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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 
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1 general substance information
 

See VRAR_Pb_0804_env_exposure_part1
2 general information on exposure

See VRAR_Pb_0804_env_exposure_part1
3 environment 

3.1 ENVIRONMENTAL EXPOSURE 

See VRAR_Pb_0804_env_exposure_part1
3.1.1 Environmental fate 

Aquatic compartment

Lead enters the aquatic environment via community and industrial wastewater, runoff and leaching from natural and anthropogenically burdened soils, atmospheric deposition and corrosion and abrasion of lead containing materials.

In the present section, information is given on the speciation of lead in freshwater and sediment, the influence of physico-chemistry on speciation, and the subsequent consequences for bioavailability.

The amount of lead that remains in solution in surface waters depends upon the pH of the water and the dissolved salt content; solid lead is virtually insoluble, whereas the solubility of lead oxide is 107 mg/l at 25°C. At pH values at or below 6.5 most of the dissolved lead is in the form of free Pb2+ ion. In waters with high amounts of natural organic matter (NOM), corresponding to a dissolved organic carbon content of 10mg/l, organically bound lead becomes more important. Sulfate ions limit the lead concentration in solution through the formation of lead sulfate.  At higer pH levels the lead carbonates, PbCO3 and Pb2(OH)2CO3, determine the amount of Pb in solution. The carbonate concentration is in turn dependent upon the partial pressure of carbon dioxide, pH, and temperature (EPA 1986). In most surface waters and groundwaters, the concentration of dissolved lead is low because the lead will form complexes with anions in the water such as hydroxides, carbonates, sulfates, and phosphates that have low water solubilities and will precipitate out of the water column (Mundell et al. 1989). A significant fraction of lead carried by river water is expected to be in an undissolved form, which can consist of colloidal particles or larger undissolved particles of lead carbonate, lead oxide, lead hydroxide, or other lead compounds incorporated in other components of surface particulate matters from runoff. Lead may occur either as sorbed ions or surface coatings on sediment mineral particles, or it may be carried as a part of suspended living or non-living organic matter in water. The ratio of lead in suspended solids to lead in dissolved form has been found to vary from 4:1 in rural streams to 27:1 in urban streams (Getz et al., 1977).

Chemical speciation (performed with the speciation program WHAM Tipping (1994)) for lead in freshwaters typical of toxicity test chemistry (without natural organic matter) is shown in Figure 3.1.4-1. At pH values at or below 6.5 most of the dissolved lead is in the form of free Pb2+ ion. At higher pH values PbOH+ and PbCO3(aq) are both important species. In waters with higher amounts of natural organic matter corresponding to a dissolved organic carbon concentration of 10 mg/l, organically bound lead becomes more important. However, in these simulations the total lead concentration is fairly high (10,000 µg/L) and while this concentration is typical of acute lead toxicity for many organisms, the importance of natural organic matter complexation would be expected to be higher at lower lead concentrations. Lead concentrations near the PNEC value, for example, would have a much greater percentage of dissolved lead in organic complexes in the presence of 10 mg/l dissolved organic carbon.
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3.1.1.1 Degradation in the environment 
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Figure 3.1.4‑1
Speciation of Pb in water containing different DOC concentrations 
Terrestrial compartment

The mineral content of a soil often reflects that of its parent bedrock. Soils that have been formed from Pb-rich rocks tend to have increased concentrations of lead as a result of natural processes. It is difficult to obtain reliable information on typical Pb concentrations in uncontaminated soils (i.e. natural background concentrations) because of the widespread low-level contamination reflecting long histories of urbanization and industrialization. Reported average Pb concentrations in soils located away from point sources range between 16 and 41 mg/kgdw. Anthropogenic sources of Pb in soil are mining operations, metal processing, the manufacture, use and disposal of Pb-containing products (e.g. Pb sheets, batteries, piping, …) and the former use of leaded petrol. Large amounts of metallic Pb from the use of lead pellets (bullets and shot) as ammunition have been deposited on the soil of shooting ranges worldwide.

Atmosphere

The most important anthropogenic sources of lead entering the atmosphere are combustion of fossil fuels and releases during production processes (smelters and chemical production).  (Ecolas 2003). The transport and distribution of lead from major emission sources is mainly atmospheric. Most of the lead discharged to the atmosphere is deposited near the source, approximately 20% is widely dispersed. The extent of long-range transport is dependent on the particle size. Small particles can travel 10-30 days before settling. Lead can be removed from the atmosphere by wet and dry deposition, wet deposition being the more important (IPCS, 1995). 

In the atmosphere, non-organic compounds of lead exist primarily in the particulate form. Upon release to the atmosphere, lead particles are dispersed and ultimately removed from the atmosphere by wet or dry deposition. Approximately 40–70% of the deposition of lead is by wet fallout; historically, 20–60% of particulate lead emitted from automobiles when leaded petrol was used was deposited near the source. An important factor in determining the atmospheric transport of lead is particle size distribution. Large particles, particularly those with aerodynamic diameters of >2 µm, settle out of the atmosphere fairly rapidly and are deposited relatively close to emission sources (e.g., 25 m from the roadway for those size particles emitted in motor vehicle exhaust in the past); smaller particles may be transported thousands of kilometers. The dry deposition velocity for lead particles with aerodynamic diameters of 0.06–2.0 µm was estimated to range between 0.2 and 0.5 cm/second in a coniferous forest in Sweden, with an overall particle-size weighted dry deposition velocity of 0.41 cm/second (Lannefors et al. 1983). 

The amount of lead scavenged from the atmosphere by wet deposition varies widely; wet deposition can account for 40–70% of lead deposition depending on such factors as geographic location and amount of emissions in the area (Nielsen 1984). An annual scavenging ratio (concentration in precipitation, mg/L, to concentration in air, µg/m³) of 0.18×10-6 has been calculated for lead, making it the lowest value among seven trace metals studied (iron, aluminum, manganese, copper, zinc, cadmium and lead); this indicates that lead (which initially exists as fine particles in the atmosphere) is removed from the atmosphere by wet deposition relatively inefficiently. Wet deposition is however more important than dry deposition for removing lead from the atmosphere; the ratio of wet to dry deposition was calculated to be 1.63, 1.99, and 2.50 for sites in southern, central, and northern Ontario, Canada, respectively (Chan et al. 1986). Lead particles from automobile emissions are quite small (<0.1 µm in diameter) but can grow in size by coagulation (Chamberlain et al. 1979). It must be stressed that most of the above discussion relates to the period in time where leaded petrol was the main source of emissions.  However emissions to air from leaded petrol use are now negligible in the EU.

3.1.1.1.2 Environmental degradation 

Methods used to determine persistence of organic chemicals are measures of the production of CO2, uptake of O2, or reduction in dissolved or total organic carbon. Such methods are clearly not applicable to metals. Persistence/degradability has therefore limited or no meaning for metals and inorganic metal compounds according to the Organization for Economic Cooperation and Development (OECD, 1998). Rather the substance may be transformed by normal environmental processes to either increase or decrease the availability of toxic species.

3.1.1.2 Distribution 

3.1.1.2.1 Adsorption 

Speciation of lead in the aquatic compartment

Pb in fresh water can occur in both suspended and dissolved forms and is partitioned over a number of chemical species. In sediments, Pb can occur as dissolved and precipitated form. An overview of the possible chemical forms (speciation) of lead in surface waters and sediment is given in this section.

Partitioning of lead 

Partition coefficients for lead, describing the distribution between solid particulate matter and water (Kpsusp) are compiled from literature. Partition coefficients for the distribution of metals between water and suspended matter are used to calculate the dissolved concentrations from total concentrations in surface water. Partition coefficients for the partitioning of metals between water and sediment are used to calculate the concentration in sediment from the concentration in water. 

Dissolved lead concentrations in the water column are determined by the adsorption of the metal to suspended particulate matter (SPM) and/or sediment phase. The affinity of Pb to SPM and sediment is reflected in the KD,SPM and KD,sed  values, respectively. Various authors have reported field KD values for Pb or have determined a partition coefficient between the aqueous and solid phase in laboratory adsorption studies.

An overview of reported log KD values for suspended particulate matter (SPM) in freshwater, estuarine surface waters and in marine waters is given in Tables 3.1.4-1, 3.1.4-2 and 3.1.4-3. Reported partition coefficients for sediments are presented in Table 3.1.4-5.

Ideally, only individual KD-values (i.e., no mean or median values) should be used for  probability distributions that are fitted thourh the collected data. However, in  most cases only a mean or a min-max range is reported. It was therefore opted to pool both individual and mean values,  and where possible, to use the minimum an maximum value of a specific data set rather than the mean value (reported or calculated). An alternative would be to use the mean of the min/max range instead of the min/max values, but this approach would lead to loss of  information with regerd to the natural variation of the KD in the environment, resulting in 10th and 90th percentiles that are not relevant for the actual field situation. 

- Partition between water and suspended particulate matter

Freshwater environment 

The lowest log KD,SPM values in freshwater surface waters (Table 3.1.4-1) (rivers, lakes)  are situated between 4.4 and 4.7 and are found in British waters (Tipping et al., 1998; Lofts and Tipping, 2000). The highest values (log KD of 5.98 – 6.25) that were found in these rivers correspond well with the maximum values found in other waters (Dutch freshwaters). Reported median and/or average log KD values are generally situated between 5.0 and 6.0. No log KD values higher than 6.3 (i.e. a KD of 2.00E+6 l/kg) were reported for Pb in the freshwater environment.

Table 3.1.4‑1
Reported log KD,SPM values for Pb in freshwater and estuarine surface waters in Europe.
	Location
	log KD

l/kg
	Remarks
	Reference

	Four Dutch Lakes
	6.0
	average
	Koelmans and Radovanovic, 1998

	Calder River, UK

Nidd River, UK

Swale River, UK

Trent River, UK

All rivers

All rivers
	4.45 - 5.98

4.69 - 6.25

4.58 - 6.20

4.61 - 6.06

5.41

5.71
	min-max range

min-max range

min-max range

min-max range

observed mean

predicted mean
	Lofts and Tipping, 2000

	Scheldt, Belgium
	5.3
	salinity of 1.5 ppm 
	Nolting et al., 1999

	Po River, Italy
	5.5
	median value
	Pettine et al., 1994

	Dutch freshwater
	5.81
	mean
	Stortelder et al., 1989; in Crommentuyn et al., 1997

	Upland-influenced river water, UK

Low-salinity water, UK
	4.6

5.5
	modelled value

modelled value
	Tipping et al., 1998

	7 freshwater locations in The Netherlands
	5.93
	
	Venema, 1994; in Crommentuyn et al., 1997

	54 Czech rivers / 119 locations
	5.44

5.18
	median KD
median KA(1)
	Veselý et al., 2001

	RANGE
	4.45 – 6.25
	
	


(1) KA: based on the acid soluble concentration

Figure 3.1.4-2 presents the probability distribution that was fitted through the data points given in Table 1. This figure also includes a Hazen-plotting of the data on the fitted distribution. The 10th, 50th and 90th percentiles of the fitted Normal-distribution are given in Table 3.1.4-4.

For the calculation of local and regional exposure concentrations the median log KD,SPM value of 5.47 is used.  This value corresponds with a KD,SPM of 295,121 l/kg.
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Figure 3.1.4‑2
Probability distribution of reported log KD,SPM values for Pb in European surface waters (freshwater).

Estuarine environment

A similar analysis was performed on the KD,SPM values that were determined in estuarine water bodies. The used data for the derivation of a median log KD,SPM are given in Table 3.1.4-2. The lowest reported log KD (4.7) was found for the Mersey estuary in the United Kingdom (Turner et al., 2002). Other values are generally situated between 5.8 and 6.5, with a maximum value of 7.0 (Balls, 1989).  

Table 3.1.4‑2
Reported log KD,SPM values for Pb in estuarine surface waters in Europe.

	Location
	log KD

l/kg
	Remarks
	Reference

	North Sea estuaries
	5.0 - 7.0
	min-max range
	Balls, 1989

	Seine estuary
	6.1 - 6.3
	min-max range
	Chiffoleau et al., 1994

	Rhine estuary
	5.85 - 6.26
	min-max value
	Golimowski et al., 1990

	Weser estuary, Germany
	5.87 - 6.27
	different metal ex-traction methods used 
	Turner et al., 1992

	Mersey estuary, UK
	4.7 - 5.0
	estimated KD for river water
	Turner et al., 2002

	Scheldt estuary, Belgium
	6.0 - 6.51
	
	Valenta et al., 1986

	RANGE
	4.45 – 7.0
	
	


Figure 3.1.4-3 presents the probability distribution that was fitted through the data points given in Table 3.1.4-2. The 10th, 50th and 90th percentiles of the fitted Weibull-distribution are given in Table 3.1.4-4.

For the calculation of local and regional exposure concentrations in estuarine environments, a the median log KD,SPM value of 5.98 should be used.  This value corresponds with a KD,SPM of 954,993 L/kg. This value is 3.3 times higher than the KD that was found in European freshwaters. 
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Figure 3.1.4‑3
Probability distribution of reported log KD,SPM values for Pb in European estuarine waters.

Marine environment

Finally, a median KD,SPM for Pb was also calculated for the marine environment, using the data given in Table 3.1.4-3. Two reported marine log KD,SPM values were below 5.0 and were representative for the Atlantic Ocean and the Scheldt estuary (4.7 and 4.9, respectively). Log KD,SPM values for the North Sea are situated between 5.0 and 7.25. All reported log KD,SPM for other marine European waterbodies were situated between these two values.   

Figure 3.1.4-4 presents the probability distribution that was fitted through the marine log KD,SPM values. The reported partition coefficients are also plotted on this graph. From this distribution (Weibull) a median log KD, SPM of 6.23 for Pb in the marine environment is derived. This corresponds with a KD,SPM of 1,698,244 l/kg. This is a factor of 5.8 higher than the calculated median KD,SPM in the freshwater environment. 

Table 3.1.4‑3
Reported log KD,SPM values for Pb in European marine surface water.
	Location
	log KD

l/kg
	Remarks
	Reference

	Belgian coastal waters
	5.30 - 5.60
	min-max range
	Baeyens et al., 1987

	North Sea coastal water
	5.0 - 7.0
	min-max range
	Balls, 1989

	Scottish Sea Loch
	6.47
	average value of 3 sampling stations


	Hall et al1996  

	Atlantic Ocean
	4.7 - 6.4
	min-max range
	Helmers, 1996

	Southern North Sea 

Dover Strait

Northern North Sea

Humber/Wash, UK

Humber/Wash, UK
	5.9 - 7.1 (1)

5.71 (1)

6.68 (1)

6.53 (1)

7.24 (1)
	min-max range, NSP-data

summer/winter value 

late summer

winter/spring

summer
	McManus and Prandle, 1996

	Humber Estuary, UK
	5.0 - 7.0
	min-max range
	Millward and Glegg, 1997

	Scheldt, Belgium
	4.9
	salinity of 30 ppm 
	Nolting et al., 1999

	Baltic Sea
	5.78 (1)

6.49 (1)

7.10 (1)
	10th percentile

50th percentile

90th percentile
	Pohl and Hennings, 1999

	North Sea
	5.51 (1)

6.30 (1)

7.25 (1)
	10th percentile

50th percentile

90th percentile
	Tappin et al., 1995.

	Seawater, UK
	6.2
	modelled value
	Tipping et al., 1998

	Oceans
	6.3 - 6.5
	min-max range
	Valenta et al., 1986

	RANGE
	4.7 – 7.25
	
	


(1)  KD values and/or percentiles were calculated based on reported dissolved and particulate Pb concentrations
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Figure 3.1.4‑4
Probability distribution of reported log KD,SPM values for Pb in European marine waters.

Table 3.1.4-4 summarises the 10th, 50th and 90th percentiles of the fitted distributions through the freshwater, estuarine and marine data sets. The generated percentiles suggest that the log KD will increase with increasing salinity. An increase of the SPM-water distribution coefficient of various metals, including Pb, with increasing salinity has been observed by Turner et al. (2002) in the Mersey estuary (United Kingdom). Other authors, however, have suggested an inverse relationship between salinity and KD-value (Cantwell and Burgess, 2001; Nolting et al., 1999).

Table 3.1.4‑4
Overview of the 10th, 50th and 90th percentiles of log KD,SPM values for Pb in European surface waters.
	l/kg
	10th percentile
	50th percentile
	90th percentile

	log KD, SPM freshwater
	4.70
	5.47
	6.23

	log KD, SPM estuarine
	5.04
	5.98
	6.68

	log KD, SPM marine
	5.06
	6.23
	7.11


Partition between water and sediment

Only a few studies have reported Pb partition coefficients between the aqueous phase and the sediment. Table 3.1.4-5 gives an overview of the most relevant log KD,SED values that were found. Log KD values ranged between 4.4 and 5.66. The mean of all available KD values (Table 3.1.4-5) is 218,776 L/kg (Log KD: 5.34). The number of available KD values for the freshwater sediment phase, however, was too limited for generating a distribution function: the Log KD-value of 5.18 (151,356 L/kg) for Dutch freshwater sediment was th only value that was based on actual measured Pb-concentrations. Other reported KD values were determined for sludge, the marine environment, or were estimated values. The Dutch Log KD- value of 5.18, however, may not be representative for the European situation An alternative approach - based on derived Environmental Concentration Distributions (ECDs) for ambient (see section 3.1.9.3) or background lead concentrations in surface water and sediment - is therefore proposed for the derivation of a reliable sediment KD value for lead.

Table 3.1.4‑5
Reported log KD,SED values for Pb in European surface waters.

	Location
	log KD

l/kg
	Remarks
	Reference

	Sludge originating from Sweden
	4.4 – 4.57 (1)
	partitioning to sludge
	Carlson-Ekvall and Morrison, 1997

	Dutch sediments                                                                                                                                                      
	5.63
	estimated value
	Stortelder et al., 1989; in Crommentuyn et al., 1997

	Dutch freshwater sediments
	5.18
	
	Venema, 1996; in Crommentuyn et al., 1997 

	sediment form the North Sea and Wadden Sea
	5.66
	
	Yland, 1996; in Crommentuyn et al., 1997

	RANGE
	4.4 – 5.66
	
	

	AVERAGE
	5.34
	
	


(1)  KD values normalised from organic carbon to organic matter using the relation OM = 1.724 * OC

Table 3.1.4-6 presents the different ECDs that were fitted through the country-specific background and ambient lead concentrations. Based on the median background or ambient concentrations, respectively, two water-sediment KD values were derived. The combination of 10th and 90th percentiles was used to estimate a realistic range of variation between KD-values.

Table 3.1.4‑6
Estimation of water/sediment KD for lead, based on measured ambient (section 3.2.5.3.4) or background concentrations.

	
	Background concentrations
	Ambient concentrations

	
	Pbdiss. in surface water (µg/L)
	Pb in sediment (mg/kg dry wt)
	Pbdiss. in surface water (µg/L)
	Pb in sediment (mg/kg dry wt)

	5th percentile
	0.06
	15.1
	0.28
	48.1

	10th percentile
	0.07
	16.8
	0.32
	54.9

	20th percentile
	0.09
	19.3
	0.39
	65.8

	30th percentile
	0.12
	21.4
	0.46
	76.2

	40th percentile
	0.14
	23.5
	0.53
	87.4

	50th percentile
	0.18
	25.7
	0.61
	100.6

	60th percentile
	0.22
	28.2
	0.70
	117.4

	70th percentile
	0.29
	31.4
	0.81
	140.7

	80th percentile
	0.41
	35.7
	0.95
	178.2

	90th percentile
	0.70
	43.1
	1.16
	260.2

	95th percentile
	1.15
	50.9
	1.33
	374.1

	
	
	
	
	

	50Psed/50Pwater
	142,778 (log KD: 5.15)
	164,918 (log KD: 5.22)

	10Psed/90Pwater
	24,000 (log KD: 4.38)
	47,328 (log KD: 4.68)

	90Psed/90Pwater
	615,714 (log KD: 5.79)
	813,125 (log KD: 5.91)


Using background or ambient ECDs hardly affected the KD-values that were derived. In both cases, the median KD is similar to the KD that was found for the Dutch freshwater sediments (see Table 3.1.4-5). Therefore, the average of the two median KD-values, derived with the background and ambient ECDs for Pb in water and sediment, is considered to be the most reliable partition coefficient for this metal (Table 3.1.4-7).This median KD value of 153,848 L/kg (Log KD: 5.19) is lower than the median KD for SPM (i.e. 295,121 L/kg; ± a factor 1.9), which is in accordance  to the findings for other metals (e.g. Ni-RAR, voluntary Cu-RAR).

Table 3.1.4‑7
Average of pb-sediment KD-values for the freshwater environment, estimated with the background and ambient ECDs for Pb in water and sediment. 

	
	Background ECD (L/kg)
	Ambient ECD (L/kg)
	Average KD (L/kg)
	Log KD

	Median: 50Psed/50Pwater
	142,778
	164,918
	153,848
	5.19

	Min: 10Psed/90Pwater
	24,000
	24,328
	35,664
	4.55

	Max: 90Psed/10Pwater
	615,714
	813,125
	714,420
	5.85


The number of reported background and ambient Pb-concentrations in the marine/estuarine environment was too limited for calucating a marine KD in a similar way. Therefore the Log KD value of 5.66 (Yland, 1996; in Crommentuyn et al., 1997) is considered as an initial estimate for the Pb partition coefficient between water and sediment in the marine environment (Table 3.1.4-3). 

It should be noted that a number of studies clearly demonstrated that the KD is not a constant value, but can be modelled (and predicted) as a function of various (semi-)empitical models. Koelmans and Radovanovic (1998) fitted 76 observations in a model describing the logKDPb as a function of the pH, the activity coefficient of Ca, and the sulphate, manganese and bicarbonate concentration.

Beside the effect of physico-chemical parameters on the log KD, there is also an inverse relationship between the KD and SPM concentration, the so-called particle concentration effect (pce). This phenomenon has often been observed for various metals, including Pb, and results in lower KD values with an increasing concentration of suspended particulate material in the water column (Veselý et al., 2001; other references).

Finally there are two processes that can result in an under- or overestimation of the actual field KD values:

· determination of metal content of the particulate material requires extreme chemical conditions (e.g. acidification), resulting in the release of matrix bound metals that cannot exchange to the water column under normal conditions (Lofts and Tipping, 2000). Hence, the derived KD values will be an overestimation of the actual partition coefficient. 

· metals bound to colloids that are not retained by a 0.45µm filter are considered to be dissolved, resulting in an overestimation of the dissolved metal fraction and, hence, in an underestimation of the KD (Veselý et al, 2001).

From the currently available literature, however, it cannot be determined to what extent these processes may have affected the derived partition coefficients of Pb to SPM. 

Bioavailability of lead in the aquatic compartment

In the effects assessment section of this report bioavailability of lead is discussed in more detail, but the present section deals with some more fundamental issues. Regarding sediments, an overview is given on the metal binding phases, e.g. Acid Volatile Sulfides (AVS), particulate organic matter, dissolved organic carbon, iron oxy-hydroxides and manganese oxy-hydroxides which tend to reduce metal mobility, bioavailability and toxicity. Regarding surface water, toxicity of Pb is highly dependent on the prevailing abiotic conditions (pH, DOC, …) as well as on the biotic interactions. The existing chemical equilibrium and toxicity models predicting the speciation and bioavailability Pb are reviewed hereunder in terms of their relevance and predictive power.

Chemical equilibrium models can be used to calculate the distribution of metals (and therefore also Pb) among various forms including dissolved inorganic and organic species, amounts adsorbed on particle surfaces and amounts in mineral solid phases. Such chemical equilibrium description of metal speciation can therefore be used to predict Pb bioavailability. Many of the existing equilibrium models have evolved from early codes including RAND, REDEQL and WATEQ (Morel and Morgan, 1972; Truesdell and Jones, 1973). Both REDEQL and WATEQ utilized a numerical solution scheme based on mass action expressions and therefore required a database of thermodynamic stability constants. Alternatively, the RAND program used a minimization of free energy approach for the numerical solution. Expansion of the REDEQL algorithm-based approach to larger problems lead to the development of MINEQL (Westall et al., 1976) which included gaseous and solid phase equilibrium, redox and electrical double layer adsorption in addition to aqueous speciation. A merging of the numerical algorithm from MINEQL with the thermodynamic database of WATEQ3 resulted in the development of MINTEQ (Felmy et al., 1984). Further development of the MINTEQ code and database resulted in the release of MINTEQA2 along with the PRODEFA2 user interface (Allison et al., 1991).  Another more recent developed model is the Windermere Humic Aqueous Model (WHAM) used to simulate equilibrium of waters, sediments and soils dominated by natural organic matter (Tipping, 1994). The WHAM is an addition to a series of models developed to describe natural organic matter interactions with metals. Models I and II developed a framework for describing interactions of protons, Al and Ca with humic sustances (Backes and Tipping, 1987). Model III added site heterogeneity (Tipping et al., 1988). Model IV added non-specific electrostatic binding (Tipping et al., 1990) and desorption of humic substances from soil horizons (Tipping and Woof, 1990). Model V included trace metal complexation (Tipping, 1993). WHAM, version 1.0, was based on Model V and formalized the trace metal complexation approach by establishing a database of best-fit parameters for simultaneous calibration to a wide variety of metals, including Pb (Tipping, 1994). Recently, Model VI was described with the addition of tridentate metal complexes and more detailed descriptions of binding heterogeneity (Tipping, 1997). Another recently developed model is the CHemical Equilibria in Soils and Solutions (CHESS) model (Santore and Driscoll, 1995). This model was designed to work as a subroutine within other models to facilitate adding chemical equilibrium and speciation calculations to fate and transport and nutrient cycling models. The CHESS model has recently been added to the Biotic Ligand Model (BLM) for predicting acute metal toxicity (Di Toro et al., 1997; Paquin et al., 1998; Santore et al., 1998). This BLM was developed to incorporate metal speciation and the protective effects of competing cations into predictions of metal biovailability and toxicity and is based on a conceptual model similar to the Gill Site Interaction Model (GSIM) proposed by Pagenkopf (1983). The acute BLM incorporates a version of CHESS that has been modified to include the chemical and electrostatic interactions described in WHAM. Metal toxicity is simulated as the accumulation of the metal at a biological sensitive receptor, the ‘biotic ligand’, which represents the site of action for metal toxicity. By incorporating the biotic ligand into a chemical equilibrium framework that includes aqueous metal complexes, the relation between the free metal ion concentrations and toxicity in an inherent feature of the model. Described in this way, the BLM has obvious similarities to the Free Ion Activity Model (FIAM) which is extensively described in Campbell (1995). The ability of the BLM to predict acute Pb toxicity to fathead minnows and daphnids was tested against measured toxicity datasets from static exposures in laboratory conditions (Hydroqual, 2002). The comparison of predicted versus measured toxicity shows that the BLM can predict reasonable values for lead toxicity, given the limited amount of data available for this evaluation (Figure 3.1.4-5).
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Figure 3.1.4‑5
BLM predicted LC50 values versus observed LC50 values for Pb.

The plotted data in Figure 3.1.4-5 clearly demonstrate the importance of the BLM-parameters that alter Pb-bioavailability and toxicity: variation of such parameters like hardness, pH and DOM results in observed differences of acute toxicity that exceeds almost two orders of magnitude for some species (e.g. fathead minnow). This variation becomes greatly reduced when applying the initial developed BLMs. It should be noted that currently there may not be sufficient (chronic) toxicity data available yet for the development of validated BLMs and, subsequently, for the application of a bioavailability correction using the BLM-approach.  

Recently Brix et al. (2004) initiated research activities to explore the potential importance of different water quality parameters in modifying the chronic Pb toxicity to the invertebrate Ceriodaphnia dubia. All experiments followed the standard USEPA protocol (USEPA 1994) and evaluated the effect of pH, hardness, alkalinity and DOC on the survival and reproduction over 7 days of exposure with C. dubia. The generated results represent an initial effort to parameterize a chronic bioavailability model for Pb and explore how differences in water quality might influence the derivation of water quality criteria for Pb.The initial results from these tests show a clear relationship between test water pH and HCO3- concentration and the resulting EC20 (Figure 3.1.4-6), with HCO3- having a more significant effect than pH.
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Figure 3.1.4‑6
Effect of pH and HCO3- on chronic Pb toxicity to C. dubia

Furthermore, the influence of two different sources of DOC (humic acid and Suwanee River DOC) on chronic Pb toxicity towards C. dubia was also tested.  Although a variable response was observed, testing with both sources of DOC indicate a substantial reduction in Pb toxicity, as would be expected (Figure 3.1.4-7).  Addition of DOC to the based water reduced Pb toxicity by a factor of 4 to 12.  
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Figure 3.1.4‑7
Effect of Suwanee River DOC and Aldrich humic acid on chronic Pb toxicity

In conclusion, these preliminary results tend to show that the chronic toxicity of Pb towards freshwater invertebrates is highly influenced by the physico-chemistry of the surface waters.

For sediments the main binding phase controlling the bioavailability of lead is the precence of Acid Volatile Sulfides. Acid volatile sulfide (AVS) is, an operational defined parameter indicating those sulfides, which are readily extracted by the cold extraction of sediment in approximately 1 M HCl acid. Another term that is used in conjunction with AVS is SEM. SEM (Simultaneously Extracted Metal) can be defined as the metal, which is simultaneously extracted under the same conditions under which AVS content is determined. If multiple metals are present it is necessary to use the term total SEM (Σ SEM). The equivalent release of sulfide (AVS) and metal, however, does not necessarily means that the metal is bound by sulfide alone. SEM refers to the metal associated with the sulfides and any other metal-bearing phase that is extracted in the cold HCl extraction used for AVS analysis (Allen et al, 1993). For example, metal sorbed to iron oxides and particulate organic carbon will also be extracted.

The underlying principle basis for the SEM-AVS approach is that the AVS that is present in a sediment reacts with the SEM (metal, which is simultaneously extracted under the same conditions under which AVS content is determined) to form an insoluble metal sulfide which is not bioavailable to organisms.  

Di Toro et al (1990, 1992) have proposed an SEM/AVS model based on the recognition that AVS is a reactive pool of solid phase sulfide available to bind with metals and hence reduce free metal ion concentrations. The underlying principle is that except for pyrite, all other iron and manganese mono sulfides have higher solubility products and can be displaced by other metals (e.g. cadmium, copper, nickel, lead, zinc) on a mole-to-mole basis, forming insoluble sulfide complexes with minimal biological availability (Ankley et al, 1996):

2/nMen+ + FeS (s) = Me2/nS(s) + Fe2+

2/nMen+ + MneS (s) = Me2/nS(s) + Mn2+

If all the metal in sediment is in the form of Me2/nS(s) (i.e. AVS in excess), then the free metal ion activity is controlled by dissolution of Me2/nS(s). The SEM-AVS model predicts that certain metals in sediment will not be toxic if the molar concentration of AVS is higher that that of SEM (SEM/AVS ratio smaller than 1). The SEM/AVS concept does reasonably well in predicting the absence of toxicity but was not intended to predict metal related toxicity. In this regard using the difference between the molar concentrations of SEM and AVS (SEM-AVS) instead of the SEM/AVS ratio can already provide important information. The SEM-AVS difference gives insight into the extent of additional binding capacity, the magnitude by which AVS binding has been exceeded, and when organism response is considered, the potential magnitude of importance of other metal binding phases (Hansen et al, 1996).  At a molar SEM-AVS difference < 0 no effects are expected to occur. The amount of AVS present in sediments therefore serves as a critical parameter in determining metal bioavailability and toxicity.

Literature is replete with examples where it has been demonstrated that the SEM-AVS method is an effective tool in predicting the absence of metal toxicity in sediments in short-term toxicity tests (Di Toro et al., 1990; Di Toro et al, 1991; Casas and Crecelius, 1994; Pesch, et al., 1995; Berry et al., 1996). In addition chronic toxicity tests support the use of the SEM-AVS model as a predictive tool for sediments that are unlikely to be toxic. A total of six full life-cycle and colonisation toxicity tests were conducted in the laboratory and field using sediment spiked with individual metals and metal mixtures (Hare et al., 1994; De Witt et al., 1996; Sibley et al., 1996; Hansen et al., 1996; Liber et al., 1996 and Boothman et al., 2001). 

As the weight of evidence shows accurate prediction of no toxicity was predicted in more than 90 % of the studies where excess AVS was present. In a few separate cases toxicity was observed in field experiments while according to the SEM-AVS model no metals should be bioavailable. For example in Liber et al (1996) in 2 out of 17 freshwater field sites toxicity was observed when excess AVS was present. This does not automatically imply that the SEM/AVS model is flawed. One possibility is that the observed toxicity is not caused by metals but is due to the presence of other contaminants that have not been measured. It could also be partly due to sampling resolution in which the mean measured SEM-AVS values may not always reflect what a benthic organisms may actually 'see'. The bulk of evidence, however, in these field sediments is again supportive of the SEM/AVS model. And this weight of evidence should be fully taken into account and compared with the restrictions in using a total metal approach. 

The applicability of the SEM/AVS model has also recently been evaluated by Shine et al (2003). In this paper Receiver Operating Characteristics Curves (ROC) curves were used to compare different approaches/models that estimate the toxicity of metals in sediments. The focus of the evaluation was on the extent to which a method was able to correctly classify a toxic sample as toxic and a non-toxic sample as non-toxic. ROC curves were constructed by using acute toxicity data from 357 samples chosen from eight sources including freshwater and marine sediments. Species tested were Hyalella azteca, Chironimus riparius, Neanthes arenaceodentata, Capitella capitata, Lumbriculus variegates, Helisoma spp., Ampelisca abdita and Chironomus tentans. The results on the SEM/AVS model evaluation showed that this approach has a very high sensitivity (96 %) i.e the extent to which a model correctly classifies a toxic sample as toxic and is therefore protective of the environment. Next to sensitivity both the negative and positive predictive capability was examined. From this analysis it is clear that the SEM/AVS model provides an adequate negative predictive power of 97 % but provides low positive predictive power of 55 %. Because the latter is the likelihood that a sample exceeding the threshold is in fact toxic, it means that in a large number of cases exceeding the SEM/AVS ratio does not result in any observed toxic effects. Which is not surprisingly since both the SEM/AVS threshold of 1 and SEM-AVS threshold of zero are not intended to predict toxicity but intended to tell something about when absence of toxicity can be expected. 

The latter actually means that the approach is quite conservative. This was also apparent from the zinc risk assessment conclusion 1 program in which chronic effects were only started to be noticed when SEM/AVS ratios were 2-8 (Burton et al, 2003).

Speciation of lead in soil

Lead can be present in soils as free ion (Pb2+) in solution, adsorbed onto soil solids (clay minerals, Fe and Mn oxides and soil organic matter) or in a precipitate (formation of soil minerals, e.g anglesite, jarosite). The distribution of Pb over these various forms depends on soil properties (e.g. pH, % organic matter, parent material,…), the source of the Pb contamination (lead shot, residues from mining etc) and the time since contamination.  

This section will only deal with the solid-liquid distribution of Pb in soil as this factor is important for the exposure assessment. The speciation of Pb is likely also affecting Pb toxicity. A literature compilation of Pb toxicity data has demonstrated that threshold concentrations based on total Pb in soil vary more than threshold concentrations based on the Pb2+ activity in soil solution (Sauvé et al., 1998). This suggests that soil properties, such as pH and % organic matter, affecting the soil solution Pb2+ activity should be taken into account in assessing risks of Pb in soil. The current information does not allow to use the effect of speciation on bioavailability in a quantitative way and, therefore, speciation will not be used in the effects assessment.

Data and models on Pb speciation 

Both empirical and semi-mechanistic models exist that predict the solid-liquid distribution of Pb (the so-called Kd) and the fraction of dissolved Pb that is present as the free metal ion Pb2+. These models will be reviewed in terms of their predictive power.  The Kd is a parameter that is required in calculating the PEC of Pb in soil. 

The solid-liquid distribution (KD; l kg-1) of Pb in soil is defined as the ratio of the Pb concentration in the soil (mg kg-1) to the Pb concentration in pore water (mg l-1):

KD = 
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The KD values allow the estimation of Pb concentrations in pore waters and predictions of mobility and potential leaching losses. In general, KD’s are measured in adsorption studies with soil suspensions. They can also be obtained in situ, i.e. by measuring the Pb concentration in pore water. 

The KD values of Pb vary greatly with soil properties. Several Pb KD values have been measured in different soils. An overview of these KD’s and properties of the corresponding soils is given in Table 3.1.4-8. Differences between KD values of more than 4 orders of magnitude have been found. 

Table 3.1.4‑8
Measured KD values in different soils and corresponding soil properties.
	
	average
	median
	min
	max
	n
	Source (+remarks)

	KD (l kg-1)
	16,892
	8,243
	1,061
	77,115
	13
	Smolders et al., 2000

	pH
	5.6
	5.9
	3.5
	7.2
	
	(KD based on pore water)

	C (%)
	3.4
	3.1
	1.4
	6.3
	
	

	[Pb]soil (mg kg-1)
	876
	467
	173
	4010
	
	

	KD (l kg-1)
	19,100
	4,640
	61
	156,000
	47
	de Groot et al., 1998

	pH
	5.7
	5.6
	3.1
	7.4
	
	(KD based on pore water)

	OM (%)
	7.0
	5.3
	0.9
	32.3
	
	

	[Pb]soil (mg kg-1)
	124
	41
	6.2
	1473
	
	

	KD (l kg-1)
	171,214
	102,410
	61
	2,304,762
	204
	Sauvé et al., 2000

	
	
	
	
	
	
	(KD based on miscellaneous experimental protocols)


Regression equations have been made between KD’s and soil properties (Table 3.1.4-9). The pH is an important factor in the solid-liquid distribution of Pb. This is also reflected in the regression equations. It can be predicted from all regression models that the KD decreases 2- to 4-fold per unit pH decrease. Other factors controlling the KD are the organic matter content of the soil, the total Pb concentration in the soil and other metal binding soil phases such as aluminum oxy-hydroxide (de Groot et al., 1998). 

The best estimates of KD’s to assess leaching losses of Pb from the soil are made by models based on in situ pore water concentrations. Adsorption KD’s do not take into account ageing reactions while KD’s measured in dilute salt extracts tend to underestimate the Pb concentrations in pore water as the ionic strength is usually lower in the extracts than in the pore water. Measurement of Pb concentrations in pore water overcomes these shortcomings. There are only two studies available where KD’s are measured based on pore water Pb concentrations (de Groot et al., 1998; Smolders et al., 2000). If the regression models are applied to predict the KD of a “typical” soil with pH 6.5, 2 % organic matter content and 27.4 mg Pb kg-1 soil, the model of de Groot predicts a KD of 19 103 l kg-1 (Al-ox = 34 mmol kg-1, %fraction 2-38 µm = 12) while the model of Smolders predicts a KD of 1.8 103 l kg-1. If the pH decreases to 3.5 the KD’s decrease to 6.9 10² and 2.2 10² l kg-1 respectively, if the pH increases to 7.5 the KD’s increase to 58 10³ and 3.5 10³ l kg-1 respectively. It is difficult to derive one “typical” realistic KD based on these two equations. Therefore the average of the median measured KD’s (Table 3.1.4-9) by de Groot et al. (1998) and Smolders et al (2000), i.e. 6.4 103 l kg-1, can be used as a realistic KD to calculate Pb leaching losses. A realistic low KD is 6.0 10² l kg-1 (10th percentile of the combined KD datasets of de Groot and Smolders), a realistic high KD is 43 10³ l kg-1 (90th percentile of the combined KD datasets).

Table 3.1.4‑9
Regression models of KD as a function of soil parameters. 

	KD regression model
	notes
	source

	logKD = -0.13 + 0.48 pH +0.16 log(%fraction 2-38 µm) + 0.73 log(Al-ox)
	r² = 0.84, in situ KD, n=47, contaminated and uncontaminated soils from NL, B and D
	de Groot et al., 1998

	logKD = 0.22 + 0.75 log[Pb]tot +0.30 pH
	r² = 0.94, in situ KD, n=13, contaminated soils from B
	Smolders et al., 2000

	logKD = 0.28 pH + log(%OM) + 1.0
	r² = 0.38, adsorption KD in 0.005N salts, n=33, contaminated and uncontaminated soils from NL, UK and F
	Gerritse & Van Driel, 1984

	log[Pb]s = -0.34 – 0.15 pH + 0.61 log(%OM*10)
	r² = 0.37, metal concentration in water extract, n=31, contaminated and uncontaminated soils from NL, UK and F
	McBride et al., 1997

	log[Pb]tot - 0.988 log[Pb]s = 1.30 + 0.55 pH
	metal concentration in 0.005 M CaCl2 + 0.005 M Ca(NO3)2 extract, n=100, contaminated soils from UK
	Jopony & Young, 1994

	logKD = 0.37 pH + 0.44 log[Pb]tot + 1.19
	r² = 0.56, compilation of >70 studies, n=204
	Sauvé et al., 2000


%OM: percentage organic matter in the soil; [Pb]s: Pb concentration in solution; [Pb]tot: total Pb concentration in the soil, Al-ox: amount of aluminum extracted by ammonium oxalate/oxalic acid, %OC: percentage organic carbon content.

3.1.1.2.2 Precipitation 

The solubility of lead is dependent on the physico-chemistry of the medium and precipitation will be more important in alkaline than in acid media. In most surface waters and groundwaters, the concentration of dissolved lead is low because the lead will form complexes with anions in the water such as hydroxides, carbonates, sulfates, and phosphates that have low water solubilities and will precipitate out of the water column (Mundell et al. 1989). At pH values at or below 6.5 most of the dissolved lead is in the form of free Pb2+ ion. At higher pH values PbOH+ and PbCO3(aq) are both important species. In waters with higher amounts of natural organic matter corresponding to a dissolved organic carbon concentration of 10 mg/l, organically bound lead becomes more important.

3.1.1.2.3 Volatilisation 

Considering the high boiling point for lead (see chapter 1), volatilisation is not considered as relevant in this RAR, except when considering lead production processes.

3.1.1.2.4 Distribution in wastewater treatment plants 

Removal of lead in waste water treatment plants (STP) may take place by adsorption to particles and only Pb ion and Pb bound to ligands are to be released by STP effluent. The proportion of lead that either remains in solution (and released in effluent) or become associated with suspended solids (and removed with sludge) is in part dependent upon the chemical form and speciation of the metal in the incoming sewage. 

The removal rates for Dutch STPs–for recent years- are weighted average removal rates calculated as the ratio of total Pb input to Sewage Treatment Plants (STP) versus total Pb output from STP for all Dutch urban waste water treatment plants. The Pb removal efficiency for Dutch STPs has remained the same for the past 10 years (from 84.4% in 1993 to 83.3% in 2003, cf. Table 3.1.4-10 below) (CBS, 2006).

Table 3.1.4‑10: Pb input, output data (tonnes Pb/year) and removal data (%) for Sewage Treatment Plants in the Netherlands Source: http://statline.cbs.nl/StatWeb/table.asp?PA=7477&D1=a&D2=0&D3=(l-11)-l&DM=SLNL&LA=nl&TT=2
	STP, the Netherlands
	Total input (T Pb/year)
	Total output from STP (T Pb/year)
	Removal rate
	Reference

	The Netherlands, 1993
	81.7
	12.7
	84.4%
	CBS, 2006

	The Netherlands, 2000
	59.4
	8.6
	85.6%
	CBS, 2006

	The Netherlands, 2001
	66.3
	10.2
	84.5%
	CBS, 2006

	The Netherlands, 2002
	55.2
	8.1
	85.4%
	CBS, 2006

	The Netherlands, 2003
	50.7
	8.5
	83.3%
	CBS, 2006

	The Netherlands, 2004
	49.3
	6.6
	86.7%
	CBS, 2006


For Flanders (Belgium), an average removal rate for Pb for the years 2000-2002 of 82% is reported. The removal efficiencies are estimated on the basis of yearly measurements of Pb concentrations in influents and effluents from over 100 municipal STPs (VMM, 2003). An overview of total inputs and outputs and removal rates from Flemish urban waste water treatment plants is presented in Table 3.1.4-11.

Table 3.1.4‑11: Pb input, output data (tonnes Pb/year) and removal rate data (%) for Sewage Treatment Plants in Flanders

	STP, Belgium
	Total input (kg Pb/year)
	Total output from STP (kg Pb/year)
	Removal rate
	Reference

	Flanders, 2000
	3603.3
	648.6
	82%
	VMM, 2003

	Flanders, 2001
	2323.3
	418.2
	82%
	VMM, 2003

	Flanders, 2002
	960
	172.8
	82%
	VMM, 2003


Conclusions on removal by STP

Pb removal rates in sewage treatment plants from recent years (2000-2004) are situated between 82% (VMM, 2003) and 86.7% (CBS, 2006). Based on the available data, the value of 84% removal represents a reasonable worst case removal of Pb in STP in EU. The value of 84% removal in STP will be used in the further exposure analysis.

3.1.1.3 Accumulation and metabolism 

A detailed description of the toxicity of Pb through secondary poisoning; including bioconcentration, bioaccumulation and biomagnification is given in section 3.2.4 ‘Assessment of secondary poisoning’ of the Environmental effects part of the Pb RAR. 

3.1.2 Aquatic compartment (incl. sediment) 

3.1.2.1 Calculation of predicted environmental concentrations (PEClocal) 

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)

Note freshwater/estuaries: Country-specific measured PECregional values (section 3.1.9.3.1) are included in the PECtotal table values for the following countries: Finland, France, Germany, the Netherlands, UK. For the remaining countries; a median measured ambient PEC for Europe, i.e. 0.61 µg/l is used.

Note marine water: a median measured ambient PEC for Europe i.e. 0.046 µg/l is used.

Note sediment (freshwater/estuaries): Country-specific measured PECregional values (section 3.1.9.3.1) are included in the PECtotal table values fo the following countries: Belgium, France, the Netherlands, UK Scotland, Spain and Sweden. For the remaining countries; a median measured ambient PEC for Europe, i.e. 100.1 mg/kg dw is used (scenario 2).

Note marine sediment: Specific measured PECregional values (section 3.1.9.3.1) are available for different marine sediments and suspended particulate matter in Europe. If no specific information is available, a median measured ambient PEC; i.e. 53.2 mg/kg dw is used.

Please note that in scenario 1 for sediment; the modelled PECregional for sediment i.e. 55.4 mg/kg dw is used as calculated for the generic region (TGD, 10% rule).

Please note that the PEClocal sediment calculations are performed according to the method described in section 3.1.2.3 (local exposure calculation factors). All other methods used are according to the TGD (EC, 2003).

3.1.2.1.1 Calculation of PEClocal for lead metal production (primary, secondary) (23 sites) 

An overview of the calculated local Pb concentrations in the aquatic compartment (water and sediment) is presented in Table 3.1.5-1, Table 3.1.5-2. From these tables it can be concluded that for Pb metal producers in Europe:

Water and sediment

· Daily emissions to surface water vary between 0.00022 kg Pb/d (LDA-40) and 0.71 kg Pb/d (LDA-02). Some companies state that they do not release process water to the environment, but merely cooling water, rinse and run-off water (LDA-16, 56, 66). LDA-76 and 77 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.

· The on-site WWTP lead removal efficiency varies between 95 and 99.9%. For the municipal sewage treatment plant a removal efficiency of 84% is assumed (cfr. § 3.2.5.2.3 Input values and assumptions).

· Total Pb concentrations in effluent vary between 0.008 mg/l (LDA-16, max value) and 5.0 mg/l (LDA-67, 90 P value). Taking into account a second treatment step (STP: 84% removal) and extra dilution in a municipal STP for the effluent from site LDA-31 (0.31 mg/l) the calculated Pb concentration for that site in the municipal effluent is reduced to 0.0005 mg/l (real case, measured values). Treatment of effluents from LDA-70, 74, LDA-75 and LDA-100 in a municipal STP lowers the Pb concentrations from 0.21 mg/l, 0.28 mg/l, 0.09 mg/l, 0.14 mg/l and 0.10 mg/l to 0.009 mg/l, 0.002 mg/l, 0.0007 mg/l, 0.001 mg/l and 0.0008 mg/l respectively (removal efficiency of 84% and extra dilution of 4, 20 and 23.5 is assumed). 

· Dilution factors vary between 10 (default fresh water, generic scenario) and 1,000 (maximum dilution factor, site specific). Site specific dilution factors were derived for 11 sites. It should be noted that for the sites with dilution factors exceeding the maximum value of 1,000 the real site specific calculated dilution factor is also given (LDA-01, 02, 27, 41, 56, 66, 67, 98).

· Added local dissolved Pb concentrations in water vary between 0.001 µg/l (LDA-27, estuary, max. site specific dilution factor) and 3.48 µg/l (LDA-03, river, default dilution factor). For all other sites, added local Pb concentrations below 0.92 µg/l are calculated. Taking into account the real calculated dilution factors -exceeding 1,000- results for sites LDA-01, 02, 27, 41, 56, 66, 67 and 98 in Pb concentrations in the receiving surface water of 0.0001–0.023 µg/l instead of 0.001-0.92 µg/l. Calculated PECtotal levels in surface water vary between 0.05 µg/l (regional background for marine environment) and 4.09 µg/l.

· Added local Pb concentrations in sediment vary between 1.05 mg/kg dw (LDA-27, estuary, max. site specific dilution factor) and 1,016 mg/kg dw (LDA-03, river, default dilution factor). Taking into account the real calculated dilution factors -exceeding 1,000- results for sites LDA-01, 02, 27, 41, 56, 66, 67 and 98 in Pb concentrations in the sediment of 0.03–21.8 mg/kg dw instead of 1.9-175 mg/kg dw. Elevated Pb concentrations in surface water lead to high concentrations in sediment due to the methodology used to calculate the Csediment (cfr. Partitioning on the basis of Csurface water cfr. § 3.2.2.1). Calculated PECtotal levels in sediment vary between 55 mg/kg dw and 1,071 mg/kg dw (scenario 1; regional background modelled = 55.4 mg/kg dw, no historic contamination). Calculated PECtotal levels in sediment vary between 64 mg/kg dw and 1,123 mg/kg dw (scenario 2; measured regional background, includes historic contamination).
· Measured Pb concentrations in surface water are available for sites LDA-01, 02, 27, 31, 39, 40, 56, 67. For site LDA-01 a downstream and upstream PEClocal of 9.9 µg/l and 20.9 µg/l respectively is reported (90P value, 2 km from discharge point). It should be noted that the upstream measured Pb concentration is higher than the downstream Pb concentration (tidal river). For site LDA-02 a downstream PECwater of 4.7 µg/l (dissolved conc.) is reported. Site LDA-27 reports upstream and downstream measured total Pb concentrations of 10.7 µg/l (total lead, 300 m from discharge point) and 14.1-14.7 µg/l (total lead, 5 to10 km downstream from plant) respectively. A background Pb concentration of 30 µg/l (upstream) is reported for site LDA-31. No information is available on downstream Pb concentrations. Upstream and downstream PEClocal values of 1.3 µg/l (total lead, 200 m upstream from discharge point) and 18 µg/l (total lead, 1991-1995) respectively are reported for site LDA-39. LDA-40 reports upstream (25-50 m from discharge point) and downstream (25-100 m from discharge point) total Pb concentrations of 9 µg/l and 3 µg/l respectively (70 µg/l and 48 µg/l respectively for 90P). It should be noted that upstream Pb concentrations are higher than downstream lead levels. Upstream (16 km from discharge point) and downstream (10 km from discharge point) total Pb concentrations of 2.6 and 3.6 µg/l respectively are reported for site LDA-56. LDA-67 reports upstream and downstream Pb concentrations in the temporary river of 4 and 26 µg/l respectively. It should be noted that during summer, the stream is dry; only during winter with excess rainfall a small stream is created. Only those sites for which upstream and downstream measurements are available are relevant for use in the risk assessment exercise. 

