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The content of the Metal Risk Assessment Guidance (MERAG) fact sheets reflect the experiences and recent
progress made with environmental risk assessment methods, concepts and methodologies used in Chemicals
Management programs and Environmental Quality Standards setting (soil, water, sediments, ...) for metals.
Because science keeps evolving, these fact sheets will be updated on a regular basis to take into account new
developments.



1. Introduction

The main objective of the exposure assessment is the derivation and evaluation of metal
concentrations for each environmental compartment (water, air, soil, sediment) that is
potentially affected by human activities. Metal concentrations in the environment are the result
of the natural background, historical contamination and the local and diffuse emissions
associated with the use pattern (anthropogenic) and the complete life cycle of the metal (ie,
from mining to waste disposal). Collecting information on anthropogenic emissions of
pollutants to surface water, wastewater air and soil through the different life stages is, hence,
crucial for chemicals management purposes because it allows regulators, industry, and
government agencies to estimate concentrations and potential risks related to the presence of
pollutants in the environment and helps to identify the most efficient risk management
option(s). Due to the inherent variation of metal concentration in the natural environment (eg
different natural background concentrations) and the variability in anthropogenic input, large
differences in metal concentrations can be observed among different locations. Taking into
account, the relative contribution of the different anthropogenic inputs as well as local natural
background, the exposure assessment can be performed combining both modelled data and

measured data.

The information presented in this document serves as guidance both for the national
governmental institutions, industrial users and evaluating experts faced with conducting
exposure assessment for inorganic substances. Because exposure data are a key component
of compliance checking and risk assessments in general, this guidance focuses on how
exposure data should be compiled taking into account relevant facts when dealing with metal
exposure data (ie, natural background, local and diffuse emissions, bioavailability, availability

of large monitoring data sets, etc).

The structure of this guidance is the following. Section 2 gives a brief overview of the
terminology and definitions used, and introduces the main advantages/disadvantages of using
modelled or measured metal concentrations. Section 3 is dedicated to exposure assessment
using modelled data. Section 3.1 outlines in detail how diffuse sources analysis can be used to
discern the relative contribution of the different anthropogenic inputs with respect to natural
background/natural sources. These diffuse emissions are important to calculate the emissions
on a regional and continental scale. In addition, tools, such as specific environmental release
categories (SPERCS) are presented in Section 3.2 which may be used to calculate local
emissions. In Section 3.4, different multi-media fate models (EUSES, Unit World Model, etc)

and their usefulness and parameterization for metals are discussed. Finally, Section 4 reviews
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the wealth of measured data which are available for some metals and how these data can be

screened for fit for purpose and how reliable exposure estimates can be derived.

2. Concepts and overview

2.1 Terminology and Definitions

The presence of metals in the environment due to natural processes (resulting in a natural
background concentration of metals in all environmental compartments, including organisms)
and the chemical processes that affect the speciation of metals in the environment have
implications for both the environmental exposure and effects assessment of metals and thus
for the risk characterisation/environmental quality setting of metals in general. Regarding the
background concentration of metals in the environment, a distinction must be made between
(ECHA 2008):

e natural background concentration: the natural concentration of an element in the
environment that reflects the situation before any human activity disturbed the natural
equilibrium. As a result of historical and current anthropogenic input from diffuse sources,
the direct measurement of natural background concentrations is challenging in the
European environment;

e ambient background concentration: the sum of the natural background of an element
with diffuse anthropogenic input in the past or present (ie, influence of point sources not
included);

o Dbaseline background concentration: the concentration of an element in the present or
past corresponding to very low anthropogenic pressure (ie, close to the natural
background).

