidential
	Conc. in effluent 

(M/E (T/D))
	Number of discharge

days
	Conc.

in effluent

(mg Pb/l)

(avg/90th perc.)
	Effluent flow

(m³/ d)
	Type receiving water body
	Flow receiving

water

(m³/d)
	Year
	Comments

	LDA-24
	
	
	1.4
	
	M (?)
	230
	2.6 (90P)
	4.12
	canal
	NA
	2000
	Direct discharge to canal

	LDA-24
	
	
	1.4
	
	E (T)
	230
	0.00086 (90P)
	4.12
	Canal (after STP)
	NA
	2000
	Effluent treated in municipal STP before final canal (real case)

	LDA-25
	
	
	NA
	
	M (T)
	296
	0.107 (max)                                                                                                                                                                   
	31.46


	river
	7,200
	2000
	Rain water surface runoff, no wwtp on site

	LDA-26
	
	
	0 
	
	Not applicable
	229
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	contaminated process water is sent to waste disposal company (Pb is recycled)

	LDA-28
	
	
	0
	
	Not applicable
	245
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	no emissions to water 

(Pb is recycled, closed cooling systems)

	LDA-29
	
	
	15.12
	
	M (T)
	240
	1.53 (90P)


	35
	estuary
	1,303,776
	2000
	

	LDA-50
	
	
	Not applicable
	
	Not applicable
	250
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	

	LDA-51
	
	
	182
	
	M (T)

E (T)
	240
	0.068 (90P)
	4,968
	river
	31,680
	2001
	emissions from total plant !!

no emission to water from lead activities !!

	LDA-73
	
	
	0.736
	
	M (T)
	222
	0.19 (90P)
	9.6
	River
	3.33
	2000
	Direct discharge

	LDA-73
	
	
	0.736
	
	E (T)
	222
	0.00015 (90P)
	9.6
	River (after STP)
	3.33
	2003
	No process water, collection and treatment of rainwater, release to sewer

Effluent treated in municipal STP

	LDA-99
	
	
	0
	
	E (T)
	240
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	No release to surface water, water contained in on-site lagoon

	TOTAL
	
	207,153
	199
	
	
	
	
	
	
	
	
	


Table 3.1‑8
Atmospheric emissions from lead sheet producing plants in the EU

	Plant N°
	Country

confidential
	Production volume

(ton Pb/y)

confidential
	Stack emission

(kg Pb/ y)
	Emission factor (stack)

(g/t)

confidential
	Fugitive emission

(kg Pb/y)
	Emission factor (fug.)

(g/t)
	Number of discharge days
	Year
	Comments

	LDA-24
	
	
	0.85
	
	Not estimated
	
	230
	2000
	

	LDA-25
	
	
	1.5
	
	Not estimated
	
	296
	2000
	

	LDA-26
	
	
	186
	
	Not estimated
	
	229
	2000
	

	LDA-28
	
	
	13.4
	
	not estimated
	
	245
	2000
	

	LDA-29
	
	
	43.9
	
	Not estimated
	
	240
	2000
	

	LDA-50
	
	
	123
	
	Not estimated
	
	250
	2000
	

	LDA-51
	
	
	33
	
	Not estimated
	
	240
	2000
	

	LDA-73
	
	
	108.5
	
	74
	
	222
	2000
	stationary limit of lead stack emission authorised = 109

	LDA-99
	
	
	15
	
	Not estimated
	
	240
	2000
	

	TOTAL
	
	207,153
	525
	
	
	
	
	
	


Table 3.1‑9
On-siteWaste Water Treatment Plant (WWTP) and sludge information 

	Plant N°
	Type of WWTP
	Efficiency

(% Pb removal)
	Amount of sludge produced 

(t/y)
	Pb Content

(g/ton)
	Destination sludge
	Year
	Comments

	LDA-24
	Oilseparator and settletank
	Nearly 100%
	NA
	NA
	Recycled
	2000
	

	LDA-25
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	Surface runoff, no wwtp on site

	LDA-26
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	contaminated process water is sent to waste disposal company (Pb is recycled)

	LDA-28
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000


	no emissions to water, Pb is recycled

	LDA-29
	NA
	NA
	NA
	NA
	Recycled
	2000
	

	LDA-50
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	

	LDA-51
	Not applicable for the lead activity; no process water
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	no emissions to water from the lead activity

	LDA-52
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	No waste water produced

	LDA-99
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	


Table 3.1‑10
Waste information

	Plant N°
	Type of waste produced
	Quantity of waste 

(tons/year)
	Pb content


	Waste disposal type
	Comments

	LDA-24
	filterbags
	1
	NA
	Burning
	

	LDA-25
	Drosses for recycling –reclamation of metals

Disposal of used filter bags
	1,100 (total)

2,080 kg
	60%
	recycling-reclamation of metals
	

	LDA-26
	industrial waste type

drosses sent for recycling and metal extraction.

mixed metals and general recycled materials
	1,600
	drosses: 60-70%; wastewater (0.2 mg Pb/g)
	disposal and recycling
	

	LDA-28
	NA
	418
	NA
	Burning or landfilling and recycling
	

	LDA-29
	furnace slag

smelter brick

lead bearing drosses

tramp metal
	1,744
	Tramp metal: 1.5%

Lead bearing drosses: 76%
	Landfilling

recycling
	

	LDA-50
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	

	LDA-51
	None
	None (recycling of waste in process ?)
	None
	None
	

	LDA-73
	1. lead drosses

2. mixed scrap metals
	1066

235
	NA
	reuse
	

	LDA-99
	Lead ingot
	1507
	700 mg/g
	reuse
	


· Battery producers (31 sites)

Battery producers that have provided data are situated in 7 different EU countries: Germany (9 sites), France (5), Italy (4), Spain (6), Austria (2), UK (4) and Portugal (1). The majority of lead battery production for which data are reported takes place in Germany, Spain, France, and Italy. The sites are shown in Figure 3.1-14.
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Figure 3.1‑14
EU map of battery producers
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Figure 3.1‑15
Regional distribution of Pb battery producers in the EU (tonnage based) for which emissions data are available. 

An overview of Pb emissions to water and air from Pb battery producers (31 sites) is given in Table 3.1-11 and Table 3.1-12 respectively. Table 3.1-13 and Table 3.1-14 present information for on-site WWTP and waste information.

Information available:

· All lead battery producers reported information on emissions to water (emission factors varying between 0.002 and 90.9 g/ton) (31/31). Four battery producers (LDA-35, 36 and 57 and 59) ceased their production in 2003/2004. Updates to previous data submissions was received from several sites. The total EU emission to surface water from the Pb battery producing sector amounts to 2,361 kg Pb/year. Companies LDA-32, 33, 35, 36, 42, 43, 44, 52, 53, 55, 60, 61, 62, 64, 71, 97 and 102 declare that their waste water is discharged to a municipal Sewage Treatment Plant after on-site treatment. For these plants, two scenarios have been performed; one without STP (direct discharge, worst case situation) and one with municipal STP (after STP, real case).

· All companies except one presented information on air emissions (stack emissions) (emission factors between 0.011 and 31.7 g/ton) (30/31). Site LDA-53 needs to provide additional information before it can be decided whether no air emissions occur from this site or if a generic scenario has to be applied. For 2 sites, total dust emissions were reported instead of Pb emissions. The total EU emission to the air compartment from Pb battery producers is 6,706 kg/year (includes dust emissions from 2 companies).

· Number of production days (215-347) (31/31)

· Information for on-site WWTP reveals that for most of the sites the waste water undergoes physico-chemical treatment (on site) before discharge to the receiving surface water and/or municipal STP (29/31). The sludge is either recycled or disposed to a landfill. Detailed information for the WWTP –amount of sludge produced and Pb content (g/ton)- is available for 27 of 31 sites.

· Measured effluent concentrations, effluent discharge rates and type of receiving water (river, canal, municipal STP) are reported for the majority of the companies (31/31)

· Waste information is reported for 29 of 31 sites (29/31). The waste is mainly recycled and disposed to a landfill.

Information limited/lacking:

· The flow of the receiving surface water –necessary to calculate a site specific dilution factor- is available for 18 companies (18/31).

· Fugitive air emissions were estimated by 1 company (1/31).

The results of the gap analysis for this industry sector are summarised in Figure 3.1-16. A high data availability can be seen for emission to water and air (stack) emissions, number of emission days, effluent flow, effluent concentration, WWTP information, water body type, waste information. An intermediate availability is reported for the flow rate of the receiving surface water. A low data availability is reported for fugitive air emissions.
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Figure 3.1‑16
Overview of data gaps for lead battery production

Table 3.1‑11
Aquatic emissions from lead battery producing plants in the EU  

	Plant N°
	Country

confidential
	Consumption

volume 

(t Pb/y)

confidential
	Emission

(kg Pb/y) 
	Emission factor

(g/t)
confidential
	Conc. in effluent 

(M/E (T/D))
	Number of discharge

days
	Conc.

in effluent

(mg Pb/l)

(avg/90th perc.)
	Effluent flow

(m³/d)
	Type receiving water body
	Flow receiving

water

(m³/d)
	Year
	Comments

	LDA-32
	
	
	9.4
	
	M (T)
	220
	0.29 (90P)
	190
	river
	3,484,800
	FY 2004 (1/4/2003-31/3/2004)
	Continuous improvement WWTP process and continuous reduction in water consumption

	LDA-32
	
	
	9.4
	
	E (T)
	220
	0.0043 (90P)
	2000*
	municipal STP
	3,484,800
	FY 2004
	effluent conc.: removal (84%) at STP + extra dilution STP: 10.5

	LDA-33
	
	
	384
	
	M (T)
	340
	3.49 (90P)
	453
	river
	NA
	FY 2004
	Improvements in WWTP process and a reduction in specific water consumption

	LDA-33
	
	
	384
	
	E (T)
	340
	0.0024 (90P)
	105000
	municipal STP
	NA
	FY 2004
	effluent conc.: removal (84%) at STP + extra dilution STP: 232

	LDA-34
	
	
	33
	
	M (T)
	234
	0.032 (90P)
	4,354
	river
	30,000 (1/3 of average flow rate)
	2000
	

	LDA-35
	
	
	11.52
	
	M (T)
	220
	0.3 (avg)
	174.6
	river
	
	2002
	Production has been fased down in 2003, finally as of 31/3/2004 the plant has been closed !

	LDA-35
	
	
	
	
	E (T)
	220
	0.0042 (avg)
	2,000*
	municipal STP
	NA
	2002
	

	LDA-36
	
	
	10.39
	
	M (T)
	250
	0.29 (90P)
	218.5
	River
	247,968


	2000
	Closed in June 2004

	LDA-36
	
	
	
	
	E (T)
	250
	0.0051 (90P)
	2,000*
	municipal STP
	247,968


	2000
	

	LDA-37
	
	
	53.3
	
	M (T)
	250
	0.40 (avg)
	592
	River
	10,366
	2000
	

	LDA-38
	
	
	2.12
	
	M (T)
	223
	0.11 (90P)
	120
	river


	864,000 (min. flow)
	FY 2004
	

	LDA-42
	
	
	13
	
	M (T)
	260
	0.025 (max)
	
	river
	NA
	2000
	

	LDA-42
	
	
	NA
	
	E (T)
	260
	0.004
	2,000*
	municipal STP
	NA
	2000
	effluent conc.: removal (84%)

	LDA-43
	
	
	865
	
	M (T)
	223
	3.32 (90P)
	1450
	river
	160,000


	FY 2004
	Improvements in WWTP process, further reduction to <0.4 mg/l (<150 kg/year) expected if WWTP renewal is completed. Scheduled for July 2004.

	LDA-43
	
	
	865
	
	E (T)
	223
	0.39
	2,000*
	municipal STP
	160,000


	FY 2004
	effluent conc: removal (84%) at STP + extra dilution STP: 102.4

	LDA-44
	
	
	2.41
	
	M (T)
	223
	0.18 (90P)
	37.3
	river
	NA
	2000
	

	LDA-44
	
	
	2.41
	
	E (T)
	223
	0.005
	2,000*
	municipal STP
	NA
	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 53.6

	LDA-45
	
	
	89.9
	
	M (T)
	229
	0.98 (90P)
	430
	river
	480,000
	FY 2004
	The decrease is mainly driven by improved water consumption, further improvement of the WWTP process scheduled for Aug/Sept 2004

	LDA-46
	
	
	20
	
	M (T)
	226
	0.10 (90P)
	1,000
	river
	NA
	2004
	Production is reduced in 2004; water discharged is less and water treatment equipment has been revised in 2003

	LDA-47
	
	
	1.39
	
	M (T)
	240
	0.038 (90P)
	321
	canal
	17,280
	2000
	

	LDA-48
	
	
	13.0
	
	M (T)
	226
	0.25 (90P)
	456
	river
	2,304 (1/3 avg flow: 6912 m3/d)
	2000
	First receiving river (small)

	LDA-48
	
	
	13.0
	
	M (T)
	226
	0.25 (90P)
	456
	river
	29,952
	
	Final receiving river (large)

	LDA-49
	
	
	45.3
	
	M (T)
	347
	0.44 (90P)
	450
	river
	11,520 (1/3 of annual average flow)

small river, after 250 m small river flows into large river)
	2000
	First receiving river (small)

	LDA-49
	
	
	45.3
	
	M (T)
	347
	0.44 (90P)
	450
	river
	86,400 (lowest flow, annual basis (final large river))
	2000
	Final receiving river (large)

	LDA-52
	
	
	23.5
	
	M (T)
	215
	0.5 (avg)
	218.6
	river
	NA
	2000
	

	LDA-52
	
	
	23.5
	
	E (T)
	215
	0.0087 (avg)
	2,000
	municipal STP
	NA
	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 9.14

	LDA-53
	
	
	8.4
	
	M (T)
	225
	0.15 (avg)
	247.5
	river
	NA
	2000
	

	LDA-53
	
	
	8.4
	
	E (T)
	225
	0.003 (avg)
	2,000
	Municipal STP
	
	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 8.1

	LDA-54
	
	
	6.42
	
	M (T)
	230
	0.1 (avg)
	278.3
	river
	1,451,520


	2000
	

	LDA-55
	
	
	17.8
	
	M (T)
	223
	0.42 (90P)
	296
	river
	NA
	2000
	

	LDA-55
	
	
	17.8
	
	M (T)
	223
	0.010 (90P)
	2000
	Municipal STP
	NA
	2000
	

	LDA-57
	
	
	0.29
	
	M (T)
	340
	0.2 (avg)
	5.9
	river
	173
	2000
	Site closed in 2003

	LDA-58
	
	
	47
	
	M (T)
	230
	0.65 (avg)
	220
	river
	14,400,000


	2000
	

	LDA-59
	
	
	22
	
	M (T)
	220
	0.5 (avg)
	200
	river?
	NA
	2000
	plant was closed during the RA process ; lead concentration in waste water will not be relevant in the future

	LDA-60
	
	
	35.9
	
	M (T)
	228.5
	0.15 (90P)
	1,320
	river
	NA
	2000
	

	LDA-60
	
	
	35.9
	
	E (T)
	228.5
	0.016 (90P)
	2,000*
	municipal STP
	NA
	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 1.51

	LDA-61
	
	
	8.79
	
	M (T)
	231
	0.29 (avg)
	128
	river
	NA
	2000
	

	LDA-61
	
	
	8.79
	
	E (T)
	231
	0.00297 (avg)
	2,000*
	municipal STP
	NA
	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 15.6

	LDA-62
	
	
	0.07
	
	M (T)
	228
	0.01 (avg)
	30
	river
	NA
	2000
	

	LDA-62
	
	
	0.07
	
	E (T)
	228
	0.000024
	2,000*
	municipal STP
	NA
	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 66.6

	LDA-64
	
	
	9.9
	
	M (T)
	250
	0.598 (avg)
	65.9
	river
	NA
	2000
	

	LDA-64
	
	
	9.9
	
	E (T)
	250
	0.003 (avg)
	2,000*
	municipal STP
	NA
	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 30.3

	LDA-71
	
	
	564
	
	M (T)
	246
	2.9 (90P)
	903
	river
	37,440
	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 2.2

	LDA-71
	
	
	564
	
	E (T)
	246
	0.21 (90P)
	2,000*
	municipal STP
	37,440
	2000
	

	LDA-72
	
	
	19
	
	M (T)
	300
	0.19 (90P)
	613
	river
	94,176
	2000
	

	LDA-96
	
	
	10.6
	
	M (T)
	220
	0.14 (avg)
	226
	Pond
	NA
	2000
	

	LDA-97
	
	
	10.7
	
	M (T)
	220
	0.81 (90P)
	94
	river
	84,176
	2000
	

	LDA-97
	
	
	10.7
	
	M (T)
	220
	0.0017(90P)
	2,000*
	municipal STP
	84,176
	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 74.5

	LDA-102
	
	
	23.1
	
	M (T)
	350
	0.64 (avg)
	103


	river
	70,000


	2000
	

	LDA-102
	
	
	23.1
	
	M (T)
	350
	0.64 (avg)
	2,000*
	municipal STP
	70,000


	2000
	effluent conc: removal (84%) at STP + extra dilution STP: 19.4

	TOTAL
	
	757,278


	2,361
	
	
	
	
	
	
	
	
	


Table 3.1‑12
Atmospheric emissions from lead battery producing plants in the EU

	Plant N°
	Country
confidential
	Consumption

volume 

(t Pb/y)

confidential 
	Stack emission

(kg Pb/ y)
	Emission factor (stack)

(g/t)
confidential
	Fugitive emission

(kg Pb/y)
	Emission factor (fug.)

(g/t)
confidential
	Number of discharge days
	Year
	Comments

	LDA-32
	
	
	750
	
	Not estimated
	
	220
	FY 2005(1/4/2004-31/3/2005)
	Refurbishment and substitution of emission control units, emissions lowered

	LDA-33
	
	
	46
	
	Not estimated
	
	340
	FY2004
	No comments on reductions received

	LDA-34
	
	
	101
	
	Not estimated
	
	234
	2000
	

	LDA-35
	
	
	752
	
	Not estimated
	
	220
	2000
	Production has been fased down in 2003, finally as of 31/3/2004 the plant has been closed !

	LDA-36
	
	
	0.32


	
	Not estimated
	
	250
	2000
	Closed in June 2004

	LDA-37
	
	
	275
	
	Not estimated
	
	250
	2000
	

	LDA-38
	
	
	121
	
	Not estimated
	
	223
	2000
	

	LDA-42
	
	
	2
	
	Not estimated
	
	260
	2000
	

	LDA-43
	
	
	153
	
	Not estimated
	
	223
	FY2004
	Refurbishment and substitution of emission control units

	LDA-44
	
	
	198
	
	61.01
	
	223
	FY2004
	variation in monitoring results, but emissions are rising compared to year 2000 (year 2000: 126 kg/year)

	LDA-45
	
	
	506.6
	
	Not estimated
	
	229
	2000
	

	LDA-46
	
	
	303.8
	
	Not estimated
	
	226
	2000
	

	LDA-47
	
	
	167
	
	Not estimated
	
	240
	2000
	

	LDA-48
	
	
	17.95
	
	Not estimated
	
	226
	FY2004
	aging of emission control system; emissions are rising. Refurbishment scheduled after closing of Plant Weiden -LDA-36 (transfer of emission control units in Autumn 2004)

	LDA-49
	
	
	15.57
	
	Not estimated
	
	347
	2000
	

	LDA-52
	
	
	19.29
	
	Not estimated
	
	215
	2000
	

	LDA-53
	
	
	NA
	
	Not estimated
	
	225
	2000
	

	LDA-54
	
	
	4.7
	
	Not estimated
	
	230
	2000
	

	LDA-55
	
	
	15
	
	Not estimated
	
	223
	2000
	

	LDA-57
	
	
	153 (DUST !!)
	
	Not estimated
	
	340
	2000
	Site closed in 2003

	LDA-58
	
	
	561
	
	Not estimated
	
	230
	2000
	

	LDA-59
	
	
	63
	
	Not estimated
	
	220
	2000
	plant was closed during the RA process

	LDA-60
	
	
	352 (DUST!!)
	
	Not estimated
	
	228.5
	2000
	

	LDA-61
	
	
	8.75
	
	Not estimated
	
	231
	2000
	

	LDA-62
	
	
	336
	
	Not estimated
	
	228
	2000
	

	LDA-64
	
	
	0.8
	
	Not estimated
	
	250
	2000
	

	LDA-71
	
	
	173
	
	Not estimated
	
	246
	2000
	

	LDA-72
	
	
	116
	
	Not estimated
	
	300
	2000
	

	LDA-96
	
	
	250


	
	Not estimated
	
	220
	FY 2005
	Variation in emissions due to more exact monitoring; reduction in emissions expected from installation of emission control units in summer/autumn 2004.

	LDA-97
	
	
	1229
	
	Not estimated
	
	220
	FY 2004
	Refurbishment and substitution of emission control units.

	TOTAL
	
	757,278
	6,706 (includes DUST emissions !)
	
	
	
	
	
	


Table 3.1‑13
On-site Waste Water Treatment Plant (WWTP) and sludge information 

	Plant N°
	Type of WWTP
	Efficiency

(% removal)
	Amount of sludge produced 

(t/y)
	Pb Content

(g/ton)
	Destination sludge
	Year
	Comments

	LDA-32
	Physico-chemical treatment
	NA
	NA
	NA
	recycling
	
	Neutralisation, coagulant and flocculant addition, decantation

	LDA-32
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-33
	Physico-chemical treatment
	99.8%
	159
	600,000
	Recycling
	
	a settlement system using a stage process involving tanks and pumps and incorporating neutralising and flocculation agents

	LDA-33
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-34
	Physico-chemical treatment
	>99%
	393
	NA
	Landfill
	
	

	LDA-35
	Physico-chemical treatment
	->95%
	129
	0.5
	Landfill
	
	Installation of chemical neutralisation, on two phases, between the processes of flocculation and decantation previous to send filter.

	LDA-35
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-36
	Physico-chemical treatment
	99.4%
	1,334
	4,000-6,000 
	Recycled
	
	Effluent plant: water is collected in basin. Neutralisation  of chalk milk (Ca(OH)2) plus removal of lead with FeCl3 and Epofloc to generate flakes.

	LDA-36
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-37
	Physico-chemical treatment
	93% (estimated)
	64.5
	25%
	Recycled
	
	neutralisation with NaOH and Na2CO3, filtration, ion exchange

	LDA-38
	Physico-chemical treatment
	99.9%
	62 (ww)
	NA
	recycled
	
	Neutralistion, physico-chemical treatment, sand filtration

	LDA-42
	Physico-chemical treatment
	99.5-99.8%
	526
	Max 270
	landfill
	
	

	LDA-42
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-43
	Physico-chemical treatment
	73.3% removal
	24
	50,000
	landfill
	
	neutralisation; coagulation (FeCl3), flocculation, filtration

	LDA-43
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-44
	Physico-chemical treatment
	93.5-98.9%
	5.552 (year 2001)
	800
	recycled
	
	

	LDA-44
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-45
	Physico-chemical treatment
	>97.5%
	NA
	NA
	recycled
	
	water with lead: is pre-decanted, then a physical-chemical treatment in a floculator to segregate the lead and all suspended particles, acid water: is pre-neutralised and then is mixed with the treated (lead) water

	LDA-46
	Physico-chemical treatment
	98%
	88
	47,439
	landfill
	
	different stages of treatment: neutralisation (stage 1 and 2 with caustic soda); addition of special chemicals (as ferric chloride or similar for heavy metals treatment); flocculation with a liquid polyelectrolyte coagulant; water clarifier; sand filter, filter press for the polluted mud

	LDA-47
	Physico-chemical treatment
	99.6%
	474
	1,000
	Landfill & partly recycled in bricks production
	
	Physical-chemical treatment, neutralisation with soda/lime (calcium carbonate)

	LDA-48
	Physico-chemical treatment
	99.8%
	690
	7,000
	recycled in production of building materials
	
	

	LDA-49
	Physico-chemical treatment
	98.5%
	434
	<10,000
	Recycled
	
	Sedimentation, precipitation (lime wash, precipitants), FeCl3, flocculation, sedimentation, filter press

	LDA-52
	Physico-chemical treatment
	NA
	NA
	NA
	landfill
	
	polyelectrolyt, floculant and NaOH for neutralisation

	LDA-52
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-53
	Physico-chemical treatment
	98%
	412
	247
	recycled
	
	intermediate treatment: cloth filter and decantation; final treatment:

* neutralisation in three steps with 25% NaOH; * addition Cl3Fe and polyelectrolyte; * decantation; * filtration in a sand and anthracite filter

	LDA-53
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-54
	Physico-chemical treatment
	98%
	747
	500
	Recycled (refilling of mines)
	
	Separation of lead

neutralisation of acid

	LDA-55
	Physico-chemical treatment
	96%
	50
	NA
	recycled
	
	neutralisation, floculation, decantantion and filtration

	LDA-57
	Physico-chemical treatment
	99.6%
	470
	Appr. 95%
	recycled
	
	

	LDA-58
	Physico-chemical treatment
	95.3%
	204.5
	NA
	landfill
	
	lime-wash treatment

	LDA-59
	Physico-chemical treatment
	100%
	61
	NA
	recycled
	
	separation of lead with iron hydroxide

	LDA-60
	Physico-chemical treatment
	97%
	119
	39,000
	landfill
	
	Chemical/physical treatment, neutralization with soda and biological treatment

	LDA-60
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-61
	Physico-chemical treatment
	NA
	49
	2,500
	recycled
	
	chemical physical treatment, Ferric Chloride and Caustic soda for neutralisation and final sand filtration

	LDA-61
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-62
	Physico-chemical treatment
	NA
	30
	NA
	landfill
	
	continous treatment - preneutralisation - neutralisationflocculation - deparation - pH-Monitoring

	LDA-62
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-64
	Physico-chemical treatment
	NA
	8.5
	850,000
	landfill
	
	Moll gravity filter plus sand filtration

	LDA-64
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-71
	Physico-chemical treatment
	NA
	138
	124
	recycled
	
	Filter press to remove lead and acidic water for neutralisation prior to release

	LDA-71
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil (default)
	
	

	LDA-72
	Physico-chemical treatment
	NA
	73
	NA
	landfill
	
	Settlement, two neutralisation stages (using Ca(OH)2) and then further settlement

	LDA-96
	Physico-chemical treatment
	>98%
	NA
	NA
	recycling
	
	Neutralisation, coagulant and flocculant addition, decantation, filtered by automatic sand filter and exit to pond

	LDA-97
	Physico-chemical treatment
	>96%
	823 (ww, 60% water)
	NA
	recycling
	2000
	Neutralisation, coagulant and flocculant addition, decantation, filtered and exit to municipal collector


Table 3.1‑14
Waste information
	Plant N°
	Type of waste produced
	Quantity of waste 

(tons/year)
	Pb content

(%)
	Waste disposal type
	Comments

	LDA-32
	NA
	5,381
	NA
	Recycling
	

	LDA-33
	NA
	855
	600 mg/g
	Recycling
	

	LDA-34
	393 t (final disposal) +

499 t (reuse)
	892
	44.4 mg/g (ww)(disposal); 580 mg/g (ww) (reuse)
	landfilling and recycling


	

	LDA-35
	NA
	3,215
	0.5 mg/g
	Recycling
	

	LDA-36
	incineration and landfilling: (6.5 tons) +

 reuse (868 tons)
	874.5
	incineration: 10 mg/g + reuse: >900 mg/g
	incineration/landfilling and recycling


	

	LDA-37
	NA
	7,492
	90%
	Recycling
	

	LDA-38
	NA
	2,100
	730 mg/g
	Recycling
	

	LDA-42
	NA
	601
	NA
	Recycling
	

	LDA-43
	24 tons (disposal); 3,772 tons (reuse)
	3,796
	50 mg/g dw (disposal); 500-1,000 mg/g dw (reuse)
	landfilling and recycling


	

	LDA-44
	NA
	2,410
	676-928 mg Pb/g dw
	landfilling and recycling
	Year 2001 data

	LDA-45
	NA
	58
	50%
	Recycling
	Year 2001 data

	LDA-46
	88 tons: disposal; 2,764 tons: reuse
	2,852
	47 mg/g dw (disposal); 75% (reuse)
	landfilling and recycling
	

	LDA-47
	474 t: disposal; 4,462 t: reuse
	4,936
	1 mg/g dw (disposal); 75% (reuse) 
	landfilling and recycling
	

	LDA-48
	43.4 t (disposal); 2,862 t (reuse)
	2,905.4
	1% (disposal); 90% (reuse)
	landfilling and recycling
	

	LDA-49
	60 t (disposal); 4,265 t (reuse)
	4,325
	0.01 mg/g dw (disposal), 840 mg/g (reuse)
	landfilling and recycling
	

	LDA-52
	NA
	3,683
	80% ww
	Recycling
	

	LDA-53
	NA
	3,222
	79% ?w
	Recycling
	

	LDA-54
	747 t disposal

8,460 t reuse
	9,207
	NA
	landfilling and recycling
	

	LDA-55
	NA
	437
	NA
	Landfilling 
	

	LDA-57
	253 t disposal

1,673 t reuse
	1,926
	>90%
	landfilling and recycling
	

	LDA-58
	NA
	1,350
	80% ww
	recycling
	

	LDA-59
	NA
	4,972
	80% ww
	landfilling and recycling
	

	LDA-60
	disposal: 125.8 t

reuse: 3,655 t
	3,781
	75%
	landfilling and recycling
	

	LDA-61
	NA
	186
	>80% dry
	landfilling and recycling
	

	LDA-62
	NA
	NA
	NA
	NA
	

	LDA-64
	NA
	8.5
	10% dw
	Landfilling
	

	LDA-71
	NA
	NA
	NA
	recycling
	

	LDA-72
	1,250 t (disposal)

73 t (reuse)
	1,323
	
	recycling
	

	LDA-96
	2078 (reuse)
	2078
	NA
	recycling
	

	LDA-97
	5761 (reuse)
	5761
	NA
	Recycling
	


· Lead oxide production (4 sites)

Producers of lead oxide that have provided emissions data are situated in 4 different EU countries: Germany (1 site), France (1), Italy (1), Spain (1). It should be noted that these sites are involved in lead oxide production only. Four lead oxide and stabiliser producing sites –situated in Austria, UK, Portugal and Germany are not included in this section but are discussed in the lead stabiliser section 3.2.5.2.8. The majority of the lead oxide production, for which data are available takes place in France, Italy and Spain. The sites are shown in Figure 3.1-17.
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Figure 3.1‑17
EU map of lead oxide production sites
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Figure 3.1‑18
Regional distribution of Pb oxide producers in the EU (tonnage based) for which data are available.

An overview of Pb emissions to water and air from Pb oxide producers (4 sites) is given in Table 3.1-15 and Table 3.1-16 respectively. Table 3.1-17 and Table 3.1-18 present information for on-site WWTP and waste information.

Information available:

· All lead oxide producers reported information on emissions to water (4/4). The total EU emission to surface water from the lead oxide producers amounts to 20.5 kg Pb/year. Emission factors are not derived for the lead oxide producers since there are no process water emissions arising from lead oxide production. Most companies stated that during lead oxide production no contaminated water is generated since it concerns a total 'dry' process. The waste water emitted by these companies is mainly treated rainwater from the site, cooling water and/or water from cleaning operations. LDA-20 states that it discharges its waste water to a municipal Sewage Treatment Plant. For these sites two scenarios have been performed; one without STP (direct discharge, worst case situation) and one with municipal STP (after STP, real case). 
· All companies presented information on air emissions (stack emissions) (emission factors between 0.71 and 35.2 g/ton) (4/4). The total EU emission to the air compartment from lead oxide producers is 450 kg Pb/year. 

· Fugitive air emissions: estimated by 3 companies (3/4); 3 of these companies stated that fugitive emissions are non-existent. One company do not measure fugitive emissions. 

· Number of production days (296-366) (4/4).

· Measured Pb concentrations in effluent, effluent discharge rates and type of receiving surface water (river, sea, municipal STP) is reported for the majority of the companies (4/4). 

· Information for on-site WWTP reveals that for 1 site the waste water undergoes physico-chemical treatment before discharge to the receiving surface water (4/4). The sludge is  recycled. Detailed information for the WWTP –amount of sludge produced and Pb content- is available for 1 of 4 sites. For all other sites there is no on-site treatment of the waste water.

· The flow of the receiving surface water is available for 2 of 4 companies (2/4).

· Waste information is reported for the majority of the sites (4/4). The waste is mainly landfilled and recycled.

The results of the gap analysis for this industry sector are summarised in Figure 3.1-19. A high data availability can be seen for emission to water and air (stack, fugitive) emissions, number of emission days, effluent flow, effluent concentration, information for on-site WWTP, water body type, flow of receiving water, waste information. 
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Figure 3.1‑19
Overview of data gaps for lead oxide production 

Table 3.1‑15
Aquatic emissions from lead oxide producing plants in the EU 

	Plant N°
	Country
	Production

Volume 

(ton Pb/y)
	Emission

(kg Pb/y) 
	Emission factor

(g/t)
	Conc. in effluent 

(M/E (T/D))
	Number of discharge

days
	Conc.

in effluent

(mg Pb/l)

(avg/90th perc.)
	Effluent flow

(m³/d)
	Type receiving water body
	Flow receiving

water

(m³/d)
	Year
	Comments

	LDA-20
	
	
	0.38
	
	M (T)
	296
	0.64 (90P ) 
	2
	sea (direct discharge)
	NA
	2000-2003


	Direct discharge to river

Effluent conc: years 2000-2003; 18dp; avg value: 0.32 mg/l; total lead)

	LDA-20
	
	
	0.38 (water from sanitary sources and cleaning only)
	
	E (T)
	296
	4.89E-07
(removal in STP (84%) and dilution 210,000 (STP))
	420,000 (largest municipal STP of Europe; 2.2 million people)


	sea (after STP)
	NA
	2000-2003


	Effluent treated in municipal STP before final river (real case)

	LDA-21
	
	
	rainwater emission only, no process water
	
	M (T)
	340
	0.05 (90P)
	200 (max)
	first temporary river, final sea


	16,000 (low flow : 1/3 of average flow rate)
	2000
	

	LDA-21
	
	
	
	
	E (T)
	340
	0.00062
	
	Sea
	NA
	2000
	

	LDA-22
	
	
	20.2

(rainwater and cleaning operations only)
	
	M (T)
	366
	1.02 (90P)
	54
	river
	3,179,520  (10P value based on 18 dp from 1993-1995)
	2001-2003
	

	LDA-23
	
	
	0.75 (year 2002 data)
	
	M (?)
	366
	0.41

(calculated on basis of emission rate from 2002; formerly in 2000 <0.5)
	5
	canal connected to sewing system of the city (STP)
	57,600,000

(1/3 of average flow rate: 2,000 m3/s = 172,800,000 m3/d)
	2002
	Since 2002 new treatment plant

shifted to stabilisers sector

	LDA-23
	
	
	0.75 (year 2002 data)
	
	E (T)
	366
	0.00016

(removal in STP (84%) + extra dilution STP: 400)
	2,000*
	river, after municipal STP
	57,600,000


	2002
	

	LDA-30
	
	
	No real process water (cooling water, not monitored), cleaning water (not monitored), discharge to sewer
	
	NA
	330
	NA
	NA
	municipal STP
	NA
	2000
	shifted to stabilisers sector

	LDA-69
	
	
	no waste water discharge, cooling water only is recycled
	
	Not applicable
	320
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	

	TOTAL
	
	117,700
(expressed as Pb)
	20.5
	
	
	
	
	
	
	
	
	


Table 3.1‑16
Atmospheric emissions from lead oxide producing plants in the EU

	Plant N°
	Country
	Production volume

(ton/y)
	Stack emission

(kg Pb/y)
	Emission factor (stack)

(g/t)
	Fugitive emission

(kg Pb/y)
	Emission factor (fug.)

(g/t)
	Number of discharge days
	Year
	Comments

	LDA-20
	
	
	31.44
	
	None
	
	296
	2000
	

	LDA-21
	
	
	11.5
	
	None
	
	340
	2000
	

	LDA-22
	
	
	228
	
	None
	
	366
	2000
	

	LDA-22
	
	
	37


	
	None
	
	366
	2002
	double filtration for all filters since 2000. All the equipments have their own filter, connected to a main filter (4 in total for whole plant), each of the emissions from these main filters going through a second filter to avoid any problem of leakage. Emissions 2002: 35 kg to air, 6 times lower than in 2000.

	LDA-23
	
	
	74
	
	40
	
	366
	2000
	shifted to stabilisers sector

	LDA-30
	
	
	202
	
	not estimated
	
	330
	2000
	shifted to stabilisers sector

	LDA-69
	
	
	370
	
	not estimated
	
	320
	2000
	

	TOTAL
	
	117,700
(expressed as Pb)
	450
	
	
	
	
	
	


Table 3.1‑17
On-site Waste Water Treatment Plant (WWTP) and sludge information 

	Plant N°
	Type of WWTP
	Efficiency

(% removal)
	Amount of sludge produced 

(t/y)
	Pb Content

(g/ton)
	Destination sludge
	Year
	Comments

	LDA-20
	No on-site treatment
	No on-site treatment
	No on-site treatment 
	No on-site treatment
	No on-site treatment
	2000
	

	LDA-20
	Municipal STP
	84% (default)
	NA
	NA
	agricultural soil (sludge), waste (recycled in smelter)
	2000
	

	LDA-21
	No on-site treatment
	No on-site treatment
	No on-site treatment 
	No on-site treatment
	No on-site treatment
	2000
	

	LDA-22
	Physico-chemical
	NA
	10
	45-10%
	recycling in lead smelter
	2000
	

	LDA-23
	Physico-chemical
	99
	2.7
	NA
	landfilling 
	2002
	shifted to stabilisers sector

	LDA-23
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil
	2002
	shifted to stabilisers sector

	LDA-30
	No on-site treatment 
	No on-site treatment 
	No on-site treatment 
	No on-site treatment 
	No on-site treatment 
	2000
	

	LDA-69
	No on-site treatment
	No on-site treatment
	No on-site treatment
	No on-site treatment
	No on-site treatment
	2000
	


Table 3.1‑18
Waste information
	Plant N°
	Type of waste produced
	Quantity of waste 

(tons/year)
	Pb content


	Waste disposal type
	Comments

	LDA-20
	NA
	12-24
	80%
	waste (recycled in smelter)
	

	LDA-21
	NA
	56
	0.60%
	landfilling
	

	LDA-22
	lead-containing wastes
	NA
	NA
	recycling in lead smelter
	

	LDA-23
	cleaning residues brickwork 

hydroxide cake
	52
	12.9% in waste for burning; 6 ppm for landfill
	burning and landfilling (+ sludge)
	shifted to stabilisers sector

	LDA-30
	NA
	52.58
	bricks: 1-5%; others: not tested; for recycling: no lead present
	landfilling and recycling
	shifted to stabilisers sector

	LDA-69
	NA
	NA
	NA
	recycling
	


· Lead stabiliser production (11 sites)

Producers of lead PVC stabilisers for which data are available are situated in 7 different EU countries: Germany (3 sites), Belgium (1), Italy (2), UK (2), Austria (1), Portugal (1) and Spain (1). The majority of the lead stabiliser production for which data are reported takes place in Germany. As already mentioned in the lead oxide section, the stabilisers sector incorporates four lead oxide and stabilisers producers situated in Germany, UK, Austria and Portugal. The sites are shown in Figure 3.1-20.
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Figure 3.1‑20
EU map of lead stabiliser production sites
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Figure 3.1‑21
Regional distribution of Pb stabiliser producers in the EU (tonnage based), for which emissions data are available.

An overview of Pb emissions to water and air from Pb stabiliser producers (11 sites) is given in Table 3.1-19 and Table 3.1-20 respectively. Table 3.1-21 and Table 3.1-22 present information for on-site WWTP and waste information.

Information available:

· Most lead stabiliser producers reported information on emissions to water (emission factors varying between 0.15 and 9.9 g/ton) (10/11). The total EU emission to surface water from lead stabilisers sector amounts to 73.8 kg Pb/year. LDA-07 and LDA-11 state that they do not emit to water (dry process, recycling of water). LDA-04, LDA-09, LDA-10, LDA-13 and LDA-23 state that they emit their waste water to a municipal STP. For these plants two scenarios have been performed; one without STP (direct discharge; worst case situation) and one with municipal STP (after STP; real case). LDA-10 does not give any information on how much Pb is emitted to the sewer. 

· 9 companies presented information on air emissions (stack emissions) (emission factors varying between 0.015 and 16 g/ton) (10/11). The total EU emission to the air compartment from lead stabilisers is 968 kg Pb/year. LDA-07 states that it does not emit to air (dry process ?). 

· Fugitive air emissions are estimated by 6 companies (6/11); 3 of these companies stated that fugitive emissions are non-existent.

· Number of production days (51-358) (10/11)

· Measured effluent concentrations, effluent discharge rates and type of receiving water (river, STP, canal, estuary) are reported for the majority of the companies (10/11) 

· Information for on-site WWTP reveals that for most sites the waste water undergoes physico-chemical treatment (on site) (9/11) before discharge to the receiving surface water and/or municipal STP. The sludge is either disposed to a landfill or recycled. Detailed information for the WWTP –amount of sludge produced and Pb content is available for 9 of 11 sites. 

· The flow of the receiving surface water –necessary to calculate a site specific dilution factor- is available for 8 of 11 companies (8/11).

· Waste information is reported for most sites (10/11). The waste is mainly landfilled and recycled. 