· Measured Pb concentrations in sediment are available for LDA-01 (upstream: 36.6 mg/kg; downstream: 140.3 mg/kg), LDA-27 (upstream: 95 mg/kg (2.1 km north, year 2002)); downstream: 56-78 mg/kg (2.8 km south – (7 km south, year 2002)), LDA-39 (downstream 1,600 mg/kg; geological burdened region, data from 1991-1995) and LDA-56 (upstream: 95 mg/kg dw (2.1 km north; year 2002); downstream: 67.8 mg/kg dw). 
Table 3.1.5‑1
Local Caddwater/PECtotalwater from Pb metal producing plants in the EU

	Plant N°
	Emission to water

(kg/d)


	WW/STP lead removal efficiency

(%)
	Ceffluent

(total)

(mg/l) (avg/90P)

calculated


	Type receiving water body
	Dilution factor

D=10 (def. freshw) 

(D=100)(def.marin)

Default *
	Caddlocal water

(dissolved)

(µg/l)

calculated
	PECtotallocal water

(dissolved)

(µg/l)

calculated
 (PECtotalregional=

0.61µg/l;measured)
	PEClocal water

(µg/l) 

upstream

measured
	PEClocal water

(µg/l) 

downstream measured
	Comments

	LDA-01
	0.065
	99.82
	0.048 (meas, 90P)
	Tidal river 
	1,000 (max)

(site specific=2,165)
	0.009

(ss: 0.004)
	0.62

(ss: 0.61)
	20.9 (90P); (2 km from discharge point) (tidal river)
	9.9 (90P); (2 km from discharge point) (tidal river)
	

	LDA-02
	0.71
	NA
	2.84 (90P)
	Estuary
	1,000 (max)

(site specific=8,033)
	0.19

(ss: 0.023)
	1.10

(ss: 0.93)
	NA

not available
	4.7 (dissolved)
	discharge of 3 effluents together to estuary

Country-specific bg water = 0.91 µg/l

	LDA-03
	0.023
	97.5
	0.189 (90P)
	canal
	10*
	3.48
	4.09
	NA
	NA
	

	LDA-16
	Plant emits only cooling water and run-off water, NO PROCESS WATER
	84% (default)
	0.008 (max) (removal at STP (84%))
	River (after STP)
	10*
	0.15
	0.76
	NA
	NA
	

	LDA-17
	0.044
process water, rinse water and run-off water is treated before discharge to sea
	99.9
	0.017

(90P)
	sea
	100*
	0.006
	0.05
	NA
	NA
	2001

bg marine water = 0.05 µg/l


	LDA-27
	0.016
	99.9
	0.017 (90P)
	Estuary
	1,000 (max)

(site specific=11,687)
	0.001

(ss: 0.0001)


	0.69

(ss: 0.69)
	10.7 (total lead) (60 km); outlet is situated at 60.3 km 
	14.1-14.7 (total lead) (65-70 km) 
	Country-specific bg water = 0.69 µg/l

	LDA-31
	0.049
	>99
	0.31 (90P)
	river (direct discharge)
	10*
	5.71
	
	30 (avg)
	NA
	Country-specific bg water = 0.69 µg/l

	LDA-31
	0.049
	84% (default)
	0.0005 (90P)
	river (after STP)
	10*
	0.009
	0.70
	30 (avg)
	NA
	Country-specific bg water = 0.69 µg/l 

effluent conc: 90P value, measured Pb level in effluent STP: <0.5 µg/l

	LDA-39
	0.14
	>98.5
	0.3 (90P)
	river
	74
	0.75
	1.44
	1.3 (avg, total lead) (200 m upstream from discharge point)
	2.7 (dissolved) & 18 (total)

(unclear if downstream from site; min-max: 1.2-2.7 µg/l; data from 1991-1995)
	Country-specific bg water = 0.69 µg/l 



	LDA-40
	0.00022
	99
	0.037 (90P)
	river
	422
	0.016
	0.71
	9 (total lead; 25-50 m upstream from discharge point)
	3 (total lead; 25-100 m downstream from plant) 
	Country-specific bg water = 0.69 µg/l 



	LDA-41
	0.12
	>99
	0.24 (90P)
	river
	1,000 (max

(site specific=14,645)
	0.044

(ss: 0.003)
	0.73

(ss: 0.69)
	NA
	NA
	Country-specific bg water = 0.69 µg/l 

	LDA-56
	0.037
	Not applicable
	0.19 (90P)
	river
	1,000 (max)

(site specific=4,718)
	0.035

(ss: 0.007)
	0.73

(ss: 0.70)
	2.6 (avg) (total, 16 km upstream from discharge point)
	3.6 (avg) (10 km downstream from discharge point)
	Country-specific bg water = 0.69 µg/l 

No process water, cooling water only

	LDA-63
	0.55
	100%
	0.58 (90P)
	river
	439
	0.24
	1.15
	NA
	NA
	Country-specific bg water = 0.91 µg/l 

	LDA-66
	0.009
	99%
	0.036


	river
	1,000 (max)

(site specific=72,000)
	0.007

(ss: 0.0001)
	0.55

(ss: 0.54)
	NA
	NA
	Country-specific bg water = 0.54 µg/l

	LDA-67
	NA
	NA
	5.0 (90P)
	river
	1,000 (max)

(site specific=248,902)

(flow rate of final receiving river) 
	0.92

(ss: 0.0037)
	1.53

(ss: 0.61)
	4.0 (during winter, stream with water)

(first receiving river)
	26.0 during winter, stream with water, during summer (no rain) stream is dry

(first receiving river)
	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
	0.01
	NA
	0.03 (90P)
	sea
	100*
	0.011
	0.06
	NA
	NA
	bg marine water = 0.05 µg/l

	LDA-70
	0.17
	95-99%
	0.21
	river
	10*
	3.87


	
	NA
	NA
	

	LDA-70
	0.17
	84% (default)
	0.009
	River (after STP)
	10*
	0.16
	0.77
	NA
	NA
	Effluent conc.: removal at STP (84%) + extra dilution factor STP: 4

	LDA-74
	0.03
	95-99.5%
	0.279 (90P)
	river
	10*
	5.14
	
	NA
	NA
	

	LDA-74
	0.03
	84% (default)
	0.0022 (90P)
	River (after STP)
	10*
	0.04
	0.65
	NA
	NA
	Effluent conc.: removal at STP (84%) + extra dilution factor STP: 20

	LDA-75
	0.00068
	98-99%
	0.09 (avg)
	river
	10*
	1.66
	
	NA
	NA
	Country-specific bg water = 0.54 µg/l

	LDA-75
	0.00068
	84% (default)
	0.00072  (avg)
	River (after STP)
	10*
	0.013
	0.55
	NA
	NA
	Country-specific bg water = 0.54 µg/l

Effluent conc.: removal at STP (84%) + extra dilution factor STP: 20

	LDA-76
	No emissions ? To clarify
	
	Not applicable
	Not applicable
	
	0
	0.54
	Not applicable
	Not applicable
	Country-specific bg water = 0.54 µg/l

	LDA-77
	No emissions. Recycling of industrial waste water
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	0
	0.61
	Not applicable
	Not applicable
	

	LDA-98
	0.0039
	NA
	0.15 (90P)
	river
	1,000 (max)

(site specific=9,673)
	0.03

(ss: 0.0028)


	0.64

(ss: 0.61)
	NA
	NA
	

	LDA-100
	0.02
	96-99.6%
	0.14 (avg)
	River
	10*
	2.58
	
	NA
	NA
	Direct discharge

	LDA-100
	0.02
	84% (default)
	0.001 (avg)
	River after STP
	10*
	0.02
	0.63
	NA
	NA
	Effluent concentration: Pb removal and extra dilution in STP: 23.5

	LDA-101
	0.0036


	99.95%
	0.10 (max)
	River
	10*
	1.84
	
	NA
	NA
	

	LDA-101
	0.0036
	84% (default)
	0.0008 (max)
	River after STP
	10*
	0.01
	0.62
	NA
	NA
	Effluent conc.: removal at STP (84%) + extra dilution factor STP: 20.4


Table 3.1.5‑2
Local Caddsediment/PECtotalsediment from Pb metal producing plants in the EU 

	Plant N°
	Emission (kg/d)
	Caddlocal water

(dissolved)

(µg/l)

calculated
	Caddsediment (mg/kgdw)

Calculated

(ave / 90p)
	PECtotalsediment (mg/kgww)
Calculated

(PECtotalregional=55.4  mg/kg dw;modelled generic region)
	PECtotalsediment (mg/kgww)
Calculated

(PECtotalregional=100.1  mg/kg dw;measured)
	PECsediment (mg/kgdw)

upstream

measured
	PECsediment (mg/kgdw)

downstream

measured
	Year
	Comments

	LDA-01
	0.065
	0.009

(ss: 0.004)
	2.58

(ss: 1.19)
	58

(ss: 57)
	110

(ss: 108)
	36.60

(2 km from discharge point)
	140.3

(2 km from discharge point;

at discharge point: 147 mg/kg dw)
	2000
	Country-specific bg sediment = 107.3 mg/kg dw

Tidal river

	LDA-02
	0.71
	0.19

(ss: 0.023)
	174.88

(ss: 21.77)
	230

(ss: 77)
	275

(ss: 122)
	NA
	NA
	2000
	discharge of 3 effluents together to estuary

	LDA-03
	0.023
	3.48
	1016
	1,071
	1,123
	NA
	NA
	2000
	Country-specific bg sediment = 107.3 mg/kg dw

	LDA-16
	Plant emits only cooling water and run-off water, NO PROCESS WATER
	0.15
	42.99
	98
	143
	NA
	NA
	2002
	

	LDA-17
	0.044
process water, rinse water and run-off water is treated before discharge to sea
	0.006
	10.71
	66
	64
	NA
	NA
	2001
	Country-specific bg sediment = 53.2 mg/kg dw

	LDA-27
	0.016
	0.001

(ss: 0.0001)


	1.05

(ss: 0.09)
	56

(ss: 55)
	101

(ss: 100)


	95 (2.1 km north; year 2002)
	56-78 (2.8 km south-7km south (year 2002))
	2000
	

	LDA-31
	0.049
	5.71
	
	
	
	NA
	NA
	2000
	

	LDA-31
	0.049
	0.009
	2.69
	58
	103
	NA
	NA
	2000
	

	LDA-39
	0.14
	0.75
	217.88
	273
	318
	
	
	2000
	

	LDA-40
	0.00022
	0.016
	4.71
	60
	105
	NA
	1,600 

(geological burdened region

220-12,000 (min-max)

data from 1991-1995)
	2000
	

	LDA-41
	0.12
	0.044

(ss: 0.003)
	12.90

(ss:0.88)
	68

(ss: 56)
	113

(ss: 101)
	NA
	NA
	2000
	

	LDA-56
	0.037
	0.035

(ss:0.007)
	10.21

(ss:2.16)
	66

(ss: 58)
	110

(ss: 102)
	NA
	NA
	2000
	

	LDA-63
	0.55
	0.24
	70.93
	126
	171

(ss: 100)
	80.4 (+/- 21.4) (dw)
	67.8 (+/- 16) (dw)
	2000
	

	LDA-66
	0.009
	0.007

(ss:0.0001)
	1.93

(ss:0.03)
	57

(ss: 55)
	85

(ss:83)
	NA
	NA
	2000
	Country-specific bg sediment = 83.3 mg/kg dw the river takes drainage water from hundreds of lead mines so there appears to be little point in trying to relate sediments to this site

	LDA-67
	NA
	0.92

(ss:0.0037)
	269

(ss:1.08)
	324

(ss: 56)
	369

(ss: 101)
	NA
	NA
	2000
	

	LDA-68
	0.01
	0.011
	19.02
	74
	72
	NA
	NA
	2000
	Country-specific bg sediment = 53.2 mg/kg dw GENERIC

	LDA-70
	0.17
	3.87
	
	
	
	NA
	NA
	2003
	

	LDA-70
	0.17
	0.16
	45.77
	101
	146
	
	
	
	

	LDA-74
	0.03
	5.14
	
	
	
	NA
	NA
	2000
	

	LDA-74
	0.03
	0.04
	11.99
	67
	112
	NA
	NA
	2000
	

	LDA-75
	0.00068
	1.66
	
	
	
	NA
	NA
	2000
	

	LDA-75
	0.00068
	0.013
	3.87
	59
	87
	NA
	NA
	2000
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-76
	No emissions ? To clarify
	0
	0
	55
	83
	NA
	NA
	2000
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-77
	No emissions. Recycling of industrial waste water
	0
	0
	55
	78.4
	Not applicable
	Not applicable
	2000
	Country-specific bg sediment = 78.4 mg/kg dw

	LDA-98
	0.0039
	0.03

(ss:0.0028)
	7.79

(ss:0.81)
	63

(ss: 56)
	115

(ss: 108)
	NA
	NA
	2003
	Country-specific bg sediment = 107.3 mg/kg dw

	LDA-100
	0.02
	752 (avg)
	838
	
	
	NA
	2000
	
	

	LDA-100
	0.02
	5.12 (avg)
	91
	61
	105
	NA
	2000
	
	

	LDA-101
	0.0036
	0.01 (max)
	4.21
	
	
	NA
	NA
	2003
	

	LDA-101
	0.0036
	0.01 (max)
	4.21
	60
	83
	NA
	NA
	2003
	Country-specific bg sediment = 78.4 mg/kg dw


3.1.2.1.2 Calculation of PEClocal for industrial/professional use 

Lead sheet production (9 sites)
An overview of the calculated local Pb concentrations in the aquatic compartment (water and sediment) is presented in Table 3.1.5-3, Table 3.1.5-4. From these tables it can be concluded that for Pb sheet producers in Europe:

Water and sediment

· Daily emissions to surface water vary between 0.0033 kg Pb/d (LDA-73) and 0.76 kg Pb/d (LDA-54). 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 (no effluent discharge). The only discharge occurring is rainwater runoff to the river. Pb concentrations in grab samples are reported (0.107 mg/l). 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 declares 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; there are no emissions to water from lead activities only. LDA-99 states that there are no emissions to surface water; the waste water is collected in an on-site lagoon.
· No information is available on the removal efficiency of the on-site WWTP of LDA-24, 29 and 51. For the municipal sewage treatment plant a removal efficiency of 84% is assumed (cfr. § 3.2.5.2.3 Input values and assumptions).

· Total Pb concentrations in effluent vary between 0.107 mg/l (LDA-25, max) and 2.6 mg/l (LDA-24, 90P) (direct discharges to surface water). Taking into account a second treatment step (STP: 84% removal) and extra dilution in a municipal STP, the calculated Pb concentration in the municipal effluent is reduced to 0.00086 mg/l for site LDA-24 (real case) and 0.00015 mg/l for site LDA-73.

· Dilution factors vary between 7.4 (site specific, freshwater, site LDA-51) and 1000 (max site specific dilution factor, site LDA-29). It should be noted that for the site with dilution factor exceeding the maximum value of 1,000 the real site specific calculated dilution factor is also given (LDA-29).

· Added local dissolved Pb concentrations in water vary between 0.003 µg/l (LDA-73, river, after STP, real case) and 1.70 µg/l (LDA-51). For all other sites added local Pb concentrations below 0.10 µg/l were calculated. Taking into account the real calculated dilution factor -exceeding 1,000- results for site LDA-29 in Pb concentrations in the receiving surface water of 0.003 µg/l instead of 0.10 µg/l. Calculated PECtotal levels in surface water vary between 0.30 µg/l (country-specific regional background = 0.28 µg/l) and 2.31 µg/l. The Pb concentrations in surface water due to direct discharge of effluents that are eventually treated in a STP are not considered (no real cases).

· Added local Pb concentrations in sediment vary between 0.78 mg/kg dw (LDA-73, river, after STP, real case) and 495 mg/kg ww (LDA-51). Taking into account the real calculated dilution factor -exceeding 1,000- results for site LDA-29 in Pb concentrations in sediment of 2.53 mg/kg dw instead of 94.2 mg/kg dw. Elevated Pb concentrations in surface water lead to high concentrations in sediment due to the methodology used to calculate the Csediment (cfr. partitioning on the basis of Csurface water cfr. § 3.2.2.1). Calculated PECtotal levels in sediment vary between 56 mg/kg dw and 551 mg/kg dw (scenario 1; regional background modelled = 55.4 mg/kg dw, no historic contamination). Calculated PECtotal levels in sediment vary between 84 mg/kg dw and 603 mg/kg dw (scenario 2; measured regional background, includes historic contamination).
· Measured Pb concentrations in surface water are available for LDA-25 (upstream and downstream PECsurface water: <2 µg/l) and LDA-51 (upstream and downstream PECsurface water: <10 µg/l). Preliminary analysis shows that these data are not suitable for the exposure assessment since for both upstream and downstream measurements the same values are reported (below detection limit).

· Measured Pb concentrations in sediment are available for site LDA-51: a Pb in sediment level of 236 mg/kg is reported for a sampling point 100 m upstream from the plant while the Pb concentration 20 m downstream from the discharge point is 1,040 mg/kg. No other sediment data are reported.

Table 3.1.5‑3
Local Caddwater/PECtotalwater from Pb sheet producers in the EU
	Plant N°
	Emission to water

(kg/d)


	WW/STP lead removal efficiency
	Ceffluent

(total)

(mg/l) (avg/90P)

calculated


	Type receiving water body
	Dilution factor

D=10 (def. freshw) 

(D=100)(def.marin)

Default *
	Caddlocal water

(dissolved)

(µg/l)

calculated
	PECtotalwater

(dissolved)

(µg/l)

calculated

(PECtotalregional

=0.61 µg/l; measured)
	PEClocal water

(µg/l) 

upstream

measured
	PEClocal water

(µg/l) 

downstream measured
	Comments

	LDA-24
	0.0061
	NA
	2.6 (90P)
	canal
	10*
	47.8
	
	NA
	NA
	Direct discharge to canal

	LDA-24
	0.0061
	84% (default)
	0.00086

(removal at STP + extra dilution)  (90P)
	canal
	10*
	0.016
	0.30
	NA
	NA
	Country-specific bg water = 0.28 µg/l Effluent treated in municipal STP before final canal (real case)

	LDA-25
	Storm drain, no process water
	No WWTP on site
	0.107 (max)
	river
	230
	0.09
	0.70
	< 2 
	< 2 
	Surface runoff, no wwtp on site

	LDA-26
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	contaminated process water is sent to waste disposal company (Pb is recycled)

	LDA-28
	Not applicable (no emissions)
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	No emissions to water

	LDA-29
	0.063
	NA
	1.53 (90P)
	estuary
	1,000

(site specific: 37,252)
	0.10

(ss:0.003)
	1.01

(ss:0.91)
	NA
	NA
	Country-specific bg water = 0.91 µg/l

	LDA-50
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	

	LDA-51
	0.76
	NA
	0.068 (90P)
	river
	7.4
	1.70
	2.31
	<10 (100 m before emissions, year 2002 data)
	<10 (20 m after plant emission, year 2002 data)
	

	LDA-73
	0.0033
	Not applicable
	0.19 (90P)
	River
	10*
	3.50
	
	NA
	NA
	

	LDA-73
	0.0033
	84%

(default)
	0.00015 (90P) (removal at STP + extra dilution)
	River after STP
	10*
	0.0027
	0.54
	NA
	NA
	Country-specific bg water = 0.54 µg/l

	LDA-99
	0
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	


Table 3.1.5‑4
Local Caddsediment/PECtotalsediment from Pb sheet producers in the EU 

	Plant N°
	Emission (kg/d)
	Caddsediment (mg/kgdw)

Calculated

(ave/90p)
	PECtotalsediment

(mg/kgdw)

calculated

(PECaddregional=

55.4 mg/kg dw; modelled, generic region)
	PECtotalsediment

(mg/kgdw)

calculated

(PECaddregional=

100.1 mg/kg dw; measured)
	PECsediment (mg/kgdw)

upstream

measured
	PECsediment (mg/kgdw)

downstream

measured
	Year
	Comments

	LDA-24
	0.0061
	13,972 (90P)
	
	
	NA
	NA
	2000
	Direct discharge to canal

	LDA-24
	0.0061
	4.61 (90P)
	60
	238
	NA
	NA
	2000
	Country-specific bg sediment = 233.1 mg/kg dw 

Effluent treated in municipal STP before final canal (real case)

	LDA-25
	Storm drain, no process water
	25.01 (max)
	80
	125
	NA
	NA
	2000
	Surface runoff, no wwtp on site

	LDA-26
	Not applicable
	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 (no emissions)
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	

	LDA-29
	0.063
	94.2

(ss:2.53)
	150

(ss: 58)
	194


	NA
	NA
	2000
	

	LDA-50
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	

	LDA-51
	0.76
	495 (90P)
	551
	603
	236

(100 m before discharge point, 1 sample)
	1,040

(20 m after discharge point, 1 sample)
	2000
	Country-specific bg sediment = 107.3 mg/kg dw 



	LDA-73
	0.0033
	1071 (90P)
	
	
	NA
	NA
	2003
	

	LDA-73
	0.0033
	0.78 (90P)
	56
	84
	NA
	NA
	2003
	Country-specific bg sediment = 83.3 mg/kg dw 



	LDA-99
	0
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	


Battery producers (31 sites)

An overview of the calculated local Pb concentrations in the aquatic compartment (water and sediment) is presented in Table 3.1.5-5, Table 3.1.5-6. From these tables it can be concluded that for Pb battery producers in Europe:

Water and sediment

· Daily emissions to surface water vary between 0.0003 kg Pb/d (LDA-62) and 3.88 kg Pb/d (LDA-43). 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.

· The on-site WWTP lead removal efficiency varies between 73.3% and 99.9%. For the municipal sewage treatment plant a removal efficiency of 84% is assumed (cfr. § 3.2.5.2.3 Input values and assumptions).

· Total Pb concentrations in effluent vary between 0.01 mg/l (LDA-62, direct discharge, worst case scenario) and 3.49 mg/l (LDA-33, direct discharge, worst case scenario). Taking into account the real case situation i.e. a second treatment step in a municipal STP for sites LDA-32, 33, 35, 36, 42, 43, 44, 52, 53, 55, 60, 61, 62, 64, 71, 97 and 102; Pb concentrations are reduced to 0.0043 mg/l, 0.0024 mg/l, 0.0042 mg/l, 0.0051 mg/l, 0.004 mg/l, 0.39 mg/l, 0.005 mg/l, 0.0087 mg/l, 0.003 mg/l, 0.010 mg/l, 0.016 mg/l, 0.003 mg/l, 0.000024 mg/l, 0.003 mg/l,  0.21 mg/l, 0.0017 mg/l, 0.0053 mg/l (removal of Pb and additional dilution in STP).

· Dilution factors vary between 3.3 (site specific dilution factor river) and 1,000 (maximum dilution factor, site specific). Site specific dilution factors were derived for 18 sites. It should be noted that for the sites with dilution factors exceeding the maximum value of 1,000 the real site specific calculated dilution factor is also given (LDA-32, 36, 38, 45, 54, 58).

· Added local dissolved Pb concentrations in surface water vary between 0.0004 µg/l (LDA-62, river after STP, default dilution factor) and 9.21 µg/l (LDA-59, river, default dilution factor). The Pb concentrations in surface water due to direct discharge of effluents that are eventually treated in a STP are not considered (no real cases). Elevated Pb levels are also observed for sites LDA-37 (3.98 µg/l), LDA-48 (7.6 µg/l, first small river), LDA-49 (3.05 µg/l, small river). For all other sites, added local Pb concentrations below 1.96 µg/l are calculated. Taking into account the real calculated dilution factors -exceeding 1,000- results for sites LDA-32, 36, 38, 45, 54, 58 in Pb concentrations in the receiving surface water of 0.0003–0.16 µg/l instead of 0.0008-0.18 µg/l. Calculated PECtotal levels in surface water vary between 0.61 µg/l (regional background total = 0.61 µg/l) and 9.82 µg/l.

· Added local Pb concentrations in sediment vary between 0.13 mg/kg dw (LDA-62, river after STP, default dilution factor) and 2,687 mg/kg dw (LDA-59, river, default dilution factor). Elevated Pb concentrations in sediment were observed for the sites mentioned above in the surface water section and varied between 889 and 2220 mg/kg dw. Taking into account the real calculated dilution factors -exceeding 1,000- results for sites LDA-32, 36, 38, 45, 54, 58 in Pb concentrations in the sediment of 0.13–47.1 mg/kg dw instead of 0.23-52.7 mg/kg dw. Elevated Pb concentrations in surface water lead to high concentrations in sediment due to the methodology used to calculate the Csediment (cfr. Partitioning on the basis of Csurface water cfr. § 3.2.2.1). Calculated PECtotal levels in sediment vary between 56 mg/kg dw and 2742 mg/kg dw (scenario 1; regional background modelled = 55.4 mg/kg dw, no historic contamination). Calculated PECtotal levels in sediment vary between 79 mg/kg dw and 2787 mg/kg dw (scenario 2; measured regional background, includes historic contamination).
· Measured Pb concentrations in surface water are available for sites LDA-34, 37, 38, 46 and 48. For site LDA-34 an upstream PEC local of 18 µg/l (90P) is reported. No information is given on distance from the discharge point, no downstream information is provided. LDA-37 reports downstream from the discharge point total Pb concentrations varying between 0.1 µg/l and 15.8 µg/l (avg: 3.02 µg/l). For site LDA-38 a downstream and upstream PEClocal of <10 µg/l respectively is reported. LDA-46 reports measured total Pb concentrations upstream and downstream from the discharge point of 6.8 µg/l (90P) (avg: 5.6 µg/l; 20-100 m upstream from discharge point; 2002-2003 data; pH: 7.7-8.15) and 31.8 µg/l (90P) (avg: 18.4 µg/l; 3-4 to 100 m downstream from discharge point; 2002-2003 data, 5dp (different distances), AAS, total lead; pH: 7.3-8.0) LDA-48 reports measured total Pb concentrations upstream and downstream from the discharge point of 2.7 µg/l (year 2000, total lead, 90P value, 50 m upstream from discharge point); 1.75 µg/l (avg value) (local Environment Agency), and 9.9 µg/l (year 2000, total lead, 90P value, 50 m downstream from discharge point); avg: 6.5 µg/l (local EA) respectively. Only those sites for which upstream and downstream measurements are available are relevant for use in the risk assessment exercise. 

· Measured Pb concentrations in sediment are available for LDA-37 10-45 mg/kg dw (year 2003, upstream, river sediment); 260-450 mg/kg dw (100-1000 m downstream, year 1981 data, 3dp)), LDA-38 (upstream: 134 mg/kg dw (250 m from discharge point, 2001 data)); downstream: 192 mg/kg dw (250 m from discharge point, 2001 data)), LDA-46 (avg: 73.6 mg/kg; 90P: 135 mg/kg september/october 2003; 100-500 m upstream from discharge point, different distances; 5dp); (avg: 351 mg/kg ; 90P: 681 mg/kg) (september/october 2003) 2 -300m from discharge point; different distances; 11dp), LDA-48 (50 m upstream from discharge point: small river: 446 mg/kg dw (year 2004); 50 m downstream from discharge point: 61 mg/kg dw) and LDA-49 (upstream: 1190 mg/kg-7,500 mg/kg: 500-1000 m upstream from plant (high geogen and antropogen backgrounds due to lead and zinc smelters); downstream: 400-3000 mg/kg (old data, 250 m SE of plant).
Table 3.1.5‑5
Local Caddwater/PECtotalwater from Pb batteries producing plants in the EU
	Plant N°
	Emission to water

(kg/d)


	WW/STP lead removal efficiency
	Ceffluent

(total)

(mg/l) (avg/90P)

calculated


	Type receiving water body
	Dilution factor

D=10 (def. freshw) 

(D=100)(def.marin)

Default *
	Caddlocal water

(dissolved)

(µg/l)

calculated
	PECtotallocal

water

(dissolved)

(µg/l)

calculated

(PECtotalreg:

0.61 µg/l; measured)
	PEClocal water

(µg/l) 

upstream

measured
	PEClocal water

(µg/l) 

downstream measured
	Comments

	LDA-32
	0.04
	NA
	0.29 (90P)
	river
	1,000 (max) (site specific: 1,743)
	0.056
	
	NA
	NA
	

	LDA-32
	0.04
	84% (default)
	0.0043 (90P)
	municipal STP
	1,000 (max) (site specific: 1,743)
	0.0008

(ss:0.0005)
	0.61

(ss:0.61)
	NA
	NA
	effluent conc.: removal (84%) at STP + extra dilution STP: 3.1

	LDA-33
	1.13
	99.8%
	3.49 (90P)
	river
	10*
	64.2
	
	NA
	NA
	

	LDA-33
	1.13
	84% (default)
	0.0024 (90P)
	municipal STP
	10*
	0.04
	0.95
	NA
	NA
	Country-specific bg water = 0.91 µg/l

effluent conc.: removal (84%) at STP + extra dilution STP: 189

year 2003 data

	LDA-34
	0.14
	>99%
	0.032 (90P)
	river
	3.30
	1.79
	2.40
	18 µg/l (90P); 12 µg/l (annual mean)
	No data available
	Measured data: year 2000; no distances specified

	LDA-35
	1.0
	>95%
	0.3 (avg)
	river
	10*
	5.53
	
	NA
	NA
	Closed in April 2004

	LDA-35
	1.0
	84% (default)
	0.0042 (avg)
	municipal STP
	10*
	0.08
	0.69
	NA
	NA
	

	LDA-36
	0.042
	99.42%
	0.29 (90P)
	river
	1,000 (max) (site specific: 1,136)
	0.05
	
	NA
	NA
	Closed in June2004

	LDA-36
	0.042
	84% (default)
	0.0051 (90P)
	municipal STP
	1,000 (max) (site specific: 1,136)
	0.001

(ss:0.001)
	0.62

(ss:0.62)
	NA
	NA
	effluent conc.: removal (84%) at STP + extra dilution STP: 9.15

	LDA-37
	0.21
	93%
	0.40 (avg)
	river
	19


	3.98


	4.67
	NA
	0.1-15.8 µg/l; avg: 3.02 µg/l (variation due to the water volume out of the new water treatment as well as he water flow in the river)
	Country-specific bg water = 0.69 µg/l



	LDA-38
	0.01
	99.90%
	0.11 (90P)
	river


	1,000 (max)

(site specific: 7,201)
	0.020

(ss:0.0003)


	0.56

(ss:0.54)
	<10 µg/l (250 m upstream)
	<10 µg/l (100 m downstream)


	Country-specific bg water = 0.54 µg/l

	LDA-42
	0.05
	99.5-99.8%
	0.025 (max)
	river
	10*
	0.46
	
	NA
	NA
	

	LDA-42
	0.05
	84% (default)
	0.004
	municipal STP
	10*
	0.074
	0.76
	NA
	NA
	Country-specific bg water = 0.69 µg/l effluent conc.: removal (84%)

	LDA-43
	3.88
	73.30%
	3.32 (90P)
	river
	81
	5.49
	
	NA
	NA
	

	LDA-43
	3.88
	84% (default)
	0.39
	municipal STP
	81
	0.88
	1.42
	NA
	NA
	Country-specific bg water = 0.54 µg/l effluent conc: removal (84%) at STP + extra dilution STP: 102.4

	LDA-44
	0.01
	93.5-98.9%
	0.18 (90P)
	river
	10*
	3.3
	
	NA
	NA
	Year 2002 data

	LDA-44
	0.01
	84% (default)
	0.005
	municipal STP
	10*
	0.0099
	0.55
	NA
	NA
	Country-specific bg water = 0.54 µg/l effluent conc: removal (84%) at STP + extra dilution STP: 60.15

	LDA-45
	0.39
	>97.5%
	0.98 (90P)
	river
	1000 (site specific: 1117)
	0.18

(ss:0.16)

	4.88

(ss:4.86)
	No data available
	No data available
	Country-specific bg water = 4.70 µg/l

	LDA-46
	0.09
	98%
	0.10 (90P)
	river
	10*
	1.84
	2.45
	avg: 5.6 µg/l; 90p: 6.8 µg/l; 20-100 m upstream from discharge point; 2002-2003 data; pH: 7.7-8.15

<5-8
	avg: 18.4 µg/l; 90p: 31.8 µg/l

3-4 to 100 m downstream from discharge point;

2002-2003 data, 5dp (different distances), AAS, total lead; pH: 7.3-8.0

6-33
	

	LDA-47
	0.006
	99.60%
	0.038 (90P)
	canal
	55
	0.13
	0.74
	NA
	NA
	

	LDA-48
	0.06
	99.80%
	0.25 (90P)
	river
	6.05
	7.61


	8.30
	2.7 µg/l (year 2000, total lead, 90P value, 50 m upstream from discharge point); 1.75 µg/l (avg value) (local Environment Agency), no dissolved given
	9.9 µg/l (year 2000, total lead, 90P value, 50 m downstream from discharge point); avg: 6.5 µg/l (local EA), no dissolved given
	Country-specific bg water = 0.69 µg/l 

Flow rate of first river

	LDA-48
	0.06
	99.80%
	0.25 (90P)
	river
	67
	0.69
	1.38
	
	
	Country-specific bg water = 0.69 µg/l 

Flow rate of final river

	LDA-49
	0.13
	98.50%
	0.44 (90P)
	river
	26.6
	3.05
	3.74
	No data available
	No data available
	Country-specific bg water = 0.69 µg/l 

low flow rate small river

	LDA-49
	0.13
	98.50%
	0.44 (90P)
	river
	193
	0.42
	1.11
	NA
	NA
	Country-specific bg water = 0.69 µg/l 

low flow rate large (final) river



	LDA-52
	0.11
	NA
	0.5 (avg)
	river
	10*
	9.2
	
	NA
	NA
	

	LDA-52
	0.11
	84% (default)
	0.0087 (avg)
	municipal STP
	10*
	0.16
	0.77
	NA
	NA
	effluent conc: removal (84%) at STP + extra dilution STP: 9.14

	LDA-53
	0.037
	98%
	0.15 (avg)
	river
	10*
	2.76
	
	NA
	NA
	

	LDA-53
	0.037
	84% (default)
	0.003 (avg)
	municipal STP
	10*
	0.05
	0.66
	NA
	NA
	effluent conc: removal (84%) at STP + extra dilution STP: 8.1

	LDA-54
	0.028
	98%
	0.1 (avg)
	river
	1000

(site specific: 5217)


	0.02

(ss:0.004)
	0.71

(ss:0.69)
	NA
	NA
	Country-specific bg water = 0.69 µg/l 



	LDA-55
	0.080
	96%
	0.42 (90P)
	river?
	10*
	7.7
	
	NA
	NA
	

	LDA-55
	0.080
	84% (default)
	0.010 (90P)
	
	10*
	0.18
	0.72
	
	
	Country-specific bg water = 0.54 µg/l 

	LDA-57
	0.0009
	99.6%
	0.2 (avg)
	river
	30.4
	1.21
	1.82
	NA
	NA
	Closed in 2003

	LDA-58
	0.20
	95.3%
	0.65 (avg)
	river
	1000

(site specific: 65456)
	0.12

(ss:0.002)
	0.66

(ss:0.54)
	NA
	NA
	Country-specific bg water = 0.54 µg/l

	LDA-59
	1.0
	100%
	0.5 (avg)
	river
	10*
	9.21
	9.82
	NA
	NA
	Plant is closed ; lead concentration in waste water will not be relevant in the future

	LDA-60
	0.16
	97%
	0.15 (90P)
	river
	10*
	2.76
	
	NA
	NA
	

	LDA-60
	0.16
	84% (default)
	0.016 (90P)
	municipal STP
	10*
	0.29
	0.90
	NA
	NA
	effluent conc: removal (84%) at STP + extra dilution STP: 1.51

	LDA-61
	0.038
	NA
	0.29 (avg)
	river
	10*
	5.34
	
	NA
	NA
	

	LDA-61
	0.038
	84% (default)
	0.00297 (avg)
	municipal STP
	10*
	0.055
	0.96
	NA
	NA
	Country-specific bg water = 0.91 µg/l effluent conc: removal (84%) at STP + extra dilution STP: 15.6

	LDA-62
	0.0003
	NA
	0.01 (avg)
	river
	10*
	0.18
	
	NA
	NA
	

	LDA-62
	0.0003
	84% (default)
	0.000024
	municipal STP
	10*
	0.00044
	0.61
	NA
	NA
	effluent conc: removal (84%) at STP + extra dilution STP: 66.6

	LDA-64
	0.039
	NA
	0.598 (avg)
	river
	10*
	11.02
	
	NA
	NA
	

	LDA-64
	0.039
	84% (default)
	0.003 (avg)
	municipal STP
	10*
	0.058
	0.75
	NA
	NA
	Country-specific bg water = 0.69 µg/l effluent conc: removal (84%) at STP + extra dilution STP: 30.3

	LDA-71
	2.29
	NA
	2.9 (90P)
	river
	42
	12.6
	
	NA
	NA
	

	LDA-71
	2.29
	84% (default)
	0.21 (90P)
	municipal STP
	20
	1.96
	2.87
	NA
	NA
	Country-specific bg water = 0.91 µg/l

Effluent conc:

Removal (84%) at STP + extra dilution STP: 2

	LDA-72
	0.06
	NA
	0.19 (90P)
	river
	155
	0.23
	1.14
	NA
	NA
	Country-specific bg water = 0.91 µg/l

	LDA-96
	0.05
	>98%
	0.14 (avg)
	pond
	10*
	0.53
	1.14
	NA
	NA
	

	LDA-97
	0.05
	>96%
	0.81 (90P)
	river
	14
	0.15
	
	NA
	NA
	

	LDA-97
	0.05
	84% (default)
	0.0017(90P)
	municipal STP
	14
	0.02
	0.63
	NA
	NA
	

	LDA-102
	0.07
	85%
	0.64 (avg)
	river
	36
	0.17
	
	NA
	NA
	

	LDA-102
	0.07
	84% (default)
	0.0053 (avg)
	municipal STP
	36
	0.027
	0.72
	NA
	NA
	Country-specific bg water = 0.69 µg/l

Effluent conc:

Removal (84%) at STP + extra dilution STP: 19.4


Table 3.1.5‑6
Local Caddsediment/PECtotalsediment from Pb battery producing plants in the EU 

	Plant N°
	Emission (kg/d)
	Caddlocal water

(dissolved)

(µg/l)

calculated
	Caddsediment (mg/kgdw)

Calculated

(ave/90p)
	PECtotalsediment

(mg/kgdw)

calculated

(PECtotalreg:

55.4 mg/kg dw; modelled, generic region)
	PECtotalsediment

(mg/kgdw)

calculated

(PECtotalreg:

100.1 mg/kg dw; measured)
	PECsediment (mg/kgdw)

upstream

measured
	PECsediment (mg/kgdw)

downstream

measured
	Year
	Comments

	LDA-32
	0.05
	0.056
	15.4
	
	
	NA
	NA
	2000
	

	LDA-32
	3.88
	0.0008

(ss:0.0005)
	0.23 (90P)

(ss:0.13)
	56

(ss:56)
	79

(ss: 79)
	NA
	NA
	2000
	Country-specific bg sediment = 78.4 mg/kg dw

	LDA-33
	3.88
	64.2
	18733
	
	
	NA
	NA
	2003
	

	LDA-33
	0.01
	0.04
	12.93 (90P)
	68
	113
	NA
	NA
	2003
	

	LDA-34
	0.01
	1.79
	522 (90P)
	577
	622
	No data available
	No data available
	2000
	

	LDA-35
	0.39
	5.53
	355 (avg) 
	
	
	 No data available
	No data available 
	2002
	Closed in April 2004

	LDA-35
	0.31
	0.08
	22.51(avg) 
	78
	123
	 No data available
	 No data available
	2002
	

	LDA-36
	0.006
	0.05
	3.4 (90P)
	
	
	NA
	NA
	2000
	Closed in June2004

	LDA-36
	0.06
	0.001

(ss: 0.001)
	2.18 (90P)

(ss:0.06)
	58

(ss: 55)
	102
	NA
	NA
	2000
	

	LDA-37
	0.21
	3.98


	1161 (avg)


	1217
	1261
	10-45 mg/kg dw (year 2003), river sediment
	NA
	2000
	

	LDA-38
	0.13
	0.020

(ss:0.0003)


	5.96

(ss:0.83)
	61

(ss:56)
	89
	134 mg/kg dw (250 m upstream) (2001 data)
	192 (150 m downstream) (2001 data)
	2002
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-42
	0.13
	0.46
	134.3 (max)
	
	
	NA
	NA
	2000
	

	LDA-42
	0.11
	0.074
	21.5 (max)
	77
	122
	NA
	NA
	2000
	

	LDA-43
	0.11
	5.49
	1602 (90P)
	
	
	NA
	NA
	2000
	

	LDA-43
	0.037
	0.88
	256 (90P)
	311
	339
	NA
	NA
	2000
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-44
	0.028
	3.3
	967 (90P) 
	
	
	NA
	NA
	2002
	

	LDA-44
	0.080
	0.0099
	2.89 (90P)
	58
	86
	NA
	NA
	2002
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-45
	0.080
	0.18

(ss:0.16)

	52.7 (90P)

(ss:47.1)


	108

(ss: 103)
	153
	No data available
	 No data available
	2000
	

	LDA-46
	0.09
	1.84
	537 (90P)
	593
	637
	avg: 73.6 mg/kg; 90P: 135 mg/kg

september/october 2003; 100-500 m upstream from discharge point, different distances; 5dp (min-max: 23-152)
	avg: 351 mg/kg ; 90P: 681 mg/kg) (september/october 2003) 2 -300m from discharge point; different distances; 11dp (min-max: 40-1080)
	2000
	

	LDA-47
	0.20
	0.13
	37.2 (90P)
	93
	137
	NA
	NA
	2000
	

	LDA-48
	1.0
	7.61


	2220 (90P)
	2275
	2320
	446 mg/kg dw; 50 m before discharge point; small river; 1 sample; 7/7/2004; dl: 5 mg/kg dw
	61 mg/kg dw; 50 m after discharge point; small river; 1 sample; 7/7/2004; dl: 5 mg/kg dw
	2000
	Flow rate of first river

	LDA-48
	0.16
	0.69
	202 (90P)
	257
	302
	50 mg/kg dw; 50 m before incoming river; measured in large river; 1 sample point; dl: 5 mg/kg dw
	28 mg/kg dw; 50 m downstream from confluence rivers; large river; 1 sample; dl: 5 mg/kg dw
	2004
	Flow rate of final river

	LDA-49
	0.16
	3.05
	889 (90P)
	944
	989
	1,190-7,500 (500-1000 m upstream from plant (high geogen and antropogen backgrounds due to lead and zinc smelters)
	400-3000 (old data, 250 m SE of plant)
	2000
	low flow rate small river

	LDA-49
	0.038
	0.42
	123 (90P)
	178
	223
	NA
	NA
	2000
	low flow rate large (final) river

	LDA-52
	0.038
	9.2
	2687 (avg)
	
	
	NA
	NA
	2000
	

	LDA-52
	0.0003
	0.16
	47.0 (avg)
	102
	125
	NA
	NA
	2000
	Country-specific bg sediment = 78.4 mg/kg dw

	LDA-53
	0.0003
	2.76
	806.07
	
	
	NA
	NA
	2000
	

	LDA-53
	0.0003
	0.05
	15.96
	71


	94
	NA
	NA
	
	Country-specific bg sediment = 78.4 mg/kg dw

	LDA-54
	0.039
	0.02

(ss:0.004)
	5.37

(ss:1.03)
	61

(ss: 56)
	105
	NA
	NA
	2000
	

	LDA-55
	0.039
	7.7
	2257(avg)
	
	
	NA
	NA
	2000
	

	LDA-55
	2.29
	0.18
	53.5 (avg)
	109
	137
	NA
	NA
	2000
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-57
	2.29
	1.21
	768 (avg)
	409
	454
	NA
	NA
	2000
	Closed in 2003

	LDA-58
	0.06
	0.12

(ss:0.002)
	34.9

(ss:0.53)
	90

(ss: 56)
	118
	NA
	NA
	2000
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-59
	0.05
	9.21
	2687(90P)
	2742


	2787
	NA
	NA
	2000
	Plant is closed during RA process

	LDA-60
	0.05
	2.76
	806 (90P)
	
	
	NA
	NA
	2000
	

	LDA-60
	0.05
	0.29
	85.1 (avg)
	141
	185
	NA
	NA
	2000
	

	LDA-61
	0.038
	5.34
	1558 (avg)
	
	
	NA
	NA
	2000
	

	LDA-61
	0.0003
	0.055
	16.0 (avg)
	71
	116
	NA
	NA
	2000
	

	LDA-62
	0.0003
	0.18
	53.7 (avg)
	
	
	NA
	NA
	2000
	

	LDA-62
	0.039
	0.00044
	0.13 (avg)
	56
	100
	NA
	NA
	2000
	

	LDA-64
	0.039
	11.02
	3213 (avg)
	
	
	NA
	NA
	2000
	

	LDA-64
	6.7
	0.058
	16.9 (90P) 
	72
	117
	NA
	NA
	2000
	

	LDA-71
	6.7
	12.6
	15584 (90P) 
	
	
	NA
	NA
	2000
	

	LDA-71
	0.1
	1.96
	570.7
	626
	671
	NA
	NA
	2000
	

	LDA-72
	0.06
	0.23
	66.0
	121
	166
	
	
	
	

	LDA-96
	0.05
	0.53
	887.43
	943
	966
	NA
	NA
	
	Country-specific bg sediment = 78.4 mg/kg dw

	LDA-97
	0.05
	0.15
	43.5
	
	
	NA
	NA
	
	

	LDA-97
	0.05
	0.02
	6.5
	62
	85
	NA
	NA
	
	Country-specific bg sediment = 78.4 mg/kg dw

	LDA-102
	0.07
	0.17
	50.5
	
	
	NA
	NA
	2000
	

	LDA-102
	0.07
	0.027
	7.87
	63
	108
	NA
	NA
	2000
	


Lead oxide production (4 sites)

An overview of the calculated local Pb concentrations in the aquatic compartment (water and sediment) is presented in Table 3.1.5-7, Table 3.1.5-8. From these tables it can be concluded that for Pb oxide producers in Europe:

Water and sediment

· Daily emissions to surface water vary between 0.0013 kg Pb/d (LDA-20) and 0.055 kg Pb/d (LDA-22). Most companies stated however 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 and/or water from cleaning operations. LDA-20 states that it discharges their waste water to a municipal STP. For this site two scenarios have been performed; one without STP (direct discharge, worst case situation) and one with municipal STP (after STP, real case).
· The on-site WWTP lead removal efficiency is not available for site LDA-22. For other sites, no on-site treatment is taken place. For the municipal sewage treatment plant a removal efficiency of 84% is assumed. 

· Total Pb concentrations in effluent vary between 0.00062 mg/l (LDA-21, sea) and 1.02 mg/l (LDA-22). Taking into account the real case situation i.e. a second treatment step in a municipal STP for site LDA-20 the Pb concentration in effluent is reduced to 4.89E-07 mg/l (removal of Pb and additional dilution in STP). 

· Dilution factors vary between 10 (default fresh water) and 1000 (maximum site specific dilution factor). The real site specific dilution factor for site LDA-22 is 58,881. Site specific dilution factors were derived for 2 sites. 

· Added local dissolved Pb concentrations in water vary between 1.85E-07 µg/l (LDA-20, sea after STP treatment, default dilution factor) and 0.19 µg/l (LDA-22, river, maximum site specific dilution factor). Taking into account the real dilution factor for site LDA-22 lowers the concentration to 0.003 µg/l. The Pb concentrations in surface water due to direct discharge of effluents that are eventually treated in a STP are not considered (no real cases). Calculated PECtotal levels in surface water vary between 0.05 µg/l (regional background marine environment = 0.05 µg/l) and 0.73 µg/l.

· Added local Pb concentrations in sediment vary between 0.0003 mg/kg dw (LDA-20, sea after STP treatment, default dilution factor) and 54.8 mg/kg dw (LDA-22, river, site specific dilution factor). Taking into account the real dilution factor for site LDA-22 lowers the concentration to 0.93 mg/kg dw. Calculated PECtotal levels in sediment vary between 55 mg/kg dw and 110 mg/kg dw (scenario 1; regional background modelled = 55.4 mg/kg dw, no historic contamination). Calculated PECtotal levels in sediment vary between 53.2 mg/kg dw and 138 mg/kg dw (scenario 2; measured regional background, includes historic contamination).
· Measured Pb concentrations in surface water are available for LDA-22. Upstream and downstream Pb concentrations of 7.8 µg/l (90P value) (average: 5.2 µg/l (min-max: 2-14 µg/l, 12dp, 1995-1996, assumed total lead)) and 8.9 µg/l (90P value) (average: 5.6 µg/l (min-max: 2-12 µg/l, 12dp, 1995-1996, assumed total lead) respectively were reported. 

· Measured Pb concentrations in sediment are availablefor LDA-22. Upstream and downstream Pb concentrations of 53.1 mg/kg (90P value) (average: 34.5 mg/kg, (min-max: 13-60 mg/kg, 4dp, 95-96, 2000, 2001, 30km upstream from plant) and 78.7 mg/kg (90P value) (average: 56.0 mg/kg, (min-max: 28-79 mg/kg, 4dp, 95-96, 2000, 2001, 30km downstream from plant)) respectively were reported.

Table 3.1.5‑7
Local Caddwater/PECtotalwater from Pb oxide producers in the EU
	Plant N°
	Emission to water

(kg/d)


	WW/STP lead removal efficiency
	Ceffluent

(total)

(mg/l) (avg/90P)

calculated


	Type receiving water body
	Dilution factor

D=10 (def. freshw) 

(D=100)(def.marin)

Default *
	Caddlocal water

(dissolved)

(µg/l)

calculated
	PECtotalwater

(dissolved)

(µg/l)

calculated

(PECtotalreg:

0.61 µg/l; measured)
	PEClocal water

(µg/l) 

upstream

measured
	PEClocal water

(µg/l) 

downstream measured
	Comments

	LDA-20
	0.0013
	None
	0.64 (90P)
	sea(direct discharge)
	100*
	0.24
	
	NA
	NA
	Direct discharge to river

Years 2000-2003 data

	LDA-20
	0.0013
	84% (default)
	4.89E-07
(removal STP (84%) and dilution 210,000 (STP))
	sea (after STP)
	100*
	1.85E-07
	0.05
	NA
	NA
	bg marine water = 0.046 µg/l 

Effluent treated in municipal STP before final river (real case)

Years 2000-2003 data

	LDA-21
	NA
	Not applicable
	0.05 (90P)
	River

(first temporary river, final sea)
	81
	0.11
	0.72
	NA
	NA
	

	LDA-21
	NA
	Not applicable
	0.00062 (avg)


	Sea
	100*
	0.00023
	0.05
	NA
	NA
	bg marine water = 0.046 µg/l 

	LDA-22
	0.055
	NA
	1.02 (90P)
	river
	1,000 (max)

(site specific: 58,881)
	0.19

(ss:0.003)
	0.73

(ss:0.54)
	7.8 µg/l (90P value), average: 5.2 µg/l (min-max: 2-14 µg/l, 12dp, 1995-1996, assumed total lead)
	 8.9 µg/l (90P value), average: 5.6 µg/l (min-max: 2-12 µg/l, 12dp, 1995-1996, assumed total lead)
	Country-specific bg water = 0.54 µg/l

Years 2001-2003 data

	LDA-23
	0.002
	99
	0.41 (2002 data)

(calculated on emission rate from 2002; formerly in 2000 <0.5)
	canal
	1,000 (max)

(site specific: 28801)
	0.076
	0.76
	NA
	NA
	Since 2002 new treatment plant

	LDA-23
	0.002
	84% (default)
	0.00016 (2002 data)

(removal in STP (84%) + extra dilution STP: 400)
	River (after STP)
	1,000 (max)

(site specific: 28801)
	3.02E-05


	0.68
	NA
	NA
	

	LDA-30
	No real process water (cooling water, not monitored), cleaning water (not monitored), discharge to sewer
	NA


	NA
	municipal STP
	NA
	NA
	NA
	NA
	NA
	

	LDA-69
	no waste water discharge, cooling water only is recycled
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	


Table 3.1.5‑8
Local Caddsediment/PECtotalsediment from Pb oxide producers in the EU 

	Plant N°
	Emission (kg/d)
	Caddlocal water

(dissolved)

(µg/l)

calculated
	Caddsediment (mg/kgdw)

calculated
	PECtotalsediment

(mg/kgww)

calculated

(PECtotalreg:

55.4  mg/kg dw; modelled, generic region)
	PECtotalsediment

(mg/kgww)

calculated

(PECtotalreg:

100.1  mg/kg dw; modelled)
	PECsediment (mg/kgww)

upstream

measured
	PECsediment (mg/kgww)

downstream

measured
	Year
	Comments

	LDA-20
	0.0034
	0.24
	406 (90P)
	
	
	NA
	NA
	2000-2003
	Direct discharge to river

	LDA-20
	0.0034
	1.85E-07
	0.0003 (90P) 
	55
	53
	NA
	NA
	2000-2003
	Median marine background: 53.2 mg/kg dw Effluent treated in municipal STP before final river (real case)

	LDA-21
	NA
	0.11
	33.2 (90P)
	89
	133
	NA
	NA
	2000
	River

(first temporary river, final sea)

	LDA-21
	NA
	0.00023
	0.39 (90P)
	56
	54
	
	
	
	Sea

Median marine background: 53.2 mg/kg dw

	LDA-22
	0.081
	0.19

(ss:0.003)
	54.8 (90P) 

(ss:0.93)
	110

(ss: 56)
	138

(ss: 84)
	53.1 mg/kg (90P), average: 34.5 mg/kg, (min-max: 13-60 mg/kg, 4dp, 95-96, 2000, 2001, 30km upstream from plant)
	78.7 mg/kg (90P), average: 56.0 mg/kg, (min-max: 28-79 mg/kg, 4dp, 95-96, 2000, 2001, 30km downstream from plant)
	2001-2003 
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-23
	NA
	0.076
	4.85 (avg)
	39
	
	NA
	NA
	2002
	Since 2002 new treatment plant

	LDA-23
	NA
	3.02E-05


	0.0019
	34
	
	NA
	NA
	
	

	LDA-30
	No real process water (cooling water, not monitored), cleaning water (not monitored), discharge to sewer
	NA
	NA
	NA
	
	NA
	NA
	2000
	

	LDA-69
	no waste water discharge, cooling water only is recycled
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	


Lead stabiliser production (11 sites)

An overview of the calculated local Pb concentrations in the aquatic compartment (water and sediment) is presented in Table 3.1.5-9, Table 3.1.5-10. From these tables it can be concluded that for Pb stabiliser producers in Europe:

Water and sediment

· Daily emissions to surface water vary between 0.0012 kg Pb/d (LDA-04) and 0.09 kg Pb/d (LDA-13). 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 declare that they emit their waste water to a municipal STP. LDA-10 does not specify how much Pb is emitted to the sewer. 

· The on-site WWTP lead removal efficiency varies between 50? and 99.9%. For the municipal sewage treatment plant a removal efficiency of 84% is assumed.

· Total Pb concentrations in effluent vary between 0.01 mg/l (LDA-06) and 1 mg/l (LDA-23). Taking into account a second treatment step (STP: 84% removal) and extra dilution in a municipal STP, the calculated Pb concentrations for the different sites are reduced to 0.0078 mg/l (LDA-04), 0.00013 mg/l (LDA-09), 0.00041 mg/l (LDA-13) and 0.00015 mg/l (real cases).

· Dilution factors vary between 30 (LDA-13, site specific dilution factor fresh water) and 1,000 (maximum site specific dilution factor estuary). It should be noted that for the sites with dilution factors exceeding the maximum value of 1,000 the real site specific calculated dilution factor is also given (LDA-04, 05, 08, 23). Site specific dilution factors were derived for 9 sites.

· Added local dissolved Pb concentrations in surface water vary between 0.0002 µg/l (LDA-09, river after STP) and 0.36 µg/l (LDA-12, river). On the basis of the real site specific dilution factors –exceeding 1,000- added local dissolved concentrations varying between 0.00001 µg/l and 0.004 µg/l are derived. Calculated PECtotal levels in surface water vary between 0.61 µg/l (regional background total = 0.61 µg/l) and 0.97 µg/l.