Figure 1 gives the relation of these definitions with the total and local contributions.
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Figure 1: Breakdown of metal concentrations in the environment

Definitions of some terms that are used in this document are given below:

e Bioavailability: (or biological availability) means the extent to which a substance is
taken up by an organism, and distributed to an area within the organism. It is
dependent upon physico-chemical properties of the substance, anatomy and
physiology of the organism, pharmacokinetics, and route of exposure.” (UN-GHS
2013). Hence, metal bioavailability refers to the fraction of the bioaccessible metal pool
that is available to elicit a potential effect following internal distribution; metabolism,
elimination and bioaccumulation. For the purpose of this guidance, the term “metal
bioavailability” is used more as a conceptual term as initially proposed by Meyer
(2002).

e Biogeochemical region: Fairbrother and McLaughlin (2002) initially referred to this
concept as metallo-regions where on a regional scale separate sub-regions are being
defined using suitable methods to aggregate spatially explicit environmental variables.
Another term frequently used in this regard is “ecoregion”. At the moment the
biological/ecological-part has been a bit underrated because the current existing
biogeochemical regions are based on abiotic factors rather than quantified ecological

metrics. If ecology can be considered, that approach further suggests that instead of
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using ‘generic’ species, it is preferable to use ‘endemic’ test organisms representative
for the natural environment under investigation to characterise the sensitivity of the

ecosystem.

e Environmental Exposure Concentration (EEC): is an exposure benchmark value,
which is compared with an Environmental Threshold Value in a risk assessment
framework or for compliance checking. The Environmental Exposure Concentration is
typically calculated from all individual measured or modelled metal concentrations for a
predefined environment taking a high end value (eg, the 90" percentile) of the

environmental concentration distribution at a site/region.

e Environmental Threshold Value (ETV): is an environmental effects concentration
below which adverse effects on the environment are not expected to occur. Examples
of ETVs are Predicted No Effect Concentrations (PNEC), Environmental Quality
Standards (EQS), Water Quality Criteria (WQC), Water Quality Standards, etc.

¢ Reasonable Worst Case Conditions (RWC): considered to be the environmental

conditions that maximises bioavailability.
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2.2 Use of Modelled Versus Measured Data

The exposure assessment can be performed using a combination of modelled data and
measured data (Figure 2).

available?

Yes Mo (option 1) Mo {option 2}

h 4

Assessment based on
modelled data (RWC)

Assessment based on
measured data

Initiate monitoring
programme?

Comparison modelled |
versus measured data

W

Figure 2: Use of measured and modelled data

Figure 2 starts off with the question if adequate monitoring data are available. For quite a
number of metals, a large data set of measured environmental concentrations exists.
However, care needs to be taken that the measurements were properly done, notably when
the dissolved fraction is measured (see Section 4.1). Given the fact that metals are naturally
occurring, the possible influence of local geological conditions (possibility for local metal-
containing mineralogy) should also be taken into account. Another factor often influencing
local metal levels is historical contamination. For data-poor metals, monitoring data will most
often be lacking and in those cases a choice has to be made whether to initiate a monitoring
program or use only a Realistic Worst Case (RWC) modelling approach as a way forward for

carrying out the exposure assessment.

The decision to embark or not on a monitoring program, should be based on a detailed
evaluation of the use pattern of the metal (dispersive use versus contained use), the intrinsic
toxicity and, more importantly, the potential for release and likelihood of exposure to these
emissions of human and ecological receptors. In this regard, it should be noted that the
potential for release and exposure is independent of the volume in which the product is being

produced. In case there is concern (eg, the metal is known to have a high intrinsic toxicity and

MERAG FACT SHEET 02 — MAY 2016



has a wide dispersive use), it could be warranted to initiate a monitoring program to collect
measured data for the compartment most likely to be impacted. If monitoring would be too
cumbersome, an extended model exercise in which different use/dispersion scenarios are
performed could be conducted. Recognising that both modelling approaches and the use of
measured data (when available) have their advantages and disadvantages (Table 1), it is

recommended to use both approaches in parallel.

Table 1: Advantages and disadvantages of exposure assessment using modelled or

measured data

MODELLING

MEASURED DATA

Possibility of unintentionally
e missing unidentified sources,
e missing metal compounds or
e excluding sources due to regulatory
issues (eg, biocides, mining, medical

use, ...)

Contains all possible sources, contributions

and metal compounds

Disadvantage: is typically used in a
conservative way by using reasonable
worst-case assumptions and default
values. However, in some cases, this
limitation can be overcome by choosing

average values.