The results of the gap analysis for this industry sector are summarised in Figure 3.1-22. A high data availability can be seen for emission to water and air (stack, fugitive) emissions, number of emission days, effluent flow, effluent concentration, information for on-site WWTP, water body type, flow of the receiving surface water, waste information.
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Figure 3.1‑22
Overview of data gaps for lead stabiliser production

Table 3.1‑19
Aquatic emissions from Pb PVC stabiliser producers in the EU  

	Plant N°
	Country
	Production

volume 

(ton Pb/y)
	Emission

(kg Pb/y) 
	Emission factor

(g/t)
	Conc. in effluent 

(M/E (T/D))
	Number of discharge

days
	Conc.

in effluent

(mg Pb/l)

(avg/90th perc.)
	Effluent flow

(m³/d)
	Type receiving water body
	Flow receiving

water

(m³/d)
	Year
	Comments

	LDA-04
	
	
	18
	
	M (T)
	330 
	0.23 (90P)
	424
	river (direct discharge)
	172,600

(min. flow)
	2000
	waste water 1, direct discharge

	LDA-04
	
	
	18 (emission to municipal STP)
	
	E (T)
	330 
	0.0078 (90P)

(removal STP 84% + dilution STP: 4.72)
	2,000*
	River (after STP) 
	172,600

(min. flow)
	2000


	waste water 1 + STP (real case)

	LDA-04
	
	
	0.4
	
	M (T)
	330
	0.18 (90P)
	12
	Canal
	172,600

(min. flow)
	2000
	waste water 2; rainwater treated 

	LDA-05
	
	
	7.1 (rainwater only, closed loop of water)
	
	M (T)
	350
	0.18 (90P)
	93
	River
	820,800


	2000
	

	LDA-06
	
	
	<1.4
	
	M (T)
	300
	<0.01 (90P, total)
	600
	Canal
	24,000 (low flow rate; low flow rate = 1/3 * 72,000 m3/d)
	2000
	

	LDA-07
	
	
	No emissions (dry process)
	
	Not applicable
	233
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	

	LDA-08
	
	
	7.1
	
	M (T)
	358
	0.8 (90P, total)
	57.6
	Estuary
	3.33E+07

(average estuary flow 50,000,000 m3/12hours cycle)
	2000
	

	LDA-09
	
	
	8.4 (to waste water)
	
	M (T)
	320
	0.28 (90P, total)
	92.4
	River (direct

Discharge)
	4,291,200


	2000
	Direct discharge

	LDA-09
	
	
	8.4 (to waste water)
	
	E (T)
	320
	0.000152 (90P) (removal at STP 84% + extra dilution STP: 294)
	2,000*
	River (after STP)
	4,291,200


	2000
	Discharge + STP (real case)

	LDA-10=LDA-30
	
	
	No real process water (cooling water, not monitored), cleaning water (not monitored), discharge to sewer
	
	NA
	250
	NA
	NA
	River (after STP) 
	NA
	2000
	

	LDA-11
	
	
	No emissions, water is recycled
	
	Not applicable
	NA
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	No further information available

	LDA-12
	
	
	8.4
	
	M (D)
	340
	0.122 (avg, dissolved)
	188.54
	river
	11,520 (low flow rate)
	2000
	

	LDA-13
	
	
	22.3
	
	M (T)
	250
	0.28 (avg)
	220
	river (direct discharge)
	691,200
	2000
	

	LDA-13
	
	
	22.3 (emission to municipal STP)
	
	E (T)
	250
	0.00041 (avg)

(removal  at STP (84%) and extra dilution: 109)
	2,000*
	river (after STP)
	691,200
	2000
	

	LDA-23
	
	
	0.75 (year 2002 data)
	
	M (?)
	366
	1 (max)
	19
	canal connected to sewing system of the city (STP)
	57,600,000

(1/3 of average flow rate: 2,000 m3/s = 172,800,000 m3/d)
	2002
	Since 2002 new treatment plant

	LDA-23
	
	
	0.75 (year 2002 data)
	
	E (T)
	366
	0.0015

(removal in STP (84%) + extra dilution STP: 105)
	2,000*
	river, after municipal STP
	57,600,000


	2002
	

	TOTAL
	
	73,300 (expressed as Pb)
	73.8
	
	
	
	
	
	
	
	
	


Table 3.1‑20
Atmospheric emissions from Pb PVC stabilisers in the EU
	Plant N°
	Country
	Production volume

(ton Pb/y)
	Stack emission

(kg Pb/y)
	Emission factor (stack)

(g/t)
	Fugitive emission

(kg Pb/y)
	Emission factor (fug.)

(g/t)
	Number of discharge days
	Year
	Comments

	LDA-04
	
	
	300
	
	3
	
	220
	2000
	

	LDA-05
	
	
	37.2
	
	None
	
	350
	2000
	

	LDA-06
	
	
	< 1
	
	NA
	
	51
	2000
	

	LDA-07
	
	
	No emissions (dry process)
	
	Not applicable
	
	233
	2000
	

	LDA-08
	
	
	132
	
	43
	
	358
	2000
	

	LDA-09
	
	
	51.6
	
	None
	
	320
	2000
	

	LDA-10

=LDA-30
	
	
	220.5
	
	NA
	
	250
	2000
	

	LDA-11
	
	
	0.16
	
	NA
	
	NA
	
	

	LDA-12
	
	
	106
	
	None
	
	340
	2000
	

	LDA-13
	
	
	46
	
	NA
	
	250
	2000
	

	LDA-23
	
	
	74
	
	40
	
	366
	2000
	

	TOTAL
	
	73,300 (expressed as Pb)
	968
	
	
	
	
	
	


Table 3.1‑21
On-siteWaste Water Treatment Plant (WWTP) and sludge information 

	Plant N°
	Type of WWTP
	Efficiency

(% removal)
	Amount of sludge produced 

(t/y)
	Pb Content

(g/ton)
	Destination sludge
	Year
	Comments

	LDA-04
	Physico-chemical
	99.9
	55
	90
	Landfill
	2000
	waste water 1, direct discharge

	LDA-04
	Municipal STP
	84% (default)
	NA
	NA
	agricultural soil (STP sludge)
	2000
	waste water 1 + STP

	LDA-04
	Treatment rainwater
	99.9
	55
	90
	Landfill
	2000
	waste water 2; rainwater treated 

	LDA-05
	Treatment rainwater
	No on-sitetreatment
	No on-sitetreatment
	No on-sitetreatment
	No on-sitetreatment
	2000
	

	LDA-06
	Physico-chemical
	>95
	47
	100
	Landfilled
	2000
	

	LDA-07
	No emissions (dry process)
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	

	LDA-08
	Physico-chemical
	99.9
	60
	12
	landfilled
	2000
	

	LDA-09
	Physico-chemical
	97
	182
	30,000
	Landfilled
	2000
	

	LDA-09
	Municipal STP
	84% (default)
	NA
	NA
	agricultural soil (STP sludge)
	2000
	

	LDA-10=

LDA-30
	No on-sitetreatment
	No on-sitetreatment
	No on-sitetreatment
	No on-sitetreatment
	No on-sitetreatment
	2000
	

	LDA-11
	ALL WATER RECYCLED, NO EMISSIONS
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	

	LDA-12
	Physico-chemical
	99
	268
	157,770
	Landfilled
	2000
	

	LDA-13
	Physico-chemical
	50-70%
	34
	500,000
	Recycled
	2000
	

	LDA-13


	Municipal STP
	84% (default)
	NA
	NA
	agricultural soil (STP sludge)
	2000
	

	LDA-23
	Physico-chemical
	99
	2.7
	NA
	landfilling 
	2002
	

	LDA-23
	Municipal STP
	84% (default)
	NA
	NA
	Agricultural soil
	2002
	


Table 3.1‑22
Waste information

	Plant N°
	Type of waste produced
	Quantity of waste 

(tons/year)
	Pb content


	Waste disposal type
	Comments

	LDA-04
	NA
	282
	20% ww
	inertisation and landfilling
	

	LDA-05
	powder and packaging
	453
	30% Pb dry weight
	Landfilling
	

	LDA-06
	NA
	51
	200 mg/g on dry weight (max)
	Landfilling
	

	LDA-07
	powder and packaging
	72
	NA
	disposal site
	

	LDA-08
	Waste, packaging, lead containing waste to secondary smelter
	764
	NA
	landfill and secondary smelter
	

	LDA-09
	packaging material

solid production waste
	966
	350 mg Pb/g
	landfill and secondary smelter
	

	LDA-10=

LDA-30
	bag filters, plastic, paper and common waste for landfill

paper and plastic bags, pallets, plastic drums for recycling

used oil for recovery
	60.1
	NA
	landfill and recycling


	

	LDA-11
	NO DATA
	
	
	
	

	LDA-12
	NA
	268
	115.2 mg Pb/g (dry weight)
	landfilled (class I)
	

	LDA-13
	NA
	745
	500 mg/g Pb
	incineration, landfilling, recycling
	

	LDA-23
	cleaning residues brickwork 

hydroxide cake
	52
	12.9% in waste for burning; 6 ppm for landfill
	burning and landfilling (+ sludge)
	


· Lead crystal glass production (11 sites)

Lead crystal glass manufacturing plants that have provided data are situated in 7 different EU countries, including the countries in which the majority of the EU lead crystal glass production takes place i.e. France, Germany, Italy, Austria and Ireland. For reasons of confidentiality the International Crystal Federation has asked for information on the number of respondents and tonnages of respondents in each Member State not to be included in the risk assessment report. The majority of the lead crystal glass production takes place in France, Germany and Italy. The sites are shown in Figure 3.1-23.
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Figure 3.1‑23
EU map of lead crystal glass production sites

An overview of Pb emissions to water and air from Pb crystal glass producers (11 sites) is presented in Table 3.1-23 and Table 3.1-24 respectively. Table 3.1-25 and Table 3.1-26 present information for on-site WWTP and waste information.

Information available:

· All lead crystal glass producers reported information on emissions to water (emission factors varying between 0.45 and 7,238 g/ton) (11/11). The total EU emission to suface water from the Pb crystal glass producing sector amounts to 4,135 kg Pb/year. LDA-79 and 87 state that emissions to water are non-existent or negligible. LDA-81, 82, 83 and 85 declare that their effluent is discharged to the sewer with additional treatment in a municipal STP. For these plants, two scenarios have been performed; one without STP (direct discharge, worst case situation) and one with municipal STP (after STP, real case).

· Most companies presented information on air emissions (stack emissions) (emission factors between 0.41 and 1400 g/ton) (9/11). The total EU emission to the air compartment from Pb crystal glass producers is 500 kg Pb/year. Two companies stated that they could not provide usable data –LDA-85: emissions analysed once per year under conditions of maximum emission, concentration only is provided- or that no emissions were detected –LDA-86: monitoring at extraction from batch charging at tank melting furnace.

· Number of production days (224-366) (11/11)

· Measured effluent concentrations, effluent discharge rates and type of receiving water (river, canal, municipal STP, estuary) are reported for the majority of the companies (9/11)

· Information for on-site WWTP reveals that for most of the sites the waste water undergoes physico-chemical treatment (on site) before discharge to the receiving surface water and/or municipal STP (9/11). The sludge is either recycled or disposed to a landfill. Detailed information for the WWTP –amount of sludge produced and Pb content (g/ton)- is available for 8 of 11 sites.

· Waste information is reported for 10 of 11 sites (10/11). The waste is mainly recycled and disposed to a landfill, in one case reused in brick production.

Information limited/lacking:

· The flow of the receiving surface water –necessary to calculate a site specific dilution factor- is available for 5 companies only (5/11).

· Fugitive air emissions were not estimated (0/11).

The results of the gap analysis for this industry sector are summarised in Figure 3.1-24. A high data availability can be seen for emission to water and air (stack) emissions, number of emission days, effluent flow, effluent concentration, water body type, WWTP information, waste information. An intermediate data availability can be observed for flow rate of the receiving surface water. No information was provided on fugitive air emissions.
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Figure 3.1‑24
Overview of data gaps for lead crystal glass production

Table 3.1‑23
Aquatic emissions from lead crystal glass producing plants in the EU  

	Plant N°
	Country

confidential
	Production

volume 

(t/y)

confidential
	Emission

(kg Pb/y) 
	Emission factor

(g/t)
confidential
	Conc. In effluent 

(M/E (T/D))
	Number of discharge

Days
	Conc.

In effluent

(mg Pb/l)

(avg/90th perc.)
	Effluent flow

(m³/d)
	Type receiving water body
	Flow receiving

water

(m³/d)
	Year
	Comments

	LDA-78
	
	
	248
	
	M (T)
	365
	1.5 (90P)
	1,080
	canal
	184,032
	2000
	

	LDA-79
	
	
	0
	
	E (T)
	347
	0
	0
	river
	NA
	2000
	Not applicable, no emissions to water.

	LDA-80
	
	
	1,491
	
	M (T)
	224
	31.60 (mean)
	130
	river
	NA
	2002
	Process water from cutting and finishing workshops; cutting caps of the glasses after blowing and cooling down. No water treatment for this at the moment; installation of WWTP in 2 years.

	LDA-80
	
	
	
	
	M (T)
	224
	0.11 (mean)
	
	river
	NA
	
	Effluent from on site WWTP for waters from acid polishing

	LDA-81
	
	
	17.8
	
	M (T)
	250
	0.29 (mean)
	43 
	STP
	NA
	2000
	

	LDA-81
	
	
	
	
	
	
	0.0010 (mean)
	2,000
	river
	NA
	
	Effluent conc.: removal in STP (84%) and extra dilution : 46.5

	LDA-82
	
	
	13
	
	M (T)
	366
	0.29 (90P)
	121
	STP
	NA
	2000
	

	LDA-82
	
	
	
	
	
	
	0.003 (90P)
	2,000
	river
	NA
	
	Effluent conc.: removal in STP (84%) and extra dilution : 16.5

	LDA-83
	
	
	2
	
	M (T)
	366
	0.09 (mean)
	67
	STP
	NA
	2000
	

	LDA-83
	
	
	
	
	
	
	0.0005 (mean)
	2,000
	river
	NA
	
	Effluent conc.: removal in STP (84%) and extra dilution : 30.1

	LDA-84
	
	
	3
	
	M (T)
	320
	0.19 (mean)
	89
	river
	105,000
	2000
	

	LDA-85
	
	
	167
	
	M (T)
	365
	0.23 (90P)
	2,851
	river
	1,785,600


	2000
	

	LDA-85
	
	
	
	
	
	
	0.05 (90P)
	2,000
	STP
	1,785,600


	
	Effluent conc.: removal in STP (84%) and extra dilution : 0.7

	LDA-86
	
	
	2,190
	
	M (T)
	365
	4.9 (90P)
	1,730
	estuary
	885,600
	2000
	Emission to community sewer, but not yet treated (2006)

	LDA-87
	
	
	0
	
	E (T)
	365
	0
	0
	river
	NA
	2000
	Negligible ???

	LDA-88
	
	
	4
	
	M (T)
	365
	0.037 (90P)
	690
	river
	57,600
	2000
	

	TOTAL
	
	20,566
	4,135
	
	
	
	
	
	
	
	
	


Table 3.1‑24
Atmospheric emissions from lead crystal glass producing plants in the EU

	Plant N°
	Country
confidential
	Production volume

(ton/y)

confidential
	Stack emission

(kg Pb/ y)
	Emission factor (stack)

(g/t)
confidential
	Fugitive emission

(kg Pb/y)
	Emission factor (fug.)

(g/t)
confidential
	Number of discharge days
	Year
	Comments

	LDA-78
	
	
	5.00
	
	NA
	
	365
	2000
	

	LDA-79
	
	
	1.93
	
	NA
	
	347
	2000
	

	LDA-80
	
	
	14.30
	
	NA
	
	224
	2000
	

	LDA-80
	
	
	0.38
	
	NA
	
	224
	2002
	Reason for large reduction in emissions?  No significant change in emissions of lead to air. Total dust is stable around 80 kg/year. Only one measurement per year, so the conditions  can have varied very much between two results.

	LDA-81
	
	
	108.00
	
	NA
	
	250
	2000
	 

	LDA-82
	
	
	82.56
	
	NA
	
	366
	2000
	 

	LDA-83
	
	
	1.41
	
	NA
	
	366
	2000
	 

	LDA-84
	
	
	218.00
	
	NA
	
	320
	2000
	

	LDA-85
	
	
	Conc. <0.001 mg/m3 Pb, 5000 times lower than the limit of 5 mg/m3
	
	NA
	
	365
	2000
	Emissions to air analysed once per year under conditions of maximum emission. Therefore not usable for calculations of emissions to air !

	LDA-86
	
	
	NA
	
	NA
	
	365
	2000
	Only monitoring is at extraction from batch charging at tank melting furnace. No emissions detected

	LDA-87
	
	
	34.00
	
	NA
	
	365
	2002
	Following the installation of a filtration unit the figures for 2002 for annual emissions of lead to air were 34 kg These figures are confirmed by the current rate of collection by bag filter

	LDA-88
	
	
	35
	
	NA
	
	365
	2000
	80% of the emission comes from  the pot furnace in service to provide special items, out of the standard range of production.

	TOTAL
	
	20,566
	500
	
	
	
	
	
	


Table 3.1‑25
On-site Waste Water Treatment Plant (WWTP) and sludge information 
	Plant N°
	Type of WWTP
	Efficiency

(% Pb removal)
	Amount of sludge produced 

(t/y)
	Pb Content

(g/ton)
	Destination sludge
	Year
	Comments

	LDA-78
	Physico-chemical treatment 
	>99.5
	311
	150,000-200,000
	recycling
	2000
	Treatment of centrifugation and flocculation of water of cutting processes. Treatment of  decantation and neutralization by lime-filtration and drying of sludges

	LDA-79
	Not applicable
	NA
	Not applicable
	Not applicable
	Not applicable
	
	Not applicable

	LDA-80
	Physico-chemical treatment
	100
	216 (ww; humidity approx. 50%)
	NA
	Landfill category 1 (highest surveillance)
	2000
	Only waste water from acid polishing plant is treated. Water is neutralized, material is filtered out by vacuum system.

	LDA-81
	Process waste water is filtered prior to discharge (filter press)
	NA
	730
	2267
	Landfill (special lined for this type of waste)
	2000
	

	LDA-82
	Physico-chemical treatment
	95-98
	65.2
	67
	landfill
	2000
	Waste water from cut-off and grinding is flocculated. Part of clear water is recycled; part flows in common clarification plant. Flocks are pressed in filter-press

	LDA-83
	Physico-chemical treatment
	95
	2253
	2600
	Recycled to building material
	2000
	Neutralization of acid water by lime milk, followed by precipitation of heavy metals using special chemicals.

	LDA-84
	Physico-chemical treatment
	88.3-99.9
	265
	2%
	landfill
	2000
	Neutralisation, chemical treatment, flocculation, sedimentation

	LDA-85
	Physico-chemical treatment
	99.8
	2445
	16
	landfill
	2000
	Mechanical, inorganic wwtp with heavy metal elimination (flocculation)

	LDA-86
	Physico-chemical treatment
	85
	Cutters: 200

Gypsum: 2500
	30%

<1%
	Landfill and reuse
	2000
	Waste water from acid production is neutralised with lime. Cooling/lubricating wate from cutting/grinding to settlement tanks; clarified water is discharged to local sewer system.

	LDA-87
	Not applicable
	0
	Not applicable
	Not applicable
	Not applicable
	
	Not applicable

	LDA-88
	NA
	95-98
	NA
	NA
	recycled
	2000
	



Table 3.1‑26
Waste information

	Plant N°
	Type of waste produced
	Quantity of waste 

(tons/year)
	Pb content

(%)
	Waste disposal type
	Comments

	LDA-78
	Refractory waste for abrasive or new refractory manufacturing (after sorting)

Various solid waste: textiles, packaging
	500

6
	variable
	Recycling

Final disposal
	Compliance with waste regulation

	LDA-79
	NA
	21.04

15.1
	NA
	Final disposal

reuse
	

	LDA-80
	Part of cullets recycled (externally)

Big bags litharge and red lead


	-

1355


	NA

NA
	Recycling (external)

Final disposal
	

	LDA-81
	Solid caked waste 
	54
	59.7 mg Pb/g dw
	landfill
	

	LDA-82
	Filter cake

Batch residue

Furnace material
	65.2

13.5

3.3
	67 mg Pb/kg dw
	landfill
	

	LDA-83
	Acid sludge

Cutting sludge

Calcium sulphate
	234

209

2044
	1.5 mg/g dw
	Landfill

Reuse

reuse
	

	LDA-84
	Sludge

Dust

glass
	265

53

480
	2.8% (dry)

60% (dry)
	landfill
	

	LDA-85
	NA
	6353

4030
	NA
	Landfill

Reuse (brick production)
	

	LDA-86
	Glass

cullet
	12384

899
	32% but less than 1% of landfill waste

32%
	Final disposal

reuse
	

	LDA-87
	Cullet for lead recovery
	119
	240 mg/g 
	recycling
	

	LDA-88
	NA
	NA
	NA
	NA
	Section to be covered later


· Additional exposure assessment: sector specific generic scenarios (worst case)

This section gives an overview of the results of the generic exposure assessment performed for different Pb industry sectors for which EU production/use tonnage is not sufficiently covered by industry questionnaire information. It should be noted however that the applied generic scenarios are worst case scenarios and as a consequence present worst case exposure concentrations for the different industry sectors. Therefore, it must be stressed that the results from the site specific exposure assessment are preferably used over the results from the generic scenarios. It should be clear that the data generated in the additional ‘generic’ exposure assessment should only be used for non-covered sites. Please note that both the results of the specific and generic exposure assessments will be used in order to assess the environmental risk of the complete sector.

For each production sector not fully covered -i.e. lead metal production, lead oxide production, lead stabiliser production- 2 different generic scenarios have been applied. In the first scenario the ‘average remaining tonnage’ Pb produced per site is calculated from the total remaining tonnage used in the EU and the number of remaining companies in that sector. Emissions to air and water are estimated applying maximum or 90P representative emission factors for the sector. In the second scenario a ‘reasonable worst case rest tonnage’ Pb produced per site is calculated on the basis of the average remaining tonnage per site and the variance of the known sites (assuming log normal distribution). Air and water emissions are calculated applying maximum or 90P representative emission factors for the sector. 

The use of a maximum versus 90P emission factor depends on the data availability (see flow-chart below). If the number of datapoints (emission factors) available is sufficiently large (>10); the 90P of the dataset is proposed as a reasonable worst case emission factor for the sector. In the other case –number of datapoints <10- the maximum emission factor is used (all other sectors).
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The daily emissions to air and surface water in each scenario have been estimated as follows:

Scenario 1:

· Remaining tonnage Pb produced in a specific sector (calculated as total EU tonnage – covered tonnage by sites)

· Remaining number of sites in a specific sector (calculated as total number of sites in EU – number of covered sites)

· Calculation of ‘average site tonnage’ by dividing the remaining tonnage by the remaining number of companies in the sector

· Application of representative maximum emission factors (air, water) for the sector

· Application of default number of emission days 

· Calculation of daily emissions to air, water

· Calculation of environmental concentrations for a TGD defined environment (discharge rate STP: 2000 m3/d, dilution factor surface water: 10,…)

Scenario 2: 

· Average site tonnage for remaining sector (see scenario 1)

· Derivation of variance of the known sites (assuming log normal distribution; 1.29* stdev(individual production tonnage specific sites))

· Calculation of ‘reasonable worst case tonnage’ (90P) by adding the average site tonnage and the variation of the known sites

· Application of representative maximum emission factors (air, water) for the sector

· Application of default number of emission days 

· Calculation of daily emissions to air, water

· Calculation of environmental concentrations for a TGD defined environment (discharge rate STP: 2000 m3/d, dilution factor surface water: 10,…)

The uncertainty associated with the derivation of the size of hypothetical sites is estimated by means of confidence intervals (5-95% CI). Confidence intervals are calculated based on parameteric bootstrapping (a log normal distribution was assumed) and a finite population correction factor to account for the coverage of the sector. 
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In Tables 3.1-27 and 3.1-28 an overview is given of input values and results from the generic exposure assessments for different Pb industry sectors for the aquatic compartment (water, sediment), air and soil compartment. 

The generic scenarios will be evaluated and the results will be compared with the results from the site specific exposure assessment. 

· Lead metal production

The results from scenario 1 (average size site) and scenario 2 (90P size site) show that the calculated PECtotal values in surface water vary between 2.40 and 4.72 µg/l. In comparison, PECtotal levels derived from the site specific exposure assessment are situated between 0.61 µg/l and 4.09 µg/l. For all other sites PECtotal levels below 1.53 µg/l were derived. For all of the metal production sites, the site specific exposure values are situated below the generic PECs. The difference between exposure values reveals the worst case conditions of the generic scenarios that should only be used for worst case assessments of non-covered sites. PECtotal values in sediment of 577-1254 mg/kg dw (scenario 1: modelled regional background: 55.4 mg/kg dw, no historic contamination) – 622-1299 mg/kg dw (scenario 2: measured regional background: 100.1 mg/kg dw, includes historic contamination) are calculated.

For the air compartment the PECtotal values are 718-1625 ng/m3 (scenario 1 and 2 respectively). From the site specific exposure assessment for the metal production sector PECtotal levels between 58 and 2282 ng/m3 are derived. The PECtotal soil values in the soil compartment –as a result of aerial deposition only- are 28.6–29.0 mg/kg dw. Calculated PECtotal soil values in the site specific assessment vary between 28.3 and 31.9 mg/kg dw.

· Lead oxide production

No generic scenario was performed for the aquatic compartment since there are no process water emissions arising from lead oxide production. 

For the air compartment the PECtotal values are 452-800 ng/m3 (scenario 1 and 2 respectively). From the site specific exposure assessment for the metal production sector PECtotal levels between 29 and 302 ng/m3 are derived. The PECtotal soil values in the soil compartment –as a result of aerial deposition only- are 28.5–28.7 mg/kg dw. Calculated PECtotal soil values in the site specific assessment vary between 28.3 and 28.4 mg/kg dw.

· Lead stabiliser production

The results from scenario 1 (average size site) and scenario 2 (90P size site) show that the calculated PECtotal values in surface water vary between 0.80 and 1.02 µg/l. In comparison, PECtotal levels derived from the site specific exposure assessment are situated between 0.61 µg/l and 0.94 µg/l (peak value). For all other sites Pb concentrations in surface water below 0.65 µg/l were calculated. For the majority of the lead stabiliser production sites, the site specific exposure values are situated below the generic PECs. PECtotal values in sediment of 111-174 (scenario 1: modelled regional background: 55.4 mg/kg dw, no historic contamination) - 156-219 mg/kg dw (scenario 2: measured regional background: 100.1 mg/kg dw, includes historic contamination) are calculated.

For the air compartment the PECtotal values are 28-37 ng/m3 (scenario 1 and 2 respectively). From the site specific exposure assessment for the lead stabiliser production sector PECtotal levels between 20 and 248 ng/m3 are derived. The PECtotal soil values in the soil compartment –as a result of aerial deposition only- are 28.3 mg/kg dw. Calculated PECtotal soil values in the site specific assessment vary between 28.3 and 29.5 mg/kg dw.

Conclusions on uncertainty

The uncertainty associated with the derivation of the size of hypothetical sites is estimated by means of confidence intervals (5-95% CI) (Tables 3.1-27a-Table 3.1-27b). Due to the fact that for all three sectors, a medium to high site based coverage is obtained (60-70%) and a substantial amount of data was collected (4-23 datapoints); calculated confidence intervals are relatively small. This means that for all sectors considered in the generic scenario, the uncertainty associated with the derivation of average and 90P sizes is very low.

Table 3.1‑27a
Overview of results of generic scenarios for the aquatic compartment (water and sediment) 

	
	Total non-covered tonnage
	Number of non-covered sites
	Site tonnage
	Max. emission factor water (g/t)
	Number of production days
	Emission to water (kg/d)
	Ceffluent

(mg/l)

(discharge rate STP: 2000 m3/d)
	Dilution factor

(Default TGD)
	Clocal water

(µg/l)
	PECtotal local water

(µg/l)

(PECtotalreg: 0.61 µg/l)
	Csediment

(mg/kg dw)
	PECtotal sediment

(mg/kg dw)

(PECtotalreg: 55.4 mg/kg dw) 
	PECtotal sediment

(mg/kg dw)

(PECtotalreg:

100.1 mg/kg dw)

	Pb metal production

	Scenario 1 average site, max. emission factor
	228,600
	9
	25,400

(CI: 18,089-34,604)
	2.20
	288
	0.19
	0.10
	10
	1.79
	2.40
	521.57
	577
	622

	Scenario 2: 90P site, max. emission factor
	228,600
	9
	58,363

(CI: 41,577-78,882)
	2.20
	288
	0.45
	0.22
	10
	4.11
	4.72
	1198.43
	1254
	1299

	Summary
	
	
	
	
	
	0.19-0.45
	0.10-0.22
	10
	1.79-4.11
	2.40-4.72
	522-1198
	577-1254
	622-1299

	Pb oxide production

	Scenario 1 average site, max. emission factor
	48,300
	3
	16,100

(CI: 10,597-23,114)
	No process water emissions from lead oxide production
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable

	Scenario 2: 90P site, max. emission factor
	48,300
	3
	29,850

(CI: 16,531-43,727)
	No process water emissions from lead oxide production
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable

	Summary
	
	
	
	
	
	
	
	
	
	
	
	
	

	Pb stabiliser production

	Scenario 1 average site, max. emission factor
	3,900
	6
	650

(CI: 283-1,203)
	9.9
	302
	0.02
	0.01
	10
	0.20
	0.80
	55.50
	111
	156

	Scenario 2: max site, max. emission factor
	3,900
	6
	1,392

(CI: 693-2,624)
	9.9
	302
	0.04
	0.02
	10
	0.41
	1.02
	118.85
	174
	219.45

	Summary
	
	
	
	
	
	0.02-0.04
	0.01-0.02
	
	0.20-0.41
	0.80-1.02
	56-119
	111-174
	156-219


Table 3.1‑27b
Overview of results of generic scenarios for the air and soil compartment 

	
	Total (rest) tonnage
	Number of (rest) sites
	Site tonnage
	Max. emission factor air
	Number of production days
	Emission to air (kg/d)
	Clocal air

(ng/m3)
	PECtotal local air

(ng/m3)

(PECtotalreg: 20 ng/m3)
	Aerial deposition rate

(mg/m2.d)
	Csoil

(mg/kg dw)
	PECtotal soil

(mg/kg dw)

(PECtotalreg: 28.3 mg/kg dw)

	Pb metal production

	Scenario 1 Average site, max. emission factor
	228,600
	9
	25,400

(CI: 18,089-34,604)
	36.1
	288
	3.18
	698
	718
	2.51E-02
	0.31
	28.6

	Scenario 2 90P site, max. emission factor
	228,600
	9
	58,363

(CI: 41,577-78,882)
	36.1
	288
	7.30
	1605
	1625
	5.77E-02
	0.71
	29.0

	Summary
	
	
	
	
	
	3.2-7.3
	698-1605
	718-1625
	0.03-0.06
	0.31-0.71
	28.6-29.0

	Pb oxide production

	Scenario 1 average site, max. emission factor
	48,300
	3
	16,100

(CI: 10,597-23,114)
	35.2
	341
	1.66
	432
	452
	1.55E-02
	0.19
	28.5

	Scenario 2: 90P site, max. emission factor
	48,300
	3
	29,850

(CI: 16,531-43,727)
	35.2
	341
	3.11
	800
	820
	2.88E-02
	0.35
	28.7

	Summary
	
	
	
	
	
	1.66-3.11
	432-800
	452-820
	0.016-0.029
	0.19-0.35
	28.5-28.7

	Pb stabiliser production

	Scenario 1 average site, max. emission factor
	3,900
	6
	650

(CI: 283-1,203)
	16
	265
	0.04
	8
	28
	2.85E-04
	0.003
	28.3

	Scenario 2: 90P site, max. emission factor
	3,900
	6
	1,392

(CI: 693-2,624)
	16
	265
	0.08
	17
	37
	6.10E-04
	0.07
	28.3

	Summary
	
	
	
	
	
	0.04-0.08
	8-17
	28-37
	2.85E-04 – 6.10E-04
	0.003-0.07
	28.3


· Releases at emission inventory tresholds levels

Emission inventory tresholds for Pb reported by different European Environment Agencies (France, UK, EPER) vary beween 20 and 100 kg Pb/year for water and 10-300 kg Pb/year for air. In order to estimate the PEC values for different environmental compartments associated with these treshold emissions; a generic exposure asssessment was performed; assuming a standard environment and default values (for discharge rate; number of emission days, dilution factor,...) as defined in the TGD and applied in the generic scenarios (section 3.1.3.3).

The results of the exercise are presented in Table 3.1-28a- Table 3.1-28b below.

Daily emissions to water vary between 0.07-0.33 kg Pb/d. Effluent concentrations –calculated from these emissions using a default discharge rate of 2000 m3/d- vary between 0.03 and 0.17 mg Pb/l. Local sediment concentrations, determined using the partitioning methodology vary between 179 and 896 mg/kg dw. PECtotal values in sediment of 235-951 mg/kg dw (scenario 1: modelled regional background: 55.4 mg/kg dw, no historic contamination) - 279-996 mg/kg dw (scenario 2: measured regional background: 100.1 mg/kg dw, includes historic contamination) are calculated.

Daily emissions to air vary between 0.03-1.0 kg Pb/d. Local air concentrations and PECtotal air values of 8-228 ng/m3 and 28-248 ng/m3, respectively, are calculated. Local soil concentrations vary between 0.003-0.10 mg/kg dw. The PECtotal soil values in the soil compartment –as a result of aerial deposition only- are 28.3-28.4 mg/kg dw (no sludge application).

Since there is a possibility of sewage sludge being applied to agricultural land for some uses -e.g. sites using Pb stabilisers in PVC- two sludge scenarios are incorporated in the emission inventory threshold approach: one using the limit value for lead in sewage sludge of 750 mg/kg dw (worst case scenario, EU limit Sewage Sludge Directive 86/278/EEC) and the other with the average Pb content in sewage sludge of 124 mg/kg dw (real case, EU-27) (EC, 2006).

This results in the calculation of local soil concentrations of 2.1-2.2 mg/kg dw (average Pb conc.) and 12.5-12.6 mg/kg dw (limit value). The PECtotal soil values in the soil compartment –as a result of aerial deposition and sludge application are 30.4-30.5 mg/kg dw (average Pb concentration) and 40.8-40.9 mg/kg dw (limit value).

Table 3.1‑28a
Overview of results of emission inventory thresholds for the aquatic compartment (water and sediment) 

	
	Emission threshold

(kg/y)
	Number of production days
	Emission to water (kg/d)
	Ceffluent

(mg/l)

(discharge rate STP: 2000 m3/d)
	Dilution factor

(Default TGD)
	Clocal water

(µg/l)
	PECtotal local water

(µg/l)

(PECtotalreg: 0.61 µg/l)
	Csediment

(mg/kg dw)
	PECtotal sediment

(mg/kg dw)

(PECtotalreg: 55.4 mg/kg dw) 
	PECtotal sediment

(mg/kg dw)

(PECtotalreg:

100.1 mg/kg dw)

	EPER
	20
	300
	0.067
	0.03
	10
	0.61
	1.22
	179.13
	235
	279

	French threshold
	100
	300
	0.33
	0.17
	10
	3.07
	3.68
	895.63
	951
	996

	UK treshold
	20
	300
	0.067
	0.03
	10
	0.61
	1.22
	179.13
	235
	279

	Summary
	20-100 kg/y
	
	0.067-0.33 kg/d
	0.03-0.17 mg/l
	
	0.61-3.07 µg/l
	1.22-3.68 µg/l
	179-896 mg/kg dw
	235-951 mg/kg dw
	279-996 mg/kg dw


Table 3.1‑28b
Overview of results of emission inventory tresholds for the air and soil compartment 

	
	Emission threshold

(kg/y)
	Number of production days
	Emission to air (kg/d)
	Clocal air

(ng/m3)
	PECtotal local air

(ng/m3)

(PECtotalreg: 20 ng/m3)
	Aerial deposition rate

(mg/m2.d)
	Csoil

(mg/kg dw)
	PECtotal soil

(mg/kg dw)

(PECtotalreg: 28.3 mg/kg dw)

	No sludge
	
	
	
	
	
	
	
	

	EPER
	200
	300
	0.67
	152
	172
	5.48x10-3
	0.07
	28.4

	French threshold
	300
	300
	1.00
	228
	248
	8.22x10-3
	0.10
	28.4

	UK treshold
	10
	300
	0.03
	8
	28
	2.74x10-4
	0.003
	28.3

	Summary
	10-300 kg/y
	
	0.03-1.00 kg/d
	8-228 ng/m3
	28-248 ng/m3
	2.74x10-4-8.22x10-3
	0.003-0.10 mg/kg dw
	28.3-28.4 mg/kg dw

	Sludge application; avg conc. 124 mg/kg dw
	
	
	
	
	
	
	
	

	EPER
	200
	300
	0.67
	152
	172
	5.48x10-3
	2.14
	30.4

	French threshold
	300
	300
	1.00
	228
	248
	8.22x10-3
	2.17
	30.5

	UK treshold
	10
	300
	0.03
	8
	28
	2.74x10-4
	2.07
	30.4

	Summary
	10-300 kg/y
	
	0.03-1.00 kg/d
	8-228 ng/m3
	28-248 ng/m3
	2.74x10-4-8.22x10-3
	2.1-2.2 mg/kg dw
	30.4-30.5 mg/kg dw

	Sludge application; limit value: 750 mg/kg dw
	
	
	
	
	
	
	
	

	EPER
	200
	300
	0.67
	152
	172
	5.48x10-3
	12.60
	40.9

	French threshold
	300
	300
	1.00
	228
	248
	8.22x10-3
	12.63
	40.9

	UK treshold
	10
	300
	0.03
	8
	28
	2.74x10-4
	12.53
	40.8

	Summary
	10-300 kg/y
	
	0.03-1.00 kg/d
	8-228 ng/m3
	28-248 ng/m3
	2.74x10-4-8.22x10-3
	12.5-12.6 mg/kg dw
	40.8-40.9 mg/kg dw


· Release from private use 

· Targeted assessment: lead in ammunition
Introduction

In 2004 an initial draft of the regional exposure assessment was finalised in which emissions of diffuse environmental sources of lead (compounds) were quantified (ECOLAS, draft 2004). In this preliminary analysis shooting (as a sport or recreative activity) and hunting activities were identified as potential important lead sources for the soil compartment. Lead ammunition accounted for 30% of the total Pb-emissions to soil in the European Union (see Figure 3.1-25). As a result, it was deemed appropriate to initiate a more detailed study (targeted risk assessment) on the emissions due to the use of lead ammunition in order to assess the potential impact of shooting and hunting.
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Figure 3.1‑25
Pb emission sources to water air and soil (From ECOLAS, draft March 2004)

This targeted study will primarily focus on the following issues:

· Refinement/development of the methodologies used for the assessment of regional and continental emissions of lead associated with the use of lead ammunition and bullets for hunting and sport shooting. This includes a detailed literature study on the different types of activities involved, use of lead ammunition, the types of ammunition, corrosion rates of lead ammunition, management techniques for shooting ranges, measured environmental concentrations in the surrounding of shooting ranges etc. 

· Development of generic regional and local exposure scenarios representative for hunting/shooting ranges in Europe (including future emissions from historical deposition). 

· Regional and local risk characterisation

Use pattern

In this section, several scenarios on the use of lead ammunition are described. Lead ammunition is covering lead shot, lead pellets and bullets. 

For the release estimation of substances according to the TGD (1996, 2003), a distinction is usually made between substances that are emitted through point sources at specific locations and substances that enter the environment over a wider area through diffuse releases. Point source releases have a major impact on the environmental concentration on a local scale (PEClocal) but also contribute to the environmental concentrations on a larger scale (PECregional) (EC, 1996). Local sites are considered as technical areas with no ecological value. Only ecologically relevant compartments receiving Pb emissions and surrounding the technical area are assessed. In a regional scenario, no technical area is defined and Pb emissions are spread out over a large area. Consequently, every ecological relevant compartment is assessed. For each of the scenarios discussed below, it is indicated whether a local and/or regional assessment is performed (overview is given in in Table 3.1-29). The scenarios with a mark between brackets are only qualitatively assessed since there is insufficient TGD guidance to conduct a quantitative assessment (see further). 

Table 3.1‑29: Overview of considered scenarios in a local and/or regional assessment

	Scenario
	Local
	regional

	Outdoor pistol/rifle range
	X
	

	Outdoor pistol/rifle area
	(X)
	

	Clay target shooting ranges (trap and skeet)
	X
	X



	Clay target shooting areas (trap and skeet)
	(X)
	

	Sporting clay range
	(X)
	

	Hunting area
	(X)
	


Sorvari et al. (2006) made an extensive inventory of Finnish shooting ranges collected using questionnaires. Regional environment Centres, local hunting associations, communal environmental authorities and the armed forces assisted with data collection. According to their survey, in Finland rifle ranges form the most common shooting range type, representing ca. 40% of the total number. The proportion of shotgun areas is ca. 30% and of pistol ranges ca. 20%.

A clear distinction should be made between shooting ranges and shooting areas:

· A shooting range is defined as “an area designed and operated specifically for recreational shooting”. The owner/operator of the site complies with environmental regulations and it is assumed there will be remediation upon closure. The range has a clearly defined boundary and it is assumed that lead ammunition is not allowed to exceed the boundary of the range. A shooting range can therefore be considered as technical area under the EU New and Existing Substances directive. Consequently, environmental risk for soil within the site is not considered because the drop fall zone of Pb shot is considered to be within the shooting range perimeters and the soil risk of local industrial sites is not considered in the TGD (1996; 2003).

· Shooting areas are “areas not specifically designed and operated for shooting but where shooting activities can take place”. These ranges do not comply with best practise guidelines and may not be subject to, or comply with, relevant environmental regulations. The definition of a shooting area clearly differs among the EU member states. For example in the Flemish environmental legislation (Belgium), shooting areas are defined as “shooting contests organised maximum twice per year on the same piece of land with a maximum duration of 4 consecutive days”. Shooting areas are exempted from the Flemish soil pollution regulation and can therefore not be considered as technical areas. 

National environmental or other laws or ordinances vary in the extent to which deposition of lead shot outside the perimeter of the shooting range is permitted and in the extent to which remediation is required upon closure.  The general trend is towards increasing restrictions on ammunition falling outside the range boundary. In addition to regulatory trends, industry promotes voluntary actions by range operators to avoid any Pb shot deposition outside the range perimeters. AFEMS (2002) recommends avoiding shooting over arable land and spent shot from clay target shooting should not fall into wetlands. In Europe, the shot fall zone is typically owned by a private person or company. Lead shot may also be restricted from falling outside the clay target range perimeters for human safety reasons alone (AFEMS, personal communication). In Finland, most shooting ranges are open and accessible (Sorvari et al., 2006). However according to Industry, shooting ranges are typically fenced areas in Europe. The concept is that clay target shooting ranges are increasingly becoming accessible only to the operators and shooters. In most countries today, remediation to an appropriate level is forced by law when closing a clay target shooting range. 