· Added local Pb concentrations in sediment vary between 0.05 mg/kg dw (LDA-09, river, after STP) and 106 mg/kg dw (LDA-12, river). Taking into account the real calculated dilution factors -exceeding 1,000- results for sites LDA-04, 05, 08, and 23 in Pb concentrations in the sediment of 0.003–1.10 mg/kg dw instead of 0.08-49.3 mg/kg dw. Calculated PECtotal levels in sediment vary between 55 mg/kg dw and 161 mg/kg dw (scenario 1; regional background modelled = 55.4 mg/kg dw, no historic contamination). Calculated PECtotal levels in sediment vary between 100 mg/kg dw and 213 mg/kg dw (scenario 2; measured regional background, includes historic contamination).
· Measured Pb concentrations in surface water are available for LDA-08 (estuary: 15 µg/l (0.002% contribution company)), LDA-09 (5.5 km upstream annual average dissolved Pb conc.: 4 µg/l; 90P value: 5 µg/l, total 90P value: 14 µg/l, avg: 8 µg/l; pH: 8.21; DOC: 0.74 mg/l, hardness: 10.0 °dH, year 2000 data; 1 km downstream from plant annual average dissolved Pb conc.: 5 µg/l; 90P value: 10 µg/l, year 2000 data, total lead: 90P: 24 µg/l; avg: 16 µg/l; downstream from municipal STP: 0.5 µg/l; annual average dissolved Pb conc.). 
· Measured sediment data are available for LDA-06 (upstream: 38-59 mg/kg dw (200 m upstream from discharge point, 2002 data); downstream: 90P: 86 mg/kg dw; avg: 56 mg/kg dw (19-99 mg/kg dw (0-17cm upper layer; 10-100 m downstream from discharge point, 4dp); 27-33 mg/kg dw (17-33 cm layer); 5-31 mg/kg dw (33-50 cm layer)) and LDA-09 (upstream: 421-1600 mg/kg dw (3dp years 1998-2000; 5.5 km upstream from discharge point); downstream: 3000-4640 mg/kg dw (3dp, years 1998-2000; 1 km downstream from discharge point). It has to be taken into consideration that upstream from the discharge point of site LDA-09 there were lead mining activities until 1990. Also on the industrial site where the plant is located, there is still a lead and zinc smelter, the latter closed down in 1994. In total the site has a record of 135 years of industrial lead pollution. Stabiliser activities started mid of the 1960’s.
Table 3.1.5‑9
Local Caddwater/PECtotalwater from Pb stabilisers producers in the EU

	Plant N°
	Emission to water

(kg/d)


	WW/STP lead removal efficiency
	Ceffluent

(total)

(mg/l) (avg/90P)

calculated


	Type receiving water body
	Dilution factor

D=10 (def. freshw) 

(D=100)(def.marin)

Default *
	Caddlocal water

(dissolved)

(µg/l)

calculated
	PECtotalwater

(dissolved)

(µg/l)

calculated

(PECtotalreg:

0.61µg/l)
	PEClocal water

(µg/l) 

upstream

measured
	PEClocal water

(µg/l) 

downstream measured
	Comments

	LDA-04
	0.05 (direct discharge)
	99.9
	0.23 (90P)
	river (direct discharge)
	408
	0.10
	
	NA
	NA
	

	LDA-04
	0.05 (to waste water (STP))
	84% (default)
	0.0078 (90P)


	river (after STP)
	87.3
	0.016
	0.63
	NA
	NA
	Effluent conc: removal (84%) and extra dilution STP: 4.72

	LDA-04
	0.0012
	
	0.18 (90P)
	canal
	1,000 (max) (site specific: 14384)
	0.033

(ss:0.002)
	0.64

(ss:0.61)
	NA
	NA
	

	LDA-05
	0.020
	NA
	0.18 (90P)
	river
	1,000 (max) (site specific: 8827)
	0.03

(ss:0.004)
	0.72

(ss:0.69)
	NA
	NA
	Country-specific bg water = 0.69 µg/l

	LDA-06
	0.005
	>95
	0.01 (90P, total)
	canal
	41
	0.045
	0.65


	No data available
	No data available
	

	LDA-07
	No emissions
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	

	LDA-08
	0.020
	99.9
	0.8 (90P, total)
	estuary
	1000

(site specific: 578,705)
	0.05

(ss:0.0001)
	0.96

(ss:0.91)
	15 (0.002% contribution company)
	
	Country-specific bg water = 0.91 µg/l

	LDA-09
	0.03 (direct discharge)
	97
	0.28 (90P, total)
	river (direct discharge)
	1,000 (site specific: 33,208)
	0.052
	
	5 (90P; dissolved Pb; 5.5 km upstream from plant (year 2000), annual average: 4 µg/l); Total lead: 90p: 14 µg/l; avg: 8 µg/l
	6.5 (annual average (year 2000), dissolved Pb, downstream from plant; 90P: 9,9 µg/l)
	

	LDA-09
	0.03 (to waste water (STP))
	84% (default)
	0.00013 (90P)


	river (after STP)
	139
	0.0002
	0.61
	NA
	0.5 (annual average, 90P, dissolved Pb, large river downstrea from municipal WWTP)
	Effluent conc: removal (84%) and extra dilution: 294

	LDA-10

=LDA-30
	No real process water (cooling water, not monitored), cleaning water (not monitored), discharge to sewer
	84% (default)
	NA
	municipal STP
	NA
	NA
	NA
	NA
	NA
	

	LDA-11
	Water recycled, no emissions
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	

	LDA-12
	0.025
	99
	0.122 (avg, dissolved)
	river
	62
	0.36
	0.97
	NA
	NA
	

	LDA-13
	0.09
	50-70%
	0.28 (avg)
	river (direct discharge)
	1,000 (max) (site specific: 3143)
	0.052
	
	NA
	NA
	

	LDA-13
	0.09
	84% (default)
	0.00041 (avg)


	river (after STP)
	30
	0.0025
	0.69
	NA
	NA
	Country-specific bg water = 0.69 µg/l Effluent conc: removal (84%) and extra dilution: 109

	LDA-23
	0.002
	99
	1 (max)
	canal
	1,000 (max)

(site specific: 28801)
	0.18
	
	NA
	NA
	Since 2002 new treatment plant

	LDA-23
	0.002
	84% (default)
	0.00015 

(removal in STP (84%) + extra dilution STP: 105)
	River (after STP)
	1,000 (max)

(site specific: 28801)
	0.0003

(ss:0.00001)
	0.69

(ss:0.69)
	NA
	NA
	Country-specific bg water = 0.69 µg/l


Table 3.1.5‑10
local Caddsediment/PECtotalsediment from Pb stabiliser producers in the EU 

	Plant N°
	Emission (kg/d)
	Caddlocal water

(dissolved)

(µg/l)

calculated
	Caddsediment (mg/kgdw)

calculated
	PECtotalsediment

(mg/kgdw)

calculated

(PECtotalreg: 

55.4 mg/kg dw; modelled, generic region)
	PECtotalsediment

(mg/kgdw)

calculated

(PECtotalreg: 

100.1 mg/kg dw; measured)
	PECsediment (mg/kgdw)

upstream

measured
	PECsediment (mg/kgdw)

downstream

measured
	Year
	Comments

	LDA-04
	0.05 (direct discharge)
	0.10
	30.3
	
	
	NA
	NA
	2000


	

	LDA-04
	0.05 (to waste water (STP))
	0.016
	4.80
	60
	105
	NA
	NA
	2000


	

	LDA-04
	0.0012
	0.033

(ss:0.002)
	9.67

(ss:0.67)
	65

(ss: 56)
	110

(ss: 101)
	NA
	NA
	2000
	

	LDA-05
	0.020
	0.03

(ss:0.004)
	9.67

(ss:1.10)
	65

(ss: 56)
	110 

(ss: 101)
	NA
	NA
	2000
	

	LDA-06
	0.005
	0.045
	13.11
	69
	113
	NA
	NA
	2000
	

	LDA-07
	No emissions
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	

	LDA-08
	0.020
	0.05

(ss:0.0001)
	49.3

(ss:0.09)
	105

(ss: 55)
	149

(ss: 100)
	NA
	NA
	2000
	

	LDA-09
	0.03 (direct discharge)
	0.052
	15.1
	
	
	NA
	NA
	2000
	

	LDA-09
	0.03 (to waste water (STP))
	0.0002
	0.05
	55
	100
	NA
	NA
	2000
	

	LDA-10

=LDA-30
	No real process water (cooling water, not monitored), cleaning water (not monitored), discharge to sewer
	NA
	NA
	NA
	NA
	NA
	NA
	2000
	

	LDA-11
	Water recycled, no emissions
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	2000
	

	LDA-12
	0.025
	0.36
	106
	161
	213
	NA
	NA
	2000
	Country-specific bg sediment = 107.3 mg/kg dw

	LDA-13
	0.09
	0.052
	15.1
	
	
	NA
	NA
	2000
	

	LDA-13
	0.09
	0.0025
	0.74
	56
	101
	NA
	NA
	2000
	

	LDA-23
	0.002
	0.18
	53.7
	
	
	NA
	NA
	
	

	LDA-23
	0.002
	0.0003

(ss:0.00001)
	0.08

(ss:0.003)
	55

(ss: 55)
	100

(ss: 100)
	NA
	NA
	
	


Lead crystal glass production (11 sites)

An overview of the calculated local Pb concentrations in the aquatic compartment (water and sediment) is presented in Table 3.1.5-11, Table 3.1.5-12. From these tables it can be concluded that for Pb crystal glass producers in Europe:

Water and sediment

· Daily emissions to surface water vary between 0.004 kg Pb/d (LDA-83) and 6.66 kg Pb/d (LDA-80). 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). Site LDA-86 discharges its waste water to the sewer, but there is no treatment yet in a municipal STP since the treatment plant is only due in 2006.

· The on-site WWTP lead removal efficiency varies between 85 and 99.9%. For the municipal sewage treatment plant a removal efficiency of 84% is assumed (cfr. § 3.2.5.2.3 Input values and assumptions).

· Total Pb concentrations in effluent vary between 0.037 mg/l (LDA-88, 90P) and 31.6 mg/l (LDA-80, mean value). The elevated effluent concentration of 31.6 mg/l reported for site LDA-80 is a result of no on-site treatment of the effluent from the cutting and finishing workshops on the site. The installation of an on-site waste water treatment plant to treat the effluents from these activities however is foreseen in the very near future. The effluent from the acid polishing shop at the same site is treated in an on site WWTP resulting in concentrations of 0.11 mg Pb/l. Taking into account a second treatment step (STP: 84% removal) and extra dilution in a municipal STP (dilution factors: 46.5; 16.5; 30.1; 1) for the effluents from sites LDA-81, 82, 83, 85 (0.29 mg/l, 0.29 mg/l, 0.09 mg/l, 0.23 mg/l) reduces the calculated Pb concentration for that site in the municipal effluent to 0.001 mg/l, 0.003 mg/l, 0.0005 mg/l and 0.05 mg/l respectively (real case). 

· Dilution factors vary between 10 (default fresh water, generic scenario) and 1,000 (maximum dilution factor, site specific). Site specific dilution factors were derived for 5 sites.  For site LDA-84 a site specific dilution factor exceeding 1,000 was derived; 1,181.  

· Added local dissolved Pb concentrations in water vary between 0.01 µg/l (LDA-83, river, after STP) and 582 µg/l (LDA-80, river, default dilution factor). For all other sites, added local Pb concentrations below 2.03 µg/l are calculated. Taking into account the real site specific dilution factor exceeding 1,000 for site 84 results in a Clocal value of 0.03 µg/l instead of 0.04 µg/l. Calculated PECtotal levels in surface water vary between 0.62 µg/l (regional background total=0.61 µg/l) and 583 µg/l. 

· Added local Pb concentrations in sediment vary between 2.57 mg/kg dw (LDA-83, estuary, river, after STP)) and 169,811 mg/kg dw (LDA-80, river, default dilution factor). Elevated Pb concentrations in surface water lead to high concentrations in sediment due to the methodology used to calculate the Csediment (cfr. Partitioning on the basis of Csurface water cfr. § 3.2.2.1). Taking into account the real site specific dilution factor exceeding 1,000 for site 84 results in a Clocal value of 8.65 mg/kg dw instead of 10.2 mg/kg dw. Calculated PECtotal levels in sediment vary between 55 mg/kg dw and 169,867 mg/kg dw (scenario 1; regional background modelled = 55.4 mg/kg dw, no historic contamination). Calculated PECtotal levels in sediment vary between 44 mg/kg dw and 169,895 mg/kg dw (scenario 2; measured regional background , includes historic contamination).
· Measured Pb concentrations in surface water and sediment are not available for the lead crystal glass sector. 

Table 3.1.5‑11
LocalCaddwater/PECtotalwater from Pb crystal glass producing plants in the EU
	Plant N°
	Emission to water

(kg/d)


	WW/STP lead removal efficiency

(%)
	Ceffluent

(total)

(mg/l) (avg/90P)

calculated


	Type receiving water body
	Dilution factor

D=10 (def. freshw) 

(D=100)(def.marin)

Default *
	Caddlocal water

(dissolved)

(µg/l)

calculated
	PECtotallocal water

(dissolved)

(µg/l)

calculated

(PECtotalregional=

0.61 µg/l; measured)
	PEClocal water

(µg/l) 

upstream

measured
	PEClocal water

(µg/l) 

downstream measured
	Comments

	LDA-78
	0.68
	100
	1.5 (90P)
	canal
	171
	1.61
	2.15
	NA
	NA
	Country-specific bg water = 0.54 µg/l

	LDA-79
	0.00
	NA
	0
	river
	10*
	0.00
	0.69
	NA
	NA
	Country-specific bg water = 0.69 µg/l
Not applicable, no emissions to water.

	LDA-80
	6.66
	100
	31.60 (mean)
	river
	10*
	582.29
	582.83
	NA
	NA
	Country-specific bg water = 0.54 µg/l
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
	
	
	0.11 (mean)
	river
	10*
	2.03
	2.57
	NA
	NA
	Country-specific bg water = 0.54 µg/l

Effluent from on site WWTP for waters from acid polishing

	LDA-81
	0.07
	NA
	0.29 (mean)
	river
	10*
	5.34
	
	NA
	NA
	

	LDA-81
	
	84
	0.0010 (mean)
	river
	10*
	0.02
	0.93
	NA
	NA
	Country-specific bg water = 0.91 µg/l

Effluent conc.: removal in STP (84%) and extra dilution : 46.5

	LDA-82
	0.04
	95-98
	0.29 (90P)
	river
	10*
	5.34
	
	NA
	NA
	

	LDA-82
	
	84
	0.003 (90P)
	river
	10*
	0.05
	0.66
	NA
	NA
	Effluent conc.: removal in STP (84%) and extra dilution : 16.5

	LDA-83
	0.00
	95
	0.09 (mean)
	river
	10*
	1.66
	
	NA
	NA
	

	LDA-83
	
	84
	0.0005 (mean)
	river
	10*
	0.01
	0.70
	NA
	NA
	Country-specific bg water = 0.69 µg/l 

Effluent conc.: removal in STP (84%) and extra dilution : 30.1

	LDA-84
	0.01
	88.3-99.9
	0.19 (mean)
	river
	1,000

(site specific: 1,181)
	0.04

(ss:0.03)
	0.65

(ss:0.64)
	NA
	NA
	

	LDA-85
	0.46
	100
	0.23 (90P)
	river
	627
	0.068
	
	NA
	NA
	

	LDA-85
	0.46
	100
	0.05 (90P)
	river
	894
	0.011
	0.62
	NA
	NA
	Effluent conc.: removal in STP (84%) and extra dilution: 0.7

	LDA-86
	6.00
	85
	4.90 (90P)
	estuary
	513
	1.76
	2.37
	NA
	NA
	Emission to community sewer, but not yet treated (2006)

	LDA-87
	0.00
	0
	0
	river
	10*
	0
	0.91
	NA
	NA
	Country-specific bg water = 0.91 µg/l

	LDA-88
	0.01
	95-98
	0.037 (90P)
	river
	84
	0.08
	0.69
	NA
	NA
	


Table 3.1.5‑12
Local Caddsediment/PECtotalsediment from Pb crystal glass producing plants in the EU 
	Plant N°
	Emission (kg/d)
	Caddwater Caddlocal water

(dissolved)

(µg/l)

calculated
	Caddsediment (mg/kgdw)

Calculated


	PECtotalsediment (mg/kgdw)
Calculated

(PECtotalregional=55.4 mg/kg dw; modelled, generic region)
	PECtotalsediment (mg/kgdw)
Calculated

(PECtotalregional=100.1 mg/kg dw; measured)
	PECsediment (mg/kgdw)

upstream

measured
	PECsediment (mg/kgdw)

downstream

measured
	Comments

	LDA-78
	0.68
	1.61
	470
	526
	554
	NA
	NA
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-79
	0.00
	0.00
	0.00
	55
	100
	NA
	NA
	

	LDA-80
	6.66
	582.29
	169,811
	169,867
	169,895
	NA
	NA
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-80
	
	2.03
	591
	647
	674
	NA
	NA
	Country-specific bg sediment = 83.3 mg/kg dw

	LDA-81
	0.07
	5.34
	
	
	
	NA
	NA
	

	LDA-81
	
	0.02
	5.36
	61
	44
	NA
	NA
	Country-specific bg sediment = 38.4 mg/kg dw

	LDA-82
	0.04
	5.34
	
	
	
	NA
	NA
	

	LDA-82
	
	0.05
	15.13
	71
	115
	NA
	NA
	

	LDA-83
	0.00
	1.66
	
	
	
	NA
	NA
	

	LDA-83
	
	0.01
	2.57
	58
	103
	NA
	NA
	

	LDA-84
	0.01
	0.04

(ss: 0.03)
	10.21

(ss: 8.65)
	66

(ss: 64)
	191

(ss: 189)
	NA
	NA
	Country-specific bg sediment = 180.7 mg/kg dw

	LDA-85
	0.46
	0.068
	19.7
	
	
	NA
	NA
	

	LDA-85
	0.46
	0.011
	3.15
	57
	103
	NA
	NA
	

	LDA-86
	6.00
	1.76
	513
	569
	613
	NA
	NA
	

	LDA-87
	0.00
	0
	0
	55.4
	100.1
	NA
	NA
	

	LDA-88
	0.01
	0.08
	23.54
	79
	124
	NA
	NA
	


3.1.2.1.3 Calculation of PEClocal for sector specific generic scenarios

For each production sector for which some EU sites did not provide data -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.

Details on the results of the assessment for the aquatic compartment are included in Part 1 of the environmental exposure section 3.1.3.3; Table 3.1-27a.

-
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.

· Lead oxide production

No generic scenario was performed for the aquatic compartment since there are no process water emissions arising from lead oxide production. 

· 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.

3.1.2.1.4 Calculation of PEClocal for emission inventory threshold 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 Part 1 of the environmental exposure section 3.1.3.4; Table 3.1-28a.

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.

3.1.2.1.5 Calculation of PEClocal for private use: lead in ammunition 

Introduction

In order to perform the model calculations for Pb emissions to soil and surface water, a generic outdoor shooting range should be defined. Different typical local scenarios are defined in the section on use pattern.

After usage most Pb from ammunition will mainly enter the soil compartment. Depending on the condition at the shooting range (soil, vegetation, morphology, operation, ground water, climate etc.), the inputs of lead shot and clays material, will mainly accumulate in surface layers.

Indirect input of Pb from the soil into the surface water (through run-off and leaching) will be calculated based on the estimation of the water balance for these generic environments and the estimated/measured Pb concentration in the pore water. The sorption and the mobility of Pb having entered the soil matrix is mainly determined by the physicochemical soil conditions (together with climatic factors) and by the age of the inputs (corrosion, weathering). The potential contamination of the run-off/porewater by Pb in shooting ranges must therefore be assessed. Information on Pb concentration in the soil and groundwater as well as on the main factors (mainly the pH-value of the soil, lime content, iron and manganese contents, clay content and the content of organic substance of the soil) driving the mobility/availability in soils should be gathered.

In cases that there are surface waters present at or in the immediate surroundings of outdoor shooting sites, it is necessary to predict or compile data on Pb concentration in surface waters and sediments.

However, the standard, generic local scenarios (TGD) can not be used for shooting ranges. Therefore, targeted generic local scenarios were developed. Figure 3.1.5-1 shows the relationship between the local emission routes and the subsequent distribution processes, which may be relevant for the different environmental compartments of concern. For each compartment, specific fate and distribution models are applied. The compartments under consideration are soil, porewater, groundwater, surface water and sediment. In addition, two additional “compartments” or “boxes”, Pb shot in sediment and Pb shot in soil, were considered due to the different fate and ecotoxicity properties of Pb shot in soil and sediment compared with Pb in soil and sediment. In this way, cumulating emissions (i.e. cumulated emission from corroded Pb in an upcoming year and its preceding years) can be explicitly (dynamically) simulated in conjunction with other fate processes like erosion, runoff and leaching. Note that the regional exposure model EUSES does not allow simulating cumulative emissions. In that case, cumulative emissions need to be calculated a priori.
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Figure 3.1.5‑1: Modified local relevant emission and distribution routes for Pb shot

All flows of the substance between the different compartments (and with the outside world) are quantified. The most important processes are: corrosion, partitioning, runoff and leaching.

Mass balances and the corresponding differential equations are determined for the boxes “Pb shot on sediment”, “Pb shot on soil” and “soil”. This is visualised by the grey box in Figure 3.1.5-1. No mass balances were determined for the boxes “surface water” and “sediment” because these compartments are not considered for accumulation in the TGD and for the box “groundwater” because this compartment is not considered for environmental risk characterisation (TGD, 1996; 2003).

For local emissions in every environmental compartment, the emission rate is averaged per day (24 hours) in the TGD (EC, 1996). This implies that, even when an emission only takes place a few hours a day, the emission will be averaged over 24 hours. Emissions will be presented as release rates during an emission episode. PEClocal is consequently always calculated on the basis of a daily release rate, regardless of whether the deposition to soil or the discharge to surface water due to runoff from shooting range is intermittent or continuous. It represents the concentration expected at a certain distance from the source on a day when discharge occurs. The emission is always assumed to be continuous over the 24-hour period. For outdoor pistol/rifle and clay target shooting ranges (trap and skeet), continuous emission during the entire year is assumed.
Processes in compartments

Air

The firing of each bullet, especially if unjacketed, can release both lead vapours and particles as it leaves the barrel, to settle in front of the firing line. However, the amount of lead released when a bullet is fired is small (AFEMS, 2002). For this reason, emissions to air and transport and transformation processes in the air are not considered in this targeted risk assessment.

Pb shot on soil

According to the TGD, the local PECsoil is calculated as an average concentration over a certain time period in agricultural soil, fertilised yearly with sludge from a STP and receiving continuous aerial deposition (dry and wet) from a nearby point source, for a period of 10 years. Here, emissions from sludge are not relevant. The main emission source is the load or “direct emission” of Pb shot. The main source of Pb ‘as such’ is the corrosion of deposited Pb shot.

Accumulation of the substance may occur when there is direct deposition of Pb shot over consecutive years. There are several extensive numerical soil and groundwater models available (mainly for pesticides). These models, however, require a detailed definition of soil and environmental characteristics. This makes this type of models less appropriate for a generic risk assessment at EU-level. For this generic local assessment, a simplified model is used. The top layer of the soil compartment is described as one compartment, with an average influx through direct deposition, and with several removal processes. The concentration in this soil box can now be described with a simple differential equation (EC, 1996).
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where

Cshotonsoil: concentration of Pb shot on soil [mg/kg]
ksoilshot: first order rate constant for removal from top soil for Pb shot [d-1]


   t: time

Dair: aerial deposition flux per kg of soil [kg/kg.d]
For Pb shot, the annual average total deposition flux and the deposition flux per kg soil are calculated as:
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where:

DEPtotalann: annual average total deposition flux [mg/m2.d]

Loadtosoil: emission to soil [kg/yr]

Temission: emission period (365 d/yr)

AREA: deposited area of the local system [km²]

Fsoilshot: total area fraction of soil eligible for Pb shot [-]

Dair: aerial deposition flux per kg of soil [kg/kg.d]
DEPTHsoil: mixing depth of soil [m]
RHOsoil: bulk density of soil (1,700 kg/m3)
The removal processes for Pb shot on soil are corrosion, ingestion by animals and runoff. If rate constants are known for these processes, they may be added to the total removal. Removal through ingestion was assumed to be negligible compared to the corrosion rate in the soil. The overall removal rate constant is then given by:
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where

ksoilshot: first order rate constant for removal from top soil for Pb shot [d-1]


kcorrosion: first order rate constant for corrosion of Pb shot on soil [d-1]


krunoff: first order rate constant for runoff of Pb shot on soil [d-1]

The first order rate constant for removal from the top soil by runoff is given as:
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where


krunoff: first order rate constant for runoff of Pb shot [d-1]

DEPTHsoil: mixing depth of soil [m]


EROSIONsoil: rate at which soil is washed from soil into surface water [m/d]

The differential equation can be solved to:
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where

Cshotonsoil(365xt): initial concentration in soil after t years of continuous aerial deposition [mg/kg]

Cshotonsoil(0): initial concentration in soil [mg/kg]

Dair: aerial deposition flux per kg of soil [kg/kg.d]
ksoilshot: first order rate constant for removal from top soil for Pb shot [d-1]


   t: time [yr]

The initial concentration of Pb shot in soil is assumed to be zero.

With this equation, the concentration can be calculated at each moment in time, when the initial concentration in that year is known. In the TGD, it is assumed that sludge application takes place for 10 consecutive years (t = 10 years) as a realistic worst-case assumption for exposure. Similarly, 10 consecutive years was taken here for all scenarios. However, 10 consecutive years may not be sufficient to reach a steady-state situation. These substances may accumulate for hundreds of years. To indicate potential problems of persistency in soil, the fraction of the steady-state concentration can be derived:
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The concentration is not constant in time. The concentration increases as time progresses. Therefore, for exposure of endpoints, the concentration is averaged over a certain time period in the TGD (EC, 1996). Different averaging times are considered for these endpoints: for the ecosystem a period of 30 days is chosen. In order to determine biomagnification effects and indirect human exposure, it is more appropriate to use an extended period of 180 days because this averaging period is chosen as a representative growing period for crops. For grassland this period represents a reasonable assumption for the period that cattle are grazing on the field. For the ecosystem a period of 30 days is taken as a relevant time period with respect to chronic exposure of soil organisms (EC, 2003).

For sludge application, this averaging period is considered after the last application of sludge (see Figure 3.1.5-2left). In this targeted risk assessment, deposition is assumed to be continuous and consequently soil concentrations are increasing over time. Similarly, an averaging period can be considered (see Figure 3.1.5-2 right).
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Figure 3.1.5‑2:
Left: accumulation in soil due to several years of sludge application, Right: accumulation in soil due to direct deposition of Pb shot, the shaded area is the integrated concentration over a period of 180 days

To be able to calculate the concentration in this year average over the time period T, an initial concentration in this year needs to be derived.

The concentration due to 10 years of continuous deposition only, is given by the following equations, with an initial concentration of zero and 10 years of input. The initial concentration is used to calculate the average concentration in soil over a certain time period (terrestrial ecosystem: 30 days).
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where

Clocalshotonsoil: average concentration in soil over T days [mg/kg]

Dair: aerial deposition flux per kg of soil [mg/kg.d]

T: averaging time (30 d)

ksoilshot: first order rate constant for removal from top soil for Pb shot [d-1]

Cshotonsoil(365xt): initial concentration in soil after t years of continuous aerial deposition [mg/kg]

Simulations show that the averaged concentration of Pb shot over 30 days is not different from the initial concentration in soil after t years. Therefore, averaging was not performed for this and the other compartments.

The local PEC value is obtained by adding the regional PEC value for (natural) soil to the calculated local concentration in soil. The regional contribution of Pb shot was considered to be zero at local sites because hunting activities are not exercised on local shooting ranges.
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where

PEClocalsoil: predicted environmental concentration in soil [mg/kg]

Clocalsoil: local concentration in soil [mg/kg]

PECregionalnaturalsoil: regional concentration of Pb shot in natural soil (0 mg/kg) 

Soil

The main source of Pb in soil ‘as such’ is the corrosion of Pb shot. The top layer of the soil compartment is described as a separate compartment from the “Pb shot on soil” compartment, with an average influx through direct deposition, and with several removal processes. The concentration in this soil box can now be described with a simple differential equation.
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where

Csoil: concentration in soil [mg/kg]
ksoil: first order rate constant for removal from top soil for Pb [d-1]


kcorrosion: first order rate constant for corrosion of Pb shot [d-1]

Clocalshotonsoil: average concentration in soil over T days [mg/kg]


t: time

The removal processes for Pb in soil are leaching, uptake by plants and runoff. If rate constants are known for these processes, they may be added to the total removal. The overall removal rate constant is given by:
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where

ksoil: first order rate constant for removal from top soil for Pb [d-1]


kleach: first order rate constant for leaching of Pb [d-1]


kuptake: first order rate constant for ingestion of Pb [d-1]


krunoff: first order rate constant for runoff of Pb [d-1]

The first order rate constant for removal from the top soil by leaching is given as:
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where


kleach: first order rate constant for leaching of Pb [d-1]

Finfsoil: fraction of rain water that infiltrates into soil (0.25)

RAINrate: rate of wet precipitation (700 mm/year) (1.92E-3 m/d)

Ksoil-water: soil-water partitioning coefficient [m3/m3]

DEPTHsoil: mixing depth of soil [m]

Erosion is the movement and loss of surface layers of soil mainly by water but also wind and other factors. Soil type and structure, and slope of ground and its vegetation cover, are important determinants of soil erosion. Topsoil can be lost and deep runoff channels created. Water quality and aquatic habitats can be degraded and constituents of concern transported to other sites. Wind erosion is most likely in arid environments where the soil surface is friable and loose and was, for this reason, not considered in the exposure assessment. The first order rate constant for removal from the top soil by runoff is given as:
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where


krunoff: first order rate constant for runoff of Pb [d-1]

Frunsoil: fraction of rain water that runs off from soil to water (0.25)

RAINrate: rate of wet precipitation (700 mm/year) (1.92E-3 m/d)

Ksoil-water: soil-water partitioning coefficient [m3/m3]

DEPTHsoil: mixing depth of soil [m]


EROSIONsoil: rate at which soil is washed from soil into surface water [m/d]

The local PEC value is obtained by adding the regional PEC value for (natural) soil to the calculated local concentration in soil. Note that this is an added concentration. The total concentration is afterwards calculated by adding the background concentration.
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where

PEClocalsoil: predicted environmental concentration in soil [mg/kg]

Clocalsoil: local concentration in soil [mg/kg]

PECregionalnaturalsoil: regional concentration in natural soil [mg/kg]

Pore water

The equation for the deriving the concentration in the porewater is (according to EC, 2003):
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where

PEClocalsoil: predicted environmental concentration in soil [mg/kg]

PEClocalsoil,porewater: predicted environmental concentration in porewater [mg/l]

Ksoil-water: soil-water partitioning coefficient [m3/m3]

RHOsoil: bulk density of soil (1,700 kg/m3)
Groundwater

The concentration in groundwater is calculated for indirect exposure of humans through drinking water (EC, 2003). For the calculation of groundwater levels, several numerical models are available (mainly for pesticides). These models, however, require a characterisation of the soil on a high level of detail. This makes these models less appropriate for the initial standard assessment. In the TGD, the concentration in porewater of agricultural soil is taken as groundwater level. It should be noted that this is a worst-case assumption, neglecting transformation and dilution in deeper soil layers (EC, 2003). This is an unrealistic worst-case assumption in case of Pb shot contamination (and metal contamination in general). Scheinost (2003) provides an overview of possible mechanisms of vertical distribution of Pb in the soil profile. He concluded that only in a few cases, a very small amount of Pb (<0.01%) was transported down the soils profile depths < 1 m. More information can be found in the section on measured data. Consequently, only pore water concentrations and no groundwater concentrations were calculated.

Pb shot on sediment

The main emission sources for Pb shot on sediment are the load or “direct emission” of Pb shot on surface water and the runoff of Pb shot from soil. This last process is unlikely to occur but is included as a worst-case assumption. The concentration in this box can be described following differential equation:
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where

Cshotonsediment: concentration of Pb shot on sediment [mg/kg]
ksedimentshot: first order rate constant for removal from sediment for Pb shot [d-1]


t: time

Dair: aerial deposition flux per kg of sediment [kg/kg.d]

Clocalshotonsoil: average concentration in soil over T days [mg/kg]


krunoff: first order rate constant for runoff of Pb shot [d-1]

The average total deposition flux and the deposition flux per kg sediment are calculated with the same formulas as for Pb shot on soil. Note that the AREA is now multiplied with the total area fraction of sediment eligible for Pb shot (instead of the total area fraction of soil eligible for Pb shot).

The removal processes for Pb shot on sediment are corrosion and ingestion by animals. If rate constants are known for these processes, they may be added to the total removal. Ingestion was not included because lead ammunition is easily corroded in birds (Scheuhammer & Norris, 1995) and may consequently enter the environment again. Transport to more downstream parts of the river was assumed to be zero (this is a worst-case assumption). The overall removal rate constant is given by:
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where

ksedimentshot: first order rate constant for removal from sediment for Pb shot [d-1]


kcorrosion: first order rate constant for corrosion of Pb shot on sediment [d-1]

Surface water

No mass balance was determined on the surface water compartment. The local concentration in surface water (PEClocalwater) is in principle calculated according to TGD (EC, 2003) after complete mixing of the effluent outfall with the surface water. Dilution is then usually the dominant ‘removal’ process. To allow for sorption, a correction is made to take account of the fraction of chemical that is adsorbed to suspended matter. Similarly, a shooting range is considered as an industrial site and it is assumed that all emissions due to runoff of Pb from soil and corrosion of Pb shot from the sediment enter the surface water as a hypothetical effluent point discharge (see Figure 3.1.5-3). This is a realistic worst-case assumption as in reality runoff is a diffuse process.
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Figure 3.1.5‑3: Emission to surface water due to runoff and erosionsimplified as point source emission

The mass balance for dilution of effluent in a river can then be written as: 
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where


Ceffluent: concentration in effluent water [mg/l]


Qeffluent: discharge rate of the effluent [m³/d]


Criver,upstream: concentration in river, upstream of hypothetical discharge point [mg/l]


Qriver: flow of the river [m³/d]


Criver,downstream: concentration in river, downstream of hypothetical discharge point [mg/l]

The upstream Pb concentration is considered to be zero as the specific impact of a shooting range is assessed. The concentration in the receiving surface water is then calculated. Complete mixing of the effluent with the receiving water is assumed. Dilution in the receiving surface water and sorption to suspended solids is taken into account.
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where

Clocalwater: local added concentration in receiving surface water [mg/l]

Kpsusp: solids-water partitioning coefficient of suspended matter [l/kg]

Csusp: concentration of suspended matter in the river (15 mg/l = default)

FLOW: (low) flow rate of receiving river (18000 m3/d)

Emissionduetorunoff: emission due to runoff of Pb from soil [mg/d]

Emissionduetocorrosion: emission due to corrosion of Pb from sediment [mg/d]
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where

Emissionduetorunoff: emission due to runoff of Pb from soil [mg/d]

Emissionduetocorrosion: emission due to corrosion of Pb from sediment [mg/d]

AREA: deposited area of the local system [km²]

DEPTHsoil: mixing depth of soil [m]
Fsoilshot: total area fraction of soil eligible for Pb shot [-]


krunoff: first order rate constant for runoff of Pb [d-1]

Cshotonsediment: concentration of Pb shot on sediment [mg/kg]
DEPTHsediment: mixing depth of sediment [m]

Fwater: total area fraction of surface water [-]
RHOsoil: bulk density of soil (1,700 kg/m3)
RHOsediment: bulk density of soil (1,300 kg/m3)
The local PECvalues are obtained by adding the regional PEC value for water to the calculated local concentration in surface water. Note that this is an added concentration. The total concentration is afterwards calculated by adding the background concentration.
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where

PEClocalwater: predicted environmental concentration during emission episode [µg/l]

Clocalwater: local concentration in receiving surface water during emission episode [µg/l]

PECregionalwater: regional concentration in surface water
Sediment

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 values in water, the suspended matter-water partition coefficient and the bulk density of suspended matter (according to TGD). 
The local concentrations in sediment during the emission episode are calculated according to the following equation:
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where: 

PEClocalsediment: predicted environmental concentration in sediment [mg/kgww]

Ksusp-water: suspended matter-water partition coefficient 

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

RHOsusp: bulk density of suspended matter (1,150 kgww/m3)
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where
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 [l/kg]

RHOsolid: density of solid phase (2,500 kg/m3)
In this way, the Pb concentration in the sediment is, through the surface water compartment, dependent on the run-off from soil (including corrosion from shots in soil), the yearly corrosion rate of newly deposited shots as well as the shots already in the sediment. The local Pb concentration in the sediment does not account for erosion and sedimentation processes conform a local assessment in the TGD.

Dynamic simulation and steady-state conditions

Mass balances were considered for the boxes Pb shot on soil, Pb in soil and Pb shot on sediment. As in SimpleBox, the developed model produces two sorts of output: quasi-dynamic or “level 4” output and steady-state or “level 3” output (Brandes et al., 1996). The mass balances considered in this targeted risk assessment are:
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After a change in conditions (loadings or environmental conditions), mass flows and concentrations develop toward a new steady state, according to the mass balance equations. The “level 4” computation is done by numerical integration of the set of mass balance equations from time zero, with all concentrations set at their natural background level, to a specified time (e.g. 500 years). The mass balances are rewritten as:
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C is the difference between the concentration at time tn and the concentration of the previous time step tn-1. Initial concentrations of Pb shot on soil and sediment (at time t = 0) were assumed to be zero. The initial concentration of Pb in soil was assumed to be 27 mg/kg (draft EU Pb RAR, 2005). A time-series can then be predicted.

The three considered mass balances can be put in the following matrix notation:
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If the conditions (loadings and environmental conditions) remain constant in time for a sufficiently long period of time, eventually a steady state, in which all mass flows and concentrations are constant in time, will develop. At steady-state, the sum of the mass balance equation terms is equal to zero for all boxes and the steady-state concentrations can be solved from the 3 linear mass balance equations. This steady-state solution is obtained by means of a matrix inversion routine and is calculated as:
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The steady-state concentrations and concentration after time t allow to calculate the percentage of steady-state situation (EC, 1996).

The time-series of Pb in ammunition resulted in steady-state concentrations above 1 kg Pb/kg soil, which is physically impossible. The concentrations are calculated (as in E-USES) according to following formulae:
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However, this is a simplification of the more general formulae:


[image: image38.wmf][

]

[

]

[

]

"

"

soil

kg

Pb

Mass

soil

kg

soil

Mass

kgPb

Emission

ion

Concentrat

+

=


When Pb is continuously added for a long period of time in large amounts (as on shooting ranges) on a small surface (volume), the mass of the soil becomes significantly larger due to the contribution of the added Pb. Usually, the mass of the added chemical is insignificant compared to the mass of the receiving soil or
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and the simplified formulae can be used without any significant error. However, in case of the local scenarios for Pb in ammunition, changes in the composition of the soil (density and volume) should be considered in trend analysis and steady-state calculations. For this, the differential equations discussed above are solved for fluxes (F expressed in kg/d) instead of concentrations because fluxes are independent of the volume and density of the receiving soil and sediment compartment. This results in next set of equations:
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The subsequent calculation of the trend and the steady-state concentrations is analogous as for concentrations. 

Parameters

Local load of lead shot: regional to local transformation (prior to corrosion)

The local lead shot load is referred to as the input of Pb in ammunition to the technical area of the range, i.e. before any corrosion. 

The B-tables of Appendix I (EC, 1996) are normally used for the determination of the releases from point sources for the evaluation of PEClocal. They provide the fraction of the total volume released on a regional level that can be assumed to be released through a local, single point source, and the number of days during which the substance is released, thus allowing the daily release rate at a main point source to be calculated (EC, 1996). However, there is no guidance in the TGD on releases for the considered scenarios here. Alternatively, the local lead shot load can be estimated by dividing the regional lead shot load by the number of local sites (see Table 3.1.5-13) or reported local loads from literature can be used (see Table 3.1.5-14). The number of local rifle/pistol, trap/skeet and sporting clay sites were obtained from AFEMS (personal communication) and are only indicative (based on a limited survey). 

Table 3.1.5‑13
Regional and estimated local load of lead shot (based on the number of sites) for rifle/pistol and trap and skeet shooting ranges (bold: min – max values)

	Scenario
	Rifle/pistol (outdoor)


	Trap/skeet


	Sporting clay

	Country
	regional 

lead shot load

(tonnes

/year)
	# sites
	local 

lead shot load

(tonnes

/year)
	regional 

lead shot load

(tonnes

/year)
	# sites
	local 

lead shot load

(tonnes

/year)
	# sites

	Austria
	182
	369
	0.49
	251
	43
	5.84
	5

	Belgium
	49
	NA
	NA
	248
	25
	9.92
	20

	Czech Republic
	332
	25
	13.26
	218
	50
	4.36
	10

	Denmark
	104
	NA
	NA
	NA
	NA
	NA
	

	Finland
	216
	NA
	NA
	NA
	524
	NA
	

	France
	539
	700
	0.77
	2,117
	220
	9.62
	100

	Germany
	1,107
	2,000
	0.55
	917
	440
	2.08
	30

	Greece
	36
	27
	1.34
	98
	35
	2.80
	4

	Ireland
	19
	NA
	NA
	NA
	NA
	NA
	

	Hungary
	NA
	650
	NA
	NA
	63
	NA
	63

	Italy
	350
	30
	11.67
	2912
	440
	6.62
	10

	Norway
	133
	NA
	NA
	71
	NA
	NA
	

	Portugal
	33
	NA
	NA
	416
	NA
	NA
	25

	Spain
	56
	18
	3.12
	1261
	813
	1.55
	45

	Sweden
	162
	3,750
	0.04
	234
	1,100
	0.21
	20

	Switzerland
	276
	600
	0.46
	NA
	262
	NA
	40

	The Netherlands
	114
	25
	4.56
	9.1
	20
	0.46
	

	United Kingdom
	123
	1,500
	0.08
	3605
	1,000
	3.61
	1,000


NA: Not Available

Lobb et al. (1997) estimated Pb shot deposition of 16 clay target shooting ranges in New Zealand conservatively based on average shooters and shots per shooter data. The lead shot load ranged from 210 to 9860 kg/year. Annual lead loadings of up to 6 tonnes were reported on three Danish shooting ranges (Jorgensen & Willems, 1987), and a Finnish range was reported to have an annual lead loading of 15 tonnes (Tanskanen et al., 1991). Laender ministers for the environment (1998) report a range of numbers from various sources. A global minimum maximum range of 32 – 32,000 kg/year was reported, however, the majority of the other data (with indication of their frequency) indicate that the reasonable worst-case load is not larger than 10,000 kg/year.

Table 3.1.5‑14: Literature data on local lead shot load (i.e. quantities of lead used) for outdoor pistol/rifle ranges, clay target shooting ranges, sporting clay ranges and hunting areas
	Location
	Local lead shot load (kg/yr)
	Reference

	Type range unknown

	Denmark
	6,000
	Jorgensen & Willems, 1987

	Finland
	15,000
	Tanskanen et al., 1991

	Finland
	500 (average)

120 – 15,000
	Sorvari et al., 2006

	Outdoor pistol/rifle shooting ranges


	Table 3.1.5‑13
)

	Switzerland
	40 – 800
	Knechtenhofer et al., 2003

	SUMMARY
	10,000

40 – 13,260
	Realistic worst case

Minimum – maximum

	Clay target shooting ranges (trap and skeet)


	Table 3.1.5‑13
)

	New Zealand
	210 – 9,860
	Based on Lobb et al., 1997 (from Rooney, 2002)

	Laender countries
	32 – 32,000
	Laender ministers for the environment, 1998

	240 shooting ranges from Bundesverband Schiessstaetten (Germany)
	< 260 (50%)

260 - 2,600 (40%)

> 2,600 (10%)
	Laender ministers for the environment, 1998

	Baden-Wuerttemberg (Germany)
	< 260 (13%)

260 - 2,600 (72%)

> 2,600 (11%)
	Laender ministers for the environment, 1998

	137 shooting ranges in Lower Saxony (Germany)
	< 49 /ha (65%)

< 222 /ha (24%)

< 354 /ha (6%)

> 1,011 /ha (4%)
	Laender ministers for the environment, 1998

	SUMMARY
	15,000

32 – 32,000
	Realistic worst case

Minimum – maximum


There is not enough information available to accurately calculate an average, a median or a percentile of the emission rates. Consequently, realistic worst case estimates (similar to ~ 90th percentiles) were determined based on expert judgement. A realistic worst case estimated local emission tonnage of 10,000 kg/yr and 15,000 kg/yr were taken respectively for outdoor pistol/rifle and clay target shooting ranges based on literature data and estimations.

For the local assessment, the accumulating emission due to Pb shot corrosion was considered. For each year, the corroded Pb of the newly deposited Pb ammunition was added to the corroded Pb of the previously deposited Pb ammunition.

Historical emissions

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. For this, an average lifetime of a shooting range needs to be estimated. Table 3.1.5‑15 gives a literature overview.

In Finland, one quarter of Finnish shooting ranges originate from the 1960s, the oldest dating back to the 19th century. Approximately 10% of the ranges were established in the 1990s (Sorvari et al., 2006). 

According to Industry data, sport shooting activities were rather limited before the second World War. It is therefore correct to estimate that no clay target range has 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 a negative impact onto this leisure activity: the logistic and economic restrictions before, during and after the two Word Wars and the economic depression in the late 1920. A similar trend is observed for outdoor pistol/rifle shooting ranges.

Table 3.1.5‑16: Lifetime of shooting ranges

	Scenario
	Lifetime (years)
	Reference

	Outdoor pistol/rifle shooting ranges

	European overview
	>25

(some cases: >100)
	Industry

	Clay target shooting ranges (trap and skeet)

	One closed range in Spain
	19
	Urzelai et al., 2003

	Hollola, Finland (closed range)
	23
	Rantalainen et al., 2006

	Cantebury, New Zealand

- closed ranges (4)

- active ranges
	35 (30 – 40)

> 34 (> 7 – > 70)
	Rooney, 2002

	240 shooting ranges from Bundesverband Schiessstaetten (Germany)
	< 10 (15%)

10-20 (30%)

> 20 (55%)
	Laender ministers for the environment, 1998

	Baden-Wuerttemberg (Germany)
	< 10 (6%)

10-20 (21%)

> 20 (70%)
	Laender ministers for the environment, 1998

	European overview
	>25

(95th perc: >50)
	Industry

	SUMMARY
	>50
	Reasonable worst-case


An average life-time for clay target shooting ranges in existence is estimated to be 25 years. A reasonable worst-case life-time for pistol/rifle and clay target shooting ranges in existence is estimated to be 50 years. A time-line of 60 years will be used in the risk assessment. This comprises of 50 years historical Pb shot deposition and 10 years of future Pb shot deposition (following the time-line used in the TGD for sludge application on agricultural soil in local assessment).

A similar trend is observed for outdoor pistol/rifle shooting ranges. In this last type of ranges, there are a couple of cases in which they are in existence since about a century. The same time-line of 60 years will be assumed.

The Laender ministers for the environment (1998) report an example of a shooting range, built 30 years ago, starting with a number of 10,000 rounds a year, growing continuously to 150,000 rounds today, approximately 70 tons of lead have been emitted during this period of operation.
The yearly, local Pb shot deposition is assumed to follow the trend in Figure  of which the current emission is 10,000 kg/yr for pistol/rifle shooting ranges and 15,000 kg/yr for clay target shooting ranges. This is visualised in Figure 3.1.5‑4 for pistol/rifle shooting ranges. The Pb shot accumulates in the environment (visualised in Figure 3.1.5‑5 for pistol/rifle shooting ranges). The Pb shot corrodes every year. This results in a Pb emission visualised in Figure 3.1.5‑6 for pistol/rifle shooting ranges. As a worst-case scenario, it is assumed that there were no remediation activities. As the risk assessment does not include historical Pb emissions but includes future Pb emissions arising from corrosion of Pb shot already in the environment (caused by historic use of Pb shot), the Pb emissions in the past are set to zero.
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Figure 3.1.5‑4: Yearly local Pb shot deposition time-series for a generic outdoor pistol/rifle range (on soil)
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Figure 3.1.5‑5: Cumulative local Pb shot time-series for a generic outdoor pistol/rifle range (on soil)

[image: image43.wmf]0

500

1000

1500

2000

2500

3000

3500

4000

-50

-40

-30

-20

-10

0

10

Time (years)

Cumulative local Pb emission (kg/yr)

estimated cumulative

emission

emission used in local

exposure model


Figure 3.1.5‑6: Cumulative local Pb emission for a local outdoor pistol/rifle range (on soil)

The area of the local system

Areas of a generic local environment are estimated in different regulations. In the TGD, the concentration in air is estimated at a distance of 100 meters from the source. This distance is chosen to represent the average distance between the emission source and the border of the industrial site. The deposition flux is averaged over a circular area around a source, with a radius of 1000 m to represent the local agricultural area. Consequently, the area of a generic local system is the surface of a circle with radius 1 km or 3.14 km² (for new and existing substances, EC, 2003). The standard environment for application of agricultural pesticides consists of a plot of target soil with a surface area of 1 hectare. Concentrations in soil and surface water (in this case a ditch surrounding the area) are calculated averaged over different time periods (RIVM, VROM, VWS, 1998). However, it is relevant to estimate more realistic areas for the considered scenarios.

AFEMS (2002) gives an overview of generic shooting ranges. The area of accumulation depends on the layout of the range and the clay target shooting disciplines used, but is likely to be several hectares. Shot deposition from trap and skeet layouts normally is from some 60m – 210m in front of each shooter, with maximum concentrations around 115m – 180m (see Figure 3.1.5-4). This is typically more variable at sporting layouts. Conventional layouts of trap, skeet, sporting and other clay target disciplines, typically disperse pellets over several hectares. Shooting ranges can re-site or re-align the shooting stands and the angles and trajectories of clay targets to concentrate the spent shot into a smaller area. This helps its future management and possible recovery. Pellet distribution can be greatly altered by local topography, vegetation and other surface features.
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Figure 3.1.5‑7
Shooting range layout and drop fall zone for trap (top) and skeet (bottom) (picture from AFEMS, 2002)

The area of land required for a rifle/pistol range can be much less than that for a shotgun range. Key factors are the length of the range (from under 100m to over 1000m) and the measures used to contain spent bullets. A 25-stand, 100m range, providing complete bullet containment, requires around 1ha of land, including the buildings and other infrastructure. For each 100m increase in length of the range the area increases by around 0.7ha. A 1000m range would cover some 8 ha of land. As the degree of bullet containment decreases the area of land required increases. These and other values found in literature are summarized in Table 3.1.5-15.

Table 3.1.5‑17
Area of the local system and drop fall zone for outdoor pistol/rifle ranges, clay target shooting ranges, sporting clay shooting ranges and hunting areas

	Scenario + description
	Area of the local system (ha)
	Drop fall zone (ha)
	Reference

	Outdoor pistol/rifle shooting ranges

	
	0.7 – 8 
	
	AFEMS, 2002

	
	1
	
	Cao et al., 2003a

	rifle range
	0.6
	
	Craig et al., 1999

	SUMMARY
	1

0.6 – 8 
	0.5 z
	Realistic worst case

Minimum – maximum

	Clay target shooting ranges (trap and skeet)

	1 trap
	
	1.56 a
	AFEMS, 2002

	1 skeet
	
	2.51 b
	AFEMS, 2002

	3 trap (overlapping)
	
	2.5 c
	AFEMS, 2002

	3 skeet (overlapping)
	
	4.33 d
	AFEMS, 2002

	1 trap
	2.8 
	1.2 e
	Laender ministers for the environment, 1998

	1 skeet
	5.2 
	2.3 e
	Laender ministers for the environment, 1998

	
	4
	
	AFEMS, personal communication

	3 trap, 2 skeet (overlapping)
	4 f
	
	Based on Rooney, 2002

	10 trap, 6 skeet (overlapping)
	17 f
	
	Based on Rooney, 2002

	6 trap, 3 skeet (overlapping)
	4 f
	
	Based on Rooney, 2002

	2 trap, 1 skeet (overlapping)
	3.6 f
	
	Based on Rooney, 2002

	
	
	2
	Migliorini et al., 2004

	shotgun range*
	0.6
	
	Craig et al., 1999

	SUMMARY
	5.8

2 – 17
	2

1.2 – 4.3
	Realistic worst case

Minimum – maximum


z it is assumed that the deposition area is half of the area of the local system in a rifle/pistol range; a based on 90°, 115-180m (worst case is 60-210m); b based on 150°, 115-180m; c based on 90°, 115-180m; d based on 150°, 115-180m; e distance = 75 to 200m; f Estimated based on maps

* the drop fall zone is larger than the shotgun range

There is not enough information available to accurately calculate an average, a median or a percentile of the deposition areas. Consequently, realistic worst case estimates (~ 10th percentiles) were determined based on expert judgement. The area of maximum shot fall was taken in order to estimate the larger concentrations. For outdoor pistol/rifle ranges, 0.5 ha was taken as deposition area. For clay target shooting, 2 ha were taken as generic deposition area.

Fraction Pb shot deposition to soil and water

Following the assumptions in the use scenario, it is assumed that Pb shot is deposited 100% on the industrial soil. No direct emissions to neighbouring agricultural/natural soil or surface water are assumed for a well managed shooting range. The distance to surface water was estimated in Sorvari et al. (2006) for Finnish shooting ranges. 9% had a distance between 0 and 100 m, 43% had a distance between 101 and 1000 m and 18% had a distance between 1 and 3 km.

Mixing depth soil

The “soil depth” represents the depth range for the top soil layer which is of interest. In the TGD, the depth of 20 cm is taken because this depth usually has a high root density of crops, and represents the ploughing depth (EC, 2003). For grassland, the depth is less (10 cm) since grasslands are not ploughed. Depending on the condition at the shooting range (soil vegetation, morphology, operation, ground water, climate, etc.), the inputs of Pb shot, clays material and wads are mainly accumulated in surface-close layers, i.e. in a soil depth of up to approx. 0.3 m below the area’s surface, in individual cases also deeper. Vyas et al. (2000) found that 91% of the shot was present in the top 3 cm of the woodland soil surrounding a trap and skeet range. The number of shot found in the top 3 cm varied by location because of the abundance of shot fall, depth of litter horizon and topography. A soil depth of 10 cm was taken here as a realistic worst case since the soil at pistol/rifle and clay target shooting ranges are usually covered by vegetation and not ploughed.

Other distribution characteristics of the environmental compartments

The other distribution characteristics of the environmental compartments are summarised in section 3.1.9.2. These parameters are mostly default values from the TGD (EC, 2003) or taken from the draft EU Pb RAR (2005).