Advantage: reality-check, realistic reflection

of environmental exposure

Advantage: typically low resource allocation

Advantage: low resource allocation if
measured data are available
Disadvantage: resource intensive if data are

not already available

Advantage: can estimate the contribution of
each source (within or out of the
regulatory context) or metal compound
to overall predicted environmental
concentrations (PECSs) (this is

particularly useful for risk management)

Disadvantage: in general very difficult to
differentiate between sources (within or
out of the regulatory context) or metal

compounds

Advantage: can estimate the anthropogenic

contribution

Disadvantage: difficult to differentiate
between natural and anthropogenic

(including historical) contributions

Disadvantage: measured concentrations can
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have a considerable uncertainty
associated with them due to temporal
and spatial variations as well as

differences in analytical methods

Advantage: can be used for projection and to | Disadvantage: limited to retrospective

test management scenarios evaluations

To facilitate the comparison between modelled and measured environmental concentrations,
all products, even if excluded from the regulatory framework for which the exposure
assessment is being conducted (eg, biocides, pesticides, and medical product applications are
not covered under the REACH framework), should be included in the emission inventory and
subsequent derived environmental exposure concentration (EEC) to avoid missing important
sources. It is also recommended that the metal of concern and its compounds be assessed as
a group. Because the modelled diffuse ambient metal concentrations are typically calculated
using a country-specific approach (Section 3.2), the comparison with the measured data can
best be based on all site-specific 90P-values within a geopolitical area (eg, country, state).

If the outcome of the comparison indicates that the calculated/modelled EEC is not of the
same order of magnitude as the EEC value derived from measured data, a further in-depth
analysis and critical discussion of divergences are important steps. For this, both the
calculated and measured EEC values need to be reconsidered, re-evaluated and, if possible,

further refined. In general, the following cases can be distinguished:

e EECodelied == EECheasured: The result indicates that the most relevant sources of
exposure and fate processes were taken into account.

o EECodelled > EECheasurea: This result might indicate that relevant elimination processes
were not considered in the EEC calculation or that the employed model did not
simulate the real environmental conditions for the regarded substance. On the other
hand, measured data may not be reliable or may represent only the background
concentration or diffuse ambient RWC-EEC in the regarded environmental
compartment. It may also indicate a slow time response to a new external load. If the
PEC based on measured data has been derived from a sufficient number of
representative samples, then they should override the model predictions.

o EECogeled < EECheasured: This can be caused by failure to take all relevant sources of
emission into account when calculating the EEC, or that the used models were not

suitable for the conditions/metal. Another explanation is that the higher ambient
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measured concentrations are due to a natural high background or reflect historical
pollution (especially on a local scale), are caused by spillage, are the result of a recent
change in use pattern, or reflect the recent introduction of emission-reducing measures
that have not yet affected the environmental concentrations of the metal/metal
compounds.

If no further refinements are possible or if the modelled EEC is similar to the measured EEC, a

weight-of-evidence approach is recommended to finally select the modelled or measured EEC

for further risk characterisation.
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3. EXPOSURE ASSESSMENT USING MODELLED DATA

3.1 Introduction

With regard to the modelled exposure analysis for risk assessment purposes, a distinction can
be made between different spatial scales. The ‘site-specific’ or local scale considers the
protection goals in the vicinity of a point source. The assessment of the risks due to all
releases from point and diffuse sources® in a larger area (country, state, region) is performed
on a so-called regional scale. A third spatial scale — the continental scale — is the sum of all
regional scales within a continent, and is, for example, used as background for the regional
system in exposure models such as the European Union System for the Evaluation of
Substances (EUSES). An overview of the different interactions between the different spatial

scales is presented in Figure 3.