Additional (legislative) information from three European regions/countries (Finland, Flanders (Belgium) and Germany) was collected to illustrate the definition of shooting range:

· In Finland, ownership is an important factor when remedial actions are needed. Finnish environmental legislation follows the polluter pays principle, which places the liability on the polluter (Sorvari et al., 2006). The Environmental Protection Act states that: "Any party whose activities have caused the pollution of soil or groundwater is required to restore said soil or groundwater to a condition that will not cause harm to health or the environment or represent a hazard to the environment”. In the case of recreational shooting activities, the polluters are individuals belonging to a non-profit-making club, a circumstance hardly likely to be proven liability for the adverse environmental consequences of their activities. According to the current legislation, if the polluter is indigent, liability can be transferred to the landowner and thence to the municipalities and finally to the state. According to Sorvari’s (2006) survey, Finnish shooting ranges are mainly privately owned (40%). Very often the landowner is a private person or a shooting or hunting club. Communally owned ranges represent 13%, and state owned ranges 10%, of the total number. Ownership data were unavailable for one-third of all ranges. 
· In Flanders (Belgium), shooting ranges for fire arms (excluding paintball shooting) are subject to a preliminary and descriptive soil examination when land is transferred from ownership or every 20 years (Heyman & Smout, 2005; VLAREBO; 1996). A preliminary soil investigation provides indications on the degree of soil pollution. Remediation depends on the degree of pollution and the time it has been established (recently or long ago). The first step in the process of remediation is a descriptive soil study which tries to find out about the dispersion of the pollution and its future evolution. Moreover, the risks of the pollution are evaluated. If pollution limits are exceeded, a soil remediation project is worked out.
· According to the knowledge of Prof. Crössman (personal communication), there are no agricultural used sites within the boundaries of the ranges (shot fall zone) in Germany. There are often agreements (with financial compensation) between the operator and the farmer not to use these sites. In many cases the operator would like to buy the sites (Prof. Crössman, personal communication). 

Although the picture may vary considerably from country to country within the EU, the trend is increasing towards containing the lead shot within the range perimeter.  Indeed agricultural activities are either forbidden by law in many countries or discouraged in all the rest (AFEMS, personal communication).

Based on the information above, one can conclude that many clay target ranges throughout the EU can be considered as technical areas to be assessed in a local scenario. In this local assessment, it is assumed that clay target shooting ranges are properly managed according to several guidelines found in literature (ISS – Rules and Regulations; AFEMS 2002).
Following scenarios were excluded from this targeted risk assessment:

· A scenario covering use of lead ammunition for military or police purposes. Information on this use pattern is very hard to collect and military use is likely to be subject to a different legislative framework.

· Indoor shooting ranges. Well-managed indoor ranges are considered to be closed systems with no or negligible emissions to nearby water (direct or through runoff), with no leaching to groundwater and with recycling programmes. The amount of airborne lead released when a bullet is fired is small. However, repeated firing in an enclosed area can raise concentrations to harm levels (AFEMS, 2002). A separate human health assessment for indoor shooting is being assessed.

Outdoor pistol/rifle ranges

Target shooting involves the use of rifles and pistols to shoot at stationary, bulls-eye type targets. A main priority is to contain fired bullets for safety reasons but this, in turn, helps the control of the spent lead (AFEMS, 2002). Only direct emission to soil is considered because the line of fire is highly restricted and the trajectory of bullets is, effectively, horizontal. It is therefore unlikely that direct emissions to water will occur.

The bullets can be trapped after hitting the target and individual shooting ranges or the complex as a whole can be contained within earth berms. Periodically, as lead accumulates in the backstop berms it should be removed. This involves the excavation of the face of the berm, to up to 1.5 m, depending on the types of rifle/pistol being used. The soil is screened to remove lead bullets and fragments, and replaced onto the berm (AFEMS, 2002). It is assumed that 70% of rimfire, centerfire and pistol/revolver lead is collectable/collected and recycled (AFEMS, personal communication).
Outdoor pistol/rifle ranges are assessed as local sites. Consequently, environmental risk for soil within the site is not considered because the drop fall zone of Pb shot is within the range perimeters and the soil risk of local industrial sites is not considered in the TGD (1996; 2003). Only emissions to the surrounding environment are considered.

Clay target shooting ranges (trap and skeet)

Clay target shooting is an outdoor recreational and competitive sport which involves participants firing shotguns using cartridges of spherical pellets of Pb to break flying clay targets launched into the air (see Figure 3.1-26). Clay target shooting involves many variations of the sport in the way that targets are presented to the shooters, such as changes in the height and speed of the target, the direction of flight, and the locations of stations where shooters stand. The more common disciplines are trap, skeet and sporting clays.

[image: image34.emf]
Figure 3.1‑26
Principle of Clay target shooting (picture from AFEMS, 2002)
Trap shooting, also referred to as ‘down the line’ shooting, involves targets launched from a machine put in a pit, everyone within a horizontal spread of approximately 90°. The shooters shoot at the launched target from different positions in five lanes. The five shooting stations must be arranged on a straight line at a distance 15 m behind the pit (ISSF – Rules and Regulations). The Pb shot appears to be deposited directly in front of the trap for a distance of some 210 m (AFEMS 2002). 
Skeet shooting, also referred to as ‘across the line’ shooting, involves shooting two clay targets launched from two separate traps in towers located about 40 m apart. The targets are released alternately or simultaneously along intersecting flight paths and shooters stand in a series of 8 shooting stations (see Figure 3.1-27) (ISSF – Rules and Regulations).

[image: image35.emf]
Figure 3.1‑27
Diagrammatic layout of a skeet shooting field (from Rooney, 2002)

Pb shot is more and more recovered and recycled on clay target shooting ranges. Recovery typically means scraping off the top soil layers and screening pellets out of the non-lead material, which is returned to the ground. The separated pellets are collected and removed off-site. This can be conducted by hand raking and sifting, mechanical removal and professional removal (AFEMS, 2002). An obvious option to limit the dispersion of shot is by physically confining it to where the clay targets are shot. The further the pellets travel beyond that area the wider their environmental impact. Figure 3.1-28 schematically shows the use of berms (about 20m high) being used to combine trap, skeet and other layouts in Germany.  However berms of such a size are likely to be much less common in other Member States.  It is assumed that across the EU 5% of lead shot is collected and recycled (AFEMS, personal communication) although collection rates may vary considerably from country to country.

[image: image36.emf]
Figure 3.1‑28
Design of shooting range Garlstorf, near Hamburg, Germany, opened in October 2000 (not to scale) (made by SUG Germany in cooperation with BVS) (picture published in AFEMS, 2002)
Outdoor pistol/rifle and clay target areas (trap and skeet)
Outdoor pistol/rifle and clay target (trap and skeet) areas may to a large extent be similar to the respective shooting ranges. However, they are not specifically designed and operated for shooting. These areas do typically not comply with best practise guidelines. These areas are not subject to, or comply with, relevant environmental regulations. For example, shooting areas are defined in the Flemish environmental legislation as “shooting contests organised maximum twice per year on the same piece of land with a maximum duration of 4 consecutive days”. Shooting areas are exempted from the Flemish soil pollution regulation and can therefore not be considered as technical areas. However, it is important to note that the definition of a shooting area varies between the national legislations of the EU Member States. For example, in other countries, these shooting areas can be located in the middle of the forest or arable land where wildlife can freely pass through the areas and forage on plants and invertebrates.

Given the difficulties and time constraints faced in building a generic scenario for such a widely varying practise, this scenario was not assessed quantitatively in the current risk assessment. 

Sporting clay ranges
Sporting clays is a relatively new discipline which simulates actual field hunting by combining different target flight speeds and angles and different target sizes. The target might be crossing, climbing, incoming, outgoing, streaking high overhead, flying low, or any combination of the above (Rooney, 2002).

There are two types of sporting clays. In the first type, the shooters are staying on a fixed shooting position (similar to clay target shooting). The second type has a much wider surface area. Therefore, the area of Pb shot deposition from sporting clays is less well-defined and a predictable pattern of deposition is unlikely due to the use of mobile traps and target flight variations (see Figure 3.1-29). Sporting clays shooting typically takes place over 40-100 ha of land and the continually changing layout of the course means that heavy loadings of shot occur over a much wider area than for skeet and trap shooting (Rooney, 2002).
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Figure 3.1‑29
 Example of sporting clay parcours (from Crössman and Paetz, 2004)
Although there are a number of these sporting clay sites throughout Europe, the first type of sporting clay was not further considered as a local scenario because clay target shooting is considered to be an equivalent scenario to sporting clay shooting. After all, the deposition zone of Pb shot in clay target shooting (1-4 ha) is much smaller compared to the deposition zone for sporting clay (Pb concentrations are smaller if Pb shot is dispersed over a wider area). However Pb shot emission due to sporting clay may vary from Pb shot emission due to clay target shooting, depending on the frequency of use of sporting clay ranges. The second type of sporting was also not assessed in a local scenario because of its wide-spread emission character.

For the second type of sporting clays, a regional assessment, in which wide-spread (local) target shooting ranges are emitting lead to the environment (surface water and agricultural soil), is assessed as a worst-case consideration because of the lack of available, reliable statistics and more detailed information whether Pb shot emission to agricultural soil can occur.

Since Pb emissions due to sporting clay could not unambiguously be separated from Pb emissions due to clay target shooting, and also because it cannot be guaranteed that shot from clay target shooting ranges will always fall within the boundary of the range, a regional scenario was assessed for both sporting clay and clay target shooting. This represents an unrealistic worst-case assumption since shot from clay target shooting can fall within the boundary of the range.Nevertheless, this worst case assumption is used here as a first tier approach. In case of potential risk, refinement of the assessment is recommended.

Note that clay target shooting will be used in this report as an umbrella term for trap and skeet and sporting clays.

Hunting areas
Over 7 million Europeans take part in the hunting activities, which are for most species restricted to a specific season. Hunting is a recreational activity and a tool for wildlife management common to all European Union countries. The hunters vary from 0.2 to 6%, as a percentage of population in the various EU countries, most of them in rural areas. Hunting can be divided essentially in two main types: small game (mainly use of shotgun cartridges) and big game (mainly use of rifle cartridges). Note that in several countries (e.g. Sweden, Denmark, Switzerland), Roe deer are shot with shotgun-pellets and rifle bullets are also used for bird hunting.

Hunting is not an activity which is often repeated on the same area year after year. The hunting areas change continuously for a variety of reasons (e.g. wildlife presence, climate,…) and hunting is exercised over large areas (5 – 150 ha; Booij et al., 1993; Zentralstelle Österreichischer Landesjagdverbände, 2002). Hunting can also be exercised over more well defined (smaller) areas. Hunting can be exercised on dry areas such as agricultural land, grassland, forests and on wetlands such as lakes, ponds, marshes, rivers (inland waters) and estuaries, seashores (coastal waters) or a combination of both. A regional scenario was performed for hunting because hunting is exercised on a large area and the Pb shot emission is diffuse.

It must also be recognised however that in some countries hunting may take place over well defined but reasonably large areas of land, e.g. in the case of managed hunting areas.  It is recognised that a local hunting scenario needs to be further developed. It is however not straightforward to develop such scenario as it is not clear how such areas should be assessed as they neither represent a true local scenario nor a true regional scenario and as TGD guidance is lacking. Monitoring data in hunting areas are scarce and a modelling exercise would require several assumptions on the size of a hunting area, spatial density of lead shot deposition loads, the fraction emitted to water and fraction emitted to soil and a reasonable lifetime for the area.  Hence no quantitative assessment of such areas has been made in this report.

Emission estimation

The aim of this section is to estimate the lead emissions to the environment from the use of ammunition as a basis for regional exposure assessment. The data needed as an input for the EUSES-model are emission data on a regional and a continental scale. The actions to be carried out to quantify these emissions are:

· Critical evaluation of available data on emission from use of ammunition by EU Member States and the selection of a representative EU region;

· Selection of an appropriate methodology to quantify regional and EU-15 emissions;

· Quantification of total Pb to the environment from the use of ammunition

The several actions are briefly described below.

The following section gives a summary on how emissions from use of ammunition on a regional and continental scale were estimated. Full details on the method used can be found in Appenix A - shot TRA to this document.

Critical evaluation of available data on emissions from the use of ammunition

Evaluation of the available emission data in the EU was performed in three steps:

· Overview of available emission data in the EU-15;

· Critical evaluation of available data;

· Selection of an appropriate EU region.

Overview of available data in the EU-15

This chapter discusses the available information on lead emissions in the EU-15 countries. In the Framework of the emission estimation for the Risk Assessment study for lead (ECOLAS draft April 2005), all European countries were contacted in order to gather the most recent available lead emission data and their quantification methods. Emission data from the following countries were processed: the Netherlands, Belgium, the UK, Austria, Luxembourg, Spain, Ireland, Denmark, Finland, France, Sweden and Germany. Italy, Portugal and Greece provided no information. Specifically on emissions, resulting from the use of ammunition, only Belgium, Denmark and the Netherlands provides some information.

Denmark

A substance flow analysis report for lead (Lassen and Hansen, 2000) mentions a lead consumption in ammunition of 350-465 tonnes in 1994, accounting for about 2% of the total consumption of Pb in Denmark in that year. It was indicated that the consumption of lead ammunition was, due to legislative restraints on the use, reduced significantly (870 tonnes lead in 1985). Emission due to the use of lead ammunition in 1994 was estimated to be about 195-270 tonnes. The report does not describe the methodology used to estimate the emissions. Apparently, the emissions are about 56% of the consumption of ammunition.

The Netherlands

The Dutch emission inventory (VROM, 2002) mentions for 1999 a total load of Pb shot in solid form of 36 tonnes from hunting and 208 tonnes from field shooting (as sport or recreative activity). How these emissions were estimated is explained below.

Hunting

The methodology to estimate the emissions from hunting is based on the following equation:

E = EF x A , where


E 
= 
Total load of Pb shot in solid form (kg Pb/year)

EF
= 
Total emission factor for Pb (6.86 g Pb/cartridge (CUWVO, 1999))

A
= 
The amount of used shot cartridges

More details on how the values for the different parameters were derived are given in Appendix A.

The distribution of these 36 tons to the different environmental compartments was estimated by Bon and Boersema (1988, in CUWVO, 1999):


· emissions to soil: 0.85

· emissions to water: 0.15 (it must be noted that the Pb is emitted in solid form. It is assumed that about 1% of the Pb will dissolve each year)

Alternative methods for hunting based on the report of the CBS (Delahaye et al., 2003)

This report specifically tries to estimate all Pb-inputs to agricultural soil in the Netherlands. Two alternative methods were used to estimate emission from hunting, namely based on the total amount of animals shot and based on the sales of ammunition.

A) Based on the total amount of animals shot 

In this methodology the total amount of shot used is estimated based on the amount of animals shot and the number of missed shots per animal. This results in a total of 5 669 500 shots used in the Netherlands for hunting in 2000.

The Pb emission is calculated based on the assumption that one shot cartridge weighs about 32 g (CUWVO, 1997), the distribution between water and soil of respectively 15% and 85% and the share of lead shot of about 20% of total shot cartridges. These assumptions result in a total load of 36 tons of Pb shot in solid form.

B) Based on the sales of ammunition in the Netherlands

In this calculation it is assumed that the total consumption equals the total sales of ammunition. This total amount of  8 250 000 cartridges is diminished with the amount used for clay target shooting (5 million) and increased with the amount illegally imported in the Netherlands (0.5 million). The total weight is again estimated, assuming a weight of 32 g per shot. Again, a distribution between water and soil of respectively 15% and 85% and a share of lead shot of about 20% of total shot cartridges is assumed. This calculation brings us to a total load of 24 tons of Pb shot from hunting.

Delahaye et al. (2003) states that option A is the most reliable estimation of Pb emission due to hunting in the Netherlands.

Shooting as a sport or recreative activity

The Dutch inventory system includes emission estimations for the following sources:

· folkloristic shooting

· clay target shooting

For folkloristic shooting emission data are based on a questionnaire, held in 1988, showing an emission of 14 tons of Pb shot to the soil. Since 1999, emission estimations take into account the obliged use of butts. As a result, a total load of 8 tons lead shot in solid form is assumed in 1999.

For clay target shooting emission data are based on the number of shot cartridges used and the Pb-content of this ammunition in 1996. These data were derived from a questionnaire, held among 21 firing ranges in the Netherlands. It is assumed that the popularity of clay target shooting did not decrease over the last years. As a consequence, load data are held constant (200 tons Pb emitted to soil).

Belgium

The methodology used in Belgium is entirely based on the method used in the Dutch emission inventory. Only hunting is taken into account. The total Pb emission of 36 tons for the Netherlands is recalculated to the situation in Belgium by using the ratio of the total population in the Netherlands to Belgium (15.9 million to 10.2 million). This methodology assumes a relation between the hunting activity and the number of inhabitants.

Critical evaluation of available data

The availability of emission data from the use of ammunition through the different emission inventories of EU Member States is very scarce. Denmark only gives a raw estimation, not based on a detailed methodology description. The only fully described methodology, is the one used by the Netherlands. The Belgian emission inventory refers to the Dutch methodology and does not give any new information. Taking into account that the methodology used in the Dutch emission inventory (36 tons) is validated by the methodology described in Delahaye et al. (2003) (method A - 36 tons) justifies the assumption that this methodology is quite reliable.

Selection of a representative EU-region

“Regional” emissions are needed as an input for the regional exposure assessment in the EUSES-model. By default, it is assumed that 10% of the European production and use of a substance takes place within the regional area. Therefore:

regional emission = 10% of total European emission

Alternatively, regional emissions can be calculated for a selected region also. According to the TGD (1996), a general standard region is represented by a typical densely populated area with an area of 200 x 200 km2 and 20 million inhabitants, located in the margin of Western Europe. A country may also represent this area if it has similar characteristics (TGD, 1996). Therefore:

regional emission = emission of a selected region

Based on the definition of a region as described in the TGD (European Commission, 2001) and based on the degree of detail of the emission inventory per country, one country is selected as “EU region” in this report. In the RAR for Pb (draft march 2004) it was decided in consultation with the steering committee of this project to select the Netherlands as “EU region” based on the fact that:

· the Netherlands most closely resemble the definition of a region (European Commission, 2001);

· the Netherlands provided the most detailed information on the emission inventory, which gives the opportunity to start from a funded basis;

· this country was also selected as “EU region” in the Cd en Zn Risk Assessments. 

Analogous to the assumptions in the Pb RAR, also in this report the Netherlands are selected as EU region. In the particular case of the use of lead shot it is important to indicate that, since 1993, in the Netherlands, a ban of the use of lead shot for hunting activities was introduced. Therefore it could be stated that the Netherlands is not really a representative EU-region. Therefore, second and third scenarios are being introduced to estimate regional emissions. For these scenarios, emissions on a regional scale will be calculated based on the emissions on a continental scale. 

Selection of a methodology to quantify regional and EU15 total load of lead shot to the environment

To select an appropriate methodology to quantify regional/continental emissions, the Dutch emission inventory method can be used as a basis (see Hunting). This method will be refined on several topics:

Amounts used per type of ammunition;

Pb-content per type of ammunition;

Distribution factor;

Collection and recycling factors.

The total load of Pb shot to the environment (Pb in solid form) from the use of ammunition can be estimated by means of the adapted formula:
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 where,

	a
	=
	the different activities in which lead-containing ammunition (hereafter referred to as “leaded ammunition”) is used

	b
	=
	the different types of leaded ammunition used per activity a

	A
	=
	the annual amount of leaded ammunition used per activity a and per type of leaded ammunition b

	EF
	=
	the amount of lead per ammunition unit used, emitted to the environment (per type b)

	DF
	=
	the distribution of the emitted lead to the environmental compartments (air, water, soil)


“Emission” in this formula refers to “the lead entering the environment in solid form”. The fact that this emitted Pb only can become bio-available after corrosion will be taken into account further on in this study. Each individual parameter in the abovementioned formula is described in detail in the following sections.

The different activities included (a)

The activities in which leaded ammunition is used can be distinguished in:

hunting: over dry land and over wetland;

clay target shooting

sporting clays

other target shooting:  indoors and outdoors.

Following activities will be taken into account in the regional/continental scenario (section 2 gives more background in the selection of the scenarios for a regional assessment):

hunting: over dry land and over wetland;

clay target shooting (used here as umbrella term for trap and skeet shooting and sporting clays).

Design of leaded ammunition used (b)

The design of the ammunition is dependant on the type of gun used. Hunting can be divided in two main types:

shotgun cartridges for small game, with shot as ammunition;

rifle cartridges for big game, with a bullet as ammunition

It must be noted that this is only a general rule and that there can be exceptions. Sometimes rifle bullets are used for bird hunting and roe deer are shot with shotgun-pellets. 

For clay target shooting, shot shell cartridges are used.

The amount of ammunition used per activity (A)

AFEMS provided information on the yearly consumption of ammunition in all EU Member States (except for Luxembourg). This information includes per type of cartridge:

the number of rounds fired annually;

the average weight of Pb per round;

the total amount of Pb, based on the previous data;

the percentage used for hunting, target shooting.

Detailed consumption data are given in Appendix A – shot TRA.

The amount of Pb emitted to the environment (Pb shot in solid form) per cartridge used per activity (EF)

The amount of Pb shot emitted to the environment in solid form is dependent of the average weight of lead per round used and the configuration of the cartridge. The latter determines the share of the lead present in the cartridge that will enter the environment.

Following average Pb weights per type of cartridge are used:

 
for clay target shooting:

26 g for hunting shot shell

for hunting:

32 g for hunting shot shell

7 g for centerfire rifles;

7 g for pistol/revolver
Quantification of total load of Pb to the environment from the use of ammunition
Based on the above mentioned method, the total load of Pb from the use of Pb ammunition in the EU15 is quantified. For the region, different scenario’s (4) were selected to quantify regional Pb loads:

SCENARIO 1: emissions for a specific region:

Scenario 1A: a best-case scenario representing emissions for a country in which a total ban on the use of Pb in ammunition is in place: The Netherlands

Scenario 1B: a worst-case scenario representing the missions from that country with the highest consumption of Pb in ammunition in the EU15: Italy

SCENARIO 2: emissions for a generic region representing 10% of the EU15 emissions (TGD, 2003) 

SCENARIO 3: a specific region representing an average case: again The Netherlands is chosen as the region, but fictive consumption data are being used, representing an average consumption per area of agricultural land in Europe (EU15).

Quantification of the total load of Pb shot on a European (EU-15) scale (E)

The methodology to quantify total load of Pb shot to the environment is described in the previous section. Since AFEMS provided Pb ammunition consumption data for 14 EU Member States (Luxembourg excluded), total EU-15 loads can be quantified as the sum of the loads of these 14 EU Member States (it is assumed that the Pb ammunition consumption in Luxembourg is negligible, due to the smallness of this country, compared to the consumption in all EU-15 countries). The activities and types of ammunition taken into account are:

hunting (of which 10% over wetland) with shot shell, centerfire rifle and pistol/revolver;

clay target shooting with shot shell ammunition.

Other assumptions are:

the average weight of the ammunition as given in previous section;

5% of the shot shell for clay target shooting is collected and recycled;

10% of the shot shell used for hunting is used over wetlands and will be emitted to the surface water directly instead of to the soil.

These assumptions bring us to an estimation of the Pb shot load to soil and surface water from hunting and clay target shooting on an EU15-scale of:

hunting: 19,979 tons of Pb shot to soil and 2,198 tons of Pb shot to surface water

clay target shooting: 11,464 tons of Pb shot to soil

TOTAL: 31,443 tons Pb shot to soil and 2,298 tons Pb shot to surface water per year

It must be stressed that:

this is a worst-case, since some of the ammunition will be removed with the animal and,

the emission of Pb calculated here is the total load of Pb in solid form to the environment (and not the corroded part).

Quantification of the total load of Pb shot on a regional scale (E)

Scenario 1A

In this scenario, The Netherlands is chosen as a selected region. To calculation total loads of Pb shot to the environment in The Netherlands, the method described in previous sections and also used to estimate total loads on a EU15-scale is also used here. Taking into account all previous parameters, the potential Pb shot load from hunting and clay target shooting activities on a regional scale ‘The Netherlands’ can be estimated as follows (basic data used are included in Table 6 of Appendix A- Shot TRA):

Hunting: 13,620 kg Pb
Clay target shooting: 8,645 kg Pb
If we assume that 10% of all shot shell ammunition, used for hunting, is used over wetlands, this means that the distribution of Pb to surface water and soil will be:

Hunting: 480 kg (10% of 4,800 kg) of Pb to surface water and 13,140 kg to soil
Clay target shooting: 8,645 kg Pb to soil
TOTAL: 21.79 tons Pb shot to soil and 0.48 tons Pb shot to surface water per year

It must be stressed that:

this is a worst-case for the Netherlands, since some of the ammunition will be removed with the animal and,

the emission of Pb calculated here is the total load of Pb in solid form to the environment (and not the corroded part).

this is a best-case in the framework of the representativeness of this selected region for the 
EU15 since in The Netherlands a ban on the use of Pb shot for hunting is in place

Scenario 1B
Since the total load of Pb through the use of Pb in ammunition, calculated in scenario 1A, is not representative for the EU15 but shows a best-case, an extra scenario is included. In this scenario, the potential Pb shot load from hunting and clay target shooting activities for the EU15 MS with highest consumption of Pb in ammunition in the EU15 is calculated. Application of the formula given in section 3.1.3.2 and taking into account the consumption data for Italy, shows the following total loads:

Hunting: 6664 tons Pb
Clay target shooting: 2766 tons Pb
If we assume that 10% of all shot shell ammunition, used for hunting, is used over wetla
nds, this means that the distribution of Pb to surface water and soil will be:

Hunting: 666 tons of Pb to surface water and 5998 tons to soil
Clay target shooting: 2766 tons Pb to soil
TOTAL: 8764 tons Pb to soil and 666 tons Pb shot to surface water per year

It must be stressed that:

this is a worst-case for Italy, since some of the ammunition will be removed with the animal and,

the emission of Pb calculated here is the total load of Pb in solid form to the environment (and not the corroded part);

this is a worst-case in the framework of the representativeness of this selected region for the EU15 since in Italy the consumption of leaded ammunition is the highest of all EU15 MS. 

Scenario 2

As mentioned previously, in the Netherlands there was a ban of using Pb ammunition for hunting introduced in 1993. As a result, it could be that the Pb consumption in the Netherlands is not representative for the Pb ammunition consumption in the EU-15. By default, it is assumed that 10% of the European production and use of a substance takes place within the regional area. Therefore:

regional emission = 10% of total European emission

Using this default TGD definition, emissions on a regional scale would be:

hunting: 1 996 tons of Pb to soil and 222 tons of Pb to surface water

clay target shooting: 1 146 tons of Pb to soil

TOTAL: 3 142 tons Pb shot to soil and 222 tons Pb shot to surface water per year.

Scenario 3

In this scenario, use of Pb ammunition in the EU-15 per unit of utilised agricultural area is calculated. This scenario generalises the use of Pb ammunition in the EU-15 and avoids the calculation of emissions in a specific “EU region” (The Netherlands, where use of Pb ammunition is banned) instead of the emission in a representative “EU region”. A full description of scenario 3 is also given further in the text.

Scenario 3 (as well as scenario 2) is an alternative methodology to take into account, that a ban of using Pb ammunition is not general or representative for the whole of Europe. This scenario differs from scenario 2 in a way that, emissions will be estimated for the Netherlands as an “EU Region”. The emissions calculated here do not show a correct picture for the Netherlands but for an “EU Region” being as big as the Netherlands. In fact, emissions from hunting and clay target shooting activities here are calculated for the Netherlands as if the effect of a ban or a restriction of using Pb ammunition, introduced in specific countries is generally spread over Europe. Assuming that most of the hunting (and clay target shooting activities as an unrealistic worst-case assumption) occur on agricultural land, an average Pb emission per unit of agricultural area (EF, emission factors) per activity (hunting and clay target shooting) in the EU-15 is calculated based on:
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Taking into account a total utilised agricultural area in the EU-15 of 125 723 000 ha (Eurostat, 2002), a continental emission of 19 959 tons to soil and of 2 217 tons Pb to surface water from hunting and an emission from target shooting activities of 11 464 tons of Pb to soil, average Pb emissions can be calculated:

hunting: 0.159 kg Pb shot/ha to soil and 0.018 kg Pb shot/ha to surface water;

clay target shooting: 0.091 kg Pb shot/ha.

Emission factors per unit of agricultural area were also calculated for each EU Member State (EU-15). Therefore total emissions per country and activity, calculated based on the methodology given in scenario 1, were divided by the total agricultural area per country. The emission factors per country and activity are shown in Table 8 of Appendix A – Shot TRA. This table shows that the emission factors in countries like, Austria (0.02), Denmark (0.00), Finland (0.02), The Netherlands (0.01), Ireland (0.00) and Sweden (0.04) are low in comparison with the average EU-15 emission factor for hunting (0.16). For Denmark, Finland, The Netherlands and Sweden this corresponds with the fact that there is a ban or a restriction to use Pb ammunition in these countries. For Austria and Ireland, the author of this report is not aware of any ban or restriction of use of Pb ammunition. This table also shows that, the Pb emission in the Netherlands is relatively lower than in most other EU-countries, so a correction of the Dutch data is necessary to be able to present emissions from the use of Pb ammunition for a “reasonable, representative EU region”.

Based on an weighted average emission factor (based on emission factors calculated per country in Table 8 of Appendix A) and a utilised agricultural area in the Netherlands of 1 933 000 ha, the regional emissions can be calculated as:

hunting: 307 tons of Pb shot to soil and 35 tons of Pb shot to surface water;

clay target shooting: 176 tons of Pb shot to soil

TOTAL: 483 tons Pb shot to soil and 35 tons Pb shot to surface water per year.

Conclusion for estimation of the total load of Pb shot to the environment

An overview of Pb emissions from hunting and clay target shooting activities for a region, based on 3 different scenarios, and continental scale, is given in Table 3.1-30.

On a regional scale, it is proposed to use the emission data calculated based on scenario 3 for the following reasons:

Emissions are calculated for the Netherlands as an EU region, analogous to the RAR for Pb (Ecolas, draft 2004)

In order to present reasonable emissions for a representative EU region, a correction is made on the Dutch emission data because of the fact the Netherlands is a special case (ban of use of Pb ammunition since 1993) and is not representative for the EU-15.

Conclusion for estimation of the total load of Pb shot to the environment

An overview of Pb emissions from hunting and clay target shooting activities for a region, based on 3 different scenarios, and continental scale, is given in Table 3.1-30.

On a regional scale, it is proposed to use the emission data calculated based on scenario 3 for the following reasons:

Emissions are calculated for the Netherlands as an EU region, analogous to the RAR for Pb (Ecolas, draft 2004)

In order to present reasonable emissions for a representative EU region, a correction is made on the Dutch emission data because of the fact the Netherlands is a special case (ban of use of Pb ammunition since 1993) and is not representative for the EU-15.

Table 3.1‑30: Overview of yearly Pb shot emissions (solid form) from use of Pb ammunition on a regional and continental scale.
	Activities and 


environmental compartment
	Regional emissions (in tonnes of Pb shot/yr)
	EU scale emissions (in tonnes of Pb shot/yr)

	
	Scenario 1A (1)
	Scenario 1B (2)
	Scenario 2 (3)
	Scenario 3 (4)
	

	Hunting
	
	
	
	
	

	
Emission to soil
	13.14
	5 998
	1 998
	307
	19 979

	
Emission to water
	0.48
	666
	220
	35
	2 198

	Clay target shooting
	
	
	
	
	

	
Emission to soil
	8.65
	2 766
	1 146
	176
	11 464

	
	
	
	
	
	

	TOTAL emissions
	
	
	3 364
	518
	33 640

	
Soil
	21.79
	8 764
	3 144
	483
	31 443

	
Surface water
	0.48
	666
	220
	35
	2 198


(1) based on consumption data for The Netherlands (AFEMS, 2004) and Pb content of the shot, bullet.
(2) based on consumption data for Italy (AFEMS, 2004) and Pb content of the shot, bullet
(3) regional emission = 10% of continental emission
(4) based on an average emission factor (for the EU15) per unit of agricultural land
To conclude, following total load data are taken forward in this report for calculation of emissions (taken into account a corrosion factor) and risk characterisation (cf data in bold in Table 3.1-30):

Regional loads (solid frorm) calculated according to Scenario 3

EU15 loads (solid form), calculated based on real EU15 consumption data.

Inclusion of current and future loads due to historical deposition of Pb in ammunition

The future Pb emissions arising from corrosion of Pb shot already in the environment caused by historic use of Pb shot need to be included. Information from two European countries and from industry is available (see appendix A).

After careful investigation by industry through historical statistics of the last century, it can be concluded that in Europe sport shooting activity is quite a young one. In particular, clay target has enjoyed a progressive development after the Second World War. This development is correlated to the GDP (Gross Domestic Product) per capita. Taking UK as a reference, there has been a marked contrast between the two halves of the Century. Between 1948 and 1998, the GDP per capita rose by 191% compared to a 37% increase between 1900 and 1948 (Research paper 99/11 – House of Commons). Sport shooting activities were rather limited before the Second World War. It can therefore be assumed that no clay target ranges have been in existence for one century. The average age should be estimated to be no more than 25 years and only 5 % could have been in existence for more than 50 years. Three main factors have got negative impact onto this leisure activity: the logistic and economic restrictions before, during and after the two World Wars and the economic depression in the late 1920. Growth in the real income of citizens has stimulated demand for leisure activity from 1945 to today.

According to industry, a similar pattern is expected for hunting. However, hunting activities have been more regular along last century. Again the GDP has played an important role in keeping the consumption of ammunition much lower than today, due to the high cost of ammunition. The pattern for hunting is expected to have two downward peaks during and some years before and after the two World Wars. After all, men went to the army and lead was primarily destined for military use. Furthermore, for economic reasons (low GDP and relative cost of ammunition much higher that what it is nowadays) reasons, there was no money for leisure activities. In the first half of the century, Industry estimates that lead shot emission was not more than 25% of what it is today.

Based on the information given by Industry, the time-series of the yearly regional Pb shot deposition for clay target shooting and hunting can be estimated as exemplified in Figure 3.1-30 for deposition on soil. The cumulative Pb shot deposition on soil time-series can be found in 3.1-31.
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Figure 3.1‑30: Yearly regional Pb shot deposition time-series for clay target shooting and hunting (on soil)
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Figure 3.1‑31: Cumulative regional Pb shot time-series for clay target shooting and hunting (on soil)
The EUSES model, in compliance with the TGD, calculates PECs and emissions after reaching steady state. This approach was originally developed for organic substances and has an important short-coming for metals. PEC steady-state conditions are only reached after a very long period (order of ten thousand years) partly due to conservative assumptions. The exposure assessment should be conducted over a surveyable time period (in analogy with the Zn and Cd risk assessments). For this reason, PECs were estimated after 100 years (1 century). This calculation was done using the integrator in SimpleBox of the EUSES 2.0 Excel version.
Parameters

Corrosion of Pb shot

Scheinost (2003) performed a literature review on the weathering rates of lead in soil and controlling factors (see Appendix 3). His conclusions are the following. Based on the published studies, derivation of precise and accurate weathering rates is not possible. Observations range from almost no metallic Pb dissolved in hundreds of years to the transformation of 50% of deposited Pb bullets within a few years. The initial formation of a (thin) weathering layer due to oxidation is a very fast process. The further weathering weathering, however, depends on a range of factors, which are only partly understood. In very acidic and organic matter rich soils, the weathering continues until the whole metallic Pb core is dissolved and no visible weathering rind remains. In slightly acidic to carbonaceous soils, Pb weathering may be greatly reduced by the formation of a protective surface layer of weathering products. In other soils with similar pH, however, the formation of the weathering rind proceeds towards the core, until all of the metallic Pb is replaced by Pb carbonates. The factors responsible for the formation of a protective surface layer versus the formation of a non-protective weathering rind remain obscure. One possible explanation could be the presence of sufficiently soluble phosphates, which have been shown to induce the formation of pyromorphite with very low solubility. However, other factors like soil moisture may be of equal importance.

On a qualitative basis the influence of a wide range of soil and bullet properties on Pb weathering is fairly well understood, including pH, redox potential, soil organic matter, cation exchange capacity, moisture, temperature, composition of soil solution, soil texture, bullet composition, calibre and bullet jackets. However, Scheinost (2003) concludes at this moment, it appears that intrinsic bullet properties like alloy composition could be a major factor explaining why Pb artefacts remain intact for thousands of years while others corrode within a few years. This, however, has to be investigated.

Differences in corrosion rate between clay target shooting and hunting can occur. For this, it is important to understand how the bullet penetrates into the sand or other type of material. With the impact the bullet will usually split into different parts as a more or less intact bullet, and some relatively large and small fragments. All of these have a different corrosion rate. When you hunt the bullet will usually fall unaffected to the ground (Qvarfort Ulf, personal communication). However, differences in corrosion rate between clay target shooting and hunting were not quantified by Scheinost (2003).

Scheinost (2003) concludes that fast initial weathering rates can be considered to be in the range 0.2 to 2 % per year, corresponding to first order rate constants of 0.002 to 0.02 per annum. In this way, large amounts of the bullets and shotgun pellets deposited on shooting ranges and hunting areas would be transformed every year into Pb carbonates and sorbed species, and it would take between 50 and 500 years to completely weather from metallic Pb to other Pb species. 

In a Swedish study, a reasonable upper limit for Pb corrosion of 1% per year is used (Anderberg et al., 1990). The Dutch emission inventory (VROM, 2002) also used a worst-case corrosion rate of 1% per year.

In this targeted risk assessment, a worst case corrosion rate of 1 % per year is taken for both soil and sediment on the emissions of Table 3.1-30. It must be stressed that this value is likely to be an overestimation since recent data suggests the initial corrosion rate will decrease by about 50% after 2-3 years (Linder B., 2004).  Such studies suggest that a additional research would be highly valuable in order to more accurately determine corrosion characteristic.  

The corrosion rate in sediment is in reality likely lower (however not quantified in literature) than the corrosion rate in soil because massive metal would likely end up buried in sediment after a relatively short period of time. More information on corrosion rates in soil and sediment would lead to more realistic predictions. The resulting yearly emissions are found in Table 3.1-31.

Table 3.1‑31
Yearly Pb emissions from use of Pb ammunition on a regional and continental scale after corrosion

	
	Regional emission (kg Pb/yr)
	EU scale emission (kg Pb/yr)

	Soil
	4,830
	314,430

	Surface water
	350
	21,980


There is no specific emission scenario for lead in ammunition in the EU-TGD (2003). Lead in ammunition remaining in the environment can be compared with ‘waste remaining in the environment’. On this aspect, it is written in the TGD: “Quantitative methods for estimating emissions from waste remaining in the environment are currently not available. Therefore such releases have to be considered on a case-by-case basis. As for substances in long-life articles, substances in ‘waste remaining in the environment’ will also accumulate. As a simplification the emissions at steady state can be assumed to be equal to the annually formed amount of ‘waste remaining in the environment’. If the degradation rate of the substance in the waste material is known, this should be taken into consideration. When the emission of a substance from waste remaining in the environment is very slow it will take a long time to reach steady state. In that case the calculated emission may reflect a future situation.”

Estimation of cumulative Pb emissions

The regional, cumulative Pb emissions (from corroded Pb shot and including current emissions from historical contamination of Pb shot) can be calculated for soil and water. The emissions to soil is visualised in Figure 3.1-32.
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Figure 3.1‑32: Cumulative regional Pb emission (on soil) for clay target shooting and hunting and the emission values used in EUSES
The resulting cumulative Pb emissions, to be inputted in EUSES, are found in Table 3.1-32.

Table 3.1‑32: Cumulative Pb emissions from use of Pb ammunition on a regional and continental scale after corrosion

	
	Regional emission (kg Pb/yr)
	Continental emission (kg Pb/yr)

	Soil
	365,848
	23,450,657

	Surface water
	26,678
	1,648,760


The calculated future emissions in  Table 3.1-32 are an overestimation due to accumulating Pb of Pb in ammunition, since:

For the entire timeline, a corrosion rate of 1% is assumed, while the corrosion will be most important in the first years and will decrease to about 50% of the initial corrosion rate after 2-3 years (Linder B., 2004); the corrosion rate will, in reality, then further gradually decrease in time. 

A constant yearly use of Pb in ammunition is assumed, while its emission could decrease in the future due to improved recovery and recycling programmes, future marketing or use restrictions.
The emission inputted in EUSES is in fact a future emission (within 100 years). In reality, the emission starts from a lower value and gradually increases as time progresses (as demonstrated in Figure 3.1-32).
· Release from disposal

· Introduction
Production emissions to air and water from industrial plants have been historically important and reached a peak in the 1970's. As a result of the implementation of new technologies in the framework of European environmental policy the importance of these point source emissions has been diminished and must be seen in relation to the increasingly significant fugitive "consumption emissions". There are indications that for substances with a dissipated use pattern, the production emissions can be exceeded by emissions from the use and end-use of the substances that remain in chemical products or articles at their end of service life. This notion resulted in a concerted effort to include the waste life stage of the substance into the overall risk assessment process. 
The aim of the current project is to give a general overview of the main lead-containing waste streams in the EU and if possible to quantify the associated lead emissions to the environment. Guidance on how to estimate the emissions from the waste disposal stage, however, is not provided within the Technical Guidance Document (TGD, 1996). The revised TGD (TGD, 2003) includes some sections on waste disposal and was taken as the starting point for the approach developed by the contractors in the framework of the Targeted Risk Assessment on cadmium in Ni-Cd batteries (TRAR, 2003) to assess emissions from Municipal Solid Waste (MSW). The latter approach was discussed in depth and the methodology was agreed by the Member States at the technical meeting level. This methodology has been used as a starting point for the calculation of the lead emissions associated with the waste management of MSW. Current emissions are estimated based on an overall European situation. However, since waste management strategies may differ considerably between the Member States, due consideration is given to these differences by means of including several scenarios (with the extremes: 100 % landfilling and 100 % incineration). Main emissions of lead from incineration of MSW are expected to occur through air if no adequate flue gas treatment is in place and the disposal and/or re-use of incineration residues. The major environmental concerns associated with metals in MSW landfills are usually related to the generation and eventual discharge of leachate into the environment. Therefore the aforementioned emissions routes of the management of MSW are the focal point of this report. Due to lack of methodology no attempt has been made to address the lead emissions from the other waste streams.