Pb shot properties

The corrosion rate of Pb shot is already discussed in previous sections. Scheinost (2003) concludes in his study to consider initial fast weathering rates of 0.2 to 2 % per year. In this way, large amounts of the bullets and shotgun pellets deposited on shooting ranges 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 this targeted risk assessment, a worst case corrosion rate of 1 % per year is taken. This value is a worst-case assumption because it is assumed that the initial corrosion rate will not decrease in time but remains constant where in reality, it does decrease (Scheinost, 2003). The corrosion will be most important in the first year and will decrease to about 50% of the initial corrosion rate after 2-3 years (Linder B., 2004); the corrosion rate will then further gradually decrease in time.The same corrosion rate was assumed for Pb shot on sediment even though it is likely that the corrosion rate in sediment is smaller 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. For the local exposure model, this corrosion rate was transformed into a first order removal rate constant of 0.0000275 /d. This corrosion rate is used for several years in the exposure assessment and therefore to be considered as worst case since Scheinost (2003) reports the range 0.2 to 2% per year as “initial” weathering rates. The initial formation of a (thin) weathering layer due to oxidation is a very fast process. The further weathering, however, depends on a range of factors, which are only partly understood. In slightly acidic to carbonaceous soils, Pb weathering may be greatly reduced by the formation of a protective surface layer of weathering products.

Uptake of Pb by plants

Several literature sources, of which some are reported here, describe Pb uptake by plants.

Samples of vegetation comprising violet (Viola sp.), black maple (Acer nigrum), and hawthorn (Crataegus sp.) were collected from the shooting range and shown to contain elevated lead concentrations (Emerson, 1993).

Grass samples taken from shooting ranges showed increased lead contents compared with uncontaminated matching samples. In the deposition centers of lead ammunition, the lead contents in the grass were indicated between 6 and 40 mg/kg dw (Coy and Schmid (1987) from Laender ministers for the environment, 1998). Uncontaminated samples contained 1.5 to 4 mg/kg. In an examination of ten selected shooting ranges in Baden-Wuerttemberg, the roots of wild plants showed systemically (via the soil solution) accumulated lead concentrations, which were 4,000 times higher than the samples of uncontaminated soils (Ministry for the Environment Baden-Wuerttemberg (1995) from Laender ministers for the environment, 1998). High lead accumulations were also found in the shoot of annual cultivated plants (rape: 500 mg Pb/kg dw) and spruces (400 mg/kg dw).

Tsuji & Karagatzides (1998) studied elemental distribution of lead shot in a tidal marsh that has been used heavily for hunting for generations. A direct correlation between soil Pb and plant biomass was not evident, and Pb contents of shoots (3.1 +- 0.8 µg/g) and rhizomes (2.8 +- 0.6 µg/g) were at background levels, suggesting minimal uptake of Pb from the soil.

Pb uptake by plants was not further considered here because plants on the technical area of a shooting range should not be considered.

Prediction results

The predicted local Pb shot concentrations (added and total) after 10 years for all considered scenarios and compartments are reported in Table 3.1.5-16. The regional concentrations used are given in section 3.1.9.2. The steady-state level is also indicated. The PECtotal for Pb shot on soil is 309,221 mg/kg dwt for outdoor pistol/rifle range and 143,737 mg/kg dwt for clay target shooting range. The PECtotal for Pb in soil is 38,023 mg/kg dwt for outdoor pistol/rifle range and 14,623 mg/kg dwt for clay target shooting range. Estimated PECtotal values in water and sediment range respectively from 0.746 µg/l and 168 mg/kg dwt for outdoor pistol/rifle ranges and 0.95 µg/l and 227 mg/kg dwt for clay target shooting ranges. The water and sediment concentrations are higher in the clay target shooting scenario. This is largely due to the higher local emission for clay target shooting.

The predicted Pb concentration in soil will not be considered for the risk characterisation as it is assumed that all Pb shot is deposited within the range perimeters.

Table 3.1.5‑18
Predicted Pb shot and Pb concentrations after 10 years (and cumulated emissions) based on PECregional,water of 0.36 µg/L (modelled), PECregional,sediment of 55.43 mg/kg dwt (modelled) and PECregional,naturalsoil of 28.3 mg/kg dwt (modelled)

	Scenario
	Clocal,added
	PEClocal,added
	PEClocal,total

	Outdoor pistol/rifle ranges

	Pb shot on soil (mg/kg dwt)
	309,221
	309,221
	309,221

	Pb shot on soil (% steady-state)
	53.1%

	Soil compartment (mg/kg dwt)
	37,968
	37,996
	38,023

	Soil compartment (% steady-state)
	4.8%

	Pore water (µg/l)
	5,948
	Not calculated
	Not calculated

	Water compartment (µg/l)
	0.368
	0.566
	0.746

	Sediment compartment (mg/kg dwt)
	112.6
	142.2
	168

	Clay target shooting ranges (trap and skeet)

	Pb shot on soil (mg/kg dwt)
	143,737
	143,737
	143,737

	Pb shot on soil (% steady-state)
	43.1%

	Soil compartment (mg/kg dwt)
	14,568
	14,569
	14,623

	Soil compartment (% steady-state)
	2.8%

	Pore water (µg/l)
	2.278
	Not calculated
	Not calculated

	Water compartment (µg/l)
	0.59
	0.772
	0.95

	Sediment compartment (mg/kg dwt)
	172.56
	202.36
	227.96


Steady-state levels are not reached after 10 years. 43.1-53.1% of the steady-state level is reached for Pb shot concentration on soil. Only 2.8-4.8% of the steady-state level is reached for Pb concentration in soil. A possible decrease of the corrosion rate in time (due to control by the existing equilibrium Pb concentration) is currently not considered. Consequently, the steady-state levels should only be interpreted as indicative.

Bio-availability refinement for the sediment compartment

Assessing risks for the sediment compartment are quite often hampered by the fact that no clear relationship has been established between measured total concentrations of contaminants in sediments and their potential impact on aquatic life. As a result comparing predicted environmental concentrations expressed on a dry or wet weight basis with an established safety level (PNEC) has the potential to result in an under or overestimation of the associated risk. It is clear that for a risk assessment to reflect the current state of the science, procedures based solely based on total concentrations have to be improved by taking into account the bioavailable fraction of the contaminants present in the sediments. This involves assessing binding to reactive sulfides, organic carbon and potentially other reactive ligands and surfaces.

Attempts to address the inherent fundamental deficiencies of dry- or wet weight assessment approaches are the use of normalization procedures based on one of the factors of the bulk sediment matrix controlling the bioavailability of the chemicals of concern. Di Toro et al. (1991) identified organic carbon as a key element controlling the bioavailability of non-ionic organic chemicals and used this understanding in order to establish Sediment Quality Criteria for organic substances using the equilibrium partitioning theory. A similar approach can be applied to metal contaminated sediments where Acid Volatile Sulfides (AVS) have been demonstrated as being the predominant factor controlling metal toxicity. In this regard the difference of SEM (Simultaneous Extracted Metals) and AVS (SEM – AVS), referred to as excess SEM, does well at predicting the absence of toxicity (Di Toro et al., 1992, Ankley et al., 1994, Ankley et al., 1996). Common criticisms against the AVS approach, e.g. that it is only appropriate for use with anoxic sediments, appears to be unfounded since testing where this approach has been applied normally has both oxic and anoxic sediments present.

In case site specific SEM-AVS information is not readily available, a generic sediment bioavailability correction based on default AVS concentration can be applied based on the SEM/AVS database for Flanders (Belgium) (Vangheluwe et al., 2004). Flanders (Belgium) is assumed to be representative for Europe. Since SEM-AVS is multi-metallic in nature, any bioavailability correction should also take into account that some metals bind more preferentially with AVS than others. In case of lead it is known that it has a rather high affinity to bind with AVS. From the metals present in the sediment at concentrations levels sufficiently high to have a significant influence on the amount of AVS available to bind with lead only copper has a higher affinity. Therefore the regional ambient background of copper should be subtracted first from the total AVS value to calculate the amount of remaining AVS available to bind with lead. A ‘worst case’ setting of AVS (10th P AVS = 0.77 µmol/g dry wt) was used. It is stressed that it was observed from the regional dataset analysis that very low AVS-very high SEMPb combinations were not found in the real environment due to an observed co-variance between AVSPb and SEMPb (Vangheluwe et al., 2004). Therefore, this scenario can be regarded as less suitable to assess those local conditions where elevated lead levels are being measured.

The regional ambient concentration of copper is 64.4 mg/kg dry wt. expressed as a total concentration. Since even in the worst case scenario (AVS = 0.77 µmol/g dry wt) it can be assumed that the regional ambient copper concentration (64.4 mg/kg dry wt = 1 µmol/g dry wt) is completely bound with AVS only that fraction of the copper ambient background that really contributes to the overall measured AVS value should be subtracted in order to avoid an underestimation of the amount of AVS remaining to bind with lead.  Indeed, the extractability efficiency of copper under the prevailing conditions (1 M HCl during 1 h) of the AVS extraction methodology used to derive the Flemish AVS data set is quite low. Under the current extraction conditions only a small fraction of the copper sulfides present in the sediment will be dissolved and contribute to the overall measured AVS value (being the sum of the sulfides released from all metals) and SEMCu value. Maximal extraction efficiencies of Cu(I)2S and Cu(II)S reported in the literature are ranging between 8% (efficiency of an extraction in 1M, but longer extraction time than in the present study, i.e. 24h) and 12% (efficiency of a 1 hour extraction, but at higher acid strength then in the present study, i.e. 6M) (Cooper and Morse, 1998). As a worst case scenario, it is assumed that the extraction efficiency is 12 % meaning that the amount of measured AVS needed to bind all the copper is 0.12 * total copper concentration (Table 3.1.5-17) or in other words that SEMCu equals 12 % of the total copper concentration measured in the sediment. For lead, it can be assumed as a conservative approach that the SEM fractions equal the total lead concentration.

Table 3.1.5‑19 
Bioavailability correction for lead using the SEM-AVS concept. Two set of scenarios have been developed. A worst case scenario in which the AVS concentration equals the 10th P: i.e. 0.77 µmol/g dry wt.

	
	Ambient regional background (mg/kg dry wt)
	Ambient regional background (µmol/g dry wt)
	Amount of measured AVS needed to bind all copper (µmol/g dry wt)
	AVS available (µmol/g dry wt)
	Amount of lead that is bound by AVS

(mg/kg dry wt)

	Cu
	64.4
	1.01
	0.12
	0.77
	

	Pb
	
	
	
	0.55
	114


As such the incorporation of bioavailability into the local risk characterizations boils down to the subtraction of 114 mg Pb/kg dry wt (worst case estimate) from the total local PEC values.

This means that all Pb sediment is bound (and therefore not bio-available) both for the rifle/shotgun scenario and the clay target shooting scenario.

Measured data and comparison with predicted concentrations

When PECs have been derived from both measured data and calculation, they need to be compared (EC, 2003). If they are not of the same order of magnitude, analysis and critical discussion of divergences are important steps for developing an environmental risk assessment of existing substances. The following cases can be distinguished:

· Calculated PEC ~= PEC based on measured concentrations: The result indicates that the most relevant sources of exposure were taken into account.

· Calculated PEC > PEC based on measured concentrations: This result might indicate that relevant elimination processes were not considered in the PEC calculation or that the employed model was not suitable to simulate the real environmental conditions for the regarded substance. On the other hand measured data may not be reliable or represent only the background concentration or PECregional in the regarded environmental compartment. If the PEC based on measured data has been derived from a sufficient number of representative samples then they should override the model predictions. However if it cannot be demonstrated for the calculated PEC that the scenario is not unrealistically worst-case, the calculated PEC should be preferred.

· Calculated PEC < PEC based on measured concentrations: This relation between calculated PEC and PEC based on measured concentrations can be caused by the fact that relevant sources of emission were not taken into account when calculating the PEC, or that the used models were not suitable. Similarly, an overestimation of degradation of the compound may be the explanation. Alternative causes may be spillage, a recent change in use pattern or emission reducing measures that are not yet reflected in the samples.

Measured concentration of Pb shot on soil, Pb in soil, surface water and sediment were found in literature and are summarized from Table 3.1.5-20 till Table 3.1.5-23.

Pb ammunition on soil and Pb in soil

Unfortunately, it is not always clear from literature whether concentrations are expressed as total Pb (i.e. Pb ammunition and corroded Pb) or whether they are expressed as corroded Pb (i.e. Pb concentration when soil was sieved over a 2 mm sieve). The maximum measured Pb shot on soil and Pb concentrations (from Table 3.1.5-20) are largely smaller than the predicted concentrations (Table 3.1.5-19). This can be explained by the worst-case character of the estimation of the predicted concentrations. For example, worst-case corrosion rates and local emissions were assumed. Some measured Pb concentrations are higher than the predicted. This is most probably due to the fact that measurements can be hot spots whereas predictions are averaged over the entire deposition zone. Moreover, PECs are predicted after 10 years of Pb shot emission whereas measurements can reflect shorter or longer periods. Note also that the measured data are a combination of shooting ranges and shooting areas whereas the predictions are related to shooting ranges.

Table 3.1.5‑20
Measured concentrations of Pb shot on soil and Pb in soil for all considered scenarios  (Note that it is not always clear from literature whether concentrations are expressed as total Pb (i.e. Pb ammunition and corroded Pb) or whether they are expressed as corroded Pb (i.e. Pb concentration when soil was sieved over a 2 mm sieve))

	Scenario
	Concentration (mg/kg)
	Reference

	Type area and range unknown

	Denmark
	1,000

274

615
	Jorgensen & Willems, 1987

	Finland
	27,000 (avg)

4,900 – 54,000
	Manninen & Tanskanen, 1993

	The Netherlands
	360 – 70,000
	Ma, 1989

	Outdoor shooting facility incl. pistol, trap and skeet in USA
	856.9 **
	Peddicord & LaKind, 2000

	
	5,000 (max)
	Fahrenhorst & Renger, 1990

	Sweden
	24,500 (max)
	Lin, 1996

	
	2,256 (max)
	Murray et al., 1997

	
	10,500 (max)
	Tanskanen et al., 1991

	
	7,390 (max)
	Merrington and Alloway, 1995

	
	31,200 (max)
	Uren et al., 1995

	
	8,100 (max)
	Merrington and Alloway, 1997

	Ontario, Canada
	41 – 325
	Bisessar, 1992

	Finland
	2,200 – 49,700
	Rantalainen et al., 2006

	Outdoor pistol/rifle shooting areas and ranges

	Five ranges in USA
	7.3 – 48,400
	Cao et al., 2003b

	Switzerland
	60,000 (max)
	AUKSG, 1994 (from Mozafar et al. 2002)

	2 ranges in Switzerland

- in front of shooting house

- between backstop and house

- in the backstop
	164 – 322

44 – 3,110

26,000–33,600
	Mozafar et al., 2002

	Range in USA
	875 – 4,448
	Chen & Daroub, 2002

	Range in USA
	15,368 (max)
	Chen et al., 2001

	Switzerland
	4,462

(429 – 80,935)
	Knechtenhofer et al., 2003

	SUMMARY
	7.3 – 80,935
	Minimum - maximum

	Clay target shooting ranges (trap and skeet)

	53 shooting ranges in Baden-Wuerttemberg in 1996
	70,300 (max)
	Laender ministers for the environment, 1998

	12 soil samples from range in New Zealand
	45,000
	Rooney et al., 1999

	4 ranges in New Zealand
	0 – 55,958 
	Rooney, 2002

	53 shooting ranges in Baden-Wuerttemberg in 1996
	2,040 (max)
	Laender ministers for the environment, 1998

	150-210 m from shooters, Laurel, MD, USA
	110-27,000 *
	Vyas et al., 2000

	12 soil samples from range in New Zealand
	23 – 6,174 
	Rooney et al., 1999

	Northern England
	1,500 – 10,620
	Mellor and McCartney, 1994

	Central Sweden
	3,400 (max)
	Lin et al., 1995

	In the shot fall-out zone, USA
	838 (max)
	Stansly et al., 1992

	9 sampling sites, Italy
	212 – 1,898
	Migliorini et al., 2004

	
	123 – 2,000
	Knigge & Köhler, 2000 (from: Migliorini et al., 2004)

	Wetland skeet range in USA
	6.6 – 16,200
	Hui, 2002

	2 ranges in Basque country (Spain)
	92 – 3,400
	Urzelai et al., 2003

	SUMMARY
	0 – 70,300
	Minimum - maximum

	(Intensively) hunting areas

	Heavily hunted march of western James Bay region (Canada)
	7.4 (6.4 – 11.1)
	Tsuji & Karagatzides, 1998

	Canada
	9,000 – 180,000 pellets/ha
	Beintema, 2001

	Site extensively used by hunters in New Mexico (USA)
	167,593 – 860,185 pellets/ha
	Best et al., 1992

	Illinois (USA)
	51,643 – 180,875 pellets/ha
	Anderson and Havera, 1989 (from: Kendall et al., 1996)

	Indiana (USA)
	0 – 83,928 pellets/ha
	Castrale, 1989

	Hunting field in Tennesse (USA) with history of 8 years of dove shooting (pre- and post-hunt)
	27,225 – 108,900 pellets/ha
	Lewis and Legler, 1968 (from: Best et al., 1992)

	24 waterfowl hunting areas
	0 – 295,120 pellets/ha
	Bellrose, 1959 (from: Best et al., 1992)

	SUMMARY
	0 – 860,000 pellets/ha
	Minimum – maximum


* 110-27000 ppm dry weight

** 95% upper confidence limit of exposure point concentrations

The aquatic compartment (surface water and sediment)

Measured Pb concentrations in surface water (summarized in Table 3.1.5-21) on-site are significantly higher than predicted Pb concentrations in receiving surface water outside the range. This can largely be explained by the fact that monitoring of Pb in surface water were made on the shooting range itself and the predictions are based on the assumption that there are no direct Pb shot emissions to surface water. Note also that all measured samples came from ranges in the USA.

In Peddicord & LaKind (2000), surface water Pb concentration is studied in a recreational outdoor shooting facility, including pistol, large-bore, and trap and skeet ranges. The ranges are located sequentially down the valley of a small stream in wooded hilly terrain and are interspersed with wooded and vegetated wetland areas on and between the ranges. In Cao et al. (2003b), samples were taken in retention ponds or ponds close to firing line. In Stansly et al. (1992), lead was measured close to the shot fall-out zone.

The rifle range in Craig et al. (1999) is traversed by two shallow drainage ditches which extend the length of the range. This drainage ditch terminates in an oval shaped shallow depression which generally contains water up to 1 meter in depth. Water drains out of the shallow depression into a shallow, apparently natural stream bed and passes then into a creek. During and for variable lengths of time after periods of rainfall, water up to several centimetres in depth is observed draining across the rifle range in the shallow ditches. On the shotgun range in Craig et al. (1999), water periodically stands in a shallow depression in the center of the range. The samples taken closest to the backstop gave values ranging from 36.6 – 473 µg/L. The samples taken in the central parts of the rifle and the shotgun shooting areas gave values ranging from 11.7 – 33.8 µg/L Pb, one sample taken in the runoff channel at the left margin of the rifle area gave a value of 64.6 µg//L Pb and the sample from the small collection pond to the left of the rifle area shooting boxes gave a value of 22.2 µg/L Pb. The sample taken at the margin of the shotgun shooting area where runoff drains into a natural drainage depression in the forest gave a value of 4.3 µg/L and the samples taken in the drainage streams approximately 300 meters down stream from the actual shooting areas gave values of 1.6 and 0.3 µg/L. A sample taken from the small forest drainage stream upstream from the site where it receives drainage from the shooting ranges, and thus presumably where it is unaffected by the shooting range gave a value of 0.5 µg/L. Craig et al. (1999) further concludes there is not a sufficient increase in the surface flow for dilution to account for a decline in the lead content of the waters. The decline in the lead concentration of the waters as they drain away from the backstop is significant and appears to result from a removal in lead from the waters. The decline in the lead contents of the surface water is important and encouraging because these data suggest that the dispersal of lead from the surface of the shooting range is very small.

In Urzelai et al. (2003), the monitored data show that lead mobility and migration to surface water is unlikely to be a serious problem in the investigated clay target shooting sites in the Basque country (Spain). Only the presence of surface water bodies directly affected by shot deposition can lead to higher Pb water concentrations.

Göteborgs Stad (2005) issued a report with results of the monitoring of metal concentrations in 29 streams and watercourses in the Gothenburg area in Sweden. Three out of these are streams draining shooting ranges. Metal concentrations were determined in water moss planted in the streams and harvested after 2 weeks exposure. In Otterbäcken, Pb concentrations of 18-100 mg/kg dw are measured. In two other sampling points, Pb concentrations of 8.1-229 and 39-283 mg/kg dw are measured in water moss. These measurements can not be compared to EUSES prediction results as water moss concentration is not considered as an endpoint. Moreover, it is not clear from the report whether the sampling points are located on-site or off-site shooting ranges or shooting areas.

Sundin (2005) presents some measurements of Pb on the area of a former shooting range (in use from beginning of 1900s-1968), where the gravel and sand from the backstop berms has been spread over the surrounding area. In summary, 9.79 – 20.9 µg/L was found in the water on-site, 3 g/kg Pb in the roots of the plants from the stream and 7-24 mg/kg in lingonberries growing in the area.

In this targeted risk assessment, it is assumed that all Pb shot deposition occurs within the range perimeters on the soil and there is consequently no direct emission to surface water or drainage ditches on the site. When drainage ditches or surface water is present at the shooting range, high Pb concentrations are measured. However, once the water drains to nearby creeks or rivers, measured concentrations are much smaller (0.3–1.6 µg/L (with upstream concentrations of 0.5 µg/L) as shown in Craig et al. (1999) and 5 µg/L as shown in Urzelai et al. (2003)). The predicted concentrations are of the same order of magnitude as the concentrations found downstream of shooting range. 

Table 3.1.5‑21
Measured concentrations of Pb in surface water for all considered scenarios

	Scenario
	On-site concentration (µg/L)
	Off-site concentration (µg/L)
	Reference

	Type range unknown

	Outdoor shooting facility incl. pistol, trap and skeet in USA 
	49,100 *
	NA
	Peddicord & LaKind, 2000

	Small ditches containing hydro-cerussite-coated bullets in USA
	11.7 – 473#
	0.3 – 4.3#
	Craig et al., 1999

	Former shooting area where backstop berms has been spread over the surrounding area
	9.79 – 20.9 
	NA
	Sundin, 1995

	Outdoor pistol/rifle shooting ranges

	Five ranges in USA
	ND – 289 **

ND – 234 ***
	NA
	Cao et al., 2003b

	In the shot fall-out zone, USA
	127 – 838 
	NA
	Stansley et al., 1992

	SUMMARY
	ND – 838
	NA
	Minimum – maximum

	Clay target shooting ranges (trap and skeet)

	USA
	60 – 2,900
	NA
	USEPA, 1994

	2 ranges in Basque country (Spain)
	62
	5
	Urzelai et al., 2003

	SUMMARY
	60 – 2,900
	5
	Minimum – maximum


* 95% upper confidence limit of exposure point concentrations

** total

*** dissolved

# pH ranged from 5.28 till 6.51

Similar conclusions can be given for the measurements of Pb in sediment (summarized in Table 3.1.5-22). The measured concentrations are larger than the predicted ones. However, sediments samples were taken on locations where direct Pb shot deposition is expected. Yurdin (1993) found off-site sediment concentrations of 129 mg/kg (ranging from 11-345 mg/kg).

Table 3.1.5‑22
Measured concentrations of Pb in sediment for all considered scenarios

	Scenario
	On-site concentration (mg/kg)
	Off-site concentration (mg/kg)
	Reference

	Type range unknown

	Outdoor shooting facility incl. pistol, trap and skeet in USA
	7,051 *


	NA
	Peddicord & LaKind, 2000

	Near shore lake sediments adjacent to shooting range in USA
	NA
	129.5

(11 – 345)
	Yurdin (1993)

	(Intensively) hunting areas

	Prime Hook National Wildlife Refuge in USA
	52

(st.dev. = 16)
	Beyer et al., 1999

	Popular lakes in Canada
	Can reach more than 2,000,000 pellets/ha
	Beintema, 2001


* 95% upper confidence limit of exposure point concentrations

The porewater/groundwater compartment

Although the porewater/groundwater compartment is not assessed in the environmental risk assessment, some Pb measurements from literature can be found in Table 3.1.5-23. No predictions for groundwater were made. The predicted pore water concentrations, however, are of the same order of magnitude as the measured concentrations.

Table 3.1.5‑23
Measured concentrations of Pb in porewater

	Scenario
	Concentration

(µg/L)
	Reference

	Leach experiments on 3 three soils (New Zealand)
	1,600 – 3,400

400 – 500

200 – 1,100
	Rooney, 2002

	Leach experiment in Canada
	> 5,000
	Thomas, 1997


Mobilisation and migration of Pb downward through the soil profile has been recently documented at a clay target shooting range by Murray et al. (1997). The spatial distribution of Pb in subsurface soil horizons at a contaminated clay target shooting range correspond to the spatial distribution of Pb in surface soil, indicating that Pb was migrating downward through the profile. Soil Pb concentrations in the clay-rich profile were approximately 1000 mg/kg at the surface and >200 mg/kg at a depth of 1 m. 

Scheinost (2003) provides an overview of possible mechanisms of vertical distribution of Pb in the soil profile. He concluded that only in a few cases, a very small amount of Pb (<0.01%) was transported down the soils profile to depths < 1 m. Mechanisms involved were transport of soluble Pb species along preferential water flow paths (root channels, cracks and other macropores), and perhaps also transport of Pb bound to mobile colloids (in carbonaceous soils). Due to the large amounts of Pb commonly present in shooting range soils, even the small amounts migrating down towards the groundwater may be in the order of kilograms per year and shooting range. However, few available studies show no elevated Pb concentrations in ground waters associated with shooting ranges.

3.1.2.1.6 Calculation of PEClocal for disposal 

Local aquatic PEC for MSW incinerator: current situation (25 % incineration)
Since the collection of site-specific data on MSW incinerators was outside the scope of this report, a local scenario has been developed for a hypothetical incinerator.  On average 29 incinerators (371/13) are present in one region incinerating 2,977 ktonnes (38,700/13) of MSW per year giving a capacity of 102,655 tonnes MSW/plant/year. The amount of wastewater generated is typically 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/tonne for the FGCS and 0.25 m3 boiler water per tonne. Stubenvoll et al (2002) reported amounts of waste water between 0.3-0.4 m3 /tonne. If it is assumed that an incinerator is in operation for 330 days per year a daily flow between 93 and 778 m3 can be calculated ((102,655*2.5 (or 0.3)) /330). Using these two values and assuming a default river flow rate of 18,000 m3/d (TGD default) a generic dilution factor between 24 (=18,778/778) and 195 (= 18,093/93) can be calculated. 

Although it was impossible to gather site-specific information for every incinerator in Europe, for some incinerators site-specific information on type of receiving water and flow rate was available (Table 3.1.5-24). The dilution factors provided in this table were calculated using the minimum effluent flow of 93 m3/d and the maximum flowrate of 778 m3/d, respectively.

Table 3.1.5‑24
Calculated site specific dilution factors for some MSW incinerators in the EU 

	Incinerator
	Receiving water
	flow rate

m³/d
	778 m³/d
	93 m³/d

	
	
	
	Dilution factor

	United Kingdom

	Edmonton Incinerator

London Waste Ltd
	Thames
	5,702,400
	7,331
	61,317

	Lewisham Incinerator

London
	Thames
	5,702,400
	7,331
	61,317

	Stoke on Trent Incinerator

MES Environmental Ltd
	Trent
	54,432
	71
	586

	Nottingham Incinerator

Waste Recycling Group
	Trent
	5,814,000
	7,474
	62,517

	
	
	
	
	

	France

	Brive
	Corrèze
	864,000
	1,112
	9,291

	Chartres
	Eure
	432,000
	556
	4,646

	Toulouse
	Garonne
	17,280,000
	22,212
	185,807

	Bordeaux
	Garonne
	60,480,000
	77,739
	650,324

	Pau
	Gave de Pau
	> 57,888
	> 75
	623

	Orléans
	Loire
	73,008,000
	93,842
	785,033

	Angers
	Maine
	11,059,200
	14,216
	118,917

	Chaumont (close to the source)
	Marne 
	17,280
	23
	187

	Créteil
	Marne (at mouth in Seine) 
	4,242,240 – 8,320,320 
	5,454 – 10,695
	45,616 – 89,467

	Caen 
	Orne
	2,790,720
	3,588
	30,009

	Maubeuge
	Sambre
	43,200 – 259,200
	57 – 334
	466 – 2,786

	Strasbourg
	Rhine
	9,936,000
	12,772
	106,840

	Lyon Sud
	Rhone
	40,262,400 – 49,334,400
	51,752 – 63,413
	432,930 – 530,478 

	Bellegarde
	Rhone
	31,104,000
	39,980
	334,453

	Lyon Nord
	Saone
	27,993,600 – 31,795,200
	35,982 – 40,869
	301,007 – 341,885

	Le Mans 
	Sarthe
	2,937,600

(à Spay, 5 km van Le Mans)
	3,777
	31,588

	St. Thibault des Vignes

Carrières/S.

Guerville

Issy les Moul.

St Ouen

Ivry

Argenteuil
	Seine


	27,648,000 
	35,538
	1

297,291


From the previous table it is clear that a lot of incinerators are discharging their effluents into large rivers frequently resulting in a dilution factor larger than 1,000. In order to obtain both a realistic worst case dilution factor and a typical dilution factor the cumulative distribution function of dilution factors have been elaborated and the 10th percentile and the 50th percentile are taken respectively.
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Figure 3.1.5‑8
Cumulative distribution function of dilution factor based on reported flowrates.

From the Figure above it can be calculated that the realistic worst case dilution factors (10th P) range between 100.8 and 832. Typical dilution factors (50th P) range between 8,013 and 66,633.

In order to take this variation in dilution factors over to the risk characterization phase two scenarios are withheld:

· Realistic worst case dilution factor of 100

· Typical dilution factor of 1,000

As effluent concentration for the local PEC calculations the 90th P value has been chosen of the measured influent concentration and a removal efficiency of 98 %.

Effluent concentration = 8 mg Pb/L (90th influent) x (1-0.98) = 0.16 mg Pb/L

In scenario 1, the amount of waste water generated is 778 m3/tonne.d With an effluent concentration of 0.16 mg Pb/L and 330 operating days a yearly load of 41 kg can be calculated (778 m3/d x 330 d/y x 0.16 mg/L = 41 kg Pb/y). In a similar way the lead load associated with 93 m3 of waste water per day can be calculated (93 m3/d x 330 d/y x 0.16 mg Pb/L = 4.9 kg Pb/y

Table 3.1.5‑25
Local PECwater for MSW incineration plants in the EU. Regional PEC water is 0.61 µg/L (measured).

	
	Emission
	Ceffluent
	Dilution factora
	Clocal water
	PEClocal water

	
	kg/y
	mg/L
	-
	µg/L
	µg/L

	Scenario 1
	10h percentile  measured dilution factors

	
	41
	0.16
	100
	0.287
	0.90

	Scenario 2
	50th percentile  measured dilution factors

	
	4.9
	0.16
	1,000
	0.029
	0.64


The Pb emissions and the calculated PEClocalwater in Table 3.1.5-25 represent the impact of all lead containing sources in the MSW. PEClocal surface water of 0.64 µg/L is calculated for the scenario with a typical dilution factor of 1,000. This value includes a regional background of 0.61µg/L. If the calculations are performed with the realistic worst case dilution factor (i.e. 100) PEClocalwater is 0.90 µg/L which is only slightly above the regional PEC value (0.61 µg/L).

Local aquatic PEC for landfill: current situation (leachate lead concentration = 382 µg/L)

In the following paragraphs the results from the local exposure assessment for a generic landfill are presented. Since the collection of site specific data on landfills was out of the scope of this report, local PEC values have been calculated for two hypothetical sites:

· Scenario 1: a landfill where the collected landfill leachate is discharged directly to the surface water 

· Scenario 2: a landfill where the collected landfill leachate is discharged into a municipal STP before going into the surface water

The contamination of the groundwater compartment (PEC groundwater, added) due to fugitive emissions of landfills has not been quantified on a local scale since no guidance is available to perform these calculations.

In the case of scenario 1 (direct discharge to surface water) a generic dilution factor can be calculated from the leachate volume generated daily (100 m3/d) and the default flow rate of a river being 18,000 m3/d resulting in a dilution factor of 180. 
In scenario 2 the landfill leachate is discharged to the public sewer system (STP). These discharges will undergo a dilution step in the STP. The corresponding dilution factor is calculated based on the landfill effluent flow rate and a default sewage flow of 2,000 m3/d. In addition to the dilution factor the lead removal efficiency of the STP has to be taken into account. According to CBS (2002) a removal efficiency of 84 % can be used for STP's. Finally the effluent of the STP is diluted in the receiving water. For the latter a default dilution factor of 10 can be used (based on a default flow rate of the receiving surface water of 18,000 m3/d and a default effluent flow of the STP of 2,000 m3). The results of the calculations are presented in Table 3.1.5-26-27.

Table 3.1.5‑26
Local PECwater for MSW landfills emitting directly to the surface water (scenario 1) or indirectly through a STP (scenario 2). Lead leachate concentration is 382 µg/L. Current scenario.

	Input
	Scenario 1
	Scenario 2

	Effluent flow (m3/d)
	100
	100

	Conc. effluent (µg/L)
	382
	382

	Size of STP (m3/d)
	N/A
	2,000

	Removal of lead in STP (%)
	N/A
	84

	Flow rate receiving water (m3/d)
	18,000
	18,000

	Dilution factor from STP to river
	N/A
	10

	Output
	
	

	Calculated dilution factor in STP
	N/A
	21

	Calculated conc. effluent STP (µg/L)
	N/A
	2.9

	Calculated generic dilution factor in receiving water
	180
	10


N/A = not applicable.

Table 3.1.5‑27
Local PECwater for MSW landfills emitting directly to the surface water (scenario 1) or indirectly through a STP (scenario 2: STP). Lead leachate concentration is 382 µg/L. Regional PEC water is 0.61 µg/L (measured).

	Use category
	Ceffluent
	Dilution factora
	Clocal water
	PEClocalwater

	
	mg/L
	-
	µg/L
	µg/L

	Scenario 1 (direct discharge, no STP)
	
	
	
	

	MSW Landfill 
	0.382
	180
	0.39
	1.0

	Scenario 2 ( STP)
	
	
	
	

	MSW Landfill 
	0.0029
	10
	0.05
	0.66


a dilution in receiving water

A PEClocal surface water of 0.66-1.0 µg/L is calculated for both scenarios which is only slightly above the regional PEC (= 0.61 µg/L). 

Local PEC sediment for MSW incinerator: current situation
PEC sediment was calculated for a hypothetical incineration under generic and realistic worst case situations. 

Table 3.1.5‑28
Local PECsediment for a generic worst case MSW incineration plant in the EU. Regional PEC sediment 1 is 46.9 mg/kg dry wt. (modelled, no historic contamination); the PECregional sediment 2 is 100.1 mg/kg dry wt. (measured, includes historical contamination).  
	Use category
	N°
	Emission
	Dilution factor
	Clocal sediment


	PEClocal sediment 1
	PEClocal sediment 2

	
	
	kg/y
	-
	mg/kg dry.wt.
	mg/kg.dry wt.
	mg/kg.dry wt.

	Generic situation 
	
	
	
	
	
	

	MSW Incineration plant 
	1
	41
	1,000
	8.46
	55
	109

	Realistic worst case
	
	
	
	
	
	

	MSW Incineration plant 
	2
	4.9
	100
	83.7
	131
	184


The results from the local exposure assessment for MSW incineration plants (generic situation) predict a Clocal sediment of 8.5 mg/kg dry wt. (all MSW) if a dilution factor of 1,000 is applicable and 83.7 mg/kg dry wt when a dilution factor of 100 is applied. If historical contamination is not taken into account (i.e. the modelled PECregional is used) the PEClocal sediments are in the range 55-131 mg/kg dry wt.

Local PEC sediment for landfill: current situation (leachate lead concentration = 382 µg/L)

Table 3.1.5‑29
Local PECsediment for MSW landfills emitting directly to the surface water (scenario 1) or indirectly through a STP (scenario 2). Lead leachate concentration is 382 µg/L. Regional PEC sediment 1 is 46.9 mg/kg dry wt. (modelled, no historic contamination); the PECregional sediment 2 is 100.1 mg/kg dry wt. (measured, includes historical contamination).  

	Use category
	Cleachate
	Dilution factora
	Clocal sediment
	PEClocal sediment 1
	PEClocal sediment 2

	
	mg/L
	-
	mg/kg dry wt.
	mg/kg dry wt.
	

	Scenario 1 (direct discharge, no STP)
	
	
	
	
	

	MSW Landfill 
	0.382
	180
	114
	161
	214

	Scenario 2 ( STP)
	
	
	
	
	

	MSW Landfill 
	0.0029
	10
	14.6
	61
	115


a dilution in receiving water

The sediment concentration is 14.6 mg/kg.dry wt. (all waste) if the leachate is sent to an STP and 114 mg/kg dry wt. if there is no STP. If the historical contamination is not taken into account the PEClocal sediments are in the range 61-161 mg/kg dry wt.

3.1.2.2 Measured levels 

A description of the surface water and sediment monitoring data available for local sites is included in sections 3.1.5.1.1-2. 

3.1.2.3 Comparison between predicted and measured levels

Table 3.1.5‑30: Summary of calculated versus measured levels in surface water for Pb producing/processing sites for which measured data are available

	N°
	Emission amount
	PEClocalwater

Calculated

Dissolved Pb

(reg bg=0.61 µg/l)
	measured(1) 

(estimated dissolved Pb unless stated differently)
	remarks
	year

	
	kg/d
	µg/l
	µg/l
	
	

	Pb metal production
	
	
	
	
	

	LDA-01
	0.065

(tidal river)
	0.62

(ss=0.61)


	nr

	Monitoring data: water: 9.9 µg/l (total Pb, 2 km downstream from discharge point); 20.9 µg/l (total Pb, 2 km upstream from discharge point); tidal river
	

	LDA-02
	0.71

(estuary)
	1.10

(ss=0.93)

(spec. bg=0.91)
	D: 0.311
	Monitoring data water: 4.7 µg/l (total Pb).
	

	LDA-27
	0.016

(estuary)
	0.69

(ss=0.69)

(spec. bg=0.69)
	nr
	Monitoring data water: 10.7 µg/l (total Pb, 300 m upstream from discharge point); 14.1-14.7 µg/l (total Pb, 5-10 km downstream from discharge point)
	

	LDA-31
	0.049

(river, after STP)
	0.70

(spec. bg=0.69)
	D: 5.521
	Monitoring data water: 30  µg/l (avg, total Pb)
	

	LDA-39
	0.14

(river)
	1.44

(spec. bg=0.69)
	nr
	Monitoring data water: 1.3 µg/l (total Pb, average, 200 m upstream from discharge point); 2.7 µg/l (dissolved) & 18 µg/l (total Pb) (unclear if downstream from site; min-max: 1.2-2.7 µg/l; data from 1991-1995)
	

	LDA-40
	0.00022

(river)
	0.71

(spec. bg=0.69)
	D: 0.551
	Monitoring data water: 9 µg/l (total Pb, 25-50 m upstream from discharge point); 3 µg/l (total Pb, 25-100 m downstream from plant)
	

	LDA-56
	0.037

(river)
	0.73

(ss=0.70)

(spec. bg=0.69)
	nr
	Monitoring data water: 2.6 µg/l (total Pb, average, 16 km upstream from discharge point); 3.6 µg/l (total Pb, average, 10 km downstream from discharge point)
	

	LDA-67
	NA

(river)
	1.53

(ss=0.61)


	D: 4.781
	Monitoring data water: upstream: 4.0 µg/l (total Pb, during winter, stream with water) (first receiving river); 

Downstream: 26 µg/l (total Pb, during winter, stream with water, during summer (no rain), stream is dry (first receiving river). Temporary river.
	

	
	
	
	
	
	

	Pb sheet production
	
	
	
	
	

	LDA -25
	Storm drain, no process water
	0.70
	D: <0.371
	Monitoring data water: < 2 µg/l (total Pb, reported for both upstream and downstream conditions)
	

	LDA-51
	0.76
	2.31
	D: <1.841
	Monitoring data water: < 10 µg/l (total Pb, 100 m upstream from discharge point; year 2002 data); <10 µg/l (total Pb, 20 m downstream from discharge point; year 2002 data)
	

	Pb battery plants
	
	
	
	
	

	LDA-34
	0.14

(river)
	2.40
	D: 3.311 (90P)

D: 2.211 (avg)
	Monitoring data water: 18 µg/l (90P), 12 µg/l (avg) (total Pb, no distances specified, year 2000 data)
	

	LDA-37
	0.21

(river)
	4.67

(spec. bg=0.69)
	D: 0.561 (avg)

D: 2.901 (max)
	Monitoring data water: 0.1-15.8 µg/l; avg: 3.02 µg/l (variation due to the water volume out of the new water treatment as well as the water flow in the river)
	

	LDA-38
	0.01

(river)
	0.56

(ss=0.54) 

(spec. bg=0.54)


	D: <1.841
	Monitoring data water: <10 µg/l (250 m upstream), <10 µg/l (100 m downstream)
	

	LDA-46
	0.09

(river)
	2.45
	D: 3.391 (avg)

D: 5.851 (90P)
	Monitoring data water: 

5.6 µg/l (avg); 6.8 µg/l (90P), (20-100 m upstream from discharge point; 2002-2003 data; pH: 7.7-8.15; <5-8)

18.4 µg/l (avg); 31.8 µg/l (90P) (3-4 to 100 m downstream from discharge point; 2002-2003 data; 5dp (different distances), AAS, total PB, pH: 7.3-8.0; 6-33
	

	LDA-48
	0.06

(river)
	8.30 (small river)

1.38 (large river)

(spec. bg=0.69)
	nr
	Monitoring data water: 

2.7 µg/l (total Pb, 90P value, 50 m upstream from discharge point; 1.75 µg/l (avg value), local EA, year 2000
	

	
	
	
	
	
	

	Lead oxide production
	
	
	
	
	

	LDA-22
	0.055

(river)
	0.73

(ss=0.54)

(spec. bg=0.54)
	D: 1.641  (90P)

D: 1.031  (avg)


	Monitoring data water: 

7.8 µg/l (90P); 5.2 µg/l (avg) (min-max: 2-14 µg/l, 12dp, assumed total Pb, upstream

8.9 µg/l (90P); 5.6 µg/l (avg) (min-max: 2-12 µg/l, 12dp,  assumed total Pb, downstream
	

	
	
	
	
	
	

	Pb stabiliser production
	
	
	
	
	

	LDA-08
	0.020

(estuary)
	0.96

(ss=0.91)

(spec. bg=0.91)
	D: 0.981
	Monitoring data water: 

15 µg/l (0.002% contribution company)
	

	LDA-09
	0.03 

(river after STP)
	0.61
	0.5
	Monitoring data water: 

0.5 µg/l (annual avg, 90P, dissolved Pb, large river downstream from municipal STP, year 2000)
	

	
	
	
	
	
	


*: emission to sea; (1) If total concentrations are measured, dissolved concentrations in freshwater are estimated to be 18% of total Pb concentration (Kp = 295,121 l/kg, Csusp = 15 mg L-1); for estuarine waters this value is 6.5% (Kp = 954,993 l/kg, Csusp = 15 mg L-1); for marine waters this value is 10.5% (Kp = 1,698,244 l/kg, Csusp = 5 mg L-1). Nr: data not relevant for site assessment; U: upstream; D: downstream; PECtotal reg used for derivation of PEClocal = 0.61 µg/l; unless otherwise specified.

Measured Pb concentrations in surface water – presented in Table 3.1.5-30- are available for Pb metal producing plants LDA-01,02, 27, 31, 39, 40, 56, 67; lead sheet production plants 25, 51; lead battery plant LDA-34, 37, 38, 46, 48 and lead oxide producing plant LDA-22 and lead stabiliser producing plant LDA-08, 09.

It should be noted that for 5 sites of the ones listed above (i.e. LDA-01, 27, 39, 56, 48) the reported monitoring data are not relevant for the specific sites – i.e. only background levels are reported; no downstream values are provided; the sampling downstream is too far away from the discharge point (some kms), thus not relevant for the site. Measurements are outdated (year 1991-1995).

Please also note that since most sites report total Pb concentrations; the measured values have been transformed to dissolved Pb –assuming that 18% of total Pb in freshwater is in the dissolved state (TGD formula, using Kpsusp=295,121 l/kg, Csusp=15 mg/l) in order to compare the values with the dissolved Pb concentrations from the modelling exercise. For estuarine and marine water these percentages are calculated as 6.5% (Kp = 954,993 l/kg, Csusp = 15 mg L-1) and 10.5% respectively (Kp = 1,698,244 l/kg, Csusp = 5 mg L-1).

· The dissolved Pb concentration of 0.31 µg/l measured in the estuary downstream from the discharge point of Pb metal production site LDA-02 is a factor 3.5 lower than the predicted concentration of 1.10 µg/l. 

· For Pb metal production site LDA-31, discharging to river, modelled and measured dissolved Pb concentrations of 0.70 µg/l and 5.52 µg/l respectively are reported. The measured value is situated a factor of 7.9 above the modelled level. Please note that this site discharges its effluent to a municipal STP, hence inputs from other sources are also captured in the measured value.

· For site LDA-40, downstream measured Pb concentrations in surface water are reported at a distance of 25-100 m from the site. The measured value of 0.55 µg/l is in agreement with the modelled value of 0.71 µg/l.

· The dissolved Pb concentration of 4.78 µg/l measured in the temporary river downstream from site LDA-67 is situated a factor of 3.1 above the modelled Pb concentration of 1.53 µg/l.

· Pb sheet production sites LDA-25 and LDA-51 report levels below detection limits for upstream and downstream measurements. Dissolved Pb concentrations of <0.37 µg/l and <1.84 µg/l have been reported, in the same order of magnitude of modelled PECs of 0.70 µg/l and 2.31 µg/l respectively.

· Pb battery plant LDA-34 reports downstream measurements of 2.21 µg dissolved Pb/l (average) and 3.31 µg/l (90P) respectively. These values corroborate well with the modelled PEC of 2.40 µg/l.

· Average and maximum reported Pb concentrations in the river downstream of site LDA-37 are 0.56 µg/l and 2.9 µg/l respectively. These levels are situated below (factor 1.6 to 8.3) the modelled value of 4.67 µg/l.

· For both Pb battery sites LDA-38 and LDA-46, reported measured Pb concentrations in the receiving water downstream from the discharge point are two-threefold higher than the modelled values; measured levels are respectively <1.84 µg/l (LDA-38) and 3.39 µg/l (avg) – 5.85 µg/l (90P) (LDA-46); modelled values are 0.56 µg/l (LDA-38) – 2.45 µg/l (LDA-46).

· The dissolved Pb concentration of 1.03 µg/l (avg) – 1.64 µg/l (90P) µg/l measured in the river downstream from the discharge point of Pb oxide site LDA-22 are similar to a factor of 2 higher than the predicted concentration of 0.73 µg/l.

· Pb stabiliser sites LDA-08 and LDA-09 report measurements downstream from the plant discharge of 0.98 µg/l and 0.5 µg/l respectively, well in agreement with model predictions of 0.96 µg/l and 0.61 µg/l.  

In conclusion, it can be noted that only limited measured information is (made) available.

In general measured Pb concentrations in surface water show good corroboration with the modelled local values for receiving surface waters (the difference is maximum a factor of 8.2 lower to a factor 8.9 higher).

The measured (estimated dissolved) concentrations, including background concentrations, range from 0.31 to 5.52 µg/l for lead production and processing sites (Table 3.1.5-30). The range of calculated PEC values in water for the specific sites is 0.61-8.30 µg/l (the latter figures include the calculated regional background level or a country-specific regional level (if available, see table).

For other sites no comparison is possible due to lack of measured data.

Both calculated and measured values will be taken forward to the risk characterisation bearing however in mind the limitations of these values.

Table 3.1.5‑31: Summary of calculated versus measured levels in sediment for Pb producing/processing sites for wich measured data are available
	N°
	Emission amount
	PEClocalsediment

Calculated
	measured 


	remarks
	year

	
	kg/d
	mg/kg dw
	mg/kg dw
	
	

	
	
	(PECtotalreg =55.4 mg/kg dw, modelled)

(PECtotal regional=100.1 mg/kg dw, measured)
	
	
	

	Pb metal production
	
	
	
	
	

	LDA-01
	0.065

(tidal river)
	58

(ss=57)

110

(ss=108)

(spec. bg=107.3)
	nr
	Monitoring data sediment: 36.6 mg/kg dw (2 km upstream from discharge point). 

140.3 mq/kg dw (2 km from discharge point)
at discharge point: 147 mg/kg dw)
	2000



	LDA-27
	0.016

(estuary)
	56

(ss=55)

101

(ss=100)
	nr
	Monitoring data sediment:

95 mg/kg dw (2.1 km north, year 2002)

56-78 mg/kg dw (2.8 km south-7 km south) (year 2002)
	2002

	LDA-40
	0.00022

(river)
	60

105
	nr
	Monitoring data sediment:

1600 mg/kg dw (geological burdened region)

220-12000 mg/kg dw (min-max). Data from 1991-1995.
	1991-1995

	LDA-63
	0.55

(river)
	126

171

(ss=100)
	67.8 ( 16
	Monitoring data sediment:

Upstream: 80.4 ( 21.4 mg/kg dw

Downstream: 67.8 ( 16 mg/kg dw


	2000

	Pb sheet production
	
	
	
	
	

	LDA-51
	0.76

(river)


	551

603

(spec. bg=107.3)
	1040
	Monitoring data sediment:

Upstream: 236 mg/kg dw

(100 m before discharge point, 1 sample)

Downstream: 1040 mg/kg dw

(20 m after discharge point, 1 sample)


	2000

	Pb battery producing plants
	
	
	
	
	

	LDA-37
	0.21

(river)
	1217

1261
	nr
	Monitoring data sediment:

Upstream: 10-45 mg/kg dw (year 2003, river sediment)
	2003

	LDA38
	0.13

(river)
	61

(ss=48)

89

(spec. bg=83.3)
	192
	Monitoring data sediment:

Upstream: 134 mg/kg dw (250 m upstream, year 2001 data)

Downstream: 192 mg/kg dw (150 m downstream, year 2001 data)
	2001

	LDA-46
	0.09

(river)
	593

637
	351 (avg)

681 (90P)
	Monitoring data sediment:

Upstream: avg: 73.6 mg/kg dw; 90P: 135 mg/kg dw;

100-500 m upstream from discharge point, different distances; 5 dp; min-max: 23-152 mg/kg dw. September/October 2003.

Downstream: avg: 351 mg/kg dw; 90P: 681 mg/kg dw;

2-300 m from discharge point; different distances; 11dp; min-max: 40-1080 mg/kg dw. September/October 2003.
	2003

	LDA-48
	1.0

(river)
	2275

2320
	61
	Monitoring data sediment:

Upstream: 446 mg/kg dw, 50 m before discharge point; small river; 1 sample; 7/7/2004; dl: 5 mg/kg dw

Downstream: 61 mg/kg dw, 50 m after discharge point, small river, 1 sample; 7/7/2004; dl: 5 mg/kg dw.
	2004

	LDA-48
	0.16

(river)
	257

302
	28
	Monitoring data sediment:

Upstream: 50 mg/kg dw; 50 m before incoming river, measured in large river; 1 sample point; dl: 5 mg/kg dw.

Downstream: 28 mg/kg dw; 50 m downstream from confluence rivers; large river, 1 sample: dl: 5 mg/kg dw.
	2004

	LDA-49
	0.16

(river)
	944

989
	400-3000
	Monitoring data sediment:

Upstream: 1190-7500 mg/kg dw (500m-1000m upstream from plant); high geogen and anthropogen backgrounds due to lead and zinc smelters.
Downstream: 400-3000 mg/kg d (old data; 250 m SE of plant)
	2000

small river

	Pb oxide production
	
	
	
	
	

	LDA-22
	0.051

(river)
	110

(ss=56)

138

(ss=84)

(spec. bg=83.3)
	Nr

	Monitoring data sediment:

Upstream: 53.1 mg/kg dw (90P); 34.5 mg/kg dw (avg); min-max: 13-60 mg/kg dw, 4dp, 1995-96, 2000, 2001, 30 km upstream from plant.

Downstream: 78.7 mg/kg dw (90P); 56.0 mg/kg dw (avg); min-max: 28-79 mg/kg dw, 4dp; 1995-96, 2000, 2001, 30 km downstream from the plant.
	2001-2003

	Pb stabilizer production
	
	
	
	
	

	LDA-06
	0.005
	69

113
	86 (90P)

56 (avg)
	Monitoring data sediment: upstream: 38-59 mg/kg dw (200 m upstream from discharge point, 2002 data)

Downstream: 90P: 86 mg/kg dw; avg: 56 mg/kg dw (19-99 mg/kg dw (0-17cm upper layer; 10-100 m downstream from discharge point, 4dp); 27-33 mg/kg dw (17-33 cm layer); 5-31 mg/kg dw (33-50 cm layer)


	2002


*: emission to sea; Nr: data not relevant for site assessment; U: upstream; D: downstream; PECtotal reg used for derivation of PEClocal = 54.4 mg/kg dw (modelled) or 100.1 mg/kg dw (measured); unless otherwise specified.

Measured Pb concentrations in sediment – presented in Table 3.1.5-31- are available for Pb metal producing plants LDA-01, 27, 40, 63; lead sheet production plant 51; lead battery plant LDA-37, 38, 46, 48, 49; lead oxide producing plant LDA-22 and lead stabiliser producing plant LDA-06.

It should be noted that for 5 sites of the ones listed above (i.e. LDA-01, 27, 40, 37, 22) the reported monitoring data are not relevant for the specific sites – i.e. only background levels are reported; no downstream values are provided; the sampling downstream is too far away from the discharge point (some kms), thus not relevant for the site. Measurements are outdated (year 1991-1995).

· Pb metal production site LDA-63 provides recent measurements in sediments downstream from the discharge point of 67.8(16 mg/kg dw. The measured Pb concentrations are 1.9-2.5 times below the calculated PEClocal sediment of 126 mg/kg dw (modelled PECregional as background) and 171 mg/kg dw (measured PECregional as background).

· Site LDA-51 provides recent upstream and downstream measurements in sediments of 236 mg/kg dw and 1040 mg/kg dw respectively. The measured downstream Pb concentration is twofold the modelled PECs of 551-603 mg/kg dw. 

· Pb concentrations in sediments located 150 m downstream from battery site LDA-38 are reported to be 192 mg/kg dw; i.e. two to threefold the modelled PECs sediment for the site of 61-89 mg/kg dw.