Continental level

Regional level (larger area, region, state, country,...)
Diffuse ambient concentrations

Site-specific level
Site-specific concentrations

inflow ¢————»
concentrations

Background concentrations

v

Figure 3: The relationships between the exposure assessments at the different spatial scales

The site-specific scale receives a background concentration from the regional scale, whereas

the regional scale receives the inflowing air and water from the continental scale

3.2 Diffuse Source Emission Inventory

! Diffuse sources cover essentially all sources that are not point sources and include the many smaller or scattered sources from
which pollutants may be released. Diffuse sources are difficult to locate, without a single point of origin or not introduced into
a receiving stream from a specific outlet and are in general quantified for an area as a whole (eg, residential heating, wastewater
discharge, agriculture, traffic, ...). In the exposure assessment, diffuse sources include all sources, not included in the local
RAR
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3.2.1 General

Human society uses many chemical compounds for the production of goods, health care, and
agriculture. These chemical compounds can be either synthetically produced or be of natural
origin. The latter group is mostly comprised of metals (including metalloids like arsenic and
antimony). These metals are a part of a natural biogeochemical cycle of elements. Within this
cycle, the metals are exchanged between the geosphere, hydrosphere, and biosphere. Metals
originating from natural sources are released into the environment through a variety of
processes including volcanic eruption, forest and brush fires, and wind-blown suspension of

dust and sea salt spray (Nriagu 1989; Lin and Pehkonen 1998).

Collecting information on anthropogenic emissions of pollutants to surface water, wastewater,
air, and soil through the different life stages is crucial for chemicals management purposes
because it allows for the rational estimation of concentrations and potential risks related to the
presence of pollutants in the environment and helps in identifying the most efficient risk
management option(s), if relevant. A detailed investigation and analysis of diffuse sources
further allows for understanding their relative contribution to regional/continental emissions,
thereby providing crucial and complementary information to environmental compartment
monitoring data. Indeed, the comparison of the two often allows a better insight into the
relative contribution of the different anthropogenic inputs, also with respect to local natural
background. In addition, diffuse source analyses enable generic source type allocation (eg,
impurities in inorganic fertilizers, corrosion from metallic structures, releases from brake pads)
to be made as well as to define their underlying drivers of release. It therefore provides clear
insights about the metals emissions originating from products (eg, corrosion from building
materials, tire wearing) and non-product use (eg, from impurities in oil, from steel/fertiliser

manufacturers).

The relative contribution of product and non-product-related metal emissions are dependent
on the environmental compartment and metal considered. For example, the current emissions
of Pb to the soil compartment could almost fully be attributed to the use of Pb-shot (product-
related emission), while for Ni, the soil emissions could almost fully be attributed to the use of
manure/fertilizer on agricultural land (Figure 4). Emissions of Ni from these sources are
typically non-product related emissions because Ni is present as an impurity in

manure/fertilizer.
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Figure 4: Product (blue bars) and non-product releases (red bars) for Pb (left figure) and Ni

(right figure)

In terms of absolute quantity, the contribution of diffuse sources can in certain cases be large
compared to point sources or releases from natural background. However, it is noted that
diffuse emissions are by definition dispersive and will as such be spread over large areas.
Therefore, their influence on environmental exposure concentrations and risk is often less
important than emissions from point sources which only influence environmental exposure
concentrations at a specific location. Therefore, environmental concentrations that are

monitored are the only reflection of local input from diffuse and point sources.

Most often only a limited number of major emissions or uses predominate for each metal, and
these must initially be identified. Therefore, an inventory of all relevant emission sources must
first be prepared and specific industry and use categories should be identified for the
assessment of both the site-specific and regional impact. For these industries and use
categories, specific emission quantification methods need to be developed. In certain
frameworks, general methods are already well described (eg, ECHA 2012; TGD 2003; EEA
2003; US EPA 1996). However, some metals may require specific or targeted assessments
(eg, highway or road border scenario). The predicted emissions are subsequently used as
input parameters into an exposure model that calculates the environmental concentrations in

the different environmental compartments.

In general, the methodology used for a diffuse source emission inventory is comprised of the

following steps:

- Ciritical evaluation of available data on point and diffuse sources of metals for different

countries/states and the selection of a representative area/region/state;
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- Quantification of regional and continental metal emissions (in the EU, the scope of the

assessment is limited to current emissions).