· Lead Waste flow analysis

a)
Scope definition

The main objective of this section is to give an overview of the different waste streams generated by the use of lead-containing products and to calculate the the different post-consumer lead waste loads. To this aim, assumptions have been made about the applicable waste management practices, in particular the allocation of post-consumer products to municipal solid waste (MSW) and the allocation to landfills for either non-hazardous or inert waste.

Attention has also been given to the fact that the contribution of the different products to the waste stream is related to the amount sold/used in previous years. For some applications (e.g. lead sheet, lead acid batteries) there is a considerable time lapse between the beginning of the service life of the product and the occurrence of emissions from the waste treatment processing. The delay between marketing and emissions is mainly governed by (1) the service life-span (2) possible intermediate storage (stockpiling/hoarding) and (3) the transformation/transportation processes in landfills or incineration residues. 

Sales data, estimated market growth rates, weight, composition and lifetime of the product, all influence the estimates of waste arisings. These parameters have been determined in discussions with industry and best available data were extracted from literature. Nevertheless, the information used is clearly subject to error and therefore the results of the calculations should be regarded as best estimates. With regard to the future waste arisings presented in this report it should be noted that it is nearly impossible to accurately predict future market trends and hence the future predictions inherently contain a high degree of uncertainty and therefore the use of these numbers should be limited to qualitative statements.

b)
Types of waste streams

Definitions

The precise definition of what constitutes solid waste is variable, but principally it can be considered as that material which has no further useful purpose and is discarded. It is, therefore, perceived to have no commercial value to the producer. Depending on the source and type of waste different waste management practices may exist resulting in different types of waste streams. In this report the following definitions have been adapted (mainly based on Mersiowsky, 2001 but also other definitions have been given). The different terms used in this report are defined hereunder.

Municipal Solid Waste (MSW): is defined here as waste collected by or on behalf of municipal authorities. In particular, municipal waste comprises household waste, similar waste from commerce and trade, office buildings, institutions (schools, hospitals, government buildings) and small businesses. It includes waste from these sources collected door-to-door or delivered to the same facilities used for municipal collected waste, as well as fractions collected separately for recovery operations (through door-to-door collection and/or through voluntary deposits. The definition also includes bulky waste (e.g. refrigerators, old furniture mattresses) (OECD definition as given by EUROSTAT 2000).

Waste Electrical and Electronic Equipment (WEEE): EU Directive 2002/96/EC on WEEE (CEC, 2002) defines Electrical and Electronic Equipment as “equipment which is dependent on electric currents or electromagnetic fields in order to work properly and equipment for the generation, tranfer and measurement of such currents and fields falling under the categories set out in Annex IA and designed for use with a voltage rating not exceeding 1,000 Volt for alternating current and 1500 Volt for direct current”. This definition and its associated Annex is intended to cover all appliances run by electricity. The voltage limits are intended to ensure that large industrial equipment is not covered by the proposal.

Construction/Demolition waste (C/D): the term construction and demolition waste refers to rubble and other waste materials arising from the construction, demolition, renovation or reconstruction of buildings (EUROSTAT 2000). It consists mainly of construction materials (minerals, iron, and wood), but may also comprise certain amounts of other materials (e.g. plastic and rubber).

Automotive Shredder Residues (ASR): the term automotive shredder residues designates the light residual fraction after disassembly, recovery and milling of scrapped end-of-life vehicles.

End-of-life vehicle: means a vehicle which is waste within the meaning of Article 1(a) of Directive 75/442/EEC on waste (waste means any substance or object which the holder disposes of or is required to dispose of pursuant to the provisions of national law in force).

It should be noted that definitions used vary widely throughout the Member States of the European Union. Additionally waste streams may also be segregated, diverted and reunited. For instance, a private contractor may separately collect demolition waste for sorting and recovery, then reject the non-recoverable materials to be disposed of by municipal facilities. As such the performed waste stream analysis depends upon the statistical reliability of the reported figures. 

Lifetime of a product: Currently, there is much debate as to the time delay between a lead application entering the market and the time at which the product becomes waste. The "lifetime" of a product can be considered to have two components; the operational lifetime of the product and the hoarding lifetime of the product. In this report the reference to lifetime is the operational lifetime. Hoarding phenomena are discussed when appropriate.

Lead uses and trends

Lead metal is mainly used in lead-acid batteries, and in sheet form in the building trade. Lead metal is further used as shot for alloying and ammunition, in soldering alloys, cable sheathing, and for the production of oxides, pigments, stabilisers and other lead compounds. The estimated use of lead for each industry sector in the EU is presented in the Table below (ILZSG, 2002).

Table 3.1‑33: Estimated use of lead by sector in the EU (ILZSG, 2002)

	Industry sector
	1998
(tonnes)
	1999
(tonnes)
	2000
(tonnes)
	Percentage
use in 2000

	Batteries 1)
	976,600
	1001,200
	1,059,600
	61%

	Rolled and extruded products
	245,700
	235,800
	242,400
	14%

	Pigments and other compounds 2)
	204,200
	195,300
	200,800
	12%

	Shot / ammunition
	61,900
	58,400
	56,600
	3%

	Alloys
	33,900
	36,900
	39,600
	2%

	Cable sheathing
	37,100
	35,300
	31,300
	2%

	Gasoline additives
	24,800
	21,500
	19,400
	1%

	Miscellaneous
	68,800
	77,600
	78,200
	5%


Includes oxides for battery manufacture

Includes oxides for uses other than battery manufacture

The lead battery industry is the dominant user sector, accounting for around 61% of lead consumption in the EU in 2000. Rolled and extruded products, which mainly comprise lead sheet, account for 14% of consumption, while pigments and other compounds, which include oxides for glass manufacture and stabilisers for the PVC industry, account for a further 12% of consumption.

The category of alloys is nearly all solder used in the electrical and electronics industries. As well as ammunition, shot is used for alloying purposes in the steel and brass industries.

General features of different lead containing applications (batteries, lead sheet, Cathode Ray Tubes, PVC plastics, shot/ammunition) being considered most relevant with regard to their relative contribution to the total lead content of the waste stream are outlined hereunder.

d)
Detailed analysis of Municipal Solid Waste (MSW) stream

Introduction

At the moment no methodology is available or is under development to quantify emissions to the environment for all the different waste streams. In the framework of the Targeted Risk Assessment on cadmium in Ni-Cd batteries (TRAR, 2003) an approach was developed to assess emissions from Municipal Solid Waste (MSW). The latter approach was discussed in depth and the methodology was agreed by the Member States at the technical meeting level. This methodology has been used as a template for the calculation of the lead emissions associated with the waste management of MSW and subsequently to calculate the risks of two MSW management strategies (landfilling and incineration). 

Since the quality of this assessment depends on the quality of the input data more effort has been put into gathering data on the presence of lead in the MSW stream. These data and the methodology used are described and explored in the next sections.

MSW composition
Measured lead concentrations

Reported total concentrations of lead in MSW are summarised in Table 3.1-34 and range typically between 200-800 g Pb/tonne dry wt. The studies by Brunner & Mönch (1986) and Brunner & Ernst (1986) reported total Pb concentrations of 430-570 g/tonne dry wt. These values were calculated from the analysis of the composition of the incineration products. Most values have been obtained by direct waste analysis (Assmuth, 1992, NETC, 1995, Flyhammer & Hakansson, 1999 etc.) These analyses revealed mean values between 100 and 800 g/tonne dry wt. In general there seems to be no tendency that higher lead concentrations in MSW have been found in the past than at present. The observed differences are due to the heterogeneity of the Municipal Solid Waste stream, reference year and the methodology used to estimate the total lead concentration. For example the study by Beker and Cornelisen (1999) did not include batteries and some metal pieces that can lead to an underestimation of the total Pb content.
Table 3.1‑34:
Average total lead concentration (g/tonne dry wt.) in M.S.W.
	Country
	g/tonne
	Methodology used
	Reference

	Austria
	430 (wet wt)

671 (dry wt)*
	Analysis incineration products
	Morf et al (2000)

	Finland
	80-450
	Direct Waste Analysis but municipal co-disposal
	Assmuth (1992)

	Switzerland/Germany
	430 ± 130

570 ± 430
	Analysis incineration products processed tons 30 and 180 ton
	Brunner & Mönch, (1986) and Brunner & Ernst (1986)

	Switzerland
	367
	Not specified
	Titalyse (1997)

	Germany
	800
	Not specified
	Horch (1987) cited in Reimann (1989)

	Germany
	481-524
	Not specified
	Reimann (1989)

	The Netherlands
	170 (wet wt.)

242 (dry wt.)*
	Direct Waste Analysis (data 1986-1992)
	Otte (1995)

	The Netherlands
	141 (wet wt.)

201 (dry wt.)*
	Direct Waste Analysisa (data 1994)
	Beker and Cornelisen (1999)

	The Netherlands
	77 (60-94) (wet wt.)

110 (86-134) (dry wt.)*
	Direct Waste Analysisa (data 1995)
	Beker and Cornelisen (1999)

	The Netherlands
	570

(250-1,000)
	Not specified
	Rijpkema (1993b) cited in Bernard et al. (2000)

	UK
	33-2,667

Average 384

p50: 303

P90: 429
	Direct Waste Analysis

(data 1992-1993)
	NETC (1995) 

	Sweden
	202-442
	Direct Waste Analysis
	Flyhammer & Hakansson (1999)

	Sweden
	216

420
	Direct Waste Analysis

Fresh MSW 1994-1995

Degraded MSW 1974
	Flyhammer (1997)

	Sweden
	750
	Not specified
	Statens Energiverk (1986) cited in Flyhammer et al, 1998)

	France
	331-383
	Direct Waste Analysis
	ADEME (1988) in SFSP (1999)

	The Netherlands
	455-650
	Not specified
	(Rijpkema 1996) cited in Mersiowsky 2001

	France
	795
	Direct Waste Analysis
	ADEME (1993)


a possible underestimation since batteries and some metal pieces are not included.

* assuming 30 % moisture content
The average lead content of MSW based on the values above is 550 mg/kg dry wt. (median = P50 = 524 mg/kg dry wt.). In the EU-15, 157,241 ktonnes of MSW is generated (section 2.5.3). The moisture content of MSW is typically on average 30 % (Mersiowsky, 2001; DTU, 2001) yielding 110,069 ktonnes of MSW (dry weight). 

The reasonable worst case total lead content of MSW on a dry weight basis is derived as the 90th percentile and equals 777 g Pb/tonne dry wt. This value is taken forward in the calculations of the emissions (chapter 3) and equals a lead load of 85.5 ktonnes.

MSW composition

MSW consists of a vast array of materials discarded after their useful life and is very heterogeneous in nature. In this section at first the different waste fractions and their proportional contribution to the total amount of waste are determined. Once the contribution of each fraction of the MSW is known, the lead content of the different fractions is estimated. For reasons of clarity and uniformity, all data are normalised to dry weight with the methods and formulas explained below.

There are, however, several issues that need consideration when interpreting the results:

The performed literature review indicates that not only is data availability in general very poor but also there exist comparability problems. It is important to mention that the methodology may vary from reference to reference, from country to country. Hence, the method used to assess the weight of the various fractions may influence the statistics provided due to items containing a mixture of materials that may or may not be assigned to a single category.

Furthermore, the percentages reported may not always refer to the total amount of municipal waste generated which should, but does not always, include all the waste fractions separately collected for recycling and recovery operations (through door to door collection and/or through voluntary deposits).
It was not always clear whether results were presented on a dry or wet weight basis. Expert judgement was then used to resolve this issue. Conversion from wet to dry weight basis is discussed below.

It is not clear in the literature studies considered to what extent WEEE was included in MSW. It is specified in some studies (e.g. Maystre et al., 1994), most studies however do not specify whether WEEE is included in MSW. Based on our experience, we believe that WEEE is partly included in MSW.

It was not clear from the literature studies for what stage the composition of the MSW/WEEE is given. There is often some triggering or pre-treatment of the waste before entering a municipal solid waste incinerator or landfill. 

For reasons of clarity, the fractions and subfractions available in literature have been summarised into the 8 fractions that are also used by EUROSTAT (2003, figures for 1990-2001). The different fractions, with their respective proportional contribution taken into account are given in Table 3.1-35.

Table 3.1‑35:
Composition of MSW (%) (EUROSTAT, 2003)

	fraction
	% (wet weight)

	paper
	25

	metals
	4

	glass
	6

	plastics
	7

	textile
	3

	other waste
	25

	bulky waste
	3

	organic material
	27


Since only wet weight % was given in Eurostat (2003), dry weight % of the fraction was calculated as follows:

DWi = WWi x (1 - Hi/100) / (1 – Ht/100)


formula (1)

with:

DWi = % of fraction i in total weight, as dry weight

WWi = % of fraction i in total weight, as wet weight

Hi = % moisture of fraction i

Ht = % moisture of total waste

Moisture contents of the different fractions were derived from Eurostat (2003). As moisture content of the total waste 30 % was taken ((Mersiowsky, 2001; DTU, 2001).
As lead concentrations for most of the subfraction data were expressed in mg Pb/kg dry weight, and (sub)fractions as % on a wet weight basis, the following formula was used to calculate the % of the subfraction on a wet weight basis:

DWj = WWj x (1 – Hi/100) / (1 – Ht/100)


formula (2)

with:

DWj = % of subfraction j in total weight, as dry weight

WWj = % of subfraction j in total weight, as wet weight

Hi = % moisture of fraction i

Ht = % moisture of total waste

In this way, all data on MSW composition were presented on a dry weight basis for use in further calculations. More information on the different fractions and subfractions is given in the following paragraphs.

The waste fractions – on a dry weight basis – based on the EUROSTAT data are presented in Figure 3.1-33.
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Figure 3.1‑33
 Composition of MSW in Western Europe (transformed to dry weight % based on Eurostat, 2003). 

Additional information on MSW composition and moisture content was retrieved from different sources: Brunner and Ernst 1986, Looser 1997, Ademe 1993, Van der Poel 1999, Ecobalance 1999, Rousseau et al. 1989, Beker and Cornelissen 1999, Otte 1994, Christina1, Christina2/Wiemer, Defra 2004, Chandler , Maystre 1994, Mast 1998, Depra 2004, NETC, 1995, Prudent et al. 1996, UBA 2004. These sources were used to verify the Eurostat MSW composition. Therefore, the dry weight % of each subfraction and fraction considered was also calculated for every study. An average % on dry weight basis was finally calculated for all fractions (Figure 3.1-34) and then compared with the Eurostat figures. Both methods corresponded very well (Figure 3.1-33 and Figure 3.1-34). The difference in organic material between the literature sources and the Eurostat figures may be attrituded to some of the literature sources that did not specify but expressed their composition in wet weight. And the organic material fraction has the largest moisture content.
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Figure 3.1‑34
 Composition of MSW in Western Europe (transformed to dry weight % based on several literature studies)

For the further general discussion, only the fractions of Eurostat were used and subfractions were pooled, but in the calculations, the subclasses defined by the different authors were also taken into account.

Fraction 1: paper

The paper fraction is sometimes divided in a number of subfractions. It can comprise of paper, cardboard, newspapers, magazines, brochures, advertisements, books, packaging. 

Fraction 2: metal

The metal fraction is sometimes divided in a number of subfractions. The most common distinction is made between ferrous and non-ferrous metals (or between magnetic and non-magnetic metals). The metal fraction can comprise of metal packaging, beverage and food cans and boxes, electrical equipment, foil, etc. Only few studies report on WEEE fractions.

Fraction 3: glass

The glass fraction is sometimes divided in a number of subfractions. It can comprise of bottles, jars, or other types of glass.

Fraction 4: plastic

The plastic fraction is sometimes divided in plastic films, bottles, packaging, houseware, toys, film, small electrical appliances, foam, dust bin plastics,… or divided in the type of plastic as PE, PP, PVC, PS, HDPE, …

Fraction 5: textile

The textile fraction is sometimes divided in a number of subfractions.

Fraction 6: other

The “other” fraction is sometimes divided in a number of subfractions. The easily identifiable fractions are wood, leather, rubber, minerals, ceramic, nappies and small hazardous waste. Usually, large unknown fractions are characterised as bulky waste, sieving fractions (including fine fraction), classified or non-classified combustibles, miscellaneous, …

Fraction 7: organic

The organic fraction comprises mainly of garden, fruit and vegetable waste.

Lead content in fractions of MSW

Lead content in the different fractions of waste was calculated as described hereunder.

All fractions and subfractions were transformed to dry weight according to formula (1) and (2). Secondly, the concentration of lead in each fraction was calculated with formula (3) for every study considered:

Qi = 
[image: image45.wmf]å

j

(Cj x DWj,s)




formula (3)

with:

Qi = the amount of lead in fraction i

Cj = the concentrations of lead in subfraction j, reported in the study considered

DWj,s = % of subfraction j relative to the fraction considered, as dry weight, reported in the study considered

In this way, a weighed average concentration for each fraction i was calculated for each study. For the final concentrations of the fractions, however, average weighed lead concentrations in each fraction were calculated and then multiplied with the % dry weight Eurostat fraction. In this way, the results of each average weighted fraction were reported as g/tonne dry wt total waste (Figure 3.1-35).
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Figure 3.1‑35
European Pb waste concentrations (mg Pb/kg dry wt. = g Pb/tonne dry wt.) based on several literature sources

It can be derived from Figure 3.1-35 that there are large variations between several literature studies within the same MSW fraction. However, the values do indicate that the largest Pb concentrations are found in the metal and “other” fraction of the MSW. The “not directly attributable” Pb-amount in the fractions organic matter, paper/cardboard and textiles, of which organic matter and paper/cardboard are the two large waste streams mounts up to 9 % when all the studies are averaged for each fraction.

The different subfractions and their respective lead contents are briefly described below. 

Lead in paper/cardboard fraction

ADEME (1993) reports Pb concentrations of 30-107 mg/kg dwt for the papers subfraction and 25-98 mg/kg dwt for the cardboard subfraction. The paper subfraction contains in ADEME (1993) paper packaging, journals, brochures, magazines, publicity and office paper. Papers may also contain ink, film, varnish, clip, staple,… In Dep. of environment (1995), Pb concentrations range from 6.39 to 120.34 ppm dwt in the subfractions newspapers, magazines, liquid cartons, card packaging and other paper and card (as tissues & toilet paper, envelopes, paper bags, photos, wallpaper, post cards, beer mats,…). Maystre (1994) reports concentrations of 15-316 ppm in the various subfractions (newspaper, packaging, other paper, cardboard).
Lead in metal fraction 

ADEME (1993) reports Pb concentrations of 60-117,600 mg/kg dry wt for the metal fraction. The metal category according to ADEME (1993) consists of cables and wires, tubes, taps, etc. Rousseau et al. (1989) report a granulometric fraction of 39% Pb for the scrap iron fraction. Beker & Cornelissen (1999) report Pb concentrations of 1 and 33 mg/kg dry wt in respectively the ferro and non-ferro subfractions. The non-ferro subfraction was defined as the non-magnetic metals. Note that nails, zippers and other metal parts were removed for chemical analysis to protect the crushers. Otte (1994) reports 11,635 mg/kg dry wt Pb concentration in the non-ferro subfraction and 52 mg/kg dry wt Pb in the ferro subfraction. Mast (1998) does not report Pb concentrations before the pre-treatment phase but finds Pb concentrations of 0.4-88 mg/kg dry wt for electrical scrap after a pre-treatment phase. The department of environment (1995) reports 6,365 and 8,085 mg/kg wwt in respectively 1992 and 1993 for the subfraction ‘non-ferrous other’. This subfraction consists of saucepans, bike parts, ring pulls, aerosols, hairspray, mousse. They also report 2,863 and 10 mg/kg wet weight in respectively 1992 and 1993 for the subfraction ‘ferrous - food cans’ (dog food, cat food, tinned vegetables, tinned fruit, spaghetti rings, tinned beans, tuna) and 2,388 and 27 mg/kg wet weight for the subfraction ‘ferrous – other cans’ (paint cans, aerosol cans, deodorant, hairspray, oilspray).

Lead in glass fraction

ADEME (1993) reports Pb concentrations of 174-472 mg/kg dwt for the glass fraction. This fraction consists of white and coloured glass (light bulb, lens and decorative glass). It is also noted that other glass like crystal and certain lenses contain lead (ADEME, 1993). In Dep. of environment (1995), Pb concentrations range from 96 to 1549 ppm dwt in the subfractions brown bottles, green bottles, clear bottles, jars and broken and other glass. Otte (1994) reports Pb concentrations of 381 mg/kg dwt and he also reports crystal glass to be a potential Pb source. Beker and Cornelissen report 153-590 mg/kg dwt of lead in the glass fraction. Maystre (1994) reports 11 ppm Pb.

Lead in plastics fraction

The plastics fraction, consisting of bottles and packaging, contains 14-4465 mg/kg dwt in ADEME (1993). In Dep. of environment (1995), Pb concentrations are reported to vary between 18.66 and 4201 ppm dwt. This last concentration originates from the “other dense plastic” subfraction containing car batteries next to rules, pens, telephone, phonecards, tupperware, plastic toys,... In Maystre (1994), concentrations range from 8 to 590 ppm Pb for the respective subfractions plastic bottles (PVC) and plastic bags from department stores.

Lead in textile fraction

The textile fraction contains 75-104 mg/kg dwt (and 3-170 mg/kg for sanitary textiles) in ADEME (1993). In that study, the textile fraction consists of fruit & vegetable packaging and clothing. The metals in textile can arise from colouring, water-resistant treatment,… but also from buttons, zippers,… In dep. of environment (1995), the textile fraction contains around 35 ppm dwt of Pb. In Otte (1994), zippers and buttons were removed prior to analysis and 41 mg/kg dwt was found in the textile subfraction.

Lead in other

ADEME (1993) reports Pb concentrations of 603-3175 mg/kg dry wt for the unclassified combustibles subfraction of the “other” fraction. Rousseau et al. (1989) reports a granulometric fraction of 22% for the fine fraction. Beker & Cornelissen (1999) reports Pb concentrations of 583 and 220 mg/kg dry wt in respectively 1994 and 1995 in the sieving fraction < 8 mm and 543 and 110 mg/kg dry wt in respectively 1994 and 1995 in the sieving fraction 8-30 mm. The largest concentrations are found in the ceramics fraction (917 and 1,360 mg/kg dwt). Mast (1998) reports Pb concentrations of 35-500 mg/kg dwt and 1.8-24.6 mg/kg dwt in the fine fraction respectively before and after pre-treatment. The department of environment (1995) reports 341 mg/kg wwt and 493 mg/kg wwt Pb in respectively 1992 and 1993 for the fine fraction (< 10 mm). 

Lead in organic matter fraction

The organic matter fraction contains 47-175 mg/kg dwt of Pb in ADEME (1993), 34-95 ppm dwt of Pb in Dept of Environment (1995), 42-160 mg/kg of Pb in Beker & Cornelissen (1999), 235 ppm in Maystre (1994), <0.8-12.8 in Mast (1998).
MSW -Waste management practices in Europe
Waste management practices
 vary considerably among different countries and regions in the EU. The current status of waste management strategies for the different EU countries is presented in Table 3.1-36 and Table 3.1-37. Most data were extracted from the databank provided by ETWC (ETWC, 2002) which in turn is a compilation of the results of a joined Eurostat/OECD Questionnaire (2000) or based on national reports (France, Norway, Belgium, Sweden, Finland, Austria and Luxembourg and the Netherlands) and OECD statistics (Greece, Italy, Ireland, Spain and Portugal). The data for Germany (landfill and incineration), Austria (incineration), Spain (incineration), Portugal (incineration and landfill) and the Netherlands were updated with the latest information made available by the Member State.

Table 3.1‑36
Landfilling and incineration of MSW (in ktonnes WW) in Europe for the period 1995-2002

	Country
	Year
	MSW landfilled

(ktonnes wet wt.)
	MSW incinerated

(ktonnes wet wt.)

	Austriaa,g
	1999/2000
	1,099
	515.6

	Belgiuma 
	1998
	1,473
	1,369

	Denmarkc
	2002
	352
	2518

	Finlanda
	1997
	1,610
	80

	Francea
	1998
	23,352
	10,781

	Germanyb
	2001
	16,000
	12,000

	Greeced
	1997
	3,561
	0

	Irelandd
	1995
	1,432
	0

	Italya
	1998
	20,768
	1,949

	Luxembourga
	1998
	62
	123

	Netherlandsf
	2002
	592
	2,987

	Portugala,e
	1999-2002
	2,603
	1,060

	Spaina
	1999
	17,477
	1,327

	Swedena
	1998
	1,300
	1,400

	UKa
	1999
	26,860
	2,590

	
	
	
	

	Total EU-15
	157,241

(sum landfill and incineration)
	118,541
	38,700


a Wastebase (ETWC, 2002)

b Umweltsbundesamt (UBA, 2001)

c Waste Statistics, 2002 (Danish EPA, 2002)

d OECD compendium (1999)

e Lipor II, Calheiros JM and Almeida A., pers. com. (2002)

f AOO 2004

g Stubenvoll et al (2002)
The calculation of the share (%) of MSW waste being landfilled or incinerated is calculated using only the ratio between incineration and landfilling in the different Member States. 

Table 3.1‑37
Landfilling and incineration practices (in %) in Europe for the period 1995-2002

	Country
	Year
	% of MSW landfilled
	% of MSW incinerated

	Austria
	1999/2000
	68.1
	31.9

	Belgium 
	1998
	51.8
	48.2

	Denmark
	2002
	12.3
	87.7

	Finland
	1997
	95.3
	4.7

	France
	1998
	68.4
	31.6

	Germany
	2001
	57.1
	42.9

	Greece
	1997
	100
	0

	Ireland
	1995
	100
	0

	Italy
	1998
	91.4
	8.6

	Luxembourg
	1998
	33.5
	66.5

	Netherlands
	2002
	16.5
	83.5

	Portugal
	1999
	71.1
	28.9

	Spain
	1999
	92.9
	7.1

	Sweden
	1998
	48.1
	51.9

	UK
	1999
	91.2
	8.8

	Total EU-15
	
	75.4
	24.6


Overall it can be concluded that landfilling remains the predominant disposal route for waste while there is a growing trend towards increased incineration (EEA, 2000). The overall ratio between incineration and landfilling of MSW within the European Union is approximately 25 to 75 % (situation 1995-2002). 

Inherent to the quantification of the lead emissions caused by landfills or incineration is the fact that available data on landfill and incineration emissions always represent the total emissions of lead containing materials present in the waste stream. Allocation of the lead emissions to the specific application is not addressed in this draft final report. 

The overall lead emissions may vary considerably depending on the used Flue Gas Cleaning System or the presence of a leachate treating system/protective lining in the case of landfills. 

In this report the scenario based on the European average situation (25 % incineration and 75 % landfill) is completed by two scenarios (100 % landfilling and 100 % incineration) to perform a rudimentary sensitivity analysis (chapter 3).

· Lead emissions from Waste Management Strategies

a)
Current lead emissions from incineration MSW

Lead entering into standard MSW incineration will be distributed among various output fractions such as stack emissions (flue gas), wastewater, fly ash, bottom ash and slag. The distribution pattern of lead over these incineration residues depends on the physico-chemical properties, the gas cleaning technology and the operation and maintenance conditions. While the flue gas and wastewater emissions are immediate, emissions of the incineration residues (via disposal and/or re-use) are delayed. 

Flue gas emissions

Approximately 5,000-6,000 Nm3 flue gas is generated per ton waste (wet wt.) incinerated (Van De Wijdeven, 1991). Today, almost all incineration plants have some kind of flue gas cleaning system (FGCS) in place. The amounts of household waste incinerated per flue gas cleaning system in use by the different Member States are presented in Table 3.1-38 and were extracted from the national data collected by ISWA (2002). It should be noted that not all countries or incinerators present in a country have been covered. The distribution of the FGCS in percent (based on a weight basis) is presented in Table 3.1-39. 

Table 3.1‑38 Amounts of household waste (ktonnes WW) treated per Flue gas Cleaning System (reference year 1999 unless specified) (ISWA, 2002)
	Country
	Dry
	SD
	WET
	Dry + WET
	SD 
	ESP
	FF
	O
	Total

	Austria
	0
	0
	437
	0
	0
	0
	0
	0
	437

	Belgiuma 
	38
	304
	208
	0
	203
	0
	0
	0
	753

	Denmarkd
	44.3
	137
	258.5
	0
	0
	0
	0
	0
	440

	France
	803
	0
	6,465
	0
	0
	706
	0
	351
	8,326

	Germany
	155
	1,117
	5,024
	272
	1,656
	0
	0
	0
	8,225

	UK
	150
	488
	0
	0
	0
	0
	0
	0
	639

	Netherlands
	0
	20
	1,876
	0
	917
	0
	0
	0
	2,813

	Norway
	0
	11
	305
	0
	0
	0
	0
	0
	316

	Portugalc
	0
	1,060
	0
	0
	0
	0
	0
	0
	1,060

	Spainb
	21
	991
	320
	0
	0
	0
	0
	0
	963

	Sweden
	322
	0
	645
	283
	0
	0
	53
	0
	1,303

	Total 
	1,535
	4,128
	15,538
	555
	2,776
	706
	53
	351
	25,642


Dry: Dry scrubbing; SD: Semi dry scrubbing; WET: Wet scrubbing; FF: Fabric Filter; ESP: Electrostatic precipitator; O: other) 

a updated figures for Flanders (OVAM: Peter Loncke, Personal communication)

b updated figures for Spain (MMA, 2002)

c updated figures for Portugal (LIPOR II, Calheiros JM and Almeida A., pers. com., 2002)

d based on updated figures for Denmark (Riber et al, 2002)

Table 3.1‑39
Distribution (%) of Flue Gas Cleaning Systems for different Member States

	Country
	Dry
	SD
	WET
	Dry + WET
	SD+WET
	ESP
	FF
	O
	Total

	Austria
	0
	0
	100
	0
	0
	0
	0
	0
	100

	Belgium
	5
	40.4
	27.6
	0
	27
	0
	0
	0
	100

	Denmark
	10.1
	31.2
	58.8
	0
	0
	0
	0
	0
	100

	France
	9.7
	0
	77.6
	0
	0
	8.5
	0
	4.2
	100

	Germany
	1.9
	13.6
	61.1
	3.3
	20.1
	0
	0
	0
	100

	UK
	23.5
	76.5
	0
	0
	0
	0
	0
	0
	100

	Netherlands
	0
	0.7
	66.7
	0
	32.6
	0
	0
	0
	100

	Norway
	0
	3.4
	96.6
	0
	0
	0
	0
	0
	100

	Portugal
	0
	100
	0
	0
	0
	0
	0
	0
	100

	Spain
	1.6
	74.4
	24.0
	0
	0
	0
	0
	0
	100

	Sweden
	24.7
	0
	49.5
	21.7
	0
	0
	4.1
	0
	100

	Total
	6.0
	16.1
	60.6
	2.2
	10.8
	2.8
	0.2
	1.4
	100


Source: ISWA, 2002. Dry: Dry scrubbing; SD: Semi dry scrubbing; WET: Wet scrubbing; FF: Fabric Filter; ESP: Electrostatic precipitator; O: other 

From Table 3.1-39 it can be concluded that approximately 22 % of all the household waste incinerated in Europe is followed by dry and semi-dry flue gas cleaning. Wet flue gas cleaning accounts for 74 %. 3 % of the household waste incinerated is followed by ESP or FF only. In the future it is expected that more and more incinerators will be equipped with a semi-dry FGCS eliminating emissions to the water compartment.

Actual measured air emissions of lead by Municipal Solid Waste incinerators were available for a number of Member States (Austria, UK, France, Sweden, the Netherlands and Portugal) and when available preference was given to these measured data (indicated in bold/italic in Table 3.1-40). For other Member States a mix of measured and calculated data was available as best estimates. For example in Germany the lead emissions due to MSW incineration was calculated by multiplying the average lead concentration
 measured in the flue gas of 15 incinerators in Bayern (Bayern, 2002) (37 measurements) with the amount of gas formed by the total amount of municipal waste incinerated in Germany. A similar approach has been followed for Belgium and Italy. 

In the case no measured data were available the emission to air was estimated by applying the highest emission factor (France) based on measured data to the amount of MSW incinerated (Table 3.1-40).

The modelled/measured annual releases of lead to air for the different countries through the incineration of MSW are presented in Table 3.1-40 and Table 3.1-41 for two scenarios: 25 % incineration and 100 % incineration. 

Table 3.1‑40
Overall lead emissions to air (in kg/year) in Europe due to incineration of MSW. Scenario current incineration 25 % 

	Country
	MSW incinerated

(ktonnes WW)
	Measured/modelled emissions (kg/year)a,b 
	Emission factor (g/tonne WW)c 

	Austria
	515.6
	60
	0.12

	Belgium
	1,369
	679
	0.50

	Denmark
	2,518
	2,090
	0.83

	Finland
	80
	66
	0.83

	France
	10,781
	8,937
	0.83

	Germany
	12,000
	1,056
	0.09

	Greece
	0
	0
	0

	Ireland
	0
	0
	0

	Italy
	1,949
	729
	0.37

	Luxembourg
	123
	102
	0.83

	Netherlands
	2,987
	97
	0.03

	Portugal
	1,060
	5
	0.005

	Spain
	1,327
	1,101
	0.83

	Sweden
	1,504
	38
	0.03

	UK
	2,590
	209
	0.08

	Total EU-15
	38,700
	15,169
	


a Measured data Belgium: VMM 2001; ISSEP 1999; Measured data France: ADEME, 2001, For France reported emissions reflect both Pb, Cu, Cr and Mn. Following communication with CITEPA it is assumed that lead contributes 72 % and extrapolated to 10,781 ktonnes incinerated; Measured data Norway SOE 2001, Measured data AOO the Netherlands (2004): reported emission data included both MSW and industrial waste. In 2002 5,006 kton of waste was incinerated from which 2,987 ktonnes was MSW. Hence the reported emission of 162 kg was multiplied with 0.6 to obtain the contribution of the MSW, Measured data Portugal: Lipor, 2002, Measured data Sweden: RVF 2002, Measured data UK: Environment Agency Pollution inventory 2001. . Measured data Italy = (1,949 kton *5,500 Nm3/tonnes * 0.068 mg Pb/Nm3)/ 1,000 (ISS, 2003). Measured data Germany = (12,000 kton *5,500 Nm3/tonnes * 0.016 mg Pb/Nm3)/ 1,000 

b Measured data indicated in bold/italic are most of the time best estimates based on a combination of modelled and measured data

c In case no measured data were available the highest measured emission factor (i.e. France: 0.83 g/tonne) has been applied. This was the case for Denmark, Finland, Spain, and Luxembourg,

The total amount of MSW being incinerated in 1995-2002 for the EU-15 was 38,700 ktonnes corresponding with an overall EU incineration share of approximately 25 %. Based on the calculations above the lead emission to the air compartment due to this incineration activity is 15.2 tonnes Pb/year. 

The observed differences between emission factors in different member states reflect the current technological improvements that have been made in the abatement of air emissions. The figure of 15,169 kg Pb/year is taken forward for the calculations. 

Based on the emission factor (g/ton) calculated for each country, the lead emission to air has been calculated for the 100 % scenario (Table 3.1-41).

Table 3.1‑41
Lead emissions to air (in kg/year) in Europe due to incineration of MSW. Scenario 100 % incineration 

	Country
	MSW incinerated

(ktonnes wet wt.)
	Emissions (kg/year)

Scenario 100 %

	Austria
	1,615
	187

	Belgium
	2,842
	1,410

	Denmark
	2,870
	2,382

	Finland
	1,690
	1,403

	France
	34,133
	28,295

	Germany
	28,000
	2,464

	Greece
	3,561
	641

	Ireland
	1,432
	258

	Italy
	22,717
	8,496

	Luxembourg
	185
	154

	Netherlands
	3,579
	116

	Portugal
	3,663
	17

	Spain
	18,804
	15,607

	Sweden
	2,700
	73

	UK
	29,450
	2,376

	Total EU-15
	157,241
	63,878


Based on the calculations above the lead emission to air in a 100 % incineration scenario would result in an emission of 63.9 tonnes Pb/year.
Emissions from wastewater

Emissions to water result essentially from the discharge of wastewater from incineration plants with wet flue gas cleaning systems. The wastewater has been shown to be contaminated with metals and inorganic salts and have high acidity or alkalinity (Reimann, 1987). The main sources of wastewater from incinerators are from flue gas treatment as flue gas scrubber water, e.g. alkaline scrubbing of the gases to remove acid gases, and the quenching of incinerator ash. Water pollution from incinerators is generally not regarded as an important problem, because the limited amount of wastewater generated is of the order of 0.5-2.5 m3 per tonne of municipal waste incinerated (Williams, 1998). Reimann (2002) reported a water consumption of 1.1 m3/tonnes for the FGCS and 0.25 m3/tonne as boiler water. Stubenvoll et al (2002) reported amounts of waste water between 0.3-0.4 m3 /tonne. As a worst case assumption the highest volume of wastewater generated (i.e. 2.5 m3) is used to calculate the regional contributions. For the local assessment both the lower limit (i.e. ± 0.3 m3) and the higher limit is used to calculate the dilution factors. 

Reported effluent lead concentrations (before treatment) are given in Table 3.1-42.

Table 3.1‑42
Reported average lead concentrations in flue gas scrubber water (mg/L) (influent) before treatment.

	
	Pb concentration (mg/L)
	Reference

	Flue gas scrubber water Untreated


	3.13 (incinerator 1)
	Aminal (1994)

	
	1.25 (incinerator 2)
	Aminal (1994)

	
	6.8 (flue gas wash water)
	Reimann (1989)

	
	mean: 8.8 (stage 1 Acid scrubber phase)

min/max: 1.2-24

mean: 3.5 (stage 2 alkaline scrubber phase)

min/max: 0.7/9.2
	Reimann (2002a)

	Median
	3.5
	

	P90 mean values
	8
	Selected for calculations


Discharge of wastewater results only from incineration plants equipped with wet flue gas cleaning systems. Dry and semi-dry systems have no water emissions. Overall 74 % of the incinerated MSW is followed by some kind of wet FGCS. In future this figure is likely to decrease since more and more incinerators are being equipped with a semi-dry FGCS eliminating the emissions to water.

For the calculation of the water emissions per country only the percentage of waste incinerated in incinerator plants with wet flue gas cleaning systems has been taken into account. Furthermore as a worst case scenario it is assumed that for all countries the total incinerator process produced 2.5 m3 wastewater/tonne wet wt. of MSW (Williams, 1998). 

Reduction of the metal concentrations is usually through neutralisation via precipitation with calcium hydroxide (lime) in the presence of organic sulphurous complexing agents such as the additive TMT15 (trimercaptotriazine) (Reimann 2002b, Stubenvoll et al, 2002). Treatment of an effluent with an average lead concentration of 8.8 mg/L with TMT resulted in a lead concentration of 0.13 mg/L indicating a removal efficiency of 98.5 % (Reimann, 2002b).

For the local and regional calculations in this report it will be assumed that 98 % of the lead is removed to sludge going to a hazardous landfill and that 2 % remains in the wastewater. 

This results in an effluent concentration of approximately 0.16 mg/L (for the P90 value) 
. Reported Pb concentrations in the effluents of three Austrian MSW incinerator plants (reference year 2000) were respectively < 0.01 mg/L, < 0.01 mg/L and < 0.1 mg/L (Stubenvoll et al , 2002). Measured lead concentrations for effluents of two incinerators in Norway (Brobekk and Klemterud) in the Oslo region were 0.0105 mg/L and 0.024 mg/L (Personal communication Jon-Ivar Andersen, Email 03-03-2003).

With an average influent value of 8 mg/L a removal efficiency of approximately 98 % can be calculated meaning that 98 % ends up in sludge landfilled in hazardous landfills and 2 % is discharged to surface water. 

The annual releases of lead to water for the different countries through the incineration of MSW are presented in Table 3.1-43 and Table 3.1-44 for two scenarios: 25 % incineration and 100 % incineration. 

As an example the emission for France is calculated as follows:

Amount incinerated each year = 10,781 ktonnes wet wt. x 0.776 (fraction of incinerators equipped with WET FGCS (Table 3.2) = 8,366 ktonnes wet wt.

Volume influent per year = 8,366 ktonnes x 2,500 m3/ktonnes = 20,915,000 m3
Total Pb load in influent per year = 20,915,000 m3 x 8 10-3 kg Pb/m3 = 167,320 kg

Pb load to surface water = 167,320 x 0.02 (removal efficiency of 98 %) = 3,346 kg
Pb load to sludge = 167,320 kg x 0.98 (fraction remaining in sludge) = 163,974 kg
As indicated above for the regional emissions it has been assumed as a worst case estimate that 2.5 m3 waste water per tonne wet wt. of MSW is generated. For the regional and local calculations the P90 influent concentration of 8 mg/L has been used (i.e. effluent concentration of 0.16 mg/L). 

Table 3.1‑43
Overall lead emissions to water (modelled data) and sludge (in kg/year) in Europe due to incineration of MSW. Scenario current incineration 25 %. 

	Country
	MSW incinerated ((ktonnes wet wt.)
	Emissions to water (kg/year) 

Scenario 25 %
	Emissions to sludge (kg/year) 

Scenario 25 %

	
	
	2 %
	98 %

	Austria
	515.6
	206
	10,106

	Belgium
	1,369
	299
	14,650

	Denmark
	2,518
	592
	29,019

	Finland
	80
	24
	1,154

	France
	10,781
	3,346
	163,975

	Germany
	12,000
	4,056
	198,744

	Greece
	0
	0
	0

	Ireland
	0
	0
	0

	Italy
	1,949
	574
	28,115

	Luxembourg
	123
	36
	1,774

	Netherlands
	2,987
	1,186
	58,135

	Portugal
	1,060
	0
	0

	Spain
	1,327
	127
	6,242

	Sweden
	1,504
	399
	19,537

	UK
	2,590
	0
	0

	Total EU-15
	38,700
	10,846
	531,453


Based on the calculations above the lead emission to water due to this incineration of MSW is approximately 10.8 tonnes Pb/year and 531.4 tonnes Pb/year to sludge. 