· Reported average and 90P Pb concentrations in sediment downstream from site LDA-46 i.e. 351 mg/kg dw and 681 mg/kg dw respectively, are in the same order of magnitude as the modelled sediment concentrations for the site of 593-637 mg/kg dw. 

· Battery production site LDA-48 reports Pb concentrations in sediment 50 m after the discharge point of 61 mg/kg dw (year 2004 data) in the small river, 37-38 times below the modelled Pb in sediment values of 2275-2320 mg/kg dw. For the same site, a measured sediment value is provided 50 m downstream of the confluence of the small and large river i.e. 28 mg/kg dw. This value is situated ten times below the modelled PECs (257-302 mg/kg dw).

· Measured data are reported for site LDA-49. It should be noted however that the site is characterised by high geogen and anthropogenic backgrounds, partly due to the presence of lead and zinc smelting activities. Downstream Pb in sediment concentrations are reported as 400-3000 mg/kg dw, while modelled PECs for this site amount to 944-989 mg/kg dw.

· Pb stabiliser site LDA-06 reports downstream average and 90P Pb concentrations in sediments of 56 and 86 mg/kg dw respectively, corroborating well with the modelled levels of 69 and 113 mg/kg dw.

In conclusion, it is noted that only limited measured information is (made) available.

Moreover, it is stated by the companies that submitted measured data can be influenced by other sources (incl. historic contamination).

For some of the production or processing sites, the measured values are situated below the modelled PECs (sites 63, 48); for some sites, measured values are situated above the modelled PECs (sites 51, 38, 49); for two other sites the data corroborate well (sites 46, 06).

The measured concentrations in sediment (in the range 28-3000 mg/kg dw) are for the Pb metal producers and processors a factor of 38 lower to 3.2 higher than the calculated values (range 56 to 2320 mg/kg dw). 

For other sectors/plants no comparison is possible due to the lack of measured data.

Both calculated and measured data will be taken forward to the risk characterisation bearing however in mind the limitations of these values.

3.1.3 Terrestrial compartment 

3.1.3.1 Calculation of PEClocal 

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)

Note soil: Due to the fact that the dataset for natural soil is restricted to one country i.e. Germany and due to the wide variability of reported Pb concentrations for this soil type, it is recommended to use the modelled PECregional of 33.6 mg/kg dw, as calculated for natural soil in the generic region (TGD, 10% rule).
3.1.3.1.1 Calculation of PEClocal for lead metal production (primary, secondary) (23 sites)

An overview of the calculated local Pb concentrations in soil is presented in Table 3.1.6-1. From these tables it can be concluded that for Pb metal producers in Europe:

 Soil

· Calculated annual average aerial deposition rates vary between 0.001 mg/m2.d and 0.08 mg/m2.d.
· The main exposure route is aerial deposition for lead metal producers; sludge from the on-site WWTP is not applied to agricultural soil but is recycled or landfilled (industry information). Since the water from LDA-70, 74, 75, 100 and 101 is treated in a municipal STP, the sludge from this STP is assumed to be applied on agricultural land (Pb conc. in sludge: 197 mg/kg dw, 37.4 mg/kg dw, 0.8 mg/kg dw, 20.1 mg/kg dw, 4.3 mg/kg dw) (AD+SA). Site LDA-31 declares that the STP sludge is incinerated instead of applied to land since field application of STP sludge is restricted by regulation with limit values for metals. 
· Calculated added local concentrations in soil vary between 0.028 mg/kg dw (LDA-98, AD) and 3.59 mg/kg dw (LDA-70, AD+SA). Calculated PECtotal levels in soil vary between 28.3 mg/kg dw (modelled regional background generic region = 28.3 mg/kg dw) and 31.9 mg/kg dw. Using the agricultural soil data as PECregional, the calculated PECtotal levels in soil vary between 26.1 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 26.0 mg/kg dw) and 50.9 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 50.8 mg/kg dw).
· Performing the exposure assessment for the soil compartment taking into account stack emissions as well as fugitive emissions (reported for different sites) gives added local concentrations in soil for varying between 0.11 mg/kg dw (min, LDA-66, fugitive emissions: 120 kg/year; stack emissions: 200 kg/year) and 2.01 mg/kg dw (max, LDA-01, fugitive emissions: 3,021 kg/year; stack emissions: 2,970 kg/year) (modelled). Cadd local soil values for these sites taking into account stack emissions only are 0.07 mg/kg dw and 1.00 mg/kg dw respectively. PECvalues of 32.1 mg/kg dw – 34.0 mg/kg dw are obtained. The reported fugitive emissions are therefore significant when compared to stack emissions. It must be stressed that these data were generated using a variety of different methods and probably represent unrealistic worst case estimates. However in this sector they do not increase substantially the PECsoil levels.
· Measured aerial deposition rates are reported for LDA-01, 02, 03, 16, 17, 27, 31, 39, 40, 41, 56, 63. These data cover not only stack emissions from the site, but also fugitive emissions. Measured deposition rates of 0.12-0.27 mg/m2.d (90P) (1,000 m from plant including diffuse emissions) (LDA-01), 0.31-1.07 mg/m2.d (90P) (400m -1 km ?? from plant) (LDA-02), 0.19-0.43 mg/m2.d (includes fugitive emissions + other metal company) (LDA-03), 0.038-0.317 mg/m2.d (different measurement points, 300-2,000 m from the plant) (LDA-16), 0.007 mg/m2.d (year 99-2000); 97/98: 0.009 mg/m2.d; 98/99: 0.006 mg/m2.d (17 km from site) (LDA-17), 0.08-0.225 mg/m2.d (1 km from site) (LDA-27), 0.116 mg/m2 (1000 m from site, in wind direction) (LDA-31), 0.24-0.44 mg/m2.d (1 km downwind from plant) (LDA-39), 0.078 mg/m2.d (avg from 24 mp; square 1 km2) (LDA-40), 0.8 mg/m2.d (50 m distance) (LDA-41), 0.022-0.156 mg/m2.d (1,000-1,300 m SE-E) (LDA-56) and 3.9-4.5 mg/m2.d (760-950m) (LDA-63) are given. The measured deposition rates for plant 17 and 41 are not relevant to use in the calculations since measurements were made at a distance of 17 km and 50 m from the plant. They do not fulfill the TGD criteria (1,000 m radius). The calculation of Clocalsoil on the basis of measured deposition rates results in Pb concentrations varying between 0.95 mg/kg dw (LDA-40) and 55 mg/kg dw (LDA-63). It should be noted however that measured aerial deposition rates in the surroundings of the plant incorporate lead from other sources and blown up dust particles containing lead. The measured lead cannot be attributed solely to the emissions from the plant (fugitive and stack) and hence exposure is overestimated. Alternatively, deposition from fugitive emissions is taken into account using the OPS model (TGD). 
· Measured PEClocal soil data are available for LDA-01, 03, 27, 31, 39, 40, 56, 75 and 76. These data are 400-1,500 mg/kg dw (0-500 m from fence (downwind); depth: 0-30 cm) (LDA-01); 7-120 mg/kg dw (430-470 m) (LDA-03), 456-699 mg/kg (Western side of river: 1.5-1.3 km from plant) and 171-296 mg/kg (eastern side of river: 1.1-1.3 km from plant) (LDA-27), 2,000-5,000 mg/kg (1 km downwind from site) (LDA-31), >600 ppm->1,000 ppm (upper soil in region) (LDA-39), 221 mg/kg (800 m radius) (0-16 cm depth) (LDA-40) and 300 mg/kg (2 km downwind from site) (LDA-56), <300 mgPb/kg dw (near air monitoring site (300 m from plant); surface depth: 0-25cm; 100 g/sample; sieving 10mm; breaking, acid attac, ICP) (LDA-75), <150 mg Pb/kg dw (150 ppm at 200 m; 100 ppm at 500 m); (depth: 0-25cm; 100 g/sample; sieving 10 mm; breaking, acid attac, ICP) (LDA-76).
Table 3.1.6‑1
Local Caddsoil /PECtotalsoil for Pb metal producing plants in the EU
	Plant N°
	Emission to air (kg/d)
	Number of emission days
	annual avg deposition rate (mg/m2.d)

calculated
	deposition rate (mg/m2.d)

measured
	Sludge application° (destination)
	Pathways

(AD, SA)
	Sludge conc.

(mg/kgdw)

calculated
	Caddlocal soil (mg/kgdw)

calculated
	PECtotallocal soil (mg/kgdw)

Calculated

(PECtotalreg:

28.3 mg/kg dw; modelled natural soil; TGD region)
	Clocal soil (mg/kgdw)

calculated 

(+fugitive emissions)
	PEClocal soil (mg/kgdw)

measured

	LDA-01
	8.11
	366
	0.08
	0.12-0.27 (year 2003, avg)

(1000 m from plant

including diffuse emissions)
	80% reused and 20% disposed to landfill
	AD
	-
	1.00
	30.3
	3.31

(0.27 mg/m2.d)


	400-1500 mg/kg dw (0-30 cm depth) at distance of 0-500 m from the fence in main wind direction

	LDA-02
	6.50
	365
	0.06
	0.15-0.33 mg/m2.d (geometric mean); 0.31-1.07 mg/m2.d (90P); 6 different distances from site (400 m-1 km?); year 2004 data; reflect changes that have taken place at the site.
	landfill ?
	AD
	-
	0.80
	29.1
	NA
	NA 

no data available

	LDA-03
	1.70
	325
	0.015
	0.19-0.43

(includes fugitive emissions + other metal company)
	recycled
	AD
	-
	0.19
	28.5
	4.6

(0.43 mg/m2.d)
	7-120 (430 - 470 m)

	LDA-16
	1.26
	320
	0.011
	0.038-0.317

(different measuring points, 300 m to 2000 m from plant border, year mean average values (Bergerhoff method)

- 2 other factories also working with lead additives on same industrial park)
	Not applicable
	AD
	-
	0.14
	28.4
	3.88

(0.32 mg/m2.d)
	NA

	LDA-17
	3.20
	244
	0.021
	0.007 mg/m2.d (17 km away from site) (year 99-2000); 97/98: 0.009; 98/99: 0.006 mg/m2.d 
	NA
	AD
	-
	0.26
	28.6
	NA
	NA

	LDA-27
	1.11
	365
	0.011
	0.08-0.225  (1 km from site)
	landfilled
	AD
	-
	0.14
	28.4


	2.75 (0.225 mg/m2.d)

	Measured soil data 

456-699 (Western side of river: 1.5-1.3 km from plant)

171-296 (eastern side of river: 1.1-1.3 km from plant)

	LDA-31
	3.90
	365
	0.039
	0.116 (1000 m from plant in wind direction)
	Incinerated

(Field application of STP sludge is restricted by regulation with limit values for metals and regions) 
	AD 
	-
	0.48
	28.8


	5.24 (0.116 mg/m2.d)
	Measured soil data 2,000-5,000 (1km downwind from plant)

	LDA-39
	0.28
	365
	0.003
	0.24-0.44 (1 km downwind from plant)
	recycled in lead production
	AD
	-
	0.034
	28.3
	5.38 (0.44 mg/m2.d)
	>600 ppm->1,000 ppm

	LDA-40
	0.28
	345
	0.003
	0.078 (avg from 24 mp; square 1 km2)
	recycled in shaft furnace
	AD
	-
	0.033
	28.3
	0.95 (0.078 mg/m2.d)
	221 (800 m radius) (0-16 cm depth)

	LDA-41
	0.51
	220
	0.0031
	0.8 (50 m distance)
	recycled in lead production
	AD
	-
	0.038
	28.3
	 0.25 (modelled on basis of stack+fugitive emissions) (112+620 kg)
	NA

	LDA-56
	0.65
	240
	0.004
	0.022-0.156 (1000-1300 m SE-E)
	NA
	AD
	-
	0.05
	28.4
	1.91(0.156 mg/m2.d)
	300 (2 km downwind from site)

	LDA-63
	1.73
	338
	0.016
	3.9-4.5 (760-950m)
	recycled (used in the lead furnace oven)
	AD
	-
	0.20
	28.5
	55.0 (4.5 mg/m2.d)
	NA

	LDA-66
	0.67
	300
	0.005
	NA
	recycled
	AD
	-
	0.07
	28.4
	0.11 (modelled on basis of stack+fugitive emissions) (200+120 kg)
	NA

	LDA-67
	0.38
	330
	0.003
	NA
	recycled
	AD
	-
	0.04
	28.3
	NA
	NA

	LDA-68
	0.63
	223
	0.004
	NA
	recycled
	AD
	-
	0.05
	28.3
	NA
	NA

	LDA-70
	3.89
	230
	0.025
	NA
	recycled
	AD+SA
	-
	3.59
	31.9
	NA
	NA

	LDA-74
	3.75
	230
	0.024
	NA
	agricultural soil
	AD+SA
	37.40
	0.91
	29.2
	NA
	NA, Tests made in the past showed no measurable difference from background

	LDA-75
	0.23
	221
	0.0014
	NA
	agricultural soil
	AD+SA
	0.80
	0.03
	28.3
	
	

	LDA-76
	0.55
	222
	0.003
	NA
	recycled
	AD
	-
	0.04
	28.3
	NA
	<300 mgPb/kg dw; near air monitoring site (300 m from plant); surface depth: 0-25cm; 100 g/sample; sieving 10mm; breaking, acid attac, ICP

	LDA-77
	0.87
	220
	0.00523
	0.0804 ? Unit ? (year 2002, nearby village)
	
	AD
	-
	0.06
	28.4
	
	

	LDA-98
	0.37
	223
	0.00227
	NA
	
	AD
	-
	0.03
	28.3
	
	

	LDA-100
	1.57
	230
	0.00986
	NA
	agricultural soil
	AD+SA
	20.06
	0.46
	28.8
	
	

	LDA-101
	1.53
	333
	0.0139
	NA
	agricultural soil
	AD+SA
	4.26
	0.24
	28.5
	
	


3.1.3.1.2 Calculation of PEClocal for industrial/professional use 

Lead sheet production (9 sites)
An overview of the calculated local Pb concentrations in soil is presented in Table 3.1.6-2. From this table it can be concluded that for Pb sheet producers in Europe:

Soil

· Calculated annual average aerial deposition rates vary between 2.33E-05 mg/m2.d and 0.0051 mg/m2.d.
· The main exposure route is aerial deposition for lead sheet producers. Since the water from LDA-24 and LDA-73 is treated in a municipal STP, the sludge from this STP is assumed to be applied on agricultural land (Pb conc. in sludge: 7.20 mg/kg dw and 3.92 mg/kg dw) (AD+SA). 
· Calculated added local concentrations in soil vary between 0.0005 mg/kg dw (LDA-25, AD) and 0.12 mg/kg dw (LDA-24, AD+SA). Calculated PECtotal levels in soil vary between 28.3 mg/kg dw (modelled regional background generic region = 28.3 mg/kg dw) and 28.4 mg/kg dw. Using the agricultural soil data as PECregional, the calculated PECtotal levels in soil vary between 29.7 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 29.7 mg/kg dw) and 50.9 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 50.9 mg/kg dw).
· Performing the exposure assessment for the soil compartment taking into account stack emissions as well as fugitive emissions (reported for site LDA-73) gives added local concentrations in soil for that site of 0.061 mg/kg dw instead of 0.037 mg/kg dw (modelled). A PECtotal value of 32.1 mg/kg dw is obtained. This reveals that although fugitive emissions are probable in this sector, they do not alter substantially the PECsoil levels.
· Measured aerial deposition rates are available for LDA-51 ; Pb levels of 0.108-0.168 mg/m2.d are reported (850-1,300 m from the plant). These data do not cover only stack emissions from the site, but also fugitive emissions. The calculation of Clocalsoil on the basis of the measured deposition rates results in a Pb concentration of 2.05 mg/kg dw (max. dep. Rate). Measured aerial deposition rates from LDA-73 (1.76 mg/m2.d (50 m from buildings, downwind) do not seem suitable for incorporation in the exposure assessment. It should be noted however that measured aerial deposition rates in the surroundings of the plant incorporate lead from other sources and blown up dust particles containing lead. The measured lead cannot be attributed solely to the emissions from the plant (fugitive and stack) and hence exposure is overestimated. Alternatively, deposition from fugitive emissions is taken into account using the OPS model (TGD). 

· Measured soil data are not available for Pb sheet producers except LDA-73. Averages (from 1999-2002) are varying are varying between 26.1-91 mg/kg dw at 400 m distance (10 locations) and between 52.2-129 mg/kg dw at 2000 m distance (5 locations) from all wind directions.

Table 3.1.6‑2
Local Caddsoil/PECtotalsoil for Pb sheet producers in the EU

	Plant N°
	Emission to air (kg/d)
	Number of emission days
	Annual avg deposition rate (mg/m2.d)

calculated
	deposition rate (mg/m2.d)

measured
	Sludge application° (destination)
	Pathways

(AD, SA)
	Sludge conc.

(mg/kg dw)

calculated
	Caddlocal soil (mg/kgdw)

calculated
	PECtotallocal soil (mg/kgdw)

Calculated

(PECtotalreg:

28.3 mg/kg dw; modelled natural soil; TGD region)
	PEClocal soil (mg/kgdw)

calculated 

(+fugitive emissions)
	PEClocal soil (mg/kgdw)

measured

	LDA-24
	0.004
	230
	2.33E-05
	NA


	agricultural soil
	AD + SA
	7.20
	0.12
	28.4
	NA
	NA

	LDA-25
	0.0051
	296
	4.11E-05
	NA
	No sludge
	AD
	NA
	0.0005
	28.3
	NA
	NA

	LDA-26
	0.81
	229
	0.0051
	NA
	No sludge
	AD
	NA
	0.06
	28.4
	NA
	NA

	LDA-28
	0.05
	245
	0.0004
	NA
	Not applicable
	AD
	-
	0.0045
	28.3
	NA
	NA

	LDA-29
	0.18
	240
	0.0012
	NA
	No sludge
	AD
	NA
	0.015
	28.3
	NA. Soil data available on request
	Soil data available on request

	LDA-50
	0.49
	250
	0.0034
	NA
	No sludge
	AD
	NA
	0.041
	28.3
	NA
	NA. No soil data available

	LDA-51
	0.14
	240
	0.0009
	0.108-0.168

(850 – 1,300 m from plant

data affected by other activities)
	No sludge
	AD
	-
	0.011
	28.3
	2.05 (0.168 mg/m2.d)
	NA

	LDA-73
	0.49
	222
	0.00298
	1.76 (only 50 m from source)

1.91 (0.27-3.27, no distance given)
	Agricultural soil
	AD + SA
	3.92
	0.10
	28.4
	NA
	at 400m: avg are varying between 26.1-91 (10 locations)

at 2000m: avg are varying between 52.2-129 (5 locations)

from all wind directions

	LDA-99
	0.06
	240
	0.0004
	NA
	
	AD
	
	0.005
	28.3
	NA
	


° “No sludge” results from the direct emission to surface water and “agricultural soil” from emission to STP. ° “No sludge” results from the direct emission to surface water and “agricultural soil” from emission to STP. 

Battery producers (31 sites)

An overview of the calculated local Pb concentrations in soil is presented in Table 3.1.6-3. From this table it can be concluded that for Pb battery producers in Europe:

Soil

· Calculated annual average aerial deposition rates vary between 8.77E-06 mg/m2.d and 0.046 mg/m2.d.
· The main exposure route is aerial deposition for lead battery producers; sludge from the on-site WWTP is not applied to agricultural soil but is recycled or landfilled (industry information). Since the water from sites LDA-32, 33, 35, 36, 42, 43, 44, 52, 53, 55, 60, 61, 62, 64, 71 , 97 and 102 is treated in a municipal STP, the sludge from these STPs is assumed to be applied on agricultural land (Pb conc. in sludge: 0.4-5,002 mg/kg dw) (AD+SA). 
· Calculated added local concentrations in soil vary between 0.0001 mg/kg dw (LDA-36, AD) and 76.7 mg/kg dw (LDA-43, AD+SA). Calculated PECtotal levels in soil vary between 28.3 mg/kg dw (modelled regional background generic region = 28.3 mg/kg dw) and 105 mg/kg dw. Using the agricultural soil data as PECregional, the calculated PECtotal levels in soil vary between 29.7 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 29.7 mg/kg dw) and 127.5 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 50.8 mg/kg dw).
· Fugitive emissions are not taken into account in the PEC soil calculation for the following reasons. All processes that are identified as potential sources for environmental emission are located inside of buildings. It is typical practice that all operations that may generate lead containing dusts are done inside closed systems and/or are done inside buildings that are under negative pressure in relation to the environment. In consequence fugitive emissions from lead battery manufacturers can be considered as insignificant related to overall emissions of the process (personal communication batteries industry). 
·  Measured aerial deposition rates are reported for LDA-36, 38, 44, 48, 49, 62, 71. These data cover not only stack emissions from the site, but also fugitive emissions. Measured deposition rates of 0.0075 mg/m2.d (6 km east from plant) (LDA-36), 4.63-14.0 mg/m2.d (inside plant border to max 300 m from plant, year 2001 data) (LDA-38), 14.4-542 mg/m2.d (year 2001 data, on-site measurements, max distance 170 m) (LDA-44), 0.511 mg/m2.d (90P, max. 760 m from plant) (LDA-48), 0.585 mg/m2.d (90P, max, 600 m from plant) (LDA-49), 0.03-0.27 mg/m2.d (no distance given, close to site) (LDA-62), 0.08 mg/m2.d  (no distance given) (LDA-71) are given. The measured deposition rates for plant LDA-36 and 38 are not relevant to use in the calculations since measurements were made at a distance of 6 km and 300 m from the plant. They do not fulfil the TGD criteria (1000 m radius). The calculation of Clocalsoil on the basis of measured deposition rates results in Pb concentrations varying between 3.3 mg/kg dw (LDA-62) and 6.3 mg/kg dw (LDA-49). It should be noted however that measured aerial deposition rates in the surroundings of the plant incorporate lead from other sources and blown up dust particles containing lead. The measured lead cannot be attributed solely to the emissions from the plant (fugitive and stack) and hence exposure is overestimated. Alternatively, deposition from fugitive emissions is taken into account using the OPS model (TGD). Since it is stated that fugitive emissions from the batteries sector are insignificant related to the overall emissions, it is not relevant to perform this exercise. 
· Measured PEClocal soil data are available for LDA-36, 38, 43, 44. These data are 11-3,890 mg/kg dw (0.3-0.6 m deep) (LDA-36); 30-124 mg/kg dw (inside plant to 100 m downwind from plant, 5 cm depth) (LDA-38), 23-123,923 mg/kg (measurements on site) (LDA-43), 26-26,000 mg/kg dw (on site) (LDA-44).
Table 3.1.6‑3
Local Caddsoil /PECtotalsoil for Pb battery producing plants in the EU
	Plant N°
	Emission to air (kg/d)
	Number of emission days
	annual avg deposition rate (mg/m2.d)

calculated
	deposition rate (mg/m2.d)

measured
	Sludge application° (destination)
	Pathways

(AD, SA)
	Sludge conc.

(mg/kg dw)

calculated
	Caddlocal soil (mg/kgdw)

calculated
	PECtotallocal soil (mg/kgdw)

Calculated

(PECtotalreg:

28.3 mg/kg dw; modelled natural soil; TGD region)
	Clocal soil (mg/kgdw)

calculated 

(+fugitive emissions)
	PEClocal soil (mg/kgdw)

measured

	LDA-32
	3.41
	220
	0.021
	NA
	No sludge
	AD
	NA
	0.25
	
	NA
	NA

	LDA-32
	3.41
	220
	0.021
	NA
	Agricultural soil
	AD+SA
	50.6
	1.10


	29.4


	NA
	NA

	LDA-33
	0.14
	340
	0.0013
	NA
	No sludge
	AD
	NA
	0.021
	
	NA
	NA

	LDA-33
	0.14
	340
	0.0013
	NA
	Agricultural soil
	AD+SA
	30
	0.52
	28.8


	NA
	NA

	LDA-34
	0.43
	234
	0.0028
	NA
	No sludge
	AD
	NA
	0.034
	28.3
	NA
	NA

	LDA-35
	3.42
	220
	0.021
	NA
	No sludge
	AD
	NA
	0.25
	
	NA
	Closed in April 2004

	LDA-35
	3.42
	220
	0.021
	NA
	Agricultural soil
	AD+SA
	61.9
	1.29
	29.6


	NA
	NA

	LDA-36
	0.0013
	250
	8.77E-6
	0.0075 (6 km east from plant)
	No sludge
	AD
	NA
	0.00011
	
	NA


	Closed in June 2004

11-3,890 (0.3-0.6 m deep)

samples taken before start operation of plant

	LDA-36
	0.0013


	250
	8.77E-6
	NA
	Agricultural soil
	AD+SA
	49.2
	0.80
	29.1


	NA
	11-3,890 (0.3-0.6 m deep)

samples taken before start operation of plant

	LDA-37
	1.10


	250
	0.008
	No data available
	No sludge
	AD
	NA
	0.09
	28.4
	NA
	No data available

	LDA-38
	0.54


	223
	0.0033
	4.63-14.05 mg/m2.d (inside plant to 300 m from plant max, downwind from plant) (2001 data)
	No sludge
	AD
	NA
	0.041


	28.3
	NA
	30-124 (5cm depth) (inside plant – 100 m from plant, downwind from plant)

	LDA-42
	0.0077


	260
	5.48E-5
	NA
	No sludge
	AD
	NA
	0.00067
	
	NA
	NA

	LDA-42
	0.0077


	260
	5.48E-5
	NA
	Agricultural soil
	AD+SA
	59.2
	0.99
	29.3


	NA
	NA

	LDA-43
	0.69


	223
	0.0042
	Measurements at edge of plant
	No sludge
	AD
	NA
	0.039
	
	NA
	Measurements on-site! Different samples (23-123,923 mg/kg)

	LDA-43
	0.69


	223
	0.0042
	Measurements at edge of plant
	Agricultural soil
	AD+SA
	4590
	76.7
	105.0


	NA
	Measurements on-site! Different samples (23-123,923 mg/kg)

	LDA-44
	0.92


	223
	0.0054
	14.4-542

(year 2001 data; annual averages; SLC & lead oxide; no distance given, on-site measurements, max. distance: 170 m)
	No sludge
	AD
	NA
	0.10
	
	NA
	On-site measurements: 26-26,000 mg/kg dw



	LDA-44
	0.92


	223
	0.0054
	NA
	Agricultural soil
	AD+SA
	13.2
	0.29
	28.6


	NA
	On-site measurements: 26-26,000 mg/kg dw

	LDA-45
	2.21


	229
	0.014
	NA
	No sludge
	AD
	NA
	0.17
	28.5
	NA
	NA

	LDA-46
	1.34


	226
	0.008
	NA
	No sludge
	AD
	NA
	0.10
	28.4
	NA
	NA

	LDA-47
	0.70


	240
	0.046
	NA
	No sludge
	AD
	NA
	0.056
	28.4
	NA
	NA

	LDA-48
	0.08


	226
	0.00049
	0.511 (90P, max 759 m from plant) 
	No sludge
	AD
	NA
	0.006
	28.3


	6.25
	NA

	LDA-49
	0.045


	347
	0.00043
	0.585 (90P, max, worst case, distance 600 m)
	No sludge
	AD
	NA
	0.005
	28.3


	6.30
	NA

	LDA-52
	0.09


	215
	0.00053
	NA
	No sludge
	AD
	NA
	0.0065
	
	NA
	NA

	LDA-52
	0.09


	215
	0.00053
	NA
	Agricultural soil
	AD+SA
	129
	2.17
	30.5


	NA
	NA

	LDA-53
	NA

2001 measurements ?
	225
	NA
	NA
	Agricultural soil
	SA
	44.2
	0.74
	29.0
	NA
	NA

	LDA-54
	0.02
	230
	0.00013
	NA
	No sludge
	AD
	NA
	0.0016
	28.3
	NA
	NA

	LDA-55
	0.067
	223
	0.00041
	NA
	No sludge
	AD
	NA
	0.0050
	
	NA
	NA

	LDA-55
	0.067
	223
	0.00041
	NA
	Agricultural soil
	AD+SA
	94.6
	1.58
	29.9
	
	

	LDA-57
	0.45
	340
	0.0042
	NA
	No sludge
	AD
	NA
	0.051
	28.4
	NA
	Site closed in 2003

	LDA-58
	2.44
	230
	0.015
	NA
	No sludge
	AD
	NA
	0.19
	28.5
	NA
	NA

	LDA-59
	0.29
	220
	0.0017
	NA
	No sludge
	AD
	NA
	0.021
	28.3
	NA
	NA

	LDA-60
	1.54
	228.5
	0.0096
	NA
	No sludge
	AD
	NA
	0.12
	
	NA
	NA

	LDA-60
	1.54
	228.5
	0.0096
	NA
	Agricultural soil
	AD+SA
	186
	3.22
	31.5


	NA
	NA

	LDA-61
	0.038
	231
	0.00024
	NA
	No sludge
	AD
	NA
	0.0029
	
	NA
	NA

	LDA-61
	0.038
	231
	0.00024
	NA
	Agricultural soil
	AD+SA
	45.0
	0.75
	29.1


	NA
	NA

	LDA-62
	1.47
	228
	0.0092
	0.03-0.27 (avg)
	No sludge
	AD
	NA
	0.11
	
	3.30
	NA

	LDA-62
	1.47
	228
	0.0092
	0.03-0.27 (avg)
	municipal sludge is disposed to landfill
	AD
	0.4
	0.12
	28.4


	3.30
	NA

	LDA-64
	0.003
	250
	0.00002
	NA
	No sludge
	AD
	NA
	0.0003
	
	NA
	NA

	LDA-64
	0.003
	250
	0.00002
	NA
	Agricultural soil
	AD+SA
	46.7
	0.78
	29.1


	NA
	NA

	LDA-71
	0.7
	246
	0.00474
	NA
	recycled
	AD
	NA
	0.058
	
	NA
	NA

	LDA-71
	0.7
	246
	0.00474
	NA
	Agricultural soil
	AD+SA
	2712
	45.4
	73.7


	NA
	NA

	LDA-72
	0.387
	300
	0.00318
	NA
	landfill
	AD
	NA
	0.04
	28.3
	NA
	NA

	LDA-96
	1.14
	220
	0.007
	NA
	recycling
	AD
	NA
	0.08
	28.4
	NA
	NA

	LDA-97
	5.59
	220
	0.034
	NA
	recycling
	AD
	NA
	0.41
	
	NA
	NA

	LDA-97
	5.59
	220
	0.034
	NA
	Agricultural soil
	AD+SA
	NA
	0.72
	29.0
	NA
	NA

	LDA-102
	0.04
	350
	0.0004
	NA
	NA
	AD
	NA
	0.01
	
	NA
	NA

	LDA-102
	0.04
	350
	0.0004
	NA
	Agricultural soil
	AD+SA
	78.0
	1.31
	29.6


	NA
	NA


° “No sludge” results from the direct emission to surface water and “agricultural soil” from emission to STP.

Lead oxide production (4 sites)

An overview of the calculated local Pb concentrations in soil is presented in Table 3.1.6-4. From this table it can be concluded that for Pb oxide producers in Europe:

Soil

· Calculated annual average aerial deposition rates vary between 0.0003 mg/m2.d and 0.010 mg/m2.d.
· The main exposure route is aerial deposition for lead oxide producers; sludge from the on-siteWWTP is not applied to agricultural soil but is recycled or landfilled (industry information). Since the waste water from LDA-20 is treated in a municipal STP, the sludge from these STPs is applied on agricultural land (Pb conc. in sludge: 0.01 mg/kg dw) (AD+SA). 
· Fugitive emissions are estimated to be non-existent for lead oxide producers. Hence, fugitive emissions are not taken into account in the PEC soil calculation.
· Calculated added local concentrations in soil vary between 0.004 mg/kg dw (LDA-21, AD) and 0.12 mg/kg dw (LDA-69, AD). Calculated PECtotal levels in soil vary between 28.3 mg/kg dw (modelled regional background generic region = 28.3 mg/kg dw) and 28.4 mg/kg dw. Using the agricultural soil data as PECregional, the calculated PECtotal levels in soil vary between 29.7 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 26.0 mg/kg dw) and 50.9 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 50.8 mg/kg dw).
· Measured aerial deposition rates are reported for LDA-22; 0.61 mg/m2.d (30 m from plant, average). These data cover not only stack emissions from the site, but also fugitive emissions. The reported data are not used in the calculation of Csoil since these data do not fulfill the TGD criteria (1000 m radius).

· Measured PEClocal soil data are available for site LDA-21 (24-1,330 mg/kg).

Table 3.1.6‑4
Local Caddsoil /PECtotalsoil for Pb oxide producers in the EU

	Plant N°
	Emission to air (kg/d)
	Number of emission days
	annual avg deposition rate (mg/m2.d)

calculated
	deposition rate (mg/m2.d)

measured
	Sludge application° (destination)
	Pathways

(AD, SA)
	Sludge conc.

(mg/kg dw)

calculated
	Caddlocal soil (mg/kgdw)

calculated
	PECtotallocal soil (mg/kgdw)

Calculated

(PECtotalreg:

28.3 mg/kg dw; modelled natural soil; TGD region)
	Clocal soil (mg/kgdw)

calculated 

(+fugitive emissions)
	PEClocal soil (mg/kgdw)

measured

	LDA-20
	0.11
	296
	0.00086
	NA
	NA
	AD
	-
	0.011
	
	NA
	NA

	LDA-20
	0.11
	296
	0.00086
	NA
	agricultural soil
	AD+SA
	0.01
	0.011
	28.3
	NA
	NA

	LDA-21
	0.034
	340
	0.0003
	NA
	None
	AD
	-
	0.004
	28.3
	NA
	(E) 24- (NW) 1,330 (measured PEC (60 m from source))

	LDA-22
	0.62
	366
	0.0062
	0.61(30 m from plant, average)
	recycled
	AD
	-
	0.076
	28.4


	NA
	NA 

	LDA-22
	0.10
	366
	0.0010
	0.61(30 m from plant, average)
	recycled
	AD
	-
	0.012
	28.3


	NA
	NA

	LDA-23
	0.20
	366
	0.0020
	NA
	landfilled
	AD
	-
	0.025
	
	NA
	NA

	LDA-23
	0.20
	366
	0.0020
	NA
	agricultural soil
	AD+SA
	15.4
	0.28
	
	NA
	NA

	LDA-30
	0.61
	330
	0.0055
	NA
	NA
	AD
	-
	0.068
	
	NA
	NA

	LDA-69
	1.16
	320
	0.010
	NA
	NA
	AD
	-
	0.12
	28.4


	NA
	NA


° “No sludge” results from the direct emission to surface water and “agricultural soil” from emission to STP.

Lead stabiliser production (11 sites)

An overview of the calculated local Pb concentrations in soil is presented in Table 3.1.6-5. From this table it can be concluded that for Pb stabiliser producers in Europe:

Soil

· Calculated annual average aerial deposition rates vary between 4.38E-06 mg/m2.d and 0.0082 mg/m2.d.
· The main exposure route is aerial deposition for lead stabilisers producers; sludge from WWTP is not applied to agricultural soil but is landfilled and recycled (industry information). Since the water from LDA-04, LDA-09, LDA-13 and LDA-23 is treated in a municipal STP, the sludge from this STP is applied on agricultural land (Pb conc.: 64.5 mg/kg dw, 2.3 mg/kg dw 10.3 mg/kg dw and 2.42 mg/kg dw respectively) (AD+SA). 
· Calculated added local concentrations in soil vary between 5.37E-05 mg/kg dw (LDA-11, AD) and 1.18 mg/kg dw (LDA-04, AD+SA). Calculated PECtotal levels in soil vary between 28.3 mg/kg dw (modelled regional background generic region = 28.3 mg/kg dw) and 29.5 mg/kg dw. Using the agricultural soil data as PECregional, the calculated PECtotal levels in soil vary between 29.7 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 29.7 mg/kg dw) and 44.9 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 44.7 mg/kg dw).
· Although it is not clear if fugitive emissions are likely/substantial for this sector -i.e. 2 sites report fugitive emissions, others state that fugitive emissions are non-existent- an exposure assessment was performed for the soil compartment taking into account stack emissions as well as fugitive emissions (worst case site LDA-08). This gives added local concentrations in soil for site of 0.059 mg/kg dw instead of 0.044 mg/kg dw (modelled). A PECtotal value of 32.1 mg/kg dw is obtained. This reveals that PECsoil levels are not raised compared to the soil levels derived for aerial deposition of stack emissions only.

· Measured aerial deposition rates are reported for LDA-09 (0.13-0.86 mg/m2.d (measured, 2000)) and LDA-12 (0.158 mg/m2.d (750 m downwind)). These data cover not only stack emissions from the site, but also fugitive emissions. The data reported are used in the calculation of Csoil since these data fulfill the TGD criteria (1000 m radius).

· The calculation of Clocalsoil on the basis of measured deposition rates for LDA-09 and LDA-12 results in Pb concentrations of 13.12 mg/kg dw (0.86 mg/m2.d) and 1.93 mg/kg dw (0.158 mg/m2.d). It should be noted however that measured aerial deposition rates in the surroundings of the plant incorporate lead from other sources and blown up dust particles containing lead. The measured lead cannot be attributed solely to the emissions from the plant (fugitive and stack) and hence exposure is overestimated. Alternatively, deposition from fugitive emissions is taken into account using the OPS model (TGD). 
· Measured PEClocal soil data are not available for lead stabilisers producers.
Table 3.1.6‑5
Local Caddsoil/PECtotalsoil for Pb stabiliser producers in the EU
	Plant N°
	Emission to air (kg/d)
	Number of emission days
	Annual avg deposition rate (mg/m2.d)

calculated
	deposition rate (mg/m2.d)

measured
	Sludge application° (destination)
	Pathways

(AD, SA)
	Sludge conc.

(mg/kg dw)

calculated
	Caddlocal soil (mg/kgdw)

calculated
	PECtotallocal soil (mg/kgdw)

Calculated

(PECtotalreg:

28.3 mg/kg dw; modelled natural soil; TGD region)
	Clocal soil (mg/kgdw)

calculated 

(+fugitive emissions)
	PEClocal soil (mg/kgdw)

measured

	LDA-04
	1.36
	220
	0.0082
	NA
	landfilled
	AD
	-
	0.10
	
	NA
	NA

	LDA-04
	1.36
	220
	0.0082
	NA
	agricultural soil (STP sludge)
	AD+SA
	64.5
	1.18
	29.5


	NA
	NA

	LDA-05
	0.11
	350
	0.0010
	NA
	NA
	AD
	-
	0.012
	28.3
	NA
	NA

	LDA-06
	0.020
	51
	2.74E-05
	NA
	landfilled
	AD
	-
	0.00034
	28.3
	NA
	NA

	LDA-07
	No emissions
	233
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	28.3
	Not applicable
	Not applicable

	LDA-08
	0.37
	358
	0.0036
	NA
	landfilled
	AD
	-
	0.044
	28.3
	NA
	NA

	LDA-09
	0.16
	320
	0.0014
	0.13-0.86 (2000)
	landfilled
	AD
	-
	0.02
	
	10.52(measured deposition: 

0.86 mg/m2.d)
	NA

	LDA-09
	0.16
	320
	0.0014
	0.13-0.86 (2000)
	agricultural soil (STP sludge)
	AD+SA
	2.3
	0.06
	28.4


	13.12 

(measured deposition: 

0.86 mg/m2.d)
	NA

	LDA-10=LDA-30
	0.88
	250
	0.006
	NA
	NA
	AD
	-
	0.07
	28.4


	NA
	NA

	LDA-11
	0.00073
	220
	4.38E-06
	NA
	NA
	AD
	NA
	5.37E-05
	28.3
	NA
	NA

	LDA-12
	0.31
	340
	0.0029
	0.158 (750 m downwind)
	landfilled
	AD
	-
	0.035
	28.3
	1.93

(measured deposition: 

0.158 mg/m2.d)
	NA

	LDA-13
	0.18
	250
	0.0013
	NA
	recycled
	AD
	-
	0.015
	
	NA
	NA

	LDA-13
	0.18
	250
	0.0013
	NA
	agricultural soil (STP sludge)
	AD+SA
	10.3
	0.19
	28.5


	NA
	NA

	LDA-23
	0.20
	366
	0.002
	NA
	recycled
	AD
	-
	0.02
	
	NA
	NA

	LDA-23
	0.20
	366
	0.002
	NA
	agricultural soil (STP sludge)
	AD+SA
	2.42
	0.02
	28.4


	NA
	NA


AD: aerial deposition

SA: sludge application

° “No sludge” results from the direct emission to surface water and “agricultural soil” from emission to STP.

Lead crystal glass production (11 sites)

An overview of the calculated local Pb concentrations in soil is presented in Table 3.1.6-6. From this table it can be concluded that for Pb crystal glass producers in Europe:

Soil

· Calculated annual average aerial deposition rates vary between 1.04x10-5 mg/m2.d and 0.006 mg/m2.d.
· The main exposure route is aerial deposition for lead metal producers; sludge from the on-site WWTP is not applied to agricultural soil but is recycled or landfilled (industry information). Since the water from LDA-81, 82, 83 and 85 is treated in a municipal STP, the sludge from this STP is assumed to be applied on agricultural land (Pb conc. in sludge: 84 mg/kg dw, 42 mg/kg dw, 5 mg/kg dw, 541 mg/kg dw) (AD+SA). 
· Calculated added local concentrations in soil vary between 0.00013 mg/kg dw (LDA-80, AD) and 9.04 mg/kg dw (LDA-85, AD+SA). Calculated PECtotal levels in soil vary between 28.3 mg/kg dw (regional background total = 28.3 mg/kg dw) and 37.3 mg/kg dw. Using the agricultural soil data as PECregional, the calculated PECtotal levels in soil vary between 26.1 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 26.0 mg/kg dw) and 50.8 mg/kg dw (measured country-specific regional backgroundtotal agricultural soil = 50.8 mg/kg dw).
· Monitoring data are not available for air (air concentration; aerial deposition rates) and soil.

Table 3.1.6‑6
Local Caddsoil /PECtotalsoil for Pb crystal glass producing plants in the EU
	Plant N°
	Emission to air (kg/d)
	Number of emission days
	annual avg deposition rate (mg/m2.d)

calculated
	deposition rate (mg/m2.d)

measured
	Sludge application° (destination)
	Pathways

(AD, SA)
	Sludge conc.

(mg/kgdw)

calculated
	Caddlocal soil (mg/kgdw)

calculated
	PECtotallocal soil (mg/kgdw)

Calculated

(PECtotalreg:

28.3 mg/kg dw; modelled natural soil; TGD region)
	Clocal soil (mg/kgdw)

calculated 

(+fugitive emissions)
	PEClocal soil (mg/kgdw)

measured

	LDA-78
	0.01
	365
	1.37E-04
	NA
	Recycling
	AD
	NA
	0.0017
	28.3
	NA
	NA

	LDA-79
	0.01
	347
	5.29E-05
	NA
	NA
	AD
	NA
	0.0006
	28.3
	NA
	NA

	LDA-80
	0.06
	224
	3.92E-04
	NA
	Landfill
	AD
	NA
	0.0048
	28.3
	NA
	NA

	LDA-80
	0.002
	224
	1.04E-05
	NA
	Landfill
	AD
	NA
	0.00013
	28.3
	NA
	NA

	LDA-81
	0.43
	250
	2.96E-03
	NA
	Agricultural soil
	AD+SA
	84.24
	1.44
	29.7
	NA
	NA

	LDA-82
	0.23
	366
	2.26E-03
	NA
	Agricultural soil
	AD+SA
	42.07
	0.73
	29.0
	NA
	NA

	LDA-83
	0.00
	366
	3.85E-05
	NA
	Agricultural soil
	AD+SA
	5.03
	0.08
	28.4
	NA
	NA

	LDA-84
	0.68
	320
	5.97E-03


	NA
	Landfill
	AD
	NA
	0.07


	28.4


	NA
	NA

	LDA-85
	NA
	365
	NA
	NA
	Agricultural soil
	AD+SA
	541
	9.04
	37.3


	NA
	NA

	LDA-86
	NA
	365
	NA
	NA
	Landfill and reuse
	NA
	NA
	NA
	NA
	NA
	NA

	LDA-87
	0.09
	365
	9.32E-04


	NA
	NA
	AD
	NA
	0.01
	28.3
	NA
	NA

	LDA-88
	0.10
	365
	9.59E-04
	NA
	recycled
	AD
	NA
	0.01
	28.3
	NA
	NA


3.1.3.1.3 Calculation of PEClocal for sector specific generic scenarios

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.

Details on the results of the assessment for the aquatic compartment are included in Part 1 of the environmental exposure section 3.1.3.3; Table 3.1-27b.

-
Lead metal production

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.

In case the waste water is treated in a municipal STP, it is assumed that sewage sludge is applied to agricultural soil (sludge concentrations: 230-528 mg/kg dw). Taking this pathway into account leads to PECtotal soil values of 32.4 and 37.8 mg/kg dw. 

· 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

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.

In case the waste water is treated in a municipal STP, it is assumed that sewage sludge is applied to agricultural soil (sludge concentrations: 24-52 mg/kg dw). Taking this pathway into account leads to PECtotal soil values of 28.7 and 29.2 mg/kg dw.

3.1.3.1.4 Calculation of PEClocal for emission inventory threshold 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 Part 1 of the environmental exposure section 3.1.3.4; Table 3.1-28b.

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).

3.1.3.1.5 Calculation of PEClocal for private use: lead in ammunition

The PEClocal for all environmental compartments (soil inclusive) for this use is described in section 3.1.5.1.3.

3.1.3.1.6 Calculation of PEClocal for disposal 

Table 3.1.6‑7
Calculated total local PECsoil for MSW incineration plants. Regional PECsoil is 28.3 mg/kg dry wt (natural soil; modelled, TGD region).
	Country
	Emission amount


	Number of emissions days
	PEClocal soil



	
	kg/y
	d
	mg/kg dry wt.

	Austria
	20
	330
	28.3

	Belgium
	37.7
	330
	28.3

	Denmark
	67.4
	330
	28.3

	Finland
	66
	330
	28.3

	France
	76.4
	330
	28.3

	Germany
	14
	330
	28.3

	Italy
	11.8
	330
	28.3

	Luxembourg
	102
	330
	28.3

	Netherlands
	8.1
	330
	28.3

	Portugal
	2.5
	330
	28.3

	Spain
	137.6
	330
	28.3

	Sweden
	1.7
	330
	28.3

	UK
	7.3
	330
	28.3

	EU average scenario
	40.9
	330
	28.3


The local contribution via air deposition is negligible and does not result in an increase of the regional PEC 28.3 mg/kg dry wt. 
Landfills

The leachate from landfills may be treated in municipal treatment plants from which sludge may be applied to land. Figures for the amounts going to agricultural land have been added to the summary tables used in the regional assessment. As such the application of sludge from landfill STPs is already taken into account in the regional exposure assessment. The applicability of landfill sludge locally will be quite often subject to the restrictions on the metal content for sludge set out by the local permitting authority and is usually based on general waste regulations.

However, applying the default local soil scenario to a landfill site that discharges its leachate to a municipal STP gives a local soil concentration of 0.75 mg/kg dw. The resulting PEClocal soil is 29.1 mg/kg dry wt. which is only slightly higher than the regional soil concentrations (28.3 mg/kg dry wt.) (See Table)

Table: Pb soil concentration as result of application of STP sludge from STP treatment from landfill leachates.

	Cleachate to STP

Influent conc.

(mg/l)
	Discharge rate

(m3/d)
	Csludge

(mg/kg dw)
	Clocal soil

(mg/kg dw)
	PEClocal soil

(mg/kg dw)

	0.382
	100
	45.2
	0.75
	29.1


3.1.3.2 Measured levels 

A description of the soil monitoring data available for local sites is included in sections 3.1.6.1.1-2.

3.1.3.3 Comparison between predicted and measured levels

Table 3.1.6‑8: Summary of calculated versus measured levels in soil for Pb producing/processing sites for which measured data are available.

	N°
	Emission amount
	PECtotallocalsoil

Calculated


	measured ann.avg. soil concentration

	remarks
	year

	
	kg/d
	mg/kg dw
	mg/kg dw
	
	

	Pb metal production
	
	PECtotalreg = 28.3 mg/kg dw
	
	
	

	LDA-01
	8.11
	30.3
	400-1500
	Soil: 400-1500 mg/kg dw (0-30 cm depth) at a distance of 0-500 m from the fence in main wind direction
	NA

	LDA-03
	1.70
	28.5
	7-120
	Soil: 7-120  mg/kg dw (430-470 m from the site)
	NA

	LDA-27
	1.11
	28.4
	456-699

171-296
	Soil: 456-699 mg/kg dw (Western side of river: 1.5-1.3 km from plant)

171-296 mg/kg dw (eastern side of river: 1.1-1.3 km from plant)
	NA

	LDA-31
	3.90
	28.8
	2000-5000 
	Soil: 2000-5000 mg/kg dw (1 km downwind from plant)
	NA

	LDA-39
	0.28
	28.3
	>600->1000
	Soil: >600->1000 ppm
	NA

	LDA-40
	0.28
	28.3
	221
	Soil: 221 mg/kg dw (800 m radius, 0-16 cm depth)
	NA

	LDA-56
	0.65
	28.4
	300
	Soil: 300 mg/kg dw (2 km downwind from site) 
	NA

	LDA-74
	3.75
	29.2
	NA
	Soil: NA. Measurements made in the past showed no measurable difference from background.
	NA

	LDA-76
	0.55
	28.3
	<300
	Soil: <300 mg/kg dw; near air monitoring site, 300 m from plant, surface depth: 0-25 cm; 100 g/sample. Sieving 10 mm; breaking, acid attack, ICP.
	NA

	LDA-98
	0.37
	28.3
	<150
	Soil: <150 mg/kg dw (150 ppm at 200 m; 100 ppm at 500m); depth 0-25 cm; 100 g/sample; sieving 10 mm; breaking, acid attack, ICP.
	NA

	Ph sheet production
	
	
	
	
	

	LDA-29
	0.18
	28.3
	NA. Soil data available on request.
	NA. Soil data available on request.
	

	LDA-73
	0.49
	28.4
	26.1-91 (400m)

52.2-129 (2km)
	Soil: 26.1-91 mg/kg dw (10 locations, avg. varying between 2 values)

52.2-129 mg/kg dw (5 locations at 2000m, different wind directions, averages are varying).
	

	Pb battery production
	
	
	
	
	

	LDA-36
	0.0013
	29.1
	11-3890
	Soil: 11-3890 mg/kg dw (0.3-0.6m deep), samples taken before start operation of plant
	

	LDA-38
	0.54
	28.3
	30-124
	Soil: 30-124 mg/kg dw (5 cm depth) (inside plant – 100 m from plant, downwind).
	

	LDA-43
	0.69
	105.0
	23-123923
	Soil: 23-123923 mg/kg dw (measurements on site, different samples)
	

	LDA-44
	0.92
	28.6
	26-26000
	Soil: on site-measurements: 26-26000 mg/kg dw
	

	Pb oxide production
	
	
	
	
	

	LDA-21
	0.034
	28.3
	24-1330
	Soil: 24 (E) – 1330 (NW) mg/kg dw (measured, 60 m from source)
	

	
	
	
	
	
	


Measured Pb concentrations in soil – presented in Table 3.1.6-8- are available for Pb metal producing plants LDA-01,03, 27, 31, 39, 40, 56, 74, 76, 98; lead sheet production plants 29, 73; lead battery plant LDA-36, 38, 43, 44 and lead oxide producing plant LDA-21.

· Pb metal production sites 1, 3, 27, 31, 39, 40, 56, 74, 76 and 98 provide measurements at distances 200 m – 2 km from sites in soil – varying between 120-5000 mg/kg dw. The measured values are situated a factor of 4.2-177 above the modelled PECs (28.3-30.3 mg/kg dw) for the respective sites. It should be noted that soil monitoring data reflect long-term ‘historic’ pollution/emission levels while modelled PEC values are based on current emission levels emitted during a short -10 years- time scale. Care should be taken when comparing the data.

· For Pb sheet production site LDA-73, measured Pb concentrations in soil -400 m – 2 km in the surroundings of the plant- are reported i.e. 26.1-129 mg/kg dw. These values are in agreement with to a factor of 4.5 above the modelled PECsoil of 28.4 mg/kg dw.

· Pb battery production sites LDA-36, 38, 43 and 44 report ranges of measured Pb concentrations in soil at different distances from the site varying between 11-124  mg/kg dw (low range) and 3890-123,923 mg/kg dw (high range). The modelled PECs for the sites i.e. 28.3-105 mg/kg dw are in agreement with the low range values.

· Measured Pb concentrations in soil of lead oxide production site LDA-21 at a distance of 60 m from the source vary between 24 mg/kg dw (E) and 1330 mg/kg dw (NW). The modelled PEC is 28.3 mg/kg dw.

In conclusion, it is noted that only limited measured information is (made) available.

Moreover, it is stated by the companies that submitted measured data can be influenced by other sources (incl. historic contamination). 

This could explain the observation that for most sites the measured soil levels are situated above the modelled PECs. Indeed, while activities at the sites are going on for several decades, and are thus reflected in the soil monitoring data; the modelled soil value only relates to present emission levels during 10 consecutive years, added to a generic regional background value.

The measured concentrations in soil (in the range of 7 to 123,923 mg/kg dw) are for the Pb metal producers and processors in general a factor 1.5 to 1127 higher than the calculated values (range 28.3 mg/kg dw to 105 mg/kg dw). For few sites; measured values are situated below the modelled PECs. Care should be taken with the interpretation of data for these sites, since information of sampling location is often lacking.

3.1.4 Atmosphere 

3.1.4.1 Calculation of PEClocal 
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)

Note air: country-specific measured PECregional values (section 3.1.9.3.3) are included in the PECtotal table values the following countries: Belgium, Denmark, Finland, France, Germany, Ireland, the Netherlands, Spain and UK. For the remaining countries, a median measured ambient PEC for Europe i.e. 20 ng/m3 (measured data in urban air).