Ideally, biogeochemical regions (metallo-regions) that take the geochemical and ecological
dimensions into account should be used instead of regions based solely on social,
demographic, economical, and geographical factors (eg, countries, states). Different
background concentrations and bioavailability corrections can then be used in correspondence
with such regions. In practise, this may not always be feasible. As an alternative, a well-
defined area (region, state, country) that is representative of the global area under
consideration (ie, the continent) could be used for the modelling of diffuse ambient
concentrations. For such areas, physico-chemical conditions should be documented and
defined. A hypothetical standard area should only be used in case no country-specific data or

descriptors are available.

It is recommended to start the emission investigation on a country (or a state) level and to
include all the sources in the assessment (ie, also those governed by other laws and
regulatory statutes).

3.2.2 Identification of all relevant sources

A first step in the diffuse source analysis is the identification of the relevant sources that could
result in releases of metals to the environment. A list of potential emission uses/sources for a
specific metal should be developed based on the knowledge of the mass-flow of the specific
metal. Further information on the use, sources and emissions could be gathered from national
emission inventories available for those countries/states within the area of interest, from
international organizations (Box 1), from available emission inventory guidelines, or from the
open literature. Quite often, different methodologies have been used among these various
groups to derive the emission estimated and therefore these data should be thoroughly
scrutinized to assess the completeness of the available data and the quality of the

methodologies applied to quantify the emissions.
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Box 1: Sources for emission data covering the European Union

Within the European Union, there are several Registers and Organizations from which relevant
emission data can be obtained. The most relevant in terms of emissions is the European
Pollutant Emission Register (e-PRTR-). Other data, compiled for the European Commission
(Directive 76/464/EEC, Water Framework Directive (WISE, Eionet databases), North Sea
Conferences, OSPAR (Convention for the Protection of the Marine Environment of the North-
East Atlantic of the Oslo and Paris Commissions), HELCOM (Helsinki Commission, Baltic
Marine Environment Protection Commission), ICPR (International Conference for the
Protection of the Rhine), EMEP (Co-operative Programme for Monitoring and Evaluation of the
Long-range Transmission of Air pollutants in Europe), etc can be useful sources of exposure

emissions.

An overview of the most important identified sources for Cd, Co, Cu, Mo, Ni, Pb, Sb, V and Zn
is shown in Table 2. The cradle-to-grave overview of emission sources covers the emissions

during production (manufacturing and use), product use and waste management.

Table 2: Overview of relevant metal specific sources of emissions

Category Sub- Point source Cd|Co|Cu|Mo|[Ni|Pb|Sb V| Zn
category
Industry Non-com- | Manufacture and | X | X [X | X [X | X [|X XX
bustion industrial use of
metal and metal
compounds
Com- Power production, | X [ X [X X | X | X X | X
bustion refineries
Product use | House- Residential heating X [ X X | X |X X
holds
Domestic  waste X | X [ X [ X |X |X X | X
water
Use of fishing X
weights
Agri- Heating of X [ X X [ X | X X
culture buildings
Use of | X | X | X |X X | X |X XX
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fertilisers/manure/

sewage sludge

Use as feed
component
(essential

elements)

Transport

Exhaust fumes

(road transport,
shipping,..)

Brake wear

Tire wear

Road surface wear

Motor oil leakage

x| X| X| X

X| X| X| X

x| X| X| X

X| X| X| X

Use of wheel
balance weights

x| X| X[ X| X

Use of grease

Use of antifouling
paints

Wear of collector
shoes/overhead

wires

Waste

management

Sewage treatment

plants

Landfills

Waste incineration

Other

sources

Use of

shot/ammunition

Fireworks

Wood

preservatives

Corrosion of

materials
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3.2.2.1 Completeness of data

The main aim of an emission inventory exercise is to obtain a representation as complete as
possible of all emission sources for the metal/metal compound under consideration. Therefore,
the final selected state/country-individual emission inventory should be completed with metal
emission sources mentioned by other countries or as described in the international literature.
As a result, a complete quantitative list of metal emission sources is created that should
include direct emissions to air, direct emissions to the surface water, and direct and fugitive

emissions to soil.