Table 3.1‑44
Overall lead emissions to water and sludge (in kg/year) in Europe due to incineration of MSW. Scenario 100 % incineration 

	Country
	MSW incinerated ((ktonnes wet wt.)
	Emissions to water (kg/year) 

Scenario 100 %
	Emissions to sludge (kg/year) 

Scenario 100 %

	
	
	2 %
	98 %

	Austria
	1,615
	646
	31,654

	Belgium
	2,842
	621
	30,414

	Denmark
	2,870
	675
	33,076

	Finland
	1,690
	498
	24,379

	France
	34,133
	10,595
	519,149

	Germany
	28,000
	9,464
	463,736

	Greece
	3,561
	0
	0

	Ireland
	1,432
	0
	0

	Italy
	22,717
	6,688
	327,706

	Luxembourg
	185
	54
	2,669

	Netherlands
	3,579
	1,422
	69,657

	Portugal
	3,663
	0
	0

	Spain
	18,804
	1,805
	88,454

	Sweden
	2,700
	769
	37,679

	UK
	29,450
	0
	0

	Total EU-15
	157,241
	33,236
	1,628,574


Based on the calculations above the lead emission to water in a 100 % incineration scenario would result in an emission of approximately 33.2 tonnes Pb/year and 1,629 tonnes Pb/year to sludge.
Delayed emissions from incinerator residues

While the emissions with flue gas are immediate, emissions from the residual fractions will be delayed and may result in a diffuse emission of lead to the environment. In this report a distinction is only made between bottom ash and fly ash. Other flue gas cleaning products generated in the process of removing acid gases are not specifically addressed. 

A number of studies have been carried out concerning the fate and distribution of lead in municipal solid waste incineration plants. The distribution of lead as a mass balance for incinerators equipped with different FGCS is given in Table 3.1-45.

Table 3.1‑45
Partitioning of lead (%) in the various output fractions of a MSW incinerator 

	Country
	Bottom ash
	Fly ash
	Flue gas
	Reference

	Switzerland
	58
	37
	5
	Brunner & Mönch, (1986) 

	Germany
	67
	Not specified
	
	Reimann (1989)

	Germany
	64-66
	Not specified
	
	Reimann (2002)

	Austria
	55.2
	44.6
	< 0.1
	Morf et al (2000)

	Netherlands
	74
	24
	< 0.01
	RIVM/LAE (2000)

	Switzerland
	58
	36
	
	Lemann et al (1995)

	???
	63


	Not specified
	
	Melodi 1998 cited in Bernard et al. (2000)


In general the largest fraction of lead can be found in FGCS residues such as bottom ash (55-67 %), i.e. the particulate material collected by electrostatic precipitators also called ESP dust. On average 37 % of the lead can be found in the fly ash and 63 % in the bottom ash and these values have been taken forward in the calculations.

Data on amounts of bottom ash and fly ash generated in the different member states (ISWA, 2002) are presented in Table 3.1-46.

Table 3.1‑46
Distribution of bottom ash and fly ash for different Member States (reference year 1999) based on ISWA (2002)

	Country
	Total waste incinerated

(ktonnes WW)a
	Bottom ash

(ktonnes DW)
	Fly ash

(ktonnes DW)
	Bottom ash

(%) 
	Fly ash

(%)

	Austria
	450
	107
	8
	23.9
	1.8

	Belgium
	191
	25
	5
	13.1
	2.6

	Denmark
	2,359
	473
	63
	20.1
	2.7

	France
	10,852
	1840
	210
	17.0
	1.9

	Germany
	12,853
	3200
	366
	24.9
	2.8

	UK
	1,074
	289
	31
	26.9
	2.9

	Netherlands
	2,379
	590
	84
	24.8
	3.5

	Norway
	144
	25
	4
	17.0
	2.6

	Portugal
	322
	59
	27
	18.4
	8.5

	Spain
	996
	188
	59
	18.8
	5.9

	Sweden
	1,968
	371
	87
	18.9
	4.4

	Total
	33,589
	7,167
	944
	21.3
	2.8


a household waste + industrial waste

In general it can be concluded from Table 3.9 that on average bottom ash constitutes 21.3 % by weight of the waste input and fly ash 2.8 % by weight of the waste input. Van Der Poel (1999) reports similar figures. 

The figures were used to calculate the amount of bottom- and fly ash produced by incineration of MSW (Table 3.1-47).

Table 3.1‑47
Distribution of bottom ash and fly ash for different Member States Scenario current incineration 25 % 

	Country
	MSW incinerated

(ktonnes wet wt.)
	Bottom ash

(ktonnes dry wt.)
	Fly ash

(ktonnes dry wt.)

	Austria
	515.6
	110
	14

	Belgium
	1,369
	289
	38

	Denmark
	2,518
	531
	71

	Finland
	80
	17
	2

	France
	10,781
	2,296
	302

	Germany
	12,000
	2,556
	336

	Greece
	0
	0
	0

	Ireland
	0
	0
	0

	Italy
	1,949
	415
	55

	Luxembourg
	123
	26
	3

	Netherlands
	2,987
	636
	84

	Portugal
	1,060
	226
	30

	Spain
	1,327
	283
	37

	Sweden
	1,400
	298
	39

	UK
	2,590
	552
	73

	Total EU-15
	38,700
	8,243
	1,084


From Table 3.1-47 it can be concluded that at present 8,243 ktonnes of bottom ash and 1,084 ktonnes of fly ash has to be disposed of on a yearly basis. The lead concentrations in the fly ash and bottom ash can be calculated based on the lead balance for scenario 1 (25 % incineration) presented in Figure 3.1. For bottom ash a concentration of 1,566 mg Pb/kg dry wt. can be calculated (12,910,000 kg Pb present in bottom ash/8,243 ktonnes bottom ash). For fly ash a concentration of 6,994 mg Pb/kg dry wt. is obtained (7,582,000 kg Pb present in fly ash/1,084 ktonnes fly ash).

These figures are in concordance with data reported in the literature (Table 3.1-48). 

Table 3.1‑48
Overview of total lead concentrations (mg/kg DW) in APC residues

	Country
	Type/origin
	Min
	Max
	Mean
	Percentiles
	Reference

	World wide
	bottom ash

Fly ash
	98

5,300
	13,700

26,000
	
	
	IAWG in DTU 2001

	?
	Fly ash (25 samples)
	
	
	11,000
	P25: 6,300

P75: 15,000

P50: 7,800
	IAW 97 in Bernard (2000)

	The Netherlands
	Fly ash (10 samples)


	
	
	7,680


	
	RIVM/LAE

2000 (gegevens 1998)

	The Netherlands
	Bottom ash (68 samples)

Fly ash (122)
	35

114
	5,500

11,414
	1,248

3,758
	
	VVAV (Born 1993) cited in Anthonissen & Meyer (RIVM, 1993)

	The Netherlands
	Bottom ash (164 samples)

Fly ash (72)
	35

63
	5,500

9,000
	1,232

4,580
	
	Aalbers et al, 1996 (RIVM)

	Switzerland
	Bottom ash 

Fly ash 
	430

5,500
	1,230

7,200
	890

6,200
	
	Brunner and Mönch (1986)

	Germany
	bottom ash

bottom ash (5)

fly ash (14)
	600

600

3.5
	5,200

1,562

5,217
	1,600

924

2,006
	umfrage P50:760

P50: 1,801
	Reimann 1994 cited in Förstner et al 1997


Typical average reported lead concentrations in fly ash range from 2,000 to 11,000 mg/kg dry wt. Average lead concentrations in bottom ash are lower (600-1,600 mg/kg dry wt.). The calculated concentrations (1,566 mg/kg dry wt. for bottom ash and 7,235 mg/kg dry wt. for fly ash) are well in the range of these literature values. 

Most of the fly ash generated by incinerators in the EC is landfilled with or without prior treatment. For fly ash it is general practice that they are placed in hazardous waste landfills or used for reclamation of old mine shafts or quarries. If treated the most common treatment form in the EC Member States is probably solidification/stabilisation with hydraulic binders (cement or cement-like substances) often supplemented with the mixing of various additives (Argus, 2000). However, in some countries fly ash is (still) re-used. In 2001 the Netherlands produced 78 ktonnes of fly-ash from which 35 ktonnes (= 45 %) was re-used with the largest application being as fill material in asphalt (25-30 %) (Gerlagh, 2002; Anthonissen & Meijer, 1993). Belgium and the UK also indicate a re-use of fly ash (Jacobs et al, 2001; Environment Agency, 2002). In the framework of the upcoming legislation it is, however, unlikely that the use of fly ash in asphalt will be a viable option for the future. 

The use of processed bottom ash in engineering applications just started in some countries like the UK whereas its use in the Netherlands in civil engineering started in the 1980’s. The ashes are used unbound as a bulk fill, for example, to construct embankments, as a substitute aggregate or for bound uses through incorporation into road paving (tarmac, asphalt) or construction blocks. 

In the UK bottom ash processing in the year 2000 reached 270 ktonnes or 42 % of the bottom ash production for that year (Environment Agency 2002). The percentage of bottom ash recycled in other countries such as the Netherlands, Denmark and France is respectively 100 %, 70 % and 50 % (Environment Agency, 2002). The Netherlands produced 1,191 ktonnes of bottom ash from which almost 100 % is re-used (Gerlagh et al, 2002).

In Germany ca. 80% of bottom ash is re-used mainly in road and street construction and 20% of the bottom ash is presently deposited into landfills (personal communication with Bernt Johnke, Umweltbundesamt, Germany, 31.7.2002).

The re-use and/or landfilling of incineration residues may result in a long-term diffuse emission potentially contaminating groundwater, surface water and soil. A field study examining the leaching from two road construction sites showed that substantial leaching of metals from the road construction occurred, but transport through the underlying soil layer was limited due to soil-metal binding processes (Wesselink, 1995). In general two approaches can be used to determine the composition – and thus the potential future emissions -of residual leachates: (1) the generation of simulated leachates, and (2) the study of field-generated leachates. Most often laboratory leachability simulation studies are used to understand the potential leachability of lead in MSW ash. But because a number of such leaching procedures exist, the data generated from these leachate tests have been criticised for the variability in experimental conditions, and for their inability to predict long-term leaching behaviour for all types of disposal options (US-EPA, 1991). Whether or not the results of these laboratory tests underestimate or overestimate the potential release of contaminants is still under discussion. But most often, the re-use of incineration residues is dependent on the outcome of these leaching tests. If the results of the leaching test exceed an imposed limit the bottom- or fly ash is classified as hazardous waste and should be landfilled in a hazardous landfill. For example some countries such as Belgium and the Netherlands provide guidance on acceptable contaminant levels in construction materials in terms of potential impacts on health and the environment. Both the Netherlands and Belgium rely for their conclusion, on whether the material can be used as construction material or not, on the outcome of the column test NEN 7343 (VLAREA, 1998, Aalbers et al, 1996). For non-prefabricated construction materials (unbounded use) maximum allowable lead emissions of 1.3-1.9 mg/kg have been reported in the literature. For prefabricated construction materials 60 mg/m2 is reported for Flanders (Belgium) and 120 mg/m2 for the Netherlands. Furthermore in Flanders (Belgium) the total lead concentration should preferentially be below the target value of 1,250 mg/kg dry wt.

It can be concluded that at present 8,243 ktonnes of bottom ash and 1,084 ktonnes of fly ash has to be disposed of on a yearly basis. The lead concentrations in the bottom ash and fly ash are respectively 1,566 mg Pb/kg dry wt. and 6,994 mg Pb/kg dry wt. The delayed lead emissions due to the re-use of incineration residues have not been addressed in this progress report. The emissions associated with landfilling of incineration products and/or the re-use of incinerator residues have not been assessed.

Summary of overall lead emissions due to incineration of MSW

An overview of the overall lead releases to the different compartments due to incineration of MSW is summarized for the different scenarios in Figures 3.1-36-3.1-37.

An example calculation is given hereunder for the current incineration practice (25 %):

Pb-content MSW = 777 g/tonne dry wt. 

Total volume of waste incinerated = 38,700,000 tonnes ww = 27,090,000 dry wt. 

Lead load present in MSW: 777 g/tonne dry wt x 27,090,000 tonnes dry wt = 21,049 tonnes Pb.

Direct lead emissions to air  = 15,169 kg (Table 3.1.79) = 15.1 tonnes

Direct lead emissions to water = 10,846 kg (Table 3.1.88) = 10.8 tonnes 

Lead load to hazardous sludge = 531 tonnes (Table 3.1.88) 

Lead flow to incinerator residues = 21,049 tonnes – 15.1 tonnes – 10.8 tonnes – 531 tonnes = 20,491 tonnes

Lead load to bottom ash = 20,491 tonnes x 0.63  = 12,910 tonnes

Lead load to fly ash = 20,491 x 0.37 = 7,582  tonnes
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Figure 3.1‑36Overall lead flow (tonnes) due to incineration of MSW containing 777 g Pb/tonne dry wt. Scenario 1 (current practice 25 % incinerated) (a) most often fly ash is landfilled but some countries (Netherlands, UK, Belgium)  still re-use a part  of their fly ash;  (b) depending on the leaching results bottom ash can either be landfilled or re-used in road construction; (c) the delayed water emissions of re-use in road constructions and hazardous landfills have not been quantified.
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Figure 3.1‑37
 Overall lead flow (tonnes) due to incineration of MSW containing 777 g Pb/tonne dry wt. Scenario 2 (100 % incineration) (a) most often fly ash is landfilled but some countries (Netherlands, UK, Belgium)  still re-use a part  of their fly ash;  (b) depending on the leaching results bottom ash can either be landfilled or re-used in road construction; (c) the delayed water emissions of re-use in road constructions and hazardous landfills have not been quantified.

Allocation of current air emissions to a regional/local scale

The allocation of the total EU air emission amount to the regional and the local scale has been performed by dividing the regional emissions with the number of incinerators per country (Table 3.1-49). Measured data are indicated in bold/italic. For those countries where no measured data were available an emission factor of 0.83 g Pb/tonne wet wt. has been used.

Table 3.1‑49
Allocation of air emissions to regional/local scale. Scenario current incineration 25 %.
	Country
	No. incineration plantsa
	Air emissions/country

(kg/year)

scenario 25 %

(cfr Table 3.3)
	Air emissions/

plant (kg/year/plant)

	Austriab
	3
	60
	20

	Belgium
	18
	679
	37.7

	Denmarke
	31
	2,090
	67.4

	Finlandc
	1
	66
	66

	France
	117
	8,937
	76.4

	Germanyh
	75
	1,056
	14

	Italy
	62
	729
	11.8

	Luxembourgc
	1
	102
	102

	Netherlandsg
	12
	97
	8.1

	Portugal
	2
	5
	2.5

	Spain
	8
	1,101
	137.6

	Swedend
	22
	38
	1.7

	UKf
	11
	209
	7.3

	Total
	371
	
	

	Average
	29 plants/

country

(=371/13)
	1,167 kg/year/country

(= 15,169/13)
	40.9 kg/year/plant 

= (15,169/371) 


a Based on ISWA (2002)

b Stubenvoll et al (2002) 

c Juniper 1997

d RVF, 2002

e Waste Statistics 2002, Danish EPA (2002)

f Environment Agency 2002

g Gerlach et al (2002)

hUBA (2004)

Since emissions from incineration plants are not (yet) considered in the TGD emission tables (TGD, 1996), the following approach is proposed to allocate incineration plant emissions to the regional/local scale. On the basis of country specific information -for 13 EU countries - a country average number of incineration plants of 29 can be calculated. In these 29 plants a hypothetical amount of 2,977 ktonnes of MSW (cfr. Table 3.1.46: 38,700/13) can be incinerated, thereby emitting a Pb amount to air of 1,167 kg/year (scenario 25 %). Comparing these data to the emitted Pb amounts for individual countries, it seems that 11 out of 13 countries have emissions below this value. Not within this range are France and Denmark. Although France accounts for 58.9 % of the total EU air emission it is proposed to use the 10 % rule to derive a reasonable worst case emission estimate of the regional emission since incineration activities are distributed over the EU territory. Applying the TGD 10 % rule to the total EU air emission amount gives a regional air emission amount of 1,517 kg/y which is comparable with the calculated 1,167 kg/y per region. On the basis of country specific information for incineration plants (air emission and number of incineration plants), an EU weighted average emitted Pb amount per plant of 40.9 kg/year can be calculated. In comparison with the average emission per plant in each country it seems that Denmark, Finland, Luxembourg, France and Spain are the only countries not below this value. From the really measured data only France is above this estimate. Measured/estimated data in Belgium are between < 10-77 kg/plant. For the UK typically concentrations below 10 kg/plant are reported with one incinerator of 77.5 kg.

The country specific local air emission estimates ranging between 1.7-76.4 kg/year/plant have been used in the local PEC calculations (section 3.1.3.2.1). These values will also been taken forward in the risk characterisation together with the average scenario of 40.9 kg Pb/year/plant.

In the 100 % incineration scenario the allocation from the EU scale to the regional scale is performed applying the 10% rule to the EU emission amount. A regional emission amount of 6,379 kg/year is calculated. In the 100% incineration scenario it is assumed that the number of incineration plants is proportionally increased to the amount of MSW to incinerate. Hence, on a local scale the exposure scenario will be similar to that from the 25 % incineration scenario.

Measured lead loads to the surface water were lacking for most incinerators. Therefore the calculated water emissions (Table 3.6) based on the 90th percentile Pb concentration (i.e. 0.16 mg/L) in the effluent  have been used to calculate the EU emissions to surface water. Analogous to the air emission estimation, the EU emissions to surface water have been allocated to the region using the 10% rule. For the local scenario (PEC calculation and risk characterisation) the 90th percentile Pb effluent concentration (0.16 mg/L) will also be used. 

A summary of all continental and regional emissions to air and surface water is given in Table 3.1-50.

Table 3.1‑50
Total annual amount of Pb emissions to air and water within the EU from incineration plants 

	Scenario
	Released amount Lead (kg/y)
	Continental (90 %) (kg/y)
	Regional (10 %)

(kg/y)

	
	AIR

	25 % incineration
	15,169
	13,652
	1,517

	100 % incineration
	63,878
	57,490
	639

	
	WATER

	25 % incineration
	10,846
	9,761
	1,085

	100 % incineration
	33,236
	29,912
	332

	
	SLUDGE (DEPOSITED IN HAZARDOUS LANDFILL)

	25 % incineration
	531
	478
	53

	100 % incineration
	1,629
	1,466
	163

	
	INCINERATION RESIDUES (tonnes)

	25 % incineration
	20,491
	18,442
	2,049

	100 % incineration
	83,798
	75,418
	8,380


Overall lead emissions from landfilling MSW

Release of pollutants from a landfill can occur over an indefinite period. Hence, the daily or annual release may result in a very small PEC and does not reflect the long-term emissions of a landfill. No specific guidance is provided by the TGD on how to quantify the current and future landfill emissions. Due to the large uncertainties associated with this subject, the analysis that is performed in this report should be considered as a semi-quantitative approach.

Both regional and local emissions of landfilling have been addressed. Only for the local scenario has the issue of dilution in time (long term emissions) been analysed. The local emissions associated with landfilling MSW are given for three separate time horizons beginning from waste placement: 

Short term time frame (20 years) corresponding roughly to the landfill’s period of active decomposition. 

Intermediate term time frame (100 years) corresponding roughly to the life span of a given generation.

Long term time frame (500 years) corresponding to an indefinite time reference where emissions of any given environmental flow have reached or nearly reached their theoretical yield.

Leachate generation

Emissions from landfills will occur primarily by generation of landfill gases and leaching of contaminants. In the case of metals, emissions by generation of landfill gas are negligible in all cases except for Hg and possibly Cd (Baccini et al, 1987, Finnveden, 1996). However, in this document the pollution via leachate release is being considered as the most important long term flux impacting the environment since production of landfill gas lasts about one to two decades. 

Leachate is generated as a result of the expulsion of liquid from the waste due to its own weight or compaction loading (termed primary leachate) and the percolation of water through a landfill (termed secondary leachate). The source of percolating water could be precipitation, irrigation, groundwater or leachate recirculated through the landfill.

Leachate quality

In general, metals (specifically chromium, nickel, copper, zinc, lead and mercury) are currently not present in high amounts in leachates from municipal landfills. An overview of reported lead concentrations in MSW leachates is given in Table 3.1-51.

Table 3.1‑51
Overview of total lead concentrations (mg/L) in leachates of MSW landfills

	N° of landfills
	Type/origin
	Min
	Max
	Mean
	Percentiles
	Reference

	186

(334 datapoints)


	Germany: mainly old landfills with unknown solid content closed 15-20 years ago
	
	0.45
	0.008
	P50: 0.0

P75: 0.002 
	Kerndorff et al (1990)

	42

(9 datapoints)
	31 Switzerland

7 Italy

4 France
	
	
	
	P10: 0.00008

P50: 0.0008

P90: 0.023
	Looser et al (1996) and Looser et al (1999)

	11 MSW

5 industrial
	Finland: MSW uncontrolled landfills 
	
	0.24
	0.018
	P50: 0.005
	Assmuth and Strandberg (1993)

	20
	West Germany: 0-15 years old
	
	
	0.087
	
	Ehrig (1983) and Ehrig (1988)

	?
	Italy

0.5 years 

1 years 

2 years 

5 years 

6 years
	
	
	0.57

0.32

0.34

0.84

0.12
	
	Ariati et al 1989 in Avezzu et al 1995 

	3
	Italy: MSW landfills

1 month

few years

> 10 years inactive
	
	
	measured

0.0159

0.030

0.032
	
	Papini et al 2001

	106
	Denmark old unlined landfills
	
	
	0.07
	
	Kjeldsen and Christophersen (2001)

	21
	UK: landfills with primarily domestic waste inputs
	< 0.04
	0.22
	0.1
	P50 = 0.09

P90 = 0.18
	Robinson (1995)

	58
	UK: landfills: co-disposal and purely domestic sites
	< 0.05
	0.41
	0.06
	P50 = < 0.05

P95 = 0.059
	Robinson and Knox  (2001)

	?
	MSW landfills
	0.008

0.008
	1,02

0.4
	0.09

0.16
	
	Ehrig (1990) cited in Dahm et al (1994)

Kruse et al. (1993) cited in Dahm et al (1994)

	
	UK
	
	
	0.3 (acetogenic)

0.13 (Methanogenic)


	
	Robinson and Gronow (1993) cited in Finnveden 1996

	1
	Sweden: 

95 % MSW, 5 % sewage sludge

1 years 

2 years 

20-22 years 
	
	
	0.4

0.2

0.02
	
	Flyhammar et al (1998)

	56 landfill total

11 landf/38 pt

18/61

21/150

6/51
	Germany

1-5 years 

6-10 years 

11-20 years 

21-30 years 
	0.005

0.005

0.005

0.005
	0.920

0.317

1.3

0.19
	0.156

0.056

0.067

0.034
	
	Krümpelbeck (1999)


Reported lead concentrations range from 2 to 450 µg/L. The large range is partly due to the heterogeneity of the composition of the investigated landfills (ranging from landfills with primarily domestic waste inputs to co-disposal landfills) but also the choice of sampling sites can be influential. In case waste layers are unsaturated underlying aquifers are often sampled. In those cases the possibility of significant dilution of the leachate might exist. Kerndorff et al (1990) investigated the impact of landfills on the quality of underlying aquifers from 186 investigated landfills in Germany. The results indicate that about 75 % of the impacted groundwaters have Pb concentrations below 2.1 µg/L. Similar results are reported by Looser indicating that 50 % of the impacted groundwaters have lead concentration below 0.8 µg/L and 90 % have lead concentrations below 23 µg/L.

Most of the prevailing evidence gives average lead concentrations in the actual "undiluted" leachate between 16 and 400µg/L. In this report the 90th percentile of the data presented in Table 3.14 have been calculated resulting in an overall lead concentration, representative for a realistic worst case situation, in a landfill leachate of 0.382 mg/L (382 µg/L). The average value is 174 µg/L and the median value is 95 µg/L. Overall the lead concentration in the leachate seems to decrease with the age of the landfill (Avezzu et al, 1995; Krümpelbeck, 1999, Flyhammar et al, 1998).

The measured concentration value represents the lead leached out from all lead sources present in the MSW. Since data on leachability of lead in specific applications are limited it is not possible to assess the individual contributions. 

The P90 value of 382 µg/L is taken forward in the calculations.

Leachate quantity

Leachate production is highly depended on the landfill design and local climatic conditions. Precipitation represents the largest single contribution to the production of leachate. There is some variation in the potential generation of leachate within the EU because precipitation and evapotranspiration depends on geographical location. In Mediterranean areas (Greece, Spain, Italy) leachate generation is the smallest during summer season and leachate generation occurs principally during the colder, wet season (i.e. from October to April). For example an annual leachate production, expressed as height of water of 40-80 mm/year has been calculated for a landfill site near Athens (Greece, rainfall:  387 mm/y, Kouzeli-Katsiri et al, 1993). In a landfill site near Madrid (Gössele, 1993) the leachate production was calculated to be 7 mm/year and in a landfill near Pavia (Italy, Baldi et al, 1993) it was 82 mm/year. Leachate quantities tend to be higher in the North of the EU than the South.  In Sweden an average leachate volume of 250-300 mm/year is reported during operation (Nilsson, 1993). In Denmark similar figures have been reported:  320-400 mm during operation and 56-89 mm/year (Hjelmar, 1988-1989). But equally large variations can be found from east to west and over relatively short distances within Member States (Hjelmar et al, 1994). Reported leachate volumes vary from 25 m3 to 3,000 m3 per hectare (Flyhammer, 1995, Qiang et al, 2002).

The results of various empirical studies indicate that the average percentage of precipitation that results in leachate production depends on the age of the landfill and is largely controlled by the presence and type of cover.  In general it has been noted that the amount of leachate produced is between 15 and 50 % of the respective rainfall, depending mainly on the final landfill cover type and the manner of waste compaction (Canziani and Cossu, 1989). As a realistic worst case scenario in this TRAR the water balances have been calculated for a relatively high precipitation rate (800 mm/year) for different scenarios representative of common modern landfill practices.

Local emissions from landfilling MSW

Leachate production is highly dependent on the landfill design. The results of various empirical studies indicate that the average percentage of precipitation that results in leachate production depends on the age of the landfill and is largely controlled by the presence and type of cover. Therefore an attempt has been made in this report to calculate the water balances for different scenarios representative for common landfill practices.

Scenario development

The EU directive on the landfill of waste (1999/31/EC) indicates that appropriate measures shall be taken, with respect to the characteristics of the landfill and the meteorological condition, in order:

to control water the amount of water from precipitation entering the landfill

to collect contaminated water and leachate

and to treat contaminated water and leachate collected from the landfill to the appropriate standard required for their discharge. 


It is further stated that protection of groundwater has to be achieved by the combination of a geological barrier and a bottom liner during the operational/active phase and by the combination of a geological barrier and a top liner during the passive post closure phase. For non hazardous landfills it is therefore required to have a leachate collection and bottom sealing (consisting of an artificial sealing liner and drainage liner > 0.5 m in addition to a geological barrier (> 0.5 m). If the prevention of leachate formation is necessary a surface sealing can be applied. The requirements for a top cover are at least a topsoil cover (> 1m) and a drainage layer (> 0.5m). 

Although in the future all landfills will have to meet the requirements of the new EU landfill directive it is acknowledged that at the moment different landfill practices exist. Therefore the leachate generation simulations have been conducted in this TRAR for 4 different sets of conditions representative for different landfill practices and the consecutive life stages of a landfill.

Set 1: corresponds with a landfill with no top cover

Set 2: corresponds with a landfill with daily top cover 

Set 3: corresponds with a landfill with an intermediate top cover 

Set 4: corresponds with a landfill with a final top cover

In addition two sub-scenarios have been added in which the composition of the bottom liner or top liner has been changed:

In this report both a single compacted clay liner and a single composite liner system are considered as a bottom liner. Proper functioning of a bottom liner system is critical to the containment effectiveness of a landfill. During the past few decades the trend has been to use composite liner systems comprising both clay and synthetic geomembranes together with interspersed drainage layers.

For a final cap or cover system the following systems are considered: 1) a cover system consisting of a top soil, drainage layer and a single compacted clay liner, 2) a cover system consisting of a top soil, drainage layer and a single composite liner. The main purpose of a landfill final cover is to minimise water infiltration into the landfill to reduce the amount of leachate generated after closure. 

An overview of the different landfill profiles considered in this report is given in Figure 3.1-39. The thickness of the layers and final cover materials are in agreement with the new landfill directive and are representative for common landfill practice.
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Figure 3.1‑38
 Landfill profile structure for different landfill designs

Water balance

The most common way to calculate the amount of leachate is a simple water balance. In a water balance the amount of leachate is calculated as being the amount of precipitation minus the surface run-off, evapotranspiration, change in soil cover and change in waste moisture content. 

L = P – R/O – ET –(ST –(SWST

L = Leachate quantity

P = Precipitation

R/O = run off

(ST = change in soil moisture content

ET = Evapotranspiration

(SWST = change in solid waste moisture content

In this report the leachate production has been addressed with the theoretical landfill leachate model HELP (Hydrologic Evaluation of Landfill Production, US-EPA, Schroeder et al., 1994a and b). The HELP model is a sophisticated version of the water balance method and is used all over the world to predict leachate generation. The configuration of the model allows the handling of any type of cover, liner and can even address leakage. 

In order to perform the model calculations a generic landfill has been defined. At the moment an average representative European standard landfill is hard to define. Since future landfills are assumed to be reasonably large a landfill of 20 hectares have been chosen for the generic reasonable worst case (large surface area hence more leachate production) local scenario. An overview of the main input data used in the modelling is given in Table 3.1-52. Default values chosen were based on values most commonly cited in literature (Kjeldsen & Christensen, 2001; Nielsen and Hausschild, 1998; Nielsen et al, 1998, EREF, 1999, Schroeder et al, 1994; Hjelmar et al, 1994, Van Der Poel, 1999).

Table 3.1‑52
Default values used for the generic landfill

	Parameter
	Unit
	Value

	
	
	

	Surface of the landfill
	m2
	200,000

	Total depth of MSW landfilled
	m
	10-20

	Bulk density of MSW
	
	0.6

	Volumetric water content in MSW
	
	0.3

	Field capacity MSW
	%
	29.2

	Wilting point MSW
	%
	7.7

	Duration of operation phase
	Year
	15

	Duration of post closure phase
	Year
	30

	
	
	

	Moderately compacted clay cover
	m
	1

	Drainage layer (sand)
	m
	0.5

	Slope drainage layer
	%
	1

	Top cover (sandy loam)
	m
	0.3 (daily cover)

1.5 (final cover)

	Slope top cover
	%
	1

	HDPE liner
	m
	0.01

	
	
	

	Precipitation
	m/year
	0.8 (i.e. 0.799)


The HELP model was run for the 4 different sets of data and for one landfill location. As a location for the landfill the Netherlands was chosen. The HELP model generated the weather and climatic data over a simulation period of 100 years. This resulted in an average annual precipitation of 0.799 m/yearused as a default value for the different landfill scenarios.  This can be considered as a realistic worst case scenario with regard to the amount of leachate generated. Mediterranean countries will have lower leachate volumes. Scandinavian countries will have similar leachate volumes. 

During the operation phase the landfill cells are relatively flat. Therefore the area subjected to runoff was set to zero. Run-off was only taken into account when the final top cover was in place. In the cases where run-off is ignored any precipitation will result in more leachate resulting in a maximum leachate generation during landfill operations.

Table 3.1-53 – Table 3.1-56 show the average annual results of the HELP model for a generic landfill taking into account the different landfill stages. 

Table 3.1‑53
Annual leachate generation for a landfill with no top cover and a bottom liner consisting of a single compacted clay liner or a single composite liner 

	
	Scenario 1 : No top cover

	
	Bottom liner: single compacted clay
	Bottom liner: composite liner

	Parameter
	m3/ha.y
	%
	m3/ha.y
	%

	Precipitation
	7,999
	100
	7,999
	100

	Run-off
	0
	0
	0
	0

	Evapotranspiration
	5,645


	70.6
	5,645


	70.6

	Change in water storage
	- 3.9
	0.05
	262
	3.3

	Leachate collected from drainage layer
	119


	1,5
	2,024
	25

	Fugitive leachate
	2,239
	28
	68
	0.8


Table 3.1‑54
Annual leachate generation for a landfill with a daily cover and a bottom liner consisting of a single compacted clay liner or a single composite liner 

	
	Scenario 2: Daily cover

	
	Bottom liner: single compacted clay
	Bottom liner: composite liner

	Parameter
	m3/ha.y
	%
	m3/ha.y
	%

	Precipitation
	7,999
	100
	7,999
	100

	Run-off
	0
	0
	0
	0

	Evapotranspiration
	5,454
	68.2
	5,454
	68.2

	Change in water storage
	- 3
	0.03
	300
	3.5

	Leachate collected from drainage layer
	143
	1.8
	2,193
	27.4

	Fugitive leachate
	2,406
	30.1
	73
	0.9


Table 3.1‑55
Annual leachate generation for a landfill with an intermediate cover and a bottom liner consisting of a single compacted clay liner or a single composite liner 

	
	Scenario 3: Intermediate cover

	
	Bottom liner: single compacted clay
	Bottom liner: composite liner

	Parameter
	m3/ha.y
	%
	m3/ha.y
	%

	Precipitation
	7,999
	100
	7,999
	100

	Run-off
	0
	0
	0
	0

	Evapotranspiration
	5,454


	68.2
	5,454


	68.2

	Change in water storage
	2
	0.03
	284
	3.5

	Leachate collected from drainage layer
	136
	1.7
	2,189
	27.4

	Fugitive leachate
	2,412
	30.1
	73
	0.9


Table 3.1‑56
Annual leachate generation for a landfill with a final cover (with or without a composite liner) and a bottom liner consisting of a single compacted clay liner or a single composite liner. 

	
	Scenario 4: Final cover

	
	Final top cover: top soil , sand, composite liner

	
	Bottom liner: single compacted clay
	Bottom liner: composite liner

	Parameter
	m3/ha.y
	%
	m3/ha.y
	%

	Precipitation
	7,999
	100
	7,999
	100

	Run-off
	1,850
	23.1
	1,850
	23.1

	Evapotranspiration
	6,101
	76.3
	6,101
	76.3

	Change in water storage
	31
	0.4
	32
	0.4

	Leachate collected from drainage layer
	0.4
	0.005
	15.3
	0.2

	Fugitive leachate
	16
	0.2
	0.25
	0.003

	
	Final top cover: top soil, sand, single compacted clay liner

	
	Bottom liner: single compacted clay
	Bottom liner: composite liner

	Parameter
	m3/ha.y
	%
	m3/ha.y
	%

	Precipitation
	7,999
	100
	7,999
	100

	Run-off
	39
	0.5
	39
	0.5

	Evapotranspiration
	5,454
	68.2
	5,454
	68.2

	Change in water storage
	3.5
	0.04
	288
	3.6

	Leachate collected from drainage layer
	105
	1,3
	2,148
	26.8

	Fugitive leachate
	2,398
	30
	71
	0.9


The amount of leachate generated is the highest during the filling/operational phase (no cover, daily cover and intermediate cover) of the landfill and mounts up to 31.8 % (7,999 – 5,454 = 2,545 m3/ha.y = precipitation - evapotranspiration - run-off from Table 3.1-53 and Table 3.1-55) of the initial precipitation (7,999 m3/ha.y). The use of a final cover with composite liner reduces the total amount of leachate significantly to 0.2 % (= 16 m3/ha.y). In the absence of a composite liner in either the top or bottom barrier the amount of leachate produced is still substantial (2,506 m3/ha.y = 7,999 -39 - 5,454 from Table 3.1-59). From the results presented above it is clear that the net release of leachate into the environment (i.e. fugitive leachate) is dependent on the presence and efficiency of a leachate collection system and subsequent treatment. In case the final cover and the bottom layer only consist of a single compacted clay liner 2,398 m3/ha.y of fugitive leachate is produced (96 % of the total volume leachate = 2,506 m3 produced). In case only the final top cover consists of a composite liner approximately 0.9 % (71 m3/ha) of the initial precipitation volume results in fugitive leachate. In the ideal case where both the bottom barrier and the top cover are comprised of a composite liner only 0.25 m3/ha.y (0.003 %) of fugitive leachate is produced which is negligible.

In order to cover all landfill types two landfill profiles are further considered in the local assessment

Landfill profile 1: landfill with bottom liner and final top layer consisting of a single compacted clay liner   

Landfill profile 2: landfill with bottom liner and final top liner consisting of a single composite liner

For the latter scenario the ageing of the geomembrane has been taken into account. It is assumed that the geomembrane will remain effective during the operational and post closure phase (= 45 years in total). While the top cover can be renewed, the renewal of the bottom liner is less feasible. Therefore it is assumed that after 45 years the bottom liner will only consist of a single compacted clay liner. 

Taking into account the leachate volumes of the consecutive life stages of a landfill (see section leachate generation), the cumulated leachate volume expressed as m3 per ha for the different time horizons (20, 100 and 500 years) can be calculated (Table 3.1-57). For the time period of 0-2 years after waste placement, the landfill cells are assumed to have no cover or to be covered with a daily top cover. From years 2-5 years after waste placement cells are covered with an intermediate top cover. From years 5-15 after waste placement the cells are 40 % covered with a final top cover. After year 15 the landfill is assumed to be completely covered with a final top cover.
Table 3.1‑57
Amount of leachate generated per ha of landfill over time

	Time since waste placement (years)
	Cumulative leachate generation (m3/ha)



	
	Landfill profile 1
	Landfill profile 2

	Leachate
	Collected
	Fugitive
	Collected
	Fugitive

	20
	2,426
	47,747
	23,900
	791

	100
	4,001
	239,607
	24,129
	1,697

	500
	/
	1,198,907
	/
	8,263


The collection of the landfill leachate is assumed to proceed throughout the active period of the landfill’s operating life and is extended after the closure of a landfill for another 30 years (if a significant quantity of leachate is still being produced that contains high concentrations of contaminants). 

The highest volume of leachate collected is in the operational phase of the landfill and decreases with time. For a generic landfill of 20 ha with a composite bottom liner and no top cover (Table 3.18) 111m3/d (= (2,024 m3/ha.y * 20 ha)/365 d) is collected and has to be treated. If the leachate collection volume is averaged over 20 years and taking into account the different life stages of a landfill approximately 65 m3/d is collected. 

A value of 100 m3/d will be taken forward in the local exposure calculations as being representative for the amount of leachate collected per day for the generic landfill of 20 hectares. This figure is in the min-max range from the figures in literature: 5- 650 m3/d (Robinson et al, 1995) for landfills. 

The lead emissions (Table 3.1-58) before treatment were then calculated for the generic local landfill with a surface area of 20 hectares and assuming a current leachate concentration of 382 µg/L. 

Table 3.1‑58
Local lead emissions to water (in kg) for the generic local landfill (surface area of 20 ha) 

	
	Leachate concentration = 382 µg/L

	Time since waste placement (years)
	Cumulative lead emission (kg)



	
	Landfill profile 1
	Landfill profile 2

	Leachate
	Collecteda
	Fugitive
	Collecteda
	Fugitive

	20
	19
	365
	183
	6.

	100
	31
	1,883
	184
	14

	500
	/
	9,532
	/
	64


a before treatment

From Table 3.1‑ it is clear that the amount of lead released in the future
 from a landfill is limited. The current generic landfill contains 1,200-2,400 ktonnes (wet wt.) of MSW (= 840-1,680 ktonnes dry wt.) over a 15 year filling period. With a total lead content of 777 g/tonne dry wt. the total amount of lead stored in the landfill with the highest volume of MSW (1,680 ktonnes dry wt.) can be calculated yielding 1,305,360 kg Pb. After 100 years the cumulative amount of lead that is removed via leachate is 1,914 kg (31 + 1,883) and 198 kg (184 + 14) respectively (Table 3.21). As such emission factors (kg Pb emitted/kg Pb landfilled) after 100 years between 1.5 10-3 (1,914 kg/1,305,360 kg) and 1.4 10-4 (184 kg/1,305,360 kg) can be calculated in the situation where the landfill contains 1,680 ktonnes MSW (dry wt.). For comparison Finnveden (1996) reported an emission factor of 6.0 10-5 for the surveyable time period (100 years). This indicates that the largest part of the landfilled lead (99.8-99.98 %) remains in the landfill. If 1,914 kg Pb is released over a period of 100 years this means that 19 kg is released yearly which is a release rate of 0.0014 % per year. If only a landfill height of 10 m is assumed (= 1,200 ktonnes MSW) the release factor is 0.0029 % per year.

Baccini et al (1987) reported that more than 99.9 % of the metals are still found in the residual solids at the end of the intensive reactor phase.

Regional emissions from landfilling MSW

The regional emissions of lead per year from MSW landfills in the EU can be calculated with the following formula. 

Lead flux (kg/year) = Landfill surface (ha) x leachate generation (m3/ha.y) x lead concentration in the leachate (382x10-6.kg/m3)

In this report a concentration of 382 µg Pb/L is taken as a representative value for the realistic worst case situation in MSW landfill leachate. In the previous section (local emissions landfill) a maximum leachate volume of 2,500 m3/ha.y was calculated for an average rainfall of 7,999 m3/ha.y. The only unknown in the equation is the total surface area of the landfills. Reported landfill areas range between < 1 ha to > 10 ha while new established landfills are assumed to be reasonably large (average 20 ha, Hjelmar et al, 1994, Van Der Poel et al , 1999). However, almost no reliable data on the total number of MSW landfills or their landfill surface were found for most of the Member States. The values that have been reported for operational landfills for some countries are listed in Table 3.1-59. The lead flux has been calculated using the equation described above.

Table 3.1‑59
Lead fluxes (kg/year) of operational MSW landfills for some countries. 

	Country
	MSW landfilled (ktonnes)
	Number of landfills
	ktonne MSW/y per landfill
	Average surface area /landfill (ha)


	Total surface area (ha)
	Calculated lead flux (kg/y)
	Reference

	Finland
	1,610
	/
	/
	9.3
	/
	/
	Assmuth (1992)

	Sweden
	1,300
	270-280
	4.8
	10
	2,800
	2,674
	Flyhammar (1995) and RVF (2002)

	UK
	26,860
	764

+

796
	17.2
	18.9

9.1
	14,482

+

7,300
	13,830

+

6,973
	Mc. Mellin (2002)

	Germany
	16,000
	376
	42.5
	10a
	3,760
	3,591
	UBA (2001)

	The Netherlands
	800
	30
	19.7
	30.7
	921
	880
	AOO (2002-2004)

	Average
	
	
	21
	14.7
	
	
	


a very rough approximation on the average landfill area

The calculated lead fluxes range between 880 (The Netherlands) and 20,804 kg/year (UK sum). As stated in the previous sections these fluxes are directly related to the landfill surface area and the yearly precipitation. Since the total landfill surface area for most of the Member States is unknown an indirect approach had to be developed in order to assess the overall lead emissions for these countries. Based on the information in Table 3.1-62 an average landfill surface of 14.7 ha can be calculated. Furthermore approximately 21 ktonnes MSW (wet wt.) is landfilled per landfill each year (the default local scenarios are respectively 80 and 160 ktonnes/landfill.y) The latter information can be used to translate the amount of MSW landfilled (ktonnes) in each year per country into a number of landfills. Assuming that each landfill has a surface area of 15.3 ha the total landfill surface can be calculated. Finally the lead flux is calculated with the equation mentioned above.