3.1.4.1.1 Calculation of PEClocal for lead metal production (primary, secondary) (23 sites)

An overview of the calculated local Pb concentrations in air is presented in Table 3.1.7-1. From this table it can be concluded that for Pb metal producers in Europe:

Air 

· All companies presented information on air emissions (stack emissions). Daily emissions to air vary between 0.23 kg Pb/d (LDA-75) and 8.11 kg Pb/d (LDA-01).
· Calculated annual average Pb concentrations at a distance of 100 m from the point source vary between 38 ng/m3 (LDA-75) and 2,262 ng/m3 (LDA-01). Calculated PECtotal levels in air vary between 55 ng/m3 (country-specific regional background =17 ng/m3) and 2,324 ng/m3 (country-specific regional background =61.8 ng/m3).
· Measured PECair levels are available for sites LDA-01, 02, 03, 16, 17, 27, 31, 39, 40, 41, 56, 63, 66, 70, 74, 75, 76, 100, 101. It should be noted that not all measurements are relevant since some of them are measured at a distance of 1,000-1,600 m from the plant or at the fence of the plant instead of the prescribed 100 m (e.g. LDA-56). For others no information is given on the distance from the plant where the measurements are performed (LDA-03, 16). The measured Pb concentrations for the sites vary between 20 ng/m3 (LDA-17) and 2,460 ng/m3 (LDA-02). 
Table 3.1.7‑1
Local Caddair/PECtotalair concentrations for Pb metal producing plants in the EU 

.
	Plant N°
	Emission

(kg/d)
	Number of emission days


	Annual average air conc. (100 m) 

(ng/m3)

calculated
	PECtotalair

(ng/m3)

calculated

(PECtotalreg:

20 ng/m3; measured)
	PEClocal air

(ng/m3)

measured 
	Year
	Comments

	LDA-01
	8.11
	366
	2,262
	2324
	1,690

1,420

740


	2004
	Country-specific bg air: 61.8 ng/m3
Measured data: at 30 m downwind from plant edge, year 2002, 90th percentile

Measured data: at 200 m downwind from plant edge, year 2002, 90th percentile

Measured data: at 500 m from plant edge under prevailing wind, year, 90th percentile

	LDA-02
	6.50
	365
	1,806
	1,829
	1,370-2,460 (90P)
	2000
	Country-specific bg air: 23 ng/m3
Measured data: 175-190 m from plant

	LDA-03
	1.70
	325
	421
	483
	430
	2000
	Country-specific bg air: 61.8 ng/m3
Measured data: other metal emitting company present

	LDA-16
	1.26
	320
	307
	327
	119.3
	2000
	Measured data: 

- 119.3 ng/m3 (year 2000 data)

- data available from government

- no distance given

- 74.5 (2001)-190 ng/m3 (1999) (year mean average values of monthly results; particle <10 µm)

	LDA-17
	3.20
	244
	594
	614
	 20 (3.5 km away from site, year 2000)
	2000
	

	LDA-27
	1.11
	365
	308
	328
	30-200 
	2000
	Country-specific bg air: 20 ng/m3
Measured data: 50 m from smelter; background levels: 10-20 ng/m3

	LDA-31
	3.90
	365
	1,085
	1,105
	600 
	2000
	Country-specific bg air: 20 ng/m3
Measured data: 100 m downwind from stack

	LDA-39
	0.28
	365
	78
	98
	1,070
	2000
	Country-specific bg air: 20 ng/m3
Measured data: 250 m from stack

background Pb conc: 31 ng/m3

	LDA-40
	0.28
	345
	75
	95
	120-235
	2000
	Country-specific bg air: 20 ng/m3

Measured data: 150 m from emission point

	LDA-41
	0.51
	220
	85
	105
	360 
	2000
	Country-specific bg air: 20 ng/m3
Measured data: 100 m from emission point

	LDA-56
	0.65
	240
	120
	140
	64-77
	2000
	Country-specific bg air: 20 ng/m3
Measured data: at approx. 1000-1600 m N/NE from stack

	LDA-63
	1.73
	338
	446
	469
	160-590
	2000
	Country-specific bg air: 23 ng/m3
Measured data: 220-400 m (averages, but 90P are also available: 270-1,230 ng/m3) year 2000 data

(centuries of lead mining in neighbourhood)

	LDA-66
	0.67
	300
	152
	169
	500
	2000
	Country-specific bg air: 16.5 ng/m3
Measured data: unknown distance, geometric mean

	LDA-67
	0.38
	330
	97
	117
	NA
	2000
	

	LDA-68
	0.63
	223
	107
	127
	NA
	2000
	

	LDA-70
	3.89
	230
	682
	702
	780-1,110
	2000
	Measured data: 200 m N - 500 m S, 90P values

	LDA-74
	3.75
	230
	657
	677
	1460-1990
	2000
	Measured data: 100-200 m from plant, 90P values, total lead; average: 1250-1920 ng:m3; min-max: 120-3900 ng/m3

	LDA-75
	0.23
	221
	38
	55
	140-310
	
	Country-specific bg air: 16.5 ng/m3
Measured data: distances: 300-450 m from plant, highest value in wind direction; PPA 60; 250 l/min; PM10; bg air levels: 0.06 µg/m3

	LDA-76
	0.55
	222
	93
	110
	130-620
	
	Country-specific bg air: 16.5 ng/m3
Measured data: distance: 5m from emission point; different wind directions; PPA 60, 250 l/min; PM10. Bg level: 0.39 µg/m3

	LDA-77
	0.87
	220
	145
	231
	NA
	FY 2004
	Country-specific bg air: 85.6 ng/m3
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
	0.37
	223
	63
	125
	NA
	
	Country-specific bg air: 61.8 ng/m3

	LDA-100
	1.57
	230
	274
	294
	15-84 µg/m3
	2000
	On site measurements, no information on distance from stack

	LDA-101
	1.53
	333
	388
	473
	940 ng/m3, 90th percentile value; 810 ng//m3, annual mean
	2003
	Country-specific bg air: 85.6 ng/m3
90 m from stack (prevailing wind direction: west: 10.2%; east: 8.55%)


3.1.4.1.2 Calculation of PEClocal for industrial/professional use 

Lead sheet production (9 sites)

An overview of the calculated local Pb concentrations in air is presented in Table 3.1.7-2. From this table it can be concluded that for Pb sheet producers in Europe:

· All companies presented information on air emissions (stack emissions). Daily emissions to air vary between 0.004 kg Pb/d (LDA-24) and 0.81 kg Pb/d (LDA-26).
· Calculated annual average Pb concentrations at a distance of 100 m from the point source vary between 0.65 ng/m3 (LDA-24) and 142 ng/m3 (LDA-26). Calculated PECtotal levels in air vary between 13 ng/m3 (country-specific regional background total = 12.7 ng/m3) and 165 ng/m3 (country-specific regional background total = 23 ng/m3).
· Measured PECair data are available for 4 lead sheet producers (LDA-26; annual avg conc. 150-200 m from release point in prevailing wind direction: 230 ng/m3; LDA-29: annual average concentration: 640-1,500 ng/m3 (no info on distance from stack); LDA-51: average concentration: 68 ng/m3; average, 300 m from stack; 90P: 151 ng/m3, 300 m from stack, influenced by presence of zinc plant and other metal plants, LDA-73: 0.08-0.11 ng/m³ (50 m from source)). 
Table 3.1.7‑2
Local Caddair/PECtotalair concentrations for Pb sheet producers in the EU 
	Plant N°
	Emission

(kg/d)
	Number of emission days


	Annual average air conc. (100 m) 

(ng/m3)

calculated
	PECtotallocalair

(ng/m3)

calculated

(PECtotalreg:

20.0 ng/m3; measured)
	PEClocal air

(ng/m3)

measured 
	Year
	Comments

	LDA-24
	0.004
	230
	0.65
	13
	NA
	2000
	Country-specific bg air: 12.7 ng/m3


	LDA-25
	0.0051
	296
	1.14
	51
	Not available yet; will become available
	2000
	Country-specific bg air: 50 ng/m3


	LDA-26
	0.81
	229
	142
	165
	230
	2000
	Country-specific bg air: 23 ng/m3
annual avg conc. 150-200 m from release point in prevailing wind direction; 90P = 290 ng/m3

	LDA-28
	0.05
	245
	10
	30
	NA
	2000
	Country-specific bg air: 20 ng/m3


	LDA-29
	0.18
	240
	33.4
	56
	640-1,500 
	2000
	Country-specific bg air: 23 ng/m3
No information on distance from stack

	LDA-50
	0.49
	250
	93.7
	114
	NA, no data available
	2000
	Country-specific bg air: 20 ng/m3


	LDA-51
	0.14
	240
	25.1
	87
	68
	2000
	Country-specific bg air: 61.8 ng/m3
(mean, 300 m from stack)

90P: 151 ng/m3; 300 m from stack

influenced by presence of zinc plant and other metal plants

	LDA-73
	0.49
	222
	83
	99
	0.08-0.11
	2000
	Country-specific bg air: 16.5 ng/m3
Measurements only 50 m from source

	LDA-99
	0.06
	240
	11
	34
	NA
	2000
	Country-specific bg air: 23 ng/m3


Battery producers (31 sites)

An overview of the calculated local Pb concentrations in air is presented in Table 3.1.7-3. From this table it can be concluded that for Pb battery producers in Europe:

Air

· All companies except one presented information on air emissions (stack emissions). 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. Daily emissions to air vary between 0.0013 kg Pb/d (LDA-36) and 5.59 kg Pb/d (LDA-97).
· Calculated annual average Pb concentrations at a distance of 100 m from the point source vary between 0.24 ng/m3 (LDA-36) and 936 ng/m3 (LDA-97). Calculated PECtotal levels in air vary between 20.2 ng/m3 (regional background total = 20 ng/m3) and 1021 ng/m3 (country-specific regional background total = 85.6 ng/m3).
· Measured PECair levels are available for sites LDA-36, 37, 38, 43, 44, 55. It should be noted that not all values are relevant since some of them are measured at a distance of 2 km from the plant instead of the prescribed 100 m (LDA-36). For others no information is given on the distance from the plant where the measurements are performed (LDA-38, 44, 55). The measured Pb concentrations for the sites vary between 0.07 ng/m3 (LDA-36) and 2,150 ng/m3 (LDA-43). 
Table 3.1.7‑3
Local Caddair/PECtotalair concentrations for Pb battery producing plants in the EU 

	Plant N°
	Emission

(kg/d)
	Number of emission days


	Annual average air conc. (100 m) 

(ng/m3)

calculated
	PECtotalair

(ng/m3)

calculated

(PECtotalreg:

20.0 ng/m3; measured)
	PEClocal air

(ng/m3)

measured 
	Year
	Comments

	LDA-32
	3.41
	220
	571
	657
	NA
	FY 2005(1/4/2004-31/3/2005)
	Country-specific bg air: 85.6 ng/m3 

Refurbishment and substitution of emission control units, emissions lowered by factor 2 (FY 2004); FY 2005: further improvements are made; emissions are lowered. 

	LDA-33
	0.14
	340
	35
	58
	NA
	2000
	Country-specific bg air: 23 ng/m3

	LDA-34
	0.43
	234
	76.9
	97
	NA
	2000
	

	LDA-35
	3.42
	220
	573
	593
	NA
	2000
	Closed in April 2004

	LDA-36
	0.0013
	250
	0.24
	20.2
	0.073-0.11 

dust !!!

2 km from plant
	2000
	Closed in June 2004

	LDA-37
	1.10
	250
	209
	229
	31 (100 m NE) (avg, Pb)
	2000
	Country-specific bg air: 20 ng/m3

	LDA-38
	0.54


	223
	92.2
	109
	52-141 (2001 data, up- and downwind from plant)
	2000
	Country-specific bg air: 16.5 ng/m3

	LDA-42
	0.0077


	260
	1.52
	22
	NA
	2000
	Country-specific bg air: 20 ng/m3

	LDA-43
	0.69
	223
	117
	133
	820-2,150

(edges of plant)
	2000
	Country-specific bg air: 16.5 ng/m3

	LDA-44
	0.92
	223
	151
	167
	74-515

(year 2001 data; annual average: SLC & oxide production, no distance given, on-sitemeasurements, max distance: 170 m)
	2000
	Country-specific bg air: 16.5 ng/m3

	LDA-45
	2.21
	229
	386
	406
	NA
	2000
	

	LDA-46
	1.34
	226
	231
	251
	NA
	2000
	

	LDA-47
	0.70
	240
	127
	147
	NA
	2000
	

	LDA-48
	0.08
	226
	14
	34
	NA
	2000
	Country-specific bg air: 20 ng/m3

	LDA-49
	0.045


	347
	11.9
	32
	NA
	2000
	Country-specific bg air: 20 ng/m3

	LDA-52
	0.09


	215
	14.7
	100
	NA
	2000
	Country-specific bg air: 85.6 ng/m3

	LDA-53
	NA

2001 measurements ?
	225
	NA
	NA
	NA
	2000
	

	LDA-54
	0.02
	230
	3.58
	24
	NA
	2000
	Country-specific bg air: 20 ng/m3

	LDA-55
	0.067
	223
	11.4
	28
	43-60 (no distances given)
	2000
	Country-specific bg air: 16.5 ng/m3

	LDA-57
	0.45
	340
	117
	137
	NA
	2000
	Closed in 2003

	LDA-58
	2.44
	230
	427
	444
	NA
	2000
	Country-specific bg air: 16.5 ng/m3

	LDA-59
	0.29
	220
	48.0
	68
	NA
	2000
	Closed during the RA process

	LDA-60
	1.54
	228.5
	268
	288
	NA
	2000
	

	LDA-61
	0.038
	231
	6.66
	30
	NA
	2000
	Country-specific bg air: 23 ng/m3

	LDA-62
	1.47
	228
	256
	276
	NA
	2000
	

	LDA-64
	0.003
	250
	0.61
	21
	NA
	2000
	Country-specific bg air: 20 ng/m3

	LDA-71
	0.7
	246
	131.76
	155
	NA
	2000
	Country-specific bg air: 23 ng/m3

	LDA-72
	0.387
	300
	88.35
	111
	NA
	2000
	Country-specific bg air: 23 ng/m3

	LDA-96
	1.14
	220
	190
	276
	NA
	FY2005
	Country-specific bg air: 85.6 ng/m3
Variation in emissions due to more exact monitoring; reduction in emissions expected from installation of emission control units in summer/autumn 2004.

	LDA-97
	5.59
	220
	936
	1021
	NA
	2000
	Country-specific bg air: 85.6 ng/m3

	LDA-102
	0.04
	350
	11.4
	31.4
	NA
	2000
	Country-specific bg air: 20 ng/m3


Lead oxide production (4 sites)
An overview of the calculated local Pb concentrations in air is presented in Table 3.1.7-4. From this table it can be concluded that for Pb oxide producers in Europe:

Air

· All companies presented information on air emissions (stack emissions). Daily stack emissions to air vary between 0.034 kg Pb/d (LDA-21) and 1.16 kg Pb/d (LDA-69).
· Calculated annual average Pb concentrations at a distance of 100 m from the point source vary between 8.8 ng/m3 (LDA-21) and 282 ng/m3 (LDA-69). Calculated PECtotal levels in air vary between 29.0 ng/m3 (regional background total= 20 ng/m3) and 302 ng/m3 (country-specific regional background total= 20 ng/m3).
· Measured PECair are available for 2 lead oxide producers (LDA- 21, 22). It should be noted however that for most of the sites information on distance from the plant and orientation was lacking. The measured Pb concentrations for the sites vary between 20 ng/m3 (LDA-22) and 3,100 ng/m3 (LDA-21). 
Table 3.1.7‑4
Local Caddair/PECtotalair concentrations for Pb oxide producers in the EU 

	Plant N°
	Emission

(kg/d)
	Number of emission days


	Annual average air conc. (100 m) 

(ng/m3)

calculated
	PECtotallocalair

(ng/m3)

calculated

(PECtotalreg:

20.0 ng/m3; measured)
	PEClocal air

(ng/m3)

measured 
	Year
	Comments

	LDA-20
	0.11
	296
	23.9
	110
	NA
	2000
	Country-specific bg air: 85.6 ng/m3 



	LDA-21
	0.034
	340
	8.76
	29.0
	
	2000
	

	LDA-22
	0.62
	366
	174
	190
	20 (city, 80 km from plant) 
	2000
	Country-specific bg air: 17 ng/m3 



	LDA-22
	0.10
	366
	28.2
	45
	20 (city, 80 km from plant)
	2002
	Country-specific bg air: 17 ng/m3 



	LDA-23
	0.20
	366
	56.4
	72.3
	235 (200 m East from plant)

37-86 (but  450 to 800 m from plant)
	2000
	

	LDA-30
	0.61
	330
	154
	170
	NA
	2000
	

	LDA-69
	1.16
	320
	282
	302
	NA
	2000
	Country-specific bg air: 20 ng/m3 


Lead stabiliser production (11 sites)

An overview of the calculated local Pb concentrations in air is presented in Table 3.1.7-5. From this table it can be concluded that for Pb stabiliser producers in Europe:

Air

· 9 companies presented information on air emissions (stack emissions). Daily emissions to air vary between 0.00073kg Pb/d (LDA-11) and 1.36 kg Pb/d (LDA-04).
· Calculated annual average Pb air concentrations vary between 0.12 ng/m3 (LDA-11) and 228 ng/m3 (LDA-04). Calculated PECtotal levels in air vary between 21 ng/m3 (regional background total = 20 ng/m3) and 248 ng/m3.

· Measured PECair data are available for 3 lead stabiliser producers (LDA-9, 12 and 23). LDA-12 reported a measured annual average Pb concentration in air at a distance of 750 m from the plant of 183 ng/m3. For site LDA-9 a measured annual average Pb concentration of 120 ng/m3 was reported. However, it should be noted that for this plant, no information is given on the location of the measurement point. Site LDA-23 reported an annual average concentration of 235 ng/m3 measured at 200 m East from the plant.

Table 3.1.7‑5
Local Caddair/PECtotalair concentrations for Pb stabiliser producers in the EU 

	Plant N°
	Emission

(kg/d)
	Number of emission days


	Annual average air conc. (100 m) 

(ng/m3)

calculated
	PECtotalair

(ng/m3)

calculated

(PECtotalreg:

20.0 ng/m3; measured)
	PEClocal air

(ng/m3)

measured 
	Year
	Comments

	LDA-04
	1.36
	220
	228
	248
	NA
	2000
	

	LDA-05
	0.11
	350
	28.3
	48
	NA
	2000
	Country-specific bg air: 20 ng/m3 

	LDA-06
	0.020
	51
	0.76
	21
	NA
	2000
	

	LDA-07
	No emissions
	233
	Not applicable
	Not applicable
	Not applicable
	2000
	

	LDA-08
	0.37
	358
	100.5
	124
	NA
	2000
	Country-specific bg air: 23 ng/m3

	LDA-09
	0.16
	320
	39
	59
	120 (annual avg 2000)
	2000
	

	LDA-10=LDA-30
	0.88
	250
	168
	188
	NA
	2000
	

	LDA-11
	0.00073
	220 
	0.12
	86
	NA
	2000
	Country-specific bg air: 85.6 ng/m3

	LDA-12
	0.31
	340
	80.6
	142
	183 (750 m downwind)
	2000
	Country-specific bg air: 61.8 ng/m3

	LDA-13
	0.18
	250
	35.0
	55
	NA
	2000
	Country-specific bg air: 20 ng/m3

	LDA-23
	0.20
	366
	56.0
	76
	235 (200 m East from plant)
	2000
	Country-specific bg air: 20 ng/m3


Lead crystal glass production (11 sites)

An overview of the calculated local Pb concentrations in air is presented in Table 3.1.7-6. From this table it can be concluded that for Pb crystal glass producers in Europe:

Air

· Most companies presented information on air emissions (stack emissions). Daily emissions to air vary between 0.002 kg Pb/d (LDA-80, year 2002 data) and 0.68 kg Pb/d (LDA-84).
· Calculated annual average Pb concentrations at a distance of 100 m from the point source vary between 0.29 ng/m3 (LDA-80) and 166 ng/m3 (LDA-84). Calculated PECtotal levels in air vary between 17 ng/m3 (country-specific regional background total= 16.5 ng/m3) and 186 ng/m3.
Table 3.1.7‑6
Local Caddair/PECtotalair concentrations for Pb crystal glass plants in the EU 

	Plant N°
	Emission

(kg/d)
	Number of emission days


	Annual average air conc. (100 m) 

(ng/m3)

calculated
	PECtotalair

(ng/m3)

calculated

(PECtotalreg:

20.0 ng/m3; measured)
	PEClocal air

(ng/m3)

measured 
	Year
	Comments

	LDA-78
	0.01
	365
	4
	20
	NA
	2000
	Country-specific bg air: 16.5 ng/m3

	LDA-79
	0.01
	347
	1
	21
	NA
	2000
	Country-specific bg air: 20 ng/m3

	LDA-80
	0.06
	224
	11
	27
	NA
	2000
	Country-specific bg air: 16.5 ng/m3

	LDA-80
	0.002
	224
	0.29
	16.8
	NA
	2002
	Country-specific bg air: 16.5 ng/m3. 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
	0.43
	250
	82
	105
	NA
	2000
	 Country-specific bg air: 23 ng/m3

	LDA-82
	0.23
	366
	63
	83
	NA
	2000
	 

	LDA-83
	0.00
	366
	1
	21
	NA
	2000
	 Country-specific bg air: 20 ng/m3

	LDA-84
	0.68
	320
	166
	186
	NA
	2000
	

	LDA-85
	NA
	365
	NA
	NA
	NA
	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
	365
	NA
	NA
	NA
	2000
	Only monitoring is at extraction from batch charging at tank melting furnace. No emissions detected

	LDA-87
	0.09
	365
	26
	49
	NA
	2002
	Country-specific bg air: 23 ng/m3. 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
	0.10
	365
	27
	47
	NA
	2000
	


3.1.4.1.3 Calculation of PEClocal for private use: lead in ammunition

Route not relevant for ammunition, PECs for other compartments see section 3.1.5.1.3.

3.1.4.1.4 Calculation of PEClocal for disposal 

Local PEC air for MSW incinerator: current situation

In the following section the results from the local exposure assessment for MSW incineration plants in the different countries are presented. The local air emission for incineration plants is calculated using an allocation key based on the number of incinerators in each country and the country specific air emission amounts. The results presented below are based on emission data for incineration scenario 25 % only (realistic case); it is assumed that for incineration scenario 100% (worst case), taking into account a proportional increase in incineration plants over Europe, analogous results can be expected. 

Table 3.1.7‑7
Calculated local PECair concentration for EU MSW incineration plants. Current situation. Regional PEC air is 20 ng/m3. Country-specific regional backgrounds have been used when available.

	Country
	Emission amount


	Number of emissions days
	Annual average air concentration (100 m) 
	PEClocal air (100m)



	
	kg/y
	d
	ng/m3
	ng/m3

	Austria
	20
	330
	15.2
	35.2

	Belgium
	37.7
	330
	28.7
	90.5 (spec. bg=61.8)

	Denmark
	67.4
	330
	51.3
	61.8 (spec. bg=10.5)

	Finland
	66
	330
	50.3
	60.3 (spec. bg=10)

	France
	76.4
	330
	58.2
	74.7 (spec. bg=16.5)

	Germany
	14
	330
	10.7
	30.7 (spec. bg=20)

	Italy
	11.8
	330
	9.0
	29

	Luxembourg
	102
	330
	77.7
	97.7

	Netherlands
	8.1
	330
	6.2
	18.9 (spec. bg=12.7)

	Portugal
	2.5
	330
	1.9
	21.9

	Spain
	137.6
	330
	104.8
	190.4 (spec. bg=85.6)

	Sweden
	1.7
	330
	1.3
	21.3

	UK
	7.3
	330
	5.6
	28.6 (spec. bg=23)

	EU average scenario
	40.9
	330
	31.2
	51.2


From Table 3.1.7-7 it can be concluded that the PEClocal in air at a distance of 100 from the point source of the incineration plant range between 18.9 and 190.4 ng/m3. It should be noted that this concentration is valid for all MSW incinerated. The EU average situation gives an annual average PEClocal air concentration at 100 m of 51.2 ng/m3. 

For the future
 and the 100 % incineration scenarios it is assumed that the number of incineration plants is increased proportionally to the amount of MSW to incinerate. And since higher local air emissions due to a higher lead content of the MSW are not expected to occur when the FGCS are working well (shift of the lead to incineration residues). Table 3.1.7-7 can also be used for these scenarios.

3.1.4.2 Measured levels 

A description of the air monitoring data available for local sites is included in sections 3.1.7.1.1-2. 

3.1.4.3 Comparison between predicted and measured levels

Table 3.1.7‑8: Summary of calculated versus measured levels in air Pb producing/processing sites for which measured data are available.

	N°
	Emission amount
	PECtotallocalair Calculated

(100 m) 
	measured ann.avg. air concentration

	remarks
	year

	
	kg/d
	ng/m³
	ng/m³
	
	

	Pb metal production
	
	PECtotalreg=20 ng/m3
	
	
	

	LDA-01
	8.11
	2,324

(spec. bg=61.8)
	1690 (90P)

1420 (90P)

740 (90P)
	Monitoring data air: 

1690 ng/m3 (90P); at 30 m downwind from plant edge, year 2002

1420 ng/m3 (90P); at 200 m downwind from plant edge, year 2002.

740 ng/m3 (90P); at 500 m from plant edge under prevailing wind, year 2002


	2002

	LDA-02
	6.50
	1,829

(spec. bg=23)
	1370-2460 (90P)
	Monitoring data air:

1370-2460 ng/m3 (90P) 175-190 m from the plant
	2000

	LDA-03
	1.70
	483

(spec. bg=61.8)
	430
	Monitoring data air:

430 ng/m3; other metal emitting company present
	2000

	LDA-16
	1.26
	327
	119.3
	Monitoring data air:

119.3 ng/m3 (year 2000 data), data available from government, no distance given, 74.5 (2001) -190 ng/m3 (1999) (year mean average values of monthly results, particle <10 µm)
	2000

	LDA-17
	3.20
	614
	nr
	Monitoring data air:

20 ng/m3 (3.5 km away from site, year 2000)
	2000

	LDA-27
	1.11
	328

(spec. bg=20)
	30-200
	Monitoring data air:

30-200 ng/m3; 50 m from smelter, background levels: 10-20 ng/m3.
	2000

	LDA-31
	3.90
	1105

(spec. bg=20)
	600
	Monitoring data air:

600 ng/m3: measured data 100 m downwind from stack
	2000

	LDA-39
	0.28
	98

(spec. bg=20)
	1070
	Monitoring data air:

1070 ng/m3 Measured data 250 m from stack; background Pb conc; 31 ng/m3. 
	2000

	LDA-40
	0.28
	95

(spec. bg=20)
	120-235
	Monitoring data air:

120-235 ng/m3; 150 m from emission point.
	2000

	LDA-41
	0.51
	105

(spec. bg=20)
	360
	Monitoring data air:

360 ng/m3: measured data 100 m from emission point.
	2000

	LDA-56
	0.65
	140

(spec. bg=20)
	nr
	Monitoring data air:

64-77 ng/m3; at approximately 1000-1600 m N/NE from stack
	2000

	LDA-63
	1.73
	469

(spec. bg=23)
	160-590 (avg)

270-1230 (90P)
	Monitoring data air:

160-590 ng/m3; 220-400 m (averages, but 90P are also available: 270-1230 ng/m3; min-max: 120-3900 ng/m3)
	2000

	LDA-66
	0.67
	169

(spec. bg=16.5)
	500
	Monitoring data air:

500 ng/m3; unknown distance, geometric mean
	2000

	LDA-70
	3.89
	702

(spec. bg=20)
	780-1110
	Monitoring data air:

780-1110 ng/m3 (90P); 200 m N – 500 m S
	2000

	LDA-74
	3.75
	677

(spec. bg=20)
	1460-1490
	Monitoring data air:

1460-1490 ng/m3; 100-200 m from plant, 90P values, total Pb, 

avg: 1250-1920 ng/m3, min-max: 120-3900 ng/m3.
	2000

	LDA-75
	0.23
	55

(spec. bg=16.5)
	140-310
	Monitoring data air:

140-310 ng/m3; measured data: distances 300-450 m from plant; highest values in wind direction; PPA60, 250 l/min., PM10; bg air levels: 0.06 µg/m3.
	

	LDA-76
	0.55
	110

(spec. bg=16.5)
	130-620
	Monitoring data air:

130-620 ng/m3; measured data; distance 5 m from emission point; different wind directions; PPA60, 250 l/min, PM 10; bg air levels: 0.39 µg/m3.
	

	LDA-100
	1.57
	294

(spec. bg=20)
	15-84 µg/m3
	Monitoring data air:

15-84 µg/m3; on site measurements, no information on distance from stack.
	

	LDA-101
	1.53
	473

(spec. bg=86)
	940 (90P)

810 (avg)


	Monitoring data air:

940 ng/m3 (90P)

810 ng/m3 (avg)
	

	Pb sheet producers
	
	
	
	
	

	LDA-26
	0.81
	165

(spec. bg=23)
	290 (90P)

230 (avg)
	Monitoring data air:

230 ng/m3: annual average concentration 150-200 m from release point in prevailing wind direction; 90P=290 ng/m3.
	

	LDA-29
	0.18
	56

(spec. bg=23)
	640-1500
	Monitoring data air:

640-1500 ng/m3; no information on distance from stack
	

	LDA-51
	0.14
	87

(spec. bg=61.8)
	68
	Monitoring data air:

68 ng/m3; mean, 300 m from stack

90P: 151 ng/m3; 300 m from stack; influenced by presence of zinc plant and other metal plants.
	

	LDA-73
	0.49
	99

(spec. bg=16.5)
	80-110
	Monitoring data air:

80-110 ng/m3; measurements 50 m from source.
	

	Pb batteries
	
	
	
	
	

	LDA-33
	0.14
	58

(spec. bg=23)
	12-400
	Monitoring data air:

12-400 ng/m3; measurements 300 m N of plant
	

	LDA-37
	1.10
	229

(spec. bg=20)
	31
	Monitoring data air:

31 ng/m3; 100 m NE from plant (avg)
	

	LDA-43
	0.69
	133

(spec. bg=16.5)
	820-2150
	Monitoring data air: 820-2150 ng/m3; edges of the plant
	

	LDA-44
	0.92
	167

(spec. bg=16.5)
	74-515
	Monitoring data air:

74-515 ng/m3
	

	LDA-55
	0.07
	28

(spec. bg=16.5)
	43-60
	Monitoring data air:

43-60 ng/m3. No distances given.
	

	Pb oxide producers
	
	
	
	
	

	LDA-21
	0.034
	29
	230-830
	Monitoring data air:

230-830 ng/m3; measurements performed at 5 sites within boundaries of the factory (year 2004); (20-80 m from emission point )
	2004

	LDA-22
	0.62
	190

(spec. bg=16.5)
	nr
	Monitoring data air:

20 ng/m3, 80 km far from plant
	Before 2000

	LDA-22
	0.10
	45

(spec. bg=16.5)
	nr
	Monitoring data air:

20 ng/m3, 80 km far from plant
	Since 2000

	Pb stabilisers
	
	
	
	
	

	LDA-09
	0.16
	59


	120
	Monitoring data air:

120 ng/m3; annual average
	2000

	LDA-12
	0.31
	142

(spec. bg=61.8)
	183


	Monitoring data air:

183 ng/m3; 750 m downwind
	

	LDA-23
	0.20
	76

(spec. bg=20)
	235
	Monitoring data air:

325 ng/m3; 200 m east from plant
	


Measured Pb concentrations in air – presented in Table 3.1.7-8- are available for Pb metal producing plants LDA-01, 02, 03, 16, 17, 27, 31, 39, 40, 41, 56, 63, 66, 70, 74, 75, 76, 100, 101; Pb sheet producers plants LDA-26, 29, 51, 73; Pb battery plants LDA-33, 37, 43, 44, 55; Pb oxide plant LDA-21, 22 &  Pb stabiliser plants LDA-09, 12, 23.

It should be noted that for 3 sites of the ones listed above (i.e. LDA-17, 56, 22) the reported monitoring data are not relevant for the specific site – i.e. sampling point too far from emission point (some kms), hence not relevant for the site.

There is a substantial amount of information available on air measurements for both Pb metal production and processing sites. From the available information it can be concluded that:

· For 9 out 19 Pb metal production sites (LDA-39, 40, 41, 66, 74, 75, 76, 100, 101), the measured annual air concentration at a certain distance from the site is situated above the modelled PEClocalair. This may be due to the fact that modelled PECs are based on stack emissions only, while measurements take into account both stack and fugitive emissions. 

· For 4 Pb metal production sites (LDA-01, 16, 27, 31), the measured air concentration is situated below the modelled PEC.  This may be due to the different distances from the source (the calculated assumes 100 m whereas the measured were at 100-500 m from the plant or different reference years.  

· For 4 Pb metal production sites (LDA-02, 03, 63, 70), the measured and modelled PECs are well in agreement. 

· For Pb sheet producing sites LDA-26 and 29, measured data are reported at a distance of 150-200 m from the discharge point; i.e. 230 (avg)-290 ng/m3 (90P) and 640-1500 ng/m3 respectively. These values are situated a factor of 1.4-1.8 and 11.4-28.8 above the modelled PECs for both sites of 165 ng/m3 and 56 ng/m3 respectively.

· For Pb sheet producers LDA-51 and 73, reported monitoring data and estimated PECs are in agreement; the data reported are 68 ng/m3 (measured) versus 87 ng/m3 (modelled) and 80-110 ng/m3 versus 99 ng/m3.

· Three Pb battery producing sites LDA-33, 43 and 44 report measured values well above estimated PECs. The difference between measured and modelled Pb concentrations varies between a factor 3.1 and 16.2. 

· For site LDA-55, measured and modelled values corroborate very well; while for site LDA-37; the measured value of 31 ng/m3 at a distance of 100 m from the plant is situated a factor of 7.4 below the modelled air concentration of 229 ng/m3.

· Pb oxide producer LDA-21 reports measured air concentrations at 20-80 m from the emission point of 230-830 ng/m3. The measured value is situated a factor of 7.9-28.6 above the modelled PECair of 29 ng/m3 (100 m from the site). 

· For 3 Pb stabilisers (LDA-09, 12, 23) monitoring data were submitted. In all cases, measured Pb concentrations (120-235 ng/m3) are situated above the modelled PECs (59-142 ng/m3) (factor 1.3-3.1 difference).

For the production and processing companies of lead, measured concentrations, including ‘background concentrations’, range from 30 to 2460 ng/m3. The range of calculated local PEC values in air is 28-2324 ng/m3. For corresponding sites a comparison of these local monitoring data with the calculated local PECair values shows that the calculated PECair is a factor 26.8 higher to 10.9 lower than the measured concentration at the respective site.

Both calculated and measured data will be taken forward to the risk characterisation bearing however in mind the limitations of these values.

3.1.5 Secondary poisoning 

See VRAR_Pb_0704_env_effects
3.1.6 Calculation of PECregional and PECcontinental
3.1.6.1 Derivation of anthropogenic Pb input data: regional/continental point and diffuse emissions

See VRAR_Pb_0804_env_exposure_part1
3.1.6.2 PECregional derivation

· Input and assumptions

EUSES 2.0 (according to the TGD, 2003) is used for calculating the regional PEC values for each environmental compartment. The Pb inputs for the regional assessment are the anthropogenic point and diffuse emissions to air, wastewater, surface water, agricultural soil and industrial/urban soil (as presented in section 3.1.9.1). 

The regional PEC also provides the Pb background concentration (i.e. concentration in environmental compartments that enter the local system) that is incorporated in the calculation of the local PEC.

The input of chemicals is regarded in the model as continuous and equivalent to continuous diffuse emission. For metals, all individual compounds are assumed to transform into the ionic species. The results from the models are steady-state concentrations, which can be regarded as estimates of long-term average exposure levels (TGD, 2003).

In the continental model, it is assumed that all anthropogenic Pb emissions enter into the continental environment. It is also assumed that no inflow of air and water across the boundaries of the continent occurs. Continental exposure concentrations are calculated based on the combined anthropogenic Pb emissions from all EU countries (extrapolated) and on the natural/pristine ambient background of Pb.
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The C_continental is the Pb concentration at continental scale that is related to Pb emissions by man (EUSES 2.0 calculations, see below). Background Pb is, by definition, the natural background for surface water and air and is the ambient Pb concentration measured in areas away from point sources for soils and sediments. Both PECtotal (incorporating both Pb from anthropogenic and natural sources) and PECadd values (incorporating Pb from anthropogenic sources only) are derived for all environmental compartments under study.

Regional calculations are performed using a similar box model for a generic regional environment. This environment is not an actual region, but a hypothetical site with predefined environmental characteristics, the so-called 'standard environment'. 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 (sum of EU Member States = continental scale).

The PECregional is calculated from
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The C_regional is the Pb concentration at regional scale that is related to Pb emissions by man (EUSES 2.0 calculations, see below). 

PEC_continental and PEC_regional are calculated using EUSES 2.0. In fact, the output of the model gives the predicted added environmental concentrations at continental and regional scale (PECcon, add and PECreg, add) (anthropogenic Pb inputs only). Therefore C_continental is considered as the calculated PECcon, add, and C_regional is calculated as the difference between PECreg, add and PECcon, add. 

For modelling the behaviour of lead in the environment, the octanol-water partition coefficient (Kow) and the solubility are not appropriate. For metals, all individual compounds are assumed to transform into the ionic species. In EUSES, the solubility is set to maximum value of 1x105 mg/l. Measured solids-water partition coefficients for sediment, suspended matter and soil (Kp values) are used (TGD Appendix VIII, 2003). 

The solids-water distribution coefficient in soil, Kpsoil, was set to 6,400 l/kg (average value) (de Groot et al. (1998) and Smolders et al (2000)). The solid/water partition coefficient, Kp, of suspended matter is set at 295,121 l/kg (50th percentile) (EURAS, 2004). The solid/water partition coefficient, Kp, of sediment is set at 154,882 l/kg (EURAS, 2005). Partition coefficients for the distribution of metals between water and suspended matter are used to calculate the dissolved concentrations from total concentrations in surface water. Partition coefficients for the partitioning of metals between water and sediment are used to calculate the concentration in sediment from the concentration in water. The sensitivity of PECwater to the choice of Kp is tested with additional model calculations, assuming the Kp of suspended matter equal to 50,119 l/kg or 1,698,244 l/kg (EURAS, 2004). The concentration of suspended solids was set to 15 mg/l in each scenario, both for the continental and the regional compartment. The sensitivity of the PECsediment is illustrated by using the 10th and 90th percentile of the Kp sediment values; i.e. 35,481 l/kg and 707,946 l/kg respectively.

Volatilisation is ignored for Pb, therefore the Henry-coefficient was set to 0 Pa m³/mol. Most of the Pb present in the atmosphere will be bound to aerosols. The vapour pressure was set to 10-10 Pa to ensure that the metal fraction associated to aerosols was equal to one. Biotic and abiotic degradation rates were considered not to be relevant and have been minimised (TGD Appendix VIII, 2003). 

In the TGD model, input sources for soil contamination include direct emission to soil, deposition from the atmosphere and emission of sewage sludge/fertilisers to agricultural soil. The sludge application route is not used in the region, since in the Netherlands it is not permitted to use sewage sludge on agricultural soil (strict regulations on heavy metal content of sludge for agricultural use). On the other hand, sewage sludge is used on agricultural soil in several EU countries and is therefore included in the PEC derivation for the continental environment (next to fertiliser application). Three types of soil are distinguished: agricultural, natural and industrial. The Pb emissions from agricultural practice (fertilisers) are assumed not to affect natural or industrial soil. The diffuse Pb emissions from atmospheric deposition, traffic etc. are distributed between these 3 types of soil proportionally to the surface areas of the three types of soil. According to the TGD (2003) the fraction of surface area that is agricultural soils is 0.60, the fraction natural soil 0.27, and the fraction industrial soil 0.1.

The future Pb emissions arising from corrosion of Pb shot already in the environment caused by historic use of Pb shot are included.

· Results

The resulting cumulative emissions and the corresponding PECs are given Table 3.1.9‑1.

The calculated values are averages for a general regional and general continental environment. The PECregional values are reported as ‘added’ and ‘total’ values for all environmental compartments. The ‘added’ PEC values incorporate anthropogenic Pb inputs only (as inventorised by ECOLAS). The ‘total’ PEC values on the other hand incorporate both anthropogenic and natural/pristine ambient Pb background concentrations for the different environmental compartments. A detailed overview of the background concentrations for the different environmental compartments air, water, sediment and soil is presented in section 3.1.9.3 of the RAR.

Background Pb concentrations in water, sediment and soil were taken from the FOREGS Geochemical Baseline Programme (FGBP) database published in March 2004 (http://www.gsf.fi/foregs/geochem/). FOREGS (Forum of European Geological Surveys) Geochemical Baseline Programme sought to provide high quality environmental geochemical baseline data for Europe based on samples of stream water, stream sediment, floodplain sediment, soil, and humus collected all over Europe.

Water samples were analysed by ICP-MS (detection limit 0.005 µg/L), and dissolved lead ranged between <0.005 and 10.6 µg Pb/L, with a 50th percentile of 0.093 µg Pb/L. Taking into account the high quality of the data set, this value is accepted as a typical background concentration for Pb in European surface waters on a EU-regional scale.

Determination of the Pb-content in the collected sediment samples was done by ICP-AES, aqua regia destruction (Detection Limit: 3 mg/kg). Lead concentrations ranged between <3 and 4880 mg/kg dry wt, with a 50th percentile of 14 mg/kg. Taking into account the high quality of the data set, this value is accepted as a typical background concentration for Pb in European freshwater sediments on a EU-regional scale.

Determination of the Pb-content in the top soil samples that were taken during the FOREGS sampling campaigns was done by ICP-AES, aqua regia destruction (Detection Limit: 2 mg/kg). Lead concentrations ranged between <3 and 886 mg/kg dry wt, with a 50th percentile of 15 mg/kg. Taking into account the high quality of the data set, this value is accepted as a typical background concentration for Pb in European top soil samples on a EU-regional scale.
Table 3.1.9‑1: Overview of cumulative Pb emissions (100 years) and added/total PECs for the regional and continental environment determined after 100 years exposure (based on EU TGD 2003 Risk Assessment Spreadsheet Model 1.0 calculations).

	input continental (anthropogenic): EUtotal - inputregional

	amount released to air
	848 t/y

	amount released to surface water
	2,448 t/y

	amount released to agricultural soil (1)
	23,698 t/y (248 t/y (agricultural use) + 23,450 t/y (lead shot use))

	amount released to natural soil(1)
	0 t/y

	amount released to industrial soil(1)
	297 t/y

	

	input regional (anthropogenic):

	amount released to air
	43.7 t/y

	amount released to surface water
	63 t/y (36 t/y (other) + 26 t/y (lead shot use))

	amount released to agricultural soil(1)
	393.5 t/y (27.7 t/y (fertiliser) + 365 t/y (lead shot))

	amount released to natural soil(1)
	0 t/y

	amount released to industrial soil(1)
	10.4 t/y

	PEC values (100 years of exposure)
	PECadd continental
	PECadd regional
	PECtotal regional

	PEC air                                                 
	ng/m3
	9.89x10-12
	8.86x10-11
	13.6

	PEC agricultural soil                           
	mg/kgdwt
	3.69
	5.66
	32.68

	PEC natural soil                                  
	mg/kgdwt
	0.15
	1.33
	28.3

	PEC industrial soil
	mg/kgdwt
	1.19
	4.54
	31.54

	Kp sediment/suspended matter = 295,121 l/kg (median)

Kp sediment = 154,882 l/kg (median)
	
	
	

	PEC surface water (dissolved fraction)        
	µg/l
	0.112
	0.18
	0.36

	PEC sediment                                 
	mg/kgdwt
	17.34
	27.55
	55.4


[Note that the regional PEC surface water and sediment are smaller compared to the previous RAR version. This is the net result of

1) The emissions to all compartments are increased due to the inclusion of current releases from historical contamination. This results in an increase of the PECs

2) There was a calculation error in the regional amount released to surface water (should be 63 t/y instead of 807 t/y). This results in a decrease of the PECs.

3) A new SimpleBox version of the dynamic simulation (i.e. EU TGD 2003 Risk Assessment Spreadsheet Model 1.0 instead of SimpleBox 2.0) was used. This results in a decrease of the PECs (because steady-state is reached more slowly).

The net effect is a decrease of the regional PEC surface water and sediment]

The PECadd regional, 100 years for agricultural soil is 5.66 mg/kg dw. At this stage in time, 14.6% of the steady state is reached. The PECadd regional, 100 years for surface water and sediment is 0.18 µg/l and 27.55 mg/kg dw respectively. The PECs derived after 100 years for these compartments represent 41% of the steady state. The PECtotal for the different environmental compartments of 0.36 µg/l (water); 55.4 mg/kg dw (sediment) and 32.7 mg/kg dw (agricultural soil) values are taken forward to risk characterisation.
· Sensitivity Analysis

Following assumptions are evaluated by verifying their influence on the regional PEC calculation:

· 100 years versus steady-state calculation

· cumulative Pb emissions versus non-cumulative Pb emissions

· selection of the Netherlands as region or selection of a generic region

The anthropogenic continental and regional emission data (without historic emissions and cumulation of Pb in ammunition) and resulting steady-state regional PEC values are presented in Table 3.1.9-1 (specific region, the Netherlands) and Table 3.1.9-2 (TGD region), respectively. 

Table 3.1.9‑2
Emission values, total concentration and added/total PEC values for the regional and continental environment (specific region: the Netherlands)

	input continental (anthropogenic): EUtotal - inputregional

	amount released to air
	848 t/y

	amount released to surface water
	822 t/y

	amount released to agricultural soil (1)
	558 t/y (59.2 t/y (fertiliser) + 309.6 t/y (lead shot use) + 188.9t/y (sludge))

	amount released to natural soil(1)
	0 t/y

	amount released to industrial soil(1)
	297 t/y

	

	input regional (anthropogenic):

	amount released to air
	43.7 t/y

	amount released to surface water
	36.6 t/y

	amount released to agricultural soil(1)
	32.5 t/y (27.7 t/y (fertiliser) + 4.8 t/y (lead shot))

	amount released to natural soil(1)
	0 t/y

	amount released to industrial soil(1)
	10.5 t/y

	
	

	results: 
	C_continental

Concentration
	Natural/pristine ambient background(2)
	C_regional

	Concentration in air                                 
	ng/m3
	9.90x10-9
	13.6
	7.86x10-8

	Concentration in agricultural soil       
	mg/kgdwt 
	2.2
	15
	11.7

	Concentration in natural soil              
	mg/kgdwt
	1.02
	15
	8.1

	Concentration in industrial soil          
	mg/kgdwt 
	8.18
	15
	23.0

	Kp suspended matter = 295,121 l/kg (median)

Kp sediment = 154,882 l/kg (median)
	
	
	

	Concentration in surface water (dissolved)
	µg/l
	0.031
	0.093


	0.093

	Concentration in sediment                 
	mg/kgdwt
	4.8
	14
	14.4

	Kp suspended matter = 50,119 l/ kg (10P)

Kp sediment = 35,481 l/kg (10P)
	
	

	Concentration in surface water (dissolved)                
	µg/l
	0.17
	0.093
	0.45

	Concentration in sediment                
	mgkgdwt
	5.6
	3.0
	14.4

	Kp sediment/suspended matter = 1,698,244 l/ kg (90P)

Kp sediment = 707,946 l/kg (90P)
	
	

	Concentration in surface water (dissolved)                 
	µg/l
	0.0055
	0.093
	0.017

	Concentration in sediment                 
	mg/kgdwt 
	3.9
	65.8
	11.8

	PEC values 
	PECadd continental
	PECtotal
continental
	PECadd regional
	PECtotal regional

	PEC air                                                 
	ng/m3
	9.90x10-9
	13.6
	8.85x10-8
	13.6

	PEC agricultural soil                           
	mg/kgdwt
	2.2
	17.2
	13.9
	28.9

	PEC natural soil                                  
	mg/kgdwt
	1.02
	16.0
	9.12
	24.1

	PEC industrial soil
	mg/kgdwt
	8.18
	23.2
	31.2
	46.2

	Kp sediment/suspended matter = 295,121 l/kg (median)

Kp sediment = 154,882 l/kg (median)
	
	
	
	

	PEC surface water (dissolved fraction)        
	µg/l
	0.031
	0.12
	0.124
	0.22

	PEC sediment                                 
	mg/kgdwt
	4.8
	18.8
	19.2
	33.2

	Kp suspended matter = 50,119 l/ kg (10P)

Kp sediment = 35,481 l/kg (10P)
	
	
	
	

	PEC surface water (dissolved fraction)
	µg/l
	0.17
	0.26
	0.62
	0.71

	PEC sediment
	mg/kgdwt
	5.6
	8.5
	20.0
	23.1

	Kp suspended matter = 1,698,244 l/ kg (90P)

Kp sediment = 707,946 l/kg (90P)
	
	
	
	

	PEC surface water (dissolved fraction)
	µg/l
	0.0055
	0.099
	0.022
	0.115

	PEC sediment
	mg/kgdwt
	3.9
	65.8
	15.7
	81.6


(1) not including atmospheric deposition; (2) natural (water and air) or ambient (soil and sediment) background Pb; PECtotal: incorporating Pb natural /pristine ambient background concentration

Table 3.1.9‑3: Emission values, total concentration and added/total PEC values for the regional and continental environment (TGD default region, 10% rule)

	input continental (anthropogenic): EUtotal - inputregional

	amount released to air
	802 t/y

	amount released to surface water
	772 t/y

	amount released to agricultural soil (1)
	531 t/y (fertiliser+ sludge + lead shot)

	amount released to natural soil(1)
	0 t/y

	amount released to industrial soil(1)
	277 t/y

	

	input regional (anthropogenic):

	amount released to air
	89.1 t/y

	amount released to surface water
	85.8 t/y

	amount released to agricultural soil(1)
	59.0 t/y (fertiliser+sludge+ lead shot)

	amount released to natural soil(1)
	0 t/y

	amount released to industrial soil(1)
	30.8 t/y

	
	

	results: 
	C_continental

Concentration
	Natural/pristine ambient background(2)
	C_regional

	Concentration in air                                 
	ng/m3
	9.37x10-9
	13.6
	1.71x10-7

	Concentration in agricultural soil       
	mg/kgdwt 
	2.09
	15
	24.5

	Concentration in natural soil              
	mg/kgdwt
	0.97
	15
	17.6

	Concentration in industrial soil          
	mg/kgdwt 
	7.64
	15
	75.9

	Kp suspended matter = 295,121 l/kg (median)

Kp sediment = 154,882 l/kg (median)
	
	
	

	Concentration in surface water (dissolved)
	µg/l
	0.03
	0.093


	0.23

	Concentration in sediment                 
	mg/kgdwt
	4.6
	14
	22.4

	PEC values 
	PECadd continental
	PECtotal
continental
	PECadd regional
	PECtotal regional

	PEC air                                                 
	ng/m3
	9.37x10-9
	13.6
	1.80x10-7
	13.6

	PEC agricultural soil                           
	mg/kgdwt
	2.09
	17.1
	26.6
	41.6

	PEC natural soil                                  
	mg/kgdwt
	0.97
	16.0
	18.6
	33.6

	PEC industrial soil
	mg/kgdwt
	7.64
	22.6
	83.5
	98.5

	Kp sediment/suspended matter = 295,121 l/kg (median)

Kp sediment = 154,882 l/kg (median)
	
	
	
	

	PEC surface water (dissolved fraction)        
	µg/l
	0.03
	0.2
	0.27
	0.36

	PEC sediment                                 
	mg/kgdwt
	4.6
	18.6
	41.4
	55.4


(1) not including atmospheric deposition; (2) natural (water and air) or ambient (soil and sediment) background Pb; PECtotal: incorporating Pb natural /pristine ambient background concentration

These PECs are calculated with the multi-media fate model SimpleBox (level III Mackay-type). This model predicts the concentration in soil and sediment after it has reached a steady-state concentration. Figure 3.1.9-1 gives the relationship between time and the concentration as a percentage of such steady-state situation for all compartments. The figure demonstrates that it would take thousands of years before the agricultural soil has reached 95% of its steady-state. The PECs could therefore be refined by looking at more relevant time scales for risk assessment purposes. This will be conducted below:
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Figure 3.1.9‑1
Relationship between time and the concentration of Lead in relevant environmental compartments as a percentage of the steady state concentration.

A small EUSES sensitivity analysis demonstrated that the regional PECadd in surface water is determined by direct emissions to surface water for 60%, run-off from soil for 28% (agricultural soil in particular accounting for 19%) and aerial deposition for only 14.5%. It is obvious that direct discharges to surface water (e.g. from households and industry) and run-off from soil contribute much more to the concentration in the surface water than aerial deposition. The PECadd levels in air and natural soil are fully determined by air emissions (100%) since these compartments receive emissions from air only. The PECadd agricultural soil is mainly influenced by direct emissions to agricultural land (lead shot, sludge and fertiliser application: 87.7%) and aerial deposition (12.3%). The PECadd regional for industrial soil is a function of direct emissions to industrial soil (e.g. from traffic,…) (85.7%) and aerial deposition (14.3%).

The estimated PECaddregional and PECtotalregional for agricultural soils are 13.9 mg/kg dw(specific region, the Netherlands) - 26.6 mg/kg dw (generic region) and 28.9 mg/kg dw (specific region, NL) –41.6 mg/kg dw (generic region) respectively. In the TGD region, Pb is  applied to agricultural soils in the form of fertiliser, sludge and lead shot (total amount 59 t/y). Fertiliser application is one direct source of Pb in agricultural soils in the specific region (the Netherlands) and amounts to 27.7 t/y (no sewage sludge application on agricultural soils in the Netherlands). Lead shot application amounts to 4.8 t/y. In the continental area use of lead shot is the main direct source of Pb in agricultural soil (55.5%) (309.6 t). Application of sewage sludge on agricultural soil represents 33.8% of the total direct Pb input (188.9 t). Application of fertiliser represents 10.6% of the total direct Pb input (59.2 t). Soils also receive a considerable fraction of total Pb emitted to the atmosphere. The fraction of the EU surface area that is agricultural soil is 0.60, therefore 0.60 x 891 t Pb (534.6 t Pb) emitted annually ends up in agricultural soils (aerial deposition).

The Pb released to natural soil is assumed to consist of atmospheric deposition only. The fraction of natural soil (surface based) is 0.27. Emissions to natural soils are therefore 0.27 x 891 t Pb (240.6 t Pb). The PECaddregional and PECtotalregional for natural soil are 9.12 mg/kg dw (specific region, NL) – 18.6 mg/kg dw (generic region) and 24.1 mg/kg dw (specific region, NL) – 33.6 mg/kg dw (generic region) respectively (aerial deposition only).