To facilitate the comparison between regional predicted and measured environmental
concentrations, it is also recommended to include, to the extent possible, those products that
are excluded from the regulatory framework (for example, industrial/consumer chemicals
versus biocides, plant protection products, medical product applications) in the emission
inventory and subsequent regional EEC derivation. In case not enough information is available
on the emissions of these sources or because the use of these products is very specific and
therefore the available exposure models may not be suited to assess their distribution in the
environment correctly, it is at least recommended to try to distinguish these sources and/or to
assess their contribution in a semi-qualitative way. It is also recommended to group the metal
of concern and its compounds to reduce the risks that anthropogenic sources are overlooked.
In this regard, a detailed market analysis about where the product may end up in the

environment could also be useful to ensure that all intended uses would be covered.

A relevancy check of the emission inventory could identify if there is a need to account for non-
additive emissions. For example, sewage sludge, fertiliser, other sources of organic matter
and minerals, or a combination of these is used on agricultural soil in a certain country. It
would be inaccurate to assume that both sewage sludge and fertiliser are used at their full
application rate across the entire area of interest. If quantitative information is lacking on non-
additive emissions, it is recommended that the following scenarios be run assuming 100%
application of one of the inputs (and 0% of the others), then 100% of another, etc until all
possible inputs have been assessed. For example, one assessment can be done assuming
100% sewage sludge application (and 0% fertilisers) and another done assuming 100%
fertiliser application (and 0% sludge application). The scenario that deposits the most into a
certain medium (soil, water, sediment, air) is then taken forward into the risk characterisation.
If any risks are identified under this scenario, then it can be further investigated if more realistic

use patterns apply in the region of interest.
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3.2.2.2 Selection of quantification methods

In order to select the most appropriate data, the quantification methods should be evaluated
with regard to:
- The relative importance of the source;

- The actual quality of the data (uncertainty of data).

To assess the importance of the individual sources, the emission data are ranked in
decreasing magnitude. The actual quality of the data underpinning the most important
emission estimates should then be carefully evaluated. Special attention should be given to

these three variables:

- The quality of the emission factor used: ie, specific value of an emission, mostly given
in physical terms, related to the respective sectoral or process activity rate (eg, for energy-
related emissions (Mg/GJ) (EMEP/Corinair 2009). Most often, average emission factors
are used in this perspective.

- The means of expressing/describing activity data: ie, quantitative representation of the
variable that “explains” the emissions in a source category, preferably in physical
dimensions (eg, produced mass of cement [Mg/year] or otherwise in monetary dimensions
(eg, value of glass production [ECU/year]), either in emission inventories or in emission
projections (EMEP/Coarinair 2009).

- The choice of the distribution factor: ie, the partitioning of total emissions to the

environmental compartments.

Criteria for evaluating the quality of the emission data have been proposed by US EPA (2009)
and EMEP/Corinair (EEA 2009). The assessment of data quality involves a review of individual
data elements with respect to how the emission estimate was derived. The following quality
codes (from high to low) can be used to assess the quality of the three variables mentioned

earlier.

- A = an estimate based on measured emissions;

- B = an estimate based on measured emissions and possibly on an engineering calculation
derived from relevant facts;

- C =an estimate based on an engineering calculation derived from relevant facts and some

assumptions;
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- D = an estimate based on engineering calculation assumptions only; or when no
information on the quantification methodology was available but evidence of a scientific
study was provided,;

- E = an estimate based on non-specified background information.

The overall quality of the emission inventory is determined by the lowest quality score
for any of the emissions. A low-quality score (D and E) increases the uncertainty with regard
to the outcome of the modelled exposure assessment and, subsequently, the risk
characterisation based here upon. Based on the quality assessment of the emission
inventory, sources and quantification methodologies can further be identified but which have to
be studied in-depth because of their importance and/or low-quality quantification method.. It is
recommended that the quantification method with the highest quality score A be selected for
each source, depending on the availability of data. For the major sources, estimates with

guality scores D and E should not be used.