As an example the emission for France is calculated as follows:

Amount landfilled each year = 23,352 ktonnes wet wt.

Number of landfills = 23,352/21 = 1,112

Total landfill surface = 1,112 x 14.7 ha = 16,346 ha

Total lead flux (kg/y) = 16,346 x 2,500 m3/ha.y x 382.10-6.kg/L = 15,611 kg/y
The generated flux (leachate) may either be discharged to an off-site municipal sewage plant, discharged directly to surface water or enter into the groundwater compartment. Collection and discharge to a Sewage Treatment Plant (STP) is by far the most common discharge route for leachates from municipal waste landfills. A smaller proportion of leachate is discharged directly to surface waters. The latter is only allowed if the leachate quality fulfils certain requirements (sometimes pre-treatment, e.g. aerated lagoons, is needed). Most often this quality is governed by the presence of increased levels of BOD (Biological Oxygen Demand), COD (Chemical Oxygen Demand) and ammonium (Table 3.1-60).

Table 3.1‑60
Detailed analysis of leachate sample taken at Chapel Farm landfill, Swindon, Wiltshire, 1990-1991 (Robinson, 1995).

	Parameter
	Concentration (mg/L)

	COD
	850-10,600

	BOD5
	239-4,100

	Ammoniacal-N
	283-531

	Chloride
	834-4,670


Metals have been regarded only as a minor problem in the waste management of leachates and only rarely posed a significant problem in leachates from domestic waste landfills (Robinson, 1995). 

The country with the highest proportion of landfills discharging directly to surface water is Germany (23 %) with less than 10 % in other Member States (Hjelmar et al, 1994). 

Permitted discharge to groundwater is uncommon for modern MSW landfills but may occur with old landfills or in the framework of an engineered leachate attenuation site (Robinson, 1995).

Since the number of sites designed with bottom liners and on-site leachate treatment plants is currently increasing it is proposed to use the following regional allocation key for landfills:

10 % direct discharge to groundwater (attenuation/dilution sites)

10 % direct discharge to surface water (sometimes an on site pre-treatment step is included) 

80 % collected and discharged via public sewerage systems or transported via tankers to a STP. Reported lead removal efficiencies in a STP range from 80-84 % (Hamel, 2001; CBS, 2002). The latter value is a weighted average based on measured influent-effluent concentration of approximately 100 STPs for the reference year 2000.

It should be reiterated that a direct discharge to groundwater or surface water is only possible when the leachate quality is considered suitable. Since for our regional assessment we are working with a lead leachate concentration of 382 µg/L this is of suitable quality since landfill effluent requirements for lead, as prescribed in the legislation of different European countries and reported by Doedens and Theilen (1992), vary between 50 µg/L (The Netherlands) to 500 µg/L for Germany, Austria and Switzerland and 1,000 µg/L for Austria. Therefore the scenario of direct discharge is included. If the quality is insufficient a form of pre-treatment is needed.

The above regional scenario was validated with the data presented in the extensive report by Robinson (1995). The semi-quantitative and qualitative information on leachate management in the EU reported on a country by country basis also gives support to the aforementioned allocation key (Hjelmar et al, 1994). 

An overview of the overall lead emissions to groundwater/surface water and sludge (in kg/year) in Europe due to landfilling of MSW is presented in Table 3.1-61 – Table 3.1-63. The overall lead flux was calculated with the methodology described in previous paragraphs.

Table 3.1‑61
Overall lead emissions to groundwater/surface water and sludge (in kg/year) in Europe due to landfilling of MSW (operational landfills only). Current scenario: 75 % landfilling 

	Country
	MSW landfilled

(ktonnes wet wt.)
	Total lead flux (kg/y)
	Fugitive emissions to surface water (kg/year)
	Fugitive emissions to groundwater (kg/year)
	Collected leachate

	Allocation key
	
	
	10 %
	10 %
	80 %

	
	
	
	
	
	

	
	
	
	
	
	Emissions to surface water (kg/year) after treatment
	Sludge

(kg/y)

	
	
	
	
	
	16 %
	84 %

	Austria
	1,099
	731
	73
	73
	94
	491

	Belgium
	1,473
	980
	98
	98
	125
	658

	Denmark
	352
	240
	24
	24
	31
	161

	Finland
	1,610
	1,071
	107
	107
	137
	719

	France
	23,352
	15,529
	1,553
	1,553
	1,988
	10,436

	Germany
	16,000
	3,572
	357
	357
	457
	2,400

	Greece
	3,561
	2,368
	237
	237
	303
	1,591

	Ireland
	1,432
	952
	95
	95
	122
	640

	Italy
	20,768
	13,811
	1,381
	1,381
	1,768
	9,281

	Luxembourg
	62
	41
	4
	4
	5
	28

	Netherlands
	592
	875
	87
	87
	112
	588

	Portugal
	2,603
	1,731
	173
	173
	222
	1,163

	Spain
	17,477
	11,622
	1,162
	1,162
	1,488
	7,810

	Sweden
	1,300
	2,660
	266
	266
	340
	1,788

	UK
	26,860
	20,693
	2,069
	2,069
	2,649
	13,906

	Total EU-15
	118,541
	76,876
	7,688
	7,688
	9,840
	51,660


The total amount of MSW being landfilled in 1995-2002 for the EU-15 was 118,541 ktonnes wet wt. (82,909 ktonnes dry wt.) corresponding with an overall EU landfilling share of 75 %. A total yearly lead flux of 76,876 kg has been calculated. Based on the calculations above the lead emission to the groundwater compartment due to due to landfilling MSW is 7,688 kg Pb/year. An additional 17,528 kg is emitted to surface water and 51,660 kg of lead can be found in the sludge.

Similarly to the local emissions due to landfilling, the release rate (%) per year can be calculated. If it is assumed that the landfills have a 15-year filling period then 1,266,315 ktonnes MSW (dry wt.) has been landfilled. With a total lead content of 777 g/tonne dry wt., a total of 984 ktonnes of lead is present. If 76,876 kg Pb is released per year a release rate of approximately 0.008 % per year is calculated meaning that 99.2 % of the lead is still present in the landfill after 100 years. 

Table 3.1‑62
Overall lead emissions to groundwater/surface water and sludge (in kg/year) in Europe due to landfilling of MSW (operational landfills only). Scenario: 100% landfilling 

	Country
	MSW landfilled

(ktonnes wet wt.)
	Total lead flux (kg/y)
	Fugitive emissions to surface water (kg/year)
	Fugitive emissions to groundwater (kg/year)
	Collected leachate

	Allocation key
	
	
	10 %
	10 %
	80 %

	
	
	
	
	
	

	
	
	
	
	
	Emissions to surface water (kg/year) after treatment
	Sludge

(kg/y)

	
	
	
	
	
	16 %
	84 %

	Austria
	1,615
	1,074
	107
	107
	137
	722

	Belgium
	2,842
	1,890
	189
	189
	242
	1,270

	Denmark
	2,870
	1,909
	191
	191
	244
	1,283

	Finland
	1,690
	1,1124
	112
	112
	144
	755

	France
	34,133
	22,698
	2,270
	2,270
	2,905
	15,253

	Germany
	28,000
	18,620
	1,862
	1,862
	2,383
	12,513

	Greece
	3,561
	2,368
	237
	237
	303
	1,591

	Ireland
	1,432
	952
	95
	95
	122
	640

	Italy
	22,717
	15,107
	1,511
	1,511
	1,934
	10,152

	Luxembourg
	185
	123
	12
	12
	16
	83

	Netherlands
	3,579
	2,380
	238
	238
	305
	1,599

	Portugal
	3,663
	2,436
	244
	244
	312
	1,637

	Spain
	18,804
	12,505
	1,250
	1,250
	1,601
	8,403

	Sweden
	2,700
	1,796
	180
	180
	230
	1,207

	UK
	29,450
	19,584
	1,958
	1,958
	2,507
	13,161

	Total EU-15
	157,241
	104,565
	10,457
	10,457
	13,384
	70,268


Based on the calculations above, lead emissions in a 100 % landfilling scenario would result in an emission to the groundwater compartment of 10,457 kg Pb/year. An additional 23,841 kg is emitted to surface water and 70,268 kg of lead can be found in the sludge.

The allocation of total EU landfill emissions to the regional scale has been performed using the 10 % rule (Table 3.1-63).

Table 3.1‑63
Total annual amount of Pb emissions to groundwater/surface water and sludge within the EU from landfilling MSW 

	Scenario
	Released amount

Lead (kg/y)
	Continental (90%)

(kg/y)
	Regional (10 %)

(kg/y)

	
	SURFACE WATER

	75 % landfilling
	17,528
	15,775
	1,753

	100 % landfilling
	23,841
	21,457
	2,384

	
	GROUNDWATER

	75 % landfilling
	7,688
	6,919
	769

	100 % landfilling
	10,457
	9,411
	1,046

	
	SLUDGE

	75 % landfilling
	51,660
	46,494
	5,166

	100 % landfilling
	70,268
	63,241
	7,027


c)
Summary releases to the environment

The overall lead emission (in tonnes per year) of the disposal phase originating from all products containing lead in MSW can be found in Table 3.1-64 (incineration current situation), Table 3.1-65 (100 % incineration scenario) and Table 3.1-66 (100 % landfill scenario). 

Table 3.1‑64
Summary of the distributions in tonnes (total EU) of Pb emissions to different environmental compartments from MSW (Current scenario: 25 % incineration and 75 % landfilling). Scenario 777 g Pb/tonne dry wt. 

	Scenario
	Emission distribution in tonnes/year

	
	Air
	Water
	Urban/ind. soil/agr. soil
	Ground-water
	Total release

	Incineration (25 %)

Landfilling (75 %)
	15.1
N/A


	10.8

17.5
	N/A

51.6


	N/A

7.7


	25.9

76.8

	Total
	15.1
	28.3
	51.6
	7.7
	102.7


N/A = Not applicable

Table 3.1‑65
Summary of the distributions in tonnes (total EU) of Pb emissions to different environmental compartments from MSW (100 % incineration scenario). Scenario 777 g Pb/tonne dry wt. 

	Scenario
	Emission distribution in tonnes/year

	
	Air
	Water
	Urban/ind. soil/agr. soil
	Total release

	Incineration (100%)

Landfilling (0%)
	63.9

N/A
	33.2

N/A
	N/A

N/A
	97.1

N/A



	Total
	63.9
	33.2
	N/A
	97.1


N/A = Not applicable

Table 3.1‑66
Summary of the distributions in tonnes (total EU) of Pb emissions to different environmental compartments from MSW (100 % landfilling scenario). Scenario 777 g Pb/tonne dry wt. 

	Scenario
	Emission distribution in tonnes/year

	
	Air
	Water
	Urban/ind. soil/agr. soil
	Ground-water
	Total release

	Incineration (0%)

Landfilling (100%)
	N/A

N/A
	N/A

23.8


	N/A

70.3


	N/A

10.4
	N/A

104.5



	Total
	N/A
	23.8
	70.3
	10.4
	104.5


N/A = Not applicable

· Environmental fate 

See VRAR_Pb_0605_env_exposure_part2
· Aquatic compartment (PEClocal)

See VRAR_Pb_0605_env_exposure_part2
· Terrestrial compartment (PEClocal)

See VRAR_Pb_0605_env_exposure_part2
· Atmospheric compartment (PEClocal)

See VRAR_Pb_0605_env_exposure_part2
· Secondary poisoning

See VRAR_Pb_0605_env_exposure_part2
· Calculation of PECregional and PECcontinental
· Derivation of anthropogenic Pb input data: regional/continental point and diffuse emissions

Note that the text included here is an extended summary of the background report, prepared by ECOLAS (2006).

[1]
Methodology
The general methodology to achieve the results is described more in detail in the following chapters. In order to understand correctly the quantified emissions it is important to state that the word ‘emissions’ used in the current document always refers to direct emissions from the source to the compartments air, water and soil. Especially for emissions to water a more detailed description is necessary. Emissions to water allocated to a specific source, e.g. households, are always direct emissions from that source to the water compartment. This means that emissions from households, first going to a sewage system and possible through a sewage treatment plant before entering the surface water, are attributed to the sewage system (SS) and to the sewage treatment plant (STP) respectively and not to ‘households’. Figure 3.1-39 illustrates this.
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Figure 3.1‑39
 Overview of the attribution of reported emissions in this report to different sources
Critical evaluation of available data and selection of appropriate EU region

Overview of available emission data in the EU-15

All European countries were contacted in order to gather the most recent available lead emission data and their quantification methods. If possible, these data were completed with information from international organisations such as the European Commission (Directive 76/464/EEC, Water Framework Directive,…), North Sea Conferences, OSPAR, HELCOM, ICPR (International Conference for the Protection of the Rhine) and the Lead Development Association International (LDAI). The emissions from point and diffuse sources are assigned to the different environmental compartments (air, surface water and soil).

Critical evaluation of available data

Completeness of data

It is the aim of this part of the study to create the most extensive qualitative inventory as possible of lead emission sources. Therefore, the first step in this study is to compare the data, received from different EU-15 countries, and to select the most extensive country-individual emission inventory as a starting point. This selected inventory is completed with lead emission sources mentioned by other EU-countries and in international literature. As a result, a complete qualitative list of lead emission sources is created. This format includes emissions to air, direct emissions to the surface water and emissions to soil. 

Together with the identification of lead emission sources, the methods, used to quantify the emissions for each individual source are, as a first step, taken over from the reporting country.

Quality assessment of quantification methods

In order to efficiently optimise the quantification methods and emission data, priorities are set based on:

The relative importance of the source;

the actual quality of the data (uncertainty of data).

In order to assess the importance of the individual sources, the emission data are ranked in decreasing order.  This list is based on the emission data of the selected country and sources that are added from the inventories of other EU-countries or from literature.  A zero emission is attributed to these added sources. 

The quality of the quantification methods used, were assessed, in order to evaluate the quality of the calculated emissions. The quality of the emissions can depend on:

the emission factor: specific value of an emission, mostly given in physical terms, related to the respective sectoral or process activity rate (e.g. for energy related emissions (Mg/GJ) (EEA, 1999);

the activity data: quantitative representation of the variable that “explains” the emissions in a source category, preferably in physical dimensions (e.g. produced mass of cement [tons/year] or otherwise in monetary dimensions (e.g. value of glass production [ECU/year], either in emission inventories or in emission projections (EEA, 1999);

the distribution factor: the partitioning of total emissions to the environmental compartments.

As a first step the quality code, allocated to the emission pathway, was not taken into account, since in the context of a source-orientated approach it is of minor importance, compared to the emission factor and activity data.

The method of defining quality codes to assess the quality of the used data was taken over from EPA (1995) and EMEP/Corinair (EEA, 1999). The definitions were adjusted based on the overall quality of the gathered data. The following codes were defined to assess the quality of these three variables:

A = an estimate based on emission measurements;

B = an estimate based on emission measurements and possibly on an engineering calculation derived from relevant facts;

C = an estimate based on an engineering calculation derived from relevant facts and some assumptions;

D = an estimate based on engineering calculation derived assumptions only; or when no information on the quantification methodology was available but evidence of a scientific study is provided;

E = an estimate based on non-specified background information.

The overall assessment is determined by the lowest quality score given to the different parameters (activity, emission factor, distribution factor) used in the method. Based on this assessment, sources and quantification methodologies, for which a targeted assessment was necessary, because of their importance and/or low quality quantification method, were identified. Eventually the quantification method with the highest quality score is selected for each source.

Selection of an appropriate EU region

“Regional” emissions are needed as an input for the regional exposure assessment (carried out by Euras) in the EUSES-model. By default, it is assumed that 10% of the European production and use of a substance takes place within the regional area. Therefore:

regional emission = 10% of total European emission = emission of a generic region
Alternatively, regional emissions can be calculated for a selected region also. According to the TGD (2003), a general standard region is represented by a typical densely populated area with an area of 200 x 200 km2 and 20 million inhabitants, located in the margin of Western Europe. A country may also represent this area if it has similar characteristics (TGD, 2003). Therefore:

regional emission = emission of a selected region
Based on the definition of a region as described in the TGD (2003) and based on the degree of detail of the emission inventory per country, one country will be selected as “EU region” in this report (selected region). In this framework also the experience with other Risk Assessment studies (e.g. Zn-, Cu- and Ni-RARs) will be used. As an alternative also emissions from a generic region (10% of EU-15 emissions) will be calculated at the end of this chapter.

Assessment of appropriate regional emission quantification methods 

For the complete list of emission sources, as a result of the previous actions, an appropriate quantification method needs to be selected. The quality assessment of the quantification methods already shows the need to perform targeted assessments for some sources. An evaluation of:

the quantification methodology used by the country, selected as an EU-region, and,

the quantification methods described in the targeted assessments,

enable to select the most appropriate quantification method per source. The emissions of lead to the compartments air, water and soil in the selected region will be calculated based on these selected methods in order to quantify the lead emissions on a regional scale.

Selection of methodology to quantify total EU-15 emissions

“Continental” emissions are needed as a background for the regional exposure assessment (carried out by Euras) in the EUSES-model. Emission estimation on the continental scale should be based on a EU-wide production volume of the substance. Therefore, the EU-15 emissions will be used to calculate continental emissions. By default, it is assumed that 10% of the European production and use of a substance takes place within the regional area. Therefore:

regional emission = 10% of total European emission

continental emission = 90% of total European emission

Based on these assumptions, continental releases can be calculated according to the following default TGD equation (2003):

Continental emission = 10 x regional emission - regional emission 

In the present report, continental emissions, as a background for regional exposure assessment (EUSES), will be estimated by following equation:

Continental emission = Total EU-15 emission – regional emission

The methodologies to quantify regional emissions are described in previous sections. Initially, total EU-15 emissions could be quantified as the sum of the lead emissions of all EU-15 countries, as reported through the sent-out questionnaires. Due to lack of detailed and homogeneous emission data from all 15 EU-countries (background report, ECOLAS, 2005), it is rather difficult -in most cases impossible- to calculate the total EU-15 emissions by summarising the country-specific emission data for each emission source. As an alternative, other appropriate methodologies to estimate EU-15 emissions have to be selected. This selection is based on the decision-tree shown in Figure 3.1-40.
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Figure 3.1‑40
Decision-tree for the selection of an appropriate methodology to calculate EU-15 emissions (EF=Emission Factor and A=activity)

If the selected region is representative for the EU, in analogy with the default TGD equation (2003), total EU-15 emissions will be quantified based on regional emissions. One important remark here is that, instead of using the default TGD factor “10”, source-specific extrapolation factors will be used to extrapolate regional emissions to total EU-15 emissions. This methodology can be summarised by the following equation:

Continental emission = (Source-specific regional to total EU-15 extrapolation factor 
 



x regional emissions) - regional emissions

Consequently, for each identified source, a source-specific extrapolation factor has to be determined.

If the region is not representative for the EU-situation, country-specific parameters or more average parameters, representative for the EU, will be selected.

To compare, “generic region” emissions will also be calculated as 10% of total European emissions.
[2]
Results

Critical evaluation of available data 

Emission data from the following countries were processed: the Netherlands, Belgium, the UK, Austria, Luxembourg, Spain, Ireland, Denmark, Finland, France, Sweden and Germany. The difference in nomenclature, classification and source definition in these country-specific inventories complicates the processing of these data. A short description of the available emission data per country is given below. The sources, provided by the countries, were redefined (cf. background report, ECOLAS, 2005). Lead producers and manufacturers are being considered as point sources, all other sources of lead are being considered as diffuse sources.

The Netherlands

In the Netherlands, emissions to the compartments air, water and soil are quantified. The Pollutant Emission Register (PER), also called the Emission Inventory System (EIS) has been established under the auspices of the "Inspectorate for Environmental Protection of the Ministry of Housing, Spatial Planning and the Environment (VROM/HIMH)”, with the co-operation of several institutions:

Statistics Netherlands (CBS);

National Institute of Public Health and Environment (RIVM);

Ministry of Agriculture, Nature, Conservation and Fishery (LNV); through representation by the National Reference Centre for Agriculture (IKC-L);

Ministry of Transport, Public Works and Water Management (V&W) through representation by the National Institute of Water Management and Waste Water Treatment (RWS/RIZA);

The Netherlands Organisation for Applied Scientific Research (TNO).

All of these institutions are represented in the Co-ordination Committee for the Monitoring of Target Sectors (CCDM), monitoring the overall reporting methodology.

The PER reports on emissions of 170 substances, which are registered by the Central Datawarehouse Emission Registration (ER-C). The data gathered in the ER-C can be subdivided into two main groups:

Data from individual registered point sources (ER-I);

Emission data of small and medium enterprises (SME), as well as non-industrial diffuse sources, calculated collectively by several task groups, being:

Energy industry and waste treatment (ENINA)

Waste

Traffic and transport

Development of methodologies for emissions to water (MEWAT)

Agriculture

Remaining sources (WESP)

The combination of point source emissions and diffuse emissions, calculated by these task groups, is performed by the TNO. The total lead emissions shown in Table 3.1-67 were received from the Information Centre Monitoring of the Inspectorate of the Ministry of Housing, Spatial Planning and the Environment (VROM). The emission data refer to the year 1999. Since industrial air emissions for 1999 were not published, the emissions for 1998 were used as an estimate for 1999. Emissions were attributed to several source categories (background report, ECOLAS, 2005): industry, households and public services, agriculture, waste management, traffic, deposition and miscellaneous sources.

Table 3.1‑67
Lead emissions to water, air and soil in the Netherlands (1999) (in kg/year)

	Source
	Lead emissions in the Netherlands (kg Pb/year)

	
	Water
	Air
	Soil
	Total

	Industry
	4,767
	(1) 38,699
	0
	43,466

	Industrial combustion processes
	0
	(1) 1,272
	0
	1,272

	Households and public services
	35,820
	2,510
	320,321
	358,650

	Agriculture
	1
	12
	0
	12

	Waste management
	9,031
	190
	435
	9,656

	Traffic
	6,371
	1,248
	2,241
	9,860

	Atmospheric deposition
	12,909
	0
	0
	12,909

	Miscellaneous sources
	27,000
	0
	0
	27,000

	Total emissions
	95,898
	43,930
	322,997
	462,825


(1) these emission data refer to the year 1998 as an estimate for 1999.

A detailed overview of the Dutch emission data per individual source in each source category can be found in the background report (ECOLAS, 2005).

Belgium

Belgium is a federal state, which implies that the policy authority is divided between the federal government and the 3 regions being the Flemish Region, the Walloon Region and the Brussels Capital Region. Since the regions act autonomously in reporting their emissions, they may use different calculation methods. Because of this, a distinction to the regional level is necessary to clarify the reported national lead emissions. The main sources used to quantify lead emissions in Belgium are given below.

The Flemish Region:  
The Flemish Environmental Agency (VMM) administers the annual inventory of industrial emissions of various substances to air and to water: the Flemish Emission Registry (FER). For each substance a limit emission value to air and to water is set. Companies are obliged to report all emissions that exceed these limit values. These emissions are either measured or calculated from emission factors and an activity level. However, this distinction was not made for the reported emissions. Emissions from waste incineration plants, waste recycling and effluents from municipal sewage treatment plants are also included in the FER. Some other important sources of information were:

the Federation of Producers and Distributors of Electricity in Belgium (BFE);

the Belgian Federation for the Glass Industry;

VITO (Van Rompaey & Wuyts, 1999). Air emissions due to industrial combustion processes were calculated from this study;

In a study from Ecolas (2001), emissions from households and public services, agriculture and traffic were calculated.

The Walloon Region
Emissions to water were provided by the Taxation of Wastewater Department of the DGRNE. Some data were based on measurements, other data were based on  conversion coefficients. No information regarding this factor was available. Other important sources were:

A study on the update of emissions of lead in Belgium (Piron and Vanderborght, 2001);

the CORINAIR inventory of 1997 and 1998;

the Belgian Federation for the Glass Industry.

The Brussels Capital Region:
Emission data were taken  from the study Piron and Vanderborght (2001).

The overview of total lead emissions, given in Table 3.1-68 is aggregated based on the emission data gathered from the afore mentioned sources.

Table 3.1‑68
Lead emissions to water, air and soil in Belgium (kg/year)

	Source
	Lead emissions in Belgium (kg/year)

	
	Water
	Air
	Soil
	Total

	Industry
	8,076
	104,634
	0
	112,710

	Industrial combustion processes
	0
	3,356
	0
	3,356

	Households and public services
	39,556
	1,458
	24,894
	65,908

	Waste management
	2,048
	4,122
	0
	6,170

	Agriculture
	4,723
	0
	0
	4,723

	Traffic
	1,139
	40,407
	97
	41,642

	Total emissions
	55,542
	153,977
	24,991
	234,510


A detailed overview of the lead emissions in Belgium is given in the background report (ECOLAS, 2005).

United Kingdom

Point and diffuse emissions of lead to the different environmental compartments in the U.K. are listed in the background report (ECOLAS, 2005).

The different literature sources, used to gather these data, are briefly discussed below.

The National Atmospheric Emissions Inventory (NAEI) compiles data for source categories given by van der Most (1992) and EMEP/CORINAIR (1996). Most of the emissions are estimated using emission factors applied to fuel consumption statistics (DTI, 1999) and, in the case of industrial processes, production statistics.

UK data are used for the metal contents of coal and fuel oils where available. Emissions from the combustion of liquid fuels are based on data reported by Wood (1996) and other sources in literature (Sullivan, 1992; Lloyds, 1995). Lead emissions from petrol combustion are based on detailed data on the lead content of petrol published by the Institute of Petroleum (1999). The emissions from coal and oil fired power stations are based on estimates reported in the Pollution Inventory (Environment Agency, 1999) or the operators’ annual reports. Emissions from other coal combustion sources follow the PARCOM methodology (van der Most, 1992) but use data based on UK coal (Smith, 1987). Many of the emission factors for industrial processes such as iron and steel, primary lead/zinc manufacture, lead-glass, have been based on a study sponsored by DETR (now DEFRA), which reported emissions based on Environment Agency data (Smyllie, 1996). Emissions from other non-ferrous metal processes, cement production and coke ovens are based on data reported in the Pollution Inventory (Environmental Agency, 1999). Emissions from waste incineration are based on data from the Environment Agency (1999). Where UK-specific emission factor data were unavailable, other sources of emission factor data were used, such as EMEP/CORINAIR (1996), van der Most (1992) and Jockel and Hartje (1991).

The Pollution Inventory of the Environmental Agency (PI) provided emission data to air, controlled water and sewers. The PI data are used as a sub-set of the National Atmospheric Emission Inventory (NAEI) data. The PI has site specific data (measured, calculated or estimated), submitted to the agency by the industrial operator. This is a so-called "bottom up" method of compiling data. The NAEI uses national use statistics with other data sets such as the PI and uses a "top down" approach.

The UNECE/EMEP Emission Database (WebDab) combines two types of emission data: officially reported emission data and expert estimates of emissions. Official emission data for the year 2000 submitted before the end of April 2002 are included here, as well as expert estimates used by the Meteorological Synthesizing Centre - West (MSC-W) of EMEP. Expert estimates are generally made in order to fill in gaps in the reported time series. All gridded data have been scaled by MSC-W, and are therefore regarded as expert estimates, even though they are based on reported data whenever available (http://webdab.emep.int).

Austria

Point and diffuse emissions of lead to the different environmental compartments in Austria are listed in the background report (ECOLAS, 2005). A detailed documentation of the methodology for the preparation of the Austrian air inventory system for heavy metals is not yet available.

Emission data for lead were taken from Austria’s annual reporting obligation under the UNECE/CLRTAP convention and its Protocols for the year 2001. The new “Nomenclature For Reporting” format (NFR) was used. The inventory itself follows the EMEP/CORINAIR Atmospheric Emission Inventory Guidebook. The reporting is based on the Austrian Air Emission Inventory 2001 (Österreichische Luftschadstoff-Inventur, OLI 2001), prepared by the Federal Environment Agency Austria for the years 1980-2000. The latter only reports lead emissions as total anthropogenic national annual emissions. For the year 2000 these emissions equalled 13.18 tons.

The UNECE/EMEP Emission Database (WebDab) combines two types of emission data: officially reported emission data and expert estimates of emissions. Official emission data for year 2000 submitted before the end of April 2002 are included here, as well as expert estimates used by the Meteorological Synthesizing Centre - West (MSC-W) of EMEP. Expert estimates are generally made in order to fill in gaps in the reported time series. All gridded data have been scaled by MSC-W, and are therefore regarded as expert estimates, even though they are based on reported data whenever available (http://webdab.emep.int). 

A detailed inventory of air emissions for lead will not be provided before 2004 in the “Emission Data Report” that will be compiled to meet the requirements of the UNECE Convention on Long-range Transboundary Air Pollution (CLRTAP).

Luxembourg

Point and diffuse emissions of lead to the different environmental compartments in Luxembourg are listed in the background report (ECOLAS, 2005). The UNECE/EMEP Emission Database (WebDab) was the only document provided by Luxembourg. It combines two types of emission data: officially reported emission data and expert estimates of emissions. Official emission data for year 2000 submitted before the end of April 2002 are included here, as well as expert estimates used by the Meteorological Synthesizing Centre - West (MSC-W) of EMEP. Expert estimates are generally made in order to fill in gaps in the reported time series. All gridded data have been scaled by MSC-W, and are therefore regarded as expert estimates, even though they are based on reported data whenever available (http://webdab.emep.int).

Spain

Point and diffuse emissions of lead to the different environmental compartments in Spain are listed in the background report (ECOLAS, 2005). The UNECE/EMEP Emission Database (WebDab) was the only document provided by Spain. It combines two types of emission data: officially reported emission data and expert estimates of emissions. Official emission data for year 2000 submitted before the end of April 2002 are included here, as well as expert estimates used by the Meteorological Synthesizing Centre - West (MSC-W) of EMEP. Expert estimates are generally made in order to fill in gaps in the reported time series. All gridded data have been scaled by MSC-W, and are therefore regarded as expert estimates, even though they are based on reported data whenever available (http://webdab.emep.int).

Ireland

No quantitative information on lead emissions in Ireland was available. Companies have to report lead emissions to water as a part of the company’s annual environmental report. Atmospheric emissions have to be reported as “total heavy metals”. At present, this information only exists as hard copy, but it is planned to make this information available on the Environmental Protection Agency’s website. In relation to the industrial licensing (IPC), point sources of lead are monitored. No emissions were reported to the EMEP-database.

Denmark

Point and diffuse emissions of lead to the different environmental compartments in Denmark are listed in the background report (ECOLAS, 2005). The Danish EPA and the National Environmental Research Institute provided the information, presented in this report.

Data on air emissions were retrieved from the CLRTAP report for 2000. The air emissions from area sources (diffuse) are based on the "Joint EMEP/CORINAIR Atmospheric emission inventory guidebook" and the emissions from point sources (large combustion plants and large industries) are based on measurements at Danish plants. No detailed information about these measurements was given.

For emissions to water and soil no standardised methodology is used to make an inventory. Emissions to water (Danish EPA, 2002, personal communication) are limited to total emissions from wastewater treatment plants, from industries in general and from scattered settlements. Emissions to water were estimated based on mean concentrations, determined by measurements, and the total amount of wastewater discharged by the mentioned sources. More detailed information, if available, is given in the background report (ECOLAS, 2005). This table was completed with emission data for 1992 and 1994 from a publication on substance flow analysis (COWI, 2000). No detailed information was given about the methodology used to estimate the emissions mentioned in Table 7 of the background report (ECOLAS, 2005).

Finland

Point and diffuse emissions of lead to the different environmental compartments in Finland are listed in the background report (ECOLAS, 2005). The Finnish Environment Institute (FEI) provided emission data. The Finnish heavy metal emission inventory is based on:

Data reported by the companies according to their monitoring obligation. In these cases the data are often based on site-specific measurements, the reported values are checked and approved by the supervising environmental authorities and registered in the database. The FEI collects this emission data directly from the environmental authorities database, implying that no emission factors have to be used;

Estimations made by the FEI, based on nationally evaluated emission factors. This is the case when a company has no monitoring obligation for heavy metals.

No further details were given by the FEI on the exact emission factors or methodologies used by companies to measure their emissions. The emission data received from the FEI were the data used for international reporting:

for water: reported to EU, HELCOM, OECD, OSPAR, Eurostat;

for air: reported to the UNECE/CLRTAP.

In 2003, more information on heavy metal emissions and calculation methodologies will be available.

France

Point and diffuse emissions of lead to the different environmental compartments in France are listed in the background report (ECOLAS, 2005). Emission data were derived from the Ministry of Spatial Planning and Environment (MATE, Ministère de l'Aménagement du Territoire et de l' Environnement) and the Interprofessional Technical Education Centre on Atmospheric Emissions (CITEPA, Centre Interprofessional Technique d'Etude de la Pollution Atmosphérique). These data were completed with information from the EMEP database (http://webdab.emep.int). Data on emissions to water were only available for industry, based on the results of a survey (MATE, 2002). The air emissions inventory is based on the principles of the CORINAIR methodology. Where available, more detailed information on the methodology used is described per individual source category.

Sweden

Table 10 in the background report (ECOLAS, 2005) gives an overview of point and diffuse emissions of lead in Sweden to the different environmental compartments. The Swedish EPA provides much of the emission data presented in this report. The air emission data are the data reported in the framework of the CLRTAP. The reporting was very limited since the calculation methodology was not always specified (Swedish EPA, personal communication). As from 2001, the Swedish EPA runs a project, which aims to update the methodology for heavy metals and to correct all data in a retroactive manner. This is the reason why no emission data for heavy metals were reported for 2000 and 2001. No data will be reported to the CLRTAP until 2003. As a consequence, emission data for 1999 were taken from the CLRTAP report (http://webdab.emep.int) and no details on the methodology used were available. 

Water emissions from municipal wastewater treatment plants and use of sewage sludge were published in 'Discharge to water and sludge production in 2000 (Swedish EPA & Statistics Sweden, 2002)'. Direct emissions to water from individual industrial sources and the so-called 'emissions from watercourses' were retrieved from the Swedish EPA (1993), because these data were not updated since that publication (Swedish EPA, personal communication). Direct industrial sources are those sources discharging directly into the sea or coastal waters where emission data are measured. The 'emissions from watercourses' into the sea are the monitored rivers in Sweden, completed with the unmonitored rivers. These data are calculated and the result is the total waterborne load in the waters surrounding Sweden. This metal load contains the emission from all sources (wastewater treatment plants, industries, traffic, agriculture, forestry,…) as well as the natural leakage from all kinds of land in the corresponding drainage areas of the rivers.

Germany

An overview of the point and diffuse sources of lead in Germany to the air and water compartments is given in the background report (ECOLAS, 2005). These emission data were retrieved from several sources. The Federal Environmental Agency of Germany provided a publication on the emissions of heavy metals into River basins of Germany (Fuchs S. et.al., 2002). Within the scope of the balancing of nutrient emissions into German river systems, the MONERIS model (MOdelling Nutrient Emissions in RIver Systems) was developed at the Institute for Freshwater Ecology and Inland Fisheries. MONERIS allows a pathway-specific calculation of emissions originating from municipal wastewater treatments plants as well as the calculation of all diffuse pathways relevant to nutrient transport. Given the present state of knowledge, the available database and the size of the areas to be studied, a detailed, dynamic process-oriented modelling of large river systems is not possible. The MONERIS system allows the quantification of six diffuse pathways:

direct input to the water surface by atmospheric deposition;

input via run-off from unpaved areas (including rainfall run-off and fertiliser wash-off);

input via erosion;

input via drainage;

input via groundwater and;

diffuse input from urban areas (sewer systems and not connected inhabitants).

Direct industrial discharges were quantified based on individual concentration measurements, reported to the environmental protection authorities of the Federal States, completed with calculations and data referring to reports from river basin commissions (CIPR, ICPE) as well as international report commitments. The input via municipal wastewater treatment plants was quantified following two different procedures:

calculation of loads based on measured concentrations at the treatment plant and the total sewage flow treated;

calculation by means of the wastewater treatment plant module of the MONERIS model.

Recently (August, 2005), a report was publiced by Hillenbrand et al. on the discharges of copper, zinc and lead to water and soil. A short overview of the data given in this report are included in the emission inventory background report (ECOLAS, 2006).

Regarding emissions of heavy metals to air, the most recent data available are related to the reference year 1995. This was confirmed by the data available in the EMEP database (http://webdab.emep.int). The EMEP database data of 1995 were used in the background report (ECOLAS, 2005, Table 11). 

Selection of an appropriate region

According to the TGD (2003) calculations on a regional level need to be performed for a higly industrialised, densely populated area of 200 x 200 km with about 20 million inhabitants. Unless specific information on use or emission per capita is available, it is assumed that 10% of the European production and use takes place within this area, i.e. 10% of the estimated emissions is used as input for the region. As already explained in the methodology description, total EU-15 emissions for most sources need to be estimated based on regional emissions. As a result an appropriate region needs to be defined first. Looking at the total surface of the Netherlands of 41526 km² and a number of inhabitants of about 16 million and taking into account that the Netherlands is an industrialised country, it was concluded that the Netherlands most closely resembles the definition of a region. Since the final aim of this study is to assess the emission situation on a regional scale, it was decided to take the Netherlands as an appropriate region to calculate the PECregional.

Completeness and accuracy of data

Completeness of data

From the overview, given in the background report (ECOLAS, 2006) it is clear that the Netherlands and Belgium provided the most detailed information. Based on that and the fact that the Netherlands was selected as “a region” in the framework of this RAR, the data and methodologies from the Dutch emission inventory were taken over as a starting point for the current lead emission inventory. The Dutch inventory was completed with lead emission sources mentioned by other EU-countries and in international literature. A complete list of lead emission sources was created, the so-called quantification format. These data include emissions to air, direct emissions to the surface water and emissions to soil. The sources, reported by other countries and found in literature should be quantified for the Netherlands, in order to complete the emission inventory. 

Quality assessment of quantification methods

The quality of the quantification methods, was assessed as described in the methodology description of this report. 

For the Netherlands, the quality of the calculation methods was already assessed in the original documents. These codes were ‘translated’ to the codes, defined in this report. The quality of methods, reported by other countries and found in literature, was assessed according to the above mentioned definitions. In order to efficiently optimise these quantification methods and emission data, priorities need to be set, based on the importance of the source and the actual quality of the data.

In order to assess the importance of the individual sources, the total emission data per source (air+water+soil) were ranked in decreasing order. A zero emission was attributed to the sources, which were not reported by the Netherlands but taken from the reporting of other countries or from literature. The share of the different sources per environmental compartment in total lead emissions in the Netherlands (1999) is given in Figure 3.1-41.
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Figure 3.1‑41
The contribution of different sources in total direct lead emissions in The Netherlands (Emissieregistratie Nederland, emissions 1999 (1998 for air))

Based on this assessment and on experience with diffuse source analyses in other risk assessment studies (ECOLAS, 2005) it was deemed necessary to carry out a targeted assessments for the following sources:

Combustion processes (industry, households, ...).

Households – the use of lead sheet in residential and utility buildings; 

Households – domestic wastewater;

Households -  use of fishing weights;

Waste management –waste incineration and landfills (cf. Waste report, Vangheluwe M.)

Agriculture – use of sewage sludge and fertilisers on agricultural soil;

Agriculture – the use of Pb-containing ammunition;

Navigation – use of propeller shaft grease.

It was aimed to use the year 2000 as a reference year for the point and diffuse emissions assessment. At the time of the start of this project, the 1999 emission inventory was the most recent available in the Netherlands, therefore 1999 is used as reference year throughout this whole document. It can be assumed that the emissions in 1999 are representative for the year 2000 also. For all sources, for which no targeted assessment was performed, the methodology used in the Dutch emission inventory was assessed as having an acceptable quality. As a result these methodologies were taken over in inventory of the Pb RAR.

Without given a detailed description of all methodologies used (cf. Background document, ECOLAS, 2005), Table 3.1-69 gives an overview of all methodologies per identified source. The targeted assessment is described in more detail in the text following Table 3.1-69.