Pb released to EU industrial soil consists of direct input 307.9 t/y (from households, traffic, waste management) and atmospheric deposition. The fraction of industrial soil (surface based) is 0.1. Aerial deposition to industrial soils is therefore 0.1 x 891 t Pb (89.1 t Pb). The PECaddregional and PECtotalregional for industrial soil is 31.2 mg/kg dw (specific region, NL) – 83.5 mg/kg dw (generic region) and 46.2 mg/kg dw (specific region, NL) – 98.5 mg/kg dw (generic region) respectively.

Annual atmospheric emissions in the EU amount to 891 t Pb/y. This value does not include natural sources of Pb. The contribution from natural sources is given in the natural background which is added to the continental PECs. As indicated in Table 3.2.5.3-6 and Table 3.2.5.3-12, major sources of anthropogenic air emissions include industry, households, combustion processes in industry, traffic, waste management and agriculture. The PECaddregional and PECtotalregional for air are 8.85x10-8 ng/m3 (specific region, NL) – 1.80x10-7 ng/m3 (generic region) and 13.6 ng/m3 (specific region, NL & generic region) respectively.

Total EU annual emissions to surface water amount to 858.2 t Pb/year. Major sources that contribute to surface water emissions are households, miscellaneous sources, waste management, industry, traffic and agriculture (section 3.1.9.1). 

Emissions to water through runoff from soil are not accounted for. The anthropogenic part of these emissions is however included in the PECwater calculations because the model (EUSES 2.0) assumes that a fraction of the emissions to soil are released to water. The natural part of these processes is included via the natural background Pb concentration that is added to the predicted added concentrations.

The PECaddregional and PECtotalregional for surface water are 0.12 µg/l (specific region, NL) – 0.27 µg/l (generic region) and 0.22 µg/l (specific region, NL) – 0.36 µg/l (generic region) respectively (dissolved fraction). These values are derived on the basis of a mean Kp suspended solids value for Pb of 295,121 l/kg (freshwater environment) (EURAS, 2004). The PECaddregional and PECtotalregional for sediment –determined from the PECaddregional and PECtotalregional surface water by using the partitioning methodology- are 19.2 mg/kg dw (specific region, NL) – 41.4 mg/kg dw (generic region) and 33.2 mg/kg dw (specific region, NL) – 55.4 mg/kg dw (generic region) respectively (mean Kpsediment).

Increasing the Kp value of suspended matter and sediment by a factor 5.75, from 295,121 l/kg to 1,698,244 l/kg, decreases the added predicted regional Pb concentration in surface water by a factor 6.0, from 0.12 µg/l to 0.02 µg/L. Taking into account the natural background value in surface water, the PECtotalregional value is reduced from 0.22 µg/l to 0.12 µg/l. At lower Kp (50,119 l/kg), more Pb remains in solution (higher Pb PECaddregional concentration in dissolved fraction: 0.62 µg/l) and less Pb will be sorbed on particles (lower Pb concentration in sediment/suspended matter: 20 mg/kg dw).

Theoretical EU region 

For reasons of comparison an alternative approach for a theoretical EU region (as prescribed by TGD, worst case scenario) is carried out. The EU data (based on extrapolation factors, scenario 2) are used as a basis for the total EU emissions and then 10% of these are taken for the hypothetical region. The following input data (t/y) are used in the model:

Table 3.1.9‑4
Input data theoretical EU region (10% rule)

	
	Regional (t/y)
	Continental (t/y)


	Air
	891/10= 89.1
	891 -89.1= 802

	surface water
	858/10= 85.8
	858 – 85.8= 772

	agricultural soil
	590/10= 59.0
	590– 59.0= 531

	natural soil
	0
	0

	Industrial/urban soil
	308/10=30.8
	308– 30.8= 277


The PECs based on emissions from a theoretical EU region, i.e. continental emissions divided by 10, are presented in the format underneath. For comparison the PECs from the selected country calculation (the Netherlands) are also given in Table 3.1.9-4. 

Table 3.1.9‑5
Calculated PECregionaladd in theoretical EU region and selected country (Netherlands)
	
	Hypothetical 

EU region 

(10% rule)
	Selected region (Netherlands)

	PECadd air (ng/m3)
	1.80x10-7
	8.85x10-8


	PECadd agricultural soil (mg/kg dwt)
	26.6
	13.9

	PECadd natural soil (mg/kg dwt)
	18.6
	9.12

	PECadd industrial soil (mg/kg dwt)
	83.5
	31.2

	PECadd water (dissolved; μg/l)
	0.27
	0.12

	PECadd sediment (mg/kg dwt)
	41.4
	19.2


From this exercise it can be concluded that the country specific regional input data (Netherlands) are lower than the input data derived for a hypothetical EU region by using the 10% approach as mentioned in the TGD (factor 2.0 difference for air compartment; factor 2.3 difference for surface water, factor 1.8 difference for agricultural soil, factor 2.9 difference for industrial soil). As a consequence, the calculated PECaddregional data for the selected region (Netherlands) for different compartments are lower than the PECaddregional values for the hypothetical EU region (worst case approach). The difference in input values is reflected in the derived regional concentrations (same ratio difference).

· Measured levels

· Aquatic compartment (incl. Sediment)

The predicted environmental concentrations (PECs) that are presented in this section are derived from monitoring data frequency distributions of ambient lead exposure concentrations in European surface waters (freshwater, marine) and sediments. Additionally, an overview is given on reported background concentrations of lead in the different environmental compartments.

Methodology

In order to develop a scientifically sound and practicable report, the procedures used in the present report are based on the methods and concepts laid down in the Technical Guidance Document (EC, 2003) for environmental risk assessment in the European Union and on the Combined Monitoring‑based and Modelling‑based Priority Setting procedure (COMMPS, 1999).

Monitoring data on the ambient (background and anthropogenic) water concentration of lead for different European surface waters were collected from environmental agencies, scientific literature and extensive databases. A detailed overview of the databases used is given in the report “Probabilistic distribution of lead in European surface waters”.

In general, concentrations in the environment can be affected by a large number of processes that relate to the amount released, the spatial and temporal distributions of the releases, and the results of the action of a large number of transportation and transformation processes on the substance. The likelihood and extent to which these myriad of processes will affect a particular quantity of substance in the environment is essentially random and frequency distributions of exposure concentrations in the environment will therefore most likely be distributed according to a particular model with the log-normal model being the most often observed (Klaine et al.; 1996, Solomon et al., 1996; Solomon and Chappel, 1998).

The following general selection criteria for the collection of monitoring data from surface waters were applied:

To increase the relevance of the monitoring data, only the most recent monitoring data were used for PEC derivation (1999-2004). Older monitoring data were only used if no recent data were available;

All measurements of a specific data set were excluded from further investigation if more than 80% of the measurements fall below the detection limit (COMMPS, 1999);
With respect to the measurements below the detection limit (DL), it was decided to set those entries <DL to DL/2;

Outliers were identified according to the statistical approach proposed in the TGD (EC, 2003), i.e. Log10(Xi) > log10(p.75) + K(log10(p.75) – log10(p.25)) with Xi being the concentration above which a measured concentration may be considered an outlier, pi the value of the ith percentile of the (non-parametric) distribution and K a scaling factor. A scaling factor K=1.5 is applied, as this value is used in most statistical packages.

Using the statistical computer package @Risk (Palisade Decision Tools) - a computational tool that allows the selection of the best parametric distribution that fits the input data - the distribution that most likely reproduces the monitoring data is identified. The goodness-of-fit tests used for screening the selected distribution are Chi-Square, Kolmogorov-Smirnov and Anderson-Darling. The latter test is mainly focussing on the goodness-of-fit in the tails of the distribution, and is therefore the most appropriate test when 90th percentiles are considered. Acceptance or rejection of a fitted distribution is dependent on the critical value of that fit. Critical values for the Anderson-Darling test are calculated using Monte-Carlo simulations (Stephens, 19974, 1977), with special cases for the Normal, Exponential, Weibull and Extreme Value distributions. For all other distributions, the critical values are estimated using an “all parameters known” test that is more conservative than the tests for the above-mentioned specific distributions. The reported confidence, α-1, is the probability that the null hypothesis (i.e. the input data are created by the distribution function reported by BestFit) is rejected when it is, in fact, true. When a median value is calculated, the goodness-of-fit test used for screening the selected distribution is Kolmogorov-Smirnov.

Non-parametric distributions were used when no parametric distribution could be fitted significantly (p<0.05) to the data points.

From the produced distributions it is possible to assign probabilities to the likelihood that a measure will exceed a certain value. This principle can also be applied to concentrations of substances in the environment, taking into account, however, that these data are usually censored by the limits of analytical detection. The reasonable worst-case ambient PECs (RWC-ambient PEC) for the different surface waters is computed as 90th percentiles of the measured lead concentration in the sampled surface waters, which is in agreement with the procedures as described in the TGD (EC, 2003). The principle of deriving the PEC from the computed frequency distribution of exposure concentrations is illustrated in Figure 3.1.9-2. This cumulative distribution function, hereafter called CDF, can be used to estimate the likelihood that a particular concentration of the substance will be exceeded in the environment.
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Figure 3.1.9‑2
Cumulative distribution function and derivation of the 90th percentile
Regional RWC-ambient PEC concentrations can be derived as follows for the different water catchments or countries/regions: 

RWC-ambient PECcountry = median value of all 90th percentiles that have been derived for the different sites, rivers/catchments or regions.

It is not always feasible to perform this type of data treatment:

no 90P can be calculated when insufficient data points for a specific site are available: the use of the above-mentioned statistical approach is only possible with 3 or more measurements;
the availability of information on 100 to 1000s different sites/rivers within a specific region: a thorough analysis of such a database is very time-consuming and is therefore not always feasible (e.g. the Swedish data set).

When analysis of monitoring data according to the recommended procedure in the TGD (EC, 2003) can not be performed, a river- or region-specific approach is applied: data for one river, river system or region within a country are grouped and a 90th percentile is calculated.

The TGD (EC, 1996; 2003) states that the regional RWC-ambient PEC should be the mean value of all site/area-specific 90P-values. This approach, however, assumes that none of the data points is affected by any point sources: environmental parameters are considered to be log-normal distributed, in which case the mean and median value of log-transformed monitoring data are the same. However, the effect of  point source contamination – often too small to be detected with the conventional outlier-analysis, will stretch the upper part of the log-distribution to the right, resulting in a higher mean but will affect much less the median. In a case where some water samples are influenced by point source contamination, the 50th percentile (median value) of the fitted distribution is the best estimate for a mean value without any impact of point sources. Therefore both the mean and median are reported in this study. A schematic overview of the followed methodology is presented in Figure 3.1.9-3.
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Figure 3.1.9‑3
Schematic overview of RWC-ambient PEC-derivation
Background concentrations of Pb in the freshwater environment (water & sediment)

In order to interpret the determined ambient lead concentrations, it is important to evaluate the data in view of background reference concentrations. “True” natural background concentrations can hardly be found in most European surface waters as a result of historical and current anthropogenic input from diffuse sources. This issue was discussed for the EU Water Framework Directive by a group of experts and the following definition was agreed: “The background concentration of target metals in the aquatic ecosystems of a river basin, river sub-basin or river basin management area is that concentration in the present or past corresponding to very low anthropogenic pressure. The methodologies proposed for setting the background concentrations were: (1) trace metal concentrations in groundwater (shallow and/or deep); (2) analysed values for trace metal concentrations in pristine areas (with assurance that river basin is pristine or nearly so) (3) expert judgment (incl. international agreements; river basin commissions) (EAF, 2004). A draft working document discussed further the approach and stated that the first step in this process is to elucidate default background concentrations applicable to a large part of Europe. It was agreed that the most important database is the FOREGS Geochemical Baseline Programme (FGBP) published in March 2004 (http://www.gsf.fi/foregs/geochem/). FOREGS (Forum of European Geological Surveys) Geochemical Baseline Programme sought to provide high quality environmental geochemical baseline data for Europe based on samples of stream water, stream sediment, floodplain sediment, soil, and humus collected all over Europe. High quality and consistency of the obtained data were ensured by using standardised sampling methods and by treating and analysing all samples in the same laboratories. Five random points were selected in each Global Terrestrial Network cell (160*160 km2), one point in each quadrant and one point random in the cell. The points were used to select the five nearest small drainage basins of <100 km2. The sampling sites selected for stream water analyses of dissolved metals were typical of locally unimpacted or slightly impacted areas. As a consequence, the metal concentrations – and lead more specific – that are determined in these samples can be considered as relevant background concentrations. These lead concentrations are fundamentally different from the values that were used for the derivation of a RWC-ambient PEC: the surface waters that were used for the RWC-ambient PEC did not represent pristine areas, but only excluded locations that were directly impacted by local point sources.  

The FOREGS-data set is considered to be of high quality: a detailed description of sampling methodology, sampling preparation and analysis is given by Salminen et al. (2005):

running stream water was collected form small, second order drainage basins (<100 km²);

whenever possible, sampling was performed during winter and early spring months, and was avoided during rainy periods and flood events;

a full description of sampling materials and sampling volumes is provided, and all materials were rinsed twice with unfiltered or filtered stream water (depending on the type of water sample);

all potential contaminating factors were reduced during the sampling period (wearing of gloves, no smoking in the area allowed, no hand jewelry was allowed , running vehicles during sampling was prohibited, etc..) 

If it was not possible to use non-metal equipment (e.g., spades, sieves), unpainted steel equipment was used for sediment sampling (no aluminium or brass). A composite sample was made from subsamples taken from beds of similar nature (ISO-5667-12, 1995), and minimum amount of sediment sample was 0.5 kg dry wt. A detailed description of the whole sampling procedure is given in Salminen et al. (2005).

The programme resulted in 807 stream water samples and 845 sediment samples spread over Europe. Water samples were analysed by ICP-MS (detection limit 0.005 µg/L), and dissolved lead ranged between <0.005 and 10.6 µg Pb/L, with a 50th percentile of 0.093 µg Pb/L. Taking into account the high quality of the data set, this value is accepted as a typical background concentration for Pb in European surface waters (EU-regional scale).

Determination of the Pb-content in the collected sediment samples was done by ICP-AES, aqua regia destruction, Detection Limit: 3 mg/kg). Lead concentrations ranged between <3 and 4880 mg/kg dry wt, with a 50th percentile of 14 mg/kg. Taking into account the high quality of the data set, this value is accepted as a typical background concentration for Pb in European freshwater sediments (EU-regional scale).

Table 3.1.9-6 presents the country-specific background levels of Pb in surface water and sediment that were determined with the raw data from the FOREGS program.

Table 3.1.9‑6: Country-specific 10th, 50th and 90th percentiles of Pb-background levels in surface water and sediment.

	Country
	Surface water (µg Pbdiss/L)
	Sediment (mg Pb/kg dry wt)

	
	10th percentile
	50th percentile
	90th percentile
	10th percentile
	50th percentile
	90th percentile

	Austria
	0.016
	0.039
	0.157
	3.1
	8.9
	25.9

	Belgium
	0.063
	0.093
	1.186
	17.0
	29.8
	71.7

	Czech R.
	0.061
	0.094
	1.569
	19.1
	40.7
	122.1

	Germany
	0.012
	0.079
	0.548
	9.0
	17.7
	40.4

	Denmark
	0.034
	0.145
	0.596
	2.4
	7.6
	21.8

	Estonia
	0.040
	0.070
	0.148
	1.4
	4.7
	15.9

	Spain
	0.014
	0.059
	0.245
	6.5
	15.7
	38.0

	Finland
	0.048
	0.173
	0.405
	1.3
	5.4
	22.8

	France
	0.031
	0.134
	0.588
	7.4
	17.7
	42.4

	Greece
	0.015
	0.026
	0.057
	7.1
	12.0
	18.8

	Croatia
	0.046
	0.064
	0.166
	9.9
	12.8
	19.2

	Hungary
	0.035
	0.067
	0.127
	2.9
	8.4
	24.3

	Ireland
	0.099
	0.178
	0.582
	7.4
	19.1
	78.3

	Italy
	0.024
	0.099
	0.793
	4.7
	18.3
	71.0

	Lithuania
	0.082
	0.201
	0.829
	7.9
	10.8
	17.7

	Latvia
	0.100
	0.253
	0.666
	1.2
	4.1
	14.5

	The Netherlands
	0.085
	0.138
	1.253
	1.3
	6.9
	37.4

	Norway
	0.015
	0.052
	0.395
	2.2
	8.2
	30.3

	Poland
	0.034
	0.070
	0.220
	3.0
	8.8
	25.7

	Portugal
	0.011
	0.099
	0.899
	13.2
	19.4
	35.7

	Sweden
	0.015
	0.100
	0.656
	4.4
	12.3
	34.5

	Slovakia
	0.045
	0.096
	0.277
	13.7
	19.8
	35.4

	Slovenia
	0.101
	0.138
	0.539
	11.7
	16.2
	25.1

	United Kingdom
	0.030
	0.129
	0.449
	14.6
	33.8
	83.0


Typical (50th percentile) country-specific background levels for the freshwater compartment range between 26 ng/L (Greece) and 253 ng/L (Latvia). For the sediment compartiment all values are situated between 4.1 mg/kg (Latvia) and 40.7 mg/kg (Czech Republic).  

Background concentrations can also be obtained for literature data or other monitoring programs. Most values, however, are based on single measurements and their representativeness for a country as a whole may therefore be questionable. Background concentrations of total lead in Scandinavian countries ranged between 0.07 and 1.5 µg/l (Table 3.1.9-6). Åström (1996; in: Van Tilborg, 2002) reported background concentrations ranging between 0.2 and 0.4 µg/l, but no indication was given whether these values reflected the total or dissolved Pb-fraction. The highest values were found for the Netherlands (2.09-3.1 µg/l). Mean Pbtotal concentrations range between 0.07 and 3.1µg/l. The reported value of 4.6 µg/l (Schuiling, 1974; in: Van Tilborg, 2002) is excluded from the data set. Taking into account the assumptions made by this author, Van Tilborg (2002) concluded that the error on the value of 4.6 µg/l could easily cover a factor of 2 to 5. The median background of total lead in European surface waters is 0.77 µg Pbtotal/l. This value is more or less a factor of 2 lower than the mean value of 1.48 µg/l (range: 0.52-4.18 µg/l) that is reported for the entire world by Zuurdeeg (1992).

Based on reported dissolved concentrations the mean in European countries varies between 0.15 and 0.81 µg/l. The background concentration of 3.1µg/l, as reported by Zuurdeeg (1992), is not included since this value is similar to the reported total concentration by the same author. The derived total and dissolved ambient Pb concentrations in European waters indicate that the dissolved fraction is mostly a factor of 3 to 4 lower than the total concentration. Therefore the dissolved background reported by Zuurdeeg (1992) may not be representative for the actual background in Europe. The median background of dissolved lead in European surface waters is 0.18 µg Pbdissolved/l. This value is more or less a factor of 3 lower than the mean value of 0.52 µg/l (range: 0.13-2.02 µg/l) that is reported for the entire world by Zuurdeeg (1992).

The median of 0.18 µg Pbdiss./L (Log-Gamma distribution), based on literature data, is approximately a factor of two higher than the reported median background that was determined in the FOREGS monitoring program. As the latter value of 0.093 µg/L is based on a large data set of more recent measurements that represent the whole of Europe, this value is recommended as natural ambient background concentration for surface waters in exposure calculations (e.g. EUSES).

Table 3.1.9‑7
Measured or estimated background lead concentrations in European freshwaters. Values are reported as mean/median with min-max range. 

	Country
	Pb (µg/l)
	Mean, median
	Reference

	
	total
	dissolved
	
	

	Finland
	0.25

0.43 (/-3.01)

0.07-0.56
	
	Median

Mean

Range
	Mannio et al., 1995

Verta et al., 1990

Ukonmaanoha et al., 1998

	Norway
	1.5 (<0.5-2.0)
	
	Median
	Henriksen and Wight, 1978

	Sweden (north)
	0.27 (0.1-0.8)

0.43 (0.2-1.1)
	
	Mean

Mean
	Borg, 1987

Borg, 1983

	The Netherlands
	3.1

3.1 (1-5)

2.09
	0.15
	Mean

Mean

Mean
	Van den Hoop, 1995

Zuurdeeg, 1992

Van der Weijden & Middelburg, 1989

	Germany

River Rhine
	0.2

0.82

0.92
	0.07
	Mean

Mean

Mean
	Schudoma et al., 1994

Van den Berg and Zwolsman, 2000(1)

Van Tilborg, 2002(1)

	Austria
	
	0.21-0.81
	Mean
	Kock  et al., 1995

	England
	0.15-3.0
	
	Mean
	Bubb and Lester, 1996

	Belgium
	0.26-0.79
	
	Range
	Richelle et al. 1991

	Northern Europe
	3.1 (1.9-5.2)
	(3.1 (1.1-8.4))
	Mean
	Zuurdeeg, 1992

	Median value

+ range
	0.70

(0.07-3.1)
	0.18

(0.07-0.81)
	


(1): in Van Tilborg, 2002.

Reported background concentrations of Pb in sediment are summarised in Table 3.1.9-8. Marked values are used for the derivation of a median background for Pb in European freshwater sediments. The median background concentration for Belgium and Luxemburg were derived from reported Pb-concentrations in the deepest part of overbank sediments (>1.5 m depth) (Swennen et al. 1998). Swedish background were reported by Lithner (1989) or was calculated using Pb-concentrations measured in the 30-32 cm sediment layer in Swedish reference lakes (median value, data from Swedish University of Agricultural Science). 

Rognerud and Fheld (2001) reported the median lead concentration in Norwegian reference sediments that were collected in 210 lakes during a countrywide survey in 1996-1997. Selection of lakes was based on the following criteria: coverage throughout Norway (wide range of conditions regarding bedrock geology, amount of precipitation, types of vegetation), a wide range of lake size and the absence of significant local ources of pollution. The deepest layer of the sampled sediment (30-50 cm) was referred to as “reference layer”.  According to these autors this layer was likely to be deposited in preindustrial times and therefore represents the natural (or close to) background concentration of metals. A median concentration of 14.0 mgkg dry wt was reported for lead in reference sediments in Norway.  

Based on this definition of reference sediments, the measured Pb-concentrations in the 30-32 layer of Swedish sediments are considered as (close to) background levels, and a typical background of 29.3 mg Pb/kg is calculated with these data.

Various values for The Netherlands varied between 2.5 and 31 mg/kg dry wt, resulting in an average value of 22.3 mg/kg dry wt.  German data represent old sediment depositions in four German water systems, resulting in an overall average of 26.8 mg/kg dry wt (Müller, 1999). For the United Kingdom, Pb concentrations in non-contaminated rivers ranged between 17.4 and 128 mg/kg dry wt, from which an average Pb-concentration of 58.9 mg/kg dry wt is derived.  

The median value of 25.7 mg/kg dry wt (Log-PearsonV distribution) is considered to be the natural/ambient background concentration of Pb in European freshwater sediments. 

The median value of 23.5 mg/kg dry wt (Log-Pearson V distribution), based on literature data, is approximately a factor of 1.7 higher than the reported median background that was determined in the FOREGS monitoring program. As the latter value of 14.0 mg/kg dry wt is based on a large data set of more recent measurements that represent the whole of Europe, this value is recommended as natural ambient background concentration for sediments in exposure calculations (e.g. EUSES).

Transformation to wet weight for exposure calculations results in an ambient background concentration of 5.3 mg/kg wet wt. The applied conversion factor of 0.38 assumes 20% solids and 80% water by volume, i.e. 38% solids by weight (TGD-procedure). Assuming that the background for sediments is equal to the background for suspended solids (TGD-procedure), a wet weight background for suspended solids of  3.1 mg/kg wet wt is obtained (10% solids and 90% water by volume, i.e. 22% solids by weight).

Table 3.1.9‑8
Measured or estimated background lead concentrations in European freshwater sediments.

	Country
	Concentration

(mg Pb/kg dry wt)
	Reference

	Belgium (n=55)
	17.1
	Swennen et al., 1988

	Luxemburg (n=7)
	21.5
	Swennen et al., 1988

	Northern Sweden

Swedish westcoast

Swedish reference lakes (50P)
	10

50

29.3
	Lithner, 1989

Lithner, 1989

Swedish University of Agricultural  Science (website)

	The Netherlands

The Netherlands

The Netherlands

The Netherlands
	29

21

2.5 – 28

31
	Van Os et al., 2001

Salomons, 1983

Timmermans et al., 1991

Müller, 1999

	     The Netherlands - average
	22.5
	

	Norway (n=210)
	16.1
	Rognerud and Fjeld, 2001

	Germany – Elbe

Germany – Moldau

Germany – Saale

Germany – Lake Constance
	28

32

24

23
	Müller, 1999

Müller, 1999

Müller, 1999

Müller, 1999

	     Germany – average
	26.8
	

	United Kingdom

United Kingdom
	37 – 53

17.4 – 128
	Eyers and Pugh-Thomas, 1978

Barak and Mason, 1989

	     United Kingdom - average
	58.9
	

	Median + range
	23.5

(16.1 – 58.9)
	


Ambient concentrations of Pb in surface waters

Three databases were used for the exposure assessment of lead in European surface waters: the Surface Water Database (SWAD), the GEMS/Water-database and the COMMPS-database. Data for the same country from the different data databases and data sets were not pooled but analyzed separately for several reasons:

it was not always clear whether the applied analytical techniques (and sensitivity) were similar among the different data sets;

due to differences in sampling strategy (e.g. sampling of large rivers only) between the monitoring campaigns and number of sampling sites in each data set, valuable information may be lost when data sets are pooled;  

lead measurements in the COMMPS- and GEMS/water database are less recent and thus less relevant for the current median and WRC-PEC values. 

Each of the above-mentioned databases contains site-specific measured Pb-concentrations. Reported detection limits varied between the different countries/regions, and sometimes even differed between the individual sites of the same monitoring program.

Based on the selection criterion that “data sets will be excluded if more than 80% of the reported measurements fall below the detection limit”, the following data sets were excluded for further data analysis:

from SWAD: Spain (Andalusia);

from the COMMPS-database: Italy, Spain;

from the GEMS/Water database: Germany, Finland, Portugal  and the Netherlands.

It should be noted that the data in COMMPS are not always very recent (i.e. before 1999) compared to the available data in SWAD. Secondly, the COMMPS data base often only reports the physicochemical information of large rivers and watercourses within a country. As these types of waters are more subjected to contamination by various sources (effluent discharge, traffic, nearby industrial activities,..), the reported physicochemistry (incl. lead content) may not always be representative for the general water characteristics of a specific country. It was therefore decided not to use the data for the following countries as there were sufficient reliable and more recent data available for these countries in SWAD:

Belgium (1995, total Pb-concentrations);

Germany (1994-1995, total Pb-concentrations);

The Netherlands (1996-1997, total and dissolved Pb-concentrations);

Sweden (1995-1997, total Pb-concentrations);

United Kingdom (1994-1997 total and dissolved Pb-concentrations).

Table 3.1.9-9 gives the different monitoring data that were used for the derivation of RWC-ambient PECs for different European countries.

Table 3.1.9‑9
Overview of the most recent available and reliable Pb-data in the SWAD database.

	Country/region & source
	No. of data points

	
	Pb - total
	Pb –dissolved
	Not specified

	Belgium (2000-2003)

	Flanders (2000-2003) (VMM)
	25,223
	---
	---

	Walloon (2000) (ISSeP)
	680
	---
	---

	Finland (2000)
	
	
	

	Ecogeochemical mapping of Eastern Barents region
	
	339
	

	France (1982 – 2000)

	Seine
	---
	57
	---

	Rhône-Mediterranean area
	---
	---
	127

	Germany (1999-2001)

	Hessisches Landesamt
	
	
	3,115

	Elbe
	510
	---
	

	Bund/Länder-Arbeitsgemeinschaft Wasser (2002 – 2004)
	414 (1)
	
	

	Ireland (1996)
	
	
	

	COMMPS-data set
	246
	
	

	The Netherlands (1999-2000)

	Rijkswaterstaat database (RIZA, 2000)
	279
	149
	---

	Portugal (2000-2005) 

	Sistema Nacional de informação de Recursos Hídricos
	489
	30
	

	Sweden (1995-2001)

	Database: Institutionen för miljöanalys:

   - lakes and rivers (1999-2001)

   - reference lakes (2000) 
	3,947

1,206
	---

---
	---

---

	United Kingdom (1998)

	HMS-database
	7,361
	5,622
	---


(1): 90th percentile values

Next to monitoring data on lead, most databases contain additional information on other physico-chemical parameters of the surface waters (e.g. pH, alkalinity, dissolved and/or total organic carbon, hardness, major cation concentrations). A more detailed discussion for each database is given in the report “Probabilistic distribution of lead in European surface waters”.

Exposure data 

Table 3.1.9-10 summarises the different reasonable worst-case ambient PEC values that were derived for different European countries and regions. A detailed discussion of the different values and data treatment procedures is provided in the report “Probabilistic distribution of lead in European surface waters”. 

Table 3.1.9‑10
Overview of the most recent and reliable RWC-ambient PECs for lead
	Country/region
	RWC-ambient PEC (µg/l)

	
	Pb - total
	Pb –dissolved

	BELGIUM
	
	

	Flanders (2000-2003)
	7.2
	--

	Walloon region (2000)
	8.4
	--

	     Average:
	7.8
	

	FINLAND
	
	

	Barentz area (2000)
	
	0.43

	FRANCE
	
	

	Seine (1990-2000)
	--
	0.54

	Rhône-Mediterranean area
	3.6 *
	--

	GERMANY
	
	

	Hessisches Landesamt (1999-2001)
	3.2 *
	--

	Elbe (1995, 2000)
	5.2
	0.69

	Germany - Bund/Länder-Arbeitsgemeinschaft Wasser (LAWA)
	3.43 (2002),  2.14 (2003), 2.04 (2004)

Average:2.53
	

	     Average:
	3.64
	

	IRELAND
	
	

	COMMPS-dataset (1996)
	2.1
	--

	THE NETHERLANDS
	
	

	Rijkswaterstaat database (RIZA, 2000)
	3.8
	0.28

	PORTUGAL
	13.0
	4.7

	SWEDEN
	
	

	Database: Institutionen för miljöanalys:

   - lakes and rivers (1999-2001)

   - reference lakes (2000) 
	1.1

0.8
	--

--

	     Average:
	0.95
	

	UNITED KINGDOM
	
	

	England
	4.3
	1.1

	Wales
	--
	1.0

	Scotland
	2.3
	0.64

	Median  + range
	3.1

(0.95 – 7.8)
	0.61

(0.28 – 1.1)


*: assumed to be total Pb-concentration

The derived ambient PEC values range between 0.95 and 7.8 µg/l Pbtotal and 0.28 – 1.1 µg/l Pbdissolved. The values for Portugal were much higher and proved to be statistical outliers. It appears that the Portuguese monitoring data set is mainly focussed on contaminated areas, which would explain the high Pb-concentrations in the aquatic environment compared to other European countries. The Portuguese data were therefore not used for the determination of a typical total and dissolved Pb-concentration in European surface waters.  

The highest value of the remaining RWC-ambient PECs was calculated with the monitoring data data from Belgium. The data for the Walloon region were initially considered to be dissolved fractions. The reported Pb-concentrations, however, reflect the extractible fraction under acidified conditions (0.5% of 65%HNO3, pH<2) (information provided by ISSEP). It should be noted that the observed concentrations with this methodology do not entirely reflect the total concentration (EPA, method 3015, microwave assisted acid digestion of aqueous samples and extracts), but can neither be considered as a dissolved fraction. This was also the case for the Swedish data where the surface water samples were acidified with HNO3 and no filtration was applied (information provided by Anders Wilander, Institutionen för miljöanalys).

RWC-ambient Pbtotal-PECs for the other countries are 2.3-4.3 µg/l for the United Kingdom, 3.8 µg/l for The Netherlands, 2.5-5.2 µg/l for Germany, 3.6 µg/l for France and 2.1 µg/l for Ireland. The median of all these country-specific RWC-ambient PECtotal is 3.1 µg/l and is considered as a relevant ambient regional concentration for Europe.

Based on dissolved Pb-concentrations, the highest RWC-ambient PEC was found for England with a value of 1.1 µg/l. Other values for the United Kingdom were 0.64 and 1.0 µg/l (Scotland and Wales, respectively). Other RWC-ambient Pbdissolved-PECs are 0.43 µg/l for Finland, 0.54µg/l for France and 0.69 µg/l for Germany. The lowest RWC-ambient PECdissolved was derived for The Netherlands, i.e.0.28 µg/l.  The median of all these country-specific RWC-ambient PECdissolved is 0.61µg/l and is considered as a relevant ambient regional concentration for Europe.

Seasonal variability 

Seasonal variability of Pbtotal and Pbdissolved concentrations was examined using data sets for which at least one monthly measurement was available. Preference was given to data sets where all measured values were higher than the detection limit.  Secondly, main attention was given to site-specific analysis. However, in some cases only monthly averages for a region or country were available. No clear trends or significant differences in seasonal-depended variability could be observed in Belgian (Flanders, Wallonia) or Dutch surface waters. Depending on the selected site, elevated lead concentrations could be found in the summer, autumn or winter. 

A large amount of monthly measurements are also available for Swedish rivers and lakes, but the seasonal variation of total Pb-levels was different for each location. Figure 3.1.9-4 presents the variation of the total Pb-content in four stream waters in different Swedish regions for the year 2002 . For Horlingean and Damman the highest Pb-levels were found in the summer (period may-september), whereas the highest levels for Gnyltan and Ejgstan were observed in the winter (January-March). Figure 3.1.9-5 shows that the seasonal variation for a specific site (e.g., Ejgstan) may vary between different years: total lead levels in 2000 were the higkest in November-December (0.84-0.86 µg/L), whereas the measured Pb-levels in this period were the lowest for 2002 (0.20-0.22 µg/L). This degree of variation can be found for many locations and sampling sites in Sweden (lakes, rivers). Therefore, with the currently available information it is not possible to establish relationships that describe the temporal variation of lead in surface waters.
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Figure 3.1.9‑4: Seasonal variability of total Pb in four Swedish surface waters (sampling year: 2002) 
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Figure 3.1.9‑5: Annual variability of total Pb in a Swedish surface waters (sampling years: 2000 and 2002) 

Bioavailability

The study of the bioavailability of Pb in different European surface waters was performed by comparing median total and dissolved Pb concentrations. Numerous studies with metals have demonstrated that metal toxicity in the aquatic environment is mainly determined by the dissolved metal fraction, and not by the total concentration. It is, however, important to recognise that not all dissolved lead will be bioavailable and exert a toxic action; other physico-chemical parameters like pH, hardness and dissolved natural organic matter play an important role herein. An important database that reported both dissolved and total lead concentrations in the monitored surface water was the SWAD-database for the United Kingdom. 

The potential bioavailability of ambient lead concentrations in the United Kingdom (100*Pbdiss/Pbtotal) varies between 15.4% and 80.0%. For the median values, the bioavailable fraction varies between 25% and 83.3%. Beside the comparison between the 50th and 90th percentile of the total and dissolved lead concentration, it is also possible to derive a Pbdiss/Pbtotal ratio for each individual data point in the data set. Using these bioavailable fractions, a bioavailability distribution can be made for the different regions. The 50th and 90th  percentiles range between 19-50% and 46-81%, respectively. The percentage of surface waters for which 50% or less of the total lead concentration is bioavailable, is situated between 50.6% (North East) and 92.6% (South East). 

A more extensive discussion on the measured Pb freshwater monitoring data is provided in the report “Probabilistic distribution of lead in European surface waters”, together with the derived exposure distributions and physico-chemical characteristics for the different regions.  

Ambient Pb concentrations in freshwater sediments

The selection criteria for the collection of monitoring data are that are applied for surface water data are also used for the evaluation of sediment monitoring data. A number of quality criteria that were not considered for the aquatic environment, however, are added to this list of criteria. The following aspects are considered:

Ideally, sediment samples should be taken in such a way that they represent relevant samples for that specific location (homogenised sub-samples). However, this kind of sampling procedure is not common, e.g., sampling of sediment cores in lakes and rivers. It is, however, important that the sediment samples represent the top sediment layer (0-20 cm): this layer reflects recent Pb-concentrations in that layer where benthic organisms resides;

Pb-concentration in the sediment samples should be reported as mg/kg dry weight;

Determination of the Pb-concentration in the sediment samples should be done by means of a methodology that takes all bioavailable Pb-fractions into account. The most common analytical procedures that take this fraction into account are digestion by aqua regia or digestion with nitric acid (HNO3) (e.g., Swedish Standard 02 81 50, SS-EN-ISO 15 586). Monitoring data based on other methods for which evidence is given that the outcome of the the followed procedure is not comparable to these methods, should not be used for derivation of an ambient RWC-PEC..
Indeed, the amount of particle-associated metal that is brought into solution during an extraction procedure is strongly dependent on the extraction conditions. According to the fractionation scheme of Tessier et al. (1979), metals are categorised as "exchangeable", "bound to carbonates", "bound to iron and manganese oxides", bound to organic matter" and "residual". As the extractions, however, are not so specific as previously stated, other comparable classifications have been proposed and used (Tack and Verloo, 1995): "exchangeable", "acid-extractable", "reducible", oxidisable" and "residual". 

For the determination of ambient Pb-concentrations in European freshwater sediments it was decided to give preference to “near-total”-sediment Pb-concentrations that were determined after aqua regia destruction or destruction with a peroxide / nitric acid solution (H2O2/HNO3) for the following reasons:

Total concentrations determined by HF extraction or X-ray fluorescence include a metal fraction build into the crystal structure of minerals. This fraction is not expected to be released in the environment over a reasonable time span under conditions normally encountered in nature (Tessier et al., 1979). For environmental purposes, only the absolutely maximum fraction that may be released in time –determined through aqua regia extraction- is of interest. (FOREGS Geochemical Baseline Programme – Analytical Manual, 2001);

The aqua regia digestion method – although primarily intended for soil samples – and digestion method with nitric acid are harmonised as an International Standard (ISO 11466, SS-EN-ISO 15586), are applied in most European countries (ESB, 1999), and release all relevant, bioavailable Pb-fractions;

Most data sets that result from national or international monitoring programs report Pb-concentrations obtained after destruction with aqua regia.

Two databases were used for the exposure assessment of lead in European surface waters: the Sediment Database (SEDD) and the COMMPS-database. Both databases contain recent, individual monitored ambient Pb-concentrations for several European countries or regions. 

The data in the COMMPS-data set are not always very recent (i.e. before 1999), especially compared to some of the available data in SEDD. Secondly, the analysed sediments in the COMMPS database often reflect the lead concentration in sediments of large rivers and watercourses. As these types of waters are more subjected to contamination by various sources (effluent discharge, traffic, nearby industrial activities,..), the reported physicochemistry (incl. lead content) may not always be representative for the general water characteristics of a specific country. It was therefore decided not to use the data for the following countries as there were sufficient reliable and more recent data available for these countries in SWAD:

Belgium (1994-1995, 82 Pb-measurements);

France (1995-1996, 619 Pb-measurements).
Table 3.1.9-11 gives the different monitoring data that were used for the derivation of RWC-ambient PECs for different European countries.

Table 3.1.9‑11
Overview of the most recent available and reliable Pb-data

	Country/region and source
	No. of data points

	Belgium (1999-2002)
	

	Flanders (Database: WTBD, VMM)
	1638

	France (1999-2002)
	

	Artois-Picardie (1999-2002) (Database: Réseau National de Données sur l’Eau)
	410

	Rhône-Méditerranée (1999-2001) (Database: Réseau National de Données sur l’Eau)
	200

	The Netherlands (1996-1997)
	

	COMMPS-data set
	309

	Scotland (1994-1995)
	

	COMMPS-data set
	21

	Spain (1996-1997)
	

	COMMPS-data set
	23

	Sweden (1999-2000)
	

	Database: Institutionen för miljöanalys 
	236


A detailed overview of the results on Pb exposure distributions and the derived cumulative distribution functions for the different European countries and regions are presented in the report “Probabilistic distribution of lead in European surface waters”. 

Exposure data 

Table 3.1.9-12 compares the Pbsediment-RWC-ambient PECs that were derived for the different European countries.

The lowest and highest RWC-ambient PECs are observed in Scotland (38.4 mg/kg dry wt) and The Netherlands (233.1 mg/kg dry wt).  It should be noted that the high value for the Netherlands is probably due to the fact that the sediments of smaller rivers and watercourses are not adequately represented in the COMMPS data set. The Scottish sediment data, on the oher hand, only represent the Pb-concentration that is associated with the sediment fraction <250 µm. The use of this value as RWC-ambient PEC for Scotland may be questionable as it remains unclear to what extent the Pb-concentration in the <250 µm-sediment fraction is relevant for the whole sediment. As no other data sets are currently available for Scotland or the United Kingdom, these data are used in the regional exposure assessment of Pb in freshwater sediments.

Table 3.1.9‑12
Ambient PEC values in sediments of different European countries or regions. 

	Country/region
	Ambient PEC (mg Pb/kg dry wt)

	Belgium – SEDD (Flanders)
	107.3

	France – SEDD (Artois-Picardie)
	84.9

	France – SEDD (Rhône-Mediterranean area)
	81.7

	       France – general 
	83.3

	The Netherlands – COMMPS
	233.1

	Scotland
	38.4

	Spain – COMMPS
	78.4

	Sweden (0-2 cm layer)
	180.7

	Median + range
	100.1

38.4 – 233.1


In the Artois-Picardie area (France), the lowest 90th percentile is observed in the Yser, and is 33.2 mg/kg dry wt (Yser). This is more or less two orders of magnitude lower than the 90th percentile that has been calculated for the Deule (2850 mg/kg dry wt). The second highest river-specific 90P was found for the AA-delta (510 mg/kg dry wt) and is 5.6 times lower than the 90P for the Deule. It is known that the Deule is heavily contaminated at some locations, most likely due to nearby industrial activities and related effluent discharges into the Deule. It was therefore decided to eliminate the information on the Deule from the data set for the regional PEC-derivation as they are not representative for the general situation in this area. It must be noted that, due to the large variation in site-specific 90P-values, the Deule was not identified statistically as an outlier.

For Sweden it should be noted that the RWC-ambient PEC is based on measured Pb concentrations of the sediment layer at a depth of 0-2 cm only, as this layer represents the most recent PB-levels in sediments. The RWC-ambient PEC for this upper layer is 180.7 mg Pb/kg dry wt (i.e. 50th percentile of 90P-values), whereas the RWC-ambient PEC for a deeper layer (2-4 cm) is 216.6 mg Pb/kg dry wt.

The median RWC-ambient PEC for Europe is 100.1 mg Pb/kg dry wt. This value drops to 83.3 mg Pb/kg dry wt when the Dutch data are not included. 

Rognerud and Fjeld (2001) have reported a median value of Pb in Nowegian surface sedients, i.e., 99.4 mg/kg. However, as no individual data or a 90th percentile is given, these data can not be used for the derivation of a RWC-ambient PEC for Norwegian soils.  

Bioavailability

In Vangheluwe et al (2004) a detailed dataset on lead for the Flanders region (Belgium) has been described. This Flanders dataset can be considered superior over the scattered monitoring data presented above. Indeed the Flemish database is covering a whole region and does not contain the bias of the use of different analytical techniques to measure lead concentrations, the use of different sampling techniques, the use of different monitoring years, sampling depths etc. Furthermore, it is emphasised that this database is the most extensive and complete SEM-AVS database available for Europe making the Flemish data set suitable to be used as a regional database (corrected for bioavailability) for the EU Pb risk assessment. 

The Flemish region can be considered as representative of the EU lowland sediment catchment area. The compiled Flemish database contains SEMPb and AVS data based on the analysis of 200 sediments that are part of a sediment monitoring program run by the Flemish Environment Agency (Vangheluwe et al, 2004). The database covers sediments originating from both navigable (n = 64) and non-navigable watercourses (n = 136) representing water systems with different characteristics (flow rate, depths, grain sizes etc.). Navigable watercourses included in the database are the rivers Scheldt, Dender, Leie, IJzer and different canals. Non-navigable watercourses consist of brooks and small rivers. In the selection of the sediments care was taken that the 11 river basins in Flanders were sampled. As such the sediments represent a gradient of contamination and grain size distributions and encompass a whole region. The different sites of the 2002 sampling campaign are visualized in Figure 3.1.9-6.
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Figure 3.1.9‑6
Overview of the 149 sampling sites in Flanders (Belgium) analysed during March-May 2002 (by courtesy of VMM)

- Grain size

Typically sediments in the Flemish region vary between silty sand and sandy silt sediments covering to a great extent the different sediment types that can be encountered in low midland rivers found in Europe. A full grain size distribution is not available for the Flemish data set. The Flemish TRIAD approach and also the Dutch TRIAD methodology for evaluating sediment quality depends for its interpretation on the clay fraction (= fraction < 2 µm also called lutum fraction) and therefore only this information is routinely being measured in Flanders. Figure 3.1.9-7 gives an overview of the percentage of clay found and the distribution of the monitored sediments (%) for different clay percentages. 

Around 38 % of the sediments in the database have a clay percentage lower than 3 %. In 59 % of the cases the clay percentage is lower than 5 %. Only in 15 % of the cases a clay percentage higher than 10 % has being observed. If a distinction is made between navigable and unnavigable water, it can be seen that in general navigable rivers present in this database have a higher clay content than unnavigable rivers. Overall the clay fraction of the sediments encountered in the Flemish database are (expressed as % lutum, i.e. fraction < 2µm) 4.3 % (median value) and 11 % (90th percentile). Most sediments in Flanders are silty sand and sandy silt sediments.
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Figure 3.1.9‑7
Distribution of the sediments (%) over the different clay classes.
- Comparison navigable and unnavigable water courses

As mentioned before the current Flemish database comprises both navigable and unnavigable watercourses equally represented. In Figure 3.1.9-8 a comparison is made for different parameters such as clay content, organic carbon, AVS and SEM lead.
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Figure 3.1.9‑8
Comparison between navigable and unnavigable rivers for a) clay content (%), b) organic carbon (%), c) AVS (µmol/g DW) and d) SEM lead (µmol/g DW) for Flanders.

From Figure 3.1.9-8 it is clear that the highest SEM lead concentrations are found in navigable rivers. One of the possible reasons for navigable water courses having higher sediment lead concentrations than non-navigable waters may be the historic use of lead in propeller shaft grease. On the other hand lower AVS levels tend to be observed more frequently in unnavigable rivers which seem to have also a lower clay content. No real difference is observed in the organic carbon content. A median fOC concentration of 0.012 (= 1.2 % OC) and a 90th percentile of 0.038 (= 3.8 % OC) can be calculated for the Flemish database. The organic carbon concentrations in the other European countries range between 0.006 (=  0.6 % OC) and 0.09 (= 9 % OC). The TGD default value for organic carbon is 0.05 (=  5 % OC).

- Comparison of observed SEM Lead and AVS levels with other EU countries

Data on SEM/AVS concentrations for other European countries are limited. Most other data are available for Netherlands but in addition SEM/AVS concentrations have been measured in Italy, Germany, Sweden and the UK some of them being reference sites (i.e. not contaminated sites Euroecole, 2001). The few data available for these European countries indicate that the Flemish database provides a good coverage of SEM and AVS concentrations found in these sediments (Figure 3.1.9-9). 
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Figure 3.1.9‑9
Cumulative Frequency distribution of a) AVS concentrations and b) SEMPb concentrations in sediments of Flanders (Belgium) full line, the Netherlands (red squares) and other European countries (blue squares)

The SEMPb data points for the Netherlands are most of the time found above the 90th percentile of the Flemish data. This is not surprisingly since the Dutch sediments included in the database were in the original studies investigated because they represent contaminated areas (e.g. Ketelmeer and Maas river). The sampling points in the Flanders monitoring network on the other hand have been chosen to represent a mix of reference points, hot spots and moderately contaminated sediments (personal communication Ward De Cooman, VMM 2003) and as such are more eligible to be used for a regional scenario than to base a regional scenario only on some selected rivers with known elevated lead concentrations.

Conclusion

From the above analysis it is clear that the Flemish data set is suitable to be used as a regional database for the EU Pb risk assessment and can be considered a regional worst case scenario because: 

Flanders (Belgium) is, like the Netherlands, a realistic worst case region in terms of population density, and density of agricultural and industrial activity. The 90th percentile of the total lead concentration for the Flanders data set is 121 mg/kg DW (PECtotal). This is similar to the 90th percentile found for additional monitoring data provided by the VMM (1,383 sediments) yielding a 90th percentile for the total lead concentration in Flanders of 131 mg/kg DW. The latter database is a mix of recent and older data (1985-2001), the use of more aggressive extraction techniques in the past (HF vs Aqua Regia) and the marked predominant presence of black points in the database such as the Scheldt river, Kanaal Gent-Terneuzen, Spierebeek, Eindergat loop, Groot Schijn and others.

The Flanders region was sampled at the seasonal low of AVS.

The sediments in the Flanders database have generally lower lutum fractions and lower concentration of OC as compared to other EU sediments.

Background concentrations in the marine environment (water & sediment)  

Limited data are available on background concentrations of lead in marine and estuarine ecosystems. Table 3.1.9-13 gives an overview of available data. 

Background/Reference Concentrations (BRCs) in marine systems have been proposed for a number of metals in OSPAR-workshops (OSPAR, 2000). These BRCs, representing the environmental concentration that could be found in the absence of any human activity, can be used in the assessment of ecological impacts of contaminants and, more specifically, metals. For lead, the background concentration in seawater was estimated to be 0.01-0.02 µg/l. Other authors also report a background Pb concentration of 0.02 µg/l in seawater (Van den Hoop, 1995; Van Eck et al., 1985). These levels are markedly lower than those that were observed in freshwater ecosystems. The background Pb concentration in marine sediments ranges between 22 and 37 mg Pb/kg dry wt, which is comparable to what has been found in freshwater sediments. 

Table 3.1.9‑13
Measured or estimated background lead concentrations in the marine environment.

	Country
	Concentration
	Reference

	Seawater

	Europe

	0.01 - 0.02 µg/l

	Background/Reference Concentrations, OSPAR 2000

	The Netherlands
	0.02 µg Pbdissolved/l
	Van den Hoop, 1995

	North Sea
	0.02 µg Pbdissolved/l
	Van Eck et al., 1985

	Sediment

	Germany
	25 mg/kg dry wt
	DM (Niedersächsisches Landesamt für Ökologie, 1999

	The Netherlands
	22 - 27 (29) mg/kg dry wt

37 mg Pb/kg dry wt
	van Os et al., 2001

Laane, 1992


Ambient Pb concentrations in the marine aquatic environment

Only a very limited number of monitoring data in the marine environment are found in the literature. Three major databases were identified: 

Monitoring data of lead in marine environments were obtained from the “Niedersächsisches Landesamt für Ökologie – Forschungsstelle Küste” (1999). The data set contains Pb-concentrations for the water and sediment compartment that were representative for the coastal areas of Niedersachsen (Germany). Sampling and determination of the Pb-content was performed in 1997. 

Monitoring data for the Central and Southern part of the North Sea: Tappin et al. (1995) reported measured Pb concentrations from 96 sites that covered the Central and Southern part of the North Sea. The data originate from a monitoring campaign that was performed in 1988-1989.

Monitoring data representative for the Baltic Sea: Pohl and Hennings (1999) reported Pb concentrations at different depths in the Eastern Gotland Basin (Baltic Sea). Sampling campaigns were performed annually between 1992 and 1996.  

Coastal areas of Niedersachsen.

Water samples were taken in the mouth of the rivers Ems and Weser. From the report in which the data were reported, it remained unclear whether the concentrations were expressed as dissolved or total lead concentrations. With the reported Pb-concentrations it was possible to derive 90P-values for both estuaries: 3.5 and 8.4 µg/l for the Ems and Weser, respectively. The exposure distributions for these sites reveal that lead concentrations near the mouth of the Weser are more than a factor of two higher than those measured near the Ems.

The average of both values is 5.95µg/l and is considered as a RWC-ambient PEC for German estuaries. 

Central and Southern part of the North Sea

A markedly lower RWC-ambient PEC was found for the North Sea. Observed dissolved Pb-concentrations in the North Sea ranged between 0.012 µg/l and 0.093 µg/l. One outlier of 0.251µg/l was defined and excluded from the data set for further analysis. With the remaining 68 data points a RWC-ambient PEC of 0.051µg/l Pbdissolved was derived for the North Sea. This value is almost identically to the dissolved Pb concentration in a Scottish sea loch (0.050 µg/l) as reported by Hall et al. (1996).

Baltic Sea (Gotland Basin)

The third database contains dissolved Pb concentrations in the marine environment and represents the Baltic Sea in the period 1992-1996. Reported dissolved concentrations range between 0.005µg/l and 0.073 µg/l, with a RWC-ambient PEC of 0.036 µg/l.  

Table 3.1.9-14 summarizes the different ambient PECs for dissolved Pb in the marine environment. Values for the German estuaries are more or less 2 orders of magnitude higher than the derived ambient PECs based on data from other studies. These values are also markedly higher than the regional RWC-ambient PEC that was derived for European surface waters. As the water samples from the Ems and Weser were taken in the mouth of these rivers, the measured Pb concentration may be influenced by anthropogenic riverine input. The proposed ambient PEC in European marine water is therefore 0.046 µg/l, which is the average of the different PECs without taking the values for German estuaries into account.    

Table 3.1.9‑14
Overview of the most recent and reliable RWC-ambient PECdissolved for lead in marine waters
	Site
	Sampling period
	RWC-ambient PEC (µg/l)
	Reference

	Mouth of the Ems Mouth of the Weser
	1997
	3.5(1)

8.4(1)
	Niedersächsisches Landesamt für Ökologie, 1999

	Central and Southern part of the North Sea
	1988-1989
	0.051
	Tappin et al., 1995

	Baltic Sea (Gotland Basin)
	1992-1996
	0.036
	Pohl and Hennings, 1999

	Scottish sea loch
	1991
	0.050 (2)
	Hall et al., 1996

	Average:

Range:
	
	0.046 (3)
0.036 – 8.4
	


(1): Pb-fraction not defined

(2): only 1 value 

(3):  excluding the Ems and Weser

Ambient Pb-concentrations in marine sediments

Few reliable Pb concentrations in unpolluted marine sediments are reported in literature (Table 3.1.9-15). Bryan and Langston (1992) monitored 19 estuaries in the United Kingdom. Lead concentrations ranged from 20 mg/kg dry wt (Rother estuary) to 341 mg/kg dry wt (Restronguet Creek). The observed concentration (2.75 g/kg dry wt) for the Gannel estuary, a site that receives waste water from old Pb-mines, was found to be a statistical outlier (cut-off level: 1.19 g/kg dry wt) and was excluded from the data set. Seven of the remaining 18 locations had average Pb-levels that were situated between 100 and 350 mg/kg dry wt. It was found that three of these eight estuaries (Restonguet Creef, Fall and Tamar) also received water coming from old lead mines. These data points were also excuded for the derivation of an ambient Pb-concentration in the marine environment. Some of the other sites may also be influenced by an anthropogenic source, but for the moment there is insufficient information available to investigate this further. The remaining 11 sites had average Pb-concentrations below 100 mg/kg dry wt, and taking into account reporded sediment Pb-levels for other locations and regions (see Table 3.1.9-15), it can be assumed that these sites are not directly affected by nearby point-source contamination.