Preference is given to the quantification of emissions that are based on semi-
measured/measured data (eg, individual reporting of measured industrial emissions to E-
PRTR). In some cases (eg, % filter dust), data contained on the E-PRTR database are not
always measured, or have been derived indirectly. In the absence of measured data,
emissions should be quantified based on detailed substance-specific modelled data (eg,
emissions quantified by a detailed sewage system model or road traffic model). Finally, in the
absence of such measured and/or substance-specific modelled data, emissions could be
estimated using a more generic default approach based upon the following quantification

equation (Eg-1):

E = Ax EF x DF x ‘X’ (Eq-1)

where A is the activity data and can be defined as a quantitative representation of the variable
that “explains” the emissions in a source category, usually in physical dimensions; EF
represents the emission factor, the factor that quantifies the emission of a metal/product/debris
per unit of A; DF represents the distribution factor or the partitioning of the total emissions to
the environmental compartments (air, surface water, soil) and ‘X’ relates to the concentration
of the metal in the exposed product, or connection rate to the sewage system. The
guantification equation for very relevant and important sources of metals are provided

hereunder:

- Emissions of metals from combustion processes:

MERAG FACT SHEET 02 — MAY 2016

18



Ecombustion = Z(Cf) X Mef (Eq-2)

Where Ecompusion (in k@) is the emissions from industrial/residential combustion processes; C¢
(in kg fuel) is the industrial/domestic consumption of fossil fuel type f and Me; (in kg metal/kg

fuel) is the metal content per fuel type.

- Emissions of metals from households not connected to a sewage system:

Edomestic = (INH X Wd) X Med X (1 - CRS) X DFd (Eq'B)

Where Egomestic (in kg) is the emissions from the discharge of domestic wastewater, INH is the
number of inhabitants in a region; Wy (in L) is the water consumption per inhabitant; Mey (in
mg/L) is the average metal concentration in the emitted wastewater from households; CR;s (in
%) is the relative number of inhabitants not connected to a sewage system (ie, connection
rate); and DF4 the distribution coefficient (in %).

- Emissions of metals from sewage treatment plants (STP):

Esewage = Ws X Mey, X (1 — Rs/100) (Eg-4)

Where Egewage (In kg) is the emissions of metals from STP; Ws is referring to the amount of
wastewater connected to sewage treatment plants (in L); Me,, (in mg/L) to the concentration of
metals in influent water of the STP; and R; refers to the removal efficiency for metals of the

waste water treatment plant (in %).

- Emissions of metals from the use of fertilizers/manure in agriculture:

Eagricuture = ((Qf X Mey) + (Qm X Mey,)) — (drift + runoff + leaching + uptake by crops) (Eg-5)

The estimation of the input of metals from mineral fertilisers is based on a mass balance
model by multiplying the average metal content of fertilisers (Me¢ in mg/kg) and the amount of
fertiliser used on agricultural soil (quantities Q; in kg). The input of metals through manure to
agricultural soil is the sum of the amount of manure applied (quantities Q. in kg) and the
average metal content in roughage (in most cases, feed produced at the farm) and the
concentrated feed that is used as a supplement (Me, in mg/kg) taking into account removal of

metals through animal products, feed for household animals and the net export of concentrate
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feed and manure. On the other hand, leaching of metals to groundwater and uptake of metals
by crops growing on the land may decrease the metal accumulation in soils. Other processes
resulting in an output of metals from the soil compartment are related to drift (ie, the physical
movement of droplets or particles through the air at the time of fertiliser/manure application or
soon thereafter) and run-off from agriculture land that can cause an emission to the surface
water. Such processes resulting in a decrease of the metal accumulation in soils could be

calculated using multi-media modelling.

- Emissions of metals from tyre wear/brake wear:

Ewear = Ky X EF,, X CF,, X DF,, (Eg-6)

Where Eear (in kg dust) is the metal emission from tyre wear/brake wear/road wear K, (in km)
is the amount of kilometres driven per vehicle type v (passenger car, truck, motorcycle,..); EF,
(in mg dust/km) is the emission factor for dust per vehicle type v; CF,, (in mg metal/mg dust) is
the concentration factor for metals; and DF,, (in %) is the distribution factor for dust to air,

water, soil

- Emissions of metals from the corrosion of materials:

The approach used to estimate the metal emissions from the corrosion of material uses the

following equation:

Ecorrosion = Z (Mm) X Rm X DFC (Eq 7)