Table 3.1‑69
Overview of the regional emission quantification methods per sources
	Source
	Methodology
	Activity (A)
	Emission factor (EF)
	Factor X (3)
	Distribution (%) to:

	
	
	
	
	
	Air
	Water
	Soil

	Industry

	- Combustion and production
	Emissions were reported by individual companies
	-
	-
	-
	-
	-
	-

	Households

	- Residential heating
	E= A x EF x CF (Concentration Factor)
	Fuel consumption (GJ)
	Central heating:

- 5 g soot/ GJ DFO

- 2 g soot/GJ petroleum

- 200 g ash/GJ coal

Fire places

- 0.15 mg Pb/kg wood

- 0.35 mg Pb/kg coal

- 250 mg Pb/kg waste


	Central heating

- 370 mg Pb/kg for DFO and petroleum

- 700 mg Pb/kg for coal
	100
	0
	0

	- Domestic wastewater
	E = A x EF x (1- CR)
(Connection Rate to STP)
	Water consumption (=948x109l)
	24 µg Pb/l
	CR = 98%
	0
	68.5
	31.5

	- Corrosion of lead sheet in buildings
	E = A x EF
	Exposed area 

- residential building   
  (= 7.1 x106 m²)

- utility building   
  (= 5.7 x106 m²)

[flashings: 5%

roofs: 95%]
	Run-off rates

- Lead flashings: 0.88 g Pb/m²

- Lead roofs: 5 g Pb/m²
	- 
	
	1.37

0
	30

80

	- Fishing in fresh waters - Use of fishing weights
	E = A x EF x CoR
(Corrosion Rate)
	Amount of anglers (=1,500,000)
	0.8 kg Pb lost/angler/year
	CoR = 1%/year
	
	100
	

	Waste management

	- Sewage treatment plants
	Measurements +

Vs / R x [100-R] 
	Vs = Pb load in sewage sludge = 57 tons Ni

R = Lead efficiency = 84%
	0
	100
	0

	- Landfills/waste incineration
	Vangheluwe M. (background report - Waste stream analysis, 2005)
	-
	-
	-
	-
	-
	-

	Agriculture

	- Heating (greenhouses)
	E= A x EF x CF (Concentration Factor)
	Fuel consumption (GJ)
	- 5 g soot/ GJ DFO

- 2 g soot/GJ petroleum

- 100 g ash/GJ coal
	- 0.037 % Pb for DFO and petroleum

- 0.07% Pb for coal
	100
	0
	0

	- Mineral balance
	E = input - output
	Input = use of fertilizers/manure/compost = 50.52 tons Pb

Output = removal through crops = 22.84 tons Pb
	0
	0
	100

	Traffic - road

	Exhaust fumes
	E=AxEF
	Fuel consumption (GJ)
	- traces of Pb/kg gasoline

- 0.0148 µg Pb/kg motor oil
	/
	100
	Road type dependent (1)

	Road wear
	E= A x EF x CF (Concentration Factor)
	A = Mileage
	Vehicle type dependant between 23 – 783 mg dust/km
	15 mg Pb/kg dust
	5
	Road type dependent (1)

	Brake wear
	E= A x EF x CF (Concentration Factor)
	A = Mileage
	Vehicle type dependant between 4 – 43 mg dust/km
	50 mg Pb/kg dust
	5
	Road type dependent (1)

	Tyre wear
	E= A x EF x CF (Concentration Factor)
	A = Mileage
	Vehicle type dependant between 23 – 495 mg dust/km
	160 mg Pb/kg dust
	5
	Road type dependent (1)

	Leakage motoroil
	E= A x EF x CF 
	A = Mileage
	10 mg oil/km
	14.8 µg Ni /kg oil
	0
	20
	80

	Loss and corrosion of balance weights
	E= A x EF (However extrapolation from Germany to The Netherlands based on amount of vehicles)
	for loss: total amount of weights
for corrosion = total surface of weights
	For loss: 1% of weights 
(total mass of weights is 160 g for passenger cars and 367 g for trucks)
For corrosion: 7.3 g/m²
	/
	0
	13
	87

	Traffic – navigation

	Exhaust fumes
	E= A x EF
	A = Fuel consumption (kg)
	0.01 mg Pb/l fuel


	
	- ships: 100 air

- boats diesel: 5% water; 95% air

- boats gasoline: 75% water; 25% air

	Propeller shaft grease
	E = A x EF 
	Travel intensity on Dutch waters
	0 mg Pb/kg grease
	
	
	100
	

	Traffic – air transport

	Exhaust fumes
	E = emissions during LTO (2) + emissions from APU/GPU (= E = AxEF)
	Fuel consumption = (nr. of passengers/2) x 0.5 kg fuel /passenger
	0.01 mg Pb/kg diesel oil
	
	100
	0
	0

	Miscellaneous sources

	Use of Pb-containing ammunition

- hunting

- clay target shooting 
	E = A x EF
(cf. background document, Verdonck F. et al., 2005)
	Agricultural area

(= 1 933 000 ha)


	- Hunting


-0.159 kg Pb/ha to soil


-0.018 kg Pb/ha to water

- Clay target shooting


-0.091 kg Pb/ha
+ cumulative and historical emissions
	-
	0

0
	-

0
	-

100

	Stormwater overflow/separate sewage system 
	Estimation based on modelling with PROMISE
	/
	/
	/
	0
	100
	0


(1) urban areas: 95% to water; rural areas: 19% to waer and 76% to soil; highways: 9.5% to water and 38% to soil 
(2) LTO = Landing and Take off cycle

(3) The factor X refers to a third factor, which is source specific, as indicated in the “Methodology (column 2)” of this table
Targeted assessments

The results of the targeted assessments are given briefly in the following paragraphs.

Combustion processes

The targeted assessment is based on the fact that emissions from combustion processes can be estimated based on a total fuel consumption and fuel type specific emission factors. The different literature sources reviewed show that only scarce information is available on emissions of Pb from fuel combustion. The EMEP/Corinair Emission inventory Guidebook (EEA, 1999) and the US EPA Compilation of emission factors (US EPA, 1995) seemed to be the only available sources. It was concluded, since on the one hand the emission factors from US EPA originate from old sources and on the other hand the EMEP/Corinair Guidebook is generally accepted on a European level, to select the latter as being the most reliable emission factors. The emission factors per type of fuel are then:

solid fuels: 0.0875 g Pb/ton 

oils: 1.25 g Pb/ton
Based on these emission factors, total emissions from combustion processes in the Netherlands can be estimated at:

Emission from power plants: 2080 kg Pb

Emission from combustion processes in industry: 213 kg Pb

Total emissions: 2293 kg Pb

Based on the literature overview it is clear that the reliability of the emission data calculated with these EF is uncertain. It must be stressed that this calculation only gives a general indication of the emissions. Since 98% of the emissions from combustion processes in industry in the Dutch emission inventory are based on plant-individual reported data and it is unclear whether the calculation based on emission factors and fuel consumption is reliable, it is concluded to use these data in the current regional emission inventory, being a total emission to air of 1273 kg.

Households- the use of lead sheet in residential and utility buildings

Next to a literature study performed by Ecolas (Thornton, I. et al. (2001), Davis et al. (2001) and Stotz et al. (1999)), a specific targeted assessment was performed by the Lead Development Association International (LDAI). In this study the Dutch lead runoff calculation was revised. Total exposed area of lead sheet as well as the corrosion rate was revised.

In order to estimate the total exposed area of lead sheet in the Netherlands, several assumptions were made and data were used. Assuming a life span for lead sheet of 50 years, it is possible to sum the lead sheet consumption figures for the Netherlands for 1951-2000 and estimate this to be the tonnage of lead sheet that is present on buildings in the Netherlands in 2000. The consumption data are, for the period 1970-2000, derived from industry lead sheet and pipe consumption figures, and for the period 1960-1969 from ILZSG (International Lead and Zinc Study Group) lead sheet and pipe production figures. Production for 1951-1959 is assumed to be constant at 1960 production levels. It is estimated that lead sheet for exterior building applications comprises 75% of sheet and pipe consumption in 1951-1974 (remainder is 20% pipe, 5% other sheet applications) and 95% of sheet and pipe consumption in 1975-2000 (remainder is 5% other sheet applications). The average mass per unit area of lead sheet is estimated to be 13.6 kg/m² (code 3) for 1951-1994, and 18.1 kg/m² (code 4) for 1995-2000. By dividing the tonnage of lead sheet by the average mass per unit area, the total area of lead sheet is obtained. Using the Dutch government's estimations (de Graff and Eleveld, 1993):

25% of lead sheet on residential buildings and 20% of lead sheet on utility buildings is exposed;

50% of the sheet is used on residential buildings and 50% is used on utility buildings;

a total exposed area of lead sheet in the Netherlands in 2000 of 12.8 x 106 m² is estimated.

For the revision of the run-off rates of lead sheet, several literature sources were evaluated. In the Wilson (2003) report, run-off rates as found in literature were compared with laboratory and real-life studies. The aforementioned experiments were performed by The Independent Netherlands Organisation for Applied Scientific Research (TNO) on behalf of the European Lead Sheet Industry Association in 2001, to verify the run-off rates found in literature. The one year programme of testing at the TNO research facilities at Delft enables a number of conclusions to be drawn about the corrosion of lead sheet under normal atmospheric exposure conditions:

on exposure to the atmosphere, the surface of lead sheet reacts rapidly to form a tightly adherent and stable patina of virtually insoluble lead compounds,

because rainfall is mildly acidic, slight dissolution of the corrosion products can occur,

the rate of run-off varies with the amount of rainfall, temperature and pH,

the average annual run-off rate of just under 5 g/m² corroborates the limited evidence available in previously published literature,

the precise alloy composition of lead sheet has an influence on run-off rates, 

run-off from lead flashings installed on roofs is much lower than from lead sheet test samples because of the orientation of the sheet (less rain can run over vertical sections), the effects of shelter and evaporation rates, and because of the alkalinity of building materials which increases the pH of the rain and reduces its aggressiveness towards lead compounds.

In the Wilson report (2003), the following run-off rates were given:

Lead flashings: a run-off rate of 0.88 g/m² seems appropriate to apply in general;

Lead sheet: a run-off rate of 5 g/m² seems reasonable based on literature and experimental studies.

Because of the recently performed (2001) extensive literature review and experimental study by the LDAI and the specific gathering of information on the exposed area of lead sheet, these specific findings are used in the current study to calculate lead emissions from the run-off of lead sheet and flashings.

Households – domestic wastewater

Based on a review of literature data (Desmet et al., 2001; Jönsson H. et al., 1997 and Jenkins D., 1998) on the discharge of lead through domestic wastewater and the total water consumption per country, an average lead concentration of 24 µg/l was found. This average is calculated from estimated concentrations in three different countries (the Netherlands (15 µg/l), Belgium (23 µg/l) and Germany (33 µg/l)) showing a reasonable level of consistency. Based on this average lead concentration and the total water consumption in the Netherlands, a total discharge at the source of 22 tons Pb could be calculated, of which 309 kg will be emitted directly to the surface water and 153 kg to the soil (based on the connection rate of households to sewage systems in the Netherlands).

Emissions due to the use of hair dyes, containing lead acetate are covered by the data on emissions from domestic wastewater. The latter are based on measured lead concentrations in domestic wastewater and therefore also include a contribution of an average use of hair dyes.  

Households – use of fishing weights

Recreational anglers (people who fish using a hook and line) often attach lead weights to their fishing line to sink the hook and bait or lure in the water. They may also use lead jigs, which are weighted fish hooks. Only scarce information is available on the loss of lead in European waters from the use of fishing sinkers. The information found is listed and described hereafter.

A study from COWI (2004) in authorisation of the European Commission aimed at assessing the impact of potential restrictions of fishing sinkers containing lead on business and private users. In this study, statistics were gathered in several European countries (EU-25) on the consumption of lead for fishing sinkers for angling. Based on this publication, Ecolas calculated an average Pb-consumption per angler per year of 0.8 kg Pb. It is assumed that an average consumption of 8 European countries (EU-25) is representative for all EU-15 countries and therefore also for the selected region, the Netherlands. About the application and consumption of lead in commercial fishing, the Netherlands have responded to the questionnaire, sent out to all EU-25 Member States in the framework of this COWI-study, the type of equipment used in the Netherlands are trawl, seines and beamtrawl nets and it is reported that lead is not used in any of the equipment. It is further reported that there is no domestic production of lead weights and lead-containing ropes or lines.

Based on the limited information found, it was concluded that:

The use of a consumption factor of 0.8 kg Pb per angler per year is more reliable than the Dutch methodology (described in the background document (ECOLAS, 2005)) since it is the average of 8 independent calculations in 8 EU-countries.

Since this calculated consumption factor is based on yearly consumption data, it is assumed based on a Canadian study (Scheuhammer et al., 2003) that the yearly consumption is equal to the yearly loss of Pb from fishing sinkers.

As a result, total loss of fishing sinkers and jigs can be estimated based on the total amount of anglers in the Netherlands (1,500,000) and taking into account a loss factor of 0.8 kg Pb/angler/year. It is important to note that:

this loss factor indicates the total loss of Pb in solid form to the environment and,

this estimation has a high level of uncertainty, since it is based on only two literature references.

This total loss indicates the total weight of solid lead lost in the surface water. Since in the emission inventory we are only interested in the emission itself (“transportable” Pb, defined here as the Pb that potentially can be taken up by organisms), a corrosion factor needs to be taken into account. Little is known about the corrosion of Pb sinkers in fresh water. In the “Targeted risk assessment on lead in ammunition” (background document, Verdonck F. et al., 2005), a worst-case corrosion factor of 1% per year was taken into account to estimate the yearly corrosion/emission of lead from the use of ammunition. Through lack of specific information on the corrosion of Pb from fishing sinkers in surface waters, also a worst-case yearly corrosion factor of 1% is taken into account. The selection of a 1% corrosion factor is an important uncertainty in this estimation since corrosion is dependent of the characteristics of the environment (e.g. pH) and in reality will probably vary between 0.2 and 2% per year (Scheinost, 2003). In the general scenario for PEC calculation, the cumulative corrosion of lead from lead sinkers, lost in surface water prior to the reference emission year (prior to 1999) is not taken into account, because:

the corrosion will be most important in the first year and will decrease in time; Linder B. (2004) states that the corrosion rate will decrease to about 50% of the initial corrosion rate after 2-3 years (Linder B., 2004); the corrosion rate ) and will then further gradually decrease in time;

it is imaginable that lead fishing sinkers, due to their weight, will almost immediately sink to the bottom of the river and will quite fast be swamped with sediment; as a result, it could be assumed that corroded Pb will not be emitted to the surface water after the first year; no specific information on this subject is however available. 

Based on the targeted assessment, a yearly emission of 12 tons of Pb (=1500000 anglers x 0.8 kg Pb/angler/year x 1% corrosion/year) is used in the regional emission inventory. This estimation is significantly lower than the calculation in the Dutch emission inventory. Since the data used in the Dutch emission inventory originate from estimations referring to 1994 and the data mentioned in the targeted assessment are based on a very recent report (December 2004) it is concluded to use these data in the regional emission inventory.

Nevertheless, due to the high uncertainties in this estimation, additional scenarios for PEC calculation are included, to take cumulative emissions into account (cf. PEC derivation). The input data for these scenarios (to predict future accumulation) are given below.

In these scenarios, it is assumed that, in the coming years, a same amount of Pb sinkers will be used every year, and that above that, sinkers, which were lost this year, will keep corroding during the next years. The future PEC needs therefore to be estimated based on an accumulation model.  This accumulation model takes into account, not only yearly added emissions from the yearly use of fishing sinkers, but also the fact that sinkers, lost in year t, will keep corroding in year t+1, t+2, t+3, … The calculated emissions per year, taking into account a cumulative corrosion of 1% per year, are are then:

after 10 years: 114,742 kg Pb

after 100 years: 760,761 kg Pb

These cumulative future emissions are probably an overestimation, since:

In all cases, a corrosion rate of 1% is assumed, while as already mentioned, while the corrosion will be most important in the first year and will then gradually decrease in time Linder B. (2004). Moreover, massive lead would likely end up buried in sediment after a relatively short period of time, resulting in lower corrosion rates and no direct emission to surface water.

A constant use of Pb fishing sinkers is assumed, while this consumption could decrease in the future due to future marketing and use restrictions. In Denmark and the UK, already a ban on lead in fishing weights is in practice (Nordic Council of Ministers, 2003)

The PEC derivation for fresh water, based on a future accumulation model, calculated with Simple-box and taking into account the cumulative emissions after 10, 100 years, is described in detail in chapter 3.1.9-2 (PEC derivation). The Simple-box model takes into account a yearly emission over a certain period of time, equal to the calculated emission after 10 or 100 years, meaning that e.g. it is assumed that the yearly emission is 114.7 tons of Pb (emission after 10 years) for 10, 100 years.

Agriculture – mineral balance in agricultural soil

The Dutch emission inventory of 1999 did not include an estimation of Pb-emissions to agricultural soil from the use of manure and mineral fertilisers. Since the input from other metals (Zn, Cu) to agricultural soil seemed to be important, it was deemed necessary to perform a targeted assessment for this activity to have an idea of the importance of Pb input to agricultural soil.

Estimating emissions of Pb to agricultural soil implies the calculation of a net emission, being the difference between input and output of Pb. A recent report of Delahaye et al. (2003) aims at estimating emissions from 7 metals, including Pb to agricultural soil based on a mass balance model. All input and output parameters taken into account are shown in Figure 3.1-41. Input is the result of use of mineral fertilisers, animal manure and air deposition (and other various sources). The output is calculated from crop removal. Removal through crops is based on the metal concentrations of the harvested products. There are uncertainties in these metal concentrations, but, since the same concentrations are used for roughage and the harvest is mainly used for roughage, these errors largely compensate. Pasture eaten by cattle on the field is automatically incorporated since its metal content stays in the field (van Tilborg, 2003).

· PECregional derivation

See VRAR_Pb_0605_env_exposure_part3
· Measured levels

See VRAR_Pb_0605_env_exposure_part3
· Aquatic compartment (incl. Sediment)

See VRAR_Pb_0605_env_exposure_part3
· Terrestrial compartment

See VRAR_Pb_0605_env_exposure_part3
Figure 3.1‑42 Flow diagram of heavy metal inputs, outputs and accumulation due to agricultural activities in soil according to Delahaye et al (2003)

Based on the total input and output through crops, not taken into account hunting, a net input from agricultural activities to agricultural soil of 27.68 tons of Pb can be calculated. An overview of all input and output data is given in Table 3.1-70.

Table 3.1‑70
Input of Pb (tonnes per year) into agricultural soil according to Delahaye et al. (2003)

	Source
	Pb (tons)

	Input to agricultural soil
	

	
	

	
Manure input
	

	

Concentrate
	10.33

	

Roughage
	18.66

	

Fodder phosphates
	0.07

	
Total input (manure) (a)
	29.06

	
	

	
Manure output
	

	

Net export compound feed
	0.77

	

Dog feed etc.
	0.35

	

Animal products
	1.40

	

Net export manure
	1.90

	
Total output (manure) (b)
	4.42

	
	

	 -  Manure (a-b)
	24.64

	 - Fertilisers
	4.89

	 - Gft-compost
	11.42

	 - Champost
	2.50

	 - Other compost 1)
	6.63

	 - STP-sludge
	0.45

	- Hunting 2)
	28.96

	
	

	Input agricultural soil (exclusive hunting)
	50.52

	Removal through crops
	22.84

	Net Emission to soil
	27.68

	Depositon
	18.2


(1) bulb culture waste, greenhouse waste and heather turf

(2) the Pb-input from hunting activities will not be taken into account as an agricultural source in the current emission inventory

The methodology used by Delahaye et al. (2003) is based on a detailed diagram of input and output data. The data presented in this report are used in the current emission inventory (except for hunting data which are taken from the “targeted risk assessment for lead in ammunition”) because:

the Delahaye et al. (2003) report was specifically written to update the Dutch emission inventory and we can assume that the aim of such updates is to improve the emission inventory;

the report contains the most recent data available at this moment.

Since leaching was not included in Delahaye et al. (2003), the leaching data from Bonten and Römkens (2004) are mentioned in the report only informatively (51.92 tons Pb). Leaching is estimated with the EUSES 2.0 model based on a total net input to agricultural soil (cf. chapter 3.1.9.2 ‘PEC derivation’).

Navigation – use of propeller shaft grease

The methodology used in the Dutch 1999 emission inventory to estimate Pb-emissions from the use of propeller shaft grease is recently updated, based on a publication on emissions from the use of propeller shaft grease in inland navigation in the Netherlands (Appelmans et al., 2005)..  In this publication, emissions are estimated based on the multiplication of the travel intensity A on Dutch waters (in million ton km/year), an implementation factor F for the use of specific types of grease (in %) and an emission factor EF per type of grease (in kg Pb/million ton km). 

For deriving the emission factor per type of used grease/oil following facts are taken into account:

Grease is composed mainly from mineral oil (80%); the remaining 20% consists of additives and soaps;

The two major suppliers state that no Pb is used anymore in their grease; one supplier states to use Pb in one batch of grease for car motors;

As a result, Pb emissions will be insignificant compared to the estimations in the 1999 emission inventory (Emissieregistratie Nederland, emissies 1999). Lead is replaced mainly (probably before 1996) by zinc (naphtenate) and other components. No metals are used, except for lithium for example, as a thickener in the soap component of the grease.

To link the emission factor for grease with the travel intensity on Dutch inland waters, data of the collection of waste grease from inland navigation is used (123 tons in 2001 (SAB, 2001 in Appelmans et al., 2005). Since not all these greases originate from propeller shaft and next to open propeller shaft grease systems, also closed systems are used, it is estimated (Weekhout, 1997 in Appelmans et al., 2005) that 35% of the propeller shaft grease is emitted to the surface water (in previous calculations 60% was assumed (Emissieregistratie Nederland, emissies 1999)). 

For Pb, an emission factor of 0.20 kg Pb/million ton km is used for 1985, decreasing to 0.12 kg Pb/million ton km in 1996 and 0 kg Pb/million ton km since 1997. As a result, no emission of Pb occurs from the use of propeller shaft grease.

Miscellaneous – use of lead containing ammunition

Based on the description of the methodology used in the Dutch emission inventory, the Review Panel recommended that uncertainties and assumptions on Pb shot/ammunition emissions and corrosion rates should be further examined and analysed through a focused literature review and possible dedicated research in order to reduce uncertainties associated with the present calculation in the Dutch emission inventory (VROM, 2002). Therefore, a targeted risk assessment study on lead in ammunition was performed (background document, Verdonck et al., 2005). This targeted risk assessment aimed at a more accurate estimation of Pb-emissions on a regional and continental scale from the use of Pb in ammunition. The activities using ammunition, included in the regional assessment are:

Hunting (over dry land and over wetlands);

Clay target shooting (used here as umbrella term for trap and skeet shooting and sporting clays).

Based on country-specific consumption data and agricultural area, total yearly regional lead emissions were calculated based on three scenarios: (1) based on consumption data and Pb-content per type of ammunition; (2) as 10% of total EU-15 emissions; (3) based on an emission factor per unit of agricultural area. This emission factor was calculated as an average EF, based on country-specific consumption data and country specific agricultural area for each EU-15 Member State. Although, emissions from the use of Pb-containing ammunition are not categorised within the source category ‘Agriculture’ due to the fact that it is not really an agricultural activity, most of the hunting activities take place within agricultural area.

As a result, the total load of Pb shot (solid form) to the environment from the current use of Pb in ammunition was estimated at 483 tons Pb to soil and 35 tons Pb to surface water. The total yearly load of Pb to the environment is not important in the framework of this Risk Assessment but instead the emission itself. Therefore a corrosion factor needs to be taken into account. Based on the revision of corrosion rates in the targeted risk assessment, a corrosion factor of 1% per year is taken into account to estimate the yearly emission of lead from the use of Pb in ammunition. The corrosion of lead from ammunition, lost in surface water or soil, prior to the reference emission year (prior to 1999) is not taken into account, because:

The corrosion of lead ammunition lost in previous years is a historical pollution and is not a subject of the risk assessment;

The corrosion will be most important in the first year and will decrease in time; Linder B. (2004) states that the corrosion rate will decrease to about 50% of the initial corrosion rate after 2-3 years (Linder B., 2004) and will then further gradually decrease in time.

As already mentioned in the section on Pb in fishing sinkers, due to the high uncertainties in this estimation, the cumulative emission of Pb from lost ammunition will be taken into account in the additional scenarios for PEC derivation (chapter 3.1.9.2). The calculated emissions per year, taking into account a cumulative corrosion of 1% per year, are then after 100 years (including current emissions from historical use of Pb in ammunition): 26,678 kg Pb to surface water and 365,848 kg to soil.

Again, is must be noted that the cumulative future emissions are an overestimation, since:

In all cases, a corrosion rate of 1% is assumed, while as already mentioned, while the corrosion will be most important in the first year and will then gradually decrease in time (Linder B., 2004)).

A constant use of Pb in ammunition is assumed, while this consumption could decrease in the future due to future marketing and use restrictions. Denmark has already banned the use of lead shot in general. In Belgium, Finland, The Netherlands, Norway and Sweden a ban on lead shot for wetland hunting is in practice, while Norway and Sweden has notified regulation banning all lead ammunition for hunting (Nordic Council of Ministers, 2003).

The PEC derivation for fresh water and soil, based on a future accumulation model (Simple-box model), taking into account the above mentioned cumulative emissions, is described in detail in chapter 3.1.9.2 (PEC derivation). The Simple-box model takes into account a yearly emission over a certain period of time, equal to the calculated emission after 100 years.

Miscellaneous – sewage system (excl. sewage treatment plants)

Sewage system related emissions from e.g. storm water overflow (SWO), separate sewage systems (sSS) and sewage systems (SS) not connected to a STP can contain emissions originating from several sources (households, road run-off, agriculture, industry,…).

The Dutch emission inventory reports for all years within the period 1990-2002, an emission of 27000 kg from SWO, SSS and not connected SS. Two sources are very important in the determination of these 27 tons: emissions from lead sheet and emissions from traffic. Direct emissions from lead sheet were revised in the current report and emissions from traffic decreased significantly. In total, direct emissions from those two sources decreased during the last decade to, in 1999, only 27% of the emissions from these sources in 1990. It is assumed in the current report that the indirect emissions from these sources through SWO, SSS and not connected SS decreased accordinly from 27000 kg in 1990 to 7290 kg in 1999.

Quantification of regional releases – Selected region: THE Netherlands

Based on the previous sections, a quantification format for the Netherlands (as selected EU region) was accomplished. Based on the quantification methods selected for this format and specific activity data for the Netherlands, lead emissions per source were calculated. An overview of the regional lead releases is given in Table 3.1-71.

Table 3.1‑71
Overview of lead regional releases (kg/year) – NL as selected region
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(kg Pb/year)

Air

(kg Pb/year)

Soil

(kg Pb/year)

Total

(kg Pb/year)

Industry

4,767

38,699

0

43,466

- Manufacture of fertilisers

1,845

0

0

1,845

- Other chemical industry

1,312

0

0

1,312

- Metal industry

778

1,006

0

1,784

- Manufacture of iron and steel and ferro-alloys

0

32,642

0

32,642

- Other sources

832

5,051

0

5,883

Combustion processes industry

0

1,273

0

1,273

- Manufacture of basic chemicals

0

761

0

761

- Power production

0

309

0

309

- Other sources

0

203

0

203

Households

12,415

2,456

7,398

22,269

- Residential heating

0

2,452

0

2,452

- Corrosion of lead sheets

106

0

7,245

7,351

- Domestic wastewater

309

0

153

462

- Lost fishing sinkers

12,000

0

0

12,000

- Other sources

0

4

0

4

Waste management

10,307

97

0

10,404

- Sewage treatment plants

8,910

0

0

8,910

- Waste incineration

1,186

97

0

1,283

- Landfills

199

0

0

199

- Other sources

12

0

0

12

Agriculture

1

12

27,680

27,693

- Use of manure, fertilisers, … on agricultural soil

0

0

27,680

27,680

- Other sources

1

12

0

13

Traffic

1,503

1,204

3,062

5,769

- Tyre wear

1,124

73

635

1,832

- Exhaust fumes (road, air, navigation)

62

767

0

829

- Loss and corrosion of wheel weights

180

0

1,210

1,390

- Wear of collector shoes (rail transport)

62

283

929

1,274

- Other sources

75

81

288

444

Miscellaneous sources

33,968

0

365,848

399,816

- Sewage system - overflows

3,740

0

0

3,740

- Sewage system - separate sewage systems

3,550

0

0

3,550

- Use of Pb-containing ammunition

26,678

0

365,848

392,526

TOTAL

62,961

43,741

403,988

510,690


Figure 3.1-43 shows the allocation of total regional lead emissions per compartment to the different source categories. The figure also shows an indication of the most important souces per source category.
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Figure 3.1‑43
 Overview of the allocation of yearly regional emissions (1999-2000) to the different source categories

Based on the combination of the results from Figure 3.1-43 and Table 3.1-74 a few conclusions can be drawn:

The source categories, most responsible for the emissions to the water compartment, are ‘households’, ‘waste management’ and ‘miscellaneous sources. They each account for respectively 20%, 16% and 54% of total emissions to surface water. The loss of fishing sinkers account for 97% of total emissions to water from households’. In ‘waste management’, the effluents of the sewage treatment plants account for 86% of total emissions and in the ‘miscellaneous sources’, 79% of emissions to water come the use of Pb-containing ammunition.

The ‘industry’ is responsible for 91% of total emissions to the air compartment, of which 84% comes from processes in the iron and steel industry.

The most important source category for emissions to soil is ‘miscellaneous sources’, accounting for 91% of total Pb-emissions to soil. These emissions all come from the use of Pb-containting ammunition; The the use of manure and fertilizers on agricultural soil accounts for another 7% of total Pb-emissions to soil.

Selection of methodology to quantify total Eu-15 emissions

If the region is representative for the EU-15 for a specific source, the regional emissions are extrapolated to the total EU-15 emissions, based on an appropriate extrapolation factor, preferably the parameter used as the activity in the regional emission quantification method. For example, if emissions on a regional scale are estimated based on the total mileage in the Netherlands, the extrapolation factor will be the ratio between the total mileage in the EU-15 and the total mileage in the Netherlands. If the region is not representative for the EU-15, an alternative methodology is used. Table 3.1-72 gives an overview of the methodologies used per source. For the sources for which no simple extrapolation was used, a more detailed description is given below.

Table 3.1‑72
Overview of the methodologies to quantify total EU-15 lead emissions
	Source
	Methodology (1)
	Methodology description

(in case of T)
	Extrapolation parameter

(in case of E)
	Extrapolation factor

(in case of E)

	
	
	
	
	

	Industry

	- Process emissons
	T
	Extrapolation of emissions of 11 Member States to 15 MS
	-
	-

	- Combustion processes
	T
	fuel consumption x emission factor
	-
	-

	Households

	- Residential heating
	E
	-
	Number of inhabitants

	24

	- Domestic wastewater
	T
	Water consumption (23,471x109 l x Pb-concentration (24 µg Pb/l) x connection rate to STP (79%)
	-
	-

	- Corrosion of lead sheet in buildings
	T
	Amount of lead sheet exposed x runoff rate and 5 g Pb/m² for roofs)

- for flashings: 217x106 m² and 0.88 g Pb/m² 

- for roofs: 22x106 m² and 5 g Pb/m²
	-
	- 

	- Fishing in fresh waters

     - recreational

     - commercial fishing
	E

T
	-

Estimation based on questionnaire (COWI, 2004)
	Number of anglers

-
	12.5

	Waste management

	- Sewage treatment plants
	T
	E  = Vs / R x [100-R])

Vs = total Pb load in sewage sludge = 715 tons Pb

R = average Pb removal efficiency = 84%
	-
	-

	- Landfills/waste incineration
	T
	Vangheluwe M. (background document, Waste stream analysis, 2005)
	-
	-

	Agriculture

	- Heating (greenhouses)
	E
	-
	Livestock/Production of animal/crop farms
	10/13

	- Mineral balance
	T
	Emission = total input – removal through crops
	-
	-

	Traffic – road

	Exhaust fumes/road, brake, tyre wear/leakage motoroil
	E
	-
	- Passenger cars/busses: person km

- trucks: haulage on national territory
	25 / 32

27

	Loss and corrosion of balance weights
	E
	
	Vehicles in use
	27

	Traffic – navigation

	Exhaust fumes
	E
	-
	- Inland waterways: transport equipment

- ships: port traffic

- boats: inhabitants
	3

4

24

	Propeller shaft grease
	E 
	-
	inhabitants
	24

	Traffic – air transport/rail transport

	- air transport

- rail transport 
	E

E
	-

-
	- Movements of aircrafts

- total length of lines
	16

56

	Miscellaneous sources

	Use of Pb-containing ammunition

- hunting

- clay target shooting 
	T
	Consumption of ammunition x Pb-content x corrosion rate (cf. background document, Verdonck et al., 2005) +  cumulative and historical emissions
	-
	--

	Stormwater overflow/separate sewage system 
	E
	-
	Number of inhabitants connected to STP
	20.8


1) E=based on extrapolation from regional emissions; T = Based on a total EU-15 estimation

Industry 

In industry, lead emissions result from industrial processes and combustion of fossil fuels in industry. It was concluded that the Dutch industry is not representative for the EU-15. The representativeness can be questioned based on:

the fact that emissions from the primary lead production is much higher in a number of EU Member States (e.g. Belgium, UK, Germany) than in the Netherlands (Euras local risk assessment, draft 2004);

the atypical allocation of energy sources for electricity production and other combustion process in industry in The Netherlands compared with the EU-15: the input of solid fuels and oil for power production is about 32% of the total fuel input in the Netherlands, while in the EU-15 the input of solid fuels and oil is about 63.5% of the total fuel input for power production.

Therefore alternative methods are used to estimate lead emissions from industry in the EU-15. 

Emissions from combustion processes
Emissions of metals from combustion processes are dependent on: the fuel consumption, the combustion conditions (emission factors) and the downstream cleanup. The fuel consumption from thermal electricity production and the final consumption in industry are given in Table 3.1-73.

Table 3.1‑73
Overview of the fuel inputs for thermal electricity production and the final consumption in industry in 2001 in the EU-15 (European Commission, 2003)

	 
	Thermal electricity production
	Final consumption in industry

	
	Mtoe 1
	ktons
	Mtoe 1
	in ktons (1)

	Solid fuels
	157.45
	412 007
	32.5
	51 488

	Oil
	32.39
	33 903
	15.0
	15 717

	Gas (TJ)
	3 829 247
	4 097 748

	Biomass and geothermal
	17.77
	
	15.0
	

	TOTAL
	299.07
	
	
	


(1) 1 toe = 1 ton of oil equivalent = 41868 MJ

(2) 1 ton heavy fuel oil = 40000 MJ; 1 ton hard coal = 24000 MJ; 1 ton brown coal = 8000 MJ

Based on a literature review, fuel based emission factors were identified. The emission factors mentioned in different literature studies (EEA, EMEP/Corinair (2003), European Commission (2001)), except for the emission factors calculated based on the Dutch emission inventory, are not specific for power production, but are indicated as representative for all combustion processes. In the targeted assessment on a regional scale, following emission factors were selected:

solid fuels:
0.0875 g Pb/ton

oils:


1.25 g Pb/ton

Based on the energy consumption (Table 3.1-73) and emission factors, lead emissions from combustion processes in industry in the EU-15 of 102.6 tons were estimated.

Process emission in industry

Emissions from industry depend on the size and the type of industrial activity. In order to justify the extrapolation from Dutch (regional) to EU (continental) releases, two important questions have to be answered:

Is the pattern of the industrial activity in the Netherlands representative for Europe?

Which parameter can give an indication of the size of the industry and can be of practical use to extrapolate emission data? 

Within the Zn-Risk Assessment it was already concluded that the standard TGD factor of 10 to extrapolate industrial emissions from the regional to the EU-15 scale is too low for zinc. As an alternative it wasassumed that there is a relation between the number of inhabitants and the industrial activities. As a result, an extrapolation factor of 22 was used, based on the ratio of Dutch inhabitants (16 million) versus EU inhabitants (350 million).

To estimate total leademissions from industrial processes in the EU-15 we started from the assumption that industrial emissions depend on the size of the industry and the mix of the industrial activities. Since the industrial activity mix in the Netherlands is not representative for the EU-15 (in fact, primary and secondary lead production is much higher in a number of EU Member States (e.g. UK, Germany, Italy and France) than in the Netherlands), an extrapolation from regional to EU-15 emissions was not considered to be a good option.

As an alternative, an area was defined, for which the mix of industrial activities is representative for the EU-15. It can be assumed that increasing the coverage of the EU-15 will fulfil this condition. This implies that the more countries of the EU-15 are taken into account, the more representative this area will be for the EU-15. Based on the available data, the area defined above will include all countries which have reported both their emissions to air and to water in the framework of this study.

Since it was assumed that the mix of industrial activities in the EU-reported area is representative for the EU-15, the extrapolation to the EU-15 only depends on the size of the total industrial activity. It was shown that the number of employees is representative for this parameter. Since the number of countries, which reported their emissions differs extremely for emissions to air and to water, an extrapolation factor is calculated separately, being 1.28 (250,676/195,135) for air emissions and 1.60 (250,676/156,607) for water emissions:

Totalemissions to air in the EU-15: 1.28 x 550385 kg = 704493 kg;

Total emissions to water in the EU-15: 1.60 x 109,286 kg = 174,858 kg.

Following this scenario, total industrial emissions for the EU-15 region of 854,743 kg of Pb were estimated. Since the emissions of the EU area for which data are available covers a larger part of the EU-15, we assume that these emissions are a more representative basis for extrapolation. Consequently, we propose to extrapolate the industrial emissions according to scenario 2. The disadvantage of this extrapolation method is that no split between individual industrial sectors is possible due to the fact that most countries only report total industrial emissions.

Table 3.1‑74
Country-specific emission data from the entire sector “industry” and extrapolation scenarios
	Country
	Emissions (kg/year)
	Number of employees in domestic industry (x 1000)

	
	Water
	Air
	

	Austria
	NA
	5,510
	5,471

	Belgium
	7,980
	103,699
	6,715

	Denmark
	100
	589
	3,557

	Finland
	100
	3,500
	3,456

	France
	49,300
	154,600
	38,195

	Germany
	22,193
	81,000 (1)
	55,952

	Greece
	NA
	NA
	7,124

	Ireland
	NA
	NA
	2,494

	Italy
	NA
	NA
	39,028

	Luxembourg
	NA
	884
	289

	Portugal
	NA
	NA
	6,896

	Spain
	NA
	68,000 (2)
	27,091

	Sweden
	NA
	2,600
	5,679

	The Netherlands 
	4,767
	38,859(3)
	10,740

	UK
	24,846
	91,144
	37,992

	Total emissions for EU-reported
	109,286
	550,385
	156,607 (water)/
195,137 (air)

	Total emissions for EU-15, according to scenario 1
	111,071
	907,012
	250,679

	Total emissions for EU-15, according to scenario 2
	174,858
	704,493
	250,679


(1) most recent air emission data of Germany are from the reference year 1995

(2) emission data reported to EMEP for 1999 were used here 

(3) note that the sum of total industrial emissions also includes emissions from oil refineries (160 kg) explicitly

Iron and steel production

On a regional scale (the Netherlands), emissions from the production of iron and steel (Dutch nomenclature “manufacture of iron and steel and ferro-alloys (SBI 27) and manufacture of wires out of iron and steel (SBI 273)”) represent 85% of total industrial emissions to air (32,930 kg compared to total industrial air emissions of 38,859 kg). Therefore an attempt was made to verify whether this situation in the Netherlands is representative for EU-15. 

Emissions from the iron and steel sector in the EU-15 were estimated by analogy to the method used in scenario 2 (cf. industrial emissions). Therefore:

The representativeness of emissions from the “iron and steel sector” was increased by increasing the coverage of the area (all data available on emissions from the “iron and steel sector” in different EU-15 countries were summed);

The size of the industry in the EU-15 region was indicated by production data from the International Iron and Steel Institute (IISI, 2001) instead of number of employees (cf. scenario 2 for total industrial emissions). It should be noted that although the assessment covers the "iron and steel" sector, all pig iron is used for the production of crude steel (in molten form and within the same plant) and therefore only the data for crude steel production are used.

Emission data from the Iron and Steel sector were reported for Belgium, Denmark, Finland, France, Sweden, the Netherlands and the UK. Table 3.1-75 gives an overview of the country-specific emission data and production data for 1999.

Table 3.1‑75
Country-specific emission data from the sector “iron and steel” and extrapolation
	Country
	Emissions (kg/year)
	Crude Steel Production in 1999 (IISI) in ktons

	
	Water
	Air
	

	Belgium
	1,433
	79,576
	10,931

	Denmark
	na (1)
	440
	729

	Finland
	135
	7,261
	3,956

	France
	11,000
	28,600
	20,200

	Sweden
	na (1)
	1,387
	5,066

	The Netherlands 
	0
	32,642
	6,075

	UK
	3,732
	60,000
	16,298

	Total emissions and prod volumes (BE+DK+FIN+FR+SW+NL+UK)
	16,300
	209,906
	57,460 (water)/
63,255 (air)

	Total emissions and prod volumes for EU-15, according to scenario 3
	44,010
	514,270
	155,069


(1) na = not available

Based on the data in Table 3.1-78, an extrapolation factor is calculated for the air and water compartment separately: 2.70 (i.e. 155,069/57,460) for water emissions and 2.45 (i.e. 155,069/63,255) for air emissions. Total EU-15 emissions from the “iron and steel industry” are:

Air emissions in the EU-15: 2.45 x 209,906  kg = 514,270 kg;

Water emissions in the EU-15: 2.70 x 16,300 kg = 44,010 kg.

Following this scenario, total emissions from the sector “iron and steel” for the EU-15 of 558 280 kg of Pb were estimated. Compared with total industrial emissions for the EU-15 of 854 537 kg Pb, the share of emissions of the sector “iron and steel” in total industrial emission in the EU-15 is 65%. Note that emission data from the sector “iron and steel” were adjusted using data received from Eurofer (A. Ekdahl, personal communication). Emission data from total industry were collected on a country-individual basis from several national institutions. Therefore it is unclear whether total industrial emissions, reported per country, comprise emission from production of iron and steel. The contribution of emissions from iron and steel to the total industrial emissions in this report should be interpreted with caution.

Comparison of industrial emissions (process and combustion) with EPER

EPER is the European Pollutant Emission Register, which was established by a Commission Decision of 17 July 2000. The EPER Decision is based on Article 15(3) of Council Directive 96/61/EC concerning integrated pollution prevention and control.

According to the EPER Decision, Member States have to produce a triennial report on the emissions of industrial facilities into the air and waters. The report covers 50 pollutants which must be included if the threshold values indicated in Annex A1 of the EPER Decision are exceeded. The threshold values for lead are 200 kg to air and 20 kg to water. The threshold values have been chosen in order to include about 90% of the emissions of the industrial facilities looked at, so as to prevent an unnecessarily high burden on all industrial facilities. The first reporting year was 2001. This information had to be reported June 2003 at the latest. The second reporting year will be 2004. The EPER data show that the metals industry is responsible for 82% of total industrial air and 39% of total industrial direct water emissions in the EU-15. In the case air, the majority of these emissions relate to the production of iron and steel. The EPER database includes data on all EU-15 Member States. The reported lead emissions from Austria, Denmark, Greece, Ireland and Luxemburg are scarce. We can conclude that the emissions from the biggest industrial countries are included.

Total emissions reported in EPER are compared with the emissions estimated in the current report. This comparison is shown in Table 3.1-76.

Table 3.1‑76
Total lead emissions from industrial sources on EU-15 level
	Reference
	Emissions to air (kg/year)
	Emission to water (kg/year)

	EPER
	625 483
	106 727

	Ecolas
	781 885 (= 679 885 + 102000)
	174 858


Table 3.1-76 shows that the data from EPER are quite comparable with the data estimated in this report. It is logical that emissions estimated in this report are larger since not all industrial plants existing are considered for EPER reporting – only those activities which are listed in Annex A3 of the EPER Decision are included. Moreover, it can be expected that the EPER database does not include lead emissions from small and medium enterprises (SME). Therefore emission data will be taken over in the continental emission inventory as they were estimated in the current report. As a result emissions from industry (combustion and process emissions) in the EU-15 are:

•
781.9 tons to air;

•
174.9 tons to water.
Households - Corrosion of lead sheet in residential and utility buildings

An in-depth targeted study assessment was performed by the Lead Development Association International on this specific topic, including an emission estimation at a EU level.