The 10th, 50th and 90th percentiles of Pb-concentrations in the sediment of UK-estuaries are 22.0 mg/kg dry wt, 51.7 mg/kg dry wt and 148.8 mg/kg dry wt, respectively. The latter value represents the RWC-ambient PEC. The 10th percentile differs by a factor of 2 from the elemental crustal Pb concentration of 12.5 mg/kg dry wt, as reported by Taylor (1964).

Brügmann and Lange (1990) reported a Pb-concentration of 113 mg/kg dry wt in the sediment collected in the Baltic Sea (Mecklenburg Bight). Goran and Nillson (1999) reported a mean Pb sediment concentration of 36.8 mg/kg dry wt for the Kattegat and Skaggerak. Analysis of observed sediment Pb-concentrations at 10 different locations near the German coast resulted in similar RWC-PECs: 43.9 mg/kg dry wt and 62.8 mg/kg dry wt for the <2000 µm and < 20 µm sediment fractions, respectively (Niedersächsisches Landesamt für Ökologie – Forschungsstelle Küste, 1999). 

Table 3.1.9‑15
Ambient Pb concentrations associated with marine sediments.

	Water system
	Pb–concentration to sediment
	Reference

	United Kingdom

estuaries
	RWC-ambient PEC:

148.8 mg/kg dry wt
	Bryan and Langston (1992)

	Baltic Sea
	113 mg/kg dry wt
	Brügmann and Lange (1990)

	Kattegat / Skaggerak
	36.8 mg/kg dry wt
	Goran and Nillson (1999

	German coast
	43.9 mg/kg  dry wt(<2000 µm)

62.8 mg/kg dry wt (<20 µm) 
	Niedersächsisches Landesamt für Ökologie – Forschungsstelle Küste, 1999).

	Range:
	36.8 – 148.8 mg/kg dry wt
	

	Median:
	53.2 mg/kg dry wt
	


More data are available on the Pb-concentration of suspended particulate matter (SPM) in marine European waters. Table 3.1.9-16 gives an overview of the different reported ambient Pb concentrations of SPM. Values that refer to sites that are probably influenced by anthropogenic input of Pb (eg. the Scheldt estuary), were discarded from the data set.

For the Baltic Sea, values were reported between 20 mg/kg dry wt and 78 mg/kg dry wt (Brügmann, 1986; Brügmann et al, 1992; Kremling et al, 1997; Mälkki, 2001). These levels are comparable to the findings for the Humber estuary by Tipping et al (1998). Here, the Pb concentration in SPM ranged between 20.7 and 62.1 mg/kg dry wt. Turner et al. (1992) found in the Weser estuary a Pb concentration of 113 ± 19 mg/kg dry wt. Chiffoleau et al. (1994) collected SPM in the high turbidity zone and in the outer estuary of the river Seine. Similar Pb contents of the SPM were observed at both sampling sites (high turbidity zone: 89.1 ± 10.4 mg/kg dry wt; outer estuary: 80.8 ± 20.7 mg/kg dry wt). These Pb levels are in accordance with the aforementioned Pb concentrations in the SPM of other marine/estuarine waters.

Tappin et al. (1995) reported 32 Pb measurements of SPM, geographically representing the Central and Southern North Sea. Pb concentrations ranged between 8.2 mg/kg dry wt and 844 mg/kg dry wt. The ambient median environmental concentration (MEC, 50th percentile) was 52.1 mg/kg dry wt, which is more or less one order of magnitude lower than the ambient PEC (530 mg/kg dry wt). A graphical plot of the data, however, suggests that a number of the reported data may not be representative for a non-polluted ambient Pb concentration in SPM. Indeed, most of these higher concentrations could be associated with sites close to the coast or to an estuary, and could therefore be influenced by anthropogenic Pb-input. The 50th and 90th percentile after exclusion of these data points are 19.6 mg/kg dry wt and 39.6 mg/kg dry wt.

A data set, containing 37 measured Pb concentrations in SPM between 1992 and 1996, is reported by Pohl and Hennings (1999) for the Gotland Basin. All measurements were situated between 5 and 116 mg/kg dry wt, except for 4 measurements in 1995, where much higher concentrations were observed 183 – 269 mg/kg dry wt). Depending on whether these values were used for the PEC derivation or not, the ambient PEC on SPM was 96.2 - 135.7 mg/kg dry wt.

Table 3.1.9‑16
Ambient Pb concentrations associated with marine suspended particular matter.

	Water system
	Pb–concentration to Suspended Particulate Matter (SPM)
	Reference

	Baltic Sea
	78 mg/kg dry wt
	Brügmann, 1986; Brügmann et al., 1992

	Baltic Sea
	29 – 40 mg/kg dry wt
	Kremling et al., 1997

	Bothnian Sea and Gotland Deep (Baltic Sea)
	20 – 50 mg/kg dry wt
	Mälkki, 2001

	Kattegat, Skaggerak
	36.8 mg/kg dry wt

(min/max: 3.7 / 82.0)
	Dave and Nilsson, 1999

	Humber Estuary
	20.7 – 62.1 mg/kg dry wt
	Tipping et al., 1998

	Weser Estuary
	113 ± 19 mg/kg dry wt
	Turner et al., 1992

	Seine estuary

   High turbidity zone

   Outer estuary
	89.1 ± 10.4 mg/kg dry wt

80.8 ± 20.7 mg/kg dry wt
	Chiffoleau et al., 1994

	Central & Southern North Sea
	RWC-ambient PEC:

39.6(1) – 530.1 mg/kg dry wt
	Tappin et al., 1995

	Gotland Basin
	RWC-ambient PEC:

96.2(1) – 135.7 mg/kg dry wt
	Pohl and Hennings, 1999

	Range:
	20 – 113 mg/kg dry wt
	

	Median:
	50.7 mg/kg dry wt
	


(1): excluding potential contaminated locations

Pb concentrations in sewage treatment plants

An important source of anthropogenic lead in European surface waters is the release through the effluents of sewage treatment plants (STPs). Only one recent data set containing measured lead concentrations in STP-effluents was obtained. This data set for the Flanders region (Belgium) was analyzed and treated according to the procedures that were also used for the evaluation of Pb-concentrations in other environmental compartments.

The Flemish data set (Source: VMM, Flemish Environmental Agency) covers the period 1993-2002. A substantial amount of data points reported 0 µg/l. As it was not clear whether these locations were not monitored for Pb or whether the value indicated Pb-concentrations below the (not reported) detection limit, these data points were removed from the data set. 

STP-specific 90P-values could not be calculated as only one measurement was reported annually for each STP. Due to the significant drop of the 90P-value during the last 10 years it was not relevant to pool the annual data for each location for the derivation of a site-specific 90P. 

Table 3.1.9-17 and Figure 3.1.9-10 clearly demonstrates the improved efficiency of the STPs with regard to lead concentrations in the effluent during the last decade: a decreasing trend in Pb-concentrations is observed during the monitored period, resulting in a RWC-ambient PEC of 6.7µg/l in 2002. This is almost 50 times lower than the value that was recorded for 1993 (320 µg/l).

A similar pattern is observed with the median value (50th percentile), which dropped from 64.9 to 1.3 µg/l during the last ten years.    

Due to reasons of confidentiality it is not possible to discuss the observed concentrations for individual STPs.

Table 3.1.9‑17
Median and RWC-ambient Pb-concentrations in the effluent of Flemish STPs during the 1993-2002 period.

	Year
	50P (µg/l)
	90P (µg/l)
	Year
	50P (µg/l)
	90P (µg/l)

	1993
	64.9
	320.3
	1998
	5.0
	15.5

	1994
	4.5
	45.3
	1999
	1.8
	9.2

	1995
	10.1
	25.9
	2000
	1.4
	7.8

	1996
	11.9
	26.7
	2001
	1.8
	5.4

	1997
	18.5
	44.0
	2002
	1.3
	6.7
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Figure 3.1.9‑10
Evolution of the annual 50P and 90P of lead in the effluent of Flemish sewage treatment plants.

· Terrestrial compartment

Measured Pb concentrations in soil are presented in Table 3.1.9-18. Little or no data were found for southern European countries. The soil Pb concentrations in areas away from point sources range between 0.6 and 460 mg kg-1dw and most concentrations are found in the 15-40 mg/kg dry wt range. Figure 3.1.9-11 illustrates the concentration ranges that are listed in the table 3.1.9-18. The average of all survey means, medians or geometric means (of min-max) is 27.6 mg/kg dry wt and the average of 90th percentiles is 50.6 mg/kg dry wt. Only few studies report 10th percentiles of measured Pb concentrations in soils away from point sources. The average of these 10th percentiles is 18 mg/kg dry wt. This value corresponds well with the 10th percentile of ambient Pb concentrations away from point sources (i.e. all survey means, medians or geometric means).
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Figure 3.1.9‑11
Measured concentrations of Pb in soils in Europe. Points are averages, medians or geometric means (of min-max) 10th or 90th percentiles of all European surveys listed in Table 3.2.5.3-35. Full points give the means of corresponding ranges. Observations near point sources and industrial activities are excluded. 

Reported average Pb concentrations in soils located away from point sources range between 16 and 41 mg/kg dry wt. A typical average Pb concentration (ambient Pb concentration) in soils located away from point sources is 28 mg/kg dry wt.  This concentration is higher than most median soil Pb concentrations of the different surveys but corresponds to the average of all survey means, medians or geometric means. 

Table 3.1.9‑18
total lead concentrations in soils
	location
	Concentration

(mg/kg dry wt)
	moment
	year
	source

	Natural soils
	
	
	
	

	Germany: Niedersachsen (country area)

sandy soils

loamy soils
	11

18

15

24
	median (n=3379)

90 percentile

median (n=1833)

90 percentile
	
	LABO, 1994

	Germany: forest soil on sand
	19

40
	median (n=59)

90 percentile
	
	LABO, 1998

	Germany: forest soil on sandloam
	40

110
	median (n=20)

90 percentile
	
	LABO, 1998

	Agricultural soils
	
	
	
	

	Germany: agricultural soils (Südoldenburg)
	12.94

22
	median (n=269)

90 percentile
	
	Leinweber, 1996

	Belgium: agricultural soils in Flanders

sandy soil           

sandy loam soil

loam soil

clay soil
	18.95

35.75

18.9

29

18.35

26.8

17.2

21.8
	median (n=222)

90 percentile

median (n=270)

90 percentile

median (n=120)

90 percentile

median (n=19)

90 percentile
	1994-1995
	De Temmerman et al., 2000



	Netherlands: arable soils
	31

23

0-460
	average (n=708)

median

min-max
	
	Wiersma et al., 1986

	Sweden: arable soils
	18

9

16

26
	average (n=3067)

10 percentile

median

90 percentile
	
	Eriksson et al., 1997

	Denmark: arable soil
	16.3

16.6
	average (n=38)

median
	1966
	Tjell and Hovmand, 1978

	France plough layer of agricultural soils
	0.6

25.60

30.35

43.80
	min

median

average (n=11150)

90 percentile
	
	Baize, 1999

	France: cultivated soils
	7.5

20

29.3

41.3

57.8
	min

10 percentile

median

average (n=1091)

90 percentile
	1995-1999
	Baize, 1999

	Germany: agricultural soil on sand
	20

40
	median (n=59)

90 percentile
	
	Hindel et al, 1997; LABO, 1998

	Germany: agricultural soil on loam
	43

59
	median (n=32)

90 percentile
	
	Hindel et al, 1997; LABO, 1998

	Germany: agricultural soil on sandloam
	21

35
	median (n=36)

90 percentile
	
	Hindel et al, 1997; LABO, 1998

	Eurosoils
	30

36

125
	10 percentile

median

90 percentile
	
	Gawlik et al., 1999

	EU-soils
	12

24

146
	10 percentile

median

90 percentile
	2003
	Smolders et al., 2003

	
	
	
	
	

	Soils near point sources
	
	
	
	

	Germany: Hamburg region
	168

<2-3074  
	average

min-max
	
	Lux et al., 1988

	Unknown land use
	
	
	
	

	Netherlands:

clay soils

sandy soils
	43

31
	average(n=248)

average (n=63)
	
	Van Driel and Smilde, 1982

	UK (England+Wales)
	40
	median
	
	McGrath and Loveland, 1992

	Germany
	36
	average
	
	Crössman and Wüstermann, 1992

	Netherlands: calculated background conc for a standard soil with 10% OM and 25% clay.
	85
	
	
	Crommentuijn et al., 1997a


Background levels of Pb in the terrestrial environment

Similar to what has been performed for the water and sediment compartment, the FOREGS monitoring program has collected soil samples thhoughout Europe in order to establish reliable baseline levels for various ions, including lead.

Soil samples collected in the FOREGS-program had to reflect variations in the geogenic composition of the uppermost layers of the Earth's crust. Because of this, it was important to avoid soil sampling at locations that had visible or known contamination. Priority for site selection was given to:

forested and unused lands; 

greenland and pastures; and 

non-cultivated parts of agricultural land (in very special cases, where residual soil could not be found).

Residual soil samples were collected at locations from small, second order, drainage basins (<100 km2) at a suitable site above its alluvial plain and base of slope, where alluvium and colluvium are respectively deposited. Residual soil developed either directly on bedrock or on till was accepted. Residual soil from areas with agricultural activities was avoided, since the top soil is usually affected by human activities. Colluvium or alluvium was not accepted as representing parent material. Each residual soil sample was a composite of 3 to 5 sub samples collected from pits located at a distance of 10-20 metres from each other. Top soil samples represented the 0-25 cm top layer, excluding material from the organic layer where present. The residual soil sample represents the dominant residual soil type of the selected catchment basin. Minimum distance to roads was 10 m and to ditches 5 m. Living surface vegetation, fresh litter, large roots and rock fragments (stones) were removed by hand.

The total number of analysed top soil samples was 843.  Pb-levels ranged between <3 and 886 mg Pb/kg dry wt, with a 50th percentile (European median) of 15 mg Pb/kg dry wt and a 90th percentile of 38.2 mg Pb/kg dry wt).

Table 3.1.9-19 presents the country-specific background levels of Pb in the terrestrial compartment that were determined with the raw data from the FOREGS program.

Table 3.1.9‑19: Country-specific 10th, 50th and 90th percentiles of Pb-background levels in the soil compartment

	Country
	Soil compartment (mg Pb/kg dry wt)

	
	10th percentile
	50th percentile
	90th percentile

	Austria
	5.0
	18.4
	67.3

	Belgium
	21.6
	28.7
	44.8

	Czech R.
	13.8
	25.5
	46.9

	Germany
	11.8
	21.4
	44.2

	Denmark
	0.8
	2.5
	7.7

	Estonia
	6.3
	10.7
	19.1

	Spain
	7.9
	16.4
	52.1

	Finland
	1.5
	6.0
	9.5

	France
	12.0
	21.3
	37.3

	Greece
	8.3
	15.9
	40.9

	Croatia
	12.5
	17.7
	27.2

	Hungary
	4.2
	13.4
	70.0

	Ireland
	10.8
	18.9
	28.8

	Italy
	12.1
	24.5
	68.5

	Lithuania
	4.3
	7.8
	14.5

	Latvia
	3.0
	7.4
	17.6

	The Netherlands
	5.8
	22.2
	54.6

	Norway
	1.5
	7.0
	14.2

	Poland
	3.8
	8.8
	20.3

	Portugal
	7.9
	16.0
	30.6

	Sweden
	5.1
	9.1
	16.3

	Slovakia
	13.6
	27.8
	63.6

	Slovenia
	26.2
	29.0
	32.2

	United Kingdom
	9.0
	26.3
	76.9


Typical (50th percentile) country-specific background levels for the terrestrial compartment range between 2.5 mg/kg dry wt (Denmark) and 29.0 mg/kg dry wt (Slovenia). 

· Atmosphere

Ambient and natural background concentrations

Ambient and natural background lead concentrations in air for different EU countries are summarised. 

Estimation of pre-industrial levels of Pb in air from natural origins (volcanic emissions, crustal weathering, radon decay and sea-spray releases) are in the range of 0.01 and 0.1 µg/m³ (US NRC, 1976). The lowest level reported since 1975 is 0.076 ng/m³ measured at the South Pole (US EPA, 1986).

Atmospheric lead levels in urban areas in various OECD countries in the 1970s ranged from 0.5 to 10 µg/m³ in densely trafficked inner cities (Nriagu, 1978). However, restrictions on lead levels in gasoline imposed since that time in many countries have markedly decreased automotive emissions of lead into the atmosphere. The air lead levels presently found in European and North-American cities are in the range of 0.2-0.8 µg/m³ and in rural areas usually in the range of 0.05-0.3 µg/m³. Despite declines in general (regional) atmospheric concentrations of lead in some countries, areas of higher concentrations still exist due to the presence of local sources.

The World Health Organisation set an air quality guideline for lead of between 0.5 and 1.0 µg/m³ as an annual average (WHO, 1997), although a WHO working group recently recommended revising the guideline to 0.5 µg/m³. The EU lead in air standard is currently 0.5 µg/m³.

Most of the compiled data were retrieved from the database Airbase, the European air quality information system, which contains a selection of stations and a number of components with additional meta information on air quality. Airbase builds on two preceding EU databases APIS (Air Pollution System providing air quality data) and GIRAFE (meta information on air quality networks and stations) and can be viewed on http://etc-acc.eionet.eu.int/databases.

This database describes air concentrations of selected pollutants at different types of station:

4) Traffic: station used for monitoring of traffic induced air pollution,

5) Industrial: station used for monitoring industrial air pollution,

6) Background: station used for monitoring background air pollution levels.

These stations can be located both inside as well as outside cities. The stations can be located in one of the following zone types:

· Urban: station is located in the city,

· Suburban: station is located on the outskirts of a city, or in small residential areas outside the main city,

· Rural: station is located outside the city.

United Kingdom

The available ambient and natural background Pb concentrations in air in the United Kingdom are summarised in Table 3.1.9-20.

Table 3.1.9‑20
Measured Pb concentrations (average and 95P) in rural, suburban and urban zones in the United Kingdom (Airbase, 2003)

	Location
	Type of station
	Type of zone
	conc. (µg/m³)
	Year

	
	
	
	avg
	95P
	

	Banchory
	background 
	rural
	0.002
	/
	2000

	Chilton
	background 
	rural
	0.011
	/
	2000

	Cottered 
	traffic
	rural
	0.009
	/
	2000

	East ruston
	background 
	rural
	0.010
	/
	2000

	Eskdalemuir lead 
	traffic
	rural
	0.003
	/
	2000

	High muffles lead
	background 
	rural
	0.008
	/
	2000

	Styrrup
	background 
	rural
	0.023
	/
	2000

	Trebanos
	background 
	rural
	0.012
	/
	2000

	Wraymires
	background 
	rural
	0.045
	/
	2000

	Cardiff, cardiff 
	traffic
	urban
	0.029
	/
	2000

	Glasgow, glasgow 
	background 
	urban
	0.017
	/
	2000

	Glasgow, motherwell 
	background 
	urban
	0.009
	/
	2000

	Leeds, leeds market buildings
	background 
	urban
	0.027
	/
	2000

	London, brent park 
	traffic
	urban
	0.024
	/
	2000

	London, cromwell road
	traffic
	urban
	0.032
	/
	2000

	Manchester
	traffic
	urban
	0.022
	/
	2000

	Newcastle upon tyne, elswick 1 
	industrial
	urban
	0.023
	/
	2000

	Newcastle upon tyne, elswick 2 
	industrial
	urban
	0.046
	/
	2000

	Newcastle upon tyne, elswick 6 
	industrial
	urban
	0.110
	/
	2000

	Newcastle upon tyne, newcastle 
	traffic
	urban
	0.008
	/
	2000

	Walsall, brookside 1 
	industrial
	suburban
	0.034
	/
	2000

	Walsall, brookside 2 
	industrial
	suburban
	0.524
	/
	2000

	Walsall, imi 1 
	industrial
	suburban
	0.055
	/
	2000

	Walsall, imi 2
	industrial
	suburban
	0.075
	/
	2000

	Walsall, imi 5
	industrial
	suburban
	0.062
	/
	2000


/: no data available

From the database it seems that low Pb air concentrations (year 2000), between 0.002 and 0.045 µg Pb/m³, are observed in stations used for monitoring background air pollution levels located both in rural and urban areas. Similar Pb air concentrations were found in stations used for monitoring traffic induced air pollution, i.e. between 0.003 and 0.032 µg Pb/m³. The highest Pb concentrations were reported from stations used for monitoring industrial air pollution, i.e. between 0.023 and 0.524 µg Pb/m³. 

For stations intended to measure background concentrations in rural areas, a mean annual average concentration of 0.019 µg Pb/m³ is calculated.

In the UK regulations were applied in 1985 covering the levels of lead allowed in petrol leading to a reduction of the average yearly concentration from 1976/77 to 1992/93 with measurements of 0.82 and 0.11 µg Pb/m³ respectively. Ambient levels of lead in air peaked in the early to mid 1980s in Britain. The reduction of Pb concentration in the air of a typical urban station (central London) was correlated with the percentage of sales of unleaded petrol leading to a drastic decrease in ambient Pb air concentration between 1982 and 1993, i.e. >0.6 and <0.1 µg Pb/m³ respectively (EC, 1997).

This trend was confirmed for other urban stations. Annual average concentrations of airborne lead at the kerbside of a busy London road were around 1,400 ng Pb/m³, and in 1985 were still higher in Manchester (2.0 µg Pb/m³). General urban levels of lead were in the range of 0.2 and 1.0 µg Pb/m³. Since then, lead levels in urban areas have significantly declined, as the use of leaded petrol has been phased out. In the UK in 1995-96, the urban and kerbside road levels measured were not above 0.2 µg/m³ (Thornton et al., 2001).

The EU air standard for Pb (i.e. 0.5 µg Pb/m³) seemed to be exceeded only at one site, i.e. the industrial site situated in Walsall. Such high air concentrations near industrial sites in the UK were confirmed by several authors, i.e. concentrations of lead in ambient air near smelters have been reported to average 0.4-0.8 µg/m³ (Carroll, 1987) and 2.2-6.0 µg/m³ (Reed, 1987).

Denmark

The available ambient and background Pb concentrations in air in Denmark are summarised in Table 3.1.9-21.

Table 3.1.9‑21
Measured Pb concentrations (P50 and P95) in rural, suburban and urban zones in Denmark (Airbase, 2003).

	Location
	Type of station
	Type of zone
	conc. (µg/m³)
	Year

	
	
	
	50P
	95P
	

	Keldsnor 
	background
	rural
	0.006
	0.027
	1999

	Lille valby
	background
	rural
	0.005
	0.021
	2000

	Odense
	traffic
	urban
	0.010
	0.027
	2000

	Tange
	background
	rural
	0.004
	0.018
	1999

	Aalborg
	traffic
	urban
	0.010
	0.028
	1999

	Copenhagen, 
	traffic
	urban
	0.014
	0.040
	2000

	Odense
	traffic
	urban
	0.008
	0.024
	1999


From the database it seems that very low Pb air concentrations (year 1999-2000), between 0.004 and 0.006 µg Pb/m³ (as 50P annual concentrations; between 0.018 and 0.027 µg Pb/m³ as P95), are observed in stations used for monitoring background air pollution levels located both in rural areas. Somewhat higher Pb air concentrations were found in stations used for monitoring traffic induced air pollution, i.e. between 0.01 and 0.014 µg Pb/m³ as P50 (between 0.024 and 0.04 µg Pb/m³ as 95P). No Pb concentrations were reported from stations located in industrial zones.

For stations intended to measure background concentrations in rural areas, a mean annual average concentration of 0.005 µg Pb/m³ is calculated.

These low Pb concentrations reached in urban areas has been achieved through a progressive reduction of the lead content in the petrol. At present almost all petrol sold in Denmark is lead free and lead pollution has been reduced since 1982 (EC, 1997). Average concentration of Pb in the urban area of Aalborg exceeded 1 µg/m³ in 1982 and declined rapidly to reach a mean atmospheric concentration of ( 0.5 µg/m³ in 1986, <0.1 µg/m³ in 1994 (EEA, 1996) and 0.01 µg Pb/m³ in 1999 (Airbase, 2003).

Spain

The available ambient and background Pb concentrations in air in Spain are summarised in Table 3.1.9-22.

Table 3.1.9‑22
Measured Pb concentrations (50P and 95P) in rural, suburban and urban zones in Spain (Airbase, 2003).

	Location
	Type of station
	Type of zone
	conc. (µg/m³)
	Year

	
	
	
	50P
	95P
	

	Alcoy/alcoi, oliver 
	traffic
	suburban
	0.050
	0.090
	1999

	Alcoy/alcoi, rosaleda 
	traffic
	urban
	0.020
	0.040
	1999

	 Alicante/alacant, estación renfe 
	traffic
	urban
	0.070
	0.120
	1999

	Alicante/alacant, san antoni 
	traffic
	suburban
	0.040
	0.080
	1999

	Barcelona, i2-poble nou 
	traffic
	urban
	0.120
	0.330
	1999

	Barcelona, ie-sagrera 
	traffic
	urban
	0.060
	0.170
	1999

	Barcelona, ij-gracia-sant gervasi 
	traffic
	urban
	0.220
	0.340
	1999

	Burjassot, goya 
	background
	urban
	0.060
	0.140
	1999

	Gandia, estación ferrocarril 
	background
	urban
	/
	0.110
	1999

	Gijón, avenida de castilla 
	traffic
	suburban
	0.130
	0.420
	1999

	Hospitalet de llobregat (l´), i3-l'hospitalet 
	traffic
	urban
	0.140
	0.430
	1999

	Montcada i reixac, i6-montcada 
	traffic
	suburban
	0.140
	0.380
	1999

	Paterna
	traffic
	urban
	0.090
	0.190
	1999

	Prat de llobregat (el), ib-el prat 
	industrial
	urban
	0.190
	0.500
	1999

	Quart de poblet, quart 
	industrial
	suburban
	0.100
	0.400
	1999

	Sabadell, ad-sabadell 
	traffic
	urban
	0.110
	0.230
	1999

	Sagunto/sagunt, casco antiguo 
	traffic
	suburban
	0.020
	0.120
	1999

	Sant celoni, ac-sant celoni 
	industrial
	suburban
	0.060
	0.170
	1999

	Sant vicenç dels horts, i8-sant vicenç 
	industrial
	suburban
	0.160
	0.340
	1999

	Tarragona, a5-Tarragona (st. Salvador)
	traffic
	urban
	0.050
	0.100
	1999

	Tarragona, a6-Tarragona (nucli urba) 
	traffic
	urban
	0.080
	0.160
	1999

	Valencia, nuevo centro 
	traffic
	urban
	0.070
	0.250
	1999

	Valencia, pista de silla 
	traffic
	urban
	0.060
	0.230
	1999

	Valencia, plaza de españa 
	traffic
	urban
	0.070
	0.250
	1999


/: no data available

From the database it seems that the Pb air concentrations (year 1999) found in stations used for monitoring traffic induced air pollution in suburban and urban zones varied between 0.020 and 0.220 µg Pb/m³ (as 50P annual concentrations; between 0.040 and 0.340 µg Pb/m³ as 95P). The highest Pb concentrations in urban zones were observed in the city of Barcelona.

Similar Pb air concentrations are observed in stations used for monitoring industrial air pollution, i.e. between 0.060 and 0.190 µg Pb/m³ as 50P (between 0.17 and 0.5 µg Pb/m³ as 95P). Only one background urban concentration is reported, i.e. 0.060 µg Pb/m³. 

Regarding concentrations measured in urban stations, annual averages in the mid 1990 can be considered in the order of 0.5 µg Pb/m³ or less. As an example, the trend for annual average concentrations in the city of Valencia (typical urban site with a population of around 800,000 inhabitants) declined from > 3.0 µg Pb/m³ in 1982/83 to 0.5 µg Pb/m³ in 1994. However, some stations still record occasional daily maxima in the order of 1.0 µg Pb/m³ (EC, 1997).

Stations located in industrial areas record values superior to previous ones. In 1990, some annual averages were between 3.0 and 4.0 µg Pb/m³. As an example of concentrations reported in 1994/95, annual averages were around 0.5 and 0.6 µg Pb/m³ in a typical industrial station in Breda (Barcelona). However, occasional daily maxima of > 5.0 µg Pb/m³ were recored in 1994, > 3.0 µg Pb/m³ in 1995 (EC, 1997).

Ireland

The available ambient and background Pb concentrations in air in Ireland are summarised in Table 3.1.9-23.

Table 3.1.9‑23
Measured Pb concentrations (average) in rural, suburban and urban zones in Ireland (Airbase, 2003).
	Location
	Type of station
	Type of zone
	conc. (µg/m³)
	Year

	
	
	
	Avg
	P95
	

	Branch Road (DC26)
	industrial
	suburban
	0.640
	/
	2000

	Kilbarrack (DC25)
	background
	suburban
	0.010
	/
	2000

	OConnell Street (DC23)
	traffic
	urban
	0.040
	/
	1999

	Pearse Street (DC24)
	traffic
	urban
	0.060
	/
	2000


/: no data available

From the database it seems that a very low average Pb air concentration (year 2000), i.e. 0.010 µg Pb/m³, is observed in a station used for monitoring background air pollution levels located in a suburban zone. Somewhat higher Pb air concentrations were found in stations used for monitoring traffic induced air pollution, i.e. between 0.040 and 0.060 µg Pb/m³ as average. Stations located in industrial areas record values superior to previous ones, i.e. 0.640 µg Pb/m³.

Since 1977 average yearly concentration levels have been below 1.0 µg Pb/m³, with a considerable reduction both in rural and in urban areas, and by 1993 they were below 0.2 µg Pb/m³. The reduction is clear regarding the use of unleaded petrol since 1985 (EC, 1997). The recorded lead concentrations in the air of the city of Dublin declined from 1.4 µg/m³ in 1982 to reach levels between 0.040 and 0.060 µg/m³ in the year 2000 (Figure 3.1.9-12).
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Figure 3.1.9‑12
Variation in air Pb concentration (as annual average) in the city of Dublin.

Germany

The available ambient and background Pb concentrations in air in Germany are summarised in Table 3.1.9-24. The data were provided by German environment agency Landesumweltamt of Nordrhein-Westfalen.

Table 3.1.9‑24
Measured Pb concentrations (average in urban zones in Germany (Landesumweltamt of Nordrhein-Westfalen , 2001).

	Location
	Type of station
	Type of zone
	conc. (µg/m³)
	Year

	
	
	
	average
	95P
	

	Dortmund-Eving
	
	
	0.040
	/
	2001

	Duisbourg- Meiderich
	industrial
	urban
	0.050
	/
	2001

	Düsseldorf-Lörick
	background
	urban
	0.020
	/
	2001

	Düsseldorf-Reisholz
	traffic
	suburban
	0.020
	/
	2001

	Essen-Schuir
	background
	urban
	0.020
	/
	2001

	Gelsenkirchen-Bismarck
	
	
	0.030
	/
	2001

	Köln-Chorweiler
	background 
	urban
	0.020
	/
	2001

	Mülheim-Styrum
	
	
	0.030
	/
	2001

	Witten-Annen
	
	
	0.020
	/
	2001

	Essen-Ost Steeler Str.
	traffic
	urban
	0.020
	/
	2001

	Münster Friesenring
	traffic
	urban
	0.010
	/
	2001

	Wuppertal Fr.-E.-Allee
	traffic
	urban
	0.030
	/
	2001

	Duisbourg-Bruckhausen
	
	
	0.080
	/
	2001


The database reports only less recent data from 2001. In general, similar ambient air concentrations are observed for the different types of stations in Germany. From the database it seems that the average Pb air concentrations in stations used for monitoring background air pollution levels located in urban/suburban zones varied was 0.02 µg Pb/m³. Simlar Pb air concentrations were found in stations used for monitoring traffic induced air pollution, i.e. between 0.01 and 0.03 µg Pb/m³ as average. Stations located in industrial areas record values somewhat superior to previous ones, i.e. 0.05 µg Pb/m³. 

Reported Pb levels in the air of German cities in 1993 (yearly mean values) are: 170 ng Pb/m³ for Duisbourg-Bucholz and 160 ng Pb/m³ for Dortmund (EEA, 1996).

The yearly average concentration measured has been declined progressively over the years. In the Rhine Ruhr area, the lead concentration fell from 1.1 µg Pb/m³ in 1974 to 0.04 µg Pb/m³ in 1998 (Figure 3.1.9-13). In the year 1993 yearly averages were below 300 ng Pb/m³ at all stations. In 1994, however, there were particular points near lead processing plants with annual averages of slightly below or above 500 ng Pb/m³ (EC, 1997).
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Figure 3.1.9‑13
Variation in air Pb concentration (as annual average) in the Rhein-Ruhr area

Finland

The available ambient and background Pb concentrations in air in Finland are summarised in Table 3.1.9-25.

Table 3.1.9‑25
Measured Pb concentrations (average) in rural, suburban and urban zones in Finland (Airbase, 2003).

	Location
	Type of station
	Type of zone
	conc. (µg/m³)
	Year

	
	
	
	average
	95P
	

	Helsinki, töölö 
	traffic 
	urban
	0.010
	/
	2000

	Helsinki, vallila 2 
	background
	urban
	0.010
	/
	1998


/: no data available

No differences were observed between the ambient air concentrations measured in different areas of the city of Helsinki, i.e. 0.01 µg Pb/m³ as annual average.

The average airborne lead level in Helsinki has declined from 1 µg/m³ in the 1970s to 0.05 µg/m³ in 1990 due to the use of low lead and unleaded gasoline. In more remote areas, the background concentration of lead in the air is 0.005 µg/m³ (OECD, 1993).

Annual average concentrations of lead measured in major cities have fallen from 0.05-0.1 µg Pb/m³ in 1978-90 to 0.01-0.1 µg Pb/m³ in 1993. In the transport sector the use of economic incentives has led to the phase out of leaded petrol. The market share of unleaded pertrol has changed from 70% in 1992 to 100% in 1996 (EC, 1997).

Belgium

The available ambient and background Pb concentrations in air in Belgium are summarised in Table 3.1.9-26.

Table 3.1.9‑26
Measured Pb concentrations (average and 95P) in rural, suburban and urban zones in Belgium (Airbase, 2003).

	Location
	Type of station
	Type of zone
	conc. (µg/m³)
	Year

	
	
	
	average
	95P
	

	Herne (00hr01)
	background
	rural
	0.023
	0.044
	1999

	Angleur (0ang01)
	traffic
	urban
	0.082
	0.252
	2000

	Baudour (0bau01)
	background
	rural
	0.030
	0.057
	2000

	Beerse (0bee02)
	industrial 
	suburban
	0.347
	1.286
	2000

	Gouvy (0bov01)
	background
	rural
	0.023
	0.024
	2000

	Hoboken (0hob08)
	industrial 
	suburban
	0.120
	0.390
	2000

	Kruibeke (0hob20)
	industrial 
	suburban
	0.148
	0.671
	2000

	Knokke (0kno01)
	background
	rural
	0.042
	0.093
	2000

	Liege (0lie02)
	traffic
	urban
	0.066
	0.218
	2000

	Obourg (0obg01)
	industrial 
	suburban
	0.027
	0.049
	2000

	Offagne (0off01)
	background
	rural
	0.023
	0.027
	2000

	Overpelt (0ovp02)
	background
	rural
	0.084
	0.193
	2000

	Reppel (0rep02)
	industrial 
	suburban
	0.025
	0.052
	1999

	Robertville (0rob01)
	background
	rural
	0.023
	0.024
	2000

	Liege (mllg01)
	traffic
	urban
	0.050
	0.106
	1999

	Offagne (mlnt01)
	background
	rural
	0.023
	0.032
	1999

	Gouvy (mlnt02)
	background
	rural
	0.023
	0.027
	1999

	Robertville (mlnt03)
	background
	rural
	0.023
	0.026
	1999

	Arlon (mlpt01)
	background
	rural
	0.023
	0.030
	1999

	Andenne (0nmc06)
	background
	suburban
	0.037
	0.083
	2000

	Antwerpen, 00r801 - Borgerhout 
	traffic
	urban
	0.074
	0.137
	2000

	Antwerpen (00r822)
	industrial 
	urban
	0.049
	0.095
	2000

	Antwerpen (0ant01)
	traffic
	urban
	0.094
	0.206
	2000

	Arlon (0arl01)
	traffic
	suburban
	0.024
	0.038
	2000

	Ath (0ath01)
	background
	urban
	0.262
	0.851
	2000

	Beerse (0bee01)
	industrial 
	suburban
	0.526
	1.790
	2000

	Brussels, Anderlecht (01and2)
	background
	suburban
	0.167
	0.672
	2000

	Brussels, Meudon (01meu1)
	background
	suburban
	0.027
	0.061
	2000

	Brussels, irm-kmi (01r012)
	background
	suburban
	0.025
	0.053
	2000

	Brussels, ihe (0ihe02)
	background
	suburban
	0.030
	0.066
	2000

	Brussels,  Couronne (0ihe03)
	traffic
	suburban
	0.043
	0.085
	2000

	Charleroi (0cha01)
	traffic
	urban
	0.054
	0.157
	2000

	Charleroi, Lodelinsart (0cha02)
	background
	suburban
	0.080
	0.255
	2000

	Charleroi (0cha06)
	background
	suburban
	0.232
	0.899
	2000

	Charleroi, Marchienne (0cha07)
	background
	suburban
	0.043
	0.111
	2000

	Charleroi (mlch01)
	traffic
	urban
	0.080
	0.225
	1999

	Charleroi, Lodelinsart (mlch02)
	background
	suburban
	0.080
	0.232
	1999

	Geel, olen (0ole01)
	industrial 
	suburban
	0.061
	0.130
	2000

	Genk, (0gnk02)
	industrial 
	suburban
	0.081
	0.161
	2000

	Hoboken, (0hob01)
	industrial 
	suburban
	0.667
	2.056
	2000

	Hoboken, (0hob17)
	industrial 
	suburban
	1.035
	2.930
	2000

	Hoboken, (0hob18)
	industrial
	suburban
	0.402
	1.173
	2000

	Hoboken, (0hob19)
	industrial
	suburban
	0.273
	0.946
	2000

	Hoboken, (0hob23)
	industrial
	urban
	1.812
	4.871
	2000

	Hoboken (7hob01)
	industrial 
	suburban
	0.600
	1.979
	1999

	Hoboken (7hob14)
	industrial 
	suburban
	0.639
	2.086
	1999

	Hoboken (7hob17)
	industrial 
	suburban
	0.938
	2.651
	1999

	Hoboken (7hob18)
	industrial 
	suburban
	0.458
	1.554
	1999

	Hoboken (7hob19)
	industrial 
	suburban
	0.316
	1.126
	1999

	Kruibeke (0hob22)
	industrial 
	suburban
	0.092
	0.403
	1999

	Liege - Engis (0eng01)
	industrial 
	suburban
	0.049
	0.130
	2000

	Liege- Jemeppe (0jmp01)
	background
	suburban
	0.128
	0.311
	1999

	Liege(0lie01)
	traffic
	urban
	0.048
	0.105
	2000

	Lommel (00wz01)
	industrial 
	suburban
	0.090
	0.194
	2000

	Neerpelt (0ovp01)
	industrial 
	suburban
	0.057
	0.099
	2000

	Reppel (0rep01)
	industrial 
	suburban
	0.022
	0.042
	1999

	Wilrijk, Neerland (0wik01)
	traffic
	urban
	0.065
	0.132
	2000

	Zelzate (0zel02)
	industrial 
	suburban
	0.090
	0.268
	2000


The database revealed that the average annual background Pb concentrations in rural areas varied in Belgium between 0.023 and 0.084 µg Pb/m³ (year 1999-2000). This means on average, a mean background concentration of 0.032 µg Pb/m³.

Background Pb air concentrations from stations located both inside (urban background) or on the outskirts of a city (suburban background) are much higher than those situated in rural areas.

It is clear that very high Pb air concentration are observed in places where non-ferrous metallurgical plants are located, i.e. in the city of Hoboken near Antwerp, with average concentrations between 0.120 and 1.035 µg Pb/m³ depending on the type of zone and type of station under assessment. 95P values for the city of Hoboken ranged between 0.0390 and 4.871 µg Pb/m³.

Other stations used for monitoring industrial air pollution located both in urban and suburban zones revealed annual average ambient Pb concentrations between 0.022 and 0.526 µg Pb/m³. The highest ambient Pb concentrations were located in the city of Beerse, i.e. annual average between 0.347 and 0.526 µg Pb/m³ and 95P between 1.286 and 1.790 µg Pb/m³. 

Lower annual average Pb air concentrations were found in stations used for monitoring traffic induced air pollution located both in urban and suburban zones, i.e. between 0.024 and 0.094 µg Pb/m³.

Disregarding measuring sites near non-ferrous metallurgic plants, average yearly lead levels in the  mid 1990s were of the order of 0.1 µg Pb/m³ in the cities and lower than 0.1 µg Pb/m³ in non-urban areas (EC, 1997).

The Netherlands

The available ambient and background Pb concentrations in air in The Netherlands are summarised in Table 3.1.9-27.

Table 3.1.9‑27
Measured Pb concentrations (average and 95P) in rural, suburban and urban zones in The Netherlands (Airbase, 2003).

	Location
	Type of station
	Type of zone
	conc. (µg/m³)
	Year

	
	
	
	avg
	95P
	

	Biest Houtakker-Biestsestraat 
	background 
	rural
	0.0153
	0.033
	2001

	Kollumerwaard-Hooge Zuidwal 
	background 
	rural
	0.0072
	0.019
	2001

	Bilthoven, Bilthoven-Van Leeuwenhoeklaan
	background 
	suburban
	0.0106
	0.0261
	2001

	Vlaardingen, Vlaardingen-Floreslaan 
	traffic 
	urban
	0.0127
	0.0230
	2001


The database revealed that the average annual background Pb concentrations in rural areas varied in The Netherlands between 0.0072 and 0.0153 µg Pb/m³ (year 1999-2000). This means on average, a mean Pb background concentration of 0.0113 µg Pb/m³.

An annual average Pb air concentration in a station used for monitoring traffic induced air pollution located in urban zone was 0.0127 µg Pb/m³.

As daily values are available from the database, it was possible to analyse the monthly differences in Pb air concentrations. At the location Houthakker a monthly variation between 0.0088-0.0243 µg Pb/m³ was observed, at Kollumerwaard between 0.0039-0.0114 µg Pb/m³, at Bilthoven between 0.0058-0.0216 µg Pb/m³ and at Vlaardingen between 0.0074-0.0249 µg Pb/m³. In general, the highest ambient Pb air concentrations were observed during the winter (between November and January) as summarised in Figure 3.1.9-14. 
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Figure 3.1.9‑14
Monthly variation of ambient Pb air concentrations in different locations in The Netherlands.

Since 1986 the emissions caused by traffic in The Netherlands have been reduced drastically as a consequence of the reduction of the levels of lead in petrol. The recorded lead concentrations in air at different locations in The Netherlands declined from an annual Pb concentration of 0.130 (1985) to 0.0153 µg Pb/m³ (2001) at Houthakker, from 0.03 (1989) to 0.0072 µg Pb/m³ at Kollumerwaard, from 0.11 (1985) to 0.0106 µg Pb/m³ (2001) at Bilthoven and from 0.25 (1985) to 0.0127 µg Pb/m³ at Vlaardingen. The measured annual Pb air concentration in The Netherlands dropped from 0.120 (1985) to 0.024 µg/m³ (1995) (Figure 3.1.9-15).
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Figure 3.1.9‑15
Variation in air Pb concentration (as annual average) in The Netherlands.

The measured ambient levels in cities in The Netherlands (Amsterdam, Rotterdam, Haarlem) in 1980 were between 0.25 and 0.42 µg/m³. In 1989, this urban lead concentration level dropped to 0.1 and 0.15 µg/m³ (Janus et al., 1999).

France

The compiled data for France were retrieved from the database compiled by the French ‘Fédération des Associations Agréées de Surveillance de la Qualité de l’Air (ATMO)’ and can be found at http://atmo-france.org. The available ambient Pb concentrations in air in France are summarised in Table 3.1.9-27. 

The database revealed that the average annual background Pb concentrations in urban areas varied in France between 0.01 and 0.03 µg Pb/m³ (year 2000-2002). This means on average, a mean Pb urban concentration of 0.0165 µg Pb/m³.

The ambient Pb concentration of 0.163 µg Pb/m³ reported for the urban area of Toulouse is located near an industrial area and reflects therefore more an industrial scenario than an urban scenario. A more detailed analysis of the measured ambient air concentrations in this city is provided by ORAMIP (Observatoire Régional de l’Air en Midi-Pyrénées) and summarised in Table 3.1.9-28.

Table 3.1.9‑28
Measured Pb concentrations (average) in urban zones in France (ATMO, 2003).

	Location
	conc. (µg/m³)
	Year

	
	avg
	95P
	

	Amiens
	0.010
	/
	2002

	Besançon
	0.010
	/
	2002

	Bordeaux
	0.020
	/
	2001

	Grenoble
	0.020
	/
	2002

	Lille
	0.030
	/
	2001

	Lyon
	0.020
	/
	2002

	Marseille
	0.020
	/
	2002

	Montpellier
	0.010
	/
	2002

	Nantes
	0.010
	/
	2002

	Paris
	0.020
	/
	2002

	Pau
	0.020
	/
	2000

	Reims
	0.018
	/
	2002

	Rouen
	0.020
	/
	2002

	Toulouse
	0.163*
	/
	2002

	Tours
	0.010
	/
	2002

	Strasbourg
	0.010
	/
	2001


*: station located near indsutry

Table 3.1.9‑29
Measured Pb concentrations (annual average) in the city of Toulouse (ORAMIP, 2003).
	Location
	Type of station
	conc. (µg/m³)
	Year

	
	
	avg
	95P
	

	St Cyprien
	traffic
	0.024*
	/
	2001

	Bd Carnot
	traffic
	0.020*
	/
	2001

	Fondreye nord
	industrial
	0.101
	/
	2002

	Faure
	industrial
	0.275
	/
	2002

	Jules Ferry
	industrial
	0.132
	/
	2002

	Fondreye ouest
	industrial
	0.156
	/
	2002


*: average monthly value

From Table 3.1.9-29 an annual average Pb concentrations in the vicinity of industrial zones in Toulouse varied between 0.101 and 0.275 µg Pb/m³. Lower average Pb air concentrations were found at stations used for monitoring traffic induced air pollution located in urban zones, i.e. between 0.020 and 0.024 µg Pb/m³. It must be emphasized that because of the drastic reduction in air Pb emissions ORAMIP has stopped in 2001 measuring Pb concentrations for monitoring of traffic induced air pollution. Visualisation of the temporal variation of the ambient air concentration in the city of Toulouse showed a clear decrease in ambient Pb concentration in both traffic and industry induced air pollution (Figure 3.1.9-16). For the traffic stations, i.e. St Cyprien and Monument aux Morts, the annual average air concentration dropped from ( 0.1 µg Pb/m³ in 1998 to reach levels of  ( 0.02 µg Pb/m³ in 2001 (the values from 2001 are based on a limited amount of data, i.e. Pb concentrations only reported for January and November 2001). The same trend was found in the industrial stations, i.e. Fondeyre Nord et Ouest, Faure and Jules Ferry, where the annual average air concentration dropped from 0.219-0.633 µg Pb/m³ in 1998 to reach levels between 0.103 and 0.257 µg Pb/m³ in 2001.


Figure 3.1.9‑16
Temporal variation in air Pb concentration (as annual average) in Toulouse
Indeed, since 1986 the emissions caused by traffic in France have been reduced drastically as a consequence of the reduction of the levels of lead in petrol. The recorded lead concentrations in the air of different cities in France declined from annual Pb concentration of between 0.290 (Caen) and 2.930 (Grenoble) µg/m³ in 1986 to reach an annual value all below 0.5 µg/m³ in 1991 (except for one city, i.e. Grenoble).  In the year 2000 all ambient air data revealed Pb air concentrations to be < 0.1 µg/m³ (Figure 3.1.9-17). 


Figure 3.1.9‑17
Temporal variation in urban air Pb concentration (as annual average) in major French cities 

Conclusion

The available typical ambient and background Pb concentrations in air for different EU countries extracted predominantly from the Airbase database are summarised in Table 3.1.9-30.

Table 3.1.9‑30
Typical ambient and background Pb concentrations (µg/m³) in air for different EU countries 

	EU country
	Background rural
	Traffic urban/suburban
	Industrial

urban/suburban

	
	
	
	

	United Kingdom (2000)
	0.019 (7 #)
	0.023 (5 #)
	0.117 (8 #)

	Belgium (1999-2000)
	0.032 (11 #)
	0.0618 (11 #)
	0.2926 (22 #)

	Denmark (1999-2000)
	0.005 (2 #)
	0.0105 (4 #)
	/

	Finland (2000)
	0.005 (/)
	0.01 (1 #)
	/

	Germany (2001)
	/
	0.02 (4 #)
	0.05 (1 #)

	Ireland (1999-2000)
	/
	0.050 (2 #)
	0.64 (1 #)

	Spain (1999)
	/
	0.0856 (18 #)
	0.1275 (4 #)

	The Netherlands (2001)
	0.0113 (2 #)
	0.0127 (1 #)
	/

	France (2000-2002)
	/
	0.0165 (15 #)
	0.166 (4 #)


 /: no data available; #: number of locations

· Comparison between predicted and measured levels

Table 3.1.9-31 summarises the typical regional Pb concentrations in air, soils, water and sediment and shows natural/pristine ambient backgrounds, continental and regional PECs for both the specific region the Netherlands and the generic TGD region; in these various compartments.

Soil

Comparison of modelled and measured values for agricultural soil shows that the modelled regional PEC of 28.9 mg/kg dw (specific region, the Netherlands) and 41.6 mg/kg dw (TGD region) –calculated at steady state- is situated a factor 1.8-1.2 below the reasonable worst case measured soil concentration in agricultural soil (50.6 mg/kg dw; average of 90P values for different types of agricultural soils (Table 3.1.9-18)). 

In order to derive the PECstotal an ambient pristine background for soil of 15 mg/kg dw is added to the modelled PECs. For the specific region (the Netherlands); this means that the anthropogenic contribution to the regional PECtotal agricultural soil is 48% of the PECtotal (fertiliser, lead shot), while the natural contribution is 52%. For the TGD region however, only 36% of the PECtotal agricultural soil is a result of background concentrations, while 64% is from anthropogenic sources (fertiliser, lead shot, sludge).

With respect to the PEC natural soil value for the selected NL region, 2/3 is due to natural input, while 1/3 is a result from aerial deposition from anthropogenic sources. For the hypothetical region 45% is a result from natural input, while 55% is a result from aerial deposition. 

Aquatic compartment (water and sediment)

The typical calculated PEC freshwater in the selected EU region (the Netherlands) and the TGD of 0.22 µg/l and 0.36 µg/l respectively are situated 1.7-fold to 3-fold below the median of measured values of 0.61 µg/l. The range of measured values is 0.28-1.1 µg/l. This illustrates that the modelled PECs are similar to the lower levels of the measured Pb concentrations.

In order to derive the PECstotal an ambient pristine background for water of 0.093 µg/l is added to the modelled PECs. For the specific region (the Netherlands); this means that the natural contribution to the regional PECtotal water is 42% of the PECtotal, while the anthropogenic contribution is 58%. For the TGD region however, only 26% of the PECtotal surface water is a result of background concentrations, while 74% is from anthropogenic sources. Similar conclusions can be drawn for the sediment compartment, since sediment values are derived from water concentrations on the basis of the partitioning methodology.

Similar findings are observed for the sediment compartment. The typical regional modelled PEC for the specific region the Netherlands (33.2 mg/kg dw) and the TGD region (55.4 mg/kg dw) are in agreement with the low levels of the range of measured Pb concentrations in sediment i.e. 38.4-233.1 mg/kg dw. The modelled PECs of both regions are situated a factor of 1.8 - 3 below the median sediment value of 100.1 mg/kg dw.

Table 3.1.9‑31: Comparison of measured versus modelled concentrations
	
	Natural pristine ambient background

(measured)
	Modelled (EUSES 2.0)

Selected region 

the Netherlands
	Modelled (EUSES 2.0)

TGD region (10% rule)
	Cumulative emissions

PECtotal 100 years
	Measured



	
	FOREGS
	Cont. scale
	Reg. scale
	Cont. scale
	Reg. scale
	
	

	Air

PECtotal (ng/m3)
	13.6
	13.6
	13.6
	13.6
	13.6
	
	20 (10-85.6)

	Agricultural soil

PECtotal (mg/kg dw)
	15
	17.2
	28.9

Simplebox 10-100 years: 

15.2-20.3 mg/kg dw 

(PECadd: 0.6-6.2% of steady state)
	17.1
	41.6
	32.7
	50.6

	Natural soil 

PECtotal (mg/kg dw)
	15
	16.0
	24.1

Simplebox 10-100 years: 

15.1-15.6 mg/kg dw
	16.0
	33.6
	28.3
	-

	Industrial soil 

PECtotal (mg/kg dw)
	15
	23.2
	46.2

Simplebox 10-100 years: 

15.2-17.0 mg/kg dw
	22.6
	98.5
	31.5
	-



	Freshwater 

PECtotal (dissolved; µg/l)
	0.093
	0.12
	0.22 (0.12-0.71)

Simplebox 10-100 years: 

0.30-1.4 µg/l

(PECadd: 67-85% of steady state)
	0.2
	0.36
	0.36
	0.61 (0.28-1.1)

	Sediment

PECtotal (mg/kg dw)
	14
	18.8
	33.2 (23.1-81.6)

Simplebox 10-100 years: 

46-228 mg/kg dw

(PECadd: 67-85% of steady state)
	18.6
	55.4
	55.4
	100.1 (38.4-233.1)
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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]
� 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.





� PEC reg, air, future = PEC reg, air, current. 
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