Where Ecorosion (in KQ) is the emissions of metals from the corrosion of materials; M, (in m2/y)
is the amount of material m exposed to open air; R, (in g metal/m2/y) the run-off factor or
emission factor for metals per material m and DF, the distribution factor to air, water, soil (in
%). It should be stressed that the emission factor for metals should be based on the
guantification of the “run-off’ rather than on the corrosion rate of the metal. Indeed, the
corrosion process takes place at the interface between the metal substrate and the corrosion
product (patina or passive film), whereas the runoff process takes place at the interface
between the atmosphere and the corrosion product. Hence, it follows that corrosion and runoff
proceed independently of each other and with rates that are not necessarily equal or even
proportional (He et al, 2001; Verbiest et al, 1997; Cramer et al 1988). The runoff rate is mainly
determined by precipitation volume and the concentrations of acid pollutants (SO, and

chlorides in particular) in the atmosphere. For Zn, the empirical equation of Wallinder et al
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(1998-2000) as presented in Table 3 is at present the best descriptor for the runoff rate and is
related to the SO, concentration in the air. For copper, the runoff rate could be calculated as a
function of the annual precipitation volume, pH and the angle of inclination (Zhang et al, 2002).

Table 3: Overview of the runoff equations for Zn and Cu

Metal Material Runoff equation and driver
Cu Roofs Runoff rate = (0.97 + 0.95 x V x 107" x
COS(0)/COS45°

with V the annual precipitation volume (mmly),

pH and 6 the angle of inclination

Zn Roofs Runoff rate = 1.36+0.16 [SO,] X
COS(8)/COS45°and 6 the angle of inclination
with SO, a measured regional year-average

concentration level (ug/m®)

3.2.3 Calculation of emissions on aregional and continental scale

“Regional” emissions are needed as an input for the regional exposure modelling. To calculate
the background for the regional exposure assessment in the generic model (eg EUSES),
continental emissions also have to be assessed. Emission estimates on the continental scale

are based on a continental-wide production volume of the substance.

Due to lack of detailed and homogeneous emission data from all involved countries, it is nearly
impossible to calculate the total emissions by summarising the country-specific emission data
for each emission source. As an alternative, a methodology based on the use of source-
specific extrapolation factors to extrapolate regional emissions to total emissions is proposed.
In that case, country-specific emissions are expressed on the basis of a descriptor or unit (eg
mileage driven for tyre wear) and used as a translator to extrapolate the emissions to a
continental scale. This methodology can be summarised by the following equation (Eg-8). Due
to the structure of the exposure model ("nested multi-media model"), the continental
concentration serves as a background for the regional scale. Therefore, double counting would
occur if the regional emission is not subtracted in EQ-8, which would lead to a significant

overestimation of the regional PEC.
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Emissioncontinenta = (EXtrap0|ati0n factor x EmiSSionSregional)sourcespedfic — EmiSSionregional (Eq-8)

Consequently, for each identified source, a source-specific extrapolation factor has to be
determined. If the region is not representative for the overall situation, country-specific
parameters or more average parameters, representative for the overall continental picture, will

have to be selected.

Finally, the continental release can then be estimated based on the summation of the country
figures or the source descriptors. In cases where no such data are available, assumptions can
be made on the allocation to a region. For example, in the EU (TGD 2003) it is assumed that
10% of the production and use of a substance takes place within a hypothetical standard
region’. The regional emission then equals 10 % of the total emission and the continental
emission 90%. It should be noted that this is not the most conservative approach because
guite often the country-specific extrapolation factors are larger.

3.2.4 Calculations of environmental concentrations on aregional and continental scale

Multi-media fate models (eg, EUSES 2.0) can be used for calculating the regional
Environmental Exposure Concentrations at the regional (EECegona) @and continental scale
(EEC oninenta) for each environmental compartment, ie, air, water, and soil (see also section
3.2.5).

The inputs for the regional assessment are the anthropogenic point and diffuse emissions of
metals to air, wastewater, surface water, agricultural soil, and industrial/lurban soil. The
PEC egionas also provides the ambient background concentration (ie, concentration in
environmental compartments that enter the local system)