The total exposed lead area (m²) for 2000 was estimated based on following sources:

production data from ILZSG  (International Lead and Zinc Study Group) for rolled and extruded products and sheet and strip

consumption data from ELSIA (European Lead Sheet Industry Association)

UK – Lead Sheet Association consumption data

Belgium - consumption estimates from Belgian industry

Ireland - production estimates from Irish industry

Netherlands - consumption data from Dutch Industry.

A distinction was made between exposed area from flashings (between 85% and 95% of total area) and from roofings (between 5% and 15% of total area).

Emissions were calculated based on the following run-off rates:

Lead flashings: a run-off rate of 0.88 g/m² seems appropriate to apply in general;

Lead sheet (roofing): a run-off rate of 5 g/m² seem reasonable based on literature and experimental studies

Table 3.1‑77
Data used to estimate total lead emissions from lead sheet run-off in the EU.
	
	Data for EU

	Estimated exposed area (m2)
	239,414,107

	Percentage flashings
	91%

	Exposed area flashings (m2)
	217,385,012

	Run-off rate flashings (g/m2.y)
	0.88

	Lead emissions at the source from flashings (kg/y)
	191,299 (1)

	Percentage roofing
	9%

	Exposed area roofing (m2)
	22,029,095

	Run-off rate roofing (g/m2.y)
	5.00

	Lead emissions at the source from roofing (kg/y)
	110,145 (1)

	Total lead emissions (kg/y)
	301,444 (1)


(1) These are emissions at the source, meaning that no distribution factor to the different environmental compartments is applied yet. A part of these emissions will enter the sewage system and will not be emitted directly (see following paragraph)

In analogy with the emissions on a regional scale, a distinction is made between the lead sheet run-off from residential and utility buildings. Since no specific information is available according this distinction in the EU-15, the industry estimated this on each 50% of the total exposed area. For utility buildings, in analogy with the regional scale, it is assumed that all emissions to water will enter the sewage system and that 80% of total emissions are emitted to the soil compartment directly at the source. The direct emissions to water from residential buildings depend on the connection rate from households to the sewage system, being in average 85% in the EU-15. As a result 15% of total emissions will enter the surface water directly. It is assumed that 30% will be emitted to the soil compartment. These assumptions bring us to total emissions to water of 22459 kg and emissions to soil of 164703 kg.

Households – discharge of domestic wastewater

Since the literature review, performed in the targeted assessment on a regional scale, is based on reports throughout Europe, an average Pb-concentration in domestic wastewater of 24 µg/l is taken into account. In the Netherlands 98% of the households is connected to an urban wastewater treatment plant. On an EU-15 level country specific connection rates need to be used. Instead of using a default connection rate, more recent data on the country-specific connections rates are available (OECD) and are used. Emission data from discharge of domestic wastewater are estimated based on:

An average Pb-concentration of 24 µg Pb/l (based on literature review);

A country-specific water consumption (total in the EU-15 of 23471 x 106 m³ (EWA, 1997));

A county-specific connection rate to sewage treatment plants (OECD, 2004): average for EU-15 of 79%.

Since no information is available on the share of households in the EU-15 emitting directly to surface water and to soil, the same share as on a regional scale are taken into account (34% to soil (=0.68% of 2%) and 66% to surface water). Based on these data, direct emissions at the source are about 35 tons to water and 71 tons to soil.

Households – use of fishing weights

The methodology used on a regional scale is derived from European data and is therefore found to be representative for the EU-15. Based on the methodology described on a regional scale, a yearly emission of 149.640 tons of Pb (=18.7 million anglers x 0.8 kg Pb/angler/year x 1% corrosion/year) is used in the EU-15 emission inventory. 

The fact that no lead is used in the Netherlands in the equipment for commercial fishing is not representative for the EU-15. For commercial and artisanal fishing (small-scale semi-commercial and recreational fishing using nets), lead is used in other countries in the EU-15 in at least three different ways dependent on the specific fishing nets:

Seine ropes are used for large nets, mainly used for fishing benthic fish on relatively shallow water. The seine rope is typically designed as a woven rope with a thin lead wire woven into the filaments of polypropylene or polyester, which is sewn to the net. Seine ropes are typically used in Denmark, Scotland, Norway and Iceland.

Lead lines are used all over Europe for pound nets. A line is made of small pieces of lead beads threaded on a plastic rope. The string of lead beads is covered by a woven plastic stocking of polypropylene, polyester or other plastics and the stocking is sewn or woven on the net.

Sinkers/weights are used all over Europe for large ring nets or seines for pelagic fish, some type of trawls, fykes, hoop nets and other types of net fishing.

Based on a questionnaire to all European Member States (EU-25), the lead consumption for commercial fishing in the EU-15 is, in the COWI-study (December 2004) estimated between 1921 and 8666 tons of Pb. Assuming that the loss of Pb in commercial fishing in fresh water equals the yearly consumption of lead, a yearly loss from commercial fishing of 5294 tons is assumed, as an average value. As a worst-case, and since no detailed information is available, it is assumed that all equipment is lost in fresh waters. The yearly loss indicated here concerns the total loss of solid Pb, meaning the total weight of the sinkers or equipment. Since in the emission inventory we are only interested in the “transportable” Pb, defined here as the Pb that potentially can be taken up by organisms, it is necessary to take into account a yearly corrosion of 1%. The yearly emission of Pb to surface waters from the loss of Pb in commercial fishing is therefore estimated to be 53 tons.

The total yearly emission of lead from fishing activities in the EU-15 is 202.6 tons.

As already indicated on a regional scale, alternative scenarios are used to derive the PECs for surface water. These scenarios take into account cumulative emissions over 10, 100 years and are on a continental scale:

after 10 years: 1,937 kg Pb to surface water 

after 100 years: 12,844 kg Pb to surface water
Waste management - Wastewater treatment plants

The lead emissions from WWTP’s are estimated based on the total amount of sludge produced in the EU-15, the country specific average lead concentration in the sludge and an average yield of the WWTP of 84%. Based on these data at total emission of Pb from sewage treatment plant in the EU-15 of 144.8 tons to water could be estimated.

Agriculture – mineral balance sheet

On a regional scale, a very detailed approach was used by Delahaye et al. (2003) to estimate the net input to agricultural soils. On a continental scale we also need to estimate the total net input of lead in agricultural soil through agricultural activities. It is however impossible to use the same detailed approach as on a regional scale due to lack of information. The general methodology used in this report is based upon Delahaye et al. (2003).

To estimate the input of Pb into agricultural soils it is important to take into account internal circulation of these metals. Input from manure is the result of the metal content of the feed given to the animals. Both roughage and concentrates contain agricultural material cultivated in Europe. As a consequence only the balance between imported and exported feed and the metal content of fodder supplements used, should be taken into account as an input from manure. A second source is input through mineral fertilisers. This input is estimated based on the metal content of different types of fertilisers and the amount of fertilisers used. Another important source is the use of sewage sludge as a fertiliser. Although of minor importance for the Netherlands (due to strict regulations) it can be important on a continental scale.

Two processes are responsible for the output of metals from agricultural soil. The first one is the removal through crops, estimated based on a removal rate. The second one is the leaching to groundwater and surface water. Table 3.1-78 gives an overview of the agricultural balance for the EU-15, used to estimate net emissions to the agricultural soil from agricultural activities.

The result of the calculation of all individual parameters, described in previous sections, is given in Table 3.1-78.

Table 3.1‑78
Input of lead (tonnes per year) into agricultural soil on a EU-15 scale
	Source
	Pb (Tons)

	Input to agricultural soil
	

	
Manure
	

	

- Concentrate
	93.7

	

- Net export manure 
	0

	

- Animal products 
	14.0

	

- Feed for dogs, cats 
	3.5

	

- Net export compound feed
	7.7

	
Fertilisers
	76.96

	
Sewage sludge
	316.3

	Total input
	461.7

	Output through crops
	186.0

	Net input to agricultural soil
	275.7


As already indicated on a regional scale, the net input (tons) to soil of 275.7 tons will be used as an input to agricultural soil and leaching will be estimated with the EUSES-model.

Miscellaneous – use of lead containing ammunition

Total emissions on an EU-15 scale were estimated in the “Targeted risk assessment on lead in ammunition” (background document, Verdonck et al., 2005). The emissions were based on:

Total consumption of lead containing ammunition for hunting and clay pigeon shooting in the EU-15;

A corrosion rate of 1% per year;

Current emissions of historic use.

Again, the corrosion of lead from ammunition, lost in surface water or soil, prior to the reference emission year (prior to 1999) is not taken into account, because:

The corrosion of lead ammunition lost in previous years is a historical pollution and is not a subject of the risk assessment;

As already mentioned, while the corrosion will be most important in the first years and will then gradually decrease in time Linder B. (2004).

Details on the methodology can be found in the full report (background document, Verdonck et al., 2007). The calculated emissions per year, taking into account a cumulative corrosion of 1% per year, are then after 100 years (including current emissions from historical use of Pb in ammunition): 1,648,760 kg Pb to surface water and 23,450,657 kg to soil.

Miscellaneous – sewage system (excl. sewage treatment plants)

For the extrapolation of these emissions from regional to EU-15 scale, it is assumed that, the amount emitted through stormwater overflow (SWO) and the amount discharged through separate sewage systems (sSS), are dependant of the total input of lead to the sewage system. This can be translated in a dependency on the total direct emissions at the source to the water compartment and the connection rate of households to the sewage systems. Only taking into account the difference in connection rate of households between the Netherlands and the EU-15, it is assumed that the relative share of mixed sewage systems, the relative amount of SWO, as well as the share of wastewater coming from other sources than households (runoff from roads, industry,...).in the Netherlands is representative for the EU-15.

Although this assumption is a simplification of the reality, total emissions from these three sources in the EU-15 as a whole (without separating per source) will show a quite accurate result. Therefore first of all the total discharge through SWO, sSS and SS not connected to STP’s are extrapolated by the ratio of the total number of inhabitants in the EU-15 to the total number of inhabitants in the Netherlands (24 = 377x106 /15.8x106). Secondly this total emission is corrected by the ratio of households connected in the EU-15 (85%) to the households connected in the Netherlands (98%), resulting in an extrapolation factor of 20.8.

It must be noted that this will be a slight underestimation. In the Netherlands all sewage systems are connected to an STP, resulting in the fact that emissions from SS not connected to STP are “zero” on a regional scale. Extrapolating “0” with a factor 20.8 still give “0”, while in other countries in the EU-15, an average of about 6% of the households connected to the SS are not connected to a STP.

Quantification of total EU-15 releases

The total EU-15 emissions are calculated by means of the aforementioned methodology. Total EU-15 lead emissions are shown in Table 3.1-79. It must be noted that the data only cover direct emissions. Indirect emissions such as deposition to soil resulting from industrial releases to air are considered in the next section (PEC derivation).

Table 3.1‑79
Overview of total EU15 lead releases (kg/year)
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0

879,351

Combustion processes industry

0

102,000

0

102,000

- Power production

0

78,000

0

78,000

- Others

0

24,000

0

24,000

Households

295,664

62,047

199,491

557,202

- Residential heating

0

61,943

0

61,943

- Corrosion of lead sheets

22,459

0

164,703

187,162

- Domestic wastewater

70,630

0

34,788

105,418

- Lost fishing sinkers

202,575

0

0

202,575

- Other sources

0

104

0

104

Waste management

173,214

15,169

0

188,383

- Sewage treatment plants

144,840

0

0

144,840

- Waste incineration

10,846

15,169

0

26,015

- Landfills

17,528

0

0

17,528

Agriculture

8

119

275,700

275,827

- Use of manure, fertilisers, … on agricultural soil

0

0

275,700

275,700

- Other sources

8

119

0

127

Traffic

40,838

32,059

108,412

181,309

- Tyre wear

29,079

1,884

16,418

47,381

- Exhaust fumes (road, air, navigation)

0

12,244

0

12,244

- Loss and corrosion of wheel weights

4,860

0

32,670

37,530

- Wear of collector shoes (rail transport)

3,941

15,867

52,043

71,851

- Other sources

2,958

2,064

7,281

12,303

Miscellaneous sources

1,800,392

0

23,450,657

25,251,049

- Sewage system - overflows

77,793

0

0

77,793

- Sewage system - separate sewage systems

73,839

0

0

73,839

- Use of Pb-containing ammunition

1,648,760

0

23,450,657

25,099,417

TOTAL

2,484,974

915,887

24,034,260

27,435,121


Figure 3.1-44 shows the allocation of total EU-15 lead emissions per compartment to the different source categories. The figure also shows an indication of the most important souces per source category.
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Figure 3.1‑44
 Overview of the allocation of yearly EU-15 lead emissions (1999-2000) to the different source categories

Also by combining the results shown Figure 3.1-44 and Table 3.1-79 a few conclusions can be drawn:

· The source categories ‘industry’, ‘waste management’ and ‘households’ account for respectively 7%, 7% and 12% of total lead emissions to surface water. In ‘waste management’, the effluents of the sewage treatment plants account for 84% of the emissions. The influent of sewage treatment plants is a combination of different sources: ‘households’, ‘traffic’, ‘industry’,… In the source category ‘households’ (responsible for about 20% of total emissions to water), 69% of the emissions result from the loss of fishing sinkers. ‘Miscellaneous sources’ account for 72% of total emissions to water, in which 92% comes from the use of Pb-containing ammunition. For ‘industry’ (7% of total emissions), no distinction can me made, based on the current knowledge between different industrial sectors. Although the EPER data were not taken over in the current emission inventory (but used as validation), an indication of those industrial sectors, accounting for an important share in total industrial water emissions can be found in Figure 4.4.1 of the Pb emissions inventory background document (ECOLAS, May 2005). 

· ‘Industry’ is responsible for 88% of total emissions to the air compartment. Again an indication of those industrial sectors, accounting for an important share in total industrial air emissions can be found in Figure 4.4.1 of the Pb emissions inventory background document (ECOLAS, May 2005).

·  ‘Miscellaneous sources’ is the most important source category for emissions to soil and accounts for 97% of total emissions to the soil compartment. These emissions include only emissions from the use of Pb-containing ammunition. 

The total EU-15 lead emissions given in Table 3.1-79 will be used to calculate the continental emissions, used as a background for the calculation of the regional predicted environmental concentrations for the different environmental compartments (air, surface water, sediment, agricultural soil, natural soil and industrial soil) by the EUSES-model.

Additional scenario’s for sensitivity analysis

Emission data for the selected region (The Netherlands) without cumulative and historical emissions

In this scenario, Pb-emissions for the selected region (The Netherlands) are calculated without taking into account the cumulative and historical emissions from the use of Pb-containing ammunition. The only difference thus with the emissions for the selected region as shown in Table 3.1-71 are the emissions from the use of Pb-containing ammunition. In Table 3.1-79a only the emissions, resulting from the use of Pb-containing ammunition in one year are taken into account.

Table 3.1‑79a
Overview of regional emissions for the selected region (The Netherlands) not taken into account cumulative nor historical emissions
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Industry

4,767

38,699

0

43,466

- Manufacture of fertilisers

1,845

0

0

1,845

- Other chemical industry

1,312

0

0

1,312

- Metal industry

778

1,006

0

1,784

- Manufacture of iron and steel and ferro-alloys

0

32,642

0

32,642

- Other sources

832

5,051

0

5,883

Combustion processes industry

0

1,273

0

1,273

- Manufacture of basic chemicals

0

761

0

761

- Power production

0

309

0

309

- Other sources

0

203

0

203

Households

12,415

2,456

7,398

22,269

- Residential heating

0

2,452

0

2,452

- Corrosion of lead sheets

106

0

7,245

7,351

- Domestic wastewater

309

0

153

462

- Lost fishing sinkers

12,000

0

0

12,000

- Other sources

0

4

0

4

Waste management

10,307

97

0

10,404

- Sewage treatment plants

8,910

0

0

8,910

- Waste incineration

1,186

97

0

1,283

- Landfills

199

0

0

199

- Other sources

12

0

0

12

Agriculture

1

12

27,680

27,693

- Use of manure, fertilisers, … on agricultural soil

0

0

27,680

27,680

- Other sources

1

12

0

13

Traffic

1,503

1,204

3,062

5,769

- Tyre wear

1,124

73

635

1,832

- Exhaust fumes (road, air, navigation)

62

767

0

829

- Loss and corrosion of wheel weights

180

0

1,210

1,390

- Wear of collector shoes (rail transport)

62

283

929

1,274

- Other sources

75

81

288

444

Miscellaneous sources

7,640

0

4,830

12,470

- Sewage system - overflows

3,740

0

0

3,740

- Sewage system - separate sewage systems

3,550

0

0

3,550

- Use of Pb-containing ammunition

350

0

4,830

5,180

TOTAL

36,633

43,741

42,970

123,344


Emission data for EU-15  without cumulative and historical emissions

As in the previous paragraph, here, Pb-emissions for the EU15 are calculated without taking into account the cumulative and historical emissions from the use of Pb-containing ammunition. Results are shown in Table 3.1-79b. As for Table 3.1-79a it can be noted here that, the only difference thus with the emissions for the EU15 as shown in Table 3.1-79 are the emissions from the use of Pb-containing ammunition.

Table 3.1‑79b
Overview of regional emissions for the EU15, not taken into account cumulative nor historical emissions
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Industry

174,858

704,493

0

879,351

Combustion processes industry

0

102,000

0

102,000

- Power production

0

78,000

0

78,000

- Others

0

24,000

0

24,000

Households

295,664

62,047

199,491

557,202

- Residential heating

0

61,943

0

61,943

- Corrosion of lead sheets

22,459

0

164,703

187,162

- Domestic wastewater

70,630

0

34,788

105,418

- Lost fishing sinkers

202,575

0

0

202,575

- Other sources

0

104

0

104

Waste management

173,214

15,169

0

188,383

- Sewage treatment plants

144,840

0

0

144,840

- Waste incineration

10,846

15,169

0

26,015

- Landfills

17,528

0

0

17,528

Agriculture

8

119

275,700

275,827

- Use of manure, fertilisers, … on agricultural soil

0

0

275,700

275,700

- Other sources

8

119

0

127

Traffic

40,838

32,059

108,412

181,309

- Tyre wear

29,079

1,884

16,418

47,381

- Exhaust fumes (road, air, navigation)

0

12,244

0

12,244

- Loss and corrosion of wheel weights

4,860

0

32,670

37,530

- Wear of collector shoes (rail transport)

3,941

15,867

52,043

71,851

- Other sources

2,958

2,064

7,281

12,303

Miscellaneous sources

173,612

0

314,430

488,042

- Sewage system - overflows

77,793

0

0

77,793

- Sewage system - separate sewage systems

73,839

0

0

73,839

- Use of Pb-containing ammunition

21,980

0

314,430

336,410

TOTAL

858,194

915,887

898,033

2,672,114


Emission data for the generic region (10% of EU15) without cumulative and historical emissions

According to the TGD (EC, 2003), by default, it is assumed that 10% of the European production and use of a substance takes place within the regional area and therefore regional emissions can be estimated as 10% of total European emissions (cf. p.230-231). Table 3.1-80 shows the result of this calculation.

Table 3.1‑80: Overview of regional releases for a generic region (kg/year)
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Industry

17,486

70,449

0

87,935

Combustion processes industry

0

10,200

0

10,200

- Power production

0

7,800

0

7,800

- Others

0

2,400

0

2,400

Households

29,566

6,205

19,949

55,720

- Residential heating

0

6,194

0

6,194

- Corrosion of lead sheets

2,246

0

16,470

18,716

- Domestic wastewater

7,063

0

3,479

10,542

- Lost fishing sinkers

20,258

0

0

20,258

- Other sources

0

10

0

10

Waste management

17,321

1,517

0

18,838

- Sewage treatment plants

14,484

0

0

14,484

- Waste incineration

1,085

1,517

0

2,602

- Landfills

1,753

0

0

1,753

Agriculture

1

12

27,570

27,583

- Use of manure, fertilisers, … on agricultural soil

0

0

27,570

27,570

- Other sources

1

12

0

13

Traffic

4,084

3,206

10,841

18,131

- Tyre wear

2,908

188

1,642

4,738

- Exhaust fumes (road, air, navigation)

0

1,224

0

1,224

- Loss and corrosion of wheel weights

486

0

3,267

3,753

- Wear of collector shoes (rail transport)

394

1,587

5,204

7,185

- Other sources

296

206

728

1,230

Miscellaneous sources

17,361

0

31,443

48,804

- Sewage system - overflows

7,779

0

0

7,779

- Sewage system - separate sewage systems

7,384

0

0

7,384

- Use of Pb-containing ammunition

2,198

0

31,443

33,641

TOTAL

85,819

91,589

89,803

267,211


Keeping in mind the fact that the regional emissions in Table 3.1-82a are estimated as 10% of total EU-15 emissions, makes it evident that the importance of the different source categories compared to regional emissions and emissions per environmental compartments air, water and soil will show the same picture as in Figure 3.1-45.

Comparision of emissions from the selected and the generic region (not taking into account cumulative nor historic emissions)

In Figure 3.1-45 the estimated regional emissions for a selected and a generic region are compared.
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Figure 3.1‑45: Comparison of total regional lead emissions per source categories, calculated for the default region (10% rule according to TGD, 2003) and for a selected region (The Netherlands)
Based on Figure 3.1-45, following conclusions can be drawn on the comparison between the generic regional emissions and the emissions from the selected region (The Netherlands (NL)):

Total industrial emissions (process + combustion emissions) are much higher for the generic region as for the selected region (96 tons compared to 45 tons). This can be explained by the fact that:

there is more important industry (not specifically Pb-industry) in other European countries compared to The Netherlands, resulting in the fact that the industrial emissions in The Netherlands are much lower than 10% of EU-15 emissions;

the coal consumption for combustion in industry in the Netherlands is only 1/17th of that in the EU-15, instead of 1/10th.

Emissions from households are much higher in the generic regional calculation. This can be explained by the fact that the STP connection rate is much higher in the NL compared to the EU-15 (98% compared to 79% in the EU-15). Taking into account that the water consumption (and wastewater emission) in the NL is only 4% of the water consumption in the EU-15, it is reasonable that emissions in NL are much lower than the generic region (10% of EU-15);

The higher estimation of emissions from waste management in the generic region can also be explained by the difference in water consumption in The Netherlans compared to the generic region (default 10%);

The fact that emissions from agricultural activities in the generic region and the selected region are comparable is explained by the fact that the livestock density and compound feed production in the NL is about 10% of those in the EU-15;

Higher traffic emissions in the generic region could be explained by the fact that the mileage of cars and trucks in the EU-15 is a factor of respectively 25 and 32 higher thatn in the NL (instead of 10). The length of railways is a factor 34 higher in the EU-15 than in the NL;

Higher emissions from stormwater overflow and separate sewage systems in the default region can again be explained by the difference in water consumption.

INPUT DATA FOR REGIONAL EXPOSURE ASSESSMENT

The emission as shown in Table 3.1-71, for the region, and 3.1-79, for the EU15, are  used as input data for the EUSES 2.0 model. For a regional assessment modelling with EUSES 2.0, two types of input data are needed:

· Regional emissions

· Continental emissions = EU15-emissions – regional emissions

Two scenario’s are calculated :

· Regional emissions for a selected region, The Netherlands

· Regional emissions for a generic region, being 10% of EU15 emissions

Input for regional assessment for selected region

Emission data taken forward here are taken over from Table 5.1.1 (for regional emissions for selecte region) and Table 5.2.1 (for EU15 emissions).

On a regional scale (for the selected region, The Netherlands) input data for EUSES 2.0 are:

· emissions to air: 43 741 kg

· emissions to water: 62 961 kg

· emissions to agricultural soil: 393 528 kg

· emissions to natural/industrial soil: 10 460 kg

As an input for the EUSES 2.0-model not the total EU-15 emissions, but the continental emissions, the difference between European emissions and regional emissions (TGC, EC, 2003), are used. The continental input data (for the selected region) can therefore be calculated as follows:

· emissions to air: 872 146 kg

· emissions to water: 2 422 013 kg

· emissions to agricultural soil: 23 332 829 kg

· emissions to natural/industrial soil: 297 443 kg

Input for additional scenario’s for sensitivity analysis

The data, shown in Table 3.1-79a, Table 3.1-79b and Table 3.1-80 are used to perform a sensitivity analysis.

The background document (Ecolas, 2007) also includes a comparison of the emission data calculated in the current VRAR with the data in the recently published European Pollutant Release and Tranfer Register. The first official reporting year under the E-PRTR will be the year 2007 and respective information will have to be reported by Member States in June 2009. The Commission will publish the data in autumn 2009. A first pilot emission inventory for diffuse sources is established based on already available information through other official databases.

[3]
Road border screening

In June 2004, the Reviewing Country (The Netherlands) commented that data from road borders may be relevant for lead and that the risk characterisation should therefore be extended and take account of the distinction between the technosphere and the terrestrial ecosystem. In answer to this comment, the relevance of a road border scenario for lead was explored and the results of this screening exercise are given below.

The emission inventory background document (ECOLAS, 2007)) shows that total current regional lead emissions from road traffic represent less than 1% of the total regional emissions (249 tons). The fact that Pb-emissions from road traffic are insignificant was also shown in other national emission inventories:

France: air emissions from road traffic ranged between 0-3% of total air emissions during the period 2000-2003 (Citepa, 2004);

Denmark: emissions from road traffic to air are about 0.7% (58 kg) of total air emissions (7,920 kg) in 1999.

Next to the fact that lead emissions from road traffic currently are minor, the screening also showed that traffic-related lead emissions have significantly decreased over the last decade. This decrease is especially due to the limitation of Pb-concentrations in gasoline. In the national emission inventories of some countries, this decrease is clearly shown:

the Danish National Environmental Research Institute shows a decrease of Pb-emissions from traffic from 101 tons (82% of total air emissions) in 1990 to 1.4 tons in 2002 (26% of total air emissions). They state that the large reduction in the Pb emission is due to a gradual shift towards unleaded gasoline, being essential for catalyst cars. The decrease of total Pb-emissons in Denmark is shown in Figure 3.1-46.
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Figure 3.1‑46
The decrease in time of Pb-emissions from traffic in Denmark (Danish National Environmental Research Institute, 2004)

air emissions in France from road transport decreased from 3,887 tons in 1990 to 7 tons in 2000 and even to 0 tons in 2002 (Citepa, 2004);

in the UK, lead (Pb) emissions have declined by 98% since 1970. The National Atmospheric Emission Inventory (NAIE, 2004) states that the largest source is lead from anti-knock lead additives in petrol and it is here where the most significant reductions have been made. The lead content of leaded petrol was reduced from around 0.34 g/l to 0.143 g/l in 1986 and since 1987 sales of unleaded petrol have increased particularly as a result of the increased use of cars fitted with catalytic converters. Leaded petrol was phased out from general sale at the end of 1999, and consequently a decline in the road transport sector is seen. Figure 3.1-47 shows the decline of Pb-emissions in the UK since 1970.
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Figure 3.1‑47
 The decrease in time of Pb-emissions from traffic in the UK (NAIE, 2004)

This suggests that monitoring data at roadsides will be heavily influenced by historical lead accumulation with only a minor contribution from current emissions. This can be verified by taking into account the traffic-related regional lead emissions in the year 1999, which equal 2,313 kg. The conversion of this lead load to a soil concentration at the road border is explained hereafter.

The CBS (Central Bureau for Statistics, 2004) in the Netherlands provides data on the length of roads and the mileage per road type. In analogy with the Dutch emission inventory (Milieumonitor., 1999) a distinction is made between highways, regional and urban roads. Table 3.1-81 gives an overview of the lengths of the roads as well as the mileage in 1999 (CBS, 2004). Data from 1999 are used to correspond with the Pb-RAR (final draft, 2004).

Table 3.1‑81
Length of roads in the Netherlands per road type (CBS, 2004)

	Road type
	Highways
	Regional roads
	Urban roads

	Length (103 km)
	3.2
	54.3
	58.8

	Mileage(109 km)
	45.8
	43.4
	34.5


To calculate lead concentrations at road borders, the loads need to be expressed per unit of road length. 79% of the lead emissions from traffic are due to tire wear. In analogy with the road border scenario for zinc (Blok, 2002), where emissions from tire wear are considered separately, a ratio of 5:3:1 for the wearing in urban, regional and highway area is suggested. Road-specific emission factors are calculated by means of the following formula:

Total mileage x average emission factor = (a x mileage on highways) + (3a x mileage on regional roads) + (5a x mileage on urban roads)

Where

a= emission factor for highways;

3a= emission factor for regional roads;

5a= emission factor for urban roads.

As indicated, total lead emissions from road traffic in the Netherlands were estimated at 2,313 kg. Based on the total emission of 2,313 kg; the ratio 5:3:1 and the total length; emission factors per km driven and per km road length were calculated (see Table 3.1-82).

Table 3.1‑82
Emission factors per road type
	
	Highways
	Regional roads
	Urban roads

	EF (in g Pb/km driven)
	6.64*10-6
	19.91*10-6
	33.19*10-6

	EF (in g Pb/km road)
	5.03
	15.08
	25.14


The calculation of lead soil concentration at road borders is illustrated for highways. The emission at one side of a strip of 1 km highway is 2.52 g/year (5.03/2). For the screening assessment the horizontal distribution of lead at road borders is not taken into account. An arbitrary target zone of 5 meter from the edge of pavement is chosen. Based on these figures 2.52 g will be spread over an area of 0.5 ha. This means a lead input in the target zone of highways of 5.03 g/ha.year. With an arbitrary mixing depth of 0.2 m and a soil density of 1,700 kg/m³ (taken from the TGD (European Commission, 2004)); this results in a lead soil concentration at highways of 1.48 µg Pb/kg soil. Since PNEC-values are expressed as kg dry weight, the latter figure should be corrected for the moisture content of the soil. According to the TGD (European Commission, 2004) the moisture content of a standard soil equals 20% (on a volume basis, meaning 12% on mass basis). Eventually, this results in a lead concentration as a result of a one year emission at highways of 1.68 µg Pb/kg DW (1.48 µg Pb/kg soil / 0.88). For regional roads and urban roads, a one-year emissions to road borders leads to a lead concentration of respectively 5.54x10-3 and 9.24x10-3 mg/kg DW. Taking into account a worst-case scenario, where this amount of lead is added to the road border for about 100 years (not taking into account removal through crops and leaching to ground and surface water), we can conclude that the lead concentrations, estimated for a 100 year accumulation, are still a few orders of magnitude beneath the safe concentrations for the soil ecosystem (PNEC soil). Although an arbitrary width and depth of the target zone were chosen, it can be assumed that in reality the lead load will be spread over a larger area due to the horizontal and vertical distribution of lead. Consequently, the actual lead concentrations in the soil after a one-year period and a period of 100 years will even be lower. The abovementioned argumentation supports the assumption that the lead concentrations at road borders are due to the historical accumulation of lead rather than the recent loading from traffic-related sources.

To conclude:

The screening assessment of lead at road borders showed that:

Lead emissions from road traffic are minor in comparison to total regional lead emissions (<1%);

Emissions have decreased dramatically over the past few decades (>95% and monitoring data will be heavily influenced by historical contamination.

The recent loading of Pb to road borders from traffic-related sources is predicted to result in road border soil concentrations several orders of magnitude below the soil PNEC.

Therefore it is suggested that further analysis of the road border scenario is not necessary.
· Atmosphere

See VRAR_Pb_0605_env_exposure_part2
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abbreviations 

[update the list to correspond to the substance RAR]
	ADI
	Acceptable Daily Intake

	AF
	Assessment Factor

	ASTM
	American Society for Testing and Materials

	ATP
	Adaptation to Technical Progress

	AUC
	Area Under The Curve

	B
	Bioaccumulation

	BBA
	Biologische Bundesanstalt für Land- und Forstwirtschaft

	BCF
	Bioconcentration Factor

	BMC
	Benchmark Concentration

	BMD
	Benchmark Dose

	BMF
	Biomagnification Factor

	bw 
	body weight / Bw, b.w.

	C
	Corrosive (Symbols and indications of danger for dangerous substances and preparations according to Annex III of Directive 67/548/EEC)

	CA
	Chromosome Aberration

	CA
	Competent Authority

	CAS
	Chemical Abstract Services

	CEC
	Commission of the European Communities

	CEN
	European Standards Organisation / European Committee for Normalisation

	CMR
	Carcinogenic, Mutagenic and toxic to Reproduction

	CNS
	Central Nervous System

	COD
	Chemical Oxygen Demand

	CSTEE
	Scientific Committee for Toxicity, Ecotoxicity and the Environment (DG SANCO)

	CT50
	Clearance Time, elimination or depuration expressed as half-life

	d.wt
	dry weight / dw

	dfi
	daily food intake

	DG 
	Directorate General

	DIN
	Deutsche Industrie Norm (German norm)

	DNA
	DeoxyriboNucleic Acid 

	DOC
	Dissolved Organic Carbon

	DT50
	Degradation half-life or period required for 50 percent dissipation / degradation

	DT90
	Period required for 90 percent dissipation / degradation

	E
	Explosive (Symbols and indications of danger for dangerous substances and preparations according to Annex III of Directive 67/548/EEC)

	EASE
	Estimation and Assessment of Substance Exposure Physico-chemical properties [Model]

	EbC50
	Effect Concentration measured as 50% reduction in biomass growth in algae tests

	EC
	European Communities

	EC10
	Effect Concentration measured as 10% effect

	EC50
	median Effect Concentration 

	ECB 
	European Chemicals Bureau

	ECETOC 
	European Centre for Ecotoxicology and Toxicology of Chemicals

	ECVAM
	European Centre for the Validation of Alternative Methods

	EDC
	Endocrine Disrupting Chemical

	EEC
	European Economic Communities

	EINECS
	European Inventory of Existing Commercial Chemical Substances

	ELINCS
	European List of New Chemical Substances

	EN
	European Norm

	EPA
	Environmental Protection Agency (USA)

	ErC50
	Effect Concentration measured as 50% reduction in growth rate in algae tests

	ESD
	Emission Scenario Document

	EU
	European Union

	EUSES
	European Union System for the Evaluation of Substances [software tool in support of the Technical Guidance Document on risk assessment]

	F(+)
	(Highly) flammable (Symbols and indications of danger for dangerous substances and preparations according to Annex III of Directive 67/548/EEC)

	FAO 
	Food and Agriculture Organisation of the United Nations

	FELS 
	Fish Early Life Stage 

	GLP
	Good Laboratory Practice

	HEDSET
	EC/OECD Harmonised Electronic Data Set (for data collection of existing substances)

	HELCOM
	Helsinki Commission -Baltic Marine Environment Protection Commission 

	HPLC 
	High Pressure Liquid Chromatography

	HPVC
	High Production Volume Chemical (> 1000 t/a)

	IARC
	International Agency for Research on Cancer

	IC
	Industrial Category

	IC50
	median Immobilisation Concentration or median Inhibitory Concentration

	ILO
	International Labour Organisation

	IPCS
	International Programme on Chemical Safety

	ISO
	International Organisation for Standardisation

	IUCLID
	International Uniform Chemical Information Database (existing substances)

	IUPAC
	International Union for Pure and Applied Chemistry

	JEFCA
	Joint FAO/WHO Expert Committee on Food Additives

	JMPR
	Joint FAO/WHO Meeting on Pesticide Residues

	Koc
	organic carbon normalised distribution coefficient

	Kow
	octanol/water partition coefficient

	Kp
	solids-water partition coefficient

	L(E)C50
	median Lethal (Effect) Concentration 

	LAEL
	Lowest Adverse Effect Level

	LC50
	median Lethal Concentration 

	LD50
	median Lethal Dose  

	LEV
	Local Exhaust Ventilation

	LLNA
	Local Lymph Node Assay

	LOAEL
	Lowest Observed Adverse Effect Level

	LOEC
	Lowest Observed Effect Concentration

	LOED 
	Lowest Observed Effect Dose

	LOEL
	Lowest Observed Effect Level

	MAC
	Maximum Allowable Concentration

	MATC
	Maximum Acceptable Toxic Concentration

	MC
	Main Category 

	MITI
	Ministry of International Trade and Industry, Japan

	MOE
	Margin of Exposure

	MOS
	Margin of Safety

	MW
	Molecular Weight

	N
	Dangerous for the environment (Symbols and indications of danger for dangerous substances and preparations according to Annex III of Directive 67/548/EEC

	NAEL 
	No Adverse Effect Level 

	NOAEL
	No Observed Adverse Effect Level

	NOEL
	No Observed Effect Level

	NOEC 
	No Observed Effect Concentration

	NTP
	National Toxicology Program (USA)

	O
	Oxidizing (Symbols and indications of danger for dangerous substances and preparations according to Annex III of Directive 67/548/EEC)

	OECD
	Organisation for Economic Cooperation and Development

	OEL
	Occupational Exposure Limit

	OJ
	Official Journal

	OSPAR 
	Oslo and Paris Convention for the protection of the marine environment of the Northeast Atlantic

	P
	Persistent

	PBT 
	Persistent, Bioaccumulative and Toxic

	PBPK
	Physiologically Based PharmacoKinetic modelling

	PBTK
	Physiologically Based ToxicoKinetic modelling

	PEC
	Predicted Environmental Concentration

	pH
	logarithm (to the base 10) (of the hydrogen ion concentration {H+}

	pKa
	logarithm (to the base 10) of the acid dissociation constant

	pKb
	logarithm (to the base 10) of the base dissociation constant

	PNEC
	Predicted No Effect Concentration

	POP
	Persistent Organic Pollutant

	PPE
	Personal Protective Equipment

	QSAR
	(Quantitative) Structure-Activity Relationship

	R phrases
	Risk phrases according to Annex III of Directive 67/548/EEC

	RAR
	Risk Assessment Report

	RC
	Risk Characterisation

	RfC
	Reference Concentration

	RfD
	Reference Dose

	RNA
	RiboNucleic Acid

	RPE
	Respiratory Protective Equipment

	RWC
	Reasonable Worst Case

	S phrases 
	Safety phrases according to Annex III of Directive 67/548/EEC

	SAR
	Structure-Activity Relationships

	SBR
	Standardised birth ratio

	SCE
	Sister Chromatic Exchange

	SDS
	Safety Data Sheet

	SETAC 
	Society of Environmental Toxicology And Chemistry

	SNIF
	Summary Notification Interchange Format (new substances)

	SSD 
	Species Sensitivity Distribution

	STP 
	Sewage Treatment Plant

	T(+)
	(Very) Toxic (Symbols and indications of danger for dangerous substances and preparations according to Annex III of Directive 67/548/EEC)

	TDI
	Tolerable Daily Intake

	TG
	Test Guideline

	TGD
	Technical Guidance Document

	TNsG
	Technical Notes for Guidance (for Biocides)

	TNO
	The Netherlands Organisation for Applied Scientific Research

	UC
	Use Category

	UDS
	Unscheduled DNA Synthesis

	UN
	United Nations

	UNEP 
	United Nations Environment Programme 

	US EPA
	Environmental Protection Agency, USA

	UV
	Ultraviolet Region of Spectrum

	UVCB
	Unknown or Variable composition, Complex reaction products of Biological material

	vB 
	very Bioaccumulative

	vP 
	very Persistent 

	vPvB 
	very Persistent and very Bioaccumulative

	v/v
	volume per volume ratio

	w/w
	weight per weight ratio

	WHO
	World Health Organization

	WWTP
	Waste Water Treatment Plant

	Xn
	Harmful (Symbols and indications of danger for dangerous substances and preparations according to Annex III of Directive 67/548/EEC)

	Xi
	Irritant (Symbols and indications of danger for dangerous substances and preparations according to Annex III of Directive 67/548/EEC)


Appendix A 

[click here to insert text]
European Commission

EUR [ECB: click here to insert EUR No.] - European Union Risk Assessment Report
[ECB: click here to insert SUBSTANCE NAME, and volume no.]
Editors: (keep this updated) 

Luxembourg: Office for Official Publications of the European Communities

[ECB: insert year] – VIII pp., [ECB: insert number of pages] pp. – 17.0 x 24.0 cm

Environment and quality of life series

ISBN [ECB: insert ISBN No.]
Price (excluding VAT) in Luxembourg: EUR [ECB:insert price]
The report provides the comprehensive risk assessment of the substance [ECB: insert SUBSTANCE NAME] It has been prepared by [ECB: insert country] in the frame of Council Regulation (EEC) No. 793/93 on the evaluation and control of the risks of existing substances, following the principles for assessment of the risks to man and the environment, laid down in Commission Regulation (EC) No. 1488/94.

The evaluation considers the emissions and the resulting exposure to the environment and the human populations in all life cycle steps. Following the exposure assessment, the environmental risk characterisation for each protection goal in the aquatic, terrestrial and atmospheric compartment has been determined. For human health the scenarios for occupational exposure, consumer exposure and humans exposed via the environment have been examined and the possible risks have been identified.

[ECB, insert abstract]
�	Conclusion (i)	There is a need for further information and/or testing.


	Conclusion (ii)	There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already.


	Conclusion (iii)	There is a need for limiting the risks; risk reduction measures which are already being applied shall be taken into account.


� It must be noted that the Risk Assessment addresses 13 lead substances (lead metal (CAS no: 7439-92-1), lead oxide (CAS no: 1317-36-8), lead tetroxide (CAS no: 1314-41-6) and the lead stabilisers). The following sections of the report relate to a specific substance: general substance information, general information on exposure, local exposure assessment and local risk characterisation.


� It must be noted that the Risk Assessment addresses thirteen lead substances. The following sections of the report relate to a specific substance: general substance information, general information on exposure, local exposure assessment and local risk characterisation.





� Folkloristic shooting refers to the use of ammunition during folkloristic events (games, parades, honoring, …). These activities are typically not submitted to strict regulations


� Only incineration and landfill practices are being considered in this progress report. 


� In Germany emissions of the metals Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V and Sn are reported as one figure. The lead specific contribution has been derived from the individual contribution as measured in the Bamberg incinerator which equals 54 %. The average Pb concentration used for the calculations is 0.016 mg/Nm3. 


� This value is close to the emission limit of 0.2 mg/L. (EC, 2000)


� up to 500 year and under the assumption that the leachate concentration keeps constant during this time frame





review country [the Netherlands]